
GB2051 498B      1 SPECIFICATION                                winding is
dimensioned. The fundamental wave is suppressed sub- Brushless d-c motor
stantially and in many embodiments com- pletely. 5 The invention relates to
a brushless d-c motor   70  The sensor winding is so disposed as to with a
permanent magnetic rotor. Its poles   suppress transformer coupling between
it and exhibit a magnetization, which runs a course  the main winding and
to substantially avoid clearly deviating from a sine function on the  such
coupling. This is achieved by a special pole surface when viewed in the
direction of  selection of the spacial phase position be- 10 rotation. The
course is in particular about  75 tween the main winding and the sensor
wind- rectangular or trapezoidal and possibly the  ing and possibly by
deletion of several wind- poles of the rotor are separated from each   ing
steps and/or spacial phase shifting of part other by symmetrical or
asymmetrical pole    of the sensor winding with respect to the gaps.
other part. A particularly simple arrangement 15  It is known to obtain
pulses from the main    80 of the sensor winding results when separate
winding of a brushless d-c motor in operation.  slots are provided
therefor, having a position The frequency of the pulses is proportional to
exactly defined relative to the main winding. the momentary rotor speed and
can therefor   For economic reasons, it is advantageous to be used for
measuring or controlling the mo-  place the sensor winding directly into
the slots 20 tor speed. However, the frequency is relatively   85 of the
main winding, since then no additional low, to wit [err], wherein p is the
number  slots are required for the sensor winding. of pole pairs and [err]
is the angular velocity  Even under this limiting condition in accor- of
the rotor in 1/s. Furthermore, the pulses  dance with the invention sensor
windings are obtained ("decoupled") are easily influenced  possible, which
do not exhibit transformer 25 in their relative phase position with respect
to    90 coupling with the main winding. This can be each other and
relative to the position of the  achieved, for example, by having a sensor
rotor by the driving currents flowing in the  .  winding comprising two
simple wave wind- main winding. A speed control employing      ings shifted
relative to each other by a certain these pulses for comparing nominal and
ac-   angle. In certain cases, individual winding 30 tual values is thereby
very negatively influ-  95 steps have to be deleted as will be shown enced
and easily continuous oscillations of the  clearly in the following by way
of example. rotor can be produced.                       Further details
and advantageous develop- Therefore, it is an object of the invention to
ments of the invention are shown in the provide a brushless d-c motor,
which gener-   description which follows and in the drawings 35 ates with
little equipment requirements pulses  100 of embodiments, which are not to
be con- having a sufficiently high frequency propor-  strued as a
limitation of the invention. In the tional to the motor speed. The pulses
are    drawings: preferably uninfluenced by the driving cur-    Figure 1 a
sectional view through a first rents flowing in the main winding of the
embodiment of a motor of the invention, 40 motor.
105  Figure 2 a sectional view through the stator In accordance with the
invention, this ob-  of a second motor according to the invention, ject is
achieved by providing a brushless d-c  which is similar to the first
embodiment repre- motor comprising:                            sents an
external rotor motor, (a) a permanent magnet rotor, the poles of   Figure
3A-3C pictures explaining Figs. 1 45 which have a non-sinusoidal
magnetisation  110 and 2, and are separated by pole gaps;
Figure 4 a circuit diagram explaining the (b) a stator;
invention, (c) a main armature winding;                 Figure 5 a variant
to Fig. 3B showing main (d) means for pulse energising the main    windings
employed with the sheet metal 50 armature winding; and                    1
15 stamping of Fig. 2, which windings can be (e) a sensor winding
positioned on the sta-  advantageousy employed even independently tor
adjacent the associated armature to pro-  of the sensor winding, vide
output signals induced in the sensor      Figure 6 a plan view of the
stator winding winding, which signals are a harmonic or a   of a four pole
motor with planar air gap and a 55 multiple of the base frequency induced
in  120 sensor winding suitable for decoupling of the stationary conductors
on the stator during   second harmonic wave, operation of the motor,
Figure 7 an alternative type to the sensor wherein the sensor winding and
main arma-  winding of Fig. 6, which is particularly suit- ture winding are
of different pitches and are  able for flat motors having an axial stray
field, 80 relatively positioned to avoid transformer cou-  125  Figure 8 a
second alternative type to the pling therebetween.
sensor winding of Fig. 6, which is also parti- The spacial harmonic fields
formed in the  cularly suitable for flat motors having an axial
nonsinusoidally magnetized rotor poles induce  stray field, voltages in the
sensor winding corresponding   Figure 9 an enlarged representation of the 



65 to the harmonic wave, for which the sensor    130 unrolled magnetization
represented in Fig. 3A    2
GB2051 498B        2 of a rotor for a cylindrical air gap,          19D)
for decoupling of the third harmonic, -    Figure 10A the course of the
magnetization     Figure 20A-20E a variant with a two pole, of the rotor
shown unrolled in Fig. 9,         three strand, three pulse brushless d-c
motor, Figure 1OB the course, of the induced vol-   here again an external
rotor motor, the stator 5 tage in the conductor L according to Fig. 9  70
sheet metal package of which comprises three upon a complete revolut on,
equally distributed salient poles as well as 15 Figure 10C, D, Ethe
undamental, the          auxiliary slots for receiving the sensor winding
second and fourth harm nic wave of the vol-    (Fig. 20E) for decoupling of
the ninth har- tage shown in Fig. 10B,                        monic, 1 0
Figure 11 a sensor winding for decoupling  75  Figure 21 a basic
representation of a circuit of the fourth harmonic of the motor shown in
for operating the motors according to Fig. 16, Fig. 6,
Fig. 17 and Fig. 20, and Figure 12 a variant to Fig. 11, also for
Figure 22 a basic representation of a circuit decoupling of the fourth
harmonic,             for operating the motors according to Fig. 18 15
Figure 13a sensor winding for decoupling   80 or Fig. 19. of the 15th
harmonic of the motor shown in       Fig. 1 shows a stator sheet metal
package Fig. 6 at a slightly reduced scale,            1 0 for an external
rotor motor having the Figure 14A- 14D a representation for illus-
permanent magnetic external rotor designated trating the construction of a
sensor winding   as 11 and shown only schematically. The 20 for decoupling
of the second harmonic (Fig.  85 magnetization of the rotor 11 is shown in
14C) and of the fourth harmonic (Fig. 14D),    unrolled form in the Figs.
3A and 9. The respectively, of an external rotor motor em-   angles are
indicated in Fig. 9 for reference ploying the sheet metal stamping shown in
purposes. Two unlike monopole zones always Fig. 2 and the type of stator
winding shown    meet directly, for example in Fig. 9 a north 25 in Fig. 5,
90 pole zone 13 and a south pole zone 14, each Figure 15 the frequency
spectrum resulting   120 electrical long. In the same circular path from
analysis of the voltage u shown in Fig.    15 (Fig. 9) wherein a
galvanomagnetic sensor 108, wherein the amplitude of the fundamen-    16
-(in general a Hall-generator) is attached at tal and of the first harmonic
is shown only    the stator the monopole zone 14 is extended 30
numerically,                                 95 toward the left by an
extension 18 by 60 [err] Figure 1 6A- 16E a variant of a four pole,
electrical, the monopole zone 13 is extended three strand, three pulse
brushless d-c motor,  toward the right by an extension 19 by 60[err] which
is formed as an external rotor motor     electrical, whereas in the other
circular path and the stator of which having a sheet metal    17 next to
the extension 1 8 a zone 22 (north 35 stamping with 24 equally distributed
slots  100 pole) is located and next to the extension 1 9 a 1 '-24', into
which are wound the three        zone 23 (south pole) is located. The
extension stands of the stator winding and a sensor       1 8 and the zone
22 form together a dipole winding (Fig. 16D) for decoupling the third
zone, similarly the extension 19 and the zone harmonic,
23. The same is then repeated in the manner 40   Figure 1 7A- 1 7E a
variant with a two pole,   105 shown in Figs. 3A and 9 very explicitly. The
three strand, three pulse brushless d-c motor,  circular paths 15 and 17
have about the same which again is formed as an external rotor     width.
motor and the stator sheet metal package of      Fig. 1 OA shows the course
of the magneti- which has 6 equally distributed salient T-poles  zation
over the rotor 11 shown in Fig. 9. In 45 as well as 6 auxiliary slots B, D,
F, H,. K and     110 one case the course is shown over circular M for
receiving a sensor winding (Fig. 17D)    path 15 as measured by the sensor
16 and for decoupling of the third harmonic,          this is designated as
B15; in addition the Figure 18A- 18F a variant with a two pole,   course
over circular path 17 is indicated in two strand, four pulse brushless d-c
motor     dashed lines and designated as B17. 50 which again is formed as
an external rotor  11 5  This course is in part identical to that of
B[err], motor and the stator sheet metal package of    to wit over all four
monopole zones of this which has four equally distributed salient T-  four
pole rotor 11. poles and four auxiliary slots B, D, F and H,    When a
conductor L (Fig. 9) is disposed wherein the sensor winding (Fig. 18F) is
again  across to the full width of the rotor 11 and 55 constructed for
decoupling of the third har-  120 when a uniform relative motion between
the monic and in a very specific way laid out for  rotor 11 and the
conductor L occurs, then an avoiding transformer coupling with the two
instrument 25, for example an oscilloscope, strands of the main winding,
measures an induced voltage u at this conduc- Figure 19A-19Ea variant with
a four pole,    tor L as shown in Fig. 10B. 60 two strand, four pulse
brushless d-c motor,  125  As can 'be recognized from Fig.1 OB the 



which here again is formed as an external      monopole zone 14 for example
induces a rotor motor and the stator sheet metal pack-   negative voltage
26 and the monopole zone age of which is identical to that of Fig. 1 6A  13
a positive voltage 27. The dipole zone and receives the two strands of the
stator     formed by the extension 18 and the north 65 winding as well as
the sensor winding (Fig.  130 pole 22 induces two identical oppositely di-
3                                                               GB 2051
498B      3 rected voltages, the sum of which is zero     adapted to this
ficticious-magnetization according to the section 28 in Fig. 10B. The  and
thereby acting as a harmonic analyzer same holds for the extension 19 and
the       decoupling mainly only this harmonic from south pole 23, which
again together induce    the total of harmonic waves present. 5 the voltage
zero, which corresponds to section    70  An ironless stator can be
employed for the 29 in Fig. 1 OB. To the right of this section a  invention
and this variant is explained by way section 26' follows, which respective
to its  of Figs. 6 to 8. Initially, the technique is form is identical to
section 26.              explained with a stator from slotted iron Placing
the zero point of the abscissa axis  sheets and more particularly with the
stator 10 between the sections 26 and 27, then the    75-sheet metal
package 10 shown in Fig. 1 of an votage u is an uneven trigonometric
function,  external rotor motor. The transfer to an inter- that is f(t)
=-f( - t). This function can be  nal rotor motor follows simply by
reflection at decomposed with Fourier analysis into sinus   the cylindrical
air gap, which is designated as curves of different frequencies and ampli-
34 in Fig. 1. 15 tudes, of which Fig. 1 OC shows the funda-  80  For the
reception of four main windings the mental, Fig. 1 OD the second harmonic
and     stator sheet metal package 10 has eight slots, Fig. 1 OE the fourth
harmonic. The third and   that is 35, 36 for a main winding 37; 38, 39 the
sixth harmonic are approximately equal    for a main winding 40; 43, 44 for
a main zero. The Figs. 10C to 10E show the decom-    winding 45; 46, 47 for
a main winding 48. 20 position of the voltage u according to Fig.  85 The
two slots of a main winding in each case 10B in its fundamental and its
first harmon-  are separated by 1 20[err] electrical, and the ics. Of
course, further harmonic waves are    individual main windings in each case
have an present, and Fig. 15 shows the full frequency  angular distance of
180 [err] electrical from each spectrum, that is the absolute values of the
other, that is they are as shown equally distri- 25 amplitudes of the
individual harmonic waves  90 buted around the circonference of the stator
of the voltage shown in Fig. 1 OB.            sheet metal package 1 0. It
can be recognized that the harmonic     .  -Figs. 3A :to 3C show unrolled
the motor of waves having an ordinal number 1 divisible    Fig. 1.
Ordinarily the figures would be drawn by three show very small amplitudes
and that  on top of each other, but then the drawing 30 the harmonic waves
with the ordinal numbers    95 would be unreadable for practical purposes.
2, 4, 5, 7, 8, 11 and 14 based on their       Therefore its three
components are drawn one relatively large amplitudes are offered for
beneath the other in proper position wherein evaluation. It has to be
considered that with    naturally in operation the position of the stator
high ordinal numbers only then useful ampli-  constantly changes relative
to the rotor 11: 35 tudes are provided when the slopes of the  100 The main
windings 37 and 45 are connected voltage shown in Fig. 1 OB are steep. When
in series (of course, a parallel connection the slopes are less steep, then
practically only  would be possible) and its connectors are the second,
fourth, fifth and eighth harmonic  designated as 49 and 50. Similarly the
main can be evaluated.                             windings 40 and 48 are
connected in series 40   The individual harmonic waves can be fil-    105
and its connectors are designated as 51 and tered in the usual way, for
example by way of  52. band pass filters, from the voltage which is   Fig.
4 shows the position of the main obtained from the device 25 (Fig. 9). This
windings in a corresponding circuit controlled method is cumbersome and has
the disadvan-    by a Hall-generator 16 placed exactly in the 45 tage of
providing only upon reaching of the  110 middle between the main windings
37 and desired speed of rotation a control signal and  40 at the stator 10,
compare Figs. 1 and 3B. the starting has to be achieved in a different  The
Hall-generator 16 controls two pnp-tran- way.
sistors 54, 55 of a differential amplifier. The In accordance with a
preferred embodiment   transistors 54, 55 serve as driving elements 50 of
the invention the harmonic waves are de-    115 for npn final stage
transistors 56, 57, of coupled in such fashion as to be available    which
transistor 56 controls the current in the with each speed. This development
of the      main windings 40 and 48 and transistor 57 present invention
starts with the concept of  controls the current in the main windings 40
considering the rotor 11 to be composed of    and 48. One of the current
connectors of the 55 different magnets, which each have a magnet-  120
Hall-generator 16 is connected via an npn- ization according to Fig. 1 OC,
10D, 1 OE etc  transistor 58 serving as a variable resistor to 



(the further harmonic waves can be numeri-    the plus-line 59 and the
other current connec- cally easily calculated in the usual way). The  tor
via a resistor 60 to the minus-line 61. The next starting point is the
consideration that  emitters of 54 and 55 are connected to each 60 from
these-fictiious- magnetizations of    125 other and via a joint resistor 64
to 59. The various kind a certain one has to be taken and  collector of 54
is connected via a registor 65 evaluated for the generation of the harmonic
to 61 and directly to the base of 57. The wave corresponding to it. This is
achieved by  windings 37, 45 are connected with their employing a sensor
winding having a distance  connector 50 to the collector of 56 and with 65
of the magnetically active winding sections  130 the connector 49 to the
plus-line 59. Simi- . .    4
GB2051 498B        4 larly, the windings 40, 48 are connected with  axial
fields are to be compensated. their connector 52 to the collector of 57 and
The individual magnetically active sections with their connector 51 to the
plus-line 59. A  of the sensor winding 80 (in the slots 71 to controlled
gain amplifier 63 controls the tran-  80) each have from each other an
angular 5 sistor 58, which in the present case controls  70 distance of 180
electrical: L + n X 180 elec- the speed via the control current flowing
into  trical ; wherein n = 0, 1,2,. .. and L = ordinal the Hall-generator
16. For determining the     number of the harmonic to be covered. In the
actual speed serves a sensor winding 80        present case L = 2 and n = 0
and therefor this adapted to respond to the second harmonic.     angle
amounts here to 90[err] electrical. The 10 Its construction is described in
the following.    75 sensor winding 80 comprises at least two The operation
of the circuit according to    magnetically active sections. It covers the
sec- Fig. 4 is very detailed disclosed in the context  ond harmonic of the
rotor magnetization of Fig. 2 of the German Offenlegungsschrift    shown in
Fig. 10D and generates therefor a DE-OS 27 30 142 and it is referred to
this.    measuring voltage of relatively high fre- 1 5   For receiving the
sensor winding 80 for the    80 quency, which is twice the frequency, which
second harmonic the stator sheet metal 10      can be withdrawn from the
Hall-generator 16, comprises eight auxiliary slots 71 to 80       and in
addition the zero passages have sub- equally distributed around the stator
circonfer-  stantally more uniform distances compared to ence and having an
angular distance from      the zero passages of the Hall-voltage. In such
20 each other of 90 electrical. The position of all  85 a motor for example
the Hall-generator 16 slots relative to each other is shown in Figs.
provides four pulses pro revolution, the sensor 3B and 3C by scale and
designated with the     winding 80 in contrast eight pulses pro revo- same
reference marks. For example, it car be   lution. In case the speed
controller 63 (Fig. 4) recognized that the auxiliary slot 71 (Fig. 3C)  is
constructed for the evaluation of the fre- 25 is located exactly in the
middle between the  90 quency (and not of the amplitude) of the main slots
35 and 36, that the auxiliary slot  voltage applied to it, then a very
accurate 72 is located exactly in the middle between    speed control with
good long term stability the main slots 36 and 38; etc; that is the slot
and small temperature dependence can be arrangement of Fig. 1 shows mirror
sym ne-     achieved. Such a speed controller shows for 30 try. Reflecting
one of the two stator halves  95 example the German Offenlegungsschrift DOS
along one of the symmetry axes, for example    26 16 044. the axis 79, then
corresponding slots coin-      For example a sheet metal package analog
cide, for example 35 and 36. 78 and 7 2, etc.  to Fig. 1 with a diameter of
80 mm and a The winding according to Fig. 3C is a wave   hight of 18 mm can
be cited into which a one 35 winding 80, which is looped back into itself,
100 wire sensor winding 80 was wound according that is the winding goes
from connector 83     to Fig. 3C. The rotor magnet 11 had an through the
slot 77. to the slot 76, then to  induction of 1.2 kG. At a speed of 3600
rpm the slot 75 etc to the slot 71 and from there  an a-c voltage with an
effective value of 0.3 back to the slot 78 and the slot 77. There the
volts resulted between the connectors 83 and 40 direction of the winding is
reversed and the  105 86. same now runs in reverse direction again
It is a particular advantage of the described through slot 78, then slots
71 to 76 and is    mirror symmetrical arrangement of the sensor then run to
the outside very close to the      winding 80 that the induced voltages in
it connector 83.-If the sensor winding 80        transformed from the main
windings cancel 45 would end at the slot 77 (connector 84 in Fig.  1 10
each other and therefor do not interfere with 3C shown with dashed lines),
then the same     the control process. harmonic of the induced voltage
would be         The arrangement according to Fig. 1 has covered, but the
amplitude would only be half  the disadvantage that a special sheet metal
as large and in particular such a winding      stamping is required, which
is only economi- 50 would also cover pulsating stray fields, which   1 15
cat with larger numbers of motors. The inven- run in parallel to the rotor
shaft designated as  tion however can also be realized with com- 



85 in Fig. 1                                   mercial sheet metal
stampings and this is Returning the sensor winding by the same     shown in
Fig. 2 in connection with Figs. 3A angle of rotation of 720[err] electrical
to the    to 3C. There the same reference marks are 55 starting point is
effected such that axial stray    120 used for the same or equally acting
parts as fields induce two exactly equal size, but oppo-  were used in the
previous part of the descrip- sitely directed voltages in the sensor
winding  tion. 80, which cancel each other and do not           The sheet
metal stamping 88 is also in- influence the controlled gain amplifier 63
and  tended for a four pole motor with external 60 the quality of the
control.                125 rotor corresponding exactly to the rotor of
Fig. Naturally, for increasing the starting vol-  1 and reference is made
to the description tage, the sensor winding can be wound sev-     there.
The sheet metal stamping 88 has 24 eral times around the stator 10, for
example   slots 89 of identical shape, which each have a two full
revolutions, and then returned by the  distance from the other of 1 5
mechani- 65 same angle to the starting point in case such    130 cal =
30[err] electrical. The individual windings    5
GB 2051 498B   5. are positioned completely identical with those  ing is
identical to that of Fig. 5 and therefor is of Fig. 1 such that in total
eight slots remain  here not described again. As explained, this without
windings. The first main winding is    arrangement results in a more
favorable here again designated as 37 and the two slots  course of the
momentum compared with the 5 around which it is wound have a distance    70
arrangement of Fig. 1, and the latter is not from each other of 120 [err]
electrical.            particularly favorable for electro motors and The
second main winding is designated as     serves predominantly for
explaining the basic 40, the third main winding is designated as
principle of the invention. 45 and the fourth main winding is designated
In this arrangement of the stator winding 10 as 48. They are, as shown,
equally distributed    75 92 each time a tooth is positioned in the around
the stator circonference and are        middle of a stator pole and these
'middle formed like the main winding 37. The mag-      teeth  are in Fig. 1
4A the teeth 1 1 1, 1 12, netically active sections of the sensor winding
1 1 3 and 1 14. 80 are designated as as 80' and have each a      The
invention starts with the consideration 15 distance of 90' electrical from
each other and    80 to provide to this middle tooth a symmetry by each
lies on the angle bisecting line between  having on each side of this tooth
located a two neighboring slots of the main windings in  like magnetically
active winding section. Like order to avoid as described a transformer
shall mean in this context that when the coupling between the main windings
and the     sensor winding is passed by a d-c current, 20 sensor winding.
The arrangement of the sen-    85 then on both sides of the tooth the same
sor winding 80 is identical to that of the     current direction is
present. Thus it is scheme according 10 Fig. 3C and it is referred
achieved that even in this case the sensor to the corresponding
description.              winding is not transformer coupled with the In
case it is desired to wind more copper    individual stator windings. The
angle indica- 25 into the sheet metal stamping according to  90 tions to
the Figs. 1 4C and 1 4D refer as in the Fig. 2, then the loop winding 92
shown in      preceeding to the angles given for the main Fig. 5 can be
employed instead of the wind-    poles as they are shown in Figs. 9 and 10.
ing pattern according to Fig. 38 (3B?). In       Fig. 1 4C shows a sensor
winding 1 1 5 for    . accordance with Fic. 5 two winding sections
decoupling of the second harmonic. As can be 30 are placed in two
neigboring slots 93 qnd 94.   95 easily recognized, starting from a
connector then two empty slots 95 and 96 follow and      116 the winding is
first led to the right as a then again two slots 97 and 98 with windings
wave winding with a winding step of 180[err] follow. The larger angle step
y[err] amounts to    electrical:1 = 90[err] electrical in such manner as 1
20' electrical and the smaller angle step y2  to be positioned in each case
to the right of 35 amounts to 90[err] electrical. The angles are  100 the
middle teeth 1 1 1 to 1 14. The winding explicitly shown in Fig. 5. This
embodiment of  direction is reversed at the end and the wind- the winding
results in a better copper filling  ing 11 5 is returned again to the right
to a factor, wherein the induced voltage is some-   connector 11 7, but now
it is positioned to the what rounded and a more favorable course of   left
of the middle teeth 1 1 1 to 1 14, that is 40 of the momentum generated by
the motor     105 shifted by one slot partition. Thus on both results. It
is a disadvantage of this arrange-  sides of the middle teeth are
positioned like ment that the sensor winding cannot any        magnetically
active coil sections. that is in the longer positioned exactly mirror
symmetrical   coil sections situated at both sides of one relative to the
main windings, since in Fig. 5  middle tooth during operation a voltage of
the 45 the sensor winding should be either in slot 95   1 10 same direction
is induced. Such an arrange- or in slot 96. In case the slot number is
ment is again electrically symmetrically rela- doubled in a conventional
sheet metal stamp-   tive to the stator winding 92 that no transfor- 



ing, then of course the sensor winding can     mer coupling occurs. also
with the winding pattern of Fig. 5 be       More difficult is the
arrangement of a sen- 50 arranged with mirror symmetry, since then  11 5
sor winding for decoupling of a fourth har- between the slots 95 and 96 an
additional      monic in the winding construction of Fig. slot is located
into which the sensor winding  1 4B. Such a sensor winding requires a coil
of the corresponding section can be placed.   step of 180' electrical :4 =
45' electrical, and The main winding is then advantageously       since the
slots 89 have a distance of 30' 55 distributed over six or eight slots,
whereas it is  1 20 electrical, a magnetically active section of the
distributed in Fig. 4 only over 4 slots.       sensor winding would have to
be situated on This problem can also be resolved without    a tooth head.
an increase of the number of slots by a further  Fig. 1 4D shows the
solution of this problem step of the invention and it is referred to Figs.
in accordance with the invention by providing 60 14A to 1 4D for this
purpose.              125 a sensor winding 1 18 for the decoupling of Fig.
1 4A shows the 24 slots 89 of the      the fourth harmonic. This winding
starts at a stator sheet metal package according to Fig. 2  connector 121
and runs from there towards in the usual unrolled way. Fig. 14B shows the
the left, and in particular alternating with arrangement of the stator
winding 92 relative  winding steps of 30' and 60' electrical such 65 to the
slots 89 of Fig. 14A. The stator wind-    130 that in each case a
magnetically active section    6
GB2051 498B       6 is situated to the left of the four middle teeth  106
(qthis number is therefor indicated in 1 1 1 to 114. After passing through
all slots  parenthesis in Fig. 4), in each case on the the winding
direction is reversed and the     bisecting line of the angle between the
main wave winding runs again with alternating 30[err]-  windings 101 to 104
and on their middle 5 and 60[err]-steps through the slots toward the  70
axes. A wave or meander shaped winding is right to the connector 122,
however as shown  thus obtained and its connectors are desig- shifted by a
slot partition such that now the  nated in Fig. 6 as 107 and 108. The me-
magnetically active sections are situated to the  ander can be passed
several times for increas- right of the middle teeth 111 to 114. Like
ing the voltage. It is important that the mag- 10 winding sections of both
wave windings are  75 netically active sections 112 extend over the
situated for example jointly in the slots 94  full width of the rotor
magnet, which is indi- and 97 and similarly like winding sections are
cated in Fig. 6 by dot-dashed lines.-The situated on both sides of the
middle teeth that  magnetically active sections 105 have in each is for
example on both sides of the middle    case a distance from each other of
90' electri- 15 tooth 111 in the slots 95 and 96. With other    80 cal in
oder to pick up only the second har- words: all 24 slots are at least one
time     monic. covered, but a third of them is covered twice.  The sensor
winding 106 of Fig. 6 is suit- The angular distance of the doubly covered
able for flat motors having no stray field in the slots to the next two
winding sections of     direction of shaft 100. By way of the kind of 20
opposite direction also amounts to 30[err] electri-  .85 winding described
the sensor winding 106 is cal and 60[err] electrical that is on the average
not transformer coupled to the main windings 45' electrical as is shown in
Fig. 14D for the  101 to 104. slot 97. This average distance corresponds to
In case a stray flux occurs in the direction the fourth harmonic to be
decoupled. The      of the shaft 100, the sensor windings 106' 25 angular
distances of 60[err] and 30[err] electrical  90 according to Fig. 7 and
106" according to also present correspond to the third and sixth .  Fig. 8,
respectively, can be employed. The harmonic, which are according to Fig. 15
basic form according to Fig. 6 is employed in practically both equal to
zero and therefor do      both cases, but in Fig. 7 the winding is not
interfere.                                looped back on the same path
resulting in a 30   A doubled number of stator slots allows to  95 doubling
of the starting voltage. This arrange- decouple the fourth and eighth
harmonic in      ment also corresponds to that according to analogy to
Figs. 1 4C and 14D, wherein then   Fig. 3C. In Fig. 8 the return path 1 10
runs compared to the figures shown all angle steps  around the shaft 100,
but not any longer would have to be halved. In other words, Fig.  across to
the rotor 109, that is the latter does 35 1 4C and Fig. 14D would have to
to shrink to   100 not induce any voltages in the return path half width
under consideration of the symme-  1 10 upon rotation, however by the stray
flux try relative to the middle teeth in order to  running in the direction
of the shaft. In Fig. 7 avoid transformer coupling. Naturally, in ac-  as
welt as in Fig. 8 the voltages mutually cordance with the same principle
sensor wind-  cancel, which are induced in the correspond- 40 ings can be
constructed for other slot num-  105 ing sensor winding by the stray flux
running bers and other harmonics.-The position of     in shaft direction.
The return path 1 10 can the galvanomagnetic sensor 16 between two     also
be disposed within the meander winding. main windings is also shown in the
Figs. 5      In Figs  6 to 8 the sensor windings can be 



and 14B.                                      provided as a printed circuit
on a thin foil and 45   The Figs. 6 and 8 and 1 1 to 13 show     1 10 can
be mounted in this form on the stator possible constructions of sensor
windings for  transformer-decoupled and in proper position a four pole flat
motor. Its rotor is shown in   The Figs. 1 1 and 12 show for the same Fig.
8 of the German Offenlegungsschrift      four pole motor according to Fig.
6 sensor DE-OS 27 30 142 and its main winding          windings for
decoupling of the fourth har- 50 corresponds to the winding shown in Fig. 9
of  11 5 monic  that is with an angular step of 45 said
Offenlegungsschrift. It comprises four   electrical = 22.5  mechanical
between the about sector shaped flat coils 101 to 104,    magnetically
active sections as is shown in which are positioned around a shaft 100 with
Figs. 11 and 12. equal angular distances of each 1 80 [err] electri-  In
Fig. 1 1 the sensor winding is designated 55 cal = 90 mechanical). The
Hall-generator   120 as 124 and its connectors are marked as 125, 16 is
disposed on the bisecting line of the   126. The construction corresponds
completely angle between the coils 102 and 103. The      to that of Fig. 7,
that is the wave winding is connectors of the four coils are designated in
looped back again on the same path to the analogy to Fig. 4 with 49, 50 and
51, 52,     exit. 60 respectively. The circuit corresponds to the  125  In
Fig. 12 the sensor winding is designated circuit of Fig. 4.
as 127 and its connectors are marked as 128 Figs. 6 to' 8 show sensor
windings for      and 129. The construction corresponds com- decoupling of
the second harmonic. In Fig. 6,  pletely to that of Fig. 8, that is a
return path the magnetically active sections 105 of the   130 is here
looped back around the full shaft 65 sensor winding, which is herein
designated as  130 100. For clarifying the orientation relative to    7
GB 2 051498B         7 the main winding 101 to 104 according to     tudes.
This is illustrated in the following by way Fig. 6, there and in Figs. 11
to 13, a dash-  of additional examples of embodiments. For dotted reference
line 133 is drawn running in  such other nonsinusoidal fields, other forms
of all four figures through a magnetically active  magnetisation will
result, as will be described 5 section of the corresponding sensor winding
70 below with reference to Fig. 1 8B or 20B. and representing the bisecting
line of the      For the same or equally active parts, the angle between
the stator windings 101 and     same reference numerals are used as in the
103.                                          previous figures. For
purposes of unification Fig. 13 shows the sensor winding 135        of
nomenclature, terminology is employed as 10 printed on an insulating foil
134. The magnet-   75 is defined in the article of the inventor entitled
ically active sections of the sensor winding  "Two pulse brushless d-c
motors" in the 135 have an angular distance of 180[err] electri-  Journal
"Asr-digest fur anglewandte Antrieb- cal: 1 5 - 1 2 electrical and are thus
suitable  stechnik" Volume 1-2, 1977. Figs. 21 and for decoupling of the
15th harmonic or for a  22 of the present application correspond to 1 5
sixty pole tacho-magnet. A return 1 36 here  80 Fig. 4 and Fig. 5 of that
article and reference again loops around the shaft-not shown-in    is made
thereto for further illustration. order to substantially compensate axial
stray fluxes. The connectors of the winding 135 are  Definitions:
designated as 137 and 138. In accordance       The pole number refers
always to the pole 20 with Fig. 15 the decoupling of the 15th    85 number
2p of the rotor. For example, the harmonic is less advantageous than for
exam-  motors according to Fig. 16 ahd Fig. 19 are pie the decoupling of
the 11th or 14th har-   four pole motors and those according to Figs.
monic, which both have considerably larger    17, 18 and 20 are two pole
motors. The amplitudes. By an appropriate selection of the  invention is,
of course, also useful for higher 25 angle between the magnetically active
sec-  90 pole numbers. However, with increasing num- tions such a
decoupling can be provided for   ber of poles, the distance between the
meg- easily. For the 1 1 th harmonic the angle be-  netically active
sections of the sensor winding tween two magnetically active section would
-    decreases accordingly. be for example 180 electrical: 11.
The strand number refers to the number of 30   Fig. 1 5 shows as already
indicated the  95 separate windings of the stator and could also frequency
spectrum of the voltage shown in    be designated as phase number. For
example, Fig. 1 OB. The Amplitude u of the voltage     Figs. 16, 17, 20 and
21 show three strand shown in Fig. 10 is set to be 100%. It can be  motors,
since the stator winding in each case recognized that the fundamental of
this vol-  comprises three separate strands, and Figs. 35 tage has an
amplitude of about 87.8% of [err],   100 18, 19 and 22 show two strand
motors. that the second harmonic is about half the      The pulse number
indicates how many cur- size of [err], that the fifth harmonic is about 1/5
rent pulses for the stator or drive power and the eighth harmonic about 1/8
of [err]. Fig.  winding are provided for a revolution of 360[err] 1 5 is
valid for a voltage with steep slopes.  electrical. For example, in Fig. 16
upon a 



40 When the slopes are less steep, then the  105 rotation of 360
electrical, that is, a half harmonics beginning with the fifth harmonic
revolution of the rotor, each of the three have only very small amplitudes.
Depending    strands receives a current pulse when the on the shape of the
preferably trapezoidal   circuit of Fig. 21 is employed, namely, three
mgnetization of the rotor there is an upper  pulses are provided. Fig. 1 6
thus shows a 45 limit of the ordinal number of the harmonics    1 10 three
pulse, four pole, motor, whilst Fig. 1 7 which still can be employed when a
sensor     and Fig. 20 also show three pulse motors. winding is desired
with a not too high number  Upon a rotation of 360 [err] electrical in Fig.
18, of turns.                                    which is here a full rotor
revolution by way of The sensor windings according to Figs. 11,  the
electrical in Fig. 18, which is here a full 50 12 or 13 (especially those
of Fig. 1 1) based    1 15 rotor revolution by way of the circuit of Fig.
on their compensation of stray fields indepen-  21 two current pulses are
fed to each of both dent of their origin from either the motor or  stator
windings, that is four current pulses, the apparatus are useful in
connection with  that is the motor is four pulse; also the motor especially
sensitive and fast control circuits  according to Fig. 19 is four pulse. 55
(for example phase regulators, so called PLL-   120  Both three and four
pulse motors generate circuits, which generally use a quartz stan-  in all
rotor positions an electromagnetic drive dard). Such sensor windings
practically do not  torque, that is such motors can start from any effect
an enlargement of the motor and there-  given rotational position. The
higher the pulsi- fore result in very compact motors. The inven-  city, the
lower are the variations of the torque 60 tion can also be employed in this
manner in    125 provided by the motor. motors having a rotor magnet field
deviating    The magnetization of the rotorexhibits in considerably from a
sinusoidal shape and      Figs. 16 to 19 always about the same form as
which can be analysed by analogy to Figs.     is shown by way of example in
Fig. 1 8B, that 1 OC to 1 OE with respect to spacial harmonic  is about
trapezoidal. In Fig. 20 the magnetiza- 65 wave fields of different
frequencies and ampli-  130 tion (Fig. 20B) of the rotor (Fig. 20C) is
about    8
GB2051 4988        8 rectangular, that is it shows very steep slopes.  cat:
3 = 30 electrical (1 = ordinal number of The external rotor is in all cases
constructed  the harmonic wave to be covered). identically to. that
external rotor 11 of Fig. 1.  The phase position relative to the main The
rotor magnet is shown in each case in      winding 130 is selected such as
to exclude 5 unrolled representation in the Figs. 16B, 17B,   70
transformer coupling with the main winding: 18C, 19B and 20C.
The main winding 131 starts in the slot 1', The representation of the
windings in the    the main winding 132 in the slot 3' and the Figs. 16 to
20 is done as usual and is         man winding 133 in the slot 5'. The
sensor therefore not each time described in detail. In  winding 137 runs
from connector 138 to the 10 each case the slots of the sheet metal stamp-
75 slot 2', then back through the slot 3', then ing are numbered for
example in Fig. 16A       through the slots 5', 7', 9', ... 23' to slot 1 '
from 1 ' to 24' and these slots are then       and from there back to slot
24' and then to unrolled represented again, for example be-    slot 22',
20', .. .6', 4' to the connector 140. tween Figs. 16C and 16D, showing the
exact       The shape of the voltage UT induced in the 15 relation to the
unrolled windings and it can be   80 sensor winding 137 follows from Fig. 1
6E. clearly recognized which windings are dis-     Obviously this voltage
comprises harmonics, posed in which slot and how these windings     however
the distance of the zero passages is are connected. This representation
displays    very uniform and therefor this voltage is very the form and
connections of the individual     suitable for control purposes. Therefor,
Fig. 20 windings in such perfection as to allow any  85 16 represents the
most preferred mode of the person skilled in the art to be guided. The
invention. representation of the windings in the sheet      If with the
sheet metal stamping a full metal stamping provides the current direction
pitch, three strand main winding is employed, in the usual fashion: a dot
indicates that the  then the sensor winding cannot be positioned 25 current
flows out of the plane of the figure  90 in the slots .89 without being
transformer and a cross that the current flows into the    coupled with the
main winding. A solution plane. This refers to the current arrows arbi-
suitable for this case is shown in Fig. 17 trarily fixed in the unrolled
representations.  wherein the sensor winding again is employed (Of course,
in the sensor winding flows an a-c  for (Fig. 17D) decoupling of the third
har- 30 current during operation and not a d-c cur-  95 monic. rent!).
The sheet metal stamping 145 according to The Hall-generators and other
sensors are    Fig. 17A is provided with six symmetrically shown in each
case in their position in the    distributed, salient T-poles 146 with a
concen- sheet metal stamping and in the unrolled       trated full pitch,
three strand main winding 35 representation. Their designation agrees with
100 147, the three stands of which are designated 



the designation in Figs. 21 and 22, respec-    as 148, 149 and 150. The
individual strands tively.                                        are
angled in the diameter that is in the main The same sheet metal stamping 88
is em-      slots A, C, E, G, J, and L. ployed in Fig. 16 as is in Fig. 2
that is 24     For reception of the sensor winding 1 53 in 40 slots 89 are
provided, which are designated  105 the middle of each stator pole 146 a
slot B, sequentially from 1 ' to 24'. A short pitch    D, F, H, K and M is
provided, wherein a wave three strand main winding 130 is provided
winding according to Fig. 1 7D is inserted. and its three strands are
designated as 1 31,  This runs from the slot B with a winding step 132 and
133. The three Hall-generators con-    of 180' electrical: 1 = 60[err]
electrical toward 45 trolling these strands are disposed as follows:   110
the right until slot B (?) and from there in the Hall-generator 34 between
slot 6' and 7':    same way backward to the slot D. The form of controls
strand 131                            the voltage induced in the sensor
winding Hall-generator 135 between slot 10' and      1 53 during operation
can be recognized from 11 ': controls strand 132                      Fig.
17E. 50   Hall-generator 136 between slot 14' and   115  The three
Hall-generators (or other equiva- 1 5': controls strand 1 33.
lent sensors) are disposed as follows: The sensor winding 137 (Fig. 16D)
serves       Hall-generator 34 at the slot A: controls for covering the
third harmonic and has there-  strand 148. for between its magnetically
active sections a   Hall-generator 135 at the slot E: controls 55 distance
alpha of 1 80[err] electrical: 1 = 60[err]  1 20 strand 1 50. electrical,
that is in Fig. 16D 30 mechanical,  Hall-generator 1 36 at the slot J:
controls since the rotor is two pole. The sensor wind-  strand 149. ing 137
comprises two wave windings that is    The corresponding circuit is shown
in Fig. 21. one from the connector 138 towards the right     Also in the
case of the two stranded wind- 60 running wave winding 139 and one to the
125 ing with by 90[err] electrical against each other other connector 140
towards the left           shifted winding strands the present invention
backward running wave winding 141, which       allows to avoid the
transformer coupling be- is shifted with respect to the wave winding
tween the main winding and the sensor wind- 139 by an angle beta in space,
wherein         ing. This is shown in Figs. 18 and 19. 65 beta = 90
electrical:1 = 90 electri-        130  Fig. 18 shows a two pole, two strand
motor    ,,    9
GB2051 498B          9 with a full pitch main winding 159 (Fig. 1 8E)
poles, compare Fig. 19B, and the main wind- inserted in a sheet metal
stamping 160 with    ing has two strands 172, 173. The Hall- four
symmetrical salient T-poles 161 that is in  generator 164 is disposed
between the slots the four main slots A, C, E and G. The two      12' and
13' and controls the strand 172, 5 strands of the main winding 159 are
desig-   70 whereas the Hall-generator 165 is disposed nated as 162 and 163
and wound in dia.-        between the slots 15' and 16' and controls meter
as indicated in Fig. 18A. 'In addition   the strand 173. The distance
between the two two Hall-generators 164, 165 are provided in
Hall-generators 164 and 165 thus is 90[err] a relative to each other
shifted position of 90[err]  electrical = 45[err] mechanical. The course of
the 10 electrical and of which the one is situated at  75  main winding 1
71 is unambiguously shown the slot C and controls the stand 163  whereas
in Figs. 1 9A and 19C. The main winding 171 the other is situated at slot E
and controls the  is 5/6 short-pitched. Fig. 19D shows the strand 162.
course of the sensor winding 175. Starting Four auxiliary slots 8, D, F and
H are       with a connector 176 the same runs through 15 provided for
receiving the sensor winding    80 the slots 4', 7', 9', 11', 16', 19', 21'
to the 166. Starting at slot A clockwise, then B is   slot 23' and from
there back again through from A 60[err] and D from A 120[err] distant.
the slots 21', 18', 16', 14', 9', 6', 4' and 1' Starting at slot A
counterclockwise, then H is  to the other connector 177. Like the sensor
form A 60 [err] and F is from A 120' distant, as    winding 166 the sensor
winding 175 is also 20 is clearly shown in Fig. 18A.                85
mirror symmetrical an also leaves out in each Starting with a connector 167
the sensor     case two winding steps. Furthermore, the sen- winding 166
runs initially through slot A,      sor winding 175 comprises four sections
178, then the slots B, D, F and H and returns to     179, 180 and 181,
which are shifted against slot A. There the winding direction reverses
each other. In each of the four sections the 25 back to slot H and further
to the slots D and B    90 same angle step of 180' electrical: 1 = 60' and
to the second connector 168. Thus the      electrical is employed, for
example from slot winding step is 180' electrical: 1, that is 60[err]  2'
to slot 4', and from slot 4' to slot 6'. The electrical. However in the
middle of the un-  sections 1 78 and 180 are in phase, as are the rolled
representation in each case two winding  sections 179 and 181. The section
178 is 30 steps have been left out, that is two winding  95 shifted in
phase compared to the sections 179 steps for each pair of poles p, in order
to    and 181 by an angle gamma of 90' electri- 



avoid transformer coupling between the main    cal: 1 = 30' electrical, and
the same holds for winding 159 and the sensor winding 166.        the
section 180. Through this move and the Correspondingly, in a four pole
motor two      deletion of the middle winding steps it is 35 times two
winding steps would have to be left  100 surprisingly-possible to avoid
also in this out and then a rotation symmetrical winding    case a
transformer couplig with both strands would be obtained providing the
advantages,    of the main winding 171. since thereby partition errors of
the rotor mag-  Fig. 19E shows the shape of the voltage UT net are better
compensated.                    at the sensor winding 1 75. Also in this
case 40   The corresponding circuit for four pulse  105 the voltage
comprises a small part of the operation is shown in Fig. 22. The shape of
fundamental wave of the rotor magnet. the tacho-voltage UT at the sensor
winding       For covering the ninth harmonic with a 166 is shown in Fig. 1
9E. This voltage varies  rotor magnet (Fig. 20C) having an about
corresponding to the fundamental of the mag-   rectangular magnetization as
shown in Fig. 45 netization of the rotor magnet, however the  110 20B (this
figure shows the course of the distances of the zero passages are
relatively  induction in the direction of rotation and mea- uniform and can
therefor be used for control   sured over the circonference of the rotor)
an purposes.                                      arrangement according to
Fig. 20 is em- If it is desired to employ a usual sheet     ployed. In this
case the sensor winding 185 50 metal stamping, for example the sheet metal
115 has to have a sensor step width corresponding stamping 88 according to
Fig. 2 with 24 slots  to a ninth of the step width of the main 89, also for
a two stranded, four pulse motor,  winding 186, that is amounting to only
about then according to the invention therefor a      20 [err] electrical.
In a small or tiny motor in specific sensor winding can be provided for
general the slot number of 9 X 2p required for 55 decoupling of the third
harmonic, wherein by   120 this cannot advantageously be used for the
spacial phase shifting of part of the sensor   main winding. Thus according
to the inven- winding by 30' electrical (with reference to     tion a
stator arrangement with salient poles the pole distribution of the rotor
magnet)      187 and a concentrated main winding 186 is versus the other
part and by additional dele-  more suitable. The winding 186 is herein 60
tion of certain winding steps the transformer    125 short-pitched and is
disposed in three main coupling can be lifted relative to both strands
slots A, G and N. The three strands of the of the main winding. Such a
motor is shown     main winding 186 are designated as 188, in Fig. 19. The
sheet metal stamping 88 has     189 and 190. 24 slots 89 which are
designated as 1 '. to 24'  In addition 15 auxiliary slots B-F, J-M and 65
as in Fig. 16. The rotor is magnetized as four   130 0-S are provided
having in each case a    10
GB2051 498B    10 distance from each other of 20[err] electri-       208.
The collectors of the transistors 205 and cal = 20 [err] mechanical and
from the main slots   207 are connected to the positive voltage A, G and N,
compare Fig. 20A.                   + U[err], and the emitters of the
transistors 206 The Hall-generators 134 to 136 are ar-       and 208 are
connected to a negative voltage 5 ranged as follows:
70 - U,. For example, when the transistor 206 The Hall-generator 134 is
disposed between   is conducting, then a current flows in the the slots H
and J and controls the strand      other direction through S 4 and when the
188.                                           transistor 206 is conducting
a current flows in The Hall-generator 135 is disposed between   the other
direction through S 4. Because of 10 the slots 0 and P and controls the
strand    75 the symmetry of the circuit the same holds for 189.
S 5 and the two transistors 207 and 208. The Hall-generator 1 36 is
disposed between    A control device 210 provides control of the slots B
and C and controls the strand 190.  the transistors 205 to 208. Rotor
position This is shown in Fig. 20 symbolically.         signals are fed to
the control device 210 from 15   The sensor winding 185 is constructed as a
80 the two Hall-generators 164 and 165. The wave winding. It starts at the
connector 193,  transistors 205, 207, 206 and 208 are suc- runs to the slot
A and from there further      cessively excited resulting in a rotating
field through all slots 8, C, etc until back to slot A  driving the rotor
203. and turns there and runs back via all slots S.   In Fig. 18 the stands
S 4 and S 5 corre- 20 R, Q. etc to slot B and to the other connector    85
spond to the strands 162 and 163, in Fig. 19 194. By comparing Fig. 20D
with Fig. 20E it   the strands 1 72 and 1 73. can be easily recognized that
in this case no    The present invention allows with very sim- coupling
between the sensor winding 185        ple means to obtain a measuring
voltage with and the main winding 186 occurs, that is at    a high
frequency relative to the frequency of 25 the connectors 193 and 194 a
frequency is    90 rotation of the motor and with a relatively obtained
being nine times larger than the      uniform period of duration as is
required espe- frequency available at the Hall-generators 1 34  cially for
speed control employing a frequency 



to 136 and therefore allowing a good speed     as a measure of the
frequency of rotation. The control.
preferably employed sensor winding acts as a 30   Fig. 21 shows
schematically the permanent    95 high pass filter and should preferably
extend magnetic rotor 195 of a three pulse motor      over 360[err]
electrical or an integer multiple having three winding strands connected as
a    thereof in order to minimize partition errors, star and designated as
S .1 to S 3 and the star  for example from an unequal distribution of point
196 is connected to the positive voltage  the slots or a nonuniform
magnetization of the 35 U,. Three npn-transistors 197, 198, 199 are   100
rotor, and in order to obtain a very uniform provided for feeding these
three strands. In   period of duration. Provisions are preferred in each
case the transistors are connected with   flat motors to eliminate
interference from axial their collector to the corresponding strand and
stray fields.                 - with their emitter to the negative line
200, 40 that is ground. The Hall-generator 134 con-    105 CLAIMS trols the
transistor 1 97, the Hall-generator    1. A brushless d-c motor comprising:
1 35 the transistor 198 and the Hall-generator   (a) a permanent magnet
rotor, the poles of 136 the transistor 199. This control is only   which
have a non-sinusoidal magnetisation represented schematically: Normally the
con-   and are separated by pole gaps; 45 trol is provided by driving
transistors. In Fig.    1 10  (b) a stator; 16 for example the strands S 1
to S 3 would     (c) a main armature winding; correspond to the strands 1
31 to 133, in Fig.   (d) means for pulse energising the main 17 the strands
148 to 150 and in Fig. 20 the   armature winding; and strands 188 to 190.
During each revolution      (e) a sensor winding positioned on the sta- 50
of the rotor 1 95 of 360' electrical succes-  1 1 5 tor adjacent the
associated armature to pro- sively each of the three strands S 1 to S 3
vide output signals induced in the sensor receives a current pulse, that is
in total three  winding, which signals are a harmonic or a pulses and the
operation is three pulse and    multiple of the base frequency induced in
continuously a torque is generated since the   stationary conductors on the
stator during 55 three current pulses mutually overlap.     120 operation
of the motor, Fig. 22 shows schematically the rotor 203      wherein the
sensor winding and main arma- of a four pulse motor having two strands
ture winding are of sufficient pitches and are designated as S 4 and S 5
and connected        relatively positioned to avoid transformer cou- with
their star point to ground (O.volt). The  pling therebetween. 60 other
connection of the strand S 4 is to the  125  2. A brushless d-c motor
according to emitter of an npn-transistor 205 and the col-  - claim 1,
wherein the main armature winding lector of an npn-transistor 207. In the
same   is a two strand winding. way the other connection of the strand S 5
is    3. A brushless d-c motor according to connected to the emitter of an
npn-transistor  claim 1 or 2, wherein the sensor winding is 65 207 and to
the collector of an npn-transistor    130 non-uniform with respect to
adjacently posi-    10
GB2051 498B    10 distance from each other of 20 electri         208. The
collectors of the transistors 205 and cal = 20[err] mechanical and from the
main slots   207 are connected to the positive voltage A, G and N, compare
Fig. 20A.                    + U[err] and the emitters of the transistors
206 The Hall-generators 1 34 to 1 36 are ar-     and 208 are connected to a
negative voltage 5 ranged as follows:                          70 - U[err].
For example, when the transistor 206 The Hall-generator 134 is disposed
between   is conducting, then a current flows in the the slots H and J and
controls the strand      other direction through S 4 and when the 188.
transistor 206 is conducting a current flows in The Hall-generator 135 is
disposed between   the other direction through S 4. Because of 1 0 the
slots 0 and P and controls the strand  75 the symmetry of the circuit the
same holds for 189.                                           S 5 and the
two transistors 207 and 208. The Hall-generator 136 is disposed between
A control device 210 provides control of the slots B and C and controls the
strand 190.  the transistors 205 to 208. Rotor position This is shown in
Fig. 20 symbolically..        signals are fed to the control device 210
from 15   The sensor winding 185 is constructed as a    80 the two
Hall-generators 164 and 165. The wave winding. It starts at the connector
193,  transistors 205, 207, 206 and 208 are suc- runs to the slot A and
from there further      cessively excited resulting in a rotating field
through all slots B, C, etc until back to slot A  driving the rotor 203.
and turns there and runs back via all slots S,   In Fig. 18 the stands S 4
and S 5 corre- 20 R, Q. etc to slot B and to the other connector    85
spond to the strands 162 and 163, in Fig. 19 194. By comparing Fig. 20D
with Fig. 20E it   the strands 172 and 173. can be easily recognized that
in this case no    The present invention allows with very sim- coupling
between the sensor winding 185        pie means to obtain a measuring
voltage with 



and the main winding 186 occurs, that is at    a high frequency relative to
the frequency of 25 the connectors 193 and 194 a frequency is    90
rotation of the motor and with a relatively obtained being nine times
larger than the      uniform period of duration as is required espe-
frequency available at the Hall-generators 1 34  cially for speed control
employing a frequency to 136 and therefore allowing a good speed     as a
measure of the frequency of rotation. The control.
preferably employed sensor winding acts as a 30   Fig. 21 shows
schematically the permanent    95 high pass filter and should preferably
extend magnetic rotor 195 of a three pulse motor      over 360[err]
electrical or an integer multiple having three winding strands connected as
a    thereof in order to minimize partition errors, star and designated as
S .1 to S 3 and the star  for example from an unequal distribution of point
196 is connected to the positive voltage  the slots or a nonuniform
magnetization of the 35 U[err]. Three npn-transistors 197, 198, 199 are
100 rotor, and in order to obtain a very uniform provided for feeding these
three strands. In   period of duration. Provisions are preferred in each
case the transistors are connected with   flat motors to eliminate
interference from axial their collector to the corresponding strand and
stray fields. with their emitter to the negative line 200, 40 that is
ground. The Hall-generator 134 con-    105 CLAIMS trols the transistor 197,
the Hall-generator     1. A brushless d-c motor comprising: 1 35 the
transistor 198 and the Hall-generator  (a) a permanent magnet rotor, the
poles of 1 36 the transistor 199. This control is only  which have a
non-sinusoidal magnetisation represented schematically: Normally the con-
and are separated by pole gaps; 45 trol is provided by driving transistors.
In Fig.   110  (b) a stator; 16 for example the strands S 1 to S 3 would
(c) a main armature winding; correspond to the strands 131 to 1 33, in Fig.
(d) means for pulse energising the main 17 the strands 148 to 150 and in
Fig. 20 the   armature winding; and strands 188 to 1 90. During each
revolution     (e) a sensor winding positioned on the sta- 50 of the rotor
195 of 360[err] electrical succes-  115 tor adjacent the associated
armature to pro- sively each of the three strands S 1 to S 3    vide output
signals induced in the sensor receives a current pulse, that is in total
three  winding, which signals are a harmonic or a pulses and the operation
is three pulse and    multiple of the base frequency induced in
continuously a torque is generated since the   stationary conductors on the
stator during 55 three current pulses mutually overlap.     120 operation
of the motor, Fig. 22 shows schematically the rotor 203      wherein the
sensor winding and main arma- of a four pulse motor having two strands
ture winding are of sufficient pitches and are designated as S 4 and S 5
and connected        relatively positioned to avoid transformer cou- with
their star point to ground (0 volt). The  pling therebetween. 60 other
connection of the strand S 4 is to the  125  2. A brushless d-c motor
according to emitter of an npn-transistor 205 and the col-  claim 1,
wherein the main armature winding lector of an npn-transistor 207. In the
same   is a two strand winding. way the other connection of the strand S 5
is    3. A brushless d-c motor according to connected to the emitter of an
npn-transistor  claim 1 or 2, wherein the sensor winding is 65 207 and to
the collector of an npn-transistor    130 non-uniform with respect to
adjacently posi-    GB 2 051 498 B    11 tioned main armature winding
portions           the rotor during operation of the motor, throughout the
circumference of the motor.        wherein the main armature winding is a
5. A brushless d-c motor according to        three strand winding located
in respective claim 1, 2 or 3, wherein the poles of the       slots of the
stator core and the sensor winding 5 permanent magnet rotor have at least
approxi-   70 includes magnetically active sections posi- mately
trapezoidal or rectangular magnetisa-    tioned in respective slots of the
stator core tion, the stator has a slotted core, with the   which are
located substantially intermediate slots circumferentially distributed
therearound  two adjacent stator core slots in which respec- and with the
main armature winding located      tive strands of the main armature
winding are 10 in respective ones of the stator slots, and  75 located,
thereby avoiding transformer coupling wherein the sensor winding is located
in re-    between the main armature winding and the spective ones of the
stator core slots with a   sensor winding during operation of the motor.
predetermined number of sensor winding sec-       10. A brushless d-c motor
according to tions arranged successively in the same angu-   claim 9,
wherein the main armature winding 15 lar direction such that the average
angular  80 is an essentially full-pitch winding. spacing between adjacent
sections is 180[err]-        1 1. A brushless d-c motor according to e1 /L,
claim 9 or 10, wherein the main armature L being the ordinal of the
harmonic to be     winding is a concentrated winding. obtained from the
sensor winding which, on        12. A brushless d-c motor according to 



20 return to its first section, is displaced by one  85 claim 9, 10 or 1 1,
wherein the sensor wind- stator slot with respect thereto.
ing includes three uniformly distributed mag- 5. A brushless d-c motor
according to         netically active sections for. each pole of the claim
1, 2 or 3, wherein the poles of the       rotor, to sense the third
harmonic. permanent magnet rotor have at least approxi-     13. A brushless
d-c motor according to 25 mately trapezoidal or rectangular magnetisa-  90
any of claims 9, 10 or 1 1, wherein the sensor tion, the stator has a
slotted core, with the   winding includes nine uniformly-distributed, slots
circumferentially distributed therearound  magnetically active sections for
each pole of and with the main armature winding located      the rotor, to
sense the ninth harmonic. in the stator slots, and wherein the sensor
14. A brushless d-c motor according to 30 winding is located in respective
ones of the  95 any of claims 9 to 13, wherein the stator has stator core
slots, with a predetermined num-    salient poles with auxiliary slots
formed ber of sensor winding sections arranged suc-   therein and the
sensor winding is located in cessively in the same angular direction such
the auxiliary slots. that the average angular spacing between          1 5.
A brushless d-c motor according to 35 adjacent turns is 1 80[err]-el /L
100 claim 14, wherein the number of salient stator L being the ordinal of
the harmonic to be     poles is greater than the number of rotor obtained
from the sensor winding which is a     poles. wave winding.
16. A brushless d-c motor according to 6. A brushless d-c motor according
to         any of claims 9 to 15, wherein the magnetiza- 40 claim 1, 2 or
3, wherein the sensor winding    105 tion of the rotor is essentially
trapezoidal in includes a first section having a first winding  shape and
sequential rotor poles are magnet- angle and a second section having the
same      ized over a distance of approximately winding angle as that of
the first section but  1 80[err]-el in a similar shape and manner of being
wound in the reverse direction to that of  magnetization with respectively
reverse direc- 45 the first section, thereby compensating for  1 10 tions
of the magnetic field or polarity. stray axial fields during operation of
the mo-    1 7. A brushless d-c motor according to tor.
any of claims 9 to 15, wherein the magnetiza- 7. A brushless d-c motor
according to        tion of the rotor is approximately rectangular claim 6,
wherein the motor is an axial air gap  and sequential rotor poles have a
length of 50 motor.                                      1  15
approximately 1 80'-el of essentially similar. 8. A brushless d-c motor
according to        shape and manner of magnetization, but with claim 6,
wherein the motor is a cylindrical air  respectively reverse polarity of
direction of gap motor.                                      magnetization.
9. A brushless d-c motor comprising:            18. A brushless d-c motor
according to 55   (a) a permanent magnet rotor having a non-  120 any of
claims 9 to 17, wherein the sensor sinusoidal magnetisation;
winding is a single-phase winding. (b) a stator having a slotted core, with
the    19. A brushless d-c motor according to slots circumferentially
distributed therearound;  any of claims 9 to 18, wherein the sensor (c) a
main armature winding on the stator;    winding extends over n X
360[err]--el, in which 60   (d) means for pulse energising the main   125 n
is 0, 1, 2  ... armature winding; and                             20. A
brushless d-c motor substantially as (e) a sensor winding positioned over
the      hereinbefore described with reference to the stator and having
substantially uniformly dis-  accompanying drawings. tributed magnetically
active sections arranged 65 to sense a harmonic of the voltage induced by
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