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We, HITACHI, LTD., a Corpora-  of the rotor is increased or decreased in
tion organised under the laws of Japan, of  accordance with a difference
between the 50 5-1, 1-chome, Marunouchi,  Chiyoda-ku,  two signals for the
control of the rotational - Tokyo, Japan, do hereby declare the inven-
speed of the rotor. 5 tion, for which' we pray that a patent may    In one
method of detecting the rotational be granted to us, and the method by
which  speed of the rotor, a magnet is mounted on it is to be performed, to
be particularly  a rotary shaft of the rotor to be rotated 55 described in
and by the following state  therewith, and a power generation coil is
ment:-                                  arranged opposing to the magnet
such that 10   The present invention relates to an electric  a flux from
the magnet links to the power motor in- which a signal of a frequency
generation coil to cause it to generate a corresponding to a rotational
speed of a  signal having a frequency corresponding to  60 rotor is
generated. More particularly, the  the rotational speed of the rotor for
the present invention relates to an electric motor  detection of the .
rotational speed of the 15 for use in a disk record player and a mag-
rotor. This method, however, requires the netic tape recorder and player,
in which  the  arrangement of the -speed detection magnet, rotational speed
of the electric motor is  in addition to the rotor, on the rotary shaft 65
derived as a signal having a frequency pro-  of the electric motor. This
increases the portional to the rotational speed of the  size of the
electric motor and also makes 20 motor for the control of the rotational
speed. it necessary to increase the number of mag- In the. disk record
player which repro- net poles or the number of power generation duces sound
from  a disk record or the  coils when the frequency of the signal gen- 70
magnetic tape recorder and player, it  is  erated in the power generation
coils is to be necessary to rotate the disk record or feed  raised, which
results in further increase in 25' a magnetic tape at a precise speed. If
the  size of the structure. Moreover, since the speed changes, a reproduced
signal from the  magnetic flux of the drive coil for driving disk record or
the magnetic tape will be  the rotor links to the power generation coil, 75
frequency-modulated resulting in wow-flut-  if the magnetic flux of the
drive coil * ter. Particularly in an apparatus wherein a  changes, a
voltage which changes with the 30 rotary shaft of the electric motor is
directly  change 'of the magnetic flux is developed coupled to a turn table
or a capstan to  across the power generating coil, which directly  drive
them by the electric motor, voltage is added to a signal generated by the
80 the change in the. rotational speed of the rotation of the rotor. As a
result, a signal electric  motor  is directly reflected to the which
precisely detects the rotational speed 35 change in the reproduced signal.
Accord-  of the rotor cannot be derived from the ingly, the rotational
speed of the electric  power generation coil.. motor in such an apparatus
should be more   In the disk record player or the magnetic  85 accurately
maintained at 'a constant speed.  tape recorder and player, many components
In order to maintain a constant rotational in addition to the electric
motor are accom- 40 speed of the electric-motor, one may con-  modated in a
cabinet. Accordingly, it is vert a change in the rotational speed  or the
desirable that the size of the electric motor r.p.m. of a rotor of the
electric motor. to a  is as small as possible and the motor having 90
signal -whose frequency, voltage or capaci-  a large size as described
above cannot be * tance varies, which signal is then  compared practically
used. 45 with a reference frequency, voltage or   In another method, a disk
is mounted on capacitance signal representing the rotation  the rotary
shaft of the rotor, which disk is when the rotor is being rotated at an
exact formed with a plurality of equally spaced 95 rotational speed so that
the rotational speed  slits on a periphery thereof. A light source    2
1,565,537                                     2 such as a lamp is arranged
on one side of drive magnetic field, a  speed detection coil the disk while
a photo-sensor such as a- arranged within the magnetic field of said
photo-transistor is arranged on the other magnet and the drive magnetic
field of said 



side of the disk so that a light emitted from. pair of drive coils for
generating a signal 5 the light source passes through the slits in   having
a first component of a frequency cor- 70 the disk to the photo-sensor to
derive a  responding to the rotational speed of said signal from the
photo-sensor, which signal magnet and a second component of a has a
frequency corresponding to the rota-  frequency and an amplitude each cor-
tional speed of the rotor. This method, responding to the variation of
drive magnetic 10 however, requires a shield for the light flux of each
said pair of drive coils, a 75 source and the photo-sensor to prevent the
cancellation  coil  arranged  within  the entrance of any external light.
Furthermore, magnetic field of said drive coils for generat- in order to
raise the frequency of the signal ing a signal having a frequency and an
derived -from the photo-sensor, a number of amplitude corresponding to the
variation of 15 light sources and photo-sensors should be each magnetic
flux of said drive coils, and 80 arranged. This results in an electric
motor means for adding the signal generated at of a complex construction.
said cancellation coil to the signal generated When the change in the
rotational speed  at speed   peed detection coil to cancel a of the
electric motor is to be detected as a signal generated at said speed
detection coil 20 change in the frequency of the signal which  due to the
change in the drive magnetic 85 is used to control the rotational speed of
flux of said drive coi The speed detection the electric motor , it is
necessary to raise coil can include 2n  + 1 series connected the frequency
of the detected signal in order power generation conducting strands for to
enable the detection of a slight change each of the magnet poles, where n
is a 25 in the rotational speed of the electric motor. tive integer, such
that the magnetic fluxes 90 In an electric motor to be used with.an  of
the.magnet link with the plurality of electronic instrument which handles a
very power generation strands to cause them to small signal, it is
desirable to prevent any  generate a signal having a frequency cor-
electric and mechanical noise from occur- responding to the rotational
speed of  the 30 ing from the electric motor and at the same magnet.
95 time it is desirable to be able to  readily  . Preferably the electric
motor further com-.' control the rotational speed of the electric prises a
pair of power amplifiers for ampli- motor.
fying output signals from a pair of -Haill By constructing. the rotor of
the electric  effect elements to supply drive currents to 35 motor by a
permanent magnet and arrang-   said pair of drive coils, a
voltage-frequency 100 ing the -power generation coil in a magnetic
converter fed with an -output signal -from field of the magnet to cause the
power said speed detection coil for generating a generation coil  to
generate a voltage in  voltage corresponding to a frequency of response to
the change of the magnetic field  said output signal, a reference voltage
source 40 due to the rotation of the magnet, a signal having a reference
voltage, a voltage com- 105 corresponding to the rotational speed of the
parator for receiving an output voltage from magnet can be derived. By
eliminating a  said frequency-voltage converter and said voltage developed
across the, power genera- reference voltage to produce a differential tion
coil by the magnetic field of the drive voltage of said two voltages, and
means for 45 coil by an appropriate means, the rotational applying an
output voltage of said voltage 110 speed of the magnet can be accurately
comparator to said Hall effect elements. detected. In this manner an
electric motor which is of small size and capable of co-   The present
invention  will become more trolling the rotational speed can be attained.
apparent from the following detailed descrip- 50   It is an object.of the
present invention  tion of  the preferred  embodiments of the to provide
-an electric motor which is small  invention when taken in conjunction with
115 in size, flat in structure and capable of the accompanying drawings in
which: detecting a. change of rotational speed as a    Fig. 1 is a
perspective view, partly broken change of frequency.                .
away, of a first  embodiment of an electric 55   According  to  the
present invention  motor in accordance with the present inven- there  is
provided  an  electric  motor   tion .                                  120
comprising a rotary shaft, a disk-shaped    Fig: 2 is an exploded view of
the electric multi-pole  magnet  coupled  to  said  motor shown in Fig.  1.
rotary shaft and having a plurality of   fig,.3 is a perspective view of
drive coils. 60 magnetic poles, a pair of drive coils arranged    Fig. 4
is a plan  view showing a first within a. magnetic field of said magnet and
embodiment of a speed detection coil.    125 having drive sections which
are linked by    Fig. 5 is a circuit diagram  of a drive magnetic fluxes of
said magnet.means for circuit supplying drive  currents to  said pair of
Fig 6 is a plan view illustrating a relation 65 drive coils to cause them
to generate a  between the drive coils and a magnet.    3
1,565,537                                     3 Fig. 7 is a plan  view
'showing a' first 'magnetized to S pole.  Four washers 21 are 



embodiment of a cancellation coil.      arranged on the upper surface of
the base Fig. 8 is a plan view showing a second  plate 2 and an insulating
plate 22 made of embodiment of the cancellation coil.    phenol resin or
the like is mounted on the .5   Fig. 9 shows a torque characteristic curve.
washers 21 with the bearing 7 extending 70 Fig. 10 is an exploded view of
the speed  through a center bore 28 of the insulating detection coil and
he-magnet.           plate-28. Screws 24 are inserted into bores Fig. 11
shows a circuit diagram  of an  23 formed at four corners of the insulating
adder.                                  plate 22, through the washers 21
and screwed 10   Now referring to Figs. 1 and 2 which  into threads 25
formed in the base plate 2. 75 show a perspective view, partly broken away,
The insulating plate 22 is attached to the of the electric motor according
to the present base plate 2 while maintaining a space invention and an
exploded view thereof, between the insulating plate 22 and the  base
respectively, the electric motor 1 comprises  plate 2 by the washers 21. A
pair of drive, 15 a disk-shaped base plate 2 made of a mag-  coils 26, 27
are attached to the bottom sur- 80 netic material such as iron or silicon
steel face of the insulating plate 22. As shown in and a cup-shaped top
cover 3 'mounted on  Fig. 3, each  of the pair of drive coils 26, the base
plate 2. The top cover 3 has a top' 27 is of star shape having a number of
turns plate 4, a cylindrical portion 5 contiguous of a fine copper wire
coated with insulating 20 thereto and a rim 6, all made of magnetic
coating. Each of the drive coils. 26, 27 is 85 material. The base plate 2
acts as a lower forced into a flat star-shaped structure by yoke and a
cylindrical bearing 7 is'-fixed at initially establishing  four- points
equally the center thereof. The bearing 7 is made  spaced from each other
on a circumference of non-magnetic material such as brass and  of a circle
having a diameter corresponding 25 formed with a rim 8 on an upper
periphery  to an outer diameter of the magnet 15 and  90 thereof. The
bearing 7 is inserted into a  additional four points on a circumference
center bore 9 of the base plate 2 and fixed  of a circle having a diameter
corresponding thereto such that the bottom surface of the  to an inner
diameterof the magnet 15 and rim 8 abuts against the base plate 2. A lower
each shifted by 45 degrees from correspond- 30 periphery of the bearing 7
is threaded at 10  ing one of the previously established four 95 to which a
cap 11 is threadedly coupled. points, extending a fine copper wire from
Ball bearings 12 are provided within the  one of the inner points to the
corresponding cap 11. A rotary shaft 13 is inserted into the  outer point,
folding the wire thereat and bearing 7 from the top thereof. The lower
extending the wire to the second inner point, 35 end of the rotary shaft 13
bears on the ball folding the wire thereat and extending the       100
bearings 12 so that the rotary shaft 13 is wire to the second outer point,
repeating rotatably supported by the ball bearings 12 similar steps for the
third and fourth inner and the bearing 7. At the middle portion of points
and the third and fourth outer points the rotary shaft 13, an upper yoke 14
made to complete one turn, and repeating the 40 of magnetic material such
as iron or silicon  above step a number of times. The pair of 105 steel is
attached. A disk-shaped multi-pole  drive coils 26, 27 thus constructed are
placed magnet  15 is bonded by adhesive material to  one on the other
coaxially with the rotary the bottom surface of the upper yoke 14. shaft 13
and bonded by adhesive material to The disk-shaped multi-pole magnet 15 is
the insulating plate 22. The copper wires of 45 circular and made of
magnetic matetial such  the pair of drive coils 26, 27 extending from 110
as aluminum-nickelcobalt alloy or ferrite  the outer periphery to the inner
periphery and has  a center bore 16 through whidh the  or vice versa link
to a magnetic flux of rotary shaft 13 extends to fix the magnet '15  the
magnet 15 defining drive sections 29 and to the upper yoke 14 coaxially
with the  30 for driving the magnet  15 at the linking 50 rotary shaft 13.
the magnet 15 is circum-  areas. The drive coils 26 and 27 are placed 115
ferentially  divided  into  a  plurality  of one on the other such that the
drive sections sections, 8 sections in Fig. 2, and each of 29 and 30 are
angularly spaced 'by 22.5 the subdivided  sections  17, 18, 19, ... 20
degrees circumferentially. A  plurality of is magnetized with alternating
polarity.   For radially extending power generation strands 55 example, the
subdivided section 17 is mag-  31 are provided on the upper surface of the
120 netized to N pole on the upper surface of  insulating plate 22 and are
connected in the magnet 15 while the left and right adja- series to form a
speed detection coil 50. As cent subdivided sections 18 and 20 are mag-
shown in Fig. 4, the speed detection coil 50 netized to S pole,'and the
section 19 which  has a plurality of radially extending power 60 is
adjacent to the section 18 is magnetized  generation strands 31, 32,33, 34,
. . 35 125 to N pole. The sections  17, 18, 19,. . 20  on the upper surface
of the insulating plate are magnetized in   a direction of thickness 22.
The first strand 31, for example, is con- of the magnet 15 such that when
the upper nected with the adjacent second strand' 32 surface of the section
17  is magnetized  on the inner periphery side, and the second 65  to  N
pole,  the lower surface thereof is strand 32 is connected  with the third
strand 130    
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4 33 on the outer periphery side, and the third   at the same time acts as
a record guide along strand 33 is connected with the fourthstrand  which a
center bore of the disk  record 34 on the inner periphery side In a similar
travels. manner, the remaining strands are connected    In the electric
motor thus constructed, 5 with their adjacent strands alternately on  when
a unidirectional D.C. drive current is 70 the inner and  outer periphery
'sides such' supplied to one of the pair of  drive coils that the strand
31, 32,.33, 34, . . . 35 are  26 and 27, eg. to the drive coil 26  a drive
connected in series. The speed detection coil  magnetic field is produced
at the drive coil 50 may be a printed circuit coil, which may  26  by the
drive current. This drive magnetic 10 be formed by bonding a copper foil on
the  field cooperates with  the magnetic field of 75' upper surface of the
insulating plate 22, the magnet 15. to produce a drive force F. printing
thestrands 31, 32, 33,34.... 35  This is illustrated in Fg. 6, in which
the' and the interconnections therebetween on  drive coil 26 is shown with
the copper wire the copper foil and etching the copper foil forming the
coil thereof. When the d.c. 15 while protecting 'the   printed areas. The.
current flowing in the direction of an arrow  80 radially extending power
generation strands   58 is supplied to the drive current 26, drive 31, 32,
33, 34..'. 35 are provided 2n + 1  fluxes are generated at the drive
sections 29 for each of the magnet poles of the magnet of the drive coils
26, which fluxes surround- 15, where n is a positive integer. The speed
ing the drive sections 29 clockwise as viewed. 20' detection coil 50 shown
in Fig. 4 is an  with respect to the direction of the current 85 example
where n  = 1 and three strands are   flow.. When 'the drive  sections' 29
of the' provided for each magnet pole,  and total of  drive coil 26 are
positioned above the mag- 24 strands are provided for the met 15  net poles
17, 18, 19,... 20 of the magnet shown in Fig.. 2 in which the magnet 15 is
15. as hown in Fig. 6(a), counterclockwise 25 divided into 8 m tid
sections The  fores'are produced at the drive sections 29 90 speed
detection coil 50 shown in Fg. 2 is in the direction normal thereto. an
example where: n = 4 and nine strands    For example, the magnetic  flux of
the are provided for each magnet pole, and total N-poled   magnetic pole 17
and the magnetic of 72 strands 31 are provided. The, first flux of . the
drive section 29a positioned 30 strand 31 and the last strand 35 (the 24th
thereabove cooperate to produce at the drive 95 strand.in Fig. 4) have
terminals 36  and 37  section 29a a force [err] which is normal to which
external leads are connected form- thereto. Similarly, at the drive section
29b ing output terminals of the speed detection  positioned above the
S-poled magnetic pole coil 50;                                18. a force
F. which is normal to the drive 35   Arranged on the upper surface of the
section 29b is produced. The' forces. [err] and 100 insulating plate 22
along the outer periphery  F, produced at the drive sections 29a and of
'the speed detection coil 50 is an arcuate  29b are in the same direction
and the com- cancellation  coil 51 which surrounds three  ponent forces F01
and FO, of the forces F1. quarters of the outer periphery of the speed  and
F2. which act circumferentially of the 40 detection coil. One end of the
cancellation  magnet 75 produce a drive force F for the 105 coil 51 is
connected to the output terminal magnet 15. Since the drive coil 26 is
fixed 36 of the first power generation strand 31  to the base plate 2, the
drive force F gen- and the other end is connected to: an  output erated at
the drive coil 26 causes the magnet terminal 52. The cancellation coil 51
is con- 15 to rotate so that the magnet 15 is rotated 45 nected in series
with the speed detection  clockwise  with the rotary shaft 13 around 110
coil 50. an insulating plate 53 is disposed   the rotary shaft 13.  as the
magnet 15 is on the base plate 2 and a pair of Hall effect  rotated to a
position where two drive sec- elements .54 and 55. are mounted on the
tions 29  are. positioned above one magnet base plate around the rotary
shaft 13 with  pole as' shown in Fig. 6(b), the sum of the 50 the -angular
displacement of  22.5 degrees. drive forces produced at the respective sec-
115 The pair of Hall effect elements 54 and 55  tions 29 is zero. That is,
as shown in Fig. are arranged in the magnetic field of the  6(b), when the
two drive  sections 29a and magnet 15 near positions corresponding to  29b
are positioned above the one magnet the outer periphery of-the magnet  15.
pole 17,  the directions of the magnet fluxes 55   The cup-shaped top cover
3 has a  center  linking the two drive sections 29a and 29b 120 bore 38
formed in the top plate 4 thereof, are the same. and. the directions of the
cur- into  which center bore 38  of the  upper end  rents flowing through
the drive sections 29a of the rotary shaft 13  is inserted so that the  and
29b  are opposite. Therefore, the  force rim 6 of the top cover 3 abuts
against the  [err] produced  at the drive section 29a and 60 base plate  2,
and the rim 6 and the base   the force [err] produced at  the drive section
125 plate 2 are coupled by screws 39. The end  29b' are same. in their
magnitudes and of the rotary shaft 13  is  tapered to  form  opposite in
their directions and hence the a  center shaft for a  turn  table on which
component forces [err]  and [err]  acting' cir- a disk record is mounted
when the electric   cumferentially of the magnet  15 are same 65 motor is
used in a disk record player. and  in their magnitudes and opposite in
their 130  



1,565,537                         5 directions resulting in.zero drive
force F for those strands induce signals having ampli- driving the magnet
15.                           tudes corresponding to  the amounts of As the
magnet 15 is further rotated by  change of the magnetic fluxes and frequen-
inertia to a position where the respective  cies corresponding to the
periods of the 5 drive sections 29 are positioned above the  change. Those
signals are produced across to corresponding magnetic poles respectively as
the strands when the boundaries of the shown in Fig. 6(c), the drive
section 29a  magnet poles 17, 18, 19, . ... 20 of the is now positioned
above the S-poled magnet magnet 15 pass above the strands. Since the pole
20 and the drive section 29b is posi-  strands 31, 32, 33, 34,... 35 are
provided 10 tioned above the N-poled magnet pole 17, 2n +  1 for each of
the magnet poles of 75 as opposed to the case of Fig. 6(a). As a  the
magnet 15, the signals induced at the result the forces [err] and [err]
produced at the  strands positioned at the boundaries of the. drive
sections 29a and 29b are opposite to  magnet poles are of the polarity to
allow the those in Fig. 6(a) so that the magnet 15 is flow of signal
currents 'in the same direc- 15  rotated counterclockwise and returned to
tion so. that those signals are added together.. 80 the position shown in
Fig. 6(b). Fig. 9  Fig 10 is a development view showing a shows a relation
of a rotation angle [err]  of the  relation among the power generation
strands magnet 15 and a torque T produced at: the  of the speed detection
coil 50, the signals magnet 15 under the condition of Fig. 6. induced
thereacross and the magnet poles  in 20 Fig. 9  shows a torque curve in
which an  which Fig 10(a) shows an example where the 85 abscissa represents
the rotation angle [err]  of number of the strands of the speed detection
the magnet 15 and an ordinate represents coil 50 per magnet pole is three,
or n = 1. torque T. As shown by a  solid line 56, and Fig. 10(b) shows an
example where at 22.5 degree rotation of the magnet 15   n = 2. In Fig.
10(a), the strands for the .25 the torque T becomes zero and a negative
magnet pole 18 are the three strands 31, 32 90 torque is produced between
the rotation  and 33 while the strands for the magnet pole angles of 22.5
degrees and 67,5 degrees. 19 are the next three strands 34, 41. and 42. *
Between 112.5 degrees and 157.5 degrees, Assuming:that the magnet 15 moves
to the 202.5 degress and 247.5 degrees, and .292.5  right as shown by an
arrow in Fig. 10, the 30 degrees and 337.5 degress, negative torque
magnetic flux linking to the strand 31 95 is also produced and the
resultant torque  positioned near the boundary of the magnet derived from
the sum of the. negative torque  poles 17 and 18 changes from the magnet
and the positive torque is zero so that the flux of the magnet pole 18 to
that of the magnet 15 cannot rotate, By reversing the  magnet pole 17. As a
result, the direction 35 direction of the drive current supplied to  of the
magnetic flux changes and a voltage 100 the drive coil 26 at the negative
torque  is induced across the strand 31. As for the region, e.g. between
22.5 degrees and 67.5  other strands 32 and 33, no voltage is induced
degrees, a positive torque as shown by a  thereacross because the magnetic
fluxes broken line 57 is produced in this region. linking thereto do not
change. Assuming 40   As shown in Fig. 6(d), by superimposing  that the
polarity of the voltage induced in 105 one of the drive coils, 26 on the
other drive  the strand 31 is such that it allows a current coil 27
coaxially while angularly spacing  to flow from the bottom to the top of
the them by 22.5 degrees from each other and  strand as shown by an arrow,
a voltage of supplying sinusoidal wave drive currents the  the polarity
which allows downward current 45 phases of which are different by 90
degrees flow is induced in the strand 34 positioned 110 from each other, to
the drive coils 26 and 27' near the boundary of the magnet poles 18 the
direction of the drive current flow is and 19. A voltage of  the polarity
which reversed for each 45 degree rotation of the  allows upward current
flow is induced in magnet 15 and the drive current' becomes the strand 43
positioned near the boundary 50 zero for each 225 degree rotation of the
of the magnet poles 15 and 20, and a  115 magnet 15. Accordingly,  the
magnet is voltage of the polarity which allows down- rotated in a given'
direction without requir-  ward current flow is induced in the strand ing
commutator or brush.. One of the drive  44 positioned near the boundary of
the coils 26 and 27,  eg. the drive coil 27 is  magnet poles 20 and 40.
Since the voltages 55  supplied with a  sine wave current while the
induced in the strands 31, 34, 43 and 44 are 120 other drive coil 27 is
supplied with a cosine  of the polarity to cause the currents of the wave
current whose phase is different from  same direction to  flow 'through the
speed that of the  sine wave by 90 degrees.   detection coil 50,  these
currents are added As the magnet 15 rotates, the magnetic  together to
produce an output current. 60 fluxes emanated from  the magnet poles 17,
Similarly, in Fig. 10(b), voltages induced 125 18, 19,    20 of the magnet
15 move while  in the strands 31, 42, 43 and 44 are of the linking to the
power generation strands 31, polarity to cause the currents of the same 32,
33, 34, .  .. 35 of the  speed detection  direction to flow through the
speed detection coil 50. When the magnetic fluxes linking  coil50 and hence
these currents are add ed - 



65 to the strands 31,  32, 33, 34 . .. 35 change,   together. Since more
number of power gen-  130    6
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Fig. 10(b) than  drive coils 26 and 27 to produce a voltage in Fig 10(a),
the frequency of the induced  which varies with the change of the magnetic
voltage is higher in Fig. 10(b) than in Fig. field of. the drive coils 26
and 27. Since the 10(a).                                  speed detection
coil 50 and the cancellation 5   As the magnet 15 rotates, the magnetic  51
are connected in series as shown in Fig. 70 flux linking to the strands
sequentially  4. assuming that a voltage is induced in the changes so that
the speed detection coil 50    speed detection coil 50 by the change in
induces a voltage having a frequency pro-  the magnetic flux of the drive
coils 26 and portional to the rotational speed of the mag-  27 causing a
current to flow, for example, 10 net 15. Since the magnet 15 is divided
into  from the power generation strand 35 through 75 eight magnet poles,
the rotational speed of  the speed detection coil 50 in a counter- the
magnet 15 is detected at eight separate  clockwise direction, this  current
flows positions. As a result, the rotational speed  through the
cancellation coil 51 in the clock- of the magnet 15 can be precisely
detected  wise direction. Thus,  it is opposite to the 15 without being
affected by the ununiform  current flowing through the cancellation coil 80
magnetization of the magnet poles and the  51 by the voltage induced in the
cancellation eccentricity of the magnet 15. Since the  coil 51 and hence
those currents cancel output signal from the speed detection coil with each
other. Accordingly, by taking the 50 represents the change in  the
rotational output signal of the speed detection coil .50 20 speed of the
magnet 15as thechangeofthe  from the teminals 37 and 52, a speed detec- 85
frequency, the frequency of the output signal  tion signal which is not
affected by the is compared with a frequency of a reference  magnetic field
of the drive coils 26 and 27 signal to control the drive current supplied
can be derived. to the drive coils 26 and 27 in accordance    The radius
and the arc length of the 25 with the difference of the frequencies for
cancellation coil 51 are designed such that 90. controlling the rotational
speed of the mag- the cancellation coil 51 surrounds an amount net  15.
Alternatively, the frequency of the  of magnetic flux generated by the
drive coils output signal of the speed detection coil 50 26 and 27, which
amount is substantially may be  converted to a voltage, which is  equal to
the amount of magnetic flux sur- 30 compared with a reference voltage to
control rounded by the speed detection coil 50  so 95 the rotational speed
of the magnet 15.  that the voltage developed by the speed While the speed
detection coil 50 produces detection coil 50 and the voltage developed the
signal having a frequency corresponding  by the cancellation coil 51 are
equal. to the rotational speed of the magnet 15 by    Figs. 7 and 8 show
examples where the 35 the plurality of power generation strands 31,
cancellation coil 51 is solely formed on the 100 32, 33, 34, .... 35 being
linked by the  insulating plate 58 using a printed circuit magnetic flux of
the magnet 15,. since the  technique. In Fig. 7, the cancellation coil 51
speed detection coil 50 is disposed in  the  is substantially circular and
a small radius magnetic field of the pair of drive coils 26  is employed to
reduce the amount of 40 and 27, a signal corresponding to the change
magnetic flux which it surrounds. In Fig. 8, 105 in the magnetic field of
the drive coils 26  an arc having a large radius is used and and 27 is
produced in the speed detection  the length of the cancellation coil 51 is
three coil 50. Since the drive coils 26 and 27 are  quarters of the
circumferential length. The fed with sinusoidal A.C. currents as. the
cancellation coil 51 may be connected in 45 drive current the magnetic
field of the drive  series to the speed detection coil 50 such 110 coils 26
and 27 changes periodically. Where  that the voltage induced in the former
is D.C. currents are supplied to the drive coils  in opposite phase to the
signal voltage in- 26 and 27 and switched by a commutator duced in the
latter, or it may be applied to and brush, the magnetic field of the drive
an adder as shown in Fig. 11. 50 coils 26 and 27 also changes. The signal
Fig. 11 shows a circuit diagram of the 115 produced in the speed detection
coil 50 by  adder in which a phase inverting transistor the change in the
magnetic field of the drive  60 is supplied with a base bias through base
coils 26 and 27 appears as a noise to the  biasing resistors 61 and 62, has
its. base speed detection signal for detecting the  connected to an input
terminal 63, and its 55 rotational speed of the magnet 15 resulting
collector connected to a power supply 120 'in the reduction -of a
signal-to-noise ratio through a collector resistor 64 and to a base (S/N
ratio) of the speed detection signal, of a summing transistor 66 through a
capaci- which in turn makes it difficult to exactly  tor 65 and a resistor
81. A voltage amplify- indicate the rotational speed of the magnet ing
transistor 67 is fed with a base bias 60  15.
through base resistors 68 and 69 and has its 125 The cancellation coil 51
arranged on the  base. connected to an. input terminal 70, its outer
periphery of the speed detection coil emitter grounded through an emitter
resistor 



50 is disposed within the magnetic field of 71 and to a junction of two
resistors 73 and the drive coils 26 and 27. The cancellation  :74 connected
between the base of the 65 coil 51 is linked by the magneticflux of'the
transistor 66 and the ground, through a 130    7
1,565,537                                       7 capacitor 72. The
transistor 66 is fed with  conducts while the transistor 94 cuts off, a
base bias through resistors 75 and 76  and after a predetermined time
interval the *           and also fed with biases through a collector
condition is again reversed to the initial state resistor 77 and an emitter
resistor 78, respec-  and stabilized in that condition. When the 5  tively,
and has its emitter connected to an  transistor 94 is cut off, the
collector voltage 70 output terminal 80 through a capacitor 79. thereof is
high resulting in a high output Since the output signal is taken from the
signal. The output signal from the diodes collector of the transistor 60,
the phase of  88 and 90 is supplied to the transistors 93 the output signal
is in opposite phase to  and 94 as a trigger signal, and each time the 10
that of the input signal and this output signal trigger signal is applied
the collector voltage 75 is fed to the transistor 66. The output signal of
the transistor 94 rises. The output signal from the transistor 67 is taken
out of the  of the transistor 94 is supplied to a low pass emitter thereof
and hence it is in phase with  filter comprising a resistor 99 and a
capaci- the input signal. This signl is also fed to  tor 100 where it is
converted to a D.C. 15 the transistor 66. When the output signal of
voltage.                                80 the speed detection coil 50 is
applied to the    The magnitude  of the  D.C. voltage input terminal 63 and
the signal of the can- increases as the transistor 94 is cut off more
collation coil 51 is applied to the input frequently within a unit time and
decreases terminal 70, these two signals are opposite  as the transistor 94
is cut off less frequently. 20 in their phase and cancelled with each other
In this manner, the frequency of the output 85 when they are fed to the
transistor 66. As a  signal of the speed detection coil 50 is con- result,
a signal indicative of the rotational verted to a D.C. voltage the
magnitude of speed of the magnet 15 is produced at the  which is large when
the frequency is high output terminal 80.                       and small
when the frequency is low. The 25    The electric motor shown in Figs. 1
and  voltage from the low pass filter is fed to a 90 2 may be. driven by a
drive circuit shown  first voltage comparing transistor 101 while in Fig 5.
Since the output signal of the speed  a reference voltage from a reference
voltage detection coil 50 is of small amplitude and  supply comprising a
diode 103 and resistors includes amplitude-modulated components, 104 and
105 is applied to a second voltage 30 it is fed to a differential amplifier
comprising  comparing transistor 102. The transistors 95 transistors 82 and
83 and amplified thereby ,  101 and 102 compare the two voltages and and an
output at a collector of the transistor produces a differential voltage at
the collec- 83 is fed through a capacitor 84 to a shaping  tor of the
transistor 102, which is fed transistor 85. Transistors 85 and 86 con-
through a phase compensation circuit corn- 35 stitute an oversaturation
amplifier having a  prising a resistor 106 and capacitors 107 and 100 large
gain, which causes an input signal  108 to a transistor 109 where it is
D.C, thereto to saturate into a square wave signal amplified. An emitter
current of the transis- and  eliminates the  amplitude-modulated  tor 109
is supplied to an input terminal of components. An output signal of the
transis- a pair of Hall effect elements 54 and 55. 40 tor 85 is fed through
a capacitor 87 to a    The Hall effect elements each produces an 105 first
frequency multiplying diode 88, and an  output voltage which is
proportional to the output signal of the transistor 86 is fed  strength of
the magnetic field applied thereto through a capacitor 89 to a second fre-
and the current flowing therethrough. The quency multiplying diode 90. The
capacitors pair of Hall effect elements  are arranged 45  87 and 89
together with resistors 91 and 92  near the outer periphery of the magnet
15 110 constitute differentiating circuits to convert as shown in Fig. 2
and within the magnetic the square wave output signals of the transis-
field of the magnet 15. The field distribu- tors 85 and 86 to pulse
signals, which pass tion of the magnet 15 is sinusoidal distribu- through
the diodes 88 and 90 and are added  don near the outer periphery of the
magnet 50  together to produce a: signal of double  15. Thus, by arranging
the Hall effect 115 frequency, which is then fed to a mono   elements 54
and 55 within the sinusoidal stable multivibrator comprising a pair of
distribution a sinusoidal output voltage can transistors 93 and 94. A
collector of tie  be produced, Since the Hall effect elements transistor 93
is connected to a base of the  54 and 55 are angularly displaced by 22.5 55
transistor 94 through a capacitor 95 and a  degrees from each other, output
voltages the 120 diode 96, and a collector of the transistor 94  phases of
which differ by 90 degrees from is connected to a base of the transistor 93
each other can be produced. The output through a resistor 97, and the base
of the  voltages of the Hall effect elements 54 and transistor 93 is
connected to a negative  55 are fed through current limiting circuits 60
power supply through a resistor 98. When no  comprising resistors 110, 112,
115 and 116, 125 



trigger signal is applied to the transistors 93  respectively and
capacitors 111, 113, 114 and 94. the transistor 93 is cut off and the  and
117, respectively, to voltage amplifying transistor 94 is conductive. When
a negative transistors 118, 119, 120 and 121 respectively, trigger signal
is applied externally, the con- where they are amplified. The output signal
65  dition is reversed such that  the transistor 93  of the transistor 119
is fed to bases of a 130    8                                   1,565,537
8 first pair of drive transistors 122 and 123 can. be increased so that the
speed control and the output signal of the transistor 121  signal of a high
frequency can be obtained is fed to bases of a second pair of drive
Furthermore, since the drive coils are driven transistors 124 and  125. The
first and second  by the sinusoidal wave drive currents, no 5 pairs of
drive transistors 122, 123 and (124, commutator nor brush is required
assuring 70 125 constitute push-pull power amplifiers,    a noise-free.
electric motor. respectively, and an output power from the  .  In the
Specfication of our copending transistor pair 122 and 123 is fed to one
Patent Application No. 43562/76 (Serial No. drive coil 26 while an output
power from  1,563,605) we describe and claim an electric  -- 10 the
transistor pair 124 and 125 is fed to the  motor incorporating  a frequency
generator 75 other drive coil 27..                   comprising a. rotary
shaft, a disk-shaped In this circuit, as the rotational speed of multipolar
magnet. having a plurality of the magnet 15 increases, the frequency of
magnetizablesectors,saidsectorsbeing mag- the output signal from the speed
detection  netized to exhibit poles of different polarities 15 coil 50
rises and the output voltage from the at both thicknesswise ends, adjacent
ones of 80 low pass filter 99, 100 rises. This voltage is said sectors
being poles   of reverse polari- compared with the reference voltage and
the  ties, a pair of 'flat driving coils disposed compared result is taken
out of the transistor parallel with and spaced from said  magnet 102 as a
negative voltage, which reduces the  and within a field of said magnet, and
a flat 20 emitter voltage of the transistor 109 resulting  speed detecting
coil disposed parallel with 85 in the decrease. in the current supplied to
and spaced from said magnet and within  a the Hall effect elements 54 and
55. As a  magnetic field of said magnet, said driving result, the drive
power supplied to the drive  coils and. said speed detecting coil being
coils 26 and 27 decreases to reduce the  arranged to be nonrotatable, each
of said 25 rotational speed of the magnet 15. On the driving coils having a
plurality of driving 90 other hand, when the rotational speed of the
portions interlinking  with magnetic- flux of magnet 15. is. low, the
compared output said magnet, said speed detecting coil having resulting
from  the comparison with the 2n + 1 radially extending generating con-
reference voltage is positive, which causes ductive strips corresponding to
each one of 30 the current to be  supplied to the Hall effect said magnetic
poles,  Where. n is a positive 95 elements 54 and 55 to increase. Thus the
integer, said conductive strips being serially drive current for the drive
coils 26 and 27  connected, whereby said speed detecting coil increases and
the  rotational speed of the acts as a frequency. generator producing a
magnet 15 is increased.           .    signal  having a frequency
corresponding to' 35   In  this manner, the  frequency of the out- speed of
rotation of said magnet, when said 100 put signal of the speed detection
coil is driving coils are supplied with 'electrical converted to a voltage
which controls the power. drive currents to  maintain  a constant
rotational speed of the magnet. Since the  ..WHAT WE CLAIM  IS:- 40 drive
currents are derived from the pair of   1. An  electric motor comprising: a
105 Hall effect elements and they are sinusoidal rotary shaft, a
disk-shaped multi-pole mag- wave currents the phases of which are dif- net
coupled to said rotary shaft and having ferent by 90 degrees from each
other,  the  a plurality of magnetic poles, a pair of drive torque of the
magnet can be. maintained at a  coils arranged within a magnetic field of
45- constant value and the variation of the said magnet and having drive
sections which   110 torque can be. eliminated.    .         are. linked by
magnetic fluxes of said magnet, As described hereinabove, the electric
means for supplying drive currents  to said motor in accordance 'with the
present inven- pair of drive coils to cause them to generate tion.
generates a signal for enabling the  a drive magnetic field, a speed
detection 50 detection of the rotation of the magnet by  coil arranged
within the magnetic field of 115 means of the magnet which constitutes the
said magnet and the drive magnetic field of rotor, produces a speed
detection signal said pair. of drive coils for generating a which is of a
high S/N ratio and which is signal lhaving a first component of a fre- not
affected by the drive field, and controls quency corresponding to the
rotational speed 55 the rotational speed  of the motor with a  of said
magnet and a second component of 120 simple construction. Since the magnet
is of a frequency and an amplitude each  cor- plate-shape and the drive
coils are thin, the  responding to the variation of drive magnetic entire
motor is flat.  By  constructing the flux of each said pair of drive coils,
a 



speed detection coil and the cancellation coil cancellation coil arranged
within the mag- 60 by printed circuit coils, the motor can be netic field
of said drive coils for generating 125 constructed into a flat structure
and perform  a signal having a frequency and an ampli- accurate speed
control. By the use of the  tude corresponding to the  variation of each
printed circuit technology, the strands of magnetic flux of said drive
coils, and means the speed detection coil can be precisely  for adding the
signal generated at said can- 65.- positioned  and the number of the
strands cellation coil to the signal generated at said 130    8
1,565,537                                      8 first pair of drive
transistors 122 and 123 can be increased so that the speed control and the
output signal of the transistor 121  signal of a high frequency can be
obtained. is fed to bases of a second pair of drive  Furthermore, since the
drive coils are driven transistors 124 and 125. The first and second  by
the sinusoidal wave drive currents, no 5 pairs of drive transistors 122,
123 and  124, commutator nor brush is required assuring 70 125 constitute
push-pull power amplifiers, a noise-free electric motor. respectively, and
an output power from the    In the Specification of our copending
transistor pair 122 and 123 is fed to one  Patent Application No. 43562/76
(Serial No. drive coil 26 while an output power from   1,563,605) we
describe and claim an electric 10 the transistor pair 124 and.125 is fed to
the  motor incorporating a frequency generator 75 other drive coil 27.
comprising a rotary shaft, a disk-shaped In this circuit, as the rotational
speed of multipolar magnet having a plurality of the magnet 15 increases,
the frequency of magnetizable sectors, said sectors being mag- the output
signal from the speed detection  netized to exhibit poles of different
polarities 15 coil 50 rises and the output voltage from the  at both
thicknesswise ends, adjacent ones of 80 low pass filter 99, 100 rises. This
voltage is  said sectors being poles of reverse polari- compared with the
reference voltage and the  ties, a pair of flat driving coils disposed
compared result is taken out of the transistor parallel with and spaced
from said magnet 102 as a negative voltage, which reduces the  and within a
field of said magnet, and a flat 20 emitter voltage of the transistor 109
resulting  speed detecting coil disposed parallel with  85 in the decrease
in the current supplied to  and spaced from said magnet and within a the
Hall effect elements 54 and 55. As a  magnetic field of said magnet, said
driving result, the drive power supplied to the drive  coils and said speed
detecting coil being coils 26 and 27 decreases to reduce the  arranged to
be nonrotatable, each of said 25 rotational speed of the magnet 15. On the
driving coils having a plurality of driving 90 other hand, when the
rotational speed of the  portions interlinking with magnetic flux of magnet
15 is low, the compared output said magnet, said speed detecting coil
having resulting from  the comparison with the  2n + 1 radially extending
generating con- reference voltage is positive, which causes ductive strips
corresponding to each one of 30 the current to be supplied to the Hall
effect said magnetic poles, where n is a positive 95 elements 54 and 55 to
increase. Thus the  integer, said conductive strips being serially drive
current for the drive coils 26 and 27  connected, whereby said speed
detecting coil increases and the rotational speed of the acts as a
frequency generator producing a magnet 15 is increased.
signal having a frequency corresponding to 35   In this manner, the
frequency of the out- speed of rotation of said magnet, when said 100 put
signal of the speed detection coil is driving coils are supplied with
electrical converted to a voltage which controls the  power. drive currents
to maintain a constant rotational speed of the magnet. Since the    WHAT WE
CLAIM  IS: - 40 drive currents are derived from the pair of   1. An
electric motor comprising:  a 105 Hall effect elements and they are
sinusoidal rotary shaft, a disk-shaped multi-pole mag- wave currents the
phases of which are dif- net coupled to said rotary shaft and having ferent
by 90 degrees from each other, the  a plurality of magnetic poles, a pair
of drive torque of the magnet can be maintained at a  coils arranged within
a magnetic field of 45 constant value and the variation of the  said magnet
and having drive sections which 110 torque can be eliminated.
are linked by magnetic fluxes of said magnet, As described hereinabove, the
electric  means for supplying drive currents to said motor in accordance
with the present inven- pair of drive coils to cause them to generate tion
generates a signal for enabling the. a drive magnetic field, a speed
detection 50 detection of the rotation of the magnet by  coil arranged
within the magnetic field of 115 means of the magnet which constitutes the
said magnet and the drive magnetic field of rotor, produces a speed
detection signal said pair of drive coils for generating a which is of a
high S/N ratio and which is signal 'having a first component of a fre- not
affected by the drive field, and controls quency corresponding to the
rotational speed 55 the rotational speed of the motor with a  of said
magnet and a second component of 120 simple construction. Since the magnet
is of a frequency and an amplitude each cor- 



plate-shape and the drive coils are thin, the  responding to the variation
of drive magnetic entire motor is flat. By constructing the  flux of each
said pair of drive coils, a speed detection coil and the cancellation coil
cancellation coil arranged within the mag- 60 by printed circuit coils, the
motor can be  netic field of said drive coils for generating 125
constructed into a flat structure and perform  a signal having a frequency
and an ampli- accurate speed control. By the use of the  tude corresponding
to the variation of each printed circuit technology, the strands of
magnetic flux of said drive coils, and means the speed detection coil can
be precisely  for adding the signal generated at said can- 65 positioned
and the number of the strands cellation coil to the signal generated at
said 130    9                                       1,565,537
9 speed detection coil to cancel a signal gen-    7. An electric motor
according to claim erated at said speed detection coil due to the  5 or 6,
wherein said pair of drive coils are - change in the drive magnetic flux of
said  coaxially disposed one from the other with  45 drive coils.
each being circumferentially displaced by 5   2. An electric motor
according to claim  22.5 degrees from each other, and said pair ,1, wherein
said speed detection coil is  of coils are fed with sinusoidal drive
currents arranged within the magnetic field of said  the phases of which
differ by 90 degrees 50 magnet and the drive magnetic field of said  from
each other. pair of drive coils and has a plurality of    8. An electric
motor according to any 10  series-connected power generation conduct-
preceding claim, further comprising: a pair ing strands which are linked by
the magnetic  of Hall effect elements disposed within a fluxes of said
magnet for generating a signal  magnetic field of said magnet and linked
55 having a frequency corresponding to the  by the fluxes of said magnet,
and means rotational speed of said magnet.          for supplying output
signals from said pair 15   3. An electric motor according to claim  of
Hall effect elements to said pair of drive I or 2, wherein said
cancellation coil is  coils, respectively, as drive currents thereto.
connected in series with said speed detection    9. An electric motor as
claimed in claim  60 coil to generate a signal which is of opposite  8,
further comprising: a pair of power phase and same amplitude with respect
to  amplifiers for amplifying output signals from 20  the signal generated
at said speed detection  said pair of Hall effect elements to supply coil
due to the change in the drive magnetic  drive currents to said pair of
drive coils, a flux of said drive coils.                 voltage-frequency
converter fed with an out- 65 4. An electric motor according to claim  put
signal from said speed detection coil 1, 2 or 3, wherein said cancellation
coil is  for generating a voltage corresponding to a 25 arranged along an
arcuate path around an  frequency of said output signal, a reference outer
periphery of said speed detection coil, voltage source having a reference
voltage, said cancellation coil and said speed detec-  a voltage comparator
for receiving an output 70 *     tion coils being disposed on a common
voltage from  said frequency-voltage con- insulating plate.
verter and said reference voltage to produce 30   5. An electric motor
according to any  a differential voltage of said two voltages, preceding
claim, wherein said speed detec   and means for applying an output voltage
of tion coil has power generation strands, 2n  said voltage comparator to
said Hall effect 75 +  1 strands for each of the magnet poles  elements. of
said magnet, where n is a positive integer,   10. An electric motor
constructed and 3S which strands are linked by the magnetic  arranged to
operate substantially as herein- fluxes of said magnet.
before described with reference to and as 6. An electric motor according to
claim  illustrated in the accompanying drawings.  80 5, wherein said
plurality of power generation strands of said speed detection coil extend
J. A. KEMP & Co.. 40  radially and are linked by the magnetic
Chartered Patent Agents, fluxes of said magnet, each of said strands     14
South Square, Gray's Inn, being connected in series with adjacent
London WC1R 5EU. strands. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1980. Published at The Patnt Office, 25
Southampton Buildings, London, WC2A lAY, from which copies may be obtained.


