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The invention relates to a motor drive circuit for driving an electromotor
with a permanent magnet rotor and a stator comprising one or more stator windings, the
motor drive circuit comprising an excitation circuit for exciting the stator windings, a
signal generaiion circuit for generating an emergency control signal which indicates a

5 failure of the excitation of the stator windings, and an auxiliary power supply circuit for
extracting electric energy from the motor in response to the emergency control signal
and supplying the extracted energy to an auxiliary circuit, the auxiliary power supply
circuit comprising a rectifier circuit inserted between at least one stator winding and the
auxiliary circuit.

10 The invention further relates to a data reading and/or recording apparatus
comprising a motor for driving in a rotating fashion a disc having a recording layer, a

read/write head arranged opposite the recording layer and movable in radial direction

L relative to the disc, an actuator for moving the head and a positioning control means for
energizing the actuator, and a motor drive circuit as defined in the opening paragraph,

15 the positioning control means for its energy supply being coupled to the auxiliary power
supply circuit and the positioning control means being arranged for causing the
magnetic head to be moved to an idle position in response to the emergency control
signal.

i A motor drive circuit of this type as well as data read and/or recording

20 apparatus in the form of a so-called magnetic hard disc drive are known, for example,
from US 4,371,903.

The use of a motor drive circuit of the type defined in the opening
paragraph is especially interesting for these magnetic hard disc drives. With these hard
disc drives an air cushion is developed between the read/write head and the disc as a

25 result of the high speed of rotation of the disc thus avoiding mechanical contact between
the head and the disc. If the drive motor is de-energized as a result of a power failure,
the r.p.m. of the motor and thus the speed of rotation of the disc is reduced. In order to

avoid the head contacting the disc when the motor is de-energized, the head is moved to
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the same supply voltage. For reducing heat dissipation in the logic circuits, low voltages
of the order of several volts are preferably chosen for the power supply of the logic
circuits. If the motor used is also designed for these low voltages, the problem will
occur that the voltage generated by the motor while acting as a generator is too low for
the actuator to be energized for moving the head, because the generated voltage is only
several volts. The useful voltage, however, is even considerably less as a result of the
relatively large voltage drop across the diodes included in the rectifier circuit. It is an
object of the invention to provide a motor drive circuit by which electric energy having
a considerably higher voltage level can be extracted from the motor once the motor has
been de-energized.

According to the invention this object is achieved by means of a motor
drive circuit as defined in the opening paragraph, characterized in that the drive circuit
comprises a short-circuit means for short-circuiting the at least one stator winding
coupled to the rectifier circuit, and a control means coupled to the short-circuit means
for causing the stator winding(s) coupled to the rectifier circuit to be temporarily
intermittently short-circuited.

As a result of the stator windings being short-circuited, the current in the
stator winding will enhance to a relatively large value. The moment the short-circuit
state is terminated, a large voltage will be induced in the stator winding as a result of
the available self-inductance.

The invention will be further explained hereinafter with reference to the
drawing, in which:

Fig. 1 shows an embodiment of a reading and recording apparatus
according to the invention, |

Fig. 2 shows an embodiment of the motor dﬁve circuit according to the
invention, and

Fig. 3 shows a circuit to be used in the motor drive circuit shown in Fig.

Fig. 1 shows an embodiment of a data reading and recording apparatus.
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circui by a magnetic recording layer 2. Data may be customarily written on and read off the

g =

magnetic layer 2 by means of a magnetic head 3 which is radially movable in relation to
5 the disc in a direction indicated by an arrow 4, When head 3 is moved, it is driven with
the aid of an actuator 5. The actuator 5 is controlled by a positioning control means 8

of a customary type controlling the actuator 5 in response to an emergency control

signal, so that the head 3 is moved to an idle position in which it is incapable of
contacting the recording layer 2.

The emergency control signal is usually generated when there is a power
failure of the motor 7. As a result, the r.p.m. of the disc will drop. With a falling
r.p.m. of the disc 1 the air cushion between the rotating disc 1 and the head 3 can no
longer be maintained. By moving the head to the idle position when there is a power
failure of the motor, the head 3 is avoided contacting the recording layer and, as a
result, damaging the layer and itself.

For a detailed description of the positioning control means as well as
generation of the emergency control signal, reference be made, for example, to EP-A 0
224 378, GB-A 2 121 589 and US 4,371,903, which documents are considered to be
incorporated in the description by reference.

The motor 7 is a permanent magnet DC motor which drives the disc 1
rotating around an axis 6. Such a motor comprises a permanent magnet rotor and a
stator having one or more stator windings. The motor 7 is energized by a motor drive
circuit 9, In addition, the motor drive circuit 9 generates the emergency control signal
and applies same through a signal line 10 to the positioning control means 8.
Furthermore, the positio-ning control means 8 is fed from the métor drive circuit 9
through the supply lines 11 and 12.

Fig. 2 gives a detailed representation of an embodiment of the motor
drive circuit 9. The motor drive circuit 9 comprises a positive supply terminal 20 and a
negative supply terminal 21 which are to be connected to a DC voltage source for
feeding the motor drive circuif. The motor drive circuit 9 t;urther includes three output
terminals 22, 23 and 24 connected to stator windings 25, 26 and 27 respectively, in a
star configuration, of motor 7. The star point of the stator windings is denoted by a
reference numeral 28 and preferably connected to ground potential. The stator winding
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26b, 27a and 27b are rendered conductive and are shut off by a commutation circuit 29

generating the required control signals S1, ..., S6. The commutation circuit 29 is of 2
customary type operating the switches according to a cyclic pattern, in which the stator
windings are energized with currents that generate a magnetic field of rotation as a
result of which a rotary movement of the permanent magnet rotor is effected. The
commutation instants may be determined depending on the rotor position as is
customary in brushless DC motors. The rotor position may then be determined with the
aid of magnetic sensors installed along the rotating rotor. The rotor position may also
15 be determined on the basis of the counter-electromotive force induced in the stator
windings by the rotor. The commutation instants may also be independent of the rotor
position as is customary in synchronous motors. The switches 25b, 26b and 27b are
bridged by what is commonly referred to as fly back diodes 25¢, 26¢ and 27c. A

junction 30 between these switches 25a and 25b is connected via a fly back diode 25d to
a terminal 31 of a capacitor 32. Another terminal 33 of the capacitor 32 is connected to
the negative supply terminal 21. A junction 34 between the switches 26a and 26b is also
connected to the terminal 31 vig a fly back diode 26d. A junction 35 between the

switches 27a and 27b is also connected to the terminal 31 via a fly back diode 27d.

20

Furthermore, the positive supply terminal 20 is connected to the terminal 31 via a diode
36.

The terminals 31 and 33 are further connected to the respective power
supply lines 11 and 12 for supplying efectrical energy to the positioning control means
8. |

The motor drive circuit according to the invention comprises a short-

30 circuit means for short-circuiting at least one of the stator windings of the motor. In the
embodiment shown in Fig. 2 the short-circuit means comprises three electronic switches
25e, 26e and 27e which are connected between the terminals 22, 23 and 24

respectively, and the star point 28 connected to ground potential, and thus bridge the
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37 may comprise, for example, an oscillator of a customary type producing, when
activated, a binary periodic output signal.

For generating the emergency control signal, the motor drive circuit
comprises a signal generator 36 which produces a signal when there is a power failure
of the motor 7. Such a circuit may comprise, for example, a voltage detector of a
customary type connected to the supply terminals 20 and 21 and detecting whether the
supply voltage has dropped below a specific minimum level.

The operation of the circuit is as follows. During normal operation the

motor drive circuit is fed through the power supply terminals 20 and 21. The stator

.windings 25, 26 and 27 are alternately connected to the power supply terminals 20 and

21 in a cyclic switch pattern. As a result, the stator windings are supplied with AC
currents driving the motor 7 and, consequently, the disc 1.

The positioning control means 8 is fed across the diode 26. The moment
the stator windings 25, 26 and 27 are de-energized as a result of a failure of the supply
voltage between the supply terminals 20 and 21, the signal generator 36 will generate
the emergency control signal.

This emergency control signal is applied to the positioning control means
8 which, in response thereto, energizes the actuator 5 so that the latter moves the head
3 in the direction of the idle position. In addition, the short-circuit means also receives
the emergency control signal and will be activated thereby. During this operation the
switches 25e, 26e and 27e are alternately opened and closed. In closed position the
stator windings 25, 26 and 27 are short-circuited. Since the still rotating permanent
magnet rotor generates inductance voltages in the stator windings 25, 26 and 27, the
current in the stator windings will increase up to the moment when the situation of
short-circuiting is interrupted again. After the interruption the current flowing in the
stator winding will be maintained as a result of the self-inductance of the stator
windings. These currents charge the capacitor 32 via the diodes 25a, 25b, 26a, 26b, 27a
and 27b. For that matter, said diodes form a so-called three-phase rectifier inserted
between the terminals 22, 23 and 24 and the capacitor 32. When the capacitor 32 is

a.short-circuit neans for
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thus alternately short-circuiting the stator windings and interrupting this condition, the
kinetic energy available in the motor and disc is converted into electric energy and
supplied to the capacitor 32. Since the power supply lines of the positioning control

means 8 are connected to the terminals 31 and 33 of the capacitor 32, the power supply

A

to the positioning control means is maintained after the supply voltage between the
voltage terminals has dropped during the running out of the motor 7. This period of
time is sufficient to move head 3 to the idle position.

10 Though not necessary, it is to be preferred to control the voltage across
the capacitor 32 to a constant value. This may be effected in a simple manner by

making the switch pattern of the switches 25e, 26e and 27e depend on the voltage level

across the capacitor. For example, it is possible to adjust the ratio between the time
intervals in which the stator windings are short-circuited and the time intervals in which
15 the short-circuit condition is interrupted. Another option is to deactivate the short-circuit
means and thereby interrupt the short-circuiting of the stator coils once a specific upper
limit R1 has been reached by the voltage across the terminals 31 and 33, until the
voltage across the capacitor 32 has diminished below a lower limit R2. When the lower
limit is reached, the short-circuit means 34 is re-activated after which the short-circuit
20 condition is alternately caused to occur and interrupted.
Fig. 3 shows by way of example a circuit for activating and deactivating
the short-circuit means 37.
The circuit shown comprises a so-called feedforward comparator circuit
formed by an operational amplifier 40 whose inverting input is connected to reference
25 voltage UR1. The non-inverting input is connected to the terminal 31 through a resistor
41 and to the output of the operational amplifier 40 through a resistor 42. The output
signal of the operational amplifier 40 may be used as a control signal for activating and
deactivating the short-circuit means,
The power supply to short-circuit means 37 and to the operational
30 amplifier 40 is to be maintained when the power supply on the supply terminals 20 and
21 fails. Therefore, the power supply is to be provided by a separate power supply
circuit. The circuit 37 as well as the amplifier 40 are preferably supplied through the
terminals 31 and 32.
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Neither is it necessary, for that matter, that all the short-circuit switches

closed simultaneously. It is also possible to short-circuit the short-circuit switches in
are

an alternating fashion.

It should further be observed that the invention is not restricted to
10 .
multiphase motoxs, but that the invention is likewise applicable to single-phase motors.

In addition, it should be observed that, basically, the switches 25a, 25D,

26a, 26b, 272 and 27b may also be used for temporarily short-circuiting the stator

windings. However, this is disadvantageous in that these switches are adapted for

h currents. Operating such switches for high currents requires relatively

{5 switching hig
2 - much electric power. This is contrasted with separate switches 25e, 26e and 27e which

only need to be activated in the case where the motor is operated as a generator and

where, compared with normal motor operation, only small currents need to be switched.
b

Since one is to be sparing of the available energy once the main power
supply has failed, the use of separate switches for short-circuiting the stator windi.ngs is
. thus to be preferred. The motor drive circuit according to the invention is pre-eminently
suitable for use in combination with so-called hard disc drives. The use of the motor
drive circuit, however, is not restricted to this application. Basically, the motor drive
.circuit is sﬁitable for any use for which it is desirable in the case of a power failure to
maintain the power supply to circuits for a brief period of time for carrying out

necessary actions or operations. -
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1. Motor drive circuit for driving "an electromotor with a permanent magnet
rotor and a stator comprising one or more stator windings, the motor drive circuit
comprising an excitation circuit for excitihg the stator windings, a signal generation
circuit for generating an emergency control signal which indicates a failure of the
excitation of the stator windings, and an auxiliary power supply circuit for extracting
electric energy from the motor in response to the emergency control signal and
supplying the extracted energy to an auxiliary circuit, the auxiliary power supply circuit
comprising a rectifier circuit inserted between at least one stator winding and the
auxiliary circuit, characterized in that the drive circuit comprises a short-circuit means
for short-circuiting the at least one stator winding coupled to the rectifier circuit, and a
control means coupled to the short-circuit means for causing the stator winding(s)
coupled to the rectifier circuit to be temporarily intermittently short-circuited.

2. Drive circuit as claimed in Claim 1, characterized in that the short-circuit
means comprises control means for controlling the short-circuiting in response to the
voltage level of the energy supplied to the auxiliary circuit in a manner in which said
voltage level remains substantially constant.

3. Drive circuit as claimed in Claim 1 or 2, characterized in that the
auxiliary power supply circuit is coupled to the short-circuiting means for supplying
power to the short-circuiting means.

4. Data reading and/or recording apparatus comprising a motor for driving in
a rotating fashion a disc having a recording layer, a read/write head arranged opposite
the recording layer and movable in radial direction relative to the disc, an actuator for
moving the head and a positioning control means for energizing the actuator, and a
motor drive circuit as defined in the opening paragraph, the positioning control means
for its energy supply being coupled to the auxiliary power supply circuit and the
positioning control means being arranged for causing the magnetic head to be moved to
an idle position in response to the emergency control signal. .. __ ===~
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A description is given of a motor drive circuit (9) for driving an
electromotor (7) with a permanent magnet rotor and a stator comprising one or more
stator windings (25, 26, 27). When the supply voltage of the motor drive circuit (9)
fails, an emergency signal is generated by a signal generator (36).

This emergency control signal activates an auxiliary power supply circuit
for extracting electric energy from the motor and supplying the extracted energy to an
auxiliary circuit (8). The auxiliary power supply circuit comprises a rectifier circuit
formed by the fly back diodes (25¢, 25d, 26¢, 26d, 27¢, 27d) bridging the switches
(25a, 25b, 26a, 26b, 27a, 27b) of an electronic commutation circuit. The drive circuit
10 comprises short-circuit switches (25e, 26e, 27¢e) bridging the stator windings (25, 26,

27). In response to the emergency control signal a short-circuit means (37) causes the
stator windings (25, 26, 27) to be temporarily intermittently short-circuited. As a result,
a capacitor (32) is charged. The energy stored in the capacitor (32) is used for
temporarily feeding an auxiliary circuit (8) once the power supply to the drive circuit
15 has failed. If the drive circuit is used in combination with a hard disc drive, the energy
supplied by the auxiliary power supply circuit can be used for moving the magnetic
head (3) to an idle position.
Fig. 2.
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The invention relates to a motor drive circutt for driving an electromotor

"“with a permanent magnet rotor and a stator comprising one or more stator windings, the
motor drive circuit comprising an excitation circuit for exciting the stator windings, a
signal gcncraiion circuit for generating an emergency control signal which indicates a
failure of the excitation of the stator windings, and an auxiliary power supply circuit for
extracting electric energy from the motor in response to the emergency control signal
and supplying the extracted energy to an auxiliary circuit, the auxiliary’ power supply
circuit comprising a rectifier circuit inserted between at least one stator winding and the
auxiliary circuit.

The invention further relates to a data reading and/or recording apparatus
comprising a motor for driving in a rotating fashion a disc having 2 recording layer, a
read/write head arranged opposite the recording layer and movable in radial direction

" relative to the disc, an actuator for moving the head and a positioning control means for
energizing the actuator, and a motor drive circuit as defined in the opening paragraph,
the positioning control means for its energy supply being coupled to the auxiliary power
supply circuit and the positioning control means being.arranged for causing the
magnetic head to be moved to an idle position in response to the emergency control
signal.

A motor drive circuit of this type as well as data read and/or recor&ing
apparatus in the form of a so-called magnetic hard disc drive are known, for example,
from US 4,371,903. _

The use of a motor drive circuit of the type defined in the opening
paragraph is especially interesting for these magnetic hard disc drives. With these hard
disc drives an air cushion is developed between the read/write head and the disc as a
result of the high speed of rotation of the disc thus avoiding mechanical contact between
the head and the disc. If the drive rhotor is de-energized as a result of a power failure,
the r.p.m. of the motor and thus the speed of rotation of the disc is reduced. In order to

avoid the head contacting the disc when the motor is de-energized, the head is moved to
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Generally, the motor drive circuit and the logic circuits preferably have

the same supply voltage. For reducing heat dissipation in the logic circuits, low voltages
of the order of several volts are preferably chosen for the power supply of the logic
circuits. If the motor used is also designed for these low voltages, the problem will
occur that the voltage generated by the motor while acting as a generator is too low for
the actuator to be energized for moving the head, because the generated voltage is only
several volts. The useful voltage, however, is even considerably less as a result of the
relatively large voltage drop across the diodes included in the rectifier circuit. It is an
object of the invention to provide a motor drive circuit by which electric energy having
a considerably higher voltage level can be extracted from the motor once the motor has
been de-energized.

According to the invention this object is achieved by means of a motor
drive circuit as defined in the opening paragraph, characterized in that the drive circuit
comprises a short-circuit means for short-circuiting the at least one stator winding
coupled to the rectifier circuit, and a control means coupled to the short-circuit means
for causing the stator winding(s) coupled to the rectifier circuit to be temporarily
intermittently short-circuited.

As a result of the stator windings being short-circuited, the current in the
stator winding will enhance to a relatively large value. The moment the short-circuit
state is terminated, a large voltage will be induced in the stator winding as a result of
the available self-inductance.

The invention will be further explained hereinafter with reference to the
drawing, in which:

Fig. 1 shows an embodiment of a reading and recording apparatus
according to the inveation, |

Fig. 2 shows an embodiment of the motor dﬁvc circuit according to the
invention, and

Fig. 3 shows a circuit to be used in the motor drive circuit shown in Fig.

Fig. 1 shows an embodiment of a data reading and recording apparatus.
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the disc in a direction indicated by an arrow 4. When head 3 is moved, it is driven with

-

the aid of an actuator 5. The actuator 5 is controlled by a positioning control means 8
of a customary type controlling the actuator 5 in response to an emergency control
signal, so that the head 3 is moved to an idle position in which it is incapable of
contacting the recording layer 2.

The emergency control signal is usually generated when there is 2 power
failure of the motor 7. As a result, the r.p.m. of the disc will drop. With a falling
r.p.m. of the disc 1 the air cushion between the rotating disc 1 and the head 3 can no
longer be maintained. By moving the head to the idle position when there is a power
failure of the motor, the head 3 is avoided contacting the recording layer and, as a

| result, damaging the layer and itself.

For a detailed description of the positioning control means as well as
generation of the emergency control signal, reference be made, for éxample, to EP-A 0
224 378, GB-A 2 121 589 and US 4,371,903, which documents are considered to be
incorporated in the description by reference.

The motor 7 is a permanent magnet DC motor which drives the disc 1
rotating around an axis 6. Such a motor comprises a permanent magnet rotor and a
stator having one or more stator windings. The motor 7 is energized by a motor drive
circuit 9. In addition, the motor drive circuit 9 generates the emergency control signal
and applies same through a signal line 10 to the positioning control means 8.
Furthermore, the positic;ning confrol means 8 is fed from the métor drive circuit 9
through the supply lines 11 and 12.

Fig. 2 gives a detailed representation of an embodiment of the motor
drive circuit 9. The motor drive circuit 9 comprises a positive supply terminal 20 and a
negative supply terminal 21 which are to be connected to a DC voltage source for

feeding the motor drive circuif. The motor drive circuit 9 further includes three output
terminals 22, 23 and 24 connected to stator windings 25, 26 and 27 respectively, in a
star configuration, of motor 7. The star point of the stator windings is denoted by a

reference numeral 28 and preferably connected to ground potential, The stator winding
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activated . be connected to the positive supply terminal 20 by an electronic switch 27a and to the
negative supply terminal 21 by an electronic switch 27b. The switches 25a, 25b, 26a,
26b, 27a and 27b are rendered conductive and are shut off by a commutation circuit 29
generating the required control signals S1, ..., $6. The commutation circuit 29 is of a
customary type operating the switches according to a cyclic pattern, in which the stator

» windings are energized with currents that generate a magnetic field of rotation as a

result of which a rotary movement of the permanent magnet rotor is effected. The
commutation instants may be determined depending on the rotor position as is
customary in brushless DC motors. The rotor position may then be determined with the
aid of magnetic sensors installed along the rotating rotor. The rotor position may also
be determined on fhe basis of the counter-electromotive force induced in the stator
windings by the rotor. The commutation instants may also be independent of the rotor
position as is customary in synchronous motors. The switches 25b,~ 26b and 27b are
bridged by what is commonly referred to as fly back diodes 25c, 26¢ and 27c. A
junction 30 between these switches 25a and 25b is connected vig a fly back diode 25d to
a terminal 31 of a capacitor 32. Another terminal 33 of the capacitor 32 is connected to
the negative supply terminal 21. A junction 34 between the switches 26a and 26b is also
connected to the terminal 31 via a fly back diode 26d. A junction 35 between the
switches 27a and 27b is also connected to the terminal 31 via a fly back diode 27d.
Furthermore, the positive supply terminal 20 is connected to the terminal 31 via a diode
36.

The terminals 31 and 33 are further connected to the respective power
supply lines 11 and 12 for supplying efectrical energy to the positioning control means
8. '

The motor drive circuit according to the iﬁvention comprises a short-
circuit means for short-circuiting at least one of the stator windings of the motor. In the
embodiment shown in Fig. 2 the short-circuit means comprises three electronic switches
25e, 26e and 27e which are connected between the terminals 22, 23 and 24
respectively, and the star point 28 connected to ground potential, and thus bridge the
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intermittently short-circuiting the stator windings 25, 26 and 27. The short-circuit means
37 may comprise, for example, an oscillator of a customary type producing, when
activated, a binary periodic output signal. ~

For generating the emergency control signal, the motor drive circuit
comprises a signal generator 36 which produces a signal when there is a power failure
of the motor 7. Such a circuit may comprise, for example, a voltage detector of a
customary type connected to the supply tenhina.ls 20 and 21 and detecting whether the
supply voltage has dropped below a specific minimum level.

The operation of the circuit is as follows. During normal operation the

motor drive circuit is fed through the power supply terminals 20 and 21. The stator

.windings 25, 26 and 27 are alternately connected to the power supply terminals 20 and

21 in a cyclic switch pattern. As a result, the stator windings are supplied with AC
currents driving the motor 7 and, consequently, the disc 1.

The positioning control means 8 is fed across the diode 26. The moment
the stator windings 25, 26 and 27 are de-energized as a result of a failure of the supply
voltage between the supply terminals 20 and 21, the signal generator 36 will generate
the emergency control signal.

This emergency control signal is applied to the positioning control means
8 which, in response thereto, energizes the actuator 5 so that the latter moves the head
3 in the direction of the idle position. In addition, the short-circuit means also receives
the emergency control signal and will be activated thereby. During this operation the
switches 25e, 26e and 27e are alternately opened and closed. In closed position the
stator windings 25, 26 and 27 are short-circuited. Since the still rotating permanent
magnet rotor generates inductance voltages in the stator windings 25, 26 and 27, the
current in the stator windings will increase up to the moment when the situation of
short-circuiting is interrupted again. After the interruption the current flowing in the
stator winding will be maintained as a result of the self-inductance of the stator
windings. These currents charge the capacitor 32 via the diodes 25a, 25b, 26a, 26b, 27a
and 27b. For that matter, said diodes form a so-called three-phase rectifier inserted
between the terminals 22, 23 and 24 and the capacitor 32. When the capacitor 32 is
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i s pref er abl euppdied dottheytapabigor 32, Since the power supply lines of the positioning contro
means 8 are connected to the terminals 31 and 33 of the capacitor 32, the power supply

to the positioning control means is maintained after the supply voltage between the
voltage terminals has dropped during the running out of the motor 7. This period of
time is sufficient to move head 3 to the idle position.

Though not necessary, it is to be preferred to control the voltage across
the capacitor 32 to a constant value. This may be effected in a simple manner by
making the switch pattern of the switches 25e, 26e and 27e depend on the voltage level
across the capacitor, For example, it is possible to adjust the ratio between the time
intervals in which the stator windings are short-circuited and the time intervals in which
the short-circuit condition is interrupted. Another option is to deactivate the short-circuit
means and thereby interrupt the short-circuiting of the stator coils once a specific upper
limit R1 has been reached by the voltage across the terminals 31 and 33, until the
voltage across the capacitor 32 has 'diminished below a lower limit R2. When the lower
limit is reached, the short-circuit means 34 is re-activated after which the short-circuit
condition is alternately caused to occur and interrupted.

Fig. 3 shows by way of example 2 circuit for activating and deactivating
the short-circuit means 37.

The circuit shown comprises a so-called feedforward comparator circuit
formed by an operational amplifier 40 whose inverting input is connected to reference
voltage UR1. The non-inverting input is connected to the terminal 31 through a resistor
41 and to the output of the operational amplifier 40 through a resistor 42. The output
signal of the operational amplifier 40 may be used as a control signal for activating and
deactivating the short-circuit means.

The power supply to short-circuit means 37 and to the operational
amplifier 40 is to be maintained when the power supply on the supply terminals 20 and
21 fails. Therefore, the power supply is to be provided by a separate power supply
circuit. The circuit 37 as well as the amplifier 40 are preferably supplied through the

terminals 31 and 32.
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Alternatively, in lieu of bridging the stator windings by means of the short-circuit

switch, it is possible to insert the short-circuit switch between the terminals of the motor
(in the embodiment shown in Fig. 2 they are-the terminals 22, 23 and 24).

Neither is it necessary, for that matter, that all the short-circuit switches
are closed simultaneously. It is also possible to short-circuit the short-circuit switches in
an alternating fashion.

It should further be observed that the invention is not restricted to
multj‘.ﬁﬁhse motors, but that the invention is likewise applicable to single:phase motors.

“ In addition, it should be observed that, basically, the switr;hes 25a, 25b,
26a, 26b, 27a and 27b may also be used for temporarily short-circuiting the stator
windings. However, this is disadvantageous in that these switches are adapted for
switching high currents. Operating such switches for high currents requires relatively
much electric power. This is contrasted with separate switches 25¢, 26e and 27e which

.onljé need to be activated in the case where the motor is operated as a generator and .

where, compared with normal motor operation, only small currents need to be switched.

Since one is to be sparing of the available energy once the main power
- supply has failed, the use of separate switches for short-circuiting the stator windings is
- thus to be preferred. The motor drive circuit according to the invention is pre-eminently
suitable for use in combination with so-called hard disc drives. The use of the motor
' drive circuit, however, is not restricted to this application. Basically, the motor drive
circuit is suitable for any use for which it is desirable in the case of a power failure to
_ maintain the power supply to circuits for a brief period of time for carrying out

_necessary actions or operations.

————

This Sheet Has B

™



and deacti vating-the short-circuit means 37. The circuit shown conprises
~so-cal |l ed feedf orward conparator circuit fornmed by an operational

anplifier 40 W”M”Hﬂm'" gpput is connected t[o p C é’!f*l ftage URL.
The non-invertilg MEH ected to the termjn | jjresistor
41 and to the output "of "thé operational anplifier sijstor 42.
The out put signal® of the operational anplif8er 4 ajcontrol.
signal for activating and deactivating the short-fcifrcuit nmeans. The power

supply to sh@udimstrcuit nmeans 37 and to the operatiomar—anplirirer 40 is to
be mai ntai ned when the power supply on the supplyl termnals 20 andi21
fails. Therefore, the power supply is to be provided by a separate power

1. . Motor drive circuit for driving 4n electromotor with a permanent magnet
rotor and a stator comprising one or more stator windings, the motor drive circuit
compri;sing an excitation circuit for exciting the stator windings, a signal generation
circuit for generating an emergency control signal which indicates a failure of the
excitation of the stator windings, and an auxiliary power supply circuit for extracting
electric energy from the motor in response to the emergency control signal and
supplying the extracted energy to an auxiliary circuit, the auxiliary power supply circuit
comprising a rectifier circuit inserted between at least one stator winding and the
auxiliary circuit, characterized in that the drive circuit comprises a short-circuit means
for short-circuiting the at least one stator winding coupled to the rectifier circuit, and a
control means coupled to the short-circuit means for causing the stator winding(s)
coupled to the rectifier circuit to be temporarily intermittently short-circuited.

2. Drive circuit as claimed in Claim 1, characterized in that the short-circuit
means comprises contrdl means for controlling the short-circuiting in response to the
voltage level of the energy supplied to the auxiliary circuit in a manner in which said
voltage level remains substantially constant. '

3. Drive circuit as claimed in Claim 1 or 2, characterized in that the
auxiliary power supply circuit is coupled to the short-circuiting means for supplying
power to the short-circuiting means.

4, Data reading and/or recording apparatus comprising a motor for driving in
a rotating fashion a disc having a recording layer, a read/write head arranged opposite
the recording layer and movable in radial direction relative to the disc, an actuator for
moving the head and a positioning control means for energizing the actuator, and a
motor drive circuit as defined in the opening paragraph, the positioning control means
for its energy supply being coupled to the auxiliary power supply circuit and the
positioning control means being arranged for causing the magnetic head to be moved to

an idle position in response to the emergency control signal.
This Sheet Has Been Reililced
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A description is given of a motor drive circuit (9) for driving an
electromotor (7) with a permanent magnet rotor and a stator comprising one or more
stator windings (25, 26, 27). When the supply voltage of the motor drive circuit (9)
fails, an emergency signal is generated by a signal generator (36).

This emergency control signal activates an auxiliary power supply circuit
for extracting electric energy from the motor and supplying the extracted energy to an
auxiliary circuit (8). The auxiliary power supply circuit comprises a rectjfier circuit
formed by the fly back diodes (25¢, 25d, 26¢c, 26d, 27c, 27d) bridging the switches
(25a, 25b, 26a, 26b, 27a, 27b) of an electronic commutation circuit. The drive circuit
comprises short-circuit switches (25e, 26e, 27¢) bridging the stator windings (25, 26,
27). In response to the emergency control signal a short-circuit means (37) causes the
stator windings (25, 26, 27) to be temporarily intermittently short-circuited. As a result,
a capacitor (32) is charged. The energy stored in the capacitor (32) is used for
temporarily feeding an auxiliary circuit (8) once the power supply to the drive circuit
has failed. If the drive circuit is used in combination with a hard disc drive, the energy
supplied by the auxiliary power supply circuit can be used for moving the magnetic
head (3) to an idle position.

Fig. 2.
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MOTOR DRIVE CIRCUIT WITH
EMERGENCY AUXILIARY POWER SUPPLY
ENERGIZED BY MOTOR

BACKGROUND OF THE INVENTION

This invention relates to a motor drive circuit for driving
an electromotor with a permanent magnet rotor and a stator
comprising one or more stator windings, thc motor drive
circuit comprising an excitation circuit for exciting the stator
windings, a signal gencration circuit for generating an
cmergency control signal which indicates a failure of the
excitation of the stator wmdmgs, and an auxiliary power
supply circuit for extracting electric energy from the motor
in response to the emergency control signal and supplying
the extracted energy to an auxiliary circuit, the auxiliary
power supply circuit comprising a rectifier circuit inserted
between at least one stator winding and the auxiliary circuit.

The invention further relates to a data rcading and/or
recording apparatus comprising a motor for driving in 2
rotating fashion a disc baving a recording layer, a read/write
head arranged opposite the recording layer and movable in
a radial direction relative to the disc, an actuator for moving
the head and a positioning control means for energizing the
actuator, and a motor drive circuit as defined in the opening
paragraph. The positioning control means is coupled to the
auxiliary power supply circuit for its energy supply. The
positioning control means is arranged to cause the magnetic
bead w0 be moved to an idle position in response to the
emergency control signal.

A motor drive circuit of this type as well as data read
and/or recording (apparatus in the form of a so-called
magnetic hard disc drive are known, for example, from U.S.

"Pat No. 4,371,903.

The usc of a motor drive circuit of the type defined in the
opening paragraph is especially interesting for use with
magnetic hard disc drives. With these hard disc drives an air
cushion is developed between the read/write head and the
disc as a result of the high speed of rotation of the disc, thus
avoiding mechanical contact between the head and the disc.
If the drive motor is de-energized as a rcsult of a power
failure, the r.p.m. of the motor and thus the speed of rotation
of the disc is reduced. In order to prevent the head from
contacting the disc when the motor is de-energized, the head
is moved to an idle position by an electrically driven actuator
before the disc speed has dropped below the critical value.
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rectifier circuit, arfdeacraBy: the mosor drive girenit asd

oupled to the

for causing the at prefarablynhaws thecsame supply voitagec For ceducing beat f i cr
circuit to bc tenpodigsiphtion fih Gieldgie birciiits, 10w véltigas éftte order of
several volts are preferably chosen for the power supply of
the logic circuits. If the motor used is also designed for these
low voltages, the problem will occur that the voltage gen-
erated by the motor while acting as a generator is too low for
the actuator to be energized for moving the head because the
generated voltage is only several volts. The uscful voltage,
however, is even considerably less as a result of the rela-
tively large voltage drop across the diodes included in the

rectifier circuit. It is an object of the invention

to providc a

motor drive circuit by which electric energy having a
considerably higher vbltage level can be extracted from the

motor once the motor has been de-energized.

SUMMARY OF THE INVENTION
According to the invention this object is achicved by

means of a motor drive circuit as defined in

the opening

paragraph, charactcnized in that the drive circuit comprises
a short-circuit means for short-cxrcumng at least one stator
windingcoupled to the rectifier circuit, and a control means
coupled to thc short-circuit means for causing the stator
winding(s) coupled to the rectifier circuit to be Llemporarily

intermittently short-circuited.

As a result of the stator windings being short-circuited,
the current in the stator winding will increase to a relatively
large value. The moment the short-circuit state is terminated,
a large voltage will be induced in the stator winding as a

result of the available self-inductance.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be further explained hereinafter with

reference to the drawing, in which:

'FIG. 1 shows an embodiment of a reading and recording

apparatus according to the invention,

FIG. 2 shows an cmbodiment of the motor
according to the invention, and

drive circuit

FIG. 3 shows a circuit to be used in the motor drive circuit

shown in FIG. 2.
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2. Anotor drive circuit as clained in claim1, wherleiRkPHAREMENT $tHEThgans
controls the short-circuiting of the one stator windirjg in responseite a
vol tage | evel of the energy supplied to the auxiliarly ngwg;\yvpg@ ner
such that said voltage |level remains substantially dorjstant. The tor
drive circuit as clainmed in claim1, wherein the auxily ply

circuit is coupled to the short- circuit@g means fdr suppl yi ng power {to
the short-circuiting neans. 4. Data reading and/ or recordi ng apparatus

conprising: a per rranentnmwfmnﬁp }’EMBOM a di sc having
a recording |ayer theréon, a nagnetic iEas I'te head arranged opposite the

recordi ng | ayer and novable in a radi al tion relative to the disc,
actuator for noving t %ﬁﬁk ng control
means for energizi n%ﬁg@aﬁgﬂ%t %E Iﬁagwﬁrglpgeqﬁrl V%?altéscllﬂ wfhiﬂg

commonly referred to as a magneuc hard disc drive. The
apparatus comprises a disc 1 10 be rotated by a motor 7. The
disc 1 is covered by a magnetic recording laycr 2. Data may
be customarily written on and read off of the magnetic layer
2 by means of a magnetic head 3 which is radijally movable’
in relation to the disc in a direction indicated by an arrow 4.
When the head 3 is moved, it is driven with the aid of an
actuator 5. The actuator § is controlled by an auxiliary circuit
which in this case is a positioning control means 8 of a
customary type for controlling the actuator § in responsc to
an emergency conn'olagnaLAs aresult the head 3 is moved
to an idle position in winch it is incapable of contacting the
recording layer 2.

The emergency control signal is usually generated when
there is a power failure of the motor 7. As a result, the r.p.m.
of the disc will drop. With a falling r.p.m. of the disc 1 the
air cushion between the rotating disc 1 and the head 3 can
no longer be maintained. By moving the head to the idle
position when there is a power failure of the motor, the head
3 is prevented from contacting the recording layer and, as a
resuit, damaging the layer and itself.

For adctailed description of the positioning control means
as well as generation of the emergency control signal,
reference may be made, for example, to EP-A 0 224 378,
GB-A 2 121 589 and U.S. Pat. No. 4,371,903, which
documents are considered to be incorporated in the descrip-
tion by reference.

The motor 7 is a permanent magnet DC motor which
drives the disc 1 rotating around an axis 6. Such a motor
comprises a permanent magnet rotor and a stator having one
or more stator, windings. The motor 7 is energxzed by a
motor drive circuit 9. In addition, the motor drive circuit 9
generates the emergency control signal and applies same
through a signal line 10 o the positioning control means 8.
Furthermore, the positioning control means 8 is cnergized
from the motor drive circuit 9 through the supply lines 11
and 12. -
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the positioning cont r%ltag”%%%%&f o fe£ding the Motor drive circuit. The motor
drive circuit 9 further includes threc output tcrminals 22, 23
and 24 connected to stator windings 25, 26 and 27 respec-
tively, in a star configuration, of motor 7. The star point of
the stator windings is denoted by a reference numeral 28 and
preferably is connected to ground potential. The stator
winding 25 can be connected to the positive supply terminal
20 by an electronic switch 253 and to the negative supply
terminal 21 by an electronic switch 25b. The stator winding
26 can be connected to the positive supply terminal 20 by an
electronic switch 26a and to the negative supply terminai 21
by an electronic switch 26b. The stator winding 27 can be
connected to the positive supply terminal 20 by an electronic
switch 27a and to the negative supply terminal 21 by an
electronic switch 275b. The switches 25a, 25b, 264a, 26b, 27a
and 27b are rendered conductive and are shut off by a
commutation circuit 29 gencrating the requircd control
signals S1, . . ., S6. The commutation circuit 29 is of a
customary Lype operating the switches according to a cyclic

. pattern, in which the stator windings are energized with
currents that generate a magnetic field of rotation as a result
of which a rotary movement of the permanent magnet rotor
is effected. The commutation instants may be determined
depending oun the rotor position as i customary in brushless
DC motors. The rotor position may then be determined with -
the aid of magnetic sensors installed along the rotating rotor.
The rotor position may also be determined on the basis of the
counter-electromotive force induced in the stator windings
by the rotor. The commutation instants may also be inde-
pendent of the rotor position as is customary in synchronous
motors. The switches 255, 26b and 275 are bridged by what
is commonly referred to as fly back diodes 25¢, 26¢ and 27¢.
A junction 30 between these switches 25a and 25b is
connccted viz a ffy back diode 254 to a terminal 31 of a
capacitor 32. Another terminal 33 of the capacitor 32 is
connected to the negative supply terminal 21. A junction 34
between the switches 26a and 26b is also connected to the
terminal 31 via a fly back diode 26d. A junction 35 between
the switches 27z and 27) is also connected to the terminal
31 via a fly back diode 274, Furthermore, the positive supply
terminal 20 is connected to the terminal 31 via a diode 36,
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supply fromthe auxiliary power supply circuitf posi tioni ng
control neans, via the actuator, causes the nggnetic reads/wijte head to be -
noved to an idl.e position in response to the ¢ rg%ﬂckm'ﬁoﬁ??ol ignal. 5. A

motor drive circuit for a nmotor having agotor} gnd_a stator inchudi ng one
or nore stator windings, the notor driveXircyit conprising: atileast one -

vol tage supply terminal, sw t chi ng means couplled-to.said at | east one
vol tage supply ternm nal Thedtérminglsd3bramdo33narecfinthetoconnected toghe neans

for operating said ﬁww Wer | fhpRly AANIE. &R X2 for &?s%ﬁagat .
rotatin ield in the . : o rotate the
not or, ?Teans for genera nsda%r%%%%%nf%g?ﬁvﬁgn ‘the vol tage at
the vol tage supply ter miki motendrive ciswuit according to the invention com-
prises a short-circuit means for short-circuiting at least one
of the stator windings of the motor. In the embodiment
shown in FIG. 2 the short-circuit means comprises three
electronic switches 25¢, 26¢ and 27e which are connected
between the terminals 22, 23 and 24 respectively, and the
- star point 28 connected to ground potential, and thus bridge
the respective stator windings 28, 26 and 27.
In response to the emergency control signal, the .short-
circuit means 37 alternately causes the switches 2S¢, 26¢ and
27e to open and close for temporarily intermittently short-
circuiling the stator windings 25, 26 and 27. The short-
circuit means 37 may comprise, for example, an oscillator of
a customary type producing, when activated, a binary peri-
odic output signal.
For generating the emergency control signal, the motor
drive circuit comprises a signal generator 36 which produces
a signal when there is a power failure of the motor 7. Such
a circuit may comprise, for example, a voltage detector of a
customary type connected to the supply terminals 20 and 21
which detects whether the supply voltage has dropped below
a specific minimum level.

The operation of the circuit is as‘follows. During normal
operation the motor drive circuit is fed through the power
supply terminals 20 and 21. The stator windings 25, 26 and
27 are alternately connected to the power supply terminals
20 and 21 in a cyclic switch pattern. As a result, the stator
windings are supplied with AC currents driving the motor 7
and, consequently, the disc 1.

The positioning control means 8 receives its supply
voltage via the diode 36a. The moment the stator windings
25, 26 and 27 are de-energized as a result of a failure of the
supply voltage between the supply terminals 20 and 21, the
signal generator 36 will generate the emergency control
signal. -

This emergency coatrol signal is applied to the position-
ing control means 8 which, in response thereto, energizes the
actuator 5 so that the latter moves the head 3 in the direction
of the idle position. In addition, the short-circuit means also
receives the emergency control signal and will be activated
thereby. During this operation the switches 25e, 26¢ and 27¢




a given voltage level, an auxiliary circuit adapi dE-OCHEENHSHEEE] when t he
energency control “signal is generated, an auxilijpry power suppl'y dircuit '
.including a rectifier circuit coupled to at |eas} onggsﬁgtyoz?g?n ndifng and

the auxiliary circuit so that electric energy isjtyransferre rgmit he not or
to the auxiliary circuit in response to khe enerjgency-controt—s gral, and -
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controlled by said energency,contro termt
short - cwcw%l said &f¢ F@@?'IV%Y] PSF%AGP‘& &’53%@1 ve CII’CUI'[
as clainmed in clai mStaohwindings Bﬁ-%mﬂ%ﬁﬂf&iﬂ!& ond stat or
wi ndi ng coupl ed to stilldrotating permament magnet rmzmgmeshndumnm:m t means
so as to be short - civoitdpésth thetstator Windirgs 25) 26 &l 27 e cyeseay in
the stator windings will increase up to the moment when the
situation of short-circuiting is interrupted again. After the
interruption the current flowing in the stator winding will be
maintained as a result of the self-inductance of the stator
windings. These currents charge the capacitor 32 via the
dimes 25c¢, 25d, 26¢, 264, 27c and 27d. For that matter, said
diodes form a so-called three-phase rectifier inserted
berween the terminals 22, 23 and 24 and the capacitor 32.
When the capacitor 32 is being charged, the current will
gradually diminish until the stator windings in a next period
of short-circuit are short-circuited again and the currents will
increase again. By thus alternately short-circuiting the stator
windings and interrupting this condition, the kinetic energy
available in the motor and disc is converted into electric
energy and supplied to the capacitor 32. Since the power
supply lines of the positioning control means 8 are con-
.nected to the terminals 31 and 33 of the capacitor 32, the
_power supply to the positioning control means is maintained
aftcr the supply voltage between the voltage tcrminals has
dropped during the running period out of the motor 7. This
period of time is sufficient to move head 3 to the idle
position.

Though not necessary, it is prefe:able to control the
voltage across the capacitor 32 to a constant value. This may
be effected in a simple manner by making the switch pattern
of the switches 25¢, 26e and 27¢ depend on the voltage level
across the capacitor. For example, it is possible to adjust the
ratio between the time intervals in which the stator windings

.are short-circuited and the time intervals in which the
short-circuit condition is interrupted. Another option is to
deactivate the shont-circuit means and thereby interrupt the
short-circuiting of the stator coils once a specific upper limit
R1 has been reached by the voltage across the terminals 31
and 33, until the voltage across the capacitor 32 has dimin-
ished below a lower limit R2. When the lower limit is
reached, the short-circuit means 37 is re-activated after
which the short-circuit condition is alternately caused to
- occur and be interrupted.

FIG. 3 shows by way of example a circuit for activating
and deactivating the short-circuit means 37.
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control signal is generated. 7. The notor drive jcircuit as claiged in claim
6 whcrcin said short-circuit means conprises fli rist 2Z8nMA¥et989d jeljec- tronic
control l ed switched connected in parallel with rlespec- tive ofeg of said
stator windings. ° 11 8. The motor dffive cirquit as clained injclaimb5
further conprising: a storage capacitor coupl ' |t age isupply
termi - nal, said recThd icircuti shown zothprises awso-called/ fe¢dforward and control
nmeans operative mk@}npﬁg;@rrﬁﬁg@ncﬁomﬂtbplmsb sratiohsl Wemfor
control ling the shophst ifvétting"RipRe i§ ToRnksteditod refertdle v8RAgd tor Vol tage
level so as URL1. The non-inverting input is connected to the terminal

31 through a :resistor 41 and to the output of the operational

amplifier 40 through a resistor 42. The output signal of the

operational amplifier 40 may be uscd as a control signal for

activating and deactivating the short-circuit means.

The power supply to short-circuit means 37 and 10 the

operational amplifier 40 is to be maintained when the power

supply on the supply terminals 20 and 21 fails. Therefore,

the power supply is to be provided by a separate power

supply circuit. The circuit 37 as well as the amplifier 40 are

preferably supplied through the terminals 31 and 33.

It should be observed that the invention is not restricted to
the embodiments described hereinbefore. For example, it is
possible to provide a short-circuit switch far a part of the
stator windings in lieu of all the stator windings. Alterna-
tively, in lieu of bridging the stator windings by means of the
short-circuit switch, it is possible to insert the short-circuit
switch between the terminals of the motor (in the embodi-
ment shown in FIG. 2 they are the tenminals 22, 23 and 24).

Neither is it necessary, for that matter, that all of the
short-circuit switches be closed simultaneously. It is also
possible to operate the short-circuit switches in an alternat-
ing fashion. ,

"It should further be observed that the inveation is not
restricted to multiphase motors, but that the invention is
likewise applicable to single-phase motors.

In addition, it should be observed that, basically, the
switches 284, 25b, 26a, 265, 27a and 275 may aiso be used
for temporarily short-circuiting the stator windings. How-
ever, this is disadvantageous in that these switches are
adapted for switching high currents. Operating such
switches for high currents requires relatively much electric
power. This is contrasted with separate switches 25e, 26e
and 27¢ which only need to be activated in the case where
the motor is operated as a gencrator and where, compared

_ with normal motor operation, only small currents need to be
switched.

Since it is desirable to conserve the available energy once
the main power supply has failed, the use of separate
switches for short-circuiting the stator windings is thus to be
preferred. The motor drive circuit according to the invention




to hold said voltage | evel substantially constapi.9. .The. noior..dij ve
ci.rcuit as clained in claim5 wherein said auxi IHEBLAGEMEMT IS%ETI‘D"I ses: an
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motor drive circuit is sujtable for any use for which it is

desirable in the case of a power failure to maintain thc power

supply to circuits for a brief period of time for carrying out

necessacy actions or operations.




trolled swtches.coupled to respéctive ones of sdi GEBitAEMENR SitiEig

wher eby, when the ene rol signal is generated—said i t and
secdnd control | ‘@i&g%ﬂ perated at differert %br% 75%9 mot or
drive circuit a alm5 wherein said{mto 'ri% es{ai{DC notor
with a pernmanent magnet rotor and at |east®two statww-udugs—-l sai d’

short-circuit neans conprises first anwg cqn- troI I ed swi t ched
coupl es to respective.ones of said stat ei ng
operated simlta- nedjsﬁmmmmfmdﬁms&m@@tq MR in claim
11 wherein said fi rspenmenest magnatvroton amdaa staton comprising areraf el with
respective ones of mgélyatd Windihgslithe motBeldave ctinticoniptisingraned and
closed when the emelganibn"QRANE for eREfling thedthfdr Witidings, @ signal

generation circuit for generating an emergency control sig-

nal which indicates a failure of the excitation of the stator

windings, and an auxiliary power supply circuit for extract-

ing electric energy from the motor in response to the

~ emergency control signal and supplying the extracted energy

10 an amulxary circuit, the auxiliary power supply circuit

comprising a rectifier circuit coupled between at least one

stator winding and the auxiliary circuit, a short-circuit

means for short-circuiting the at least one stator winding

coupled to the rectifier circuit, and a coatrol means coupled

to the short-circuit means for causing the at least one stator
winding coupled to the rectificr circuit to be temporarily
intermittently short-circuited.

2. A motor drive circuit as claimed in claim 1, wherein the
control means controls the short-circuiting of the one stator
winding in response to a voltage level of the energy supplied
to the auxiliary circuit in a manner such that said voltage
Jevel remains substantially constant.

3. The motor drive circuit as claimed in claim 1, whercin
the auxiliary power supply circuit is coupled to the short-

" circuiting means for supplying power to the short-circuiting
means.

4. Data reading and/or recording apparatus comprising: a
permanent magnet DC motor for rotatably driving a disc
having a recording layer thereon, 2 magnetic read/write head
arranged opposite the recording layer and movable in a
radial direction relative to the disc, an actuator for moving
the magnetic read/write head and a positioning control
means for energizing the actuator, and a motor drive circuit
for said DC motor comprising; an excitation circuit for
exciting the stator windings, a signal generation circuit for
generating an emergency control signal which indicates a
failure of the excitation of the stator windings, and an
auxiliary power supply circuit for extracting eiectric energy
from the motor in response to the emergency control signal
and supplying the extracted energy to said actuator, the
auxiliary power supply circuit comprising a rectifier circuit
coupled to at least one stator winding, a short-circuit means
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-.generating an enerbtnin;cxmm:nﬁy sharoeircuiting the at least one stator

winding in response Lo said emergency control signal,
wherein the positioning control means receives its energy
supply from the auxiliary power supply circuit, and wherein
the positioning control means, via the actuator, causes the
magnetic read/write head to be moved to an idle position in
response to the emergency control signal.

S. A motor drive circuit for a motor having a rotor and a
stator including one or more stator windings, the motor drive
circuit comprising: .

at least one voltage supply terminal,

switching means coupled to said at least one voltage

supply terminal and to said one or more stator wind-
ings,

means for operating said switching means in a sequence

30 as to produce a rotating field in the motor that will
interact with the rotor to rotate the motor,

means for generating an emergency control signal when
the voltage at the voltage supply terminal drops below
a given voltage level,

an auxiliary circuit adapted to be operated when the

emergency control signal is generated,

an auxiliary power supply circuit including a rectifier

circuit coupled to at least one stator winding and the
auxiliary circuit so that electric energy is transferred
from the motor to the auxiliary circuit in response to the
emergency control signal, and

short-circuit means coupled to said at least one stator

winding and controlled by said emergency control
signal so as to intermiuently short-circuit said at least
onc stator winding.

6. The motor drive circuit as clairned in claim 5§ wherein
the motor comprises at least a second stator winding coupled
to said rectificr circuit and to said short-circuit means so as
10 be short-circuited mtcrrmttcntly when said emergency
control signal is generated.

7. The motor drive circuit as claimed in claim 6 wherein
said short-circuit means comprises first and second elec-

tronic controlled switched connected in parallcl with respec-
tive ones of said stator windings.
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t he energizing voltage for said stalor wndif - Pekowe-A |gi ven vol t age
| evel , an auxirtiary power-suppfy circuit for g’%ﬂ@fﬁ ’3‘8@ eCfl’l C energy ’

fromthe not or nse to the epefgency control‘ si gnal and
suppl yi ng the e‘ﬂﬂ!“ﬂﬁimmm Fo an auxi | i aly| cRrE #iayY, 998e ‘auxiliary power
supply.circuit ing asrectifier circuif foupled between jat | east one-
stator wi nding and the auxili ary circuit, anfl SRort-circuit ‘nelans coupl ed
to said at | east one stator w nding an(ilcont ol led by said. energency
control signal so a |ntermt.ten short Ci [ GuUi sald | east one
stator w nding ther E‘?"%"¢F eéﬂﬁ Ta relatively
| arge vol t age suf fdompsising:o oper ate sai d auxiliary ci rcwt 15. The notor
drive circuit as cl g Ji5fige eaphaitdP dduptbs 6 shid voltage supply termi-

nal, said rectifier circuit and said auxiliary circuit, and

control means operative when the emergency control
signal is generated for controlling thc short-circuit
means as a function of the capacitor voltage level so as
1o hold said voliage level substantially constant.
9. The meotor drive circuit as claimed in claim 5 wherein
said auxiliary circuit comprises:

an actuator for driving a magnetic head of a magneuc
disc,

position contro]l means responsive to said emergency
control signal for energizing the actuator to retract the
magnetic head to a safe position npon the occurrence of
the emergency control signal, and wherein

said short circuit means includes at least one further
switch which is separate and distinct from said switch-
ing means.
10. The motor drive circuit as claimed in claim § whereia
said motor comprises a DC motor with a pcrmancnt magnet
rotor and at least two stator windings, and

said short-circuit means comprises first and second con-
trolled switches coupled to respective ones of said
stator windings whereby, when the emergency control
signal is generated said first and second controlled
switches are operated at different times.
11. The motor drive circuit as claimed in claim § wherein
said motor comprises a DC motor with a permanent magnet
rotor and at least two stator windings, and

said short-circuit means comprises first and second con-
- trolled switched couples to respective ones of said
stator windings, said switched being operated simulta-
neouslv.
12. The motor drive circuit as claimed in claim 11 wherein
said first and second switches are connected in parallel with
respective ones of said stator windings and are alternately

opened and closed when the emergency control signal is
generated.




sai d short circuit means conprises a control I3 @fgw{‘eh Con Fﬁe ted in
parallel wth sal'_d' at” Iea_r one stator w ndifg.; 16. “The not 0 rive circuit ’
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-as claimed in cI d short-ci fcyi t2 graRs sixs! des at - | east
one controlled s art of sai ﬁnergizing vol tage supply
nmeans.. 17. The rmt*or ¢ eren as clai neqd imctarm rein the notor

conpi ses at |east a second stator vm n(i?ng cogpled to said rectifier circuit
and to said short-circuit means so as to be short-circurted riitermttently

when said energency jgoptrol signal is deneraled 8, The notor drive
circuit as clainedi rﬁc% %ﬁ'ﬁ clmmcdmclmmsl whezein

said emagency control signal generating means comprises
a signal generator coanected to said voltage supply terminal
and responsive to the voltage thereat and said short-circuit
means intermittently short-circuit said at least one stator
winding when the emergency control signal is geperated.

14. A motor drive circuit for a motor having a rotor and
a stator including onc or more stator windings, the motor
drive circuit comprising:

means for supplying an energizing voltage to said stator

windings to operate the motor,

means for genctaung an emergency control signal whcn
the energizing voltage for said stalor windings drops
below a given voltage level,
an auxiliary power supply circuit for extracting electric
energy from the motor windings in response to the
emergency control signal and supplying the extracted
cnergy to an auxiliary circuit, the auxiliary power
supply circuil comprising a reclifier circuit coupled
between at least one stator winding and the auxiliary
circuit, and ‘

short-circuit means coupled to said at least one stator
winding and controlled by said emergency control
signal so as to intermittently short-circuit said at least
one stalor winding thereby to derive from said one
stator winding a relatively large voltage sufficient to
operate said auxiliary circuit.

15. The motor drive circuit as claimed in claim 14 wherein
said short-circuit means comprises a controlled switch con-
nected in parallel with said at least one stator winding.

16. The motor drive circuit as claimed in claim 14 wherein
said short-circuit means inclndes at-least one controlled
switch which is a part of said energizing voltage supply
means. _

17. The motor drive circuit as claimed in claim 14 wherein
the motor comprises at least a second stator winding coupled
to said rectifier circuit and to said short-circuit means so as
to bc short-circuited intermittcatly when said emergency
control signal is generated.




said short-circuit-neans_conprises first and
coupled to respective ones of said stator wi ngi RERLACERENTISHERDL
circuit as cl al fmm"m! erein said fir 5 W
connected in par m’mﬁ tive ones of |s |§Sat@g{)cﬁ%§ ngi
a high voltage is geﬁerhtéﬁ Isn sald stator w ndinds® : e o

circuit as claimed in claim 19 wherein sgipd a@ixilliary circuitdc
actuator controlled by said emergency control {signal for drivin

d swi tches
pbr drive
tches are
ngs wher eby
or drive
ONpri ses: an
) a magnetic

head of a magnetic recordlng deV|ce and t he t further
conprises; a storaggg SﬂhddﬁﬂdhhhiﬂXwﬁéﬁﬁﬁ“t and to
said rectifier ci ﬁogw&ﬁo ignal is
e s S e

stator w ndi ngs.
windings.

19. The motor drive circuit as claimed in claim 18 wherein
said first and second switchcs arc conncceted in parallcl with
respective ones of said stator windings whereby a high
voltage is generated in said stator windings.

20. The motor drive circuit as claimed in claim 19 wherein
said anxiliary circuit comprises:

an actuator controlled by said emergency controt sxgnal

for driving a magnetic head of a magnetic recording
device, and the motor drive circuit further comprises;

a storage capacitor coupled to said auxiliary circuit and to

said rectifier circuit so that, whea the emergency con-
trol signal is present, the storage capacitor stores a high
voltage generated in the stator windings.

% % * % &
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MOTOR DRIVE CIRCUIT WITH |
EMERGENCY AUXILIARY POWER SUPPLY
ENERGIZED BY MOTOR
ABSTRACT

A maotor drive circuit for driving an electromotor having a
permanent magnet rotor and a stator comprising one or more
stator windings. When the supply voltage of the motor drive
circuit fails, an emergency signal is generated by a signal
generator. This emergency control signal activates an aux-
iliary power supply circuit for extracting electric energy
from the motor and supplying the extracted energy to an
auxiliary circuit. The auxiliary power supply circuit com-
prises a rectifier circuit formed by the fly back diodes
bridging the switches of an electronic commutation circuit.
The drive circuit comprises short-circuit switches bridging
‘the stator windings. In response to the cmcrgency control
signal a short-circuit apparatus causes the stator windings to
be temporarily intermittently short-circuiled. As a result, a -
capacitor is charged. The energy stored in the capacitor is
used for temporarily cnergizing the auxiliary circuit once the
power supply to the drive circuit has failed, If the drive
circuit is used with a hard disc drive, the energy supplied by
the auxiliary power supply circuit can be used for moving
the magnetic head to an idlc position.

FIGURE'2
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