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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method ac-
cording to the preamble of claim 1.
[0002] Vector control containing no motion sensor is a
manner of controlling electric motor drives fed by a fre-
quency converter which is about to become a standard
solution. It provides a vast majority of applications with
sufficient performance without the drawbacks caused by
velocity feedback, including e.g. cost inflicted by the en-
coder used for feedback, mounting and cabling costs as
well as service and maintenance.
[0003] Typically, vector control without motion sensors
is based on measuring two or three output phase currents
of a frequency converter. The measurement is imple-
mented e.g. by current transducers based on the Hall
effect, in which case the costs, need for space and the
number of components of the method are extensive in
connection with low-power frequency converters in par-
ticular. Making current measurement a simpler process
enables savings to be achieved in terms of costs, need
for space as well as the number of components; however,
maintaining the performance level of the control method
becomes a challenge.
[0004] In vector control, a reference value is calculated
for a voltage vector so as to achieve a certain electro-
magnetic state for a motor to be controlled. A voltage
reference determines the direction and magnitude of the
voltage vector necessary during a modulation sequence.
Based on this information, a modulator calculates switch
references, i.e. the times for the states of each power
switch used during a modulation sequence. An inverter
part of a three-phase frequency converter comprises
three pairs of switches, each switch pair being coupled
in series between a positive and a negative busbar of a
voltage intermediate circuit of the frequency converter.
A point between the switch pairs constitutes a phase out-
put of an inverter such that each phase may provide the
output either with positive or negative voltage of the in-
termediate circuit.
[0005] In the case of vector control, the output voltage
provided by switches is usually regarded as a complex-
plane voltage vector. Switch pairs may be used for form-
ing six voltage vectors which deviate from zero and which
reside in a complex plane at a mutual 60 degree phase
shift such that by coupling the output of phase A to be
positive and the outputs of other phases B, C to be neg-
ative, a voltage vector +-- is obtained which resides in a
direction parallel to a positive real axis of the complex
plane, as shown in Figure 1. Other voltage vectors are
designated in a similar manner, e.g. a voltage vector -+-
is a vector obtained when the output of phase B is coupled
to a positive busbar of the voltage intermediate circuit
while the output of other phases A, C is coupled to a
negative busbar thereof. In connection with a three-
phase frequency converter it is possible to produce eight

voltage vectors, two of which being zero vectors +++ or
--- that are formed by coupling the outputs of each of
them either to a positive busbar (+++) or to a negative
busbar (---). In vector control, a voltage reference is im-
plemented by calculating the time each switch combina-
tion is to be used in order to achieve the voltage reference
during a modulation sequence.
[0006] In a conventional three-phase modulation
shown in Figure 2, switchings are carried out in every
three phases during each modulation sequence. A mod-
ulation sequence starts from one zero vector and ends
at the same zero vector, passing via another zero vector
in a middle of the modulation sequence.
[0007] The simplest presently conceivable manner of
measuring current so as to ensure the operation of vector
control is to measure the current passing through the
positive or the negative busbar of an intermediate circuit.
This DC current measurement can be implemented e.g.
by means of a shunt resistance situated in a busbar of
the intermediate circuit, whose voltage drop is propor-
tional to the current passing through the busbar. All cur-
rent to an inverter part of a frequency converter passes
via the intermediate circuit, which means that by meas-
uring the current of the intermediate circuit, the current
of one phase that is flowing to the load at a given moment
is achieved. In addition to simplicity and the resulting in-
expensiveness, need for less space and the small
number of components, DC current measurement ena-
bles short-circuit protection to be implemented without
any additional measurement electronics.
[0008] As far as DC current measurement is con-
cerned, the conventional three-phase modulation meth-
od disclosed above is problematic, since both at a be-
ginning and at an end of a modulation sequence as well
as in a middle thereof, a zero vector is used during which
the DC current is zero in size and contains no phase
current information. In order to obtain phase current in-
formation, DC current sampling should take place at a
moment in dependence on a modulation index, and thus
changing from a modulation sequence to another, so that
a voltage vector deviating from zero would then be in use
and phase current information would thus exist, which,
as far as the implementation in practice is concerned,
would be problematic. Current measurement may also
be implemented such that DC current is sampled at a
high frequency, relying on getting a necessary number
of phase currents measured in order to maintain reliabil-
ity. However, such a method requires numerous samples
to be taken and a considerable processing capacity in
order to allocate these samples into currents of different
phases on the basis of switch positions, for example.

BRIEF DESCRIPTION OF THE INVENTION

[0009] An object of the present invention is to provide
a method which solves the above-disclosed problem and
enables current information on a frequency converter to
be determined in a simpler manner. This object is
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achieved by a method according to the characterizing
part of claim 1. Preferred embodiments of the invention
are disclosed in the dependent claims.
[0010] The idea underlying the invention is that output
switches of an inverter part of a three-phase frequency
converter are modulated in a two-phase manner, which
enables a voltage vector deviating from a zero vector to
be produced at a predetermined location in a modulation
sequence. Furthermore, changing the zero vector to be
used in the modulation sequence enables DC current
information on two phases to be measured in a reliable
manner. This enables a reliable manner of measuring
two phase currents as often as necessary also at very
low output frequencies of the frequency converter. Two-
phase modulation means that during one modulation se-
quence, the state of the switches of only two output phas-
es is changed in order to achieve a desired voltage vector
while the switch position of the third phase remains un-
changed during the entire modulation sequence.
[0011] An advantage of the method of the invention is
that when two-phase modulation is utilized, a voltage
vector deviating from a zero vector is in use either at a
beginning or at an end of a modulation sequence or in a
middle thereof; this makes it possible to measure one
phase current. Two-phase modulation thus enables one
phase current to be measured during each modulation
sequence at a constant-remaining moment in depend-
ence on the modulation sequence. Furthermore, a
change of the zero vector according to the method of the
invention enables the phase currents of two phases to
be determined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention is now described in closer detail
in connection with the preferred embodiments and with
reference to the accompanying drawings, in which
[0013] Figure 1 shows a voltage vector star;
[0014] Figure 2 shows a conventional three-phase
modulation pattern;
[0015] Figure 3 shows a two-phase modulation pat-
tern;
[0016] Figure 4 shows a schematic description of an
inverter part of a frequency converter;
[0017] Figure 5 shows a two-phase modulation pat-
tern;
[0018] Figure 6 shows a two-phase modulation pattern
implementing the same average voltage vector as the
modulation pattern of Figure 5, utilizing an opposite zero
voltage vector;
[0019] Figure 7 shows a two-phase modulation pat-
tern;
[0020] Figure 8 shows a two-phase modulation pattern
implementing the same average voltage vector as the
modulation pattern of Figure 7, utilizing an opposite zero
voltage vector; and
[0021] Figure 9 shows an example of a control system
wherein the method according to the invention may be

utilized.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Figure 4 schematically shows an inverter part
of a three-phase frequency converter. The inverter part
comprises a voltage intermediate circuit Udc and power
switch pairs constituting an output of the frequency con-
verter. These switch pairs are coupled in series between
a positive + and a negative - busbar of the voltage inter-
mediate circuit so that a midpoint of each switch pair con-
stitutes an output of phase A, B, C of the frequency con-
verter.
[0023] According to the method of the invention, a volt-
age vector reference is formed for the output power
switches such that only two switch pairs are modulated
during one modulation sequence. A modulation se-
quence refers to a time sequence which constitutes an
average inverter switching frequency. In other words,
during a modulation sequence an output is provided with
an average voltage vector according to a reference re-
ceived from a higher level of the control circuit. The volt-
age vector is formed in a manner known per se by using
the vectors shown in Figure 1.
[0024] Further, according to the invention, said two
switch pairs are controlled to implement a voltage refer-
ence vector during the modulation sequence by using
one zero vector. Figure 3 shows an example of one mod-
ulation sequence of two-phase modulation, wherein
switchings are thus carried out in two phases only. In the
exemplary case of the figure, the state of the switch pairs
of phases A and B is changed from negative to positive
and further to negative. At a beginning of the modulation
sequence, the output switches implement a voltage vec-
tor ---, i.e. a zero vector, during which no current passes
via the intermediate circuit of the frequency converter
through the switches to the load. After the coupling of
phase A, the voltage vector of the output changes into a
vector +-- and further, after the coupling of phase B, into
a vector ++-. This switch position is also used in the mid-
dle of the modulation sequence. After this moment, the
vector pattern is repeated, symmetrically with respect to
the midpoint of the modulation sequence till the end of
the modulation sequence. As can be seen in Figure 3,
the state of phase C does not change at all during the
entire modulation sequence.
[0025] Figure 2 shows a conventional three-phase
modulation pattern. An average voltage vector produced
during a modulation sequence by this modulation pattern
corresponds with the voltage vector produced by the two-
phase modulation of Figure 3. It can be seen in the pattern
of Figure 2 that a zero vector +++ is provided as a voltage
vector in the middle of the modulation sequence while a
voltage vector ++- is provided in the middle of the mod-
ulation pattern of Figure 3 producing a corresponding
average voltage vector, in which case current iDC = -iC,
i.e. the current of phase C as negative, can be measured
as the DC current of the voltage intermediate circuit.
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[0026] Further, according to the invention, the current
of the voltage intermediate circuit of the frequency con-
verter is measured at a predetermined moment in the
modulation sequence. Figure 4 schematically shows a
structure of an inverter part of a frequency converter,
disclosing how currents pass in the middle of the modu-
lation sequence of Figure 3, i.e. during the voltage vector
++-. The arrows in Figure 4 show that the current in the
intermediate circuit passes via phases A and B to the
load, and further through the load via a lower branch of
phase C back to the intermediate circuit. Since use of
two-phase modulation enables the exact moment at
which the zero vector is not in use to be determined, the
current of one phase of the load can be measured accu-
rately. This particular moment to be determined is com-
pletely independent of both the magnitude and direction
of the average voltage vector to be produced.
[0027] Current is measured from the voltage interme-
diate circuit at a predetermined moment. Preferably, this
predetermined moment is in dependence on the modu-
lation sequence and resides in a middle thereof. Hence,
in the case of Figure 3, for instance, phase current can
be measured. Naturally, the modulation pattern may be
changed so as to enable the necessary current informa-
tion to be measured at some other moment in depend-
ence on a modulation sequence. Such a moment is e.g.
a beginning or an end of a modulation sequence, i.e. the
moment when one modulation sequence changes into a
next modulation sequence.
[0028] Further, according to the invention, the zero
vectors to be used in modulation sequences during use
of a frequency converter are changed actively. Since cur-
rent information on all output phases of the frequency
converter is to be obtained frequently enough as far as
control is concerned, the zero vector to be used should,
according to the invention, be changed on a regular basis
between the modulation sequences. Changing the zero
vector does not affect the magnitude of an average volt-
age vector obtained during a modulation sequence but
all voltage vectors can be implemented by two-phase
modulation, using either one of the zero vectors +++ or
- --. Due to the changing of the zero vector, the modulation
pattern alters, and at the same time, the voltage vector
being used at a predetermined current measurement mo-
ment changes. At low output voltage frequencies in par-
ticular, it is important to change the zero vector in order
to obtain the necessary current information by using DC
current measurement. Changing the zero vector is known
per se in connection with inverters. This technology is
used e.g. for evening out component losses at low rota-
tional speeds and for maintaining the charge of bootstrap
capacitors of gate drivers.
[0029] Figures 5 and 6 show two-phase modulation
patterns implementing the same average voltage vector
during a modulation sequence. In the modulation pattern
of Figure 5, a zero vector --- is used at a beginning and
at an end of the modulation sequence. In a middle of the
modulation sequence, a voltage vector ++- is used, dur-

ing which current -iC can be measured from an interme-
diate circuit. In Figure 6, in turn, a modulation pattern is
used wherein the zero vector is a vector +++. A voltage
vector +-- is then used in a middle of a modulation se-
quence. The current of an intermediate circuit measured
during the voltage vector +-- corresponds with current iA,
i.e. the output current of phase A. Thus, in the manner
shown in Figures 5 and 6, the method of the invention
enables the current of two different phases to be meas-
ured by changing actively the zero vector to be used.
Current samples of all three phases can be measured
as a voltage vector reference changes between sectors.
It is not, however, necessary to obtain the current infor-
mation on all three phases in order to ensure the opera-
tion of a controlled drive.
[0030] Figures 5 and 6 show successive modulation
sequences implementing the same average voltage dur-
ing the modulation sequences by using different zero
vectors. It is to be noted that when the process moves
from Figure 5 to Figure 6, the state of all switches is to
be changed simultaneously. Naturally, this is not desir-
able since simultaneous turns of the switches may cause
problems. Figures 7 and 8 disclose a solution wherein a
zero vector is changed by controlling one switch pair only.
[0031] Figure 7 shows a modulation pattern corre-
sponding with that of Figure 5 wherefrom, according to
the invention, the process is to move to a modulation
pattern employing an opposite zero voltage vector. A
modulation pattern forming such a zero vector is shown
in Figure 8 wherein a switch of phase A is in a high, i.e.
+, position during the entire modulation sequence. A
switch of phase B is controlled first and last, prior to a
middle point of the modulation sequence, a switch of
phase C. A voltage vector formed by the modulation pat-
tern of Figure 8 during the modulation sequence corre-
sponds with the voltage vector formed by Figure 7, and
the zero vector used is a different one from that used in
the modulation of Figure 7. It is to be noted that when
forming a modulation pattern in the manner shown in
Figure 8, the zero vector resides in a middle of the mod-
ulation sequence. Consequently, a voltage vector devi-
ating from zero resides at a beginning and at an end of
the modulation sequence.
[0032] Because the location of the moment at which
current information can be measured changes when the
zero vector is changed between modulation sequences
as shown in Figures 7 and 8, it is preferable to measure
DC current twice during one modulation sequence, i.e.
at a beginning/at an end and in a middle of a modulation
sequence. In other words, a double modulation sequence
frequency is obtained to be the current sampling frequen-
cy. Real relevant current samples and non-relevant sam-
ples are then obtained. From among these current sam-
ples, however, it is simple to pick samples that reflect the
real magnitude of phase current. In the modulation pat-
tern according to Figure 8, the zero vector +++ resides
in the middle of the modulation sequence. Correspond-
ingly, the zero vector --- of Figure 7 resides at the begin-
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ning and at the end of the modulation sequence. Based
on this information, it is simple to choose a sample con-
taining correct measurement information by software. It
is to be noted, however, that Figures 7 and 8 only show
one embodiment. It is also possible to place the zero
vectors the other way around in the modulation se-
quence, i.e. the vector +++ at the beginning/end of the
modulation sequence and the vector --- in the middle
thereof.
[0033] A second preferred alternative in order to obtain
relevant current information is to change the sampling
moment in dependence on the zero vector. In such a
case, the zero vector to be used determines the moments
at which relevant current information is available, and
measurements can be carried out at such moments only.
[0034] Furthermore, in connection with the method of
the invention wherein a zero vector is changed, it is to
be noted that relevant measurement information is not
necessarily obtained when the process moves from one
modulation sequence to another if the zero vector to be
used is changed in conjunction with the same sequence
change. According to a preferred embodiment of the in-
vention, the zero vector to be used is changed at intervals
of two modulation sequences or less often, i.e. the same
zero voltage vector is used in two or more successive
modulation sequences. This should also be taken into
account when processing the results of DC current meas-
urements, so that when current measurement occurs in
connection with a zero vector change and a modulation
sequence change, it is not advisable to use the result of
the current measurement. The zero voltage vector may
also be changed such that the change is carried out after
the changing number of modulation sequences. A crite-
rion for changing the zero vector may then be e.g. the
frequency of output voltage. When the frequency is low,
when the process remains in the same voltage sector for
a long time, a change should take place frequently
enough in order to obtain measurement information on
two phase currents. When, again, the frequency is higher
and the voltage sector changes more frequently, the zero
voltage vector can be changed less often or changing
the zero vector actively may be even stopped. When op-
erating in accordance with the invention, the zero vector
may be changed in various different ways. The point is
that the zero vector is changed as often as necessary at
low frequencies in order to obtain current information on
at least two phases, and that the same zero vector is
used successively during at least two modulation se-
quences in order to ensure the correctness of the current
information.
[0035] Figure 9 shows a control method utilizing esti-
mated motor currents, wherein current estimates are
formed e.g. by means of inverter switch positions Sa, Sb,
Sc, measured intermediate circuit voltage Udc and motor
parameters in a manner known per se. Since motor pa-
rameters and measured/known variables contain error,
current estimates to be obtained have to be corrected by
means of the measured current information. This meas-

ured current information is formed by the method of the
invention. This method, being less sensitive to various
interference related to measurements than a control
method utilizing measurements directly, is thus advan-
tageous to be used e.g. in an environment with interfer-
ence or in connection with utilizing poor-performance cur-
rent measurement equipment.
[0036] The example of Figure 9 is a control method
known per se, wherein a flux controller 91 receives at its
input a flux reference value Ψref and a flux actual value
Ψact determined by an observer 95. A reference value
for the current component id,ref affecting the flux, i.e. pro-
vided in direction d, is obtained from an output of the flux
controller. In a corresponding manner, a velocity control
92 produces a reference for a component iq,ref transverse
to the current on the basis of a reference value ωref of
angular velocity and actual value ωact determined by the
observer.
[0037] These current reference values id,ref, iq,ref are
fed to a current controller 93 together with a current actual
value iact determined by the observer 95. For its output,
the current controller 93 produces a voltage reference
uref, which operates as a reference for a modulator 94 in
order to form switch references Sa, Sb, Sc. The modulator
94 of Figure 9 implements the method of the invention,
so samples are obtained from phase currents on the ba-
sis of which the observer corrects the magnitude of the
current actual value iact. The magnitude of the current
actual value iact calculated by means of motor parame-
ters of the observer, switch references and intermediate
circuit voltage can be corrected on the basis of samples
which, in the embodiment of Figure 9, are obtained from
block 96, e.g. either directly by replacing the magnitude
of current calculated by the observer with the magnitude
of a sample or by weighting the samples by a certain
weight factor and thus correcting the value determined
by the observer.
[0038] It is essential for the operation of a current ob-
server that a current sample is obtained according to the
method either at a beginning/at an end or in a middle of
a modulation sequence. If the current sample were taken
at a random moment in a modulation sequence, as tends
to be the case in connection with the conventional meth-
ods disclosed above, the sample would be useless for
enabling estimated current to be corrected directly since
the estimated current normally represents the actual cur-
rent either at a beginning, in a middle or at an end of a
modulation sequence.
[0039] The disclosed current measurement method is
particularly well suited for use together with the exem-
plary control principle disclosed above since measure-
ments obtained relatively seldom and mutually non-si-
multaneously for different phases suffice to satisfy the
needs of a control which utilizes estimates.
[0040] It is obvious to one skilled in the art that the
basic idea of the invention can be implemented in many
different ways. The invention and its embodiments are
thus not restricted to the examples described above but
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may vary within the scope of the claims.

Claims

1. A method for determining output currents of a three-
phase frequency converter comprising a voltage in-
termediate circuit and three power switch pairs con-
stituting an output of the frequency converter, where-
in the power switches constituting a pair are coupled
in series between a positive and a negative busbar
of the voltage intermediate circuit so that a midpoint
of each switch pair constitutes a phase output of the
frequency converter, during use of the frequency
converter, steps of
forming a voltage reference vector for the output
power switches such that only two switch pairs are
modulated during one modulation sequence,
thereby producing only one type of zero vector, either
+++ or ---, during a modulation sequence,
controlling said two switch pairs to implement a volt-
age reference vector during the modulation se-
quence by using one zero vector,
measuring current of the voltage intermediate circuit
of the frequency converter at a predetermined mo-
ment in the modulation sequence, and
characterized in that the method comprises:
changing actively, during use of the frequency con-
verter, the type of zero vectors between modulation
sequences.

2. A method as claimed in claim 1. characterized in
that the method further comprises a step wherein
changing the zero vectors actively during use of the
frequency converter comprises a step of changing
the zero vector to be used at intervals of two or more
modulation sequences.

3. A method as claimed in claim 1 or 2, characterized
in that the predetermined moment in the modulation
sequence resides in a middle of the modulation se-
quence.

4. A method as claimed in claim 1 or 2, characterized
in that the predetermined moment in the modulation
sequence resides at a beginning/at an end of the
modulation sequence.

5. A method as claimed in claim 1, characterized in
that the method comprises a step of measuring cur-
rent of the voltage intermediate circuit at two prede-
termined moments in the modulation sequence.

6. A method as claimed in claim 1, characterized in
that the method comprises a step of measuring cur-
rent of the voltage intermediate circuit at a moment
in dependence on the type of zero vector to be used.

7. A method as claimed in any one of preceding claims
1 to 6, characterized in that the method further
comprises a step of
determining a voltage vector used at a measurement
moment, whereby measured current of the voltage
intermediate circuit is allocated to a given phase cur-
rent on the basis of the determined voltage vector.

Patentansprüche

1. Verfahren zur Bestimmung von Ausgangsströmen
eines dreiphasigen Frequenzumrichters, der einen
Gleichspannungszwischenkreis und einen Ausgang
des Frequenzumrichters bildende drei Leistungs-
schalterpaare aufweist, worin die ein Paar bildenden
Leistungsschalter zwischen einer positiven und ne-
gativen Schiene des Gleichspannungszwischen-
kreises in Serie geschaltet sind, so dass ein Mittel-
punkt jedes Schalterpaares einen Phasenausgang
des Frequenzumrichters während des Gebrauchs
des Frequenzumrichters bildet,
ein Spannungsreferenzvektor für die Ausgangslei-
stungsschalter derart gebildet wird, dass nur zwei
Schalterpaare während einer Modulationssequenz
moduliert werden, wobei nur ein Typ des Nullvektors,
entweder +++ oder ---, während einer Modulations-
sequenz produziert wird,
die besagten zwei Schalterpaare gesteuert werden,
um einen Spannungsreferenzvektor während der
Modulationssequenz mittels eines Nullvektors zu im-
plementieren,
Strom des Gleichspannungszwischenkreises des
Frequenzumrichters in einem vorbestimmten Mo-
ment in der Modulationssequenz gemessen wird,
dadurch gekennzeichnet, dass beim Verfahren
der Typ der Nullvektoren zwischen Modulationsse-
quenzen während des Gebrauchs des Frequenzum-
richters aktiv geändert wird.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Verfahren ferner einen Schritt
aufweist, in dem die aktive Änderung der Nullvekto-
ren während des Gebrauchs des Frequenzumrich-
ters einen Schritt aufweist, in dem der in Abständen
von zwei oder mehr Modulationssequenzen zu ver-
wendende Nullvektor geändert wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass der vorbestimmte Moment in
der Modulationssequenz in der Mitte der Modulati-
onssequenz ist.

4. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass der vorbestimmte Moment in
der Modulationssequenz am Anfang/am Ende der
Modulationssequenz ist.
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5. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Verfahren einen Schritt auf-
weist, in dem Strom des Gleichspannungszwischen-
kreises in zwei vorbestimmten Momenten in der Mo-
dulationssequenz gemessen wird.

6. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Verfahren einen Schritt auf-
weist, in dem Strom des Gleichspannungszwischen-
kreises in einem Moment in Abhängigkeit von dem
Typ des zu verwendenden Nullvektors gemessen
wird.

7. Verfahren nach einem der vorhergehenden Ansprü-
che 1 bis 6, dadurch gekennzeichnet, dass das
Verfahren ferner einen Schritt aufweist, in dem
ein in einem Messmoment zu verwendender Span-
nungsvektor bestimmt wird, wobei gemessener
Strom des Gleichspannungszwischenkreises einem
gewissen Phasenstrom aufgrund des bestimmten
Spannungsvektors zugewiesen wird.

Revendications

1. Procédé pour déterminer les courants de sortie d’un
convertisseur de fréquence triphasé comprenant un
circuit intermédiaire de tension et trois paires de
commutateurs de puissance constituant une sortie
du convertisseur de fréquence, dans lequel les com-
mutateurs de puissance constituant une paire sont
couplés en série entre une barre de bus positive et
une barre négative du circuit intermédiaire de ten-
sion de telle sorte qu’un point central de chaque paire
de commutateurs constitue une sortie de phase du
convertisseur de fréquence pendant l’utilisation du
convertisseur de fréquence, comprenant les étapes
consistant à :

former un vecteur de référence de tension pour
les commutateurs de puissance de sortie de tel-
le sorte que seulement deux paires de commu-
tateurs soient modulées pendant une séquence
de modulation, de façon à produire un seul type
de vecteur nul, soit +++ soit ---, pendant une
séquence de modulation,
contrôler lesdites deux paires de commutateurs
pour mettre en oeuvre un vecteur de référence
de tension pendant la séquence de modulation
en utilisant un vecteur nul,
mesurer le courant du circuit intermédiaire de
tension du convertisseur de fréquence à un mo-
ment prédéterminé dans la séquence de modu-
lation, et
caractérisé en ce que le procédé comprend
l’étape consistant à : changer activement, pen-
dant l’utilisation du convertisseur de fréquence,
le type de vecteurs nuls entre les séquences de

modulation.

2. Procédé selon la revendication 1, caractérisé en
ce que le procédé comprend également une étape
dans laquelle le changement actif des vecteurs nuls
pendant l’utilisation du convertisseur de fréquence
comprend une étape de changement du vecteur nul
devant être utilisé à des intervalles de deux séquen-
ces de modulation ou plus.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que le moment prédéterminé dans la séquen-
ce de modulation réside au milieu de la séquence
de modulation.

4. Procédé selon la revendication 1 ou 2, caractérisé
en ce que le moment prédéterminé dans la séquen-
ce de modulation réside à un début/à une fin de la
séquence de modulation.

5. Procédé selon la revendication 1, caractérisé en
ce que le procédé comprend une étape de mesure
du courant du circuit intermédiaire de tension à deux
moments prédéterminés dans la séquence de mo-
dulation.

6. Procédé selon la revendication 1, caractérisé en
ce que le procédé comprend une étape de mesure
du courant du circuit intermédiaire de tension à un
moment dépendant du type de vecteur nul devant
être utilisé.

7. Procédé selon l’une quelconque des revendications
1 à 6 précédentes, caractérisé en ce que le procédé
comprend également une étape consistant à
déterminer un vecteur de tension utilisé à un moment
de mesure, moyennant quoi le courant mesuré du
circuit intermédiaire de tension est alloué à un cou-
rant de phase donné sur la base du vecteur de ten-
sion déterminé.
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