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(54) AN OPERATING CIRCUIT FOR A BRUSHLESS ELECTRIC MOTOR  Ad (71)   We,
KABUSHIKI KAISHA  SUWA  consists of a pair of transistors connected
SEIKOSHA and SHINSHU  SEIKI KABUSHIKI in push-pull configuration. KAISHA;
both Japanese bodies corporate, of    Preferably the control circuit
includes 3-4,  4-chome, Ginza, Chuo-ku,  Toyko, temperature compensating
means for com- 5 Japan- and 3-5, 3-chome, Owa, Suwa-shi,  pensating for the
effects of temperature 50 Nagano-ken, Japan,;respectively, do hereby
changes on the operating point of said one declare the invention for which
we pray  transistor. The temperature compensating that a patent may be
granted to us and the  means may be a thermistor. method by which it is to
be performed to   In the preferred embodiment, the poten- 10 be
particularly described in and by the fol-  tial divider may include a
variable resistor. 55 lowing statement -                         According
to one further aspect of the This invention relates to control circuits
present invention  there  is  provided  a for brushless electric motors.
brushless electric motor having an oper- According to one aspect of the
present  ating circuit as recited above. 15 invention there is provided an
operating    The invention is illustarated, merely by 60 circuit for a
brushless electric motor which  way of example in the accompanying draw-
includes a rotor and one or more driving  ings, in which:- coils, the
operating circuit comprises a flux    Figure 1 illustrates a conventional
oper- detecting circuit for detecting the magnetic  ating circuit for a
brushless electricmotor; 20 flux of the rotor and for producing an elec-
Figure 2 shows one embodiment of an 65 tric signal therefrom; a driving
circuit for  operating circuit according to the present amplifying the
electrical signal from  the  invention for a brushless electric motor;
detecting circuit and for apply and the am-  and plified electrical signal
to the or each driv-    Figure 3 shows another embodiment of 25 ing coil
and a control circuit for controlling  an operating circuit according to
the pre- 70 rotation of the motor by applying a control sent invention  for
a brushless electric signal to the detecting circuit or to the  motor.
driving  circuit, said  control circuit in-    Referring first to Figure 1
a conventional cluding  only  one  transistor,  a  pre-  operating circuit
for a brushless electric 30 determined voltage generating circuit con-
motor is shown. The operating circuit in- 75 sisting of a voltage
regulating device in  cludes Hall effect devices 1, 11 made, for parallel
with a potential divider and a  example, of indium  antimonide and re-
speed detecting circuit for producing an  sistors 8, 18 for controlling the
current to electrical signal which is proportional to  the Hall effect
devices. The Hall effect de- 35 the speed of rotation of the rotor, said
vices 1, 11 and the resistors 8, 18 constitute 80 speed  detecting  circuit
being  non-in-  a detecting circuit for detecting the mag- ductively
connected  between  either the  netic flux in driving coils 4, 5, 14, 15
and driving coils or separate detecting coils and  for producing an
electrical signal therefrom. the voltage regulating device.             The
Hall effect devices are connected to 40   The flux detecting circuit
preferably in- the bases of driving transistors 2, 3 and 12, 85 cludes at
least one Hall effect device for  13 respectively, the driving transistors
am- detecting the magnetic flux.             plifying  the  electrical
signal from  the The voltage regulating device may be a  detecting circuit
and providing a driving zener diode.                             signal
which is applied to the driving coils 45   The driving circuit, in one
embodiment, 4, 5, 14, 15. The driving transistors 2, 3, 90   



1 427 257                                        2 12, 13 and the driving
coils 4, 5. 14, 15  vention described hereinafter do not have constitute a
driving circuit which drives a  the defects of the conventional operating
rotor (not shown) made of permanently  circuit. magnetic material, of the
brushless electric    Referring to Figure 2 there is shown an S motor.
operating circuit according to the present 70 Diodes 6, 7, 16, 17 produce
an electrical  invention. The operating circuit includes a speed signal,
proportional to the speed of  Hall effect device 31 and a resistor 38 for
rotation of the rotor, from the driving coils  controlling the current to
the Hall effect 4, 5, 14, 15. The speed signal is amplified  device. The
Hall effect device and the re- 10 by a transistor 20. A control signal fed
to  sistor 38 constitute a flux detecting circuit 75 the Hall effect
devices 1, 11 is determined  for detecting the magnetic flux in driving by
controlling the base voltage of a trans-  coils 34, 35 and for producing an
electrical istor 19. Thus by determining the control  signal therefrom.
signal to the Hall effect devices the speed    Driving transistors 32, 33
amplify the 15 of rotation of the rotor can be controlled.  electrical
signal from  the detecting circuit 80 A potential divider, composed of
resistors  and provide a driving signal which is ap- 23, 24 divides the
speed signal, and a vol-  plied to the driving coils 34, 35. The driv- tage
from the centre point of the potential  ing transistors 32, 33, connected
in push- divider is smoothed by a capacitor 26 and  pull configuration and
the driving coils 34, 20 is applied to the base ofthe transistor 20.  35,
constitute a driving circuit.       85 A voltage determined by the
resistance of    Diodes 36, 37 constitute a speed de- the resistor 23 and a
variable resistor 22 is  tecting  circuit to  produce  an  electrical also
applied to the base of transistor 20, the  speed signal, proportional to
the speed of resistors 22, 23 being in series with a  rotation of a rotor
(not shown) of the 25 power source (not shown) connected across  brushless
electric motor, from  the driving 90 terminal  27, 28. A  thermistor  25
is  coils 34, 35. The diodes 36, 37 are non- provided  to compensate for
temperature  inductively  connected  between  drawing changes affecting the
operating points of  coils 34, 35 respectively and a zener diode the
transistors  19, 20, since  otherwise  40. The voltage across a resistance
43, 30 the operating points of the transistors 19, 20  which is connected
to the base of a trans- 95 would vary with changes in temperature  istor
39, is maintained constant by the and the speed of rotation of the rotor
zener diodes even when the voltage of a would alter. A  load resistor 21 is
con-  power source (not shown) connected across nected to the collector of
the transistor 20. terminals 46, 47 varies. A resistor 41 de- 35 As will be
appreciated the variable resistor  termines the voltage applied to the
zener 100 22 determines, in part, the voltage ap-  diode 40, the voltage
from which is divided plied to the base of the transistor 20 and by  by  a
potential divider consisting  of a varying the resistance of the variable
re-  variable resistor 42 and the resistor 43. A sistor 22 the speed of
rotation of the rotor  thermistor 44 is connected in parallel with 40 can
be changed. The diodes 6, 7, 16, 17, the  resistor  43  for  compensating
the 105 the transistors 19, 20, the resistors 21, 22, changes of
temperature affecting the oper- 23, 24, the thermistor 25 and the capacitor
ating point of the transistor 39 and the 26 constitute a control circuit
100.       zener diode 40. The variable resistor 42 is Since the main
components of the con-  arranged to control the base voltage ap- 45 trol
circuit 100 are the two transistors 19, plied to the transistor 39. The
resistance of 110 20 and since it is difficult to determine ac-  the
variable  resistor 42. therefore, de- curately the operating points of the
trans-  termines the speed of rotation of the rotor. istors, the  operating
range, and  con-  The transistors 39, the diodes 36, 37, the sequently the
control range, of the con-  zener diode 40, the resistors 41, 42, 43, the
50 ventional operating circuit is narrow. The  thermistor 44 and a
capacitor 45 constitute 115 control characteristics of the conventional  a
control circuit 200 which produces a con- operating circuit tends to be
poor if the  trol signal which is applied to the Hall ef- voltage of the
power source varies over a  fect device 31 to determine the speed of wide
range. Since the control circuit 100  rotation of the rotor. Moreover, the
zener 55 employs two transistors 19, 20 the voltage  diode 40, the
resistors 42, 43 and the ther- 120 VE  between  the base and  the emitter
mistor 44 constitute a predetermined vol- and the switching current IcBo
thereof are  age generating circuit. 



both affected by temperature changes to    The speed signal produced by the
diodes such an extent that it is difficult to com-  36, 37 and smoothed by
the capacitor 45 is 60 pensate using a thermistor. When the con-  supplied
to the emitter of the transistor 39. 125 ventional operating circuit 100 is
mass-  Consequently, the potential of the emitter produced transistors may
be used on which  of the transistor 39 is biassed to a positive the desired
compensation for temperature  potential. The transistor 39 is actuated by
changes cannot be performed.              the difference between the
voltage across 65   The embodiments of the  present in-  the  resistor 43
produced  by the zener 130    3                                           1
427 257                                           3 diode  40  and  the
voltage  across  the  istors 52, 53 and the coils 54, 55 constitute
capacitor 45.                                a driving circuit. The
rotation of the rotor is controlled as    Detecting coils 56, 57 together
with re- follows by the above operating circuit. If  spective diodes 60, 61
constitute a speed 5 the rotational speed of the rotor increases  detecting
circuit to produce an electrical 70 above a predetermined speed, the
voltage  speed signal proportional to the rotational across the capacitor
45 increases. Since the  speed of a rotor (not shown) of the brush- voltage
across the resistor 43  is constant  less electric motor. The diodes 60, 61
are because it is produced by the zener diode,  non-inductively connected
between the de- 10 the voltage between the base and emitter  tecting coils
56, 57 respectively and a zener 75 of the transistor 39 is reduced. Accord-
diode 63. The signal from the coils 56, 57 ingly, the current of the
control signal ap-  and the diodes 60, 61 is smoothed by a plied to the
Hall effect device 31 is re-  capacitor 68, and supplied to the emitter
duced, and the current flowing through the  of a transistor 62, so that the
emitter of 15 driving coils 36, 37 is correspondingly re-  the transistor
62 is biassed to a  positive 80 duced. Consequently, the rotation of the
potential. A resistor 64 determines the vol- rotor decreases to the
predetermined speed.  tage applied  to the zener diode 63. A Since the main
components of the con-  variable resistor 65 is connected in series trol
circuit 200 is a single transistor 39 and  with a resistor 66 to  form  a
potential 20 a zener diode, control of the operating  divider which divides
the voltage from the 85 point of the transistor is very simple. Since
zener diode. A thermistor 67 which is con- the transistor 39 is controlled
by the signal  nected in parallel with the resistor 66 com- which is
proportional to the speed of rota-  pensates for temperature changes
affecting tion of the rotor, the operating range and  the operating point
of the transistor 62. 25 consequently the control range of the trans-  The
rotational speed of the rotor is de- 90 istor  is  extended.  Since  the
voltage  termined by the resistance of the variable produced by the zener
diode is used to de-  resistor 65. A capacitor 69 is connected to termined
the speed of rotation the rotor  the common point of the resistors 65, 66
speed  can  be  maintained  at the  pre-  and to collector of the
transistor 62 to pre- 30 determined speed even though the voltage  vent
self-oscillation. The detecting coils 56. 95 of the power source varies
over a relatively  57, the diodes 60, 61, the transistor 62, the wide
range. Further, compensation  for  zener diode 63, the resistors 64, 65,
66, the variation in the speed speed of rotation of  thermistor 67, and the
capacitors 68, 69 the rotor from  the predetermined  speed   constitute a
control circuit 300. Moreover. 35 due to temperature changes affecting the
the zener diode 63, the resistors 65, 66 and 100 operating point of the
transistor 39, is bet-  the  thermistor  67  constitute   a  pre- ter than
in the conventional operating cir-  determined voltage generating circuit.
The cuit having two transistors. Consequently,  control circuit produces a
driving signal the operating circuit shown in Figure 2  which is applied to
the driving coils 54, 55 40 may be mass-produced, and has quite ex-  to
determine the speed of rotation of the 105 cellent  control characteristics
and  high  rotor. stability. Furthermore, the operating circuit    The
rotational speed of the rotor is con- of Figure 2 can be simplified and
mini-  trolled by the above operating circuit as aturised, so that a
brushless electric motor  follows. T the rotational speed of the rotor 45
having such an operating circuit can be  increases above a predetermined
speed, the 110 manufactured easily and its cost can be  voltage across the
capacitor 68 increases. lower compared with the cost of manufac-  Since the
voltage across the resistor 66 is 



turing a brushless electric motor having the   constant, the voltage
between the base and conventional operating circuit.              emitter
of the transistor 62 is reduced and 50   Referring now to Figure 3 another
em-  the voltage to the emitters of transistors 115 bodiment of an
operating circuit according   52, 53 of the driving circuit increases. Con-
to the present invention  for a brushless  sequently, the voltage between
the base electric motor is shown. The operating cir-  and the emitter of
each transistor 52, 53 is cuit includes a Hall effect device 51 and
reduced and the driving signal applied to 55 resistors 58, 59 for
controlling the current  the driving coils 54, 55 is correspondingly 120 of
the Hall effect device 51. The Hall ef-  reduced. As a result, the
rotational speed fect device and the resistors 58, 59 con-  of the rotor
will decrease until it reaches stitute a detecting circuit for detecting
the  the predetermined speed. magnetic flux in driving coils 54, 55 and
As with the control circuit 200 of Figure 60 producing an electrical signal
therefrom.     2 the control characteristics of the control 125 Driving
transistors 52, 53 connected in  circuit 300 are improved and the circuit
is push-pull configuration, amplify the elec-  stable and  simple  in
construction. The trical signal from the detecting circuit and  operating
circuit of Figure  3, therefore. provide a driving signal which is applied
to   may be miniaturised and its manufacturing 65 the driving coils 54, 55.
The driving trans-  cost reduced.                               130    4
1 427 257                                         4 The control circuits
described in con-  ductively  connected  between  either the 40 nection
with Figures 2 and 3 each employ  driving coils or separate detecting coils
and a single Hall effect device. Further, the  the voltage regulating
device. transistors 39, 62 are free from the polarity    2. An operating
circuit as claimed in 5 structure.                                   claim
1 in which flux the detecting circuit As mentioned above, the operating
cir-  includes at least one Hall effect device for 45 cuits according to
the present invention  detecting the magnetic flux. and described above,
are designed to be       3. An operating circuit as claimed in used in
connection with brushless electric  claim  I or 2 in which the voltage re-
10 motors, have  excellent control  charac-  gulating device is a zener
diode. teristics, are simple in construction  and    4. An operating
circuit as claimed in 50 may be made of small size. Consequently,  any
preceding claim  in which the driving a brushless electric motor having an
oper-  circuit consists of a pair of transistors con- ating circuit
according to the present in-  nected in push-pull configuration. 15 vention
may be manufactured easily and at    5. An operating circuit as claimed in
relatively low cost.                        any preceding claim  in which
the control 55 WHAT WE CLAIM  IS: -                      circuit includes
temperature compensating 1. An operating circuit for a brushless  means for
compensating for the effects of electric motor which includes a rotor and
temperature changes on the operating point 20 one or more driving coils,
the operating   of said one, transistor. circuit comprising a flux
detecting circuit    6. An operating circuit as claimed in 60 for detecting
the magnetic flux of the rotor  claim  5 in which the temperature com- and
for producing an electric signal there-  pensating means is a thermistor.
from, a driving circuit for amplifying the    7. An operating circuit as
claimed in 25 electrical  signal  from   the   detecting  any preceding
claim in which the potential circuit  and  for  applying  the  ampli-
divider includes a variable resistor.        65 fied  electrical  signal
to  the  or  each    8. An operating circuit for a brushless driving coil
and a control circuit for con-  electric motor substantially as herein de-
trolling rotation of the motor by applying a  scribed  with  reference  to
Figure  2  or 30 control signal to the detecting circuit or to  Figure 3 of
the accompanying drawings. the driving circuit, said control circuit in-
9. A brushless electric motor having an 70 cluding  only  one  transistor,
a  pre-  operating circuit as claimed in any pre- determined voltage
generating circuit con-  ceding claim. sisting of a voltage regulating
device in              J. MILLER & CO., 35 parallel with a potential
divider, and a             Agents for the Applicants, speed detecting
circuit for producing an             Chartered Patent Agents, electrical
signal which is proportional to              262 High Holborn, 



the speed of rotation of the rotor, said              London, WCIV 7EF.
speed  detecting  circuit  being  non-in- Printed for Her Majesty's
Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1976.
Published at the Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copis may be obtained.    4
1 427 257 The control circuits described in con-  ductively  connected
between  either the 40 nection with Figures 2 and 3 each employ  driving
coils or separate detecting coils and a single Hall effect device. Further,
the  the voltage regulating device. transistors 39, 62 are free from the
polarity    2. An operating circuit as claimed in 5 structure.
claim  1 in which flux the detecting circuit As mentioned above, the
operating cir-  includes at least one Hall effect device for 45 cuits
according to the present invention  detecting the magnetic flux. and
described above, are designed to be       3. An operating circuit as
claimed in used in connection with brushless electric  claim  1 or 2 in
which the voltage re- 10 motors, have  excellent control charac-  gulating
device is a zener diode. teristics, are simple in construction and     4.
An operating circuit as claimed in 50 may be made of small size.
Consequently,  any preceding claim  in which the driving a brushless
electric motor having an oper-  circuit consists of a pair of transistors
con- ating circuit according to the present in-  nected in push-pull
configuration. 15 vention may be manufactured easily and at    5. An
operating circuit as claimed in relatively low cost
any preceding claim  in which the control 55 WHAT WE CLAIM  IS: -
circuit includes temperature compensating 1. An operating circuit for a
brushless  means for compensating for the effects of electric motor which
includes a rotor and  temperature changes on the operating point 20 one or
more driving coils, the operating  of said one transistor. circuit
comprising a flux detecting circuit    6. An operating circuit as claimed
in 60 for detecting the magnetic flux of the rotor  claim  5 in which the
temperature com- and for producing an electric signal there-  pensating
means is a thermistor. from, a driving circuit for amplifying the     7. An
operating circuit as claimed in 25 electrical  signal  from   the
detecting  any preceding claim in which the potential circuit  and  for
applying  the  ampli-  divider includes a variable resistor.        65 fied
electrical  signal  to  the  or  each    8. An operating circuit for a
brushless driving coil and a control circuit for con-  electric motor
substantially as herein de- trolling rotation of the motor by applying a
scribed  with  reference  to  Figure  2  or 30 control signal to the
detecting circuit or to  Figure 3 of the accompanying drawings. the driving
circuit, said control circuit in-    9. A brushless electric motor having
an 70 cluding  only  one  transistor,  a  pre-  operating circuit as
claimed in any pre- determined voltage generating circuit con-  ceding
claim. sisting of a voltage regulating device in              J. MILLER &
CO., 35 parallel with a potential divider, and a            Agents for the
Applicants, speed detecting circuit for producing an             Chartered
Patent Agents, electrical signal which is proportional to              262
High Holborn, the speed of rotation of the rotor, said              London,
WC1V 7EF. speed  detecting  circuit  being  non-in- Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1976. Published at the Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained. *   C  L  M
S    *    


