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La présente invention concerne un procédé de

15 traitement d'ondes PWM destinées & un onduleur cu & un

redresseur éommandé, et plus particuliérement en vue
d'obtenir la réduction d'harmoniques.

La présente invention se rapporte également aux

dispositifs pour la mise en oeuvre du procédé se_on lia

20 présente invention.

Les onduleurs, et plus particulisrement _es
onduleurs de tension, sont destinés & fournir une tenslon
alternative a partir d'une tension continue, tandis gue les

25 redresseurs commandés sont destinés & fournir une zTension
continue & partir d'une tension alternative.

Dans la description qui suit, on s'attachz plus
particuliérement & décrire les onduleurs, mais exactement..es
mémes problémes se posent pour les redresseurs commaniés.

3¢ A titre d'exemple, les onduleurs rsuven:t é&trs
utilisés pour 1a commande en vitesse variabls de machines

synchrones ou asvnchrones.



processi ng PWM waves intended for an inverter or a controlled

, and nore particularly with a view __to obtaining-the reduction
of harnoni cs.
for inplenenting the nethod according to the present i nvention.

_ rel wpesi33848 t he i nventi on. Inverters, RGTPESHI9%
particul arly

rectifier,

Pri or

froma

art

The present invention also relates to devices 10

voltage 15 inverters, are intended to deliver an AC voltage

DC vol tage, whereas controlled rectifiers are intended
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Dans ce cas, 1l est nécessaire de fournir a la
charge, et plus particuliérement a chaque phase d'un moteur
synchrone ou asynchrone, un systéme triphasé en tension le
plus proche possible d'un systéme triphasé sinuscidal
équilibré variable en fréquence et en amplitude.

Les onduleurs de tension sont des dispositifs bien
connus qui utilisent généralement des montages de composants
de puissance tels que des thyristors, des GTO, ..., qui
commutent de fagon particuliérement rapide.

Un onduleur est commandé par un modulateur et un
discriminateur. Le rdle du modulateur est de créer une onde
de consigne, tandis que le discriminateur permet de séparer
cette 6nde en plusieurs ondes destinées a la commande
individuelle des différents commutateurs.

Les onduleurs les plus simples sont & deux niveaux
et se composent de deux commutateurs (thyristors, GTO, ces)
qui alimentent alternativement la charge. Cette charge étant
de type selfique, il est nécessaire qu'une diode appelée
"diode de roue libre" soit placée en paralléle sur chaque
commutateur afin de permettre au courant de charge de
circuler lorsque le commutateur correspondant est ouvert.

Habituellement, on utilise une simple onde carreée
comme onde de consigne, pour permettre la commutation de l'un
ou l'autre des commutateurs & chaque flanc de créneau. Cette
onde carrée devrait commander successivement la fermeture de
1'un ou l'autre des commutateurs et simultanément 1'ouverture
du commutateur opposé.

Pour des raisons évidentes de court-circuit de
1talimentation, il est impératif de vérifier que deux
commutateurs ne soient jamais simultanément fermeés. C'est a
ce niveau que l'on retrouve le rdle du discriminateur, qui

a pour but d'introduire urn retard & la fermeture des



to deliver a DC voltage froman AC voltage. In the follow ng

descri pti on,

exactly the 20

reference_will- nore particularly be nade to i-Averters—but
sanme problens arise for controlled rectifiers.

By way of exanple, inverters can be used for vari abl e-speed control of
synchr onous OVO2§335¢hr onous machi nes. I'n thi &L X S
necessary to supply the 25 1load, and nore particularly each phase of a

synchr onous

or asynchronous notor, with a three-phase voltage

syst'em as cl ose as possible to a bal anced sin#soi dal t hr ee- phase system
that can vary in frequency and in

-
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commutateurs correspondants, de telle sorte que l'on soit
toujours assuré que lorsque la commande de fermeture d'un

commutateur est donnée, le commutateur opposé est déja

ouvert.

Ceci signifie gqu'il subsiste toujours un léger
délai appelé "temps mort" entre le moment ol un commutateur
est ouvert et le moment ol le commutateur opposé est fermé,
les deux opérations n'étant donc jamais simultanées.

Ceci est la cause de la présence d'harmonigques
indésirables, et plus particuliérement d'harmoniques 5 et 7,
qui apparaissent dans les courants moteur, ce qui génére la
présence d'une harmonique 6 cété alimentation et cbété couple
moteur.

En réalite, c'est 1l'harmonique 6 qui est
1'harmonique la plus génante, car pour un moteur alimenté a
1/6 de la fréquence utilisée pour la signalisation, il y aura
risque d'interférehce. A titre d'exemple, un moteur alimenté
a 8 1/3 Hz risque de provoguer une perturbation dans le
systéme de signalisation qui utilise le 50 Hz.

Un autre probléme réside dans le fait que les
différents commutateurs ne peuvent commuter instantanément
d'une valeur nulle (courant passant et correspondant a la
fermeture) & une valeur positive de la tension (courant nul
et correspondant & l'ouverture) et vice versa. Ceci signifie
gue pendant un certain laps de temps, on a simultanément une
tension non nulle et un courant non nul, et de ce fait, on
observe une perte de puissance a chaque commutation.

Afin de résoudre ce probléme, dans le cas ou les
divers composants ne peuvent supporter une telle perte de
puissance, il est connu de proposer une cellule d'aide a la
commutation. Un exemple d’'une telle cellule peut é&tre

constitué simplement par un “snubber" qui comprend



anplitude. 30 Vol tage inverters are well-known devi ces which
generally use circuits of power conpanents such-as—— thyristors, GIGs,
etc. which switch particularly qui ckly. An inverter is
controlled by a nodulator and a 35 discrininator. The role of the

nodul ator is wossmmsase a set wave, whereas the discrin nZCHBEMINLY |
possi bl e to split this wave into a plurality of waves which are

i ntended for individually controlling the various sSwi t ches.
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essentiellement une capacité mise en paralléle sur chaque
commutateur. Ce snubber a pour but d'absorber les pertes de
puissance en limitant la tension, et plus particulierement
en limitant sa croissance, lors de la commutation. Un autre
5 exemple de cellule souvent utilisé en combinaison avec le

snubber est la cellule dite "di/dt", qui comprend
essentiellement une self en série avec les commutateurs. Du
fait de la présence de ces différentes cellules d'aide a la
commutation, on observe alors une croissance plus lente de

10 la tension, ce qui permet de limiter les pertes de puissance
lors de la commutation.

Le probléme de la présence d'harmoniques est.
essentiellement le méme pour un onduleur avec ou sans cellule
d'aide & la commutation. En particulier, on observe également

15 dans le cas de l'utilisation d'un onduleur avec snubber la
présence d'harmoniques S et 7 coté moteur ainsi que 1la
présence de l'harmonique 6 c&té alimentation et cdté couple
moteur.

Il convient de noter que dans le cas de redresseurs

20 commandés, exactement les mémes problémes se posent, a la
différence prés que la charge doit é&tre considérée dans ce
cas comme la source et l'alimentation comme étant la charge.
Buts de 1'i £

La présente invention vise 4 proposer un procédé

25 qui permette de réduire, jusqu'a annuler, 1'effet des temps
morts dans un onduleur cu un redresseur commandé, et permet
donc de réduire l'effet des harmoniques indésirables.

La présente invention vise en particulier a
proposer un procédé qui puisse &tre appliqué aux onduleurs

30 ou redresseurs commandés, avec ot sans cellule d'aide a la

commutation, qu'ils soient a deux niveaux ou multi-niveaux.



2 The sinplest inverters have two | evels and are conposed

of _two switches (thyristaors, GICs, etc)—uwhich al t er nat ely—supply—the——

| oad. Since this load is of the i nductive type, it is necessary for a
di ode referred to
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En particulier, 1la présente invention vise a
proposer dans le cas d'un onduleur triphasé alimentan:t un
moteur synchrone ou asynchrone, un procédé qui permette de
réduire les harmoniques indésirables telles que les

5 harmoniques 5 et 7 apparaissant dans les courants moteur, et

de ce fait l'harmonique 6 apparaissant c6té alimentation et

cété couple moteur.

La présente invention se rapporte & un procédé de
10 traitement d'ondes PWM destinées a un onduleur de tension ou
4 un redresseur gommandé de tension, comprenant au moins une
paire de commutateurs, cet onduleur ou redresseur étant
commandé par un modulateur et un discriminateur, caractérisé
en ce que l'on applique au discriminateur deux consignes
15 corrigées en fonction du sens du courant dans la charge ou
dans la source, la consigne corrigée pour le courant sortant
présentant un état haut augmenté d'un délai lors de 1la
transition de l'état haut vers l'état bas, et la consigne
corrigée pour le courant entrant présentant un état bas
20 augmenté d'un délai lors de la transition de l'état bas vers
1'état haut, l'état haut étant défini par le fait que le
commutateur relié & la charge la plus positive est fermé
tandis que le commutateur relié & la charge la plus négative
est ouvert, l'état bas étant défini par l'inverse. |
25 Dans le cas ol l'onduleur ou redresseur est exempt
de cellule d'aide a la commutation, les consignes corrigées
introduisent des délais qui correspondent au temps mort créé
lui-méme par le discriminateur.
Dans le cas ou il s'agit d'un onduisur ou
30 redresseur avec cellule d'aide a la commutation, i1z délai
introduit dans les consignes corrigées dépend non se:lement

du sens du courant, mais également de sa valeur.



5 as a "free-wheeling diode" to be placed in-parallel with the switch
in order to allow the |oad current_to fl ow when the correspondi ng

switch is open.

A sinple square wave is customarily used as the

set wave, in order to allow switching of one or other 10 of the sw tches at
each edge of womepsdsse. This square wave shoul d successi RIHBEMYNP one

or other of the

swi tches and sinul taneously open the opposite swtch.

For obvious reasons of supply short-circuit, it is essential to check
that two switches are never 15 closed at the sg@nme tine. It is here that the

di scri m nat or
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I nvol ved, having the purpose of
Il convient de noter que le présent procédé peut

étre appliqué aussi bien aux onduleurs ou redresseurs & deux

niveaux qu'aux onduleurs ou redresseurs multi-niveaux.

La présente invention se rapport également au
dispositif pohr la mise en oeuvre du procédé.

Bréave description des figures.

La présente invention sera décrite plus en détails

a l'aide des figures qui suivent :

La figure 1 représente une vue schématisée d'une
branche d'un onduleur conventionnel & deux
niveaux.

La figure 2 représente l'onde consigne (fig. 2a)
créée par le modulateur pour un onduleur
tel que décrit a la figure 1, ainsi que
les ondes obtenues & la sortie du
discriminateur et destinées & commander
directement les commutateurs (fig. 2b et
2c)' et les tensions correspondantes
appliquées dans ce cas au moteur (fig. 2d
et 2e). ' '

La figure 3 représente un schéma de principe d'un
dispositif permettant la mise en oeuvre du
procédé selon l'invention.

La figure 4 représente les ondes corrigées (figs.
4b et 4c) pour une onde consigne donnée
(fig. 4a) a appliquer & l'onduleur a deux
niveaux tel que décrit a la figure 1 afin
de mettre en oeuvre le procédé selon la
présente invention ainsi que les tensions
de sortie appliquées dans ce cas au moteur

(figs. 4d et de).



i ntroduci ng a delay on closure of the correspondi ng swi tches, so that
it_is always certain that when the ———cormard—to-Cl 0se one—sw-teh—5s
gi ven, the opposite 20 switch is al ready open. Thi s means t hat

there is almg%q

i nst ant when

switch is cl osed,

si mul t aneous.

10

15

20

25

30

s a slight delay, referred to as "dead ti ' t he
86/33548 s\i tch is opened and the instant when {Tﬁgf’gg e

these two operations being therefore 25 never
This is the cause of_the presence of undesir-

abl € harnonics, and nore particularly of the 5¢h and 7t h harnonics
which appear in the EiQLY rents, Llésente une vue schématisée d'une

La figure 6

La figure 7

La figure 8

branche d'un onduleur conventionnel & deux
niveaux avec snubber.

représente l'onde consigne (fig. 6a)
créée par le modulateur et destinée a
commander un onduleur tel que décrit i la
figure 5, ainsi que les tensions de sortie
appliquées dans ce cas au moteur pour un
courant entrant faible ou élevé (fig. 6b
et 6c} et pour un courant sortant faible
ou élevé (fig. 6d et 6e), les fig. 6f et
6g représentant des détails des figures éb
et 6c.

représente l'allure générale du courant
moteur d'une part en n'appliquant pas le
procédé selon la présente invention (fig.
7a) et d'autre part en appliquant ce
procédé (fig 7b).

représente les harmoniques, et plus
particuliérement les harmoniques 5 et 7
c6té moteur ainsi que l'harmonique 6 coté
alimentation, d'une part lorsgue 1l'on
n'applique pas le procédé selon la
présente invention (figs. Ba et 8b) et
d'autre part 1lorsque l'on applique ce

procédé (figs. 8c et 8d).

Dans cette partie, on s'est limité & décrire un

=~

onduleur a

deux niveaux. L'Homme de 1'Art pourra aisément

généraliser cette description a un onduleur multi-niveaux



generating the presence of a 6th harnmonic on the supply 30 side and the

drive torque side. In reality, it iisthe 6th harnonic which is
t he nost probl ematic because, for a notor supplied at 1/6 of the
frequency used for signalling, there will be a risk of interference. By
way of exanplwoetisasssot or 35 supplied at 8 1/3 Hz risks caus?ﬁ@BE“daB
perturbation in the signalling system which uses 50 Hz.

Anot her problemresides in the fact that the various sw tches cannot

swi t'’ch i.nstantaneously froma zero value (Burrent on, corresponding to

closure) to a . .
ainsi qu'a un redresseur deux niveaux ou multi-niveaux.

La figure 1 représente de maniére schématique une
branche d'un onduleur conventionnel a deux niveaux et qui est
utilisé dans le cadre de la présente invention. De maniére

5 classique, cet onduleur comprend deux commutateurs S1 et S2
qui alimentent alternativement une charge qui peut étre par
exemplé une phase d'un moteur asynchrone. Dans ce cas, la
charge est de type selfique et il est nécessaire que chacun
des deux commutateurs S1 et S2 soit monté en paralléle avec

10 une diode que 1l'on appelle “"diode de roue libre” DR1 ou DR2
qui permet au courant de charge de circuler lorsque le
commutateur correspondant est ouvert. En effet, la présence
de cette diode permet au courant de charge inductif de
décroitre et d'éviter ainsi toute surtension destructive
15 lorsque le commutateur ccrrespondant est ouvert.

L'onduleur est commandé par un modulateur et un
discriminateur.

A la figure 2a, on a représenté une onde consigne
M qui se présente sous la forme de créneaux successifs.

20 Lorsqu'on atteint le niveau haut 1, ceci signifie que le
commutateur S1 doit étre fermé et gque le commutateur S2 doit
atre ouvert. Inversement, lorsque l'on atteint le niveau bas
2, le commutateur S2 doit é&tre fermé tandis que le
commutateur S1 doit &tre ouvert. Par conséquent, a chaque

25 flanc montant ou descendant, on devrait commuter
instantanément le commutateur S1 afin de le fermer et le
commutateur S2 afin de l'ouvrir ou vice versa.

I1 convient bien entendu de vérifier que les deux
commutateurs (S1 et 82} 'ne soient jamais simultanément

30 fermés, ce qui mettrait l1'aiimentation en court-circuit. Afin.
d'éviter cette situation, on impose de reculer le moment de

l1a fermeture d'un commutateur d'urn certain délai aprés que



3 positive value of the voltage (current off and
correspanding to openi ng)—and vi ceversa—Thigs neans that—for a
certain tine | apse, there is sinultaneously a non-zero voltage and

non-zero current,

swi t chi ng t akWe 96/33548
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and a loss of 5 power is therefore observed each tine
. PCT/BES6/00039
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la consigne ait été donnée. Cette tdche est en réalité
effectuée par le discriminateur.

Aux figures 2b et 2c, on a représenté les ondes
modifiées par le discriminateur et qui vont commander les
deux commutateurs S1 et S2. Ainsi qu'on 1l'cbserve, 1la
fermeture d'un commutateur rendant la branche conductrice ne
se fait plus de maniére instantanée, mais s'effectue avec un
délai appelé "temps mort"™, tandis que l'ouverture conduisant
2 la coupure peut étre considérée comme instantanée.

Ainsi que l‘oﬁ observe aux figures 2b et 2c, on n'a
jamais les deux commutateurs simultanément fermés. Par
contre, dans certains cas, les deux commutateurs S1 et S2
peuvent étre considérés comme ouverts simultanément.

Il en résulte dans ce cas qu'au moins une des deux
diodes de roue libre DRl ou DR2 sera conductrice pendant les
temps morts, ceci dépendant du sens du courant. En effet,
lorsque le courant est sortant, c'est la diode inférieure DBZ
qui conduit pendant le temps mort, diminuant ainsi le temps
du niveau haut de la tension de sortie {voir courbe 2d}. Dans
le cas contraire, a courant entrant, c'est la diode
supérieure DRl qui conduit pendant le temps mort, augmentant
dans ce cas le temps du niveau haut de la tension de sortie
(voir courbe 2e).

Il convient néanmoins de noter que ce phénoméne est
variable, puisqu'il dépend du sens du courant.

Dans 1l'hypothése ol les commutateurs répondraient
instantanément a la consigne M, c'est-a-dire dans 1'hypcthése
oll il n'existerait pas de temps mort entre la consigne M et
la réponse des commutateurs, on observe que les =niveaux
d'harmoniques 5 et 7 correspondraient & la théorie et ne

perturberaient pas de maniére importante les courants mcteur.



pl ace. In order to solve this problem in the case when t he
vari ous conponents cannot_sustain a_power loss___of this type, it is
known to propose a switching-aid 10 cell. An exanple of a cell of this
type may consi st sinply of a snubber which essentially conprises a
capaci tor conwaxe6dss8n paral l el on each switch. The pur p PSRRI
snubber is to absorb the power | osses by limting the voltage, and nore
particularly by 15 Ilimting its growth, on swi tching. Another exanple of a
cell” which is often used in conbination with ghe snubber is t he
so-cal |l ed "di/dt" cell, whi ch '
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Néanmoins, du fait de cette présence d'un temps
mort & la commutation vers la fermeture, on observe
1l'augmentation des harmoniques 5 et 7 dans les courants
moteur ainsi que de l'harmonique 6 cdté alimentation et cété
couple moteur. Cette harmonique est particuliérement génante
pour les raisons évoquées ci-dessus.

La présente invention vise & proposer une solution
4 ce probléme en suggérant d'utiliser deux consignes de
commande corrigées, l'une pour le cas ou le courant est
sortant et l'autre pour le cas ou le courant est entrant.

La figure 3 représente un schéma de principe d'un
dispositif permettant de commander un onduleur conventionnel
4 deux niveaux en utilisant le procédé selon la présente
invention. Dans ce cas, le discriminateur est soit commandé.
par une consigne corrigée pour courant sortant, soit par une
consigne corrigée pour courant. entrant. C'est le sens du
courant dans la charge qui déterminera si on utilise l'uné
ou l'autre des deux consignes corrigées.

La figure 4 représente l'onde consigne idéale M
(fig. 4a) et chacune des deux consignes corrigées, d'une part
pour le courant sortant (fig. 4b) et d'autre part pour le
courant entrant (fig. 4c¢). Ainsi qu'on l'observe dans le cas
d'une consigne corrigée pour courant sortant, le niveau haut
1 est augmenté d'un temps T, correspondant dans le présent
cas au temps mort sur le flanc descendant, c'est-a-dire lors
d'une transition de l'état haut 1 vers l'état bas 2. Cette
transition, corresbond en réalité & 1l'ouverture du
commutateur S1 et & la fermeture du commutateur S2. La
consigne corrigée pour le courant entrant présente un niveau
haut 1 diminué d'un temps T, correspcndant également au temps
mort & chaque flanc montant, c'est-a-dire lors de 1la

transition de l'état bas 2 vers l'état haut 1.



essentially conprises an inductor in series with the swi t ches. Because
of the presence of these various 20 switching-aid cells, a slower_increase
in the vol tage i s observed, which nmakes it possible to limt the power

| osses on switching. The problem of the presence of harnmonics is
essential |y W@963388 for an inverter with or without a 25 sHFTERMI03Z; ¢
cell. In particular, the presence of 5th and 7th harnonics on the notor
side is also observed in t he case of using an inverter with a snubber,
as i's the presence of the 6th harnonic onlthe supply side and the

drive torque side.

On a également représenté aux figures 4d et 4e les
tensions de sortie dans le cas oll on utilise des consignes
corrigées, soit pour courant entrant, soit pour courant
sortant. On observe gque la correction permet de rendre la

5 tension de sortie de l'onduleur identique dans les deux cas
et identique & ce qu'elle serait sans temps mort & un retard
T, prés.

La figure 5 représente une vue schématisée d'une
branche d'un onduleur conventionnel a deux niveaux avec

10 . snubber.

Ce snubber est en réalité une cellule d'aide & la
commutation, qui permet d'absorber les pertes de puissance
qui apparaissent & chaque commutation des commutateurs Sl et
S2 en limitant la tension, et plus particuliérement en

15 limitant sa croissance.

Ainsi que représenté a la figure 5, cette cellule
comprend une capacité Cl (ou C2) mise en paralléle sur chaque
commutateur, cette capacité étant elle-méme en série avec une
résistance Rl (ou R2) ainsi qu'une seconde diode Dl (ou D2)

20 qui se présente en sens inverse de celui de la diode de roue
libre DR1 (ou DR2).

Ceci permet, lors de l'ouverture d'un commutateur
S1 (ou S2), de dévier le courant vers la capacité Cl (ou C2)
correspondante qui était initialement non chargée. '

25 Lorsque l'on ferme le commutateur S1 (ou S2), la
capacité correspondante Cl (ou C2) se décharge a travers
celui-ci. Dans ce cas, le courant de décharge sera limité par
la présence de la résistance Rl (ou RZ) en série avec la
capacité Cl1 (ou C2), formant ainsi un circuit RC.

30 De maniére générale, & chaque commutation, on
observe qu'une des deux capacités va se charger tandis que

l'autre commence & se décharger a travers sa résistance



30 It should be noted that, in the case of controlled
rectifiers, exactly the sane problens_ari se, ——except for the fact that

~the load should in this case be considered as the source, and the
" supply as being the load. 35 bjects of the invention. The
. obj ect of the Wooeadd8 i nvention is to provi de a met hod whPEHBEASOR0I9| {
possible to reduce, or elimnate, the effect of the dead tines in an
i nverter or a controlled rectifier, and therefore nakes it
12
associée.

On observe alors une croissance plus lente de la
tension, limitant ainsi la perte de puissance lors de la
~ commutation.
5 La figure 6 représente l'onde consigne M (fig. 6a)
ainsi que les tensions correspondantes appliquées au moteur
" dans le cas d'un courant entrant faible (fig. 6b), dans le
cas d'un courant entrant élevé (fig. 6c), dans le cas d'un
courant sortant faible (fig. 6d) et dans le cas d'un courant
10 sortant élevé (fig. 6e).
Analysons de maniére plus approfondie le cas d'un
courant entrant lors d’une transition bas-haut de la consigne
M, c'est-a~dire dans le cas ou le commutateur S1 va se fermer
tandis que le commutateur S2 va s’ouvrir (fig. 6f et 6qg).
15 Dans ce cas de figure, on observe que la tension
de sortie initialement nulle ne peut s'accroitre de maniére
instantanée. En effet, il faut d'abord charger la capacité -
C2 du snubber inférieur grédce au courant.
Si le courant est important, la tension monte vite
20 et la tension de sortie atteint rapidement la tension
d’alimentation. Dans ce cas, la diode de roue libre
supérieure DR1 conduit et laisse s'écouler le courant vers
l'alimentation (fig. 6gq).
Dans le cas ol le courant est faible, la tension
25 de sortie appliguée au moteur reste inférieure & la tension
d'alimentation au terme du temps mort. A ce moment, la
commutation du commutateur supérieur S. s'effectue et la
capacité C2 du snubber inférieur est chargée brutalement
(fig. 6f). '
30 Ceci signifie que l'on observe une déformatiorn des
tensions appliquées au moteur qui dépend d'une part du sens

du courant, mais également de sa valeur.



4 possible to reduce the effect of the undesirable har noni cs.
The object of the present inventionds.in particular, toprovidea—

met hod which can be applied to 5 inverters or control rectifiers, with or

W t hout a

10

15

20

switching-aid cell, irrespective of whether th have
WO 96/33548 Pk

96/00039
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De ce fait, il conviendrait de proposer une
consigne corrigée qui dépende non seulement du sens du
courant, mais égaiement de son intensité dans le cas de la
commande d'un onduleur avec cellule d'aide & la commutation.

En particulier, la consigne corrigée devrait
présenter, selon qu'il s'agit d'un courant sortant ou
entrant, un niveau 1 augmenté ou diminué d'un temps
correspondant & un temps appelé "temps efficace" qui
tiendrait compte de la valeur du courant.

En pratique, pour un certain courant I, le temps

de charge du snubber est égquivalent au temps mort, & savoir

cCXU
Irz—__o
T

nore

Pour I > I,, l'effet du temps mort est équivalent

a un délai Tggee ¢

Pour I < Iy, l'effet du temps mort est équivalent

>

8 un délai Tgs¢

T

eﬂ'= T

|1l
nore 2 Ir

De cette maniére, on compenser ainsi l'effet réel
d'un temps mort lors de la commutation vers la fermeture et
on réduit le niveau d'harmonique 6 cbété alimentation.

Il convient de noter que l'on peut envisager dans
certains cas, et plus particulierement dans le caé ou un
courant est faible et quel que soit le sens de ce ccurant,
de ﬁe pas utiliser de consignes corrigées. En effet, dans le

cas de faibles courants, l'influence de ces correcticns est



two levels or multiple |evels. In particular, the object of the

pr esent Invention is, in the case. of a three-phase inverter 10
supplying a synchronous or asynchronous notor, to provi de a

met hod whi ch nmakes it possible to reduce the undesi rabl e harnoni cs such
as the 5th anwo/essssar noni cs appearing in the notor curr . 9

thereby the 6th
torque side.

~harnoni c appearing on the supply side and the drive 15
Principal characteristic elenments of the invention.

The'present i nvention relates to a nethod for 34 processi ng PWM waves
I ntended for a voltage inverter or

10

15

20

relativement limitée. |

On a également représenté aux figures 7 l'allure
générale des courants moteur soit dans le cas ol l'on
n'applique pas le procédé selon la présente invention
{fig. 7a), soit dans le cas ol on applique ce procédé
(fig. 7b), pour un onduleur sans snubber.

En particulier, on observe l'élimination de la
distorsion due & la présence d'un temps mort gui se présente
dans le cas ol l'on n'utilise pas de consignes corrigées en
appliquant le procédé selon la présente invention.

On a représenté aux figures 8 les harmoniques 5 et
7 cété courant ainsi que l'harmonique 6 coté aliméntation,
d'une part dans le cas ol l'on n'applique pas le procedé
selon la présente invention (voir figs. 8a et 8b) et d'autre
part dans le cas ol l'on applique ce procédé (figs. Bc et
8d) . _

On observe & nouveau que les harmoniques 5 et 7
dans le moteur dues a la présence d'un temps mort lors des
commutations ont fortement diminué, tandis que l'harmonigue
6 vue coOté alimentation est ramenée & des valeurs
négligeables.

Exactement les mémes performances peuvent é&tre

obtenues pour un onduleur avec snubber.



a voltage-controlled rectifier, conprising at |least one 20 pair of

switches, this inverter or rectifier bheing .controlled—by—a

nodul ator and a discrimnator, characterized in that two set

signals, corrected as a function of the direction of the %ﬁéh%&&ﬂ n the
| oad or WD 2635480ur ce, are applied to the discrimnator, et
signal corrected for the output current having a hi gh state

suppl emented by a delay on transition from the high state to the | ow
state, and the set signal corrected for th% input current having a | ow

state suppl enented by a del ay on tiagﬁliieg Isgglthe low 30 state to
the high state, the high state being d
- 1. Procédé de traitement d'ondes PWM destinées a
un onduleur de tension ou a un redresseur commandé de
tension, comprenant au moins une paire de commutateurs, cet
5 onduleur ou redresseur étant commandé par un modulateur et
un discriminateur, caractérisé en ce que l'on applique au
discriminateur deux consignes corrigées en fonction du sens
du courant dans la charge ou dans la source, la consigne
corrigée pour le courant sortant présentant un état haut
10 augmenté d'un délai lors de la transition de l'état haut vers
ltétat bas, et la consigne corrigée pour le courant entrant
présentant un état bas augmenté d'un délai lors de la
transition de 1l'état bas vers l'état haut, 1l'état haut étant
défini par le fait que le commutateur relié a la charge la
15 plus positive est fermé tandis gque le commutateur relié & la
charge la plus négative est ouvert, l'état bas étant défini
par l'inverse.
2. Procédé selon la revendication 1, caractérisé
en ce que le délai introduit dans les consignes corrigées
20 correspond essentiellement au temps mort lui-méme introduit
par le discriminateur lors de l'opération de fermeture des
commutateurs, ceci dans le cas ol 1l'on utilise un onduleur
ou un redresseur sans cellule d'aide & la commutation.
3. Procédé selon la revendication 1, caractérisé
25 en ce que le délai introduit dans les consignes corrigées
dépend non seulement du séns du courant mais également de sa
valeur, ceci dans le cas ol l'on utilise un onduleur ou un
redresseur avec cellule d'aide & la commutation.
4. Dispositif pouf la mise en ceuvre du procédé
30 selon 1l'une quelconque des revendications preécédentes,
caractérisé en ce qu'il comprend un modulateur qui & partir

d'une onde consigne, crée deux consignes corrigées en

O T




by the fact that the swtch connected to the nost positive load is

cl osed whereas the switch connected to t he_nmmst negative |load is open,
the | ow state being defined by the reverse. 35 In the case
when the inverter or rectifier does not have a switching-aid cell, the

~corrected set woesssgnal s i ntroduce del ays which correspond tRCHBESSHMAY
time created itself by the discrimnator

16

fonction du courant sortant et du courant entrant qui seront
appliquées au discriminateur.

5. Utilisation du procédé selon l'une guelcongque

des revendications 1 a 3 ou du dispositif selon 1la

5 revendication 4 pour un onduleur ou un redresseur commandé

de tension avec ou sans cellule d’'aide & la commutation, &

deux niveaux ou multi-niveaux.

TN O B



5 In the case involving an inverter or rectifier with a

SW | | y introduced-in-the — corrected set _signals
depends not only on the direction of the current but also on its val ue.
5 It_should be noted that the present nmethod can be aBﬁIied
“equal ly well POWR¥WPters or rectifiers with two l'evel s Zfd/RES6A0039
~multi-level inverters or rectifiers.
1/10
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The present invention also relates to a device for inplenenting the

method 10 Brief description of thefiges— The present

invention will be described in nore detail with reference to the
fol |l owi ng fiqgres: Figure 1 represents a schematized view of a branch
of 09633545 nvent i onal two-level inverter. 15 Fi guPEM® 39
“represents the set wave (Fig. 2a) created by t he nodul at or
. for an inverter as described in Figure 1, as well as the
waves which are obt ai ned at24¥e out put of the discrininator

and are intended for directly controlling the

Fig.4a
M —
__J . Fig.4b
T, -%mf
i ) ' Fig.4c
Tm . m -
- a L
— v : : FIG. 4d

— { FIG. 4E



20 Swi t ches (Figs. 2b and 2c) and t he

correspondi ng voltages applied i nthis.case t o—t he net-or——
(Figs. 2d and 2e). Figure 3 represents a bl ock diagram of a device for
i npl enenting the nmethod according to the 25 i nvention

Figure 4 rep™3¥M3848t he corrected waves (Figs. 4b and ﬁcfhnmmmqﬁo for
a given set wave (Fig. 4a) to be applied to a two-1evel

i nverter as described in Figure 1 in order to inplenment the
met hod 30 according to the presenyIonvention as well as

t he out put voltages applied in this case to

D1
DR1
b R1
s1

c1
DR2 2
R2

s2
c2



the notor (Figs
a hranch of

. 4d and 4e).

Figure 5 represents a schemati zed vi ew of

a-conventional two-level jnverter mith a 35

snubber . Figure 6 represents the set wave (Fig. 6a) created by
t he nodul ator and intended to control an i nverter as

described i n VP#AW®B a5 well as

.Iin this case to

the output vEBFTBEWD0IS, ;g

4/ 10.

M Figéa
] . Fig6b
f - — Fig6c
: \ Fig6d
i\ ) Figée
Tm, ﬁm‘
- -t
Fig.6f | Figeg




6 the nmotor for a low or high input current
(Fi ow or _high out p
6d and 6e), Figs 6f and 6g representing details of Figures 6b
and 6c. 5 Figure represents the general shape of the notor
current, on tW@¢H %and when not appl yi g t he PREHBH&3R00039
according to the present invention 10 —~
: v
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(Fig. 7a), and on the other hand, applying
i t he harnpnics.
particularly the 5th and 7th harnonics on the

wel | as the 6th harnonic on
met hod according to the present invent PGR/BES6/00839

7b)— 10 Figure 8

when t he

woO

96/33548
not applied (Figs.

represents

8a and 8b)

when this nmethod is applied

Description of several preferred enbodinents of the

(A)

1k

and,

this nethod (Fig.
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20 In this section, the descriptionis limted to a two-1| evel

inverter. _The person skilled in the—aft———td—F+nd it easy—+6
generalize this description to a multi-level inverter as well as to a

two- | evel or nulti-level rectifier. 25 Figure 1 ,Qg i.cally
represents aV¥%PHMEof a conventional two-|evel inverterpéﬁlsﬁ%hggused

in the context of the present invention. In conventional fashi on,
this inverter conprises two switches S1 and/SR0 which alternately supply
a load that may, for exanple, 30 be a phase of an asynchronous notor. In
this case, the | oad is of the inductive type and it is necessary for
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each of the two switches S1 and S2 to be connected in parallel with a
diode—which is referredto as a "freee—m—hegling di ode" . DRl or DR2,
which allows the load 35 current to flow when the corresponding switch is
open. I ndeed, the presence of this diode allows the inductive | oad
current to de¥PIIBMng thus makes it possible to avoi d 96/00039

destructive overvolt age when t he corresponding swtch is opened“:
810 :

100 f(H
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7 The inverter is controlled by a nodul ator and a

discrimnator. __ Figure 2arepresents a-set wave
the form of successive pul ses. Wien the high level 1 is 5 reached, this
means that the switch S1 is to be cl osed and the switch ﬁf{’hﬁﬁ@ﬁﬂ-’?e
open. Conver 3¥996/35%en t he low | evel 2 is reached, the s sto
be cl osed whereas the switch S1 is to be opened. Consequently, at

9/10
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each |l eading or trailing edge, it is necessary to 10 switch instantaneously

the—switch Sl in order to.close

—4t-and-theswtch S2 in.arder to open

it, or vice ver sa. O course, a check should be nade that
the two switches (S1 and S2) are never simultaneously closed, 15 which
woul d short-circuit the supply. In order to avoid this situation, the

i nstant whenWSh¥%33§#8t ch i s cl osed
time after the set si gnal has

is delayed for a cert JPGI/BENGHE0IY Of
been given. In reality, this task is

perfornmed by the discrimnator. 20 1g/1419ures 2b and 2c represented

t he waves whi ch
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are nodified by the discrimnator and which wl| control the two 030~ ]

switches S1 and S2. As can be seen,-the . closure of a switch turning the
brahch on does not take pl ace instantaneously, but happens with a
delay 25 referred to as the "dead tine", whgreas the opening | eading to
a break may be consi dered as instantaneous. As can be seen in

figures 2b and 2c, the twoMETHOBWFORNPROTESSING PWM WAVER eS| ¥ cl osed.
Conver sel vy, in certain cases € i ng SZ nay be 30
consi dered as opened sinultan E¥;€é£15§¥£&fﬁﬁ ﬁgiéﬂﬁﬁxg 8t of this is that
at | east one of the two free-wheeling diodes DR1L or DR2 wll be on
during

Subject of the invention.

5 The present invention relates to a method for
processing PWM waves intended for an inverter or a
controlled rectifier, and more particularly with a view
to obtaining the reduction of harmonics.

The present invention also relates to devices

10 for implementing the method according to the present
invention.

Prior art relevant to the invention.

Inverters, and more particularly voltage
15 inverters, are intended to deliver an AC voltage from a
DC voltage, whereas controlled rectifiers are intended

to deliver a DC voltage from an AC voltage.

In the following description, referen;e will
more particularly be made to inverters, but exactly the

20 same problems arise for controlled rectifiers.

By way of example, inverters can be used for
variable-speed control of synchronous or asynchronous
machines.

In this case, it 1is necessary to supply the

25 load, and more particularly each phase of a synchronous
or asynchronous motor, with a three-phase voltage
system as close as possible to a balanced sinusoidal
three-phase system that can vary in frequency and in

amplitude.

30 Voltage inverters are well-known devices which
generally use circuits of power components such as
thyristors, GTOs, etc. which switch particularly
quickly. '

An inverter is controlled by a modulator and a

35 discriminator. The role of the modulator is to create a
set wave, whereas the discriminator makes it possible

to split this wave into a plurality of waves which are

intended for individually controlling the various
switches.



the dead tines, this depending on the direction of the current.
Specifieally, when the current is an output 35 current, it is the |ower

di ode DR2 which is on during the dead tinme, thus reducing the
hi gh-1evel tine of the out put voltage2see curve 2d). In the opposite
case, with an input current, it is the upper diode DRL which

. The simplest inverters have two levels and are
composed of two switches (thyristors, GTOs, etc.) which
alternately supply the load. Since this load is of the
inductive type, it is necessary for a diode referred to

5 as a “free-wheeling diode” to be placed in parallel
with the switch in order to allow the load current to
flow when the corresponding switch is open.

A simple square wave is customarily used as the
set wave, in order to allow switching of one or other

10 of the switches at each edge of the pulse. This square
wave should successively close one or other of the
switches and simultaneously open the opposite switch.

' For obvious reasons of supply short-circuit, it .
is essential to check that two switches are never

15 <closed at the same time. It 1is here that the
discriminator is involved, having the purpose of
introducing a delay on closure of the corresponding
switches, so that it is always certain that, when the
command to close one switch is given, the opposite

20 switch is already open. |

This means that there is always a slight delay,
referred to as “dead time” between the instant when one
switch is opened and the instant when the opposite
switch is closed, these two operations being therefore

25 never simultaneous.

This is the cause of the presence of undesir-
able harmonics, and more particularly of the 5th and
7th harmonics which appear in the motor currents, this
generating the presence of a 6th harmonic on the supply

30 side and the drive torque side.

In reality, it is the 6th harmonic which is the
most problematic because, for a motor supplied at 1/6
of the frequency used for signalling, there will be a
risk of interference. By way of example, the motor

35 supplied at 8 1/3 Hz risks causing a perturbation in
the signalling system which uses 50 Hz.

Another problem resides in the fact that the
various switches cannot switch instantaneously from a

zero value (current on, corresponding to closure) to a



8 s on during the dead tine,-in this case increasing the
high-level tine of the output voltage (see curve 2e). I t

shoul d, however, be noted that this 3 phenonenon is variable,
since it depends on the 5 direction of"the current. Wth the

assunption tha§0§f@i§¥vi_t%q d €sPPNd ¢ he igﬁ%t@%%neo@%é&th sget ﬂé;nal

M ‘that is to say W th the assunption t Nere' 1s 'no dead tine
bet ween t HePEEeSRPEAANIM EthdoPREInGdpoABE dficde vemisecheThist meRns s

found that Sthegde, 7E8rhar Bt il USlinte CPAPEEPORHete is simultaneously
a non-zero voltage and non-zero current, and a loss of
5 power is therefore observed each time switching takes

place.

In order to solve this problem, in the case
when the various components cannot sustain a power loss
of this type, it is known to propose a switching-aid

10 cell. An example of a cell of this type may consist
simply of a snubber which essentially comprises a
capacitor connected in parallel on each switch. The
purpose of this snubber is to absorb the power losses .
by limiting the voltage, and more particularly by

15 limiting its growth, on switching. Another example of a
cell which is often used in combination with the
snubber is the so-called “di/dt” cell, which
essentially comprises an inductor in series with the
switches. Because of the presence of these various

20 switching-aid cells, a slower increase in the voltage
is observed, which makes it possible to limit the powet
losses on switching.

The problem of the presence of harmonics is
essentially the same for an inverter with or without a

25 switching-aid cell. In particular, the presenée of 5th
and 7th harmonics on the motor side is also observed in
‘the case of using an inverter with a snubber, as is the
presence of the 6th harmonic on the supply side and the
drive torque side.

30 It should be noted that, in the case of
controlled rectifiers, exactly the same problems arise,
except for the fact that the load should in this case

be considered as the source, and the supply as being
the load.

35 Objects of the invention.

The object of the present invention is to
provide a method which makes it possible to reduce, or
eliminate, the effect of the dead times in an inverter
or a controlled rectifier, and therefore makes it



theory and do not significantly perturb the notor currents.

Nevert hel'ess, because of this presence of a - dead time on switching to
closure, an increase in the 15 5th and 7th harnonics is observed in
the notor currents, as well as in the &th harnmonic on the supply

side and the drive torque side. This harnonic is particularly

probl ematic forPepeibdasots seednmeabdie effect F])_fThMmE{ emdbeﬁixta*tﬂe
resent inventipirhs 20 provide a solution to this problem by

guggesting t he : uggegf two corrected control set signals, one for the

case when the current TBeanoRiepht ofurtldt Presenrte invention is, in

particular, to provide a method which can be applied to
5 inverters or control rectifiers, with or without a
switching-aid cell, irrespective of whether they have
two levels or multiple levels.
In particular, the object of the present
invention is, in the case of a three-phase inverter
10 supplying a synchronous or asynchronous motor, to
provide a method which makes it possible to reduce the
undesirable harmonics such as the 5th and 7th harmonics
appearing in the motor currents, and thereby the 6th .
harmonic appearing on the supply side and the drive’
15 torque side.
Principal characteristic elements of the invention.
The present invention relates to a method for
processing PWM waves intended for a voltage-inv%rter or
a voltage-controlled rectifier, comprising at least one
20 pair of switches, this inverter or rectifier being
' controlled by a modulator and a discriminator,
characterized in that two set signals, corrected as a
function of the direcﬁion of the current in the load or
in the source, are applied to the discriminator, the
25 set signal corrected for the output current having a
high state supplemented by a delay on transition from
‘the high state to the low state, and the set signal
corrected for the input current having a low state
supplemented by a delay on transition from the 1low
30 state to the high state, the high state being defined
by the fact that the switch connected to the most
positive load is closed whereas the switch connected to

the most negative load is open, the low state being
defined by the reverse.

35 In the case when the inverter or rectifier does
not have a switching-aid cell, the corrected set
signals introduce delays_which correspond to the dead
time created itself by the discriminator.



other for the case when the current is an input current. 25

Figure 3 represents a bl ock diagram of a.device for controlling a
conventional two-level inverter by using the nmethod according to the
present invention. In this case, the scrimnator is either controlled
by a set signal cogyrected for an cyrr y 3Q. signa
corrected for an inplt %hguﬁ'aesn% .ln?{’liplﬁtslg tgﬁeeﬂ{ve%?]gc??o%%tgfti%ﬁg%

current in thevittadawswdltchiilng-aid deekl ni hbewldstlser eredueedeinofthehe
}\é\géfoggtecs\gseéﬁfﬁ%?ai gogl §iig§xali§eqiepends not oniiOUhethe’ GAeIRYch t he
of the current but also on its value.
5 It should be noted that the present method can
be applied equally well to inverters or rectifiers with
two levels and to multi-level inverters or rectifiers.
The present invention also relates to a device
for implementing the method.

10 Brief description of the figures

The present invention will be described in more
detail with reference to the following figures:

Figure 1 represents a schematized view of a branch of
a conventional two-level inverter.

15 Figure 2 represents the set wave (Fig. 2a) created by
the modulator for an inverter as described in
Figure 1, as well as the waves which are
obtained at the output of the discriminator
and are intended for directly controlling the

20 switches (Figs. 2b and 2c¢) and the
corresponding ﬁoltages applied in this case
to the motor (Figs. 2d and 2e).

Figure 3 represents a block diagram of a device for
implementing the method according to the

25 invention. .

Figure 4 represeﬁts the corrected waves (Figs. 4b and
4c) for a given set wave (Fig. 4a) to be
applied to a two-level inverter as described
in Figure 1 in order to implement the method

30 according to the present invention as well as
the output voltages applied in this case to
the motor (Figs. 4d and 4e).

Figure 5 represents a schematized view of a branch of
a conventional two-level inverter with a

35 snubber.

Figure 6 represents the set wave (Fig. 6a) created by
the modulator and intended to control an
inverter as described in Figure 5, as well as
the output voltages applied in this case to



35 -4a) and each of the two corrected set signals, on the

the output current (Fig. 4b) and on the. ot her hand for the input
current (Fig. 4c). As can be seen in the case of a set signal corrected
for an. out put current, the high | evel I s suppl enented by a

9

-

5

10

15

20

. 25

30

35

the motor for a low or high input current
(Figs. 6b and 6c) and for a 1low or high
output current (Figs. 6d and 6e), Figs 6f and
6g representing details of Figures 6b and 6c.

Figure 7 represents the general shape of the motor
current, on the one hand when not applying
the method according to the present invention
(Fig. 7a), and on the other hand, applying
this method (Fig. 7b). |

Figure 8 represents the harmonics, and more
particularly the 5th and 7th harmonics on the
motor side, as well as the 6th harmonic on
the supply side, on the one hand when the .
method according to the present invention is
not applied (Figs. 8a and 8b) and, on the
other hand, when this method is applied
(Figs. 8c and 8d).

Description of several preferred embodiments .of the
invention.

In this section, the description is limited to
a two-level inverter. The person skilled in the art
will find it easy to generalize this description to a

‘multi-level inverter as well as to a two-level or

multi-level rectifier.

Figure 1 schematically represents a branch of a
conventional two-level inverter which is used in the
context of the present invention. 1In conventional
fashion, this inverter comprises two switches S1 and S2
which alternately supply a load that may, for exampie,
be a phase of an asynchronous motor. In this case, the
load is of the inductive type and it is necessary for
each of the two switches S1 and S2 to be connected in
parallel with a diode, which is referred to as a “free-
wheeling diode” DRl or DR2, which allows the 1load
current to flow when the corresponding switch is open.
Indeed, the presence of this diode allows the inductive
load current to decrease and thus makes it possible to
avoid any destructive overvoltage when the
corresponding switch is opened.

one hand for



time T[err]  which, in the present case, corresponds to the dead time on
the trailing edge, that is to say on a ~ transition fromthe high state 1
to'the low state 2. This transition corresponds in reality to the
opening 5 of the switch 1 and to the closufe of the switch 2. The set

signal corrected for t I nput._ current has_a hi | evel 1 decreased by
a ?Lne T[err]™ whi ch alggec&ﬂy slﬁocontr?ﬂégaegy & M laRn 2RddRng

edge, that is dbssaymédmator.transition fromthe |low state 2 to the high

state 1. 10 ) F‘ﬂ‘ri ‘i'rem)ff’reskggreﬁgsd' aggtd'%ﬁarveemﬁs?vpﬁcthheis in
out put voltages in the cdase when corrected set Srgnals '

the form of successive pulses. When the high level 1 is

5 reached, this means that the switch S1 is to be closed

and the switch S2 is to be open. Conversely, when the

low level 2 is reached, the switch S2 is to be closed

whereas the switch S1 is to be opened. Consequently, at

each leading or trailing edge, it is necessary to

10 switch instantaneously the switch S1 in order to close

it and the switch S2 in order to open it, or vice
versa. ' '

Of course, a check should be made that the two .
switches (S1 and S2) are never simultaneously closed,

15 which would short-circuit the supply. In order to avoid
this situation, the instant when one switch is closed
is delayed for a certain lendth of time after the set
signal has been given. In reality, this task is
performed by the discriminator.

20 Figures 2b and 2c represented the waves which
are modified by the discriminator and which will
control the two switches S1 and S2. As can be seen, the
closure of a switch turning the branch on does not take
place instantaneously, but happens with a delay

25 referred to as the “dead time”, whereas the opening
leading to a break may be considered as instantaneous.

'As can be seen in figures 2b and 2c, the two
switches are never simultaneously closed. Conversely,
in certain cases, the two switches S1 and S2 may be

30 considered as opened simultaneously.

The result of this is that at least one of the
two free-wheeling diodes DR1 or DR2 will be on during
the dead times, this depending on the direction of the
current. Specifically, when the current is an output

35 current, it is the lower diode DR2 which is on during
the dead time, thus reducing the high-level time of the
output voltage (see curve 2d). In the opposite case,
with an input current, it is the upper diode DR1 which



are used, either for an input current or. an out put current. It is

observed that the correction allows the- .
to be made identical in 15 both cases, an@ identical to what it would be

W t hout a

represents a sthefBt Apgdng &dheofdead timeanth Shis caseernereasing-thee

“ﬁtthgh le§8¥b9§he 6% the outputlivolf
switching-aid whi

i nverter

limting

dead time, to within a delay T[err]. Figure 5

thephedhbABA, isANOvari@bPe, since it depends on the
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35

direction of the current.

With the assumption that the switches respond
instantaneously to the set signal M, that is to say
with the assumption that there is no dead time between
the set signal M and the response of the switches, it
is found that 5th and 7th harmonic levels correspond to
theory and do not significantly .perturb the motor
currents. '

Nevertheless, because of this presence of a .

dead time on switching to closure, an increase in the
5th and 7th harmonics 1is observed in the motor
currents, as well as in the 6th harmonic on the supply
side and the drive torque side. This harmonic is
particularly problematic for the reasons set out. above.

The object of the present invention 1is to
provide a solution to this problem by suggesting the
use of two corrected control set signals, one for the
case when the current is an output current and the
other for the case when the current is an ihput
current.

Figure 3 represents a block diagram of a device
for controlling a conventional two-level inverter by
using the method according to the present invention. In
this case, the discriminator is either controlled by a
set signal corrected for an output current, or by a set
signal corrected for an input current. It is the
direction of the w<current in the 1load which will
determine whether one or other of the two corrected set
signals is used.

Figure 4 represents the ideal set wave M (Fig.
4a) and each of the two corrected set signals, on the
one hand for the output current (Fig. 4b) and on the
other hand for the input current (Fig. 4c). As can be
seen in the case of a set signal corrected for an
output current, the high level 1 is supplemented by a

out put voltage of the inverter

d4@PeEee! Surk8 2662l i1y
ch nmakes _ it = possible tg e%bsgr ch power

| osses whi ch occur eaciﬁttl n%h?‘ﬁ% swi tRPWRVEH, andPes2 Foted §R1af'-che’élhls by

a



partlcuLarIy by limting its increase. 25 As represented in Figure

5, thi'$ cell conprises a capacity d- (or C2) connected in parallel on
each swtch, this capacitor being itsglf in series with a resi stor
RlL (or. R2) as well as a second diode D1 (or D2) which is in the

opposi te direalimd TP whHech)edn he Weebeng dods FBrfesptidy. to the
When a switch S1 (or .S2) is o ene S possible to dlvert
the current tdisqaré %6F‘|ees%n& g tfalﬁﬁ‘bﬁcﬁc&re'd t{’ﬁ# Lﬁmscﬁ‘y wgg @
initially unchargesition from théhaighhestsatéch Silo(uheSZI)ow ssthboeed. t he
35 correspom¥ﬁ¥gc%ggggt 1on cégre§3$ng'SCQ9r98§1&E§OQQp the opening
5 of the switch 1 and to the closure of the switch 2. The
set signal corrected for the input current has a high
level 1 decreased by a time T, which also corresponds to
the dead time at each leading edge, that is to say on
transition from the low state 2 to the high state 1.

10 Furthermore, Figures 4d and 4e represent the
output voltages in the case when corrected set signals
are used, either for an input current or an output
current. It is observed that the correction allows the .
output voltage of the inverter to be made identical in

15 Dboth cases, and identical to what it would be without a
dead time, to within a delay Tx.

Figure 5 represents a schematized view of a
branch of a conventional two-level inverter ‘with a
snubber.

20 This snubber is 1in reality a switching-aid

- cell, which makes it possible to absorb the power
losses which occur each time the switches S1 and S2 are
switched, by limiting the voltage, and more
particularly by limiting its increase.

25 As represented in Figure 5,'this cell éomprises
a capacity Cl (or C2) connected in parallel on each
switch, this capacitor being itself in series with a
resistor R1 (or R2) as well as a second diode D1 (or
D2) which is in the opposite direction to the free-

30 wheeling diode DR1 (or DR2).

When a switch S1 (or S2) is opened, this makes
it possible to divert the current to the corresponding
capacitor Cl (or C2), which was initially uncharged.

When the switch S1 (or $S2) is closed, the

35 corresponding capacitor Cl1 (or C2) discharges through
it. In this case, the discharge current will be limited '
by the presence of the resistor R1 (or R2) in series

with the capacitor Cl1 (or C2), thus forming an RC
circuit.



it In, this case, the discharge current will be limted by the presence
‘of the resistor RL (or R2) in series " with the capacitor ClL (or C2),
thus form ng an RC circuit. 10 10

In general, each time switching takes place, it
is observed that one of the two capacitors will charge
whereas the other starts to discharge through its
associated resistor.

5 ' A slower increase in the voltage is then
observed, thus limiting the power loss from switching.

Figure 6 represents the set wave M (Fig. 6a) as
well as the corresponding voltages applied to the motor
in the case of a low input current (Fig. 6b), in the

10 case of a high input current (Fig. 6c), in the case of
a low output current (Fig. 6d) and in the case of a
high output current (Fig. 6e).

Let us analyse in more depth the case of an .
input current on a . low/high transition of the set’

15 signal M, that is to say in the case when the switch S1
is to close whereas the switch S2 is to open (Figs. 6f
and 6g).

In this figurative case, it is found that the
initially zero output voltage cannot increase instant-

20 aneously. This is because. it is first necessary to
charge the capacitor C2 of the lower snubber using the
current.

If the current is high, the voltage rises
quickly and the output voltage rapidly reaches the

25 supply voltage. In this case, the upper free-wheeling
diode DRl conducts and allows the current to flow to
‘the supply (Fig. 6g).

In the case when the current is low, the output

voltage applied to the motor remains less than the

30 supply voltage at the end of the dead time. At this
moment, the switching of the upper switch S1 takes
place and the capacitor C2 of the lower snubber is
charged suddenly (Fig. 6f).

This means that a deformation is observed in

35 the voltages supplied to the motor, this depending both
on the direction of the current and also on its value.

For this reason, a corrected.set signal should
be proposed which dependé not only on the direction of



I'n general,” each tine switching takes'place, It I s observed that one of

the two capacitors wll charge whereas the other starts to discharge
through its associated resistor. 5 A slower increase in
the veltage is then observed, thus Yliniting the power |oss from

swi t chi ng. Figure 6 represents the set wave M (Fig. 6a) as
~wel'l as the co‘??%sﬁ&?drieﬁﬁ:g\%??ag"ésspoapﬁii dd % oSthENAblor 1 the @¢ecaRE of
a |l ow input cucombtrolEigg 6h) inverter Wunse @ﬁiﬁcmi@@-aﬂaubemﬁtrent (F}g.
6c), in the case of o3 lowonhyl, cHigLenl (ELg.00L i & 1 NG 538, of 2
hi gh output current (Fig. ). |
depending on whether an output or an input current is
5 involved, have a level 1 supplemented or reduced by a
time corresponding to a time referred to as the
“effective time”, which takes into account the value of
the current.
In practice, for a certain current Ip, the
10 charging time of the snubber is equivalent to the dead
time, namely '
CXU,

T iead

I, =

For I > Iy, the effect of the dead time is
15 equivalent to a delay Tess:

1 ) )
la 'T"”"(l" 21

For I < Iy, the effect of the ‘dead time is
20 equivalent to a delay Tees:

%

|1
Ef=ﬂ@ﬂ§7:

. In this way, compensation is thus made for the
25 actual effect of a dead time on switching to closure,
and the level of the 6th harmonic on the supply side is
reduced.
It should be noted that, in certain cases, and
more particularly in the case when a current is low,
30 and irrespective of the direction of this current, it
may be envisaged not to use corrected set signals. This
is because, in the case of low currents, the influence
of these corrections is relatively limited.
Furthermore, Figures 7 represent the general
35 appearance of the motor currents, either in the case
when the method according to the present invention is



Let. us, analyse in nore depth the case of -an input current on a

low high transition of the set 15 si.gnal M -‘that is to say in the case
when the switch Si is to close whereas the switch S2 is to open (Figs.
6f -and 6g9). In this figur dve case, it is found that the

initially zero_qut | ¢ age. can i ncrease, . nstant-. 20 aneously. This is
because it is ??Qgsggh&\é‘%sdtsa&il‘fb 925 ’ c&%r S"‘g‘ S?]rée C ﬁﬁ%i gvixﬁncg: ( S t'ﬁf%tlll?ﬂer
snubber using ihe appldedrentEig. 7b), forf anheinwemtent withduigh,a the
- voltage risesgnyppdiickly and the output voltage rapidly reaches

- the
: Elimination is observed of the distortion due

5 to the presence of a dead time which exists in the case
when corrected set signals are not used, by applying
the method according to the present invention.

Figures 8 represent the 5th and 7th harmonics
on the current side, as well as the 6th harmonic on the
10 supply side, on the one hand in the case when the
method according to the invention is not applied (see
Fig. 8a and 8b), and on the other hand in the case when
this method is applied (Fig. 8c and 8d). .
It 1is again observed that the 5th and 7th
15 harmonics in the motor, which are due-to the presence
of a dead time when switching takes place, have been
greatly reduced, whereas the 6th harmonic seen on the

supply side is brought to negligible values.
Exactly the same performance can be obtained

20 for an inverter with 'a snubber.



2-5 Slmﬁsisheétghgmﬁke labsdl thi s case, the upper free-wheeling. - diode DRl

eonduct e current to flowto t he . .
In"the urrent is low, the oygput aygp? red ty_the
notor r n the 30 supply voltage at t i me.

At this nDnent t he smntchlng of thanqumm smntcn ST takes place

and the capaci tor C2 ofy t snubber _1s._ rged sudden
6f) . Pact e Thi s t&é ckha °% de?ﬁ?ﬁﬁ?%ﬂgl s er V&7 S%h 33}/"31%8 _
or, inkesteependdng bath volbageheoditretliiedn of

vol t ages suppl ifed teo wdie
the current andolSEi¥Y, I&¥#€ing at least one pair of switches,
5 this inverte or rectifier being controlled by a
discriminator, characterized in that
corrected as a function of the
rent in the load or in ‘the source,

modulator and
two set signals
direction of the c
are applied to th discriminator, the set signal

10 corrected for the outRut current having a high state
supplemented by a delaX on transition from the high
state to the low state, Wnd the set signal corrected
for the input current havi a low state supplemented .
by a delay on transition from\the low state to the high

15 state, the high state being fined by the fact that
the switch connected to the st positive load is
closed whereas the switch conmected to the most
negative load is open, the low sta
the reverse.

being defined by

20 2. Method according to Claim 1, characterized in
that the delay introduced into the corrected set
signals corresponds essentially to the dead time itself
introduced by the discriminator during the operation of
closing the switches, this being in the case when an

25 inverter or a rectifier is used without a switching-aid

| cell.
3. Method according to Claim 1, characterized in
that the delay introduced into the corrected set
signals depends not only on the direction of the

30 current but also on its value, this being in the case
when an inverter or a rectifier is used with a
switching-aid cell.

4. Device for implementing the method according to
any one of the preceding claims, characterized in that

35 it comprises a modulator which, on the basis of a set
wave, creates two set signals which are corrected as a
function of the output current and the input'current
and will be applied to the discriminator.

R



For thi This SiestcHas Been lmatted set signal should be proposed which
depends dlrectlon of ' tretent but al so on
rtS’stre se of

5. Use of the method according to F~~ofe of

Claims 1 to 3 or of the device according to Claim 4 for

an inverter or a voltage~controlled rectifier with or

without a switching-aid cell, having two levels or
5 having multiple levels.
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éontroL[ing an inverter wwth a switching-aid cell. In particular,

the corrected set signal should, dependi ng on whet her an out put or an
i nput current is 5 involved, have a |level 1 supplenented or reduced by a
time corresponding to a tine referred tgﬁﬁﬁkthe "effective tinme", which
takes into account the val ue of t he nt. I'n practice, for
a certain current I[err], the 10 charging tinme of the snubber is
equi val ent to the dead time, nanely '
1
Fig.2a
M__ 2 g
S1 DR1 ' [ .
N . _ Fig.2b
ph =
’ e— - L]
S2 A?._T DR2 ‘ : Fig.2c
.?’ ¢ ) : - Fig.2d
Fig.1 — e
' i Fig.2e
>
T o
Set signal corrected
for output current
— Correction k | Discrimination
M - . ?’°'—"_'
Set signal corrected —

for input current

FIG. 3.



ferr] . For 1 > IT, the effect of the dead tine is 15 equival ent
to a delay Teff: [err] For, | < IT, the effect of the dead
t_i’n'e is 20 equivalent to a delay Teff: :

2/10

Fig.4a
M — : '
Fig.4b

. Im. ~irm'
) ' Fig.4c

In 1 I I

- . FIG. 4d




ferr] . - "In this-way, conpensation is thus-nmade for the 25 actua

ef fect of "a dead time on switching to closure, - and the level of the 6th
harnoni c on the supply side is reduced. It should be noted
that, in certain cases, and mor e particulﬁyj in the case when a current
is.low, 30 and irrespective of the directio this current, it




may be.envi saged not to use corrected set signals. This I s because, in
t-he case of low currents, the influence . of these corrections is
relatively limted. Furthernore, Figures 7 represent the genera
35 appearance of the notor currents, either in the case when t he

nmethod according to the present i nvent i 84 I0s

u Fig$a

_/ ‘ - Fig6b
_/ I  Figec
= \ Figée
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12 not applied (Fig. 7a), or in the case when this nethod IS”
_applied (Fig. 7b), for an inverter w thout a snubber .

El'rm nation is observed of the di stortiorg (ilde 5 to the presence of ‘a dead
time which exists in the case when co/rect ed set signals are not usees
by appl yi ng the nethod according to the present invention. Z
Fi'gures 8 represent the 5th and 7th harnonics on the current side, aS
well as the 6 -
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10 supply side, on the one hand in the case when the met hod accordi ng

to the invention is not applied (see -Fig. 8a and 8b), and on the other
hand in the case when this nmethodg |? applied (Fig. 8c and 8d). -
It is dagain observed that the 5th and 9 R 15 harnonics in the notor, ghich
are. due to of a dead tine when switching takes place. have
been gr - =Y ] sqpply
side is bro S :' i : Exactly the sane
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nodul ator and a discrimnator, characterized in that two set

signals, corrected as a function of -the direction of the
current in the load or in the source, ’ are applied to the
discrimnator, the set signal 10 agpdrect ed for the output curreht
having a high state . suppl emented by a delay on transition from=he
hi gh state to the low state, and the set signal corrected - for
the input current having a |ow state supplenented by a delay om
transition|{fromthe low state to the high 15 state, the hijgh-staf &
bei ng defi ped by the fact that the 'switch connected |[to thel npst
positive Joad is closed whereas the switch connegted ¢tjo the
nost ,
' mE
¢
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|

Fig.8b
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negatlve | oad i s open, the |low state being definéd by t he reverse.

.20 2. Met hod according to Caiml,- characterized in that the
delay introduced into the corrected set signal s corresponds "~
essentially to the dead tine itself 9710 i ntroduced by the discrim na¥or
during the gperation of closing the switches, this being in t he ease
when an 2B _invétter or arectifier is used MLhout a switching-aid o
cell. 3. Met hod according to Caim1l, characterized {n i =
that the deljy introduced into the corrected set si gnal’s depengs not

only on the direction of the
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.30 current but also on its value, this being

n the case when an

inverter or arectifier is used with a- switching-aid cell.

* Device for inplenenting the nethod according to

any one of the

4.

preceding clains, characterized in that 35 it conprises a nodul ator

whi ch, on the basis of a set- wave, creates two set signals mhlch-are
corrected as a function of thelgutiput current and the input curreﬂt
and will be applied to the discrimnator.
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Use of the method accordlng to anyf Sft—eClai
Vrﬂﬂﬂ$SdEraq,

er with or W t hout a s
ving multiple levels.
CLAIMS
1. Method feor processing PWM waves intended for a

voltage inverter or a voltage-controlled rectifier,
comprising at least one branch with at least one pair
of switches connected in series, this inverter or
rectifier being controlled by at least one wave having
a succession of high states and low states, which is
obtained with the aid of a modulator, the high state
being defined by the fact that the switch connected to
the most positive voltage is closed whereas the switch
connected to the most negative voltage is open, and the
low state being defined by the reverse, characterized
in that, with the aid of a discriminator, two set
signals corrected as a function of the direction of the
current leaving or entering the branch are applied, the

set signal corrected for the output current having a
high state supplemented by a delay on transition from
the high state to the low state, and the set signal
corrected for the input current having a low state
supplemented by a delay on transition from the low
state to the high state. '

—
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CLAIMS
1. Method for processing PWM waves intended
for a voltége inverter. or a - voltage-controlled

rectifier, comprising at least one pair of switches,
this inverter or ieci:ifier being controllgéd by a
modulator and a discriminator, characterized in that
two set signals, corrected as a function of the
direction of the current in the load or in the source,
are applied to the discriminator, the set signal
corrected for the output current having a high state

supplemented by a delay on transition from the high

state to the low state, and the set signal corrected

for the input current having a low state supplemented .

by a delay on transition from the low state to the high

state, the high state being defined by the fact that

the switch connected to the most positive load 1is
closed whereas . the switch connected ¢ the
negative load is open,
the reverse.

2.

most
the low state being defined by

Method according to Claim 1, characterized in

that the delay introduced into the corrected set

signals corresponds essentially to the dead time itself
introduced by the discriminator during the operatibn of
closing the switches, this being in the case when an
inverter or a rectifier is used without a switching-aid
cell.

3. Method according to Claim 1, characterized in

that the delay introduced into the corrected set

signals .depends not only on the direction of the

current but also on its value, this being in the case

when an inverter or a rectifier |is
switching-aid cell. '

used with a

4. Device for implementing the method for
processing PWM waves according to any one of the preceding
claims, the waves peing intended for controlling a voltage
inverter or a voltage-controlled rectifier, this inverter
oxr rectifier comprising at 1éast one branch with at l_ea.st
one pair of switches connected in series, this device

* c L M S *
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comprising a modulator creéting the PWM control wave in the
form of a succesgsion of high states and low states, the
high state being defined by the fact that the ewitch
connected to the most positive voltage is closed whereas
the swiﬁch connected to the most negative voltage is open, .
and | the 1low state being defined by the reverse,
‘characterized in that correcting means c¢orrect the PWM
control wave as a function of the direction of the current
leaving or entering the branch, so as to create two set
sigzjal_, a corrected set signal for the output current
having a high state supplemented by a delay on transition
from the high state to the low state, and a corrected set
signal for the input current having a low state
supplemented by a delay on transition from the low state to
the high state. '

5. Use of the method according to any one of
Claims 1 to 3 or of thé”device'écco:ding to Claim 4 for
an inverter or a voltage-controlled rectifier with or
without a switching-aid cell, havihg two levels or
having multiple levels. '
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(57) Abstract

A method for processing PWM waves for a voltage inverter or 2 voltage-controlled rectifier, including at least onc pair of switches,
said inverter or rectifier being controlled by a modulator and a discriminator. According to the method, two set waves corrected according
to the current direction in the load or the source are applied to the discriminator. The corrected set wave for the output current has a high
level to which a delay is added during transition from the high level to the low level, and the comected set wave for the input current has
a low level to which a delay is added during transition from the low level to the high level. The high level is defined by the fact that the
switch connected to the most positive load is closed while the switch connected to the most ncgative load is open, and the low level is
defined by the reverse. .




(57) Abrégé

Procédé de traitement d’ondes PWM destinées A un onduleur de tension ou A un redresseur commandé de tension, comprenant au
moins une paire de commutateurs, cet onduleur ou redresseur &tant commandé par un modulateur et un discriminateur, caractérisé en ce |
que I'on applique au discriminatenr deux consignes corrigées en fonction du sens du courant dans la charge ou dans la source, la consigne
corrigée pour le courant sortant présentant un état haut augmenté d’un délai lors de Ia transition de I’état haut vers 1’état bas, et 1a consigne
corrigée pour le courant entrant présentant un &tat bas augmenté d’un délai lors de la transition de I'&at bas vers I’état haut, 1’état haut
&tant défini par le fait que le commutateur reli€ 2 Ia charge la plus positive est fermé tandis que le commutateur relié 2 la charge la plus

négative est ouvert, I'état bas €tant défini par V'inverse,
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