
0072  597                         2 Description
two states which correspond to energization of the stator phase other than
that towards which The  invention  relates  to  a  self-starting        the
rotor is. mainly directed. brushless two-phase type d.c. motor comprising a
stator, a rotor and a commutating device which    5      This combination
of characteristic features results in a motor which comprises only one
includes a presettable energizing circuit for the      detector,      which
is self commutating during commutated energization of the stator phases and
a detection device with only one detector for     starting, and which does
not require any non- indicating the rotor position.  electronic starting
means, nor a separate detector indicating the rotor position. In brushless
motors commutation is effected     10   for starting only. The invention is
based on the insight that, electronically. Rotor-position  information  can
then be obtained by means of detectors, such as  although in a polyphase
motor the rotor position Hall elements. For polyphase motors satisfactory
cannot be detected unambigously by means of commutation and starting
characteristics are           only one detector, in a two-phase motor the
two obtained by the use of one detector per phase,   rotor positions that
cannot be distinguished by which detectors are circumferentially spaced in
means of one detector always correspond to one conformity with the number
of phases of the           specific stator phase, so that self-commutating
rotor. The disadvantage of this is that such        starting is possible
using only one detector. motors are comparatively expensive. Therefore,
A motor in accordance with the invention, the aim is to use only one
detector. Single-phase    20   which comproses p pole-pairs,  may further
be motors obviously employ one detector However, thesemotors have the
inherent disadvantage that      comprises  a  permanent-magnetic  member
the direction of rotation is undefined. Moreover     having 2p pole-pairs,
which member: is rotatable the direction of rotation is undefined.
Moreover,      in synchronism with the rotor and in that the starting
situation may be such, that upon. energization, the rotor. is in a stable
position  25   detectorcomprises a magneto-senstiveelement, which problem
may also occur in polyphase             specifically a Hall element. This
embodiment may further be characterized motors. The two problems can be
overcome by mechanical means, such as the provision of a          in that
the presetting circuit comprises a polarity "detent position", for example
by ensuring by        detector for detecting the polarity of the magnetic s
aal g that temotor.   30 .field sensed by the magneto-sensitive element
detected stops in a position in which starting is possible in. a
predetermined direction. However, the draw-         polarity with the state
of the energizing circuit. back of mechanical and/or magnetic means is that
The undefined  starting  direction  of some such means also adversely
affect the steady-state      motors in accordance with the invention is not
a behaviour of the motor. In order to permit the use    35   problem for
some uses. If a specific direction of of only one detector in polyphase
motors,              rotation is required, an additional advantage of a
specifically three-phase motors, it has therefore      solution in
accordance with the invention will been proposed to start the motor by
means of a.        become apparent: in the motor in accordance rotating:
auxiliary field. This has the disadvantage:  with the invention the correct
direction of rotation that, during starting, the motor is not self-    40
can be guaranteed in a simple manner. For this commutating   and
consequently   exhibits            purpose a preferred embodiment of the
invention unfavourable starting characteristic. The problem.     may
further be characterized in that the pre- in the starting situation is
solved in a motor        settable energizing  circuit is preset to  the
according to DE-OS 24 28 718 where one rotor           switching sequence
corresponding to the desired position detector is used to bring the rotor
to a    45   direction of rotation of the rotor and can be predetermined
rest-position before starting it. In   switched, in accordance with  a
cyclic per- that motor one position detector for starting only
mutation, under command  of commutation is used and other measures have to
be taken for       signals, regardless of the actual direction of
commutation and further a test arrangement is         rotation of the
rotor. This further characteristic provided to switch-off the starting
circuit after    50  feature is based on the insight that when the start.
motor is.. started  commutating  pulses  are. The invention aims at
providing a brushless          generated as' a result of the
self-commutating motor which is self-commutating during starting,
starting behaviour of the motor in accordance thereby enabling it to be
started by purely           with the invention. By electronically laying
down electronic means without the need for a separate    55   the switching
sequence of the motor phases it is rotor position-detector for starting
only.            achieved  that the phases are consecutively To this end
the invention is characterized in that  energized in the correct sense,
even in the case of the detector is arranged to distinguish which of
an incorrect starting direction. In the case of such the two stator phases
the rotor is mainly directed    an incorrect starting direction the
rotating stator towards and when commutation has to take    60   field and
the rotor which rotates in the opposite place, and in that the motor
comprises a pre-         sense "meet'.' each other and the rotor locks in
setting circuit adapted to be controlled by the-    after a maximum of two
commutations. In the 



detection device for setting the energizing circuit  case of a p-pole motor
the maximum rotation in at least when the rotor is stationary, to one of
the     the incorrect direction. is equal to substantially 65    [err]
rotor position is compared with the energizing condition at the instant of
starting However, p                                 regardless of the
energizing condition which would occur up on starting of the motor, it is
For many uses, such as motors in cassette          5    alternatively
possible to set the energizing circuit recorders; such an incorrect
starting motion            to one of the two possible correct states
depend- presents no problem  at all. It may then . be           ing on the
detected rotor position during build-up advantageous that the presettable
energizing-.          of the supply voltage. For this purpose a third
circuit comprises a control input and is adapted to     version of the
preferred embodiment of the preset the switching sequence to one of the two
to   invention  is characterized  in that there are possible directions as
a function of a signal on        provided means for detecting the
application of a said control input in order to render the direction
supply voltage, in that the presetting circuit of rotation of the motor
reversible.                    comprises a polarity detector for detecting
the This preferred embodiment may further be               polarity of the
magnetic field sensed by the characterized  in  that the  detection  device
15    magneto-sensitive element, and a first gate circuit. comprises  a
permanent-magnetic  member                for comparing the detected
polarity with the state having 2p pole-pairs, which member is rotatable
of the energizing circuit and, after detection of the in synchronism with
the rotor, in that the detector     application of a supply voltage,
setting the ener- comprises a magneto-senstive element, specifi-
gizing circuit to a state which is in conformity with cally a Hall element,
and in that there is provided  20   the detected polarity. a
commutating-signal generator for generating commutating signals for the
energizing circuit in         In this third version these steps also ensure
synchronism   with the  magnetic-field polarity         correct starting.
Since the commutation may be synhronism with the magnetic-field polarity
disturbed by spurious pulses and this is not. changes detected by the
detector. changes detected by the detector.        readily corrected as in
the first and second A first version of said preferred embodiment    25 may
be characterized in that the presetting circuit     are taken in this third
version. A suiabe solution comprises a polarity detector for detecting the
is then characterized in that there is provided a. polarity of the magnetic
field sensed by the magneto-sensitive element and a first gate circuit
second gate circuit for for comparing the detected polarity with the state
30    commutating signal unde comparator circuit of the energizing circuit.
A further characteristic feature is than that the        By suppressing the
next commutating pulse instead of generating an additional commutating
comparator circuit is adapted to supply additional.         it   is
aevedathat the   commutatini commutating signals to the energiziong
circuit. In      correct  immediat  Ine                spurious said first
version of the preferred embodiment of    35   imule  iprciallya
give   rioua the iventin an incorect rotor  position  is impulse will
practically always give rise to an the invention an incorrect rotor
position  is          additional commutation instead of suppressing a
corrected   by   supplying   an   additional            commutation,   that
it is more favourable to commutating pulse. A second alternative version of
the preferred         suppress a commutating pulse than to generate
embodiment of the invention may be charac-    40    an additional pulse.
terized in that the commutating-signal generator          It is
advantageous if the energizing circuit of the comprises a polarity detector
for detecting the         motor  in  accordance  with  the  invention
polarity of the magnetic field sensed by the            comprises a shift
register. A further characteristic magneto-sensitive element and a gate
circuit for        feature is that the shift register has an adjustable
comparing the detected polarity with the state of    45   shifting
direction. Thus, the direction of rotation the energizing circuit and
generating a commutat-       of the motor can be selected in a simple
manner. ing signal if said state does not correspondtothe      With respect
to its construction, the motor in detected polarity. In this version
thecommutating      accordance with the invention may further be signal is
supplied by the presetting circuit. This      characterized by version is
based on the insight that each commu-    50    a rotor having a cylindrical
permanent magnet tation is in fact preceded by an "incorrect"
which is magnetized to have substantially 2p- energizing condition. Indeed,
the output signal of      poles, the position detector changes, at the
commu-              a stator having two-phase windings, arranged tation
instant, whilst the energizing condition of     coaxially with the rotor
inside the cylindrical the stator changes only shortly afterwards. This
55    permanent magnet, means that the rotor position and the energizing
a wiring support secured to the stator, to which condition briefly do not
correspond to each other,      support the stator windings are connected,
and which non-correspondence can be signalled by              a substrate
arranged on the wiring support, on 



the presetting circuit. In the present version this is  which substrate at
least the magneto-sensitive utilized by having the presetting circuit
generate     element is arranged in such a way that said the commutating
pulses in the case of these             element is disposed within the
magnetic range of apparently incorrect rotor positions, so that a
influence of the end face of the cylindrical separate commutating-pulse
generator may be        permanent magnet which faces said support, the
ispens                                                 permanent magnet
being provided with a 4p-pole In said first and second version the detected
65   magnetization at the location of said end face.    0 072 597
6 The invention will now be described in more           of the stator coil
[err]gives rise to starting problems detail with reference to the drawings,
in which          are compared with the positions of the positior Figure 1
schematically represents the principle       encoder 2 coupled thereto, it
is found that starting of the motor in accordance with the invention,
is problematic when the field sensor H senses an Figure 2 is a diagram to
explain the operation of    5    S-magnetization of the position encoder 2.
A the motor of Figure 1,                                  similar
comparison carried out for energization of Figure 3 shows a first version
of the circuit 4 in    the stator coils [err], [err] and [err] shows that
when the the motor of Figure 1,                                  field
sensor H senses an S-magnetization starting Figure 4 shows an alternative
to a part of the        is problematic upon energization of coil [err]
circuit of Figure 3,                              to   and that -when the
field sensor H senses an Figure 5 shows a second version of said circuit.
N-magnetization starting is problematic when coil 4
[err] or [err] is energized. In accordance with the Figure 6 shows a third
version of said circuit 4      invention starting can be guaranteed by
construc- and                                                     ting the
energizing circuit 4 so that the said Figure 7 is a sectional view of a
preferred    15   combinations of energization of one of the coils [err]
embodiment of the invention.                            to 14 and the
polarity of the field from the position Figure 1 schematically represents a
motor with    encoder 2 sensed by the field sensor H for which energizing
circuit in  accordance  with  the            starting gives rise to
problems are excluded. The invention. The motor has a rotor 1, which in the
motor will then always start though with an present example is magnetized
to have two poles    20    undefined direction of rotation. (N.S). The
rotor position is specified by an angle       A specific direction of
rotation can be obtained (p, which in the condition shown is zero. The
by designing the energizing circuit 4 so that the stator comprises four
coils [err], [err], [err] and [err] with      energizing sequence of the
coils [err] to [err] is fixed, connections 5, 6, 7 and 8 respectively. A
position      for example the sequence L,, L2.  3, [err] for encoder 2,
which is magnetized to have four    25    clockwise rotation, switching to
the next coil in poles, is mechanically coupled to-or arranged
said sequence being effected under command of on-the rotor 1. A field
sensor H, specifically a        the field sensor H. Thus, after starting a
rotating Hall element, is in magnetic contact with said          field is
obtained in a specified direction, regard- position encoder 2. The position
of the position        less of the starting direction of the rotor 1, so
that encoder 2 and sensor H relative to the rotor    30    upon starting of
the rotor in the incorrect direction position is such that the sensor H.
detects polarity    the rotor position will be in conformity with the
changes via the position encoder 2 at those rotor       energization and
the rotor locks in to the rotating positions [err] where commutation of the
ener-             field and begins to rotate in the correct direction
gization of the stator coils [err] is most   after half a revolution at
most. If, for example, coil appropriate, that is, approximately  at the
35    L4 in the configuration shown in Figure 1 is positions [err]output
energized when the position of the rotor 1 is as signal of the field sensor
H is applied to an input 3   shown, the energizing. circuit 4 being set to
of an energizing circuit 4, which energizing circuit.   clockwise
energization, the rotor 1 will begin to 4 in turn energizes each of the
stator coils [err]  revolve in the anticlockwise direction. At [err] and
[err]                                         40    commutation is effected
under command .of the Figure 2 shows the variation [err] sensor H and coil
[err] is energized, so that the rotor of the torque T exerted on the rotor
1 as a function    motion is braked and the direction is reversed. of the
rotor position [err] upon energization of the       The rotor then
continues to the position [err] coils [err], [err], [err] and [err]
respectively, and the field (N,  at which instant coil [err] is energized
and the rotor S) of the position encoder 2 sensed by the field    45.
locks in to the clockwise rotating field. The sensor H as a function of
said rotor position [err].       maximum  rotation in the incorrect
direction is If upon starting of the motor-after application       less
than 180, namely the rotation from [err] of a supply voltage or after
blocking of the            to [err]. For many uses such as in cassette
rotor-a specific coil is energized, the rotor will or   recorders this
incorrect rotation upon starting will not begin to revolve depending on the
50    presents no problem. instantaneous position [err]. If, for example,
coil [err] is     Figure 3 shows an example of the energizing energized,
the diagram of Figure 2 shows that the       circuit 4 (see Figure 1),
which together with the torque exerted on the rotor is zero at [err]. An
field sensor H. may be incorporated in one inte- unstable position of
equilibrium for which [err] is       grated circuit. The circuit comprises
a circuit 12 found at [err], in which position the motor will   55    which
is cyclically switched under command of a not start in the loaded
condition. For rotor            pulse on an input 13, for example a 4-bit
shift positions [err] between [err] and [err] and those            register
which is coupled end-around and in between [err] and 270 the rotor will be
drawn           which one logic "one" and three logic "zeros" are 



towards the position of equilibrium  [err]           stored. Thus, one of
the four outputs [err] to 04 of Outside this range of [err] the rotor will
also  60   the circuit 12 is always energized differently. The be attracted
towards [err] but commutation is         four outputs [err]  to [err] are
connected to the effected at the appropriate instant when at
terminals 5 to 8 of the coils [err] to L4, as the case [err] the field
sensor H senses a          may be via buffer amplifiers 14 to 17, so that
field change via the position encoder 2.               always one of the
coils [err] to [err] is energized The. When the rotor positions for which
energization  65   shift register 12 has a fixed shifting direction, 4    7
0 072 597 which is for example optionally presettable by the   of the shift
register 12 are then connected to application of one of two possible logic
levels to   switches [err] and [err] respectively, which an input 24. This
ensures that the coils [err] are   switches may be formed by means of logic
gates... energized in a predetermined sequence. By            In the
positions of the switches [err] to [err] shown, making the shifting
direction of the shift register    5    the situation is then as shown in
Figure 3, whilst 12 adjustable it is possible to select the direction  in
the other positions of said switches (the of rotation of the rotor by
applying the logic level  positions shown dotted) the outputs [err] which
corresponds to the desired direction of        and [err] are connected to
the buffer amplifiers 15, rotation to the input 24.         .
16, 17 and 14, respectively, so that the energizing The shift register 12
is advanced under control   10   condition is shifted by one position in
the of pulses on input 13. In order to synchronize this  specified
direction. The switches [err] to [err]are shifting with the rotor motion
the signal supplied   controlled by the output signals of AND-gates 20 by
the field sensor H is applied to a pulse shaper 9  and 21, which signals
are combined by means of via input 3, which pulse shaper produces a pulse
the OR-gate 41. on input 13 upon the occurrence of each field   15     In
the circuit arrangement of Figure 3 steps transition which is detected,
that is at the desired  must be taken to prevent an undesired pulse from
commutation instants when the rotor position [err]      being formed by the
pulse shaper 22 as a result of is 45', 135', 2250 or 31 50, so that
self-commutating  the non-simultaneous change-over of the shift operation
of the motor is possible.                  register 12 and the detectors 10
and 11. This is for In order to prevent the stator coils from being    20
example possible by the use of clocked logic. energized in such a way that
the motor does not      Another possibility is to utilize this situation by
start, the polarity of the field sensed by the field  removing the pulse
shaper 9 and the OR-gate 23 sensor H is compared with the position of the
shift  from the circuit of Figure 3 and connecting the register 12, as has
been explained with reference    pulse shaper 22 to the input 13 of the
shift register to Figure 2. For this purpose the signal from the    25
12, which alternative is shown in Figure 5. The field sensor H is applied,
via input 3, to a detector  circuit then, operates in the same way as
regards 10 which detects a signal corresponding to N-        undesired
rotor positions. As regards the commu- magnetization, and to a detector 11
which detects     tation the circuit then operates in that at the a signal
corresponding  to  S-magnetization.         instant that the polarity of
the signal on input 3 Whether coil [err] or coil [err] iS energized is
detected    30    changes the shift register remains in the same by means
of an OR-gate 18 connected to outputs       state. This is detected by
AND-gate 20 or 21 in the [err] and [err] and whether coil [err] or coil
[err] is          same way as is an incorrect position of the shift
energized is detected by means of an OR-gate 19      register and a pulse
is applied to input 13 of the connected to outputs [err] and [err]. The
output           shift register 12 by pulse shaper 22. signals of the
detector 10 and OR-gate 18 are   35     in the circuit arrangement and the
alternatives applied to an AND-gate 20 and the signals from       described
in, the foregoing an additional pulse detector 11 and OR-gate 19 are
applied to an         which advances the shift register 12 by one
AND-gate21.TheoutputsignalsoftheAND-gates            position is applied to
the shift register each time 20 and 21 are combined,for example by means of
that a spurious pulse appears. Since spurious arn 'OR-gate or, as is shown
- in Figure 3, by    40    pulses are generally additional pulses and do
not interconnecting the outputs ("wired-or"). This      suppress a desired
pulse, this results in the shift combined output signal 'is an indication
of an       register 12 being advanced by two steps in total, impermissible
energizing condition, that is a        which temporarily gives rise to the
same situation condition in which the energization can keep the     as
described in the case of starting in the wrong rotor in a position in which
the torque T=O, so    45    direction. This may not be a problem if the
risk of that the motor does not start. A method 'of          spurious
pulses occurring is minimized, for eliminating  the  impermissible
energizing          example by electronic means-such as generat- condition
is then, for example, to set the shift  ing time windows for blocking
pulses during time register 12 to a position corresponding to a
intervals in which no commutating pulse can permissible condition, which in
the example of   50    occur. However, in cases in which such a situation
Figure 3 is achieved by advancing the shift          must be precluded, the
circuit arrangement of register 12 by one additional position. For this
Figure 3 may be modified to suppress the next purpose the combined output
signal of the AND-       pulse supplied by the pulse shaper 9, instead of
gates 20 and 21 is applied to a pulse shaper 22      generating an
additional pulse, under command which,  upon the occrrence of such an
imper-   55    of theAND-gate 20 and 21, which modification is missible
condition, supplies a pulse which is       shown in Figure 6. added to the
output signal of the pulse shaper 9        In comparison with the version
of Figure 3 the 



by  means of an OR-gate 23, so that an. additional    OR-gate 23 has been
replaced by an AND-gate 45 shifting pulse appears on input 13 of the shift
having an inverting input which is driven by the register l2.
60     output signal of the AND-gates 20 and 21. .An alternative to this
method is obtained by for       However, this method fails during starting
when example, removing the pulse shaper 22 (and OR  the motor is still
stationary. if the initial energizing gate 23) from the circuit of Figure 3
and by            condition is a condition in which the rotor is in a
completing the remainder with the circuit section  stable position, the
pulse shaper 9 initially does shown in Figure 4 The outputs [err] and [err]
65   not supply 3 pulse, so that said pulse cannot be 5    suppressed. A
solution to this is to set the shift      its cylindrical portion. The
stator is secured to said register to a position which corresponds to a
bottom plate 25 inside said cup and magnet 28,29 desired position under
control of the detectors 10      and comprises a lamination assembly (30,
30') and 11 during the build-up of the supply voltage.       forming poles,
and coils (32, 33). A printed circuit If during the build-up of the supply
voltage the  5    board 34 in which pins, such as the pin 37 shown detector
10 is activated, the shift register 12         in the present
cross-section, are mounted is should be set so that output [err] or [err]
goes high         secured to  the stator. The stator coils are whereas if
the detector 11 is activated the shift       connected to these pins
(connection 36). The register 12 should be set so that output [err] or
[err]       printed circuit board also accommodates an goes high.
10   integrated circuit 35, which comprises the ener- In comparison with
the circuit of Figure 3, the       gizing circuit 4 and the field sensor H
(in the circuit of Figure 6 therefore also comprises a          present
case a Hall element). supply-voltage detector 46, which supplies a
In order to arrange said Hall element as near as pulse at the instant that
the supply voltage          possible to the rotor magnet 29 the integrated
appears on terminal [err]. This pulse is compared    15   circuit 35 is
arranged in an opening in the p.c. with the output signals of the detectors
10and 11       board 34. A projecting part 31 of said printed by AND-gates
47 and 48 respectively. The output         circuit board comprises
connection facilities for signals of the gates 47 and 48 are applied to
the supply voltage and, as the case may be, an respective set inputs [err]
and S2 of the shift register  input 24 (for adjusting the direction of
rotation) to energize output [err] or [err] respectively. This   20
and/or 40 (for adjusting the speed) (see Figure 3). ensures that, when the
detector 10 is actuated          The magnet 29 is radially  magnetized. The
during application of the supply voltage, the shift     position encoder 2
is formed by providing the register is set so that output 6 is energized
and,      side of the permanent magnet 29 which faces the when the detector
11 is actuated, so that output 5      printed circuit board 34 with locally
different is energized.                                     25
magnetizations, which  does not significantly The circuit of Figure 3-is so
far as already          influence the motor operation whilst the main
described-as well as other versions may be              field of magnet. 29
does not perceptibly. influence provided with a useful extension,
especially when       the output signal of the Hall element. In a these
circuits are integrated. This extension           particular example the
motor comprised 6 poles utilizes the the fact that the signal generated by
the    30    and the position encoder consequently 12 poles. field sensor H
can also be used as a tacho-signal.        In general the invention may be
used in a For this purpose said signal or, as is shown in'        tw-phase
motor having p pole-pairs and a Figure 3, the output signal of pulse shaper
9 may'      position encoder with 2p pole-pairs. It is to be be applied to
a control circuit 39 to which a           noted that a motor as is shown
schematically in control signal can be applied via an input 40   35
Figure 1 is sometimes referred to as a four-phase Especially in the case of
speed control the             motor, the motor being a two-phase motor when
frequency of the pulses' supplied by the pulse          the coils [err] and
L3 as well as the coils [err] and [err] are shaper9 can be determined in
the circuit 39 using,      connected in series. Each of the two series for
example, a frequency-voltage converter and          arrangements can then
be energized in both mat be compared with a d.c. control signal which    40
senses. In this application the term applied "two- is, for example,
supplied by a reference source 42       phase" relates to both types of
motor. Further- incorporated in the same integrated circuft. In        more
it will be appreciated that a permanent- particular in the case of phase
control the phase       magnetic rotor is not essential. of the pulse train
supplied by the pulse shaper 9 may be compared with a reference-pulse train
45       Claims applied to input 40. Other servo-control circuits are also
possible. The output signal of the servo-      1. A self-starting brushless
two-phase type d.c. control circuit 39 can influence the speed'and/or
motor comprising  astator, a rotor 'and  a phase of the motor, for example
by controlling      commutating device which includes a presettable the
magnitude of the' drive, for example by    50    energizing circuit for
the. commutated   ener- control of the amplitude of the output signals of
gization of the stator phases and a detection the buffer amplifier 14 to 17
by the control circuit    device with only one detector for indicating the
39, which is represented symbolically by arrows       rotor position,
characterized in that the detector is 40 in Figure 3, or for example by the
use of    arranged to distinguish which of the two stator pulse-width
control.                        55       phases the rotor is mainly
directed towards and when commutation has to take. place, and in that
Figure 7 shows an example of a motor in              the motor comprises a
presetting circuit adapted 



accordance with the invention in axial cross-         to be controlled by
the detection device for setting section. Said motor comprises a mountihg
plate         the energizing circuit, at least when the rotor is 25, which
may for example form  part of an    60    stationary, to  one  of the  two
states which enclosure. The rotor shaft 27 is secured to the
correspond to energization of the stator phase plate 25 via a bearing
arrangement 26. The rotor       other than that towards which the rotor  s
mainly is cup-shaped and comprises' a magnetically   directed. conductive
cup 28 which -is provided with a          2. A  self-starting  brushless
d.c  motor as cylindrical  permanent magnet 29 on the inside      65
clafrned in Claim  1, characterized in that the 6    9                    0
072 597                         10 suppressed. A solution to this is to set
the shift    its cylindrical portion. The stator is secured to said
register to a position which corresponds to a         bottom plate 25
inside said cup and magnet 28, 29 desired position under control of the
detectors 10     and comprises a lamination assembly (30, 30') and 11
during the build-up of the supply voltage.     forming poles, and coils
132, 33). A printed Circuit If during the build-up of the supply voltage
the    5    board 34 in which pins, such as the pin 37 shown detector 10 is
activated, the shift register 12       in the present cross-section, are
mounted is should be set so that output 02 or 0. goes high       secured to
the stator. The stator coils are whereas if the detector 11 is activated
the shift     connected to these pins (connection 36). The register 12
should be set so that output [err] or [err]    printed circuit board also
accommodates an goes high.                                       to
integrated circuit 35, which comprises the ener- In comparison with the
circuit of Figure 3, the      gizing circuit 4 and the field sensor H (in
the circuit of Figure 6 therefore also comprises a         present case a
Hall element). supply-voltage detector 46, which supplies a            In
order to arrange said Hall element as near as pulse at the instant that the
supply voltage          possible to the rotor magnet 29 the integrated
appears on terminal V3. This pulse is compared    15   circuit 35 is
arranged in an opening in the p.c. with the output signals of the detectors
10 and 11    board 34. A projecting part 31 of said printed by AND-gates 47
and 48 respectively. The output       circuit board comprises connection
facilities for signals of the gates 47 and 48 are applied to         the
supply voltage and, as the case may be, an respective set inputs S, and
[err] of the shift register  input 24 (for adjusting tne direction of
rotation) to energize output [err] or [err] respectively. This   20
and/or 40 (for adjusting tne speed) (see Figure 3). ensures that, when the
detector 10 is actuated        The magnet 29 is radially magnetized. The
during application of the supply voltage, the shift    position encoder 2
is formed by providing the register is set so that output 6 is energized
and,    side of the permanent magnet 29 which faces the when the detector
11 is actuated, so that output 5     printed circuit board 34 with locally
different is energized.                                   25
margnetizations, which does not significantly The circuit of Figure 3-is so
far as already         influence the motor operation whilst the main
descriced-as well as other versions may be            field of magnet 29
does not perceptibly influence provided with a useful extension, especially
when     the output signal of the Hail element. In a these circuits are
integrated. This extension         particular example the motor comprised 8
poles utilizes the fact that the signal generated by the   30    and the
position encoder consequently 12 poles. field sensor H can also be used as
a tacho-signal.      In general the invention may be used in a For this
ourpose said signal or, as is shown in       two-phase motor having p
pole-pairs and a Figure 3, the output signal of pulse shaper 9 may
position encoder with 2p pole-pairs. It is to be be applied to a control
circuit 39 to which a         noted that a motor as is shown schematically
in control signal can be applied via an input 40    35    Figure 1 is
sometimes referred to as a four-phase Esoecially in the case of speed
control the          motor, the motor being a two-phase motor when
frequency of the pulses supplied by the pulse         the coils [err] and
[err] as well as the coils [err] and [err] are shaper 9 can be determined
in the circuit 39 using,   connected in. series. Each of the two series for
example, a frequency-voltage converter and        arrangements can then be
energized in both may be compared with a d.c. control signal which    40
senses. In this application the term applied "two- is, for example,
supplied by a reference source 42    phase" relates to both types of motor.
Further- incorporated in the same integrated circuit. In        more it
will be appreciated that a permanent- particular in the case of phase
control the phase     magnetic rotor is not essential. of the pulse train
supplied by the pulse shaper 9 may be compared with a reference-pulse train
45     Claims applied to input, 40. Other servo-control circuits      1. A
self-starting brushiess two-phase type d.c. are also possible. The output
signal of the servo-    m      cemfrsing  a staor,      ha tor    d a
control circuit 39 can influence the speed andmor      motor comprising a
stators a rotor and a phase of the motor, for example by controlling
commutating device whic includes a presettable the magnitude of the drive,
for example by    50    energizing circuit for the commutated ener- control
of the amplitude of the output signals of    gization of the stator onases
and a detection the buffer amplifier 14 to 17 by the control circuit
device with only one detector for indicating the the buffer amplifier 14 to
17 by the control circuit  rotor position, characterized in that the
detector is 39, which is represented symbolically by arrows 40 in Figure 3,
or for example by the use of          arranged to distinguish which of the
two stator pulse-width control.                            55    phases the
rotor is mainly directed towards and 



when commutation has to take place, and in that Figure 7 snows an example
of a motor in             the motor comprises a presetting circuit adapted
accordance witn the invention in axial cross         to be controlled by
the detection device for setting sect on. Said motor comprises a mounting
piate        the energizing circuit, at least when the rotor is 25, which
may for example form  part of an    60   stationary, to one of the two
states which enclosure. The rotor shaft 27 is secured to the
correspond to energization of the stator phase plate 25 via a bearing
arrangement 26. The rotor 1   other than that towards which the rotor is
mainly is cuo-shaped and comprises a magnetically         directed.
conductive cup 28 which is provided with a              2. A  self-starting
brushiess d.c. motor as cylindrical permanent magnet 29 on the inside of
65   claimed in Claim  1, characterized in that the 6 * C   L   M   S  *
-0 072 597                        12 presettable energizing. circuit is
preset to the       time that said state does not correspond'to the
switching sequence corresponding to the desired        detected polarity.
direction of rotation of the rotor and can be           11. A self-starting
brushless d.c. motor as switched in accordance with a cyclic permutation,
claimed in any of the Claims 2, 3,4, 5, 6, 7,8, 9 and under command of
commutation signals, regard-    5    10, characterized in that the
energizing circuit less of the actual direction of rotation of the rotor.
comprises a shift register. 3. A  self-starting brushless d.c. motor as
12. A self-starting brushless d.c. motor as claimed in Claim  2,
characterized in that the         claimed in Claim 11,characterized in that
the shift presettable energizing circuit comprises a control     register
has an adjustable shifting direction. input and is adapted to preset the
switching    to'      13. A self-starting brushless d.c. motor as sequence
to one of the two possible directions as    - claimed in any of the Claims
1 to 12, characterized a function of a signal on said control input in
by order to render the direction of rotation of the         a rotor having
a cylindrical permanent magnet motor reversible.
which. is magnetized to have substantially 2p 4. A self starting brushless
d.c. motor as    15    poles, claimed in Claim  1, comprising p pole pairs,
a stator having two-phase windings, arranged characterized  in  that the
detection  device         coaxially with the rotor inside the cylindrical.
comprises  a  permanent-magnetic  member               permanent magnet,
having 2p pole-pairs, which member is rotatable          a wiring support
secured to the stator, to which. in synchronism with the rotor, and the
detector    20    support the stator windings are connected, and comprises
a   magneto-sensitive   element,            a substrate arranged on said
wiring support, on specifically a Hall element.
which substrate at least the magneto-sensitive 5. A  self-starting
brushless d.c. motor as          element is arranged in such a way that
said claimed in Claim 4 and 2 or 3, characterized in that   element is
disposed within magnetic range of there is provided a commutating-signal
generator   25   influences of the end face of the cylindrical for
generating commutating signals for the ener-       permanent magnet which
faces said support, the gizing .circuit in synchronism with the magnetic-
permanent magnet being provided with a 4p-pole field polarity changes
detected by the detector.      magnetization at the location of said end
face. 6. A self-starting brushless d.c. motor as                   --
claimed in Claim 4 or 5, characterized in that the    30    Patentanspruche
presetting circuit comprises a polarity detector for detecting the polarity
of the magnetic field sensed      1. Selbststartender bUstenloser
Zweiphasen-' by the magneto-sensitive element and a first gate
Gleichstrommotor mit einem  Stander, eineq *       circuit for comparing
the detected polarity with       Ldufer und einem Kommutator, der eine
vorein- the state of the energizing circuit.    -   -   35    stellbare
Erregerschaltung fur die geschaltete 7. A - self-starting brUshless. d.c.
motor as'       Aktivierung  der Standerphasen  sowie  eine claimed in
Claim  6, characterized in that the         Detektoranordnung' mit nur
einem Detektor zum presetting circuit is adapted to supply additional
anzeigen der der LUuferpositfon enthilt, dadurch commutating signals to the
energizing circuit. '       gekennzeichnet, dass der Detektor so ausgelegt.
8. A  self-starting brushless c~c. motor as    40   ist, dass er
unterscheidet, auf welche der zwei claimed in Claim 5, characterized in
that there are    Stinderphasen  der LAufer im  wesentlichen provided means
for detecting the application of a      gerichtet ist und zu welchem
Zeitpunkt die supply voltage, the presetting circuit comprises a
Kommutierung erfolgen muss, und dass der polarity detector for detecting
the polarity of the    Motor eine Voreinstellschaltung zur Steuerung
magnetic field sensed by the magneto-sensitive    45    der
Detektoranordnung enthilt mit dem  die element, and a first gate circuit
for comparing the    Erregerschaltung  zumindest bei station:rem detected
polarity.with the state of the energizing-    Liufer auf einen der beiden
Zustinde eingestellt' circuit and, after detection of the application of a
wird, der der Erregung der Stinderphase ent. supply voltage setting the
energizing circuit to a     spricht, im Gegensatz zu dem auf den'der Liufer
state which is in conformity with the detected    50   im wesentlichen
gerichtet ist. polarity.'                                               2.
Selbststartender   bustenloser   Gleich- 9. A  self-starting brushless d.c.
motor as.         strommotor nach AnsprUch 1, dadurch gekenn- claimed in
Claim 6 or 8, characterized in that there  "  zeichnet, dass: die
voreinstellbare  Erreger- 



is provided a second gate circuit for suppressing      schaltung auf die
Schaitfolge entsprechend der the next commutating signal under! command of
s5 - verlangten *Dehrichtung des Liufers eingestellt the presetting
circuit.                 -              ist und entsprechend einer
zyklischen Permuta- -   -  -    - '   ,,    .  tion unter der Steuerung
von. Kommutierungs- 10. A self-starting brushless -d.c -motor as    .:
signalen ungbachtet der momentahen Drehrich- claimed in Claim  5,
characterized in that. 'the       tung des Liifers geschaftet werden kann.
commutating  signal generator comprises a    60'-    3.  Selbststartender!'
bOrsteniloser  Gleich- polarity detector for detecting the polarity of the
strommotor nach Anspruch 2, dadurch gekenn- magnetic field sensed by the
magneto-sensitive         zeichnet, ddss   die  Voreinstelfbare   Erreger-
slement-and a. gate circuit for co"paring:.the' schaltung einen
Steuereingang enthAlt und zum ; detected polarity with the state of the
energizing   Einstellen der Schaltfolge auf eine der zwei mdg- circuit and
generating a commutating signal each    65   lichen Richtungen abhingig von
einem Signal am    13                 0-072 597                       14
erwahnten Steuereingang dient, urn die Drehrich- .   Anspruche 2 bis 10,
dadurch gekennzeichnet, tung des Motors umkehrbar zu machen.
dass die Erregerschaltung sin Schieberegister 4. Selbststartender
burstenloser Gelichstrom-      enthfit. motor nach Anspruch 1 mit p
Polpaaren, dadurch        12. Selbststartender burstenloser Gleichstrom-
gekennzeichnet, dass die Detektoranordnung ein    5    motor nach Anspruch
11, dadurch gekenn- dauermagnetisches Element mit 2p Polpaaren
zeichnet, dass das Schieberegister ein  ein- enthalt, das synchron mit dem
Laufer drehbar ist,   stellbare Schieberichtung hat. und  wobei  der
Detektor  sin  magneto-              13. Selbstartender burstenloser
Gleichstrom- empfindliches Element enthalt, vorzugsweise ein     motor nach
einem oder mehreren der Anspruche Hall-Element.
t0    1 bis 12, dadurch gekennzeichnet, dass 5.  Selbstartender
burstenloser   Gleich-         eine LAufer mit einem im wesentlichen
2p-polig strommotor nach Anspruch 4 und 2 oder 3,            magnetisierten
zylindrischen Magneten, dadurch     gekennzeichnet,    dass    sin
einen Stander mit zweiphasigen Wicklungen, Kommutierungssignalgenerator zum
Erzeugen          der koaxial mit dem Laufer innerhalb des zylin- vom
Kommutirungssignalen fur die Erreger-   15   drischen Dauermagneten
angebracht ist, schaltung synchron mit den vom Detektor detek-        einen
am Stander befestigten Verdrahtungs- tierten Anderungen in der
Magnetfeldpolaritat       triger, mit dem die Standerwicklungen verbun-
vorgesehen ist.                                     den sind, und 6.
Selbstartender   bOrstenloser  Gleich-          sin  auf diesem
Verdrahtungstrager ange- strommotor nach Anspruch 4 oder 5, dadurch    20
brachtes Substrat. vorgesehen sind, auf dem gekennzeichnet, dass die
Voreinstellschaltung       wenigstens das magnetoempfindliche Element einen
Polaritatsdetektor zum  Detektieren der       derart angebracht ist, dass
es sich im magneti- Polaritat des vom  magnetoempfindlichen Ele-
sichen Wirkungsbereich der diesem Triger zuge- ment detektierten
Magnetfelds sowie eine erste      kehrten Stirnfliche des zylinderischen
Dauer- Gatterschaltung zum Vergleichen der detektierten    25    magneten
befindet, wobei der Dauermagnet an Polaritit mit dem Zustand der
Erregerschaltung      der Stelle dieser Stirnflache mit einer 2p-poligen
enthalt.                                            Magnetisierung versehen
ist. 7.  Selbstartender   burstenloser  Gleich- strommotor nach Anspruch 6,
dadurch gekenn-         Revendicatioris - zeichnet, dass die
Voreinstellschaltung zur.Liefer-.  30 ung zusatzlicher Kommutierungssignale
an die          1. Moteur. a courant continu autodemarrant Erregerschaltung
dient.                             sans balais et de type bisphase
comportant un 8. Selbstartender burstenloser Gleichstrom-       stator, un
rotor en un disoositif de commutation motor nach Anspruch 5, dadurch
gekennzeichriet,     muni d'un circuit d'excitation prereglable pour dass
Mittel zum Detektieren der Zufuhr einer   35  lexcitation commutee, des
phases de stator, et Speisespannung  vorgesehen  sindi dass die
d'un dispositif de detectibn comportant un seul Voreinstellschaltung einen
Polarititsdetektor zurn  detecteur pour indiquer la position du rotor,
Detektieren der Polaritat des vom  magneto-         caracterise en ce que
le detecteur est concu pour empfindlichen Element detektierten Magnetfelds
distinguer cellse des deux phases de stator vers 'und eine erste
Gatterschaltung zum Vergleichen    40   laquelle le rotor est dirige
essentiellement ainsi der detektierten Polaritat mit dem Zustand der
que l'instant ou une commutation doit avoir lieu Erregerschaltung enthalt,
die nach der Detek-       et en ce que le moteur comporte un circuit de
tierung der Zufuhr einer Speisespannung die         prereglage pouvant Wtre
commande par le dis-  . Erregerschaltung in einen Zustand bringt, die mit
positif de detection pour r6gler le circuit d'excita- der detektierten
Polaritat ubereinstimmt.     45   tion, au moins lorsque le rotor est
arrete, a lun. 9. Selbststartender burstenloser Gleichstrom-     des deux
etats qui correspondent a l'excitation de motor nach Anspruch 6 oder 8,
dadurch gekenn-       Ia phase de stator autre que celle vers laquelle le.
zeichnet, dass eine zweite Gatterschaltung zum      rotor est dirige
essentiellement. Unterdrucken des folgenden Kommutierungs-             2.
Moteur a courant continu. autodemarrant signis  unter  der  Steuerung  der
Vorein-   50   sans balais selon Ia revendication 1, caracterise
stellschaltung vorgesehen ist.                      en ce que le circuit
d'excitation prereglabie est 10. Selbststartender  buirstenloser  Gleich-
prereglea I'ordre de commutation correspondant strommotor nach Anspruch 5,
dadurch gekenn-         au sens de rotation souhaite du rotor et peut Wtre 



zeichnet,   dass    der    Kommutierungs-           commut6 suivant une
permutation cyclique sous signalgenerator einen Polaritatsdetektor zum De-
55   la commands de signaux de commutation, quel. tektieren  der Polaritat
des vom  magneto-          que soit les sens de rotation du rotor a cet
instant. empfindlichen Element detektierten Magnetfelds        3. Moteur a
courant continu autodemarrant und eine Gatterschaltung zum Vergleichen der'
sans balais selon la revendication 2, caracterise detektierten Polaritat
mit dem  Zustand der         en ce que le circuit d'excitation prereglable
est Erregerschaltung  enthailt, und  diese Gatter-   60   muni d'une entree
de commands et est concu schaltung jedesmal sin Kommutierungssignal
pour prer6gler l'ordre de commutation a l un des erzeugt, wenn dieser
Zustand der detektierten       deux sens de rotation possibles en fonction
d'un Polaritat nicht entspricht.                         signal sur ladite
entree de commands pour rendre 11. Selbststartender  burstenloser  Gleich-
le sens de rotation du moteur rdversible. strommotor nach einem  oder
mehreren der    65    4. Moteur a courant continu autod6marrant    15
0072597                         16 6                       ( sans balais
selon la revendication 1, com portant p   terise. en ce qu'il est prevu un
second circuit de K         pairs 'de p6les, caracterise en ce que le
dispositif   porte servant 3 supprimer le signal de commu- de detectioh
comporte un e6lment A aimantation        tation suivant sous la commande du
circuit de permanente ayant 2p paires de p6les et pouvant
prereglage. tourner en synchronisme avec le rotor et en ce    5     10.
Moteur A courant continu autodemarrant que le detecteur comporte un element
magneto-         sans balais selon la revendication 5, caracterise
sensible, notamment un elbment A effet Hall.          en ce que le
generateur de signaux de commuta- ,a'-' . 5. Moteur 3 courant continu
autodemarrant           tion comporte, d'une parte, un detecteur de sans
balais selon les revendications 4 et 2 ou 3,     polarite servant a
detecter la polarite du champ caract6ris6 en ce qu'il est prevu un
generateur de   1o    magnetique detecte par l'lement magneto- signaux de
commutation pour engendrer des          - sensible et, d'autre part, un
circuit de porte signaux de commutation pour le circuit d'excita-
servant a comparer la polarite d6tectee avec l'6tat tion en synchronisme
avec les changements de          du circuit d'excitation et a engendrer un
signal de polarite du champ magnetique detectes par le          commutation
toutes les fois que ledit etant ne detecteur.
15    correspond pas A la polarite detectee. 6. Moteur 3 courant continu
autodemarrant             11. Moteur 3 courant continu autodemarrant sans
balais selon la revendication 4 ou 5, carac-    sans balais selon l'une
quelconque des reven- terise en ce que le circuit de prereglage comporte,
dications 2, 3, 4, 5, 6, 7, 8, 9 et 10, caracterise en ce d'une part, un
detecteur de polarite servant A        que le circuit d'excitation comporte
un registre a detecter la polarit6 du champ magnetique detecte   20
decalage. par l'element magnetosensible et, d'autre part, un  .   12.
Moteur a courant continu autodemarrant : ..     premier circuit de porte
servant A comparer la        sans balais selon la revendication 11,
caracteris6 polarit6 detect6e avec l'tat du circuit d'excitation.:  en ce
que le registre A decalage a une direction de 7. Moteur A courant continu
autodemarrant           decalage reglable. sans balais selon la
revendication 6, caracterise   25  13. Moteur a courant continu
autodemarrant en ce que le circuit de prereglage est concu pour     sans
balais selon l'une quelconque des reven- fournir des signaux de commutation
additionnels      cdications 1 A 12, caracterise par au circuit
d'excitation.                               un rotor muni d'un aimant
permanent cylin- 8. Moteur a courant continu autodemarrant           drique
aimant6 de facon 3 presenter. essen- sans balais selon la revendication 5,
caracterise   30    tiellement 2p poles, en ce qu'il est prevu des moyens
de d6tection de       un stator muni d'enroulements biphases dis-
I'application d'une tension d'alimentation, et en     poses coaxialement
avec le rotor 3 I'interieur de ce que le circuit de prereglage eomporte,
d'une       I'aimant permant cylindrique, parte, un detecteur de polarit6
servant A detecter     un support de cAblage qui est fixe au stator et la
polarite du champ magnetique detecte par   35    auquel sont reliis les
enroulements du stator et I'leiment magnetosensible et, d'autre part, un
un substrat-qui est place sur ledit support de premier circuit de porte
servant a comparer la       cAblage et sur lequel est dispose au moins
polarite detectee avec l'btat du circuit d'excitation  I'element
magn6tosensible, et cela de telle man- et, apres la detection de
l'application d'une ten-   iere que ledite element soit situe dans le
domaine ; prb:   sion d'alimentation, A amener le circuit d'excita-   40
d'influence magnetique de la face terminale de tion dans un etat qui cadre
avec la polarite         l'aimant permanent cylindrique regardant ce sup-
detectee.                                            port, I'aimant
permanent presentant une aiman- 9. Moteur A courant continu autodemarrant
tation A 4p p6les A I'endroit de ladite face sans balais selon la
revendication 6 ou 8, carac-    terminale. 45 55 60 60 9    


