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[err] is the switch-on angle' and [err] - thetaff is the 'switch-off
angle'. Furthermore, the effect of the phase This invention relates to the
control of switched re-  winding resistance has been assumed to be
negligible luctance electric machines. The invention is particularly    in
constructing the waveforms of Figures 3(a) and (b). applicable tothe
control of a doubly salient pole switched  5  The flux linkage waveform
[err] - psi) of the phase winding reluctance machine when running at a high
speed.   is illustrated by the broken lines. Following closing of the
Figures 1 (a) to 1 (c) illustrate a typical 3-phase  switches t in Fig.lb
associated with a phase winding, the switched reluctance (SR) machine and
common elec-  flux linkage grows linearly. When the switches are tronic
switching circuits which may be used to control the  opened, the flux
linkage falls linearly, the current flowing machine. The machine
essentially consists of a stator s  10 through the diodes d imposing a
voltage of [err] on the defining salient stator poles 1, 1', 2, 2', 3, 3',
on which  windings. (The operation of the circuit of Figure 1 (c) is are
wound phase windings w, of which only one is shown  the same, except that,
following the opening of the in association with the set of poles 2,2', and
a rotor r with  switch, voltage [err] is impressed on the winding). salient
poles 4, 4', and 5,5'. The electronic switching cir-  In order to maintain
the torque developed by the ma- cuits are arranged tosupply unidirectional
currents tothe  15 chine as the speed rises under 'single-pulse' control,
it phase windings w.                                  is necessary to
maintain the flux amplitude. This is com- In both control circuits, each
phase winding in the  monly achieved by increasing the conduction
angle'with machine of Figure 1(a) is associated with a circuit leg  speed.
comprising at least one electronic switch t in series with  Control in this
'single pulse' mode of operation with each winding w across a dc supply
(+/-).        20 full torque capability, which may be related to a notional
The known means for controlling a switched reluc-    'intermediate' speed
range, is exercised by variation of tance machine includethree
characteristic regions which  the angle of a rotor pole relative to a
particular stator pole can be designated 'low', 'intermediate' and 'high'
speed  at which the switches are closed (the 'switch-on angle') regions.
These will be explained below. (For background  and the angle over which
the switches remain closed see also for example 'Variable Speed Switched
Reluc- 25  (the previously mentioned 'conduction angle'). tance Motors', by
Prof. P.J. Lawrenson et al, IEE Pro-  It will be apparent to the skilled
person that, under ceedings-B, Vol.127, No.4, July 1980).             the
idealised, resistanceless assumptions behind Fig- At 'low' speed the
current is controlled by chopping.  ures 3 (a) and (b), if the conduction
angle is made greater Two switching strategies are well known for chopping
us-    than half the complete phase period, the flux and current ing
circuits of the form of Fig. 1b.           30 will fail to return to zero
at the end of one cycle. This will In the first method, both switches t of
a limb are  lead to progressive uncontrolled growth of flux and cur-
switched together, so that at switch-off the current trans-  rent with
successive cycles. This is acknowledged by the fers from the switches to
flow through the diodes d. In  person skilled in the art to be a highly
unstable condition. the second method, only one of the two switches t is
Asfarasthe inventors are aware, it has always been opened, so that the
current circulates, or 'freewheels', 35 considered by the skilled person
that such a situation is through one switch and one diode. Both switches
are  undesirable, ie. a conduction angle corresponding to half turned off
at the end of a phase conduction period. Free-  the phase period has been
taken to be the upper limit on wheeling is not possible with the circuit of
Fig. 1c.  machine control. Indeed, it has been stated in the paper Figures
2(a) and (b) illustrate typical motoring and  'Optimal-efficiency
excitation of variable-reluctance mo- generating phase winding current
waveforms, respec- 40 tor drives'by Prof. D.A. Torrey and Prof. J.H. Lang
in IEE tively, without freewheeling. The current is illustrated in
Proceedings-B, Vol. 138, No. 1, January 1991 in discuss- relation to angle
of rotation of the rotor with respect to  ing the optimum control
strategyfor a doubly salient pole the stator, ([err] - theta).
variable-reluctance motor (here referred to as a switched At 'intermediate'
speeds, the angle of rotation re-  reluctance motor) that, [err]
corresponds quired for the growth and decay of flux is significant in  45
to a 50% duty cycle forthe controllable switch, assuming relation to the
phase period (defined as the angle of one  no current chopping, a larger
conduction period would cycle of phase inductance variation). The time rate
of  result in the current building up in the phase from cycle change of
flux linkage is determined by the voltage ap-  to cycle, eventually being
stopped by the current regula- plied to the winding and therefore the rate
of change with    tor, but rendering loss of control. This is clearly to be
respect to angle falls as the speed rises. At 'intermediate' 50 avoided."
speeds there is therefore only a single pulse of current  It has been
explained above that in order to maintain in the switch(es) and diode(s) in
each phase period. Cor-    the torque as the speed rises, the 'conduction
angle' is responding phase winding currents are illustrated in Fig-
commonly increased with speed. However, because of ures 3(a) and (b),
respectively for motoring and gener-    the above imposed upper limit on
the 'conduction angle' ating operation. Operation in this manner is called
the  55 of half the phase period, the torque can only be main-
'single-pulse' mode of operation. It should be noted that    tained up to a
certain speed. This is the upper limit of the the 'conduction angle' [err]
in Figures 3(a) and (b)    'intermediate' speed range. Operation is
possible at is the angle over which the switches are closed; [err] -
higher speeds, in the 'high' speed range, but only at the 2 



3                 EP 0 534 761 B1                 4 expense of
adecreasingtorque capabilitybecauseof the  phase winding is non-zero
throughout its phase falling flux amplitude.
period, the volt-seconds appliedtothe or each wind- Thus, the operation of
switched reluctance ma-    ing in its phase period being controlled by the
control chines with conduction angles greater than half the   means in
response to signals received from the posi- phase period has been avoided
in the known art, be-  5  tion sensing means to inhibit progressiveflux
growth cause this 'continuous current' mode is associated with  in the or
each phase winding by actuation of the an unstable flux growth and
consequent highly unstable  switch means. operating characteristics.
However, the inventors of the present invention have recognised that
exploitation of  In most practical embodiments of the invention, the the
'continuous current' mode would enable the torque  10 control means are
supplied with feedback signals which to be maintained in the 'high' speed
region, thus avoiding  are dependent on the phase winding current and feed-
the decrease in torque with speed explained above, if it    back signals
which are proportional to the speed of ro- were possible to control the
machine stably in this mode.    tation to aid stabilisation of operation in
the continuous It is an object of the present invention to provide sta-
current mode. ble control of a switched reluctance machine in the con-  15
Preferably, the system further comprises phase po- tinuous current mode.
sition determining means to which the output signal from In practice the
finite resistance in the windings an  the position sensing means is
applied, and a comparator the impedance of the switches introduce voltage
drops  for each phase arranged to compare each sensed phase across them
which increase with the current. This mod-  position, from the phase
position determining means, ifies the flux linkage/conduction angle graphs
of Figures. 20 with switching angle-based command signals and to 3(a) and
(b) so as to impede the growth of flux for a given  generate a switch
actuating signal when each phase po- conduction angle. Nevertheless, as the
conduction angle  sition and the corresponding position of the switching
an- is increased (for a given dc supply voltage and speed) a  gle-based
command signal are coincident. point is reached where the net applied
positive volt-sec-  By 'phase position' is meant a measure of the posi-
onds (time integral of dc supply voltage less the switch  25 tion of the
rotor poles at any instant with respect to the and winding resistance
voltage drops) become greater  stator poles of the respective phase, i.e. a
measure at than the net negative volt-seconds (time integral of dc  any
instant of the position on the cyclic variation of a supply voltage plus
the diode and winding resistance  phase inductance with rotor position.
voltage drops) in a cycle. The flux linkage and current in  Forthe control
means to be responsive to the speed a phase winding then become continuous
(i.e. do not fall 30 of rotation of the rotor with respect to the stator,
an ap- to zero between cycles) and progressive growth of flux  propriate
signal can be derived from the signals from the and current occurs. However
the inventors of the present  position  sensing  means  or from
independent invention have found that stable operation is possible in
speed-sensing means or could be derived from a knowl- this 'continuous
current' mode by controlling the applied  edge of the current(s), the dc
voltage and the switching volt-seconds such that, under steady operating
condi- 35 conditions. The position sensing means may consist of tions, the
net positive and net negative volt-seconds are  a physical sensor or some
form of 'sensorless' scheme of equal magnitude, the mean flux then being
constant  for providing signals indicative of the angular position of over
successive cycles.                           the rotor with respect to the
stator. According to the present invention there is provided  A signal
related to the speed of rotation of the rotor a switched reluctance machine
control system for con- 40 can be derived separately by, for example, a
tachogen- trolling a switched reluctance machine having a rotor  orator or
a light actuated sensor and a multislotted disc with rotor poles, a stator
defining one or more sets of  mounted on the rotor shaft arranged to break
a light stator poles and one or more phase windings each as-  beam from a
source to the sensor. sociated with a respective one of the sets of stator
poles,  The control means may be operable to vary either the system
comprising:                         45 the conduction angle of the switch
means in the contin- uous current mode, or to modulate the applied voltage
switch means;                                  by the switch means during
the conduction angle. In this latter case, the phase current may be either
chopped, or control means operable to control the voltage across  the
voltage pulse-width or pulse-frequency modulated. the or each phase winding
by actuation of the switch  50 Alternatively, the voltage applied to each
phase winding means; and                                     may be
notionally divided into, say, two or more pulses, the width of one or more
pulse being controlled while the position sensing means arranged to provide
the con-  other(s) is/are kept constant. trol means with an output signal
indicative of the  Preferably, the control law is derived from theory or
angular position of the rotor with respect to the sta- 55 empirically for a
given machine and stored in a look-up tor; characterised in that the
control means are oper-    table. Alternatively, the control commands in
the form of 



able to control the machine in a continuous current  switch actuation
signals, based on angles of rotor rela- mode of operation in which the
current in the or each  tive to the stator, can be computed by a
microprocessor 3    5                 EP 0 534 761 B1                  6 in
real-time in accordance with the appropriate input var-    the phase
position with the switching angle-based com- iables.
mand signal and generating switch actuating signals The system according to
the present invention may  when the phase position and the switching
angle-based be used to control the speed or torque of a switched re-
command signals are coincident. luctance motor orto control the
generatedvoltage and/or  5  The sensed position signal may be a periodic
signal current of a switched reluctance generator by enabling  with a
frequency related to the speed of rotation and an- stable operation in the
continuous current mode.   gular position of the rotor, the method further
comprising Also according to the invention there is provided a  frequency
multiplying the sensed position signal before method of controlling a
switched reluctance machine  it is used to determine the phase position.
having a rotor with rotor poles, a stator defining one or 10  Preferably,
the applied phase voltage is supplied in more sets of stator poles and one
or more phase wind-  pulses of which a proportion is modulated to control
the ings each associated with a respective one of the sets  applied
volt-seconds. of stator poles, the method comprising:
Preferably, the speed or torque of a switched reluc- tance motor is
controlled. controlling the voltage across the or each phase  15
Negativefeedback may be usedtocontrol the speed winding by selectively
actuating switch means; and  or torque. Alternatively, the generated
current and/or voltage sensing the angular position of the rotor with
respect  of a switched reluctance generator may be controlled. to the
stator,                                     Again, negativefeedbackmay be
used to control the 20 generated current and/or voltage. characterised by
controlling the machine in a con-  It has been found that it is possible to
achieve stable tinuous current mode of operation in which the cur-  control
of the mechanical or electrical output power of a rent in the or each phase
winding is non-zero   switched reluctance machine in the continuous current
throughout its phase period, the volt-seconds   mode by eliminating the
excess of net positive volt-sec- applied to the or each winding in each
phase period  25 onds in relation to the net negative volt-seconds applied
being controlled in response to the sensed angular  across the winding in
the steady state. This can be position of the rotor to inhibit progressive
flux growth  achieved by control in a number of ways as mentioned in the
phase windings by the said switching.    above. The present invention can
be put into practice in var- Preferably, the control is effected in
response to sig- 30 ious ways one of which will now be described by way of
nals related to each phase winding current and the  example with reference
to the accompanying drawings sensed angular position of the rotor.
in which: Preferably, the method includes deriving a signal in- dicative of
the speed of rotation of the rotor from speed  Figure 4 is a schematic
block diagram of a generator signal means.
35      and control system according to the invention for a In this case
the signal indicative of the speed of ro-  switched reluctance generator;
tation of the rotor is derived from the output signal from the position
sensing means.                            Figure 5 is a more detailed
blockdiagram of the con- Preferably, the method includes applying signals
in-  trol system in Figure 4; dicative of the angular speed of the rotor
and the load on  40 the machine to a memory responsive to the applied sig-
Figure 6 is a timing diagram of the control system nals to generate
switching angle-based command sig-    output signals; nals for actuating
the switch means at an angular posi- tion of the rotor poles in each phase
period for a given  Figures 7(a) to (d) are graphs of phase current wave-
rotor speed and machine load.                  45    forms for steady state
operating conditions illustrat- Alternatively, the method may includes
processing  ing control of the generator in Figure 4; and the signals
related to each phase winding current and the sensed angular position of
the rotor in real-time in  Figures 8(a) and (b) are graphs of control laws
for processing means, the processing means generating      continuous
current operation. switching angle-based command signals for actuating  50
the switch means at angular positions of the rotor poles  The control
system illustrated in Figure 4 is connect- in each phase period for a given
rotor speed and ma-  ed with a three-phase doubly salient pole switched re-
chine load, the command signals beingderivedfrom pre-  luctance generator
10 driven mechanically by a prime 



programmed control laws stored in the processing   mover which is not
shown. The generator has a conven- means.
55 tional construction similar to that in Figure 1(a). The out- In either
case the method may include determining  put from the generator is
connected with an electronic the phase position with respect to each stator
phase pe-  power converter 12 which includes a series of six tran- riod
from the sensed position of the rotor and comparing  sistor power switches
t for the phase windings w of the 4    7                 EP 0 534 761 B1
8 generator in a configuration similar to that illustrated in    for
resetting a phase position counter 34 for each of the Figure 1 (b), for
example.                          generator phases. Theoutput is
suppliedfrom the generator 10through   The speed computation 32, the
summing element the power convertor 12 to load circuits (not illustrated)
22 and the proportional plus integral (P+I) controller al- as a dc current
and/or to charge a battery 14. A conven-  5  gorithm 31 are performed
within a microprocessor de- tional angular position sensor 16 is mounted on
the rotor  vice by suitable software code. The outputs from the mi- shaft
of the generator 10. The sensor 16 produces an  croprocessor, being digital
words representative of the output signal related to the angular speed and
position  actuating signal and the actual generator speed, are of the rotor
r relative to the stator s. In this example this  used to address an
erasable programmable read only signal consists of three rectangular wave
signals, corre-  10 memory (EPROM) 35 which contains a control law sponding
to the phases of the windings, each of which  look-up table. The stored
data in the EPROM 35 repre- signals is constituted by a positive output
voltage during  sent the turn-on angle [err] and the turn-off angle [err]
the time a phase inductance changes, from, say, a max-  of the switches t
as functions of speed and actuating sig- imum to minimum.
nal. In order to obtain the benefits of continuous current The actuation of
the power switches t is controlled  15 operation, the stored data in the
EPROM 35 include by an electronic control module 20. Signals proportional
turn-on [err] and turn-off [err] angles which cause the to the phase
winding current are supplied to the control  switches to conduct for
periods greater than 50% of the module 20 as a phase current feedback
signal from the  total phase period. The pre-programmed control param-
electronic power convertor 12 for each phase of the gen-  eters, which
cover all the relevant conditions of machine erator 10. These are used in a
more or less conventional 20 speed and generated output current, are
derived from manner by the control module for generator output con-  the
measured or predicted performance of the generator trol in the chopping
mode discussed earlier in relation to  system. Figure 2(a).
[err] and [err] are generally functions of both actuating The system
controls the output of the generator 10  signal and speed, but they may be
single functions of in response to a demand or reference signal b for the
25  either actuating signal or speed. An example which illus- battery
voltage applied to a summing element 22. This    trates the operation of
the control loop for an SR gener- is compared with a signal a related to
the actual battery  ator is given in Figure 8 in which [err] is solely a
function voltage in the summing element 22toderive an error sig-  of speed
and [err] is solely a function of actuating signal. nal e to which the
control module 20 responds to mini-    In this example [err] is
substantially constant but decreas- mise it. Thus, if the battery voltage
falls due, for example, 30 es slightly as speed increases to provide
improved effi- to an increased load current, the error signal e will in-
ciency for the system. The particular characteristic will crease causing an
increase in the generated current,  depend on the particular generator or
motor design. such that the battery voltage returns to its reference lev-
For a particular speed under steady operating con- el. Conversely at a
given load current, if the generated  ditions, [err] will have been
automatically adjusted by the current rises, the battery voltage will rise
and the error 35 action of the feedback control loop such that there is no
signal will decrease, thus reducing the generated current  successive build
up of flux. This quiescent value of [err] such that the battery voltage
returns to its reference lev-  is shown as [err] in Figure 8. Due to the
variation of doff el. (This assumes the generator is not already operating
with speed, the value of [err] will also change with speed at its maximum
output for a given speed). One preferred  such that [err] is approximately
50% of the total implementation of control by the module 20 includes pro-
40 phase period, as aforementioned. portional plus integral (P+I) action to
eliminate the error  The steady state is illustrated in Figures 7(a) to
(d), in the steady state.                               in which three
waveforms typical of one phase current at Figure 5 is a schematic
representation of the control  a constant speed are drawn in relation to an
idealised module 20 for continuous phase current control of the  phase
inductance profile (Figure 7(a)) and assuming switched reluctance high
speed generator. It depicts the  45 negligible phase resistance. Figure
7(b) represents a functional blocks forachieving switching angle control
of,  case just below the onset of continuous current, while in this
specific example, the three phases A, B and C.  the lower two waveforms
Figures 7(c) and (d) illustrate This circuit is equally applicable to a
speed-controlled SR  increasing generated output current with continuous
cur- motor, when the inputs to the summing element 22 are  rent in the
phase. The hatched section under the current replaced by the actual speed
and demanded speed sig- 50 curve marks the rising flux period, while the
flux decreas- 



nals.                                               es over the remainder
of the period. The net output cur- The rotor position encoder 16, mounted
directly on  rent is the difference between the current-time areas the
machine, provides a low-frequency pulse train con-  (hatched and unhatched)
averaged over the whole taining accurate information on the angle of the
rotor  phase period. In each case the 'idealised' condition of poles with
respect to each stator pole and associated  55 equal on-time and off-time
is maintained. phase windings, as previously mentioned. This low-fre-  Now
consider with reference to Figure 5 that, due to quency pulse train is fed
to a speed computation block  an increase in load current, the battery
voltage falls be- 32 and a frequency multiplier 33. The signal is also used
low the level set by the voltage demand signal. Due to    9
EP 0 534 761 B1                     10 the action of the P+l controller
(31) the actuating signal  gle with respect to the particular phase axis.
In the spe- will increase and as a result, with reference to Figure 8,
cific case of the 6/4 pole switched reluctance generator, the value of
[err] reduces. The value of [err] will    each phase position counter 34 is
reset at the minimum thereby exceed its quiescent value and the flux and
cur-  phase inductance position, when the angular midposi- rent in the
generator phases will build up successively  5  tion of one of the rotor
poles is [err] offset from the re- until the current suppliedtothe battery
exceeds the level  spective mid-phase position. of the new load current and
the battery voltage rises    The counter outputs are compared digitally
with the above the voltage demand value. The error signal will    turn-on
angle [err] and turn-off angle [err], derived from then reverse polarity
and the P+l controller will reduce  the EPROM 35, in the phase comparator
36. This com- the actuating signal. With reference to Figure 8 the value
10 parison yields the firing signals for the power converter of [err] will
then increase until [err] again becomes equal  power switching devices t,
as shown in Figure 6. The to its quiescent value of [err] or to such new
value of [err] as  counter is reset by the unmultiplied output of the rotor
is necessary to maintain the battery voltage at its voltage  position
encoder 16 and then counts at the frequency of demand level at the new
(increased) load current.  the output of the frequency multiplier 33. For a
given The overall effect is that the values of the actuating  15
speed/load combination, the phase comparator is sup- signal and [err]
undergo a transient change subsequently  plied with values of switch
turn-on and turn-off command returning to this quiescent value (which will
be substan-  anglesfrom the EPROM 35. When the counter 34 reach- tially
unchanged) whilst the generator current increases  es the count related to
the switch turn-on phase angle, from its previous average level to a higher
average level  the comparator 36 generates a firing signal for that to
supply the increased load current drawn from the bat- 20 phase. The count
continues until it reaches a value in- tery.
dicative of a phase angle coincident with a value for To provide
appropriate damping to this transient re-  switch tum-off from the EPROM
35. sponse of the control loop, as is well known to persons  The firing
signals are processed, prior to interfacing skilled in the art of automatic
feedback control, it may be  with the power converter 12, by an
over-current protec- necessary to provide dynamic compensation in addition
25 tion element 37. This monitors the individual switch cur- to the P+l
compensation shown in Figure 5. The design  rents [err] and compares them
with a specific peak of this compensation follows well known laws and is
not  level [err] which represents the peak current in the switch the
subject of the invention. The type of compensation  t in Fig.1. If the
phase current exceeds the maximum de- will vary depending on the particular
application. The ex-  sired peak level [err] the switch is turned off
irrespective ample given above is for an SR generator for which the  30 of
the value of [err] supplied by the EPROM 35. It is also controlled variable
is battery voltage. However the sys-  possible to use this over-current
protection element 37 tern may be an SR motorforwhich the controlled
variable  to control the output of the generator by storing a variable is
motor speed.                                     current chopping level
[err] in the control look-up table The frequency multiplier 33 processes
the low-fre-  EPROM 35. The value of the output from the EPROM quency rotor
position pulse train and produces a  35 35 [err] is then variable in
response to the speed and high-frequency pulse train, which is phase locked
to the  actuating signal levels. In this case [err] is provided to the
incoming low-frequency rotor position signal. The   overcurrent protection
element 37 by the EPROM 35 as high-frequency pulse train is required to
have sufficient  shown by the broken line in Figure 5. pulses per [err] of
rotation of the rotor to give the neces-  The electronic control module 20
shown in Figure 4 sary fineness of control of the switching angles. The  40
can also be programmed for use in the low-speed region pulse interval of
the high-frequency pulse train deter-  for conventional chopping control,
where the peak cur- mines the resolution of the control angles. For
example,  rent level [err] is a variable stored in a separate look-up in
this 6 stator/4 rotor pole generator system the low-fre-  table which is
addressed by an actuating signal and the quency pulse train contains 3
pulses per [err] of rotor ro-  machine speed signal. This is not the
subject of this in- tation. This frequency is multiplied by a factor of 80
to  45 vention. give a high-frequency pulse train so that 240 pulses oc-
At intermediate speeds the output current is control- cur within a rotor
rotation of [err], giving a switching angle  lable by adjustment of the
switch-on and switch-off an- resolution of [err]. One practical method of
implemen-  gles according to the well known single pulse control 



tation is the subject of GB Patent 1597790, the teaching  mode. The optimum
combination of angles and/or chop- of which is incorporated herein by
reference.   50 ping level at any given speed and demanded output cur- The
phase-synchronised high-frequency pulse train  rent is stored in the
control module 20. The signal corre- is used to clock three individual
phase position counters  sponding to the angularspeed of the rotor is
derivedfrom 34, each for a respective phase of the generator. Figure  the
signal from the sensor 16. 6 illustrates the timing diagrams for one of the
phase  Thus, it is possible to adjust optimally the switch-on counters 34,
and the output firing signals from the corre- 55 and conduction angles and
the chopping level according sponding phase comparator 36. The phase
position   to predetermined stored characteristics in the form of counter
34 is reset and the counting initiated by the  look-up tables.
low-frequency pulse train edge at a known rotor pole an-  The control
system of the present invention controls    11                EP 0 534 761
B1                    12 the generator output in the continuous current
mode, i.e.  2. A system as claimed in claim 1 in which the control at
higher powers at high speeds, in which the flux linkage  means are operable
in response to signals related and current in each phase winding do not
fall to zero be-  to each phase winding current [err]  and the out- tween
phase periods. This is now possible as the stable  put signal receivedfrom
the position sensing means. system operation in the continuous current mode
is  5 based on the speed and battery voltage feedback sig-  3. A system as
claimed in claim 1 or 2, including speed nals. Thus, the power which can be
generated at higher  signal means (32) arranged to produce a signal speeds
is considerably increased by operation of a    related to the speed of
rotation of the rotor. switched reluctance machine in the continuous
current mode.                                          10 4. A system as
claimed in claim 3, including means for The overall function of the digital
control system is  deriving the signal related to the speed of rotation of
to regulate the battery voltage to a level dictated by the  the rotor from
the output signal from the position voltage demand signal, irrespective of
load variations  sensing means. and changes in generator speed. This is
achieved byvar- ying the power switch firing signals by [err] and [err] and
15 5. A system as claimed in claim 3 or 4 including a mem- thus generating
the necessary system output current. At  ory (35) responsive to the speed
signal means and higher speeds, as the output current demand increases,
signals indicative of the load on the machine, the the phase current will
start to flow continuously. The  memory containing switching angle-based
com- closed loop control ensures that stable operation is main-  mand
signals for actuating the switch means at pre- tained over the whole
operating range including the con- 20  determined angular positions of the
rotor poles in tinuous phase current region.                         each
phase period for a given rotor speed and Itwill be understood thatthe above
example is aspe-  machine load. cific illustration of the use of the
invention, which can be implemented with other phase and pole number combi-
6. A system as claimed in claim 5 in which the memory nations and other
switching circuits.          25     contains a look-up table of switch
means turn-on and turn-off angles of the rotor relative to the stator which
are accessible in accordance with the speed of, and Claims
load on, the machine. 1. A switched reluctance machine control system for
30 7. A system as claimed in claim 3 or 4, including controlling a switched
reluctance machine having a  processing means (35) responsive to signals
rotor with rotor poles, a stator defining one or more  received from the
speed signal means and signals sets of stator poles and one or more phase
windings  indicative of the load on the machine, the processing each
associated with a respective one of the sets of  means being operable to
generate switching stator poles, the system comprising:       35
angle-based command signals [err]  for actuat- ingthe switch means at
predeterminedangularposi- switch means (t);
tions of the rotor poles in each phase period for a given rotor speed and
machine load, the command control means (12) operable to control the volt-
signals being derived from pre-programmed control age across the or each
phase winding by actu- 40    laws stored in the processing means. ation of
the switch means; and 8. A system as claimed in claim 5, 6 or 7 further
com- position sensing means (16) arranged to pro-   prising phase position
determining means (34) to vide the control means with an output signal
which the output signal from the position sensing indicative of the
angularposition ofthe rotorwith  45  means is applied, and a comparator
(36) for each respect to the stator;                         phase arranged
to compare each sensed phase position, from the phase position determining 



characterised in that the control means are    means, with the switching
angle-based command operable to control the machine in a continuous
signals and to generate a switch actuating signal current mode of operation
in which the current 50  when each phase position and the corresponding in
the or each phase winding is non-zero       position determined by the
switching angle-based throughout its phase period, the volt-seconds
command signal are coincident. applied to the or each winding in its phase
period being controlled by the control means in  9. A system as claimed in
claim 4, 5 or 6 in which the response to signals received from the position
55  output signal from the position sensing means is a sensing means to
inhibit progressive flux growth  periodic signal with a frequency related
to the speed in the or each phase winding by actuation of the  of rotation
and angular position of the rotor of the switch means.
machine, the system further comprising a frequency 7    11
EP 0 534 761 B1                     12 the generator output in the
continuous current mode, i.e.  2. A system as claimed in claim 1 in which
the control at higher powers at high speeds, in which the flux linkage
means are operable in response to signals related and current in each phase
winding do not fall to zero be-  to each phase winding current [err]  and
the out- tween phase periods. This is now possible as the stable  put
signal received from the position sensing means. system operation in the
continuous current mode is  5 based on the speed and battery voltage
feedback sig-  3. A system as claimed in claim 1 or 2, including speed
nals. Thus, the power which can be generated at higher  signal means (32)
arranged to produce a signal speeds is considerably increased by operation
of a     related to the speed of rotation of the rotor. switched reluctance
machine in the continuous current mode.
10 4. A system as claimed in claim 3, including means for The overall
function of the digital control system is  deriving the signal related to
the speed of rotation of to regulate the battery voltage to a level
dictated by the  the rotor from the output signal from the position voltage
demand signal, irrespective of load variations  sensing means. and changes
in generator speed. This is achieved byvar- ying the power switch firing
signals by [err] and [err] and  15 5. Asystem as claimed in claim 3 or 4
including amem- thus generating the necessary system output current. At
ory (35) responsive to the speed signal means and higher speeds, as the
output current demand increases,  signals indicative of the load on the
machine, the the phase current will start to flow continuously. The  memory
containing switching angle-based com- closed loop control ensuresthat
stable operation is main-  mand signals for actuating the switch means at
pre- tained over the whole operating range including the con- 20
determined angular positions of the rotor poles in tinuous phase current
region.                          each phase period for a given rotor speed
and Itwill be understoodthatthe above example isaspe-  machine load. cific
illustration of the use of the invention, which can be implemented with
other phase and pole number combi-    6. A system as claimed in claim 5 in
which the memory nations and other switching circuits.          25
containsa look-up table of switch means turn-on and turn-off angles of the
rotor relative to the stator which are accessible in accordance with the
speed of, and Claims                                                 load
on, the machine. 1. A switched reluctance machine control system for 30 7.
A system as claimed in claim 3 or 4, including controlling a switched
reluctance machine having a  processing means (35) responsive to signals
rotor with rotor poles, a stator defining one or more  received from the
speed signal means and signals sets of stator poles and one or more phase
windings  indicative of the loadon the machine, the processing each
associated with a respective one of the sets of  means being operable to
generate switching stator poles, the system comprising:        35
angle-based command signals [err]  for actuat- ingthe switch means at
predetermined angular posi- switch means (t);
tions of the rotor poles in each phase period for a given rotor speed and
machine load, the command control means (12) operable to control the volt-
signals being derived from pre-programmed control age across the or each
phase winding by actu- 40    laws stored in the processing means. ation of
the switch means; and 8. A system as claimed in claim 5, 6 or 7 further
com- position sensing means (16) arranged to pro-    prising phase position
determining means (34) to vide the control means with an output signal
which the output signal from the position sensing indicative of theangular
position of the rotor with  45  means is applied, and a comparator (36) for
each 



respect to the stator;                          phase arranged to compare
each sensed phase position, from the phase position determining
characterised in that the control means are     means, with the switching
angle-based command operable to control the machine in a continuous
signals and to generate a switch actuating signal current mode of operation
in which the current 50  when each phase position and the corresponding in
the or each phase winding is non-zero        position determined by the
switching angle-based throughout its phase period, the volt-seconds
command signal are coincident. applied to the or each winding in its phase
period being controlled by the control means in  9. A system as claimed in
claim 4, 5 or 6 in which the response to signals received from.the position
55  output signal from the position sensing means is a sensing means to
inhibit progressive flux growth  periodic signal with a frequency related
to the speed in the or each phase winding by actuation of the  of rotation
and angular position of the rotor of the switch means.
machine, the system further comprising a frequency 7    13
EP 0 634 761 B1                 14 multiplier (33) for increasing the
frequency of the  21. A method of controlling a switched reluctance output
from the position sensing means applied to  machine having a rotor with
rotor poles, a stator the phase position determining means.
defining one or more sets of stator poles and one or more phase windings
each associated with a 10. Asystem as claimed in any preceding claim in
which  5  respective one of the sets of statorpoles, the method the control
means are operable to vary the conduc-  comprising: tion angle of the
switch means in the continuous cur- rent mode.
controlling the voltage across the phase wind- ings by selectively
actuating switch means (t); 11. A system as claimed in any preceding claim
in which  10  and the control means are operable to vary the switch-on
angle of the switch means in the continuous current  sensing the angular
position of the rotor with mode.
respect to the stator; 12. A system as claimed in any preceding claim in
which  15  characterised by controlling the machine in a the control means
are operable tovarythe switch-off  continuous current mode of operation in
which angle of the switch means in the continuous current  the current in
each phase winding is non-zero mode.
throughout its phase period, the volt-seconds applied to the windings in
each phase period 13. A system as claimed in any preceding claim in which
20  being controlled in response to the sensed the control means are
operable to cause the switch   angular position of the rotor to inhibit
progres- means to chop each phase current during a corre-     sive flux
growth in the phase windings by the sponding conduction angle in the
continuous current  said switching. mode. 25 22. A method as claimed in
claim 21 in which the positive 14. A system as claimed in any preceding
claim in which  volt-seconds applied to the or each phase winding the
control means are operable to control the voltage  are balanced by the
negative volt-seconds applied by pulse-width or pulse-frequency modulation.
to the said phase winding to inhibit progressive flux growth. 15. A system
as claimed in any preceding claim in which  30 the control means are
arranged to supply each  23. A method as claimed in claim 21 or 22,
including applied phase voltage in pulses of which at least a  deriving a
signal indicative of the speed of rotation proportion is modulated to
control the applied    of the rotor from speed signal means. volt-seconds.
35 24. A method as claimed in claim 21, 22 or 23 in which 16. A system  as
claimed in any preceding claim      the signal indicative of the speed of
rotation of the arranged to controlthe speedortorque of a switched  rotor
is derived from the output signal from the posi- reluctance motor.
tion sensing means. 17. A system as claimed in claim 16 in which negative
40 25. A method as claimed in any of claims 21 to 24, feedback is used to
control the speed or torque of  including applying signals indicative of
the angular the switched reluctance motor.                    speed of the
rotor and the load on the machine to a memory (35) responsive to the
applied signals to 18 A system as claimed in any of claims 1 to 15
generate switching angle-based command signals 



arranged to control the generated current and/or 45    for actuating the
switch means at a predetermined voltage of a switched reluctance generator.
angular position of the rotor poles in the or each phase period for a given
rotor speed and machine 19. A system as claimed in claim 18 in which
negative  load. feedback is used to control the generated current and/or
voltage of the switched reluctance generator. 50 26. A method as claimed in
any of claims 21 to 24, including processing signals related to the or each
20. A system as claimed in any of claims 1 to 19 in which  phase winding
current and the sensed angular posi- the control means are operable to
control the    tion of the rotor in real-time in processing means machine
by balancing the positive volt-seconds    (35), the processing means
generating switching applied to the or each phase winding with the neg- 55
angle-based command signals for actuating the ative volt-seconds
appliedtothe said phase winding  switch means at predetermined angular
positions of to inhibit progressive flux growth.              the
rotorpoles inthe or each phase period for a given rotor speed and machine
load, the commandsignals 8    15                EP0 534 761 B1
16 being derived from preprogrammed control laws          dadurch
gekennzelchnet, daB die Regelein- stored in the processing means.
richtung betreibbar ist, um die Maschine in einer Stetigstrom-Betriebart zu
steuern, in welcher 27. A method as claimed in claim 25 or 26, including
der Strom in der oder in jeder der Phasenwick- determining the phase
position with respect to each  5  lungen fber seine Phasenperiode ungleich
Null stator phase period from the sensed position of the   ist, wobei
VoHt-Sekunden, die an der oder jeder rotor and comparing the phase position
with the        der Wicklung in der Phasenperiode angelegt switching
angle-based command signals and gen-         sind, durch die
Regeleinrichtung in Antwort auf erating switch actuating signals when the
phase        die Signale gesteuert werden, welche von der position and the
switching angle-based command  10     Positionsdetektoreinrichtung
empfangen wer- signals are coincident.                                den,
um einen zunehmenden Flul3anstieg in der oder jeder der Phasenwicklung beim
Bet&tigen 28. A method as claimed in any of claims 21 to 27 in       der
Schalteinrichtung zu unterdrucken. which the sensed position signal is a
periodic signal, having a frequency related to the speed of rotation  15 2.
Regelung nach Anspruch 1, in welcher die Regel- and angular position of the
rotor, the method further  einrichtung betreibbar ist in Antwort auf
Signale, die comprising frequency multiplying the sensed posi-  sich auf
jeden Phasenwicklungsstrom (IA. 'B' IC) und tion signal before it is used
to determine the phase  auf das Ausgangssignal beziehen, das von der Posi-
position.                                          tionsdetektoreinrichtung
empfangen wird. 20 29. A method as claimed in any of claims 21 to 28 in  3.
Regelung nach Anspruch 1 oder 2, mit einer which the voltage applied to the
or each phase wind-  Geschwindigkeitssignaleinrichtung  (32), die so ing is
supplied in pulses of which a proportion is  angeordnet ist, daB ein Signal
erzeugt wird, das sich modulated to control the applied volt-seconds.
auf die Drehgeschwindigkeit des Rotors bezieht. 25 30. A method as claimed
in any of claims 21 to 29 includ-  4. Regelung nach Anspruch 3, mit einer
Einrichtung ing operating the machine as a motor in which the  zum Ableiten
des Signals, das sich auf Drehge- speed or torque thereof is controlled.
schwindigkeit des Rotors bezieht, aus dem Aus- gangssignal von der
Positionsdetektoreinrichtung. 31. A method as claimed in any of claims 21
to 30 includ- 30 ing operating the machine as a generator in. which  5.
Regelung nach Anspruch 3 oder 4, mit einem Spei- the output voltage is
controlled.                  cher (35), der empfindlich ist auf die
Geschwindig- keitssignaleinrichtung und auf Signale, die die Last auf der
Maschine anzeigen, wobei der Speicher Patentanspruche
35      schaitende winkelbasierende Befohisignale zum Betitigen der
Schalteinrichtung bei vorbestimmten 1. Regelsystem fOr eine geschaltete
Reluktanzma-       Winkelpositionen der Rotorpole in jeder Phasenpe- schine
zum Regeln einer geschalteten Reluktanz-    riode fOr eine gogebene
Rotorgeschwindigkeit und maschine mit einem Rotor, der Rotorpole aufweist,
Maschinenlast enthalt. einem Stator, der einen oder mehrere Satze von  40
Statorpolen definiert, und elner oder mehreren Pha-  6. Regelung nach
Anspruch 5, in welcherder Speicher 



senwicklungen, die jeweils assoziiert sind mit einem  eine
Nachschlagtabelle fOr Schalteinrichtung-Ein- jeweiligen der Satze von
Statorpolen, wobei das    schalt- und Ausschaltwinkel des Rotors relativ zu
System umfaBt:                                     dem Stator beinhaltet,
die in fibereinstimmung mit 45     der Geschwindigkeit und der Last der
Maschine eine Schaiteinrichtung (t);                     zuganglich ist.
eine Regeleinrichtung (12), die betreibbar ist  7. Regelung nach Anspruch
3oder4, miteiner Prozes- zur RegelungderSpannung Oberderoderjeder
soreinrichtung (35), die auf Signale anspricht, die der Phasenwicklungen
beim  Betitigen der 50     von der Geschwindigkeitsignaleinrichtung empfan-
Schalteinrichtung; und                          gen werden, und auf
Signale, die die Last der Maschine anzeigen, wobei die Prozessoreinrich-
eine Positionsdetektoreinrichtung (16), die so  tung betreibbar ist, um die
schaitenden, winkelba- angeordnet ist, daB sie die Regeleinrichtung mit
sierenden Befohissignale (e3n 8Off) zu erzeugen, einem Ausgangssignal
versorgt, daB die Win- 55  um die Schalteinrichtung beivorbestimmten
Winkel- kelposition des Rotors in Bezug auf den Stator  position der
Rotorpole in jeder Phasenperiode fOr anzeigt;
eine gogebene Rotorgeschwindigkeit und Maschi- nenlast zu betatigen, wobei
die Befehissignale von 9               I I1111111111 11111 1 1111111 * C
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vorprogrammierten Steuergesetzen abgeleitet wer-  15. Regelung nach einem
der vorangegangenen den, die in der Prozessoreinrichtung gespeichert
Anspruche, in welchem die Regeleinrichtung so sind.
angeordnet ist, um jede angelegte Phasenspan- nung in Pulsen zuzufOhren,
von denen mindestens a  Regelung nach AnsprOchen 5, 6 oder 7, weiterhin  5
ein Anteil moduliert ist, um die angelegten Voltse- umfassend eine
Phasenposttionsbestimmungsein-      kunden zu steuem. -s     richtung (34),
an welche das Ausgangssignal der Positionsdetektoreinrichtung angelegt
wird, und  16. Regelung nach einem  der vorangegangenen einen Komparator
(36) fOr jede Phase, der angeord-  Anspruche, das so angeordnet ist, um
die net ist, urn jede detektierte Phasenposition von der  10
GeschwindigkeHt oder Drehmoment der geschalte-
Phasenpositionsbestimmungseinrichtung mit den      ten Reluktanzmotors zu
steuem. schaltenden winkelbasierenden Befehissignalen zu vergleichen und um
ein Schaltungsbetatigungssi-  17. Regelung nach Anspruch 16, in welchern
eine nega- gnal zu erzeugen, wenn jede Phasenposition und     tive
ROckkopplung verwendet wird, um  die die entsprechende Position, die von
dem schaften-  15  Geschwindigkeit oder Drehmoment des geschalte- den
winkelbasierenden Befehissignal bestimmt       ten Reluktanzmotors zu
steuem. wird, koinzident sind. 1& Regelung nach einem der AnsprOche 1 bis
15, des 9. Regelung nach Anspruch 4, 5, oder 6, in welchem     so
angeordnet !st, um  den erzeugten Strom das Ausgangssignal von der
Posltionsdetektorein- 20  und/oder Spannung eines geschalteten Reluktanz-
richtung ein periodisches Signal mit einer Frequenz  generators zu steuern.
ist, die zu der Drehgeschwindigkeit und der Winkel- position des Rotors der
Maschine in Beziehung   19. Regelung nach Anspruch 18, in welchem eine
nega- steht, und die Regelung weiterhin einen Frequenz-  tive Rbckkopplung
verwendet wird, um den erzeug- multiplizierer (33) umfal3t zurn Erhohen der
Fre- 25    ten Strom undfoder Spannung des geschalteten quenz des Ausgangs
von der Positionsdstektorein-   Reluktanzgenerators zu steuem. richtung,
der an die Phasenpositionsbestimmungs- einrichtung angelegt wird.
20. Regelung nach einem der AnsprOche 1 bis 19, in weichem die
Regeleinrichtung betreibbar ist, um die 10. Regelung nach einem  der
vorangegangenen  30       Maschine  durch  Ausgleichen  der positiven
Anspruche, in welchem  die Regeleinrichtung        Volt-Sekunden zu regein,
die an die oder jede Pha- betreibbar ist, um den Leitungswinkel der
Schaltein-  senwicklung angelegt wird, mit den negativen richtung in der
Stetigstrom-Betriebart zu variieren.  Volt-Sekunden, die an die
Phasenwicklung angelegt wird, um einen zunehmenden Flul3anstieg zu ver- 11.
Regelung nach einem  der vorangegangenen  35       hindem. Ansprfche, in
welchem die Regeleinrichtung betreibbar ist, urn den Einschaltwinkel der
Schalt-  21. Verfahren zur Steuerung eines geschalteten Reluk- einrichtung
in der Stetigstrom-Betriebsart zu variie-  tanzmotors mit einem Rotor mit
Rotorpolen, einern 



ren.                                               Stator, der einen oder
mehrere Satze von Statorpo- 40    len definiert, und einer oder mehrerer
Phasenwick- 12. Regelung nach einem  der vorangegangenen           lungen,
die jeweils mit einem jeweiligen des Satzes AnsprOche, in welchem  die
Regeleinrichtung        von Statorpolen assoziiert ist, wobei das Verfahren
betreibbar ist, um den Ausschaltwinkel der Schalt-  umfal3t: sinrichtung in
der Stetigstrom-Betriebsart zu variie- ren.
45         Regeln derSpannung Oberdie Phasenwicklung durch selektives
Betatigen einer Schalteinrich- 13. Regelung nach einem  der vorangegangenen
tung (t); und Detektieren der Winkelposition des Ansprfche, in welchern die
Regeleinrichtung            Rotors in Bezug auf den Stator; betreibbar ist,
um die Schalteinrichtung zu veranlas- sen, jeden Phasenstrom wahrend eines
entspre- 50       gokennzelchnet durch die Regelung der chenden
Leitungswinkels  in  der  Stetig-            Maschine in einer
Stetigstrom-Betriebsart, in strom-Betreibsart zu zerhacken.
welchern der Strom in jeder Phasenwicklung sber seine Phasenperiode
ungleich Null ist, 14. Regelung nach einem  der vorangegangenen
wobei die VoHt-Sekunden, die an die Wicklun- Anspruche, in welchem  die
Regelsinrichtung  55        gen angelsgt werden, in jeder Phasenperiode
betreibbar ist, urn die Spannung durch Pulsbreiten-    in Antwortauf die
detektierte Winkelposition des oder Pulsfrequenzmodulation zu steuern.
Rotors geregelt werden, um einen zunehmen- den Flul3anstieg in den
Phasenwicklungen    19                EP 0 534 761 B1                  20
durch die Schaltung zu verhindem.               Rotors in Beziehung steht,
wobei das Verfahren wel- terhin sine Frequenzmultiplizierung des
detektierten 22. Verfahren nach Anspruch 21, in welchem die posi-
Positionssignals vor seiner Verwendung zur Bestim- tiven Volt-Sekunden, die
an die oder jede Phasen-  mung der Phasenposition umfaBt. wicklung angelegt
werden, durch die negativen Volt-  5 sekunden ausgeglichen werden, die an
die Phasen-  29. Verfahren nach elnem der AnsprOche 21 - 28, in wel-
wicklung angelegt werden, um ein zunehmendes       chem die Spannung, die
an die oder jede Phasen- FluBwachstum zu verhindern.
wicklung angelegt wird, in Pulsen zugefuhrt wird, von denen ein Anteil
moduliert ist, urn die angewen- 23. Verfahren nach Anspruch 21 oder 22, mit
einern  10  deten Volt-Sekunden zu steuem. Ableiten eines Signals, das die
Drehgeschwindig- keit des Rotors anzeigt, von einer Geschwindig-  30.
Verfahren nach einem der Anspruche 21 - 29, mit keitssignaleinrichtung.
elnem Betrieb der Maschine als Motor, in welchem die Geschwindigkeit oder
die Drehung derselben 24. Verfahren nach Anspruch 21, 22 oder 23, in wel-
15  gedreht wird. chem das Signal, das die Drehgeschwindigkeit des Rotors
anzeigt, aus dem Ausgangssignal von der  31. Verfahren nach einem der
Ansprfche 21 bis 30 mit Positionsdetektoreinrichtung abgeleitet wird.
einem Betrieb der Maschine als Generator, in wel- chem die Ausgangsspannung
gesteuert wird. 26. Verfahren nach elnem der AnsprOche 21 bis 24, mit 20
einem Anlegen von Signalen, die die Winkelge- schwindigkeit des Rotors und
die Last der Maschine  Revendicatlons anzeigen, an einen Speicher (35), der
auf die ange- legten Signale anspricht, um schaitende winkelba-  1. Systeme
de regulation de machine a reluctance sierende Befehissignale zu erzeugen,
um die  25    commutee comportant un rotor avec des p8les de
Schalteinrichtung be! einer vorbestimmrten Winkel-  rotor, un stator
definissant un ou plusleurs jeux de position der Rotorpole in der oder
jeder Phasenpe-  poldesde stator et un ou plusieurs enroulements de riode
fOr eine gegebene Rotorgeschwindigkeit und   phase associes chacun a un jou
respectif des joux Maschinenlast zu betatigen.                        de
poles de stator, le systeme comprenant: 30 26. Verfahren nach einem der
Anspruche 21 bis 24, mit     des moyens commutateurs (t); einer
Verarbeitung von Signalen, die sich auf den oder jeden Phasenwicklungstrom
und die detek-          des moyens de rdgulation (12) utilisables pour
tierte Winkelposition des Rotors beziehen, in Real-    reguler la tension
aux bomes de l'enroulement zeit in einer Prozessoreinrichtung (35), wobei
die  36  de phase ou de chaque enroulement de phase Prozessoreinrichtrung
die schaltenden winkelbasie-     par actionnement des moyens commutateurs, 



renden Befehissignale erzeugt zurn Betatigen der       et Schalteinrichtung
bei vorbestimmten Winkelpositio- nen der Rotorpole in der oder jeder
Phasenperiode      un moyen detecteur de position (16) agencd de fOr eine
gegebene Rotorgeschwindigkeit und  40         manibre a fournir aux moyens
de regulation un Maschinenlast, wobei die Befohissignale von vor-
signal de sortie indiquant ia position angulaire programmierten
Steuergesetzen abgeleitetwerden,        du rotor par rapport au stator; die
in der Prozessoreinrichtung gespeichert sind. caractdrise en cs que les
moysns de regulation 27. Verfahren nach einern der AnsprOche 25 oder 26, 45
peuvent etre utilisds pour rdgler la machine mit einer Bestimmung der
Phasenposition in Bezug       dans un mode de fonctionnement A courant auf
jede Statorphasenperiode von der detektierten      continu dans loquel le
courant dans l'enroule- Position des Rotors und einem Vergleich der Pha-
ment de phase ou dans chaque enroulement de senposition mit den schaitenden
winkelbasierenden      phase est non nul sur toute sa periode de
Befehissignalen und Erzeugen von SchaltbetAti- 50      phase, les
volts-secondes appliques a l'enrou- gungssignalen, wenn die Phasenposition
und die         lement de phase ou A chaque enroulement de schaltenden
winkelbasierenden  Befohissignale         phase dans sa periode de phase
dtant regles ubereinstimmen.                                        par les
moyens de regulation en reaction A des signaux regus du moyen de detection
de posi- 28. Verfahren nach einern der AnsprOche 21 -27, in wel- 55  tion
pour empecher la croissance de flux pro- chem das detektisrte
Positionssignal ein periodi-      gressive dans l'enroulement de phase ou
dans sches Signal ist mit einer Frequenz, die mit der       chaque
enroulement de phase par actionne- Drehgeschwindigkeit und der
Winkelposition des         ment des moyens commutateurs. 1 1
I 1111111 111111 11111 1111111liii *   C   L   N   S   *    21
EP0 534 761 Bi                  22 2. Systbme suivant la revendication 1,
dans loquel les  produire un signal d'actionnement de commutateur moyens de
regulation peuvent intervenir en reaction  lorsque chaque position de phase
et la position cor- A des signaux ayant rapport a chaque courant (IA.
respondante determinde par le signal de commande IBs IC) d'enroulement de
phase et au signal de sortie  base sur langle de commutation sont
coTncidentes. requ du moyen detecteur de position.       5 9. Systeme
suivant la revendication 4, 5 ou 6, dans K   3. Systeme suivant la
rovendication 1 ou 2, compre-  loquel le signal de sortie provenant du
moyen de nant un moyan a signal de vitesse (32) agence pour  detection de
position ost un signal periodique d'une produire un signal ayant rapport a
la vitesse de rota-  frequence ayant rapport A la vitesse de rotation et a
tion du rotor.                             10    la position angulaire du
rotor de la machine, le sys- teme comprenant, en outre, un multiplicateur
de fre- 4. Systeme suivant la revendication 3, comprenant des  quence (34)
destine a augmenter la frequence de la moyens pour deduire le signal ayant
rapport a a   sortie provenant du moyen de detection de position vitesse de
rotation du rotor du signal de sortie pro-  appliquee au moyen de
determination de position de venant du moyen de detection de position.  15
phase. 5. Systemo suivant la revendication 3 ou 4, compre-  10. Systeme
suivant l'una quelconque des revendica- nant une memoire (35) reagissant
aux moyens A     tions precedentes, dans loquel les moyens de regu- signal
de vitesse et au signaux indiquant la charge  lation peuvent etre utilises
pour modifier I'angle de sur la machine, la memoire contenant des signaux
20  conduction des moyons commutateurs dans le de commande en fonction de
l'angle de commuta-    mode A courant continu. tion destines A actionner
les moyens commutateurs a des positions angulaires predetorminees des  11.
Systeme suivant l'une quelconque des revendica- poles du rotor dans chaque
periode de phase pour  tions precedentes, dans loquel les moyens de regu-
une vitesse de rotor et une charge de machine don- 25    lation peuvent
etre utilises pour modifier l'angle de nees.
mise on circuit des moyons commutateurs dans le mode-A courant continu. 6.
Systeme suivant la revendication 5, dans lequel la memoire contient une
table de consultation d'angles  12. Systbme suivant 'une quelconque des
revendica- de mise on circuit et de mise hors circuit des moyens  30
tions precedentes, dans lequal les moyens de regu- commutateurs, du rotor
par rapport au stator, qui  lation peuvent etre utilises pour modifier
l'angle de sont accessibles en fonction de la vitesse de la  mise hors
circuit des moyens commutateurs dans le machine et de la charge sur
celle-ci.             mode a courant continu. 



7. Systeme suivant la revendication 3 ou 4, compre- 35 13. Systbme suivant
l'une quelconque des revendica- nant des moyens de traitement (35)
reagissant A des  tions precedentes, dans loquel les moyens de regu-
signaux regus du moyen a signal de vitess et A des  lation peuvent etre
utilises pour amener les moyens signaux indiquant la charge sur la machine,
les   commutateursa decouperchaque courant de phase moyens de traitement
pouvant Otre utilises pour pro-  pendant un angle de conduction
correspondant duire des signaux de commando en fonction de  40  dans le
mode A courant continu. I'angle de commutation (9on; Ooff) destines A
action- ner les moyenscommutateurs A des positions angu-  14. Systhme
suivant l'une quelconque des revendica- laires predeterminees des p6les de
rotor dans cha-  tions precedentes, dans loquel les moyens de regu- quo
periode de phase pour une vitesse de rotor et  lation peuvent Otre utilises
pour regler la tension au une charge de machine donnees, les signaux de  45
moyen d'une modulation de largeur d'impulsions ou commando etant obtenus a
partir de lois de regula-  de frequence d'impulsions. tion preprogrammeos
memorisees dans les moyens de traitement.
15. Systeme suivant l'une quelconque des revendica- tions pricidentes, dans
loquel les moyens de regu- 8. Systeme suivant la revendication 5, 6 ou 7,
compre- 50    lation sont agoncis de manibre Afoumirchaque ten- nant, en
outre, un moyen de determination de posi-  sion de phase appliquee sous
forma d'impulsions tion de phase (34) auquel le signal de sortie prove-
dont au moins une partie est modulee pour regler nantdu moyen dedetection
de position est applique,  les volts-secondes appliqubs. et un comparateur
(36) pour chaque phase, agence de manibre A comparer chaque position de
phase  55 16. Systbme suivant lune quelconque des revendica- detectee,
provenant du moyen de dbtermination de  tions pricidentes, agenci de
manibre A rbgler la position de phase, avec les signaux de commande
vitesse ou le couple d'un moteur a reluctance coin- basis sur langle de
commutation et de maniere a   mute. 12               I 1111111 111111 11111
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24 17. SystAme suivant la revendication 16, dans loquel la  rotation du
rotor & partir du moyen a signal de retroaction negative est utilisee pour
regler la  vitesse. vitesse ou le couple du moteur a reluctance corn- mute.
24. Proced6 suivant la revendication 21, 22 ou 23, dans 5     lequel le
signal indiquant la vitesse de rotation du 18. Systeme suivant I'une
quelconque des revendica-  rotor est obtenu A partir du signal de sortie
provenant tions 1 a 15, agenc6 de manikre A regler le courant  du moyen de
detection de position. etfou la tension produite d'une generatrice A reluc-
tance commutee.                               25. Proc6d6 suivant I'une
quelconque des revendica- 10    tions 21 & 24, compronant I'application de
signaux 19. Systbme suivant la revendication 18, dans loquel la  indiquant
la vitesse angulaire du rotor et la charge retroaction negative ost
utilisee pour regler le cou-  sur la machine a une memoire (35) reagissant
aux rant etlou la tension produite de la generatrice A  signaux appliques
de maniere A produire des reluctance commut6e.
signaux de commande bases sur I'angle de commu- t5    tation destines A
actionner les moyens commuta- 20. Systeme suivant I'une quelconque des
revendica-  tours a une position angulaire predeterminee des tions 1 A 19,
dans loquel les moyens de regulation  poles de rotor dans la p6riode de
phase ou dans peuvent etre utilises pour regler la machine en equi-  chaque
periode de phase pour une vitesse de rotor librant les volts-secondes
positifs appliques a   et une charge de machine donnees. l'enroulement de
phase ou A chaque enroulement 20 de phase avec les volts-secondes negatifs
appli-    28. Procede suivant l'une quelconque des revendica- ques audit
enroulement de phase afin d'empOcher   tions 21 A 24, compronant le
traitement de signaux la croissance de flux progressive.
ayant rapport au courant d'enroulement de phase ou A chaque courant
d'enroulement de phase et A 21. Procede de regulation d'une machine a
reluctance 25    la position angulaire d6tect6e du rotor en temps r6el
commut6e presentant un rotor comportant des       dans le moyen de
traitement (35), le moyen de trai- poles de rotor, un stator definissant un
ou plusiours  tement produisantdessignauxdecommande bases jeux de p81es de
stator et un ou plusiours enroule-  sur I'angle de commutation destine a
actionner les ments de phase associ6s chacun a un jou respectif  moyens
commutateurs A des positions angulaires des joux de poles de stator, le
proc6d6 comprenant: 30  predetermin6es des p8les de rotor dans la periode 



de phase ou dans chaque periode de phase pour la regulation de la tension
aux bomes des     une vitesse de rotor et une charge de machine don-
enroulements de phase par I'actionnement      nees, les signaux de commando
etant obtenus a selectif des moyons commutateurs (t), et      partir de
lois de regulation preprogrammees memo- 35    risees dans le moyen de
traitement. Ia detection de la position angulaire du rotor par rapport au
stator,                         27. Procede suivant la revendication 25 ou
26, compre- nant la determination de la position de phase par caractdrise
par la regulation de la machine dans  rapport a chaque periode de phase de
stator A partir un mode de fonctionnement A courant continu  40  de la
position detectee du rotor et la comparaison dans lequol le courant dans
chaque enroule-    de la position de phase avec les signaux de com- ment de
phase est non nul dans toute sa       mande bases sur l'angle de
commutation et la pro- p6riode de phase, les volts-secondes appliques
duction de signaux d'actionnement de commutateur aux enroulements dans
chaque periode de       lorsque la position de phase et les signaux de com-
phase etant regles en reaction A la position  45  mande basas sur l'angle
de commutation sont coin- angulaire detectee du rotor afin d'empOcher la
cidents. croissance de flux progressive dans les enrou- lements de phase
par la commutation.       2& Proc6de suivant l'une quelconque des
revendica- tions 21 a 27, dans loquel le signal de position 22. Proced6
suivant la revendication 21, dans lequel les 50  detecte est un signal
periodique, presentant unefr6- volts-secondes positifs appliques a
l'enroulement  quence ayant rapport A la vitesse de rotation et a la de
phase ou A chaque enroulement de phase sont    position angulaire du rotor,
le procede comprenant, equilibres au moyen des volts-secondes negatifs   en
outre, la multiplication de frequence du signal de appliques audit
enroulement de phase afin d'empe-  position mesur6 avant qu'il ne soit
utilia4 pour deter- cher la croissance de flux progressive.    55     miner
la position de phase. 23. Procede suivant la revendication 21 ou 22,
compre-  29. Proced6 suivant l'une quelconque des revendica- nant
l'obtention d'un signal indiquant la vitesse de  tions 21 A 28, dans lequel
la tension appliquee A    25                EP 0 534 761 B1
26 I'enroulement de phase ou a chaque enroulement de phase est fournie sous
laforrme d'impulsions dont une partie est modul6e pour regler les
volts-secon- des appliques. 5 30. Proc6d6 suivant I'une quelconque des
revendica- tions 21 a 29, comprenant le fonctionnement de la machine en
tant que moteur dont la vitesse ou le couple est reg16. 10 31. Proced6
suivant l'une quelconque des revendica- tions 21 a 30, comprenant le
fonctionnement de la machine en tant que generatrice dans laquelle la
tension de sortie est regle. 15 20 25 30 35 40 45 55 14    


