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to load), this results in a voltage loss [err] [err] and when the current
is negative, In a voltage This invention relates to pulse-width-modulated
gain [err] where [err] is equal to the (PWM) inverters and converters and
particularly to  blanking time interval, Tc Is equal to the period of the
the effect of blanking time interval on output voltage   5   carrier
frequency and Ud is the DC bus voltage. It is of those inverters and
converters,                 desirable to minimize AUA. In PWM Inverters and
converters, the phase vol-    Assuming a three-phase, three-legged power
tage is composed of a series of square pulses of short  conversion bridge
(converter or inverter), the same duration compared to the fundamental
frequency.    analysis applies to the second leg B and third leg C. These
pulses are of constant magnitude and variable  10  The distortion in [err]
at zero crossings of pulse widths.
phase currents in [err] results in harmonics, The output voltage waveform
of an inverter is a  such as third, fifth, seventh, and so on of the funda-
pulse train whose polarity reverses periodically to  mental frequency in
the inverter or converter output. provide the fundamental frequency. The
repetition     The need for compensation of a blanking time in- rate of the
output pulse train is the carrier frequency   15  terval is well known (see
European Patent Publication [err] if a triangle comparison PWM method is
used. Va-  EP-A-171415 of Goff et al, entitled riation of the width of the
pulses that make up each     "Current Sense Demodulator"); as are the half
period controls the RMS voltage magnitude. This  problems with harmonics
caused by the blanking in- variation or modulation is achieved in practice
by  terval which have also long been recognized (Ned many techniques. A
common technique is known as   20   Mohan, Tore M. Underland, William P.
Robbins, "Pow- the triangulation orsubharmonic method in which the  er
Electronics Converters, Applications, and Design", duration of pulses that
control switches in power cir-  John Wiley & Sons, New York 1989, pp
141-144). cuit is determined by the crossover points of two ref-  One
method of compensating for blanking inter- erence signals: a high-frequency
triangular voltage  val loss is disclosed in European Patent Publication
wave and a sinusoidal voltage varying atfundamental  25   EP-A-85541 of
Sakamoto et al. frequency. The PWM signal is used to control the      which
relies upon voltage feedback. This ar- switches in a bridge at[err]
rangement employs a voltage converting circuit for Ideally, the transistors
in each leg of the bridge  generating an impressed voltage from an armature
circuit instantaneously turn off when the PWM signal  voltage [err] a
subtracting circuitforcalculating the dif- changes to its inactive state,
for example, changes   30  ference between the output voltage of a holding
cir- from logic I to logic 0. However, in practical circuits  cuit and the
output voltage of the voltage converting utilizing transistor-type
circuits, instantaneous turn-  circuit, and an integrating circuit for
integrating the off of the transistors is not realizable. For example,
difference generated by the subtracting circuit. In when a PWM signal
supplied to a pair of switches in  other words, the output voltage of the
inverter circuit a bridge leg changes from logic 1 to logic 0, the first
35  is fed back to a pre-stage of the PWM circuit to raise transistor does
not turn fully off before the second  the gain using the feedbackloop.
However, with an ar- turns on. This is because a finite amount of time is
re-  rangement in which a microprocessor is used as a quired for a
transistor to come out of saturation after  portion of the motor control
circuit, it is necessary to the PWM drive signal changes to its inactive
state  provide separate analog circuits for these feedback (logic 0). This
results in simultaneous conduction of  40  loops. This process must be
implemented byfastana- the two transistors in the bridge leg. Since the two
log circuits and cannot be performed quickly enough transistors form a
series connection across the power  by the microprocessor. The solution is
complicated in supply, their simultaneous conduction results in ex-
construction and carried out at high cost. cessive current and the
destruction of the transistors.  A second apparatus for compensating for
PWM To avoid this problem, an intentional blanking interval  45  blanking
time is disclosed in European Patent Public- is introduced into the PWM
signal driving the bridge  ation EP-A-121575 of Kurakake et al. Kurakake
dis- circuit. In other words, the turn-on of the second  closes a motor
control apparatus including an arith- switch in the inverter leg is delayed
by a blanking time  metic circuit for calculating the current command, a
[err], to avoid a shortcircuit through the inverterleg. The  holding
circuit for holding the current command, a duration of thetime delay[err]
issufficienttoensurethat  50  PWM circuit for pulse-width-modulating
an-output both transistors in the inverter leg are off before al-  signal
from the holding circuit and provided with a lowing a transistor in the
pair In the bridge circuit to  dead zone with respect to the output signal,
and a turn on. The blanking interval time is also known as  transistorized
amplifier circuit for controlling a motor the dead time.
by a PWM signal. The arithmetic circuit adds a com- Since both the switches
are off during the blank-  55  pensating signal to the current command to
compen- ing time, the line-to-neutral voltage during that time  sate for
motorcontrol losses due to the blanking time interval depends on the
direction of the load current.  and delivers the result to the holding
circuit. This dis- When a load current [err] is positive (going from
inverter  closes a solution to the problem of losses and distor- 2    



3                   EP 0 533 403 B1                 4 tion that result from
the blanking time, but creates an-  sociated with a single one of said
reference current other problem In that the compensation is performed
signals; all the time. For example, when the PWM circuit is
calculating a blanking Interval compensation commanded to be near
saturation (full conduction of  voltage signal in response to a DC bus
voltage of said the complementary switches in a power circuit), an   5
inverter, orconverter, a blanking interval, and a period additional
compensating signal may bring the PWM   of said carrier signal; circuit
into saturation and provide excessive load vol-  providing the product of
said blanking interval tage. On the other hand, when the PWM circuit is
compensation voltage signal and the polarity of the
commandedtogointosaturation bythereferencevol-     magnitude of one of said
reference currents; tage, a blanking interval voltage deviation signal can
10  summing said product with said one of said bring it out of saturation,
thereby unintentionally re-  first augmented reference voltage signal and
provid- ducing the load voltage. In sum, compensation per-  ing a sum;
formed all the time causes additional load current dis-  providing a second
augmented reference vol- tortion when the PWM circuit operates near satura-
tage signal, including the steps tion.
15         comparing said positive peak to said first aug- According to one
aspect of the present invention  mented reference voltage signal and
providing said there is provided a method for compensating a vol-  second
augmented reference voltage signal at a val- tage deviation in the output
voltage of a pulse-width-  ue equal to the positive peakwhen said first
augment- modulation voltage inverter or converter, said inverter  ed
reference voltage signal is greater than said posi- or converter including
a bridge having at least three   20  tive peak; legs, said PWM using a
carrier signal, the magnitude     comparing said negative peakto said first
aug- of the carrier signal having a positive peak and neg-  mented
reference voltage signal and providing said ative peak, comprising the
steps of:               second augmented reference voltage signal at a val-
providing a plurality of reference current sig-  ue equal to the negative
peak when said first aug- nals, each displaced by a phase angle from the
adja-  25   mented reference voltage signal is less than said neg- cent
reference current, one reference current associ-  ative peak; ated with
each leg;                                      comparing said sum with said
positive peak providing a plurality of first augmented refer-  and
providing said second augmented reference vol- ence voltage signals, each
first augmented reference  tage signal at a value equal to the magnitude of
said voltage being associated with a single one of said ref-  3o  first
augmented reference voltage signal when said erence current signals;
positive peak is less than said sum; calculating a blanking interval
compensation       comparing said sum with said negative peak voltage
signal in response to a DC bus voltage of said  and providing said second
augmented reference vol- inverter or converter, a blanking Interval, and a
period  tage signal at a value equal to the magnitude of said of said
carrier signal; characterised by      35  first augmented reference voltage
signal when said adding the blanking interval compensation vol-  negative
peak is less than said sum; tage signal to each of said first augmented
reference    providing said second augmented reference voltage signals when
said inverter or converter is not  voltage signal at a value equal to said
sum if said sum saturated and said step of adding will not cause said  is
neither greater than nor less than said positive and inverter or converter
to saturate, thereby providing a   40  negative peaks. plurality of second
augmented reference signals; and  According to a third aspect there is
provided a de- providing said second augmented reference    vice for
compensating a voltage deviation in the out- signals to a pulse-width
modulation circuit        put voltage of a pulse-width-modulation inverter
or According to a preferred embodiment, there is   converter, said inverter
or converter including a provided a method for compensating a voltage
devia-  45  bridge having at least three legs, said PWM using a tion in the
output voltage of a pulse-width-modulation  carriersignal, the magnitude
ofthe carriersignal hav- (PWM) inverter or converter, said inverter or
conver-  ing a positive peak and a negative peak, comprising: ter including
a bridge having at least three legs, said  means for providing a plurality
of reference PWM using a carrier signal, the magnitude of the car-
currentsignals, eachdisplaced bya phaseanglefrom riersignal having a
positive peakand a negative peak,  5o  the adjacent reference current, one
reference current comprising the steps of:
associated with each leg; providing a plurality of reference current sig-
means for providing a plurality of first aug- nals, each displaced by a
phase angle from an adja-  mented reference voltage signals, each first
aug- cent reference current, one reference current associ-  mented
reference voltage being associated with a sin- ated with each leg;
55   gle one of said reference current signals; providing a plurality of
first augmented refer-    means for calculating a blanking interval com-
ence voltage signals to a pulse-width modulation cir-  pensation voltage
signal in response to a DC bus vol- cuit, each firstaugmented reference
voltage being as-  tage of said inverter or converter, a blanking interval
3    



5                  EP 0 533 403 B1                6 and a period of said
carrier signal;                The first object of the invention is to
compensate means for providing the product of said blank-  for a PWM
inverter output voltage deviation caused ing interval voltage deviation
compensation signal  by a blanking interval by adding a voltage, equal to
and the polarity of the magnitude of one of said ref-  the deviation but
with the opposite polarity, to the erence currents;
5   PWM input means for summing said product with said one   A second
object is to compensate for a PWM in- of said first augmented reference
voltage signal and  verter output voltage deviation caused by a blanking
providing a sum;                                 Interval by adding a
voltage, equal tothe deviation but means for providing a plurality of
second aug-  with the opposite polarity, to the PWM input but only mented
reference voltage signals to a pulse width  10  when the PWM circuit is not
saturated and the addi- modulation circuit, characterised by
tion would not saturate the PWM circuit. first means for comparing said
positive peak to  The third object is to compensate for a PWM in- each of
said first augmented reference voltage sig-  verter output voltage
deviation caused by a blanking nals and providing said second augmented
reference  interval by adding a voltage, equal to the deviation, to voltage
signals at a value equal to the positive peak  15  the PWM Input but only
when the PWM circuit is not when said first augmented reference voltage
signal is  saturated and the addition would not saturate the greater than
said positive peak;                 PWM circuit, where each leg of the PWM
inverter second means for comparing said negative    takes a turn at being
In continuous conduction forone peak to said first augmented reference
voltage signal  third of the switching cycle of the Input reference vol-
and providing said second augmented reference vol-  20  tage. tage signal
at a value equal to the negative peakwhen  A preferred embodiment of the
present invention said first augmented reference voltage signal is less
will now be described by way of example only and with than said negative
peak;                         reference to the accompanying drawings
wherein third means for comparing said sum with said   Fig. I shows a block
diagram for implementing positive peak and providing a second augmented
ref-  25  the present invention In an inverter, erence voltage signal at a
value equal to the magni-  Fig. 2 is a voltage v. time graph of a
three-phase tude of said first augmented reference voltage signal
sinusoidal voltage,[err] wherein the amplitude when said positive peak is
less than said sum;       modulation index mA < 1; fourth means for
comparing said sum with said  Fig. 3 Is a voltage v. time graph of a
difference negative peak and providing said second augmented  30  signal,
UDD. Figs. 2 and 3 are on a common time reference voltage signal at a value
equal to the mag-  line and mA < 1; nitude of said first augmented
reference voltage sig-  Fig. 4 shows a blanking interval voltage deviation
nal when said negative peak is less than said sum;  compensation logic
routine for compensating means for providing said second augmented
that loss; and reference voltage signal at a value equal to said sum   35
Fig. 5 shows a circuit for implementing the inven- if said sum is neither
greater than nor less than said  tion in a converter. positive and negative
peaks.                         Fig. 1 shows a block diagram for
implementing For a three-phase power conversion bridge,   the invention in
an inverter. It consists of a reference when one of the three reference
voltages is greater  modification block (RMB) 1, a PWM block 3, and a than
the other two, a switch In one of the three com-  40  semiconductor bridge
5. The bridge 5 may be for in- plementary pairs of switches in the bridge
conducts,  version (Fig. 1), DC to AC, or conversion (Fig. 5), AC while in
each of the other two complementary pairs  to DC. Foran inverter, the
invention compensates vol- both switches open and close in response tothe
PWM  tage deviation in the inverter output For a converter, signal such
that only two currents are independently  the invention compensates voltage
deviation in the controlled by each of the two complementary pairs  45  AC
converter Input PWM 3 and bridge 5 together which are allowed to open and
close, and the third  comprise a power conversion circuit 7. RMB 1 is re-
current, associated with the complementary pair  sponsive on lines 2,4,6 to
three sinusoidal reference which is not allowed to switch, is controlled by
the  voltages [err] a triangle voltage UT, and produc- other two. Keeping
one switch in each leg closed for  es three first augmented reference
voltages [err]and one-third of the period of the reference voltage allows
50   [err] on lines 40,38,36. [err] and [err] and [err] are control of all
three load currents to be dictated by the  command reference signals; DC
power is obtained switching in only two legs of the bridge. The inclusion
from two DC voltage sources [err]. The three refer- of step (e) provides
that voltage deviations caused by  ence voltages ([err] and [err] and
[err]) are spaced 120 the use of a blanking interval are minimized for the
apart from one another. The first augmented refer- two legs that are not in
continuous conduction. For an  55  ence voltages ([err]are [err] apart.
inverter, the deviations are in the locally averaged AC  RMB 1 consists of
three summers 8, 10, and 12, a ref- output voltage. For a converter, the
deviations are in  erence voltage comparator 20, and fourth summer 24 the
locally averaged AC input voltage.           responsive to the magnitude of
a triangle peak [err] of 4    



7                   EP 0 533 403 B1                8 the carriersignal UT.
The magnitude of the carriersig-  example, if EA is greaterthan zero, i.e.,
[err] is greater nal has a positive peak [err] and a negative peak [err].
than UT, the outputof comparator48 assumes a value The three reference
voltages [err] are  [err] = 1. Switch S1 is closed and S1* is opened.
provided on lines 2,4, 6 to RMB 1 and to summers 8,   An amplitude
modulation index mA is defined as 10, 12. In a reference voltage comparator
20, the   5   a ratio of the peak value of a sinusoidal reference vol-
magnitudes of each voltage [err] are  tage to the peak value [err]. For mA
< 1, [err] and [err] and compared and the greatest, [err] is produced on a
[err] as waveforms 81,82, 83, are shown in Fig. 2. The line 22 to a summer
24. The reference voltage com-  uppermost portion of waveforms 81,82,83,
the max- parator 20 compares two of the reference voltages  imum of [err]
and [err] is shown in bold as wa- and then compares the greater of these
two to a third  10  veform 84, [err]. The triangle peak signal [err] is
reference voltage to provide [err]                 marked on the voltage
axis. Figs. 2 and 3 are on a In Fig. 1, a constant voltage triangle peak
value  common time line and are divided into three sections [err] of
triangle signal UT is produced In the PWM 3 and  "A, "B", "C". provided on
line 29 to the summer 24. In the summer   The difference signal (UDD)
produced on line 32 24, the greatest voltage, [err] is subtracted from the
15  by the summer 24 and equal to the difference be- triangle peak signal
[err] on line 29, and the difference  tween [err] is shown byawaveform 80
in Fig. UDD provided on lines 34.32,30to summers 8,10,12.  3. UDD causes
Uo'o to vary. Uo'o is the potential dif- At the summers 8, 10, 12, the
difference signal [err]  ference between the load midpoint, 0', and the
sup- is added to each of the reference voltage signals (UA  ply midpoint,
0. and [err], thus providing first augmented refer-  20  The
microprocessor-based blanking interval vol- ence voltage signals [err]
which are  tage deviation compensator 102 is responsive on supplied to a
blanking interval voltage deviation com-  lines 36, 38, 40 to the first
augmented reference vol- pensator 102 over lines 40, 38, and 36. In Fig. 1,
a  tage [err] (whereX is A, B, orC) and on lines 103,105, PWM 3 contains
three summers 42, 44, 46, three    107 to reference currents on lines 104,
106, 108, comparators 48, 50, 52, and a triangle signal gener-  25  [err]
associated with those reference voltages and ator 54. Each of the summers
42, 44, and 46 is re-  to the triangle peak signals [err] on line 110. It
pro- sponsive to second augmented reference voltage sig-  vides on lines
118,114,112 three second augmented nals [err] on lines 116, 114, 112 and
reference voltage signals [err] for the triangle signal [err] provided by
the triangle signal  each of the bridge legs 56, 58, 60. [err] on generator
54 onto lines 47,49,51. The triangle signal  30  lines 118,120,122, (the
blanking interval, the carrier generator 54 also provides [err] on line 29.
The trian-  time period, and DC bus voltage, respectively) are gle signal
UT has peaks of [err] and [err]. The sum-  also provided to the blanking
interval voltage devia- mers 42,44, 46 provide error signals [er] and  tion
compensator 102for providing a blanking interval [err] to the comparators
48, 50, 52. If [err] is  voltage compensation voltage AUx. greaterthan zero
(i.e., [err] is greaterthan [err]), the out-  35  Fig. 4 shows the logic
routine for determining the put of the associated comparator 48, 50, or 52
as-  value of the second augmented reference voltage sig- sumes a value
[err] = 1, where X is A, B, and C for  nals [err]For an inverter, voltage
comparators 48, 50, 52. Thus, the comparators 48,  deviation in the
inverter output is compensated. The 50, 52 produce switch signals [err] and
routine of Fig. 4 provides that if the reference current [err]on lines 53,
55, 57 and provide them to the   40  [err] (where X is A, B, or C and [err]
is associated with UA, bridge 5. The bridge 5 includes three legs 56, 58,
60.  [err] is associated with [err] etc.) is positive, the blanking In Fig.
1, each leg includes two complementary  interval compensation voltage [err]
is added to the semiconductor switch assemblies. The first leg in-  first
augmented reference voltage [err]. On the other cludes a switch S1, a
freewheeling diode D1 shunting  hand, If the reference current [err]is
negative, the same that switch, and a complementary switching assem-  45
blanking interval compensation voltage AUx is sub- bly-a NOT gate 62, a
switch S1*, and a freewheeling  traced from the first augmented reference
voltage diode D1* shunting that switch. The second leg 58 in-  [err].
cludes a switch S2, a freewheeling diode D2 shunting  An inverter leg
56,58,60, is defined as the PWM that switch, and a complementary switching
assem-  circuit and the associated bridge leg. In Fig. 1 there bly-a switch
S2*, a NOT gate 64, and a freewheeling   50  are three inverterlegs.
Saturation of, for example, the diode D2* shunting that switch. The third
leg 60 in-  inverter leg 56 occurs when an increase in input ref- cludes a
switch S3, a freewheeling diode D3 shunting  erence voltage to the PWM
circuit does not yield any that switch, and a complementary switching
assem-  greater bridge output voltage. For example, an in- bly-a switch
S3*, a NOT gate 66, and a freewheeling  crease in [err] beyond  [err] will
not yield any greater diode D3* shunting that switch.              55
inverter output voltage from that leg 56. The first, second, and third legs
56,58,60 of the  The routine compensates blanking interval vol- bridge 5
are responsive to the switch signals [err]  tage deviation if the inverter
leg 56 is not saturated and [err]provided on lines 53, 55, 57. For  and
compensation would not cause the inverter leg to 5    



9                   EP 0 533 403 B1                 10 saturate. Because
PWM 3 saturates if [err] exceeds      (PWM) voltage inverter or converter,
said inverter [err] one can determine if the inverter leg is saturat-  or
converter including a bridge (5) having at least ed by determining whether
[err] is inside or outside    three legs (A, B, C), said PWM using a
carrier sig- [err]. One can also determine if compensation is go-    nal
(UT), the magnitude of the carrier signal hav- ing to cause saturation by
determining whether Ex is   5  ing a positive peak (err) and negative peak
(- within  U[err].                                          [err],
comprising the steps of The routine is entered at step 401. If [err] is
greater    providing a plurality of reference current than or equal to the
triangle peak UTp (a step 404 af-  signals (103, 105, 107), each displaced
by a firmative), inverter leg is saturated and therefore    phase angle
from the adjacent reference current, there is no compensation of a blanking
Interval vol-  10  one reference current associated with each leg tage, and
the input e[rr] to PWM 2 is set equal to [err]  (A. B, C); (a step 406). A
similar result is generated if the first    providing a plurality of first
augmented ref- augmented reference voltage [err] is equal to or less
erence voltage signals [err], each first than - [err] (a step 404 negative
and step 408 affirma-  augmented reference voltage being associated tive);
[err] is then set to [err] (a step 410). if the step   15  with a single
one of said reference current sig- 408 is answered negative, the inverter
leg 56 is not in  nals; saturation. From step 408 negative, the routine
pro-        calculating a blanking interval compensa- ceeds to step 412
where a sum Ex is calculated be-    tion voltage signal e[rr] in response
to a DC bus tween (a) [err] and (b) the blanking interval compen-   voltage
(Ucc) of said inverter or converter, a sation voltage [err] multiplied by
the   20  blanking interval, and a period (Tc) of said carrier signum
function of the reference current [err]. if the sum  signal; characterised
by Ex is less than or equal to [err] (a step 414 affirma-       adding the
blanking interval compensation tive), or greater than or equal to [err] (a
step 414 neg-  voltage signal to each of said first augmented ref- ative
and astep416affirmative), there is no compen-   erence voltage signals when
said inverteror con- sation because doing so would put inverter leg into
25  verter is not saturated and said step of adding will saturation; [err]
is the same as [err] (a step 418). If the  not cause said inverter or
converter to saturate, sum Ex is within the bounds set by [err]and [err] (a
thereby providing a plurality of second augment- step 414 negative and a
step 416 negative), compen-    ed reference signals [err]; and sating would
not cause saturation; therefore the            providing said second
augmented refer- blanking interval voltage deviation is compensated by   30
ence signals to a pulse-width modulation circuit setting [err] to Ex (a
step 420). Because the signum    (3). function provides a value of 1 for a
positive input and -1 for a negotive input, a voltage equal to the calcu-
2. Amethod as claimed in claim 1, wherein said step lated voltage deviation
is added to [err] if the reference  of adding comprises: current [err] is
greater than zero, and thatvoltage is sub-  35  forming the product of said
blanking inter- tracted from [err] if the reference current [err] is less
than  val compensation voltage signal and the polarity zero.
of the magnitude of one of said reference cur- The invention does not
compensate blanking in-     rents; terval voltage deviation all the time,
but only when it     summing said productwith one of said first is
necessary, for example, for a time equivalent to  40  augmented reference
voltage signal to provide a 240[err] of the reference phase voltage [err].
The invention  sum; may be implemented in an inverter circuit as in Fig. 1
comparing said positive peak to said first or as a converter in Fig. 5. The
balanced load ele-   augmented reference voltage signal and provid- ments
70 are replaced by inductors and threesinusol-  ing said second augmented
reference voltage dal power sources [err]             45      signal at a
value equal to the positive peak when Although the invention has been shown
and de-      said first augmented reference voltage signal is scribed with
respect to a best mode embodiment        greater than said positive peak;
thereof, it should be understood by those skilled in the    comparing said
negative peak to said first art that the foregoing and various other
changes,     augmented reference voltage signal and provid- omissions, and
additions in the form and detail there-  50  ing said second augmented
reference voltage of may be made therein without departing from the
signal at a value equal to the negative peak when scope of the invention
which is defined by the claims.  said first augmented reference voltage
signal is less than said negative peak; comparing said sum with said
positive Claims                                        55      peak and
providing said second augmented ref- erence voltage signal at a value equal
to the mag- 1. Amethodforcompensating a voltage deviation in      nitude of
said first augmented reference voltage the output voltage of a
pulse-width-modulation     signal when said positive peak is less than said
6    



9                   EP 0 533 403B1                  10 * C   L  M   S *
saturate. Because PWM 3 saturates if e[rr] exceeds       (PWM) voltage
Inverterorconverter, said Inverter [err], one can determine if the inverter
leg is saturat-  or converter including a bridge (5) having at least ed by
determining whether [er] is inside or outside     three legs (A, B, C),
said PWM using a carriersig- [err]. One can also determine if compensation
is go-     nal (UT), the magnitude of the carrier signal hav- ing to cause
saturation by determining whether Ex is   5  ing a positive peak (+U[err])
and negative peak (- within  [err] _
[err], comprising the steps of The routine is entered atstep 401. If [err]
is greater      providing a plurality of reference current than or equal to
the triangle peak [err] (astep 404 af-  signals (103, 105, 107), each
displaced by a firmative), inverter leg is saturated and therefore
phase angle from the adjacent reference current, there is no compensation
of a blanking interval vol-  10  one reference current associated with each
leg tage, and the input Ux" to PWM 2 is set equal to [err]   (A, B, C); (a
step 406). A similar result is generated If the first     providing a
plurality of first augmented ref- augmented reference voltage [err] is
equal to or less    erence voltage signals [err] each first than - [err] (a
step 404 negative and step 408 affirma-  augmented reference voltage being
associated tive); Ux" is then set to [err] (a step 410). If the step   15
with a single one of said reference current sig- 408 is answered negative,
the inverter leg 56 is not in  nals; saturation. From step 408 negative,
the routine pro-         calculating a blanking interval compensa- ceeds to
step 412 where a sum Ex is calculated be-     tion voltage signal (Ux) in
response to a DC bus tween (a) Ux' and (b) the blanking interval compen-
voltage [err] of said inverter or converter, a sation voltage [err]
multiplied by the   20  blanking interval, and a period (Tc) of said
carrier signum function of the reference current [err]. If the sum  signal;
characterised by Ex is less than or equal to [err] (a step 414 affirms-
adding the blanking interval compensation tive), or greater than or equal
to [err] (a step 414 neg-  voltage signal to each of said first augmented
ref- ative and a step 416 affirmative), there is no compen-  erence voltage
signals when said inverter or con- sation because doing so would put
inverter leg into  25  verter is not saturated and said step of adding will
saturation; [err] is the same as [err] (a step 418). If the  not cause said
inverter or converter to saturate, sum Ex is within the bounds set by [err]
(a     thereby providing a plurality of second augment- step 414 negative
and a step 416 negative), compen-    ed reference signals [err]; and sating
would not cause saturation; therefore the             providing said second
augmented refer- blanking interval voltage deviation is compensated by   30
ence signals to a pulse-width modulation circuit setting [err] to Ex (a
step 420). Because the signum     (3). function provides a value of 1 for a
positive input and -1 for a negotive input, a voltage equal to the calcu-
2. Amethod as claimed in claim 1, wherein said step lated voltage deviation
is added to [err] if the reference  of adding comprises: current [err] is
greater than zero, and thatvoltage is sub-  35  forming the product of said
blanking inter- tracted from [err] if the reference current [err] is less
than  val compensation voltage signal and the polarity zero.
of the magnitude of one of said reference cur- The invention does not
compensate blanking in-      rents; terval voltage deviation all the time,
but only when it      summing said productwith one of saidfirst is
necessary, for example, for a time equivalent to  40  augmented reference
voltage signal to provide a 240[err] of the reference phase voltage [err].
The Invention  sum; may be implemented in an inverter circuit as in Fig. I
comparing said positive peak to said first or as a converter in Fig. 5. The
balanced load ele-    augmented reference voltage signal and provid- ments
70 are replaced by Inductors and three sinusoi-  ing said second augmented
reference voltage dal power sources [err]              45      signal at a
value equal to the positive peak when Although the invention has been shown
and de-       said first augmented reference voltage signal is scribed with
respect to a best mode embodiment         greater than said positive peak;
thereof, it should be understood by those skilled in the     comparing said
negative peak to said first art that the foregoing and various other
changes,      augmented reference voltage signal and provid- omissions, and
additions in the form and detail there-  5o  ing said second augmented
reference voltage of may be made therein without departing from the
signal at a value equal to the negative peak when scope of the invention
which is defined by the claims.  said first augmented reference voltage
signal is less than said negative peak; comparing said sum with said
positive Claims                                         55      peak and
providing said second augmented ref- erence voltage signal at a value equal
to the mag- 1. A method for compensating a voltage deviation in    nitude
of said first augmented reference voltage the output voltage of a
pulse-width-modulation      signal when said positive peak is less than
said 6   
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reference voltage signal is less than said nega- comparing said sum with
said negative        tive peak; peak and providing said second augmented
ref-            third means (102) for comparing said sum erencevoltage
signal atavalue equal tothe mag-     with said positive peak and providing
a second nitude of said first augmented reference voltage   5  augmented
reference voltage signal at a value signal when said negative peak is less
than said   equal to the magnitude of said first augmented sum;
reference voltage signal when said positive peak providing said second
augmented refer-       is less than said sum; ence voltage signal at a
value equal to said sum        fourth means (102) for comparing said if
said sum Is neither greater than nor less than   10  sum with said negative
peak and providing said said positive and negative peaks.
second augmented reference voltage signal at a value equal to the magnitude
of said first aug- 3. A device for compensating a voltage deviation in
mented reference voltage signal when said neg- the output voltage of a
pulse-width-modulation     ative peak is less than said sum; (PWM) inverter
or converter, said inverter or con-  15  means (102) for providing said
second verter including a bridge having at least three legs  augmented
reference voltage signal at a value (A, B, C), said PWM using a carrier
signal (UT),   equal to said sum if said sum is neither greater the
magnitude of the carrier signal having a pos-  than nor less than said
positive and negative itive peak [err] and a negative peak ([err]
peaks. comprising:                                20 means for providing a
plurality of reference current signals (103, 105, 107), each displaced
Patentansprfilche by a phase angle from the adjacent reference current, one
reference current associated with  1. Verfahren zum Kompensleren einer
Spannungs- each leg (A, B, C);                        25      abweichung in
der Ausgangsspannung eines means for providing a plurality of first aug-
lmpulsbreitenmodulations-(PWM-)Spannungs mented reference voltage signals
[err]  wechselrichters oder -Gleichrichters, wobei der each first augmented
reference voltage being as-   Wechselrichteroder Gleichrichtereine BrOcke
(5) sociated with a single one of said reference cur-  mit mindestens drei
Zweigen (A, B. C) enthAlt, die rent signals;
30      PWM eine Tragersignal (UT) verwendet, dessen means for calculating
a blanking interval    Betrag elne positive Spitze (+UTp) und eine nega-
compensation voltage signal [err] in response to   tive Spitze (-UTp)
aufweist, umfassend die Schrit- a DC bus voltage of said inverter or
converter, a  to: blanking interval and a period [err] of said carrier   -
Bereitsatllen elner Mehrzahl von Referenz- signal;
35           stromsignalen (103, 105, 107), von denen means for providing
the product of said           jedes urn einen Phasenwinkel gegenrlber
blanking interval voltage deviation compensation       dem benachbarten
Referenzstrom versetzt signal and the polarity of the magnitude of one of
ist und jedem Zweig (A, B, C) sin Referenz- said reference currents;
strom zugeordnet ist; means for summing said product with said  40    -
Bereitstellen einer Mehrzahl von ersten er- one of said first augmented
reference voltage sig-      h6hten Referenzspannungssignalen (UA', nal and
providing a sum;                               UBI, UC'), von denen jede
erste erhohte Re- means for providing a plurality of second
ferenzspannung einem einzigen der Refe- augmented reference voltage signals
[err]       renzstromsignale zugeordnet ist; [err] to a pulse width
modulation circuit (3), char-  45  - Berechnen elnes
Austastintervallkompen- acterised by
sationsspannungssignals (Ux) in AbhAngig- first means (102) for comparing
said pos-         kelt einer Gleichstromschienenspannung itive peak to each
of said first augmented refer-      (UO) des Wechselrichters oder
Gleichrich- ence voltage signals and providing said second         tars,
eines Austastintervalls und einer Pe- augmented reference voltage signals
at a value   5o    riodendauer (T0) des Tragersignals; ge- equal to the
positive peak when said first aug-         kennzeichnet durch mented
reference voltage signal Is greater than       - das Addieren des
Austastintervailkompen- said positive peak;
satlonsspannungssignals auf Jedes der er- second means (102) for comparing
said             sten erh8hten Referenzspannungssignale, negative peak to
said first augmented reference  55    wenn derWechselrichteroder
Gleichrichter voltage signal and providing said second aug-           nicht
gesAttigt 1st, wobel dieser Addier- mented reference voltage signal at a
value equal       schritt nicht verursacht, daB der Wechsel- to the
negative peak when said first augmented         richter oder Gleichrichter
in Sittigung geht, 7   
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Mehrzahl von zweiten er-      Spitze (-UTp) besitzt, umlassend: hohten
Referenzuignalen (UA, U1N, UC") Zu         - sine Einrichtung zum
Bereitsetllen elner erhaltbn; und
Mehrzahl  von  Referenzstromsignalen - Liefern der zweiten erh8hten
Referenzsi-           (103, 105, 107), die jeweils ur einen Pha- gnale an
eine Impulsbroitenmodulations-   5         senwinkel gegeniber dem
benachbarten schaltung (3).
Referenzstrom versetzt sind und von de- nen jewells ein Referenzstrom honom
Zweig 2. Verfahren nach Anspruch 1, bel dem derAddier-           (A, B, C)
zugeordnet ast; schritt umfalt:                                       -
sine Einrichtuing zum Bereitstellen einer - Bilden des Produkts des
Austastntervall-  fO        Mehrzahl ersatr erhohter Referenzspan-
kompensationsspannungssignals und der               nungssignale (UA', UB',
UC'), wobei jede er- Polaritat des Betrags einer der Referenz-
ste erhohto Referenzspannung einem ein- strome;
zigen der Referenzstromsignale zugeord- - Summieren des Produkts mit einem
der er-            net ist; sten erhohton Referenzspannungssignale,  15
- sine Einrichtung zum  Berechnen eines um eine Summe bereitzustellen;
Austastintervalikompensationsspannungs - Vergleichen der positiven Spitze
mit dem            signals (UxO in Abhangigkeit einer Gleich- rsten
erh8hten Referenzsspannungssi-               stromschienenspannung des
Wechselrich- gnal und Bereitatellen dos zwelten erhoh-          ters
oderGleichrichters, sines Austastinter- ten Referenzspannungssignals mit
einem   20         valls und einer Periodendauer (Tc) des Tr- Wert gleich
der positiven Spitze, wenn das          gersignals; erstb erh8hte
Referenzspannungssignal             - sine Einrichtung zum Bereitstellen
des Pro- groner ale die positive Spitze ist                  dukts des
Austastintervallspannungsab- - Vergleichen der negativen Spitze des er-
welchungskompensationssignals und der sten erhohten
Referenzspannungssignals  25          Polaritit des Betrags eines der
Referenz- und Bereitstellen des erhohten Referenz-           strnme;
spannungssignals mit einem Wert gleich            - sine Einichtung zum
Summieren des Pro- der negativen Spitze, wenn das ersto er-
dukts mit dem einen der ersten erhohten h~hte Referenzspannungssignal
geringer              Referenzspannungssignale, um sine Sum- ist als die
negative Spitze;           30           me bereitzustellen; - Vergleichen
der Summe mit der positiven           - sine Einrichtung zum Bereitsatllen
oiner Spitze und Bereitstellen des zweiten er-            Mehrzahl zweiter
erh8hter Reforenzspan- h~hten Referenzspannungssignals mit ei-
nungssignale (UA", Us", Uc") fur sine Im- nem Wert glelch dem Betrag des
ersten er-           pulsbreitenmodulationsschaltung (3), go- h8hten
Referenzspannungssignals, wenn   35          kennzeichnet durch die
positive Spitze kleiner als die Summe         - sine ersat Einichtung (102)
zum Verglei- ist;                                                chen der
positiven Spitze jeder der ersten - Vergleichen der Summe mit der negativen
erh8hten Referenzspannungssignale und Spitze und Bereitstellen des zweiten
er-            zum Boeittsollen der zweiten erhohten Re- hohten
Referenzasspannungssinals mit 01-  40       ferenzspannungssignale mit
einem Wert nem Wert gleich dem Betrag des ersten er-           glelch der
positiven Spitze, wenn das erste h6hten Referenzspannungssignals, wenn
erhohte Referenzspannungssignal groBer die negative Spitze Ideiner ala die
Summe           als die positive Spitze ist; ist;
- sine zwelte Einrichtung (102) zum Verglei- - Bereitstollen des zweitn
erhohtbn Refe-  45        chen der negativen Spitze mit dem ersten
renzspannungssignals mit einem  Wert                erh8hten
Referenzspannungssignal und gleich der Summe, falls die Summe weder
zum Bereitsatllen des zweiten erh8hten grBoer noch kisiner als die positive
bezie-         Referenzspannungssignals mit oinem Wert hungsweise die
negative Spitze Ist.                 gleich der negativen Spitzo, wenn das
orsat 50           erhohte Referenzspannungssignal kleiner 3. Vorrichtung
zum  Kompensleren einer Span-                als die negative Spitze ist;
nungsabweichung in der Ausgangaspannung ei-           - sine dritte
Einrichtung (102) zum Verglei- nes lmpulsbreitenmodulations-(PWM-)Wechsol-
chen der Summe mit der positiven Spitze richters oder-Gleichrichters, wobei
der Wechsel-        und zum Bereitstellen eines zweiten erh8h- richter oder
Gleichrichter sine BrOcke mit minde-  55   ten Referenzspannungssignals mit
einem stens drei Zweigen (A, B, C) aufweist, die PWM          Wert gleich
dem Betrag des ersten erhoh- ein Tragersignal (UT) verwendet, dessen Betrag
ten Referenzspannungssignals, wenn die sine positive Spitze (+ UTP) und
eine negative          positive Spitze Ideiner ala die Summe ist; 8   
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Einrichtung (102) zum Verglei-    la polarite de l'amplitude de l'un
desdits courants chen der Summe mit der negativen Spitze       de
rhffrence; und zum Bereitatellen eines zweiten erh8h-          additlonner
ledit produit audit un desdits ten Referenzspannungssignals mit einem
premiers signaux de tension de rhfirence aug- Wert gleich dem Betrag des
eraten erhoh-   5  menthe, pour fournir une somme; ten
Referenzapannungssignals, wenn die              comparer ledit pic positif
audit premier s1- negative SpItze Ideiner als die Summe ist     gnal de
reference augmentbe et fournir ledit - sine Einrichtung (102) zum
Bereitstellen      deuxibme signal de tension de reference aug- des zweiten
erh8hten Referenzspannungs-       mentes A une valeur egale au pic positif
lorsque signals mit einem Wert gleich der Summe,  1o  ledit premier signal
de tension de rhfhrence aug- falls die Summe weder grhger noch kleiner
mentbe eat suphrieur audit pic positif; als die positive bzw. die negative
Spitze lst.      comparer ledit pic nbgatif audit premier si- gnal de
reference augmentbe et fournir ledit deuxiAme signal de tension de
rhffrence aug- Revendications                                15      menthe
A une valeur bgale au pic negatif lorsque ledit premier signal de tension
de rbference aug- 1. Prochdh pour compenser une deviation de ten-
mentbs eat inferieur audit pic negatif; sion dans la tension de sortie d'un
onduleur ou         comparer ladito somme audit pic positif et
convertisseur de tension A modulation d'impul-     fournir ledit deuxieme
signal de tension de rMfe- sionsen largeur(PWM), leditonduleurou conver-
20  rence augmenthe A une valeur egale A l'amplitu- tisseur comprenant un
pont (5) ayant au molns      de dudit premier signal de tension de
rhfhrence trois branches (A, B, C), ladite modulation PWM    augment6e
lorsque ledit pic positif eat infbrieur a utilisant un signal de portbuse
(UT), !'amplitude  ladite somme; du signal de porteuse ayant un pic positif
(+UTp)       comparer ladite somme audit pic n6gatif et et un pic n6gatif
(-UTP), comprenant lea etapes   25  fournir ledit deuxieme signal de
tension de MMfe- consistent a:                                      rence
augment6e A une valeur hgale A l'amplitu- fournir une pluralith de signaux
de courant   de dudit premier signal de tension de r6fhrence de r6fhrence
(103,105, 107), chacun dhcalh d'un    augment6e lorsque ledit pic n6gatif
eat inf6rieur anglede phase parrapportau courantderefbren-       A ladite
somme; ce adjacent, un courant de rbference associ6 A   3o     fournir
ledit deuxibme signal de tension de chaque branche (A, B, C);
rhfhrence augment6e a une valour 6gale A ladite fournir une pluralit6 de
premiers signaux    somme si ladite somme n'est ni superieure ni in- de
tension de rhf6rence augmenthe (U,', UB',       fhrieure auxdits pics
positif et n6gatif. Uc'), chaque premibre tension de r6ference aug- mentse
6tant associhe A un seul deadits signaux   3S  3. Dispositif pour compenser
une deviation de ten- de courant de rhfhrence;
sion dans la tension de sortie d'un onduleur ou calculer un signal de
tension compensatri-   convertisseur de tension A modulation d'impul- ce
d'intervalle de suppression (Ux) en r6ponse A   sionsen largeur(PWM),
leditonduleurou conver- une tension de bus continue (Uoc) dudit onduleur
tisseur comprenant un pont ayant au moins trois ou convertisseur, un
intervalle de suppression, et  40  branches (A, B, C), ladite modulation
PWM utili- une periode (rc) dudit signal de portbuse ; carac-  sant un
signal de porteuse (UT), I'amplitude du si- thrise par le fait de
gnal de porteuse ayant un pic positif (+UTp) et un ajouter la tension
compensatrice d'intbr-    pic n6gatif (-UTP), comprenant: valle de
suppression A chacun desdits premiers           un moyen pour fournir une
pluralit6 de si- signaux de tension de refhrenco augment6e lors-  45  gnaux
de courant de r6f6rence (103, 105, 107), quo ledit onduleur ou
convertisseur n'est pas as-  chacun dhcal6 d'un angle de phase par rapport
a ture, et ladite 6tape d'aJout ne provoquera pas la  un courant de
ref6rence adjacent, un courant de saturation dudit onduleur ou
convertisseur, four-  reference associ6 A chaque branche (A, B. C); nissant
alnsi une pluralit6 de deuxibmes signaux        un moyen pourfournir une
plural ith de pre- de r6fMrence augment6s (UAgI, UB", Uc"); et  50    miers
signaux de tension de r6f6rence augmen- fournir lesdits deuxiAmes signaux
de r6fb-   the (UAk, UBs, UC'), chaque premiere tension de rh- rence
augment6s A un circuit (3) de modulation     f6rence augment6e etant
associ6e A un seul des- d'lmpulsions en largeur.
dits signaux de courant de rhfhrence; un moyen pour calculer un signal de
ten- 2. Proc6de selon la revendlcation 1, dans lequel  55  slon
compensatrice d'intervalle de suppression l'etape d'addition comprend le
fait de:            (Ux) en r6ponse A une tension de bus continue former le
produit dudit signal de tension    dudit onduleur ou convertisseur, un
intervalle de compensatrice d'intervalle de suppression et de
suppression, et une periode (Tc) dudit signal de 9   
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porteuse; un moyen pour fburnir 1s produit dudit si- gnal de tension
compensatrice d'intorvalle de suppression et de la polarite de I'amplitude
de l'un desdits courants de reference;        5 un moyen pour additionner
ledit produit audit un desdits premiers signaux de tension de refirence
augmentie, et fournir une somme; un moyen pour fournir une pluralite de
deuxibmes signaux do tonsion de r6f6rence aug-  10 ment6e (UA", UB, Uc") A
un circuit (3) de modu- lation d'impulsions en largeur, caracteris6 par: un
premier moyen (102) pour comparet Ie- dit pic positif audit premier signal
de r6ference augment6e et fournir ledit deuxibme signal de   15 tonsion de
ref6rence augment6e A une valeur egale au pic positif lorsque ledit premier
signal de tonsion de reference augmentee eat superieur audit pic positif;
un deuxibme moyen (102) pour comparer  20 ledit pic n6gatif audit premier
signal de ref-rencoe augmentee et fournir ledit deuxieme signal de tonsion
de r6ference augmentee A une valour egale au pic negatif lorsque ledit
premier signal de tension de r6frence augmentee eat lnfhrieur  25 audit pic
n6gatif; un troisieme moyen (102) pour comparer ladito somme audit pic
positif ot fournir ledit deuxieme signal de tension de reference aug-
ment6e A une valeur egale A l'amplitude dudit    30 premier signal de
tonsion de reference augmen- tee lorsque ledit pic positif eat inferieur A
ladito somme; un quatribme moyen (102) pour comparer laditb somme audit pic
negatif et fournir ledit  35 deuxilme signal de tonsion de referencoe aug-
mentee A une valeur egale A l'amplitude dudit premier signal de tonsion de
reference augmen- tee lorsque ledit pic negatif eat inf6rieur A ladite
somme;                                     40 un moyen (102) pour fournir
ledit deuxie- me signal de tension de r6ference augment6e A une valour
egale A ladito somme si ladite somme n'est ni suphrieure ni inf6rieure
auxdits pica posi- tif et negatif.                            45 50 55 10


