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ACTUATION AND CONTROL METHOD AND DEVICE, PARTICULARLY FOR      SYNCHRONOUS
PERMANENT-MAGNET MOTORS      Technical Field          The present invention
relates to an actuation and      control method and to the corresponding
device, particularly      for permanent-magnet synchronous motors.
Background Art           Synchronous motors are AC motors which rotate at a
5 fixed rate, known as synchronous rate, which depends on the
frequency of the supply voltage and on the number of poles      of the
motor.           Synchronous motors  are  generally  substantially
constituted by a rotor, having a ring of magnetic poles  10 excited with
direct current (inductor), and by a stator,      constituted by a laminated
magnetic core; the armature      winding is located in the internal
peripheral region of said      core, within grooves formed therein, and is
connected to the      AC supply line by means of terminals.  15      In the
particular case of permanent-magnet motors, the      inductor is
constituted by a permanent magnet, generally      made of alnico or
magnetized ferrite, instead of by poles      excited with DC current.
Small permanent-magnet synchronous motors are currently  20 in widespread
use owing to their simplicity and low cost and    are usually used for low
power levels.          The synchronous motor, however, entails some
drawbacks.     First of all, it is not possible to predict the starting
rotation direction; moreover, the static torque offered is  25
substantially weak, making startup sometimes difficult even    in the
presence of relatively small loads.     



2   expensive and therefore cannot be used conveniently in  motors which
must have a modest cost, such as for example  those designed for pumps or
similar devices.      In many cases, the use of these systems entails
structural modifications to the motor, making their use  impossible in
normal mass-production.      A principal aim of the present invention is to
allow  the startup of a synchronous motor so as to select the  preferred
rotation direction and provide a high static  torque. These characteristics
can be achieved by means of an  electronic  device  which  is  particularly
simple  and  economical   and   uses   an   appropriately   programmed
microcontroller. This solution allows to minimize the use of  discrete
external components, to the full advantage of  circuit simplicity,
reliability, and costs.      The above aim and other objects which will
become  apparent hereinafter are achieved by a method for actuating  and
controlling electric motors, particularly for permanent-  magnet
synchronous motors powered by alternating current  supplied by a supply
mains and comprising a permanent-  magnet  rotor  and  a  stator  which  is
provided  with  corresponding exciter windings, characterized in that it
provides,  for  the  power  supply  of  said  stator,   the  modulation of
the alternating mains voltage by applying  thereto, through single-pole
solid-state switches driven by  microprocessor means, a DC component so as
to correct the  magnetic alignment of said rotor, said switches being
adapted to adjust on command the starting rotation direction  as well as
the torque and synchronous rate values of said  motor.
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2a        The above aim is also achieved by a device for  actuating and
controlling electric motors, particularly for  permanent-magnet
synchronous  motors  supplied   by  an  alternating voltage provided by a
power supply mains and  comprising a permanent-magnet rotor and a stator
provided  with corresponding exciter windings, further comprising a
position sensor acting on said rotor, and microprocessor-  based control
means arranged between said mains and said  stator and connected to said
position sensor, said means  being adapted to modulate the AC mains voltage
by applying  DC components to said AC voltage, so as to start rotation in
a preset direction according to the polarity of said DC  component,
characterized in that said microprocessor-based  control  means  are
provided  with a  memory  in  which  a  plurality of curves are stored for
driving solid-state  switches acting on said motor.      The following
characteristics are among the advantages  of the present invention and are
listed by way of non-  limitative example.      With the method and
corresponding device according to  the present invention it is possible to
vary the rotation  rate of a synchronous motor through a frequency
variation,  gradually passing from the motor rotation rate to a preset
rotation rate. This is achieved by means of a ramp time  which is
calibrated (according to the characteristics of the  motor) so as to
maintain synchronism.      It is possible to correct the induction on the
stator  by means of a curve which is preset in the EPROM of the
microcontroller  (also  referenced  to  as   pcontroller  hereinafter).
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3     microcontroller (also referenced to as [err]controller
hereinafter).           It is possible to implement various curves, which
are      selected automatically by the microcontroller by means of   5
dedicated software, according to the operating conditions of      the
motor, for example as a function of the load, of the      time required to
reach a certain rotation rate, etcetera.          In other words, the
[err]controller contains software which      contains the information
required to define the curve which  10 is most adapted to the operating
conditions of the motor.           The stator current is controlled in
order to correct      the induction curve and to protect the permanent
magnet.           There is provided a launching procedure and a
presetting operation by using DC current which is modulated  15  so as to
avoid demagnetizing the rotor magnet.           The  rotation direction and
the position of the motor      are also controlled by means of sensors.
Brief Description of the Drawings           The characteristics of the
present invention, according      to the above aim and objects, can be
clearly determined from  20  the content of the appended claims, and its
advantages will      become apparent from the following detailed
description,      given with reference to the accompanying drawings, which
illustrate a purely exemplifying and non-limitative      embodiment
thereof, wherein:  25      figure 1 is a schematic embodiment of a
permanent-    magnet synchronous motor;          figures 2 and 3 are views
of possible circuit diagrams     related to devices for the actuation and
control of     synchronous motors according to the present invention;
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4          figures 4 and 5 are views of possible flowcharts      related to
methods for the actuation and control of electric      motors according to
the present invention;           figures 6 and 7 are respectively a view of
a further  5 circuit diagram related to the device according to the
present invention and a diagram related to possible     waveforms which can
be used to control and drive the motor.     Ways of carrying out the
Invention          Figure 1 schematically illustrates a synchronous motor
generally designated by the reference numeral 1. The motor 1  10 comprises
a permanent-magnet rotor 4 arranged between the     poles 3, whereon
corresponding exciter windings 2 act. In     order to perform measurements
on the rotor 4, at least one     position sensor 5 is provided, for example
of the Hall-     effect type. It is of course possible to provide a
plurality  15 of sensors (for example two such as those designated by S1
and S2 in figure 6) and said sensors can be of another kind,      provided
they are adapted to detect the position-motion of      the motor.
One of the possible embodiments of the invention  20 provides, as shown in
figure 2, for the use of a circuit     based on a microprocessor 7 (also
referenced to as     microcontroller or [err]controller 7 in the present
description), which is electrically connected to the power     supply
circuit 8 of the motor (designated by M in figures 2  25 and 3) at
corresponding connecting points 9 and downstream      of a power supply 6.
In the illustrated example, the microprocessor circuit      7 is connected
to the Hall-effect position sensor 5 and to a      TRIAC component 10 which
is arranged, for example, in series       
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5       to the stator windings. The microcontroller 7 can have, or      be
connected to, a switch (not illustrated in the figures)      so as to
preset the intended rotation direction.           In the example of figure
3, a plurality of components   5  11 of the MOSFET type is provided as an
alternative to the      TRIAC device.           The  method  for  actuating
and controlling  the      synchronous motor can be divided schematically
into a      launching procedure and into a torque control procedure.  10
The launching procedure, described schematically by the      flowchart of
figure 4, particularly in the first part of      said flowchart, can also
be used as a procedure which is      independent of subsequent procedures,
i.e., only to start      the motor in the chosen rotation direction. In
this  15  procedure, the stator is powered by means of a 50-Hz AC
voltage characterized by a DC component, the effective      voltage whereof
causes the rotor to be positioned in the      chosen direction. The
polarity of the DC component depends      on the chosen rotation direction.
The position sensor 5 is  20  capable of reporting to the microcontroller 7
that the rotor      4 has aligned, so as to promptly apply the symmetrical
in-      phase 50-Hz AC voltage, thus starting rotation in the chosen
direction.           Once the startup procedure has ended, it is possible
to  25  act so as to improve the intrinsically weak torque of the
synchronous motor. The above-described position sensor 5      measures, at
every 180[err] of rotation, the phase shift of the      rotor, which is
accelerating towards the synchronous      rotation rate, with respect to
the mains frequency.  30       Proportionally to said phase shift, the
microcontroller     
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6       7 sends to the stator a plurality of asymmetric waves      having a
DC component of the appropriate polarity (reference      should be made to
the flowchart of figure 3).  In this      manner, a very high static torque
is obtained which is 1.5+2   5 times the nominal synchronous torque.
With particular reference to figure 4, the method can      therefore
include a first step wherein position control is      performed and the
asymmetric component corresponding to the      chosen rotation direction is
injected. Then, on the basis of  10 a motion control, as illustrated by the
decision symbol of      figure 3, the half-wave corresponding to the
rotation      direction  is  injected  or,  as  an  alternative,  the
asymmetrical component corresponding to the rotation      direction is
injected again.  15      For particular applications requiring even higher
starting torques, it is possible to use, instead of the      TRIAC 11, a
solid-state switch characterized by the      possibility of perfectly
defining the polarity of the      applied wave trains, so as to reach
values which are 10  20 times the nominal synchronous torque. By means of
this last      configuration, instead of working with the mains AC voltage,
but by modulating a DC voltage (as provided in the diagram      of figure
5), the microcontroller 7 is also capable of      varying the synchronous
rate on command, generating an AC  25 voltage of appropriate frequency. In
this manner it becomes      possible to adjust the torque and rotation rate
values of      any synchronous motor by varying them within the mechanical
limits of said motor, even in the presence of a variable      load.  30
During the launching procedure and during rotation at  
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7       non-synchronous rates, the current absorbed by the stator is
1.5[err]2 times the nominal current. Accordingly, in case of      jamming
or prolonged operation at non-synchronous rates, the      motor is
controlled intermittently by the microcontroller,   5  with a duty cycle
having a preset value so as to avoid      taking the stator winding beyond
its temperature rating.          With particular reference to the flowchart
of figure 5,      there is a first process which relates-to position
control,      with rotation rate and direction selection. Then a DC  10
current,- the polarity whereof is selected according to the      measured
value, is injected. Then, depending on the result      of the motion
control, a sine wave having a lower frequency      than the selected one is
injected or the injection of DC      current of the previous step is
repeated.  15      The step for the injection of a sine wave  at a
frequency which is lower than the selected one is followed      by a motor
jamming control action; in case of jamming, the      motor is powered down
and a timer is started which keeps the      motor in this configuration for
a preset time (for example  20  10 seconds, as in the illustrated chart);
if jamming has not     occurred, position control is performed. If position
control      yields a negative result, the selected sine wave is repeated
with a reduced amplitude; if the result of the control is      positive, a
subsequent sine wave is instead injected, its  25  frequency rising until
the selected frequency is reached.           In other words, a device
provided according to the      present invention uses a microcontroller 7
which is      programmable (i.e., wherein dedicated resident software is
provided) combined with a rotor position sensor 5. The  30  microcontroller
7 is capable of modulating the AC mains   
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8      voltage by applying DC components so as to correct the     magnetic
alignment of the rotor 4, allowing it to start in     the preferred
direction. The stator winding is powered by     means of at least one
solid-state switch, which is series-  5  connected to the mains voltage and
is driven directly by the     microcontroller 7. As an alternative, it is
possible to     provide components of the TRIAC type 10 or of the MOSFET
type 11 or of other types (for example of the IGBT-type or     bipolar
transistors) at the rotor 4.  10     The present device (and the
corresponding method)     allows to increase the torque while the
synchronous rotation      rate is being reached by means of adapted wave
trains of      adequate polarity applied to the stator winding and
superimposed on the mains AC voltage.  15      The stator winding 2 can be
supplied with a DC voltage    which is  appropriately modulated  by means
of single-pole     solid-state switches which can regulate the starting
rotation direction as well as the torque and synchronous     rate values of
the synchronous motor.  20      In order to detect the position of the
rotor 4, it is     possible to use, as also mentioned earlier, two position
sensors which are arranged so that they can precisely      determine the
position of the rotor even in case of      momentary jamming during
rotation at the synchronous rate;  25  this particularity is useful  for
correctly  restarting      rotation in the same direction by means of
appropriate DC      components superimposed on the AC supply voltage.
It is also possible to limit the maximum current      absorbed by the
stator 4 during the startup procedure or  30  during rotation at
non-synchronous rates by means of an   
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9       appropriate modulation of the duty cycle of the applied      wave,
so as to protect the stator winding 2 from overloads.          With
reference to the example of figures 6 and 7, there      are provided four
components of the MOSFET type, designated   by the reference numeral 11 in
the main drawing, which are      controlled by the [err]controller 7
through a corresponding      driver logic unit. Accordingly, there are
provided four      drivers, designated by the reference signs A, B, C, and
D.      Figure  6 shows,  in  the  circled  details,  possible  10
alternatives to the MOSFETs, such as components of the      transistor type
11' and of the IGBT type 11".           Between the drivers A, B, C, and D
and the [err]controller      7, in the lower part of the drawing of figure
6, there is      provided a block 7' which represents the component that
15 supports the driver logic unit.          The reference numeral 71
designates the current      feedback connection between the circuit of the
motor and the      [err]controller 7; this control of the stator current
allows to      correct the induction curve and to protect the magnet of the
20 motor.         The stator switches are preferably driven according to
the waveforms illustrated in the accompanying diagram of     figure 7,
which shows the waveforms sent by the various     drivers, and by the
driver logic unit, as a function of the  25 rotation rates of the motor.
The current values are not linked in a linear fashion     to the rotation
rates but they are linked by a particular     curve which is stored in the
EPROM of the [err]controller 7; in     practice, dedicated software resides
in the [err]controller 7  30 and includes a plurality of curves related to
different   
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10     operating conditions of possible motors to be controlled and
actuated with the device according to the present invention.          In
summary, the device according to the present     invention allows full
control of synchronous motors as  5 regards the rotation direction, the
torque, and the     synchronous rate; these values can be adjusted
independently     and separately according to the applications, allowing
the     synchronous motor to have a wide range of applications which
are currently not possible, maintaining the characteristics     of
simplicity, economy, and reliability which are typical of     the
technology of said motors.         The invention thus conceived is
susceptible of numerous    modifications and variations, regarding both its
constructive characteristics and successions of steps  15 related to
flowcharts, all of which are within the scope of     the same inventive
concept. All the details may also be     replaced with other technically
equivalent elements.                                    CLAIMS       1. A
method for actuating and controlling electric  motors, particularly for
permanent-magnet synchronous motors  powered by alternating current
supplied by a supply mains  (8) and comprising a permanent-magnet rotor (4)
and a stator  (3) which is provided with corresponding exciter windings
(2), characterized in that it provides, for the power supply  of said
stator (3), the modulation of the alternating mains  



voltage by applying thereto, through single-pole solid-state  switches
driven by microprocessor means (7), a DC component  so as to correct the
magnetic alignment of said rotor (4),  said switches being adapted to
adjust on command the  starting rotation direction as well as the torque
and  synchronous rate values of said motor (1).      2. A method for
actuating and controlling electric  motors according to claim 1,
characterized in that it  comprises the steps of:  -- detecting the phase
shift of said rotor (4) with respect  to the mains frequency during the
acceleration of the  motor  whereby said motor reaches the synchronous
rate;  -- supplying, as a function of the detected phase shift, a
plurality of asymmetric waves or wave trains of preset  polarity to said
windings (2) of said stator (3), using  microprocessor  means  (7)  which
are  provided  with,   or  connected to, switch means so as to preset the
chosen  rotation direction before power-on.      3. A method for actuating
and controlling electric  motors according to claim 1, characterized in
that it  comprises the following successive steps:  a)  controlling,
through sensor means  (5)  which  are
12              arranged at said rotor (4) and act thereat, the position of
said rotor (4);                 b) injecting an asymmetric component which
corresponds             to the chosen rotation direction;                c)
controlling the motion of the rotor (4), moving on             to the
following step in case of a positive result and            returning to
step b) in case of a negative result;                 d) injecting a
successive half-wave which corresponds            to the rotation
direction.                4. A method for actuating and controlling
electric           motors according to claim 1, characterized in that it
comprises the following successive steps:                a) controlling the
position of said rotor (4) and            selecting the rotation rate and
direction; 



b) injecting a DC component having a polarity which is            selected
according to the value detected during the control            of the
previous step;                c)  controlling the motion of the rotor (4),
moving  on            to the following step in case of a positive result
and            returning to step b) in case of a negative result;
d) injecting a sine wave at a frequency which is lower           than the
one selected in step a);                e) verifying the operation of said
rotor (4), i.e.,            controlling any jamming thereof, moving on to
the following           step f) if jamming has occurred and moving on to
step g) if            jamming has not occurred;                f)
performing a shutdown of said motor (1) for a preset           period,
subsequently moving on to step a);                g) controlling the
position of the rotor (4), i.e.,  g) controlling  that  the intended
position has  been  reached,           moving on to the subsequent step if
the position is correct  and repeating the injection of the selected sine
wave with  reduced amplitude in case of incorrect position;       h)
injecting a subsequent sine wave of increasing  frequency until the
selected frequency is reached.       5.  A  method for actuating  and
controlling  electric  motors according to claim 1, characterized in that
the  torque is increased while the synchronous rate is being  reached by
means of appropriate wave trains of adequate  polarity, which are applied
to the stator winding (2) and  are superimposed on the AC mains voltage.
6. A method for actuating and controlling electric  motors according to
claim 1, characterized in that it uses  two sensors for the position of the
rotor (4) which are  arranged so as to allow to determine the position of
said  rotor even in case of momentary jamming during rotation at  the
synchronous rate, so as to be able to correctly restart  rotation in the
same direction by means of appropriate DC  components superimposed on the
AC supply voltage.       7.  A  method for actuating  and  controlling
electric  motors according to claim 1, characterized in that it 



provides for limiting the maximum current absorbed by the  stator (3)
during the startup procedure and/or during  rotation  at   non-synchronous
rates,  by  means  of   an  appropriate modulation of the duty cycle of the
applied  wave,  so  as  to protect the  stator  winding  (2)  against
overloads.       8.  A  method for actuating  and  controlling  electric
motors  according  to claim 1, characterized  in  that  said
microprocessor means (7) contain dedicated software  adapted
14          to automatically select a curve which can be used in
supplying  power  to  said  stator  (3)  according  to   the
operating conditions of the motor.              9. A device for actuating
and controlling electric         motors, particularly for permanent-magnet
synchronous motors         (1) supplied by an alternating voltage provided
by a power         supply mains (8) and comprising a permanent-magnet rotor
(4)         and  a  stator  (3)  provided  with  corresponding   exciter
windings (2), further comprising a position sensor (5)         acting  on
said rotor (4), and microprocessor-based  control         means (7)
arranged between said mains (8) and said stator         (3) and connected
to said position sensor (5), said means         being adpted to modulate
the AC mains voltage by applying DC         components to said AC voltage,
so as to start rotation in a         preset direction according to the
polarity of said DC         component,  characterized in that said
microprocessor-based         control  means  (7) are provided with a memory
in  which  a         plurality  of  curves  are stored  for  driving
solid-state         switches (1) acting on said motor (1).              10.
A device according to claim 9 characterized in that         said position
sensor (5) is of the Hall-effect type.              11. A device according
to claim 9 characterized in that 



it comprises at least one component of the TRIAC type (10)         arranged
and  acting  between  said  microprocessor-based         control means (7)
and said motor (1).              12. A device according to claim 9,
characterized in         that it comprises at least one component of the
MOSFET type         (11) arranged and acting between said
microprocessor-based         control means (7) and said motor (1).  13. A
device according to claim 9,  characterized  in           that  it
comprises at least one component of the  IGBT  type  arranged  and  acting
between  said   microprocessor-based  control means (7) and said motor (1).
14.  A  device according to claim 9,  characterized  in  that  it
comprises at least one component  of  the  bipolar  transistor  type
arranged   and   acting   between   said  microprocessor-based control
means (7) and said motor (1).       15. A device according to claim 12,
characterized in  that it comprises four MOSFET-type components (11) which
are  arranged and act between said microprocessor-based control  means (7)
and said motor (1) and are connected to, and/or  controlled by, said
microprocessor-based control means (7)  by means of a driver logic support
component (7').       16. The device according to claim 9, characterized in
that said memory is an EPROM-type memory.    


