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191429 ?led in Japan, the disclosure of Which is hereby

the stator Winding of the motor, starting rotation of the rotor
by supplying a current to a second conduction phase of the
stator Winding, and changing over the conduction phase of
the stator Winding based on a rotor position detected by the
position detector after a speci?ed time elapses since the rotor

incorporated by reference.

started rotating.

This application is based on an application No. H10

In the apparatus, after the positioning, the controller may
BACKGROUND OF THE INVENTION

1. Field of the Invention

control the sWitching operation by once turning off the
conduction of the stator Winding and then may supply
10

The present invention relates to a device for and a method

so as to cause the rotor to rotate.

of driving an electric motor and, more particularly, to the
device for and the method of driving the electric motor based
on a detected position of the rotor.

2. Description of the Related Art
For driving a brushless DC motor including a three-phase

15

stator Winding comprising three coils each corresponding to
a U-, V-, or W-phase, generally, the position of a rotor
employed in the brushless DC motor is detected by an
induced voltage generated in the coil in Which current is not
supplied (the phase of this coil is referred to beloW as the
“non-conduction phase”). The brushless DC motor is driven
by changing over the coils in Which current is supplied to
drive the motor (the phases of these coils are referred to
beloW as the “conduction phase”) based on the detected

current to the second conduction phase of the stator Winding

In the apparatus, the speci?ed time may be time necessary
for the rotor to rotate a predetermined angle, for example 30°
since the start of rotation.
In the apparatus, the positioning of the rotor may be
performed by supplying current to tWo different conduction

phases of the stator Winding.
In a second aspect, a method is provided for driving a
motor by detecting a position of a rotor of the motor and
changing over a conduction phase of a stator Winding of the
motor based on the detected rotor position. This method

comprises before start-up of the motor, positioning the rotor
to a speci?ed position by supplying current to a ?rst con
25

rotor position. HoWever, immediately after the start-up, the

duction phase of the stator Winding, turning off the ?rst
conduction phase of the stator Winding, rotating the rotor by
supplying current to a second conduction phase of the stator

rotor position cannot be effectively detected since the rotat
ing speed of the brushless DC motor is so loW at that time

start-up, in Which the conduction phases are changed over at

Winding, and d) detecting a position of the rotor after a
speci?ed time since the start of rotation of the rotor and
changing over the conduction phase based on the detected
rotor position.
According to the present invention, at the start-up of the

speci?ed timing regardless of the rotor position of the

brushless DC motor, the position detecting operation in

that the induced voltage generated in the stator Winding of
the non-conduction phase is insuf?cient. Therefore, a “syn
chroniZed operation” has been preformed at the time of
brushless DC motor to drive the motor. Also, With the

rotating speed of the brushless DC motor higher than a

35

Which the conduction phase of the armature Winding is
changed over under the detection of the rotor position is

speci?c value, a “position detecting operation” is performed,

performed Without the synchronous operation being per

in Which the brushless DC motor is driven by changing over
the conduction phases based on the rotor position.

formed. Therefore, there is no need to perform the synchro
nous operation at the start-up of the motor, alloWing motor

HoWever, the synchroniZed operation requires an over
excitation operation and, therefore, a problem has been

current and vibrations at the start-up to be reduced.
BRIEF DESCRIPTION OF THE DRAWINGS

experienced in that a large current ?oWs in the brushless DC
motor. Also in the synchroniZed operation, the current
?oWing in the brushless DC motor becomes unstable, caus
ing another problem of increased vibrations of the brushless

Other objects and attainments together With a fuller
understanding of the invention Will become apparent and
45

DC motor.

SUMMARY OF THE INVENTION

FIG. 1 is a block diagram of a motor driving apparatus

according to the present invention;

The present invention is directed to solve the above
problems and is intended to provide an apparatus for and a
method of driving a motor With a three-phase stator Winding

FIG. 2A is a table relating drive signal patterns to con

duction phases;

so as to reduce the current ?oWing in the motor as Well as

FIG. 2B is a vieW explaining magnetic ?elds generated in

vibrations of the motor at the start-up.

In a ?rst aspect of the invention, the apparatus comprises
a DC/AC converter having sWitching devices, a position

appreciated by referring to the folloWing description and
claims taken in conjunction With the accompanying
draWings, in Which:

the stator Winding of a brushless DC motor;
FIG. 3 is a How chart of start-up control in the motor
55

detector for detecting a position of a rotor of the motor, and

driving apparatus;
FIGS. 4A—4D are vieWs explaining the behavior of a rotor
of the brushless DC motor at a start-up;

a controller for controlling sWitching operation of the
DC/AC converter to change over conduction phases of a
stator Winding of the motor. The DC/AC converter converts
an output from a DC poWer supply into an alternating

FIG. 5A is a chart shoWing change in the rotating speed
of the rotor of the brushless DC motor at a start-up, With time

current by the sWitching operation of the sWitching devices,

dependency;

and outputs the alternating current to the motor.
At a start-up of the motor, the controller controls the
sWitching operation so as to perform a position detecting

FIG. 5B is a chart shoWing change in torque generated in
the brushless DC motor With time dependency;
FIG. 6A is a chart shoWing the sequence of conduction

operation. The position detecting operation comprises the
steps of positioning the rotor to a speci?ed position by
supplying an electric current to a ?rst conduction phase of

65

patterns at a start-up; and
FIG. 6B is a chart shoWing an induced voltage of the
stator Winding on U-phase at a start-up.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

pattern PTN4, the upper arm sWitching device 131/ of
V-phase and the loWer arm sWitching device 13x of U-phase
are turned on. With the pattern PTN5, the upper arm

A motor driving apparatus according to a preferred

sWitching device 13w of W-phase and the loWer arm sWitch
ing device 13x of U-phase are turned on. With the pattern
PTN6, the upper arm sWitching device 13w of W-phase and
the loWer arm sWitching device 13y of V-phase are turned

embodiment of the present invention drives a brushless DC

motor having a three-phase stator Winding Without synchro
niZed operation. For this purpose, before start-up, the motor
driving apparatus positions the rotor of the motor by sup

on.

plying electric current to a ?rst conduction phase of the
stator Winding of the motor, and then turns off the conduc

tion. After that, the apparatus starts rotating the brushless

10

13z—13x are driven With the above patterns PTN1—PTN6. As

DC motor by supplying electric current to a second conduc
tion phase of the stator Winding of the motor, and after a

predetermined time, starts driving the motor based on posi
tion detection, that is, starts a position detecting operation.
This operation is discussed in detail beloW.
FIG. 1 shoWs the motor driving apparatus of this embodi
ment. The motor driving apparatus comprises a DC/AC
converter 13 for converting a DC voltage inputted from a
DC poWer supply 11 into a three-phase AC voltage and
outputting the resulting voltage to a brushless DC motor 12,
including a three-phase stator Winding 12b comprising three
coils each corresponding to a U-, V-, or W-phase, a position

shoWn in the ?gure, the magnetic ?elds B1—B6 are generated
one after another With the changeovers of the patterns
PTN1—PTN6. In FIG. 2B, the direction of an arroW indicates
15

the direction of a magnetic ?eld.
The above patterns are changed over by the controller 19
based on the induced voltage of the non-conducting stator

Winding 12b obtained by the position detector 17. That is, at
a Zero-cross point of the induced voltage or a time point With

predetermined delay from the Zero-cross point, patterns are
sWitched.
Control operation at a start-up by the controller 19 in the
motor driving apparatus is described beloW With reference to

detector 17 for detecting a position of a rotor 12a of the

motor 12, and a controller 19 for controlling phases and
frequency of an output voltage of the DC/AC converter 13.

FIG. 2B shoWs changes in magnetic ?elds B1—B6 Which
are generated When the sWitching devices 13u—13w,

25

the How chart of FIG. 3.
For a start-up of the brushless DC motor 12, ?rst, the rotor

The position detector 17 detects a Zero-cross point of an

12a is ?xed, and thereby positioned, to a speci?ed position

induced voltage generated in al non-conduction phase of the

by electrical conduction to the stator Winding (coils) With a

?rst speci?ed pattern (S1). For example, When the rotor 12a

stator Winding 12b of the brushless DC motor 12, and
outputs positional information about the rotor 12a to the

is at a position shoWn in FIG. 4A before start-up, electrical
conduction With the pattern PTN4 causes the magnetic ?eld
B4 to be generated so that the rotor 12a is positioned to a

controller 19 based on the detected Zero-cross point.

The DC/AC converter 13 has six sWitching devices

position shoWn in FIG. 4B.
OtherWise, the positioning of the rotor 12a may also be

13u—13w, 13x—13z Which open and close at high speed. By

sWitching operations of these sWitching devices 13u—13w,
13x—13z, a DC voltage from the DC poWer supply 11 is
converted into a three-phase AC voltage and then fed to the

35

brushless DC motor 12.

implemented by using tWo patterns. For example, the posi
tioning may be achieved by effecting electrical conduction
With the pattern PTN3 and subsequently effecting electrical
conduction With the pattern PTN4. In this connection, if the

The controller 19 changes the magnitude of the AC
voltage fed to the brushless DC motor 12 by controlling the

positioning is done With only one pattern, there are some
cases Where the rotor 12a is positioned to such a position

sWitching operations of the sWitching devices 13u—13w,

(death point) that the start-up is disabled (for example, a case

13x—13z of the DC/AC converter 13. In this operation, the
controller 19 controls the frequency of the brushless DC
motor 12 by changing over the conduction phases of the

Where the magnetic poles of the rotor in FIG. 4B are

stator Winding 12b. This changeover is achieved by control

patterns can prevent the rotor from being positioned to the

ling the on/off operations of the sWitching devices 13u—13w,

reversed). Therefore, effecting the positioning With tWo
45

information about the rotor 12a detected by the position
detector 17.
The sWitching devices 13u—13w, 13z—13x of the DC/AC
converter 13 are driven by a drive signal outputted from the
controller 19. The drive signal has six patterns PTN1—PTN6,

arm sWitching device and the loWer arm sWitching device
are turned on simultaneously so as to cause a short-circuit

When a conduction for positioning and another conduction
for start-up of the rotor 12a as described later, are effected

and these patterns are outputted sequentially. Accordingly,
the conduction phase of the stator Winding 12b is changed

continuously.

over in response to these patterns PTN1—PTN6.

FIG. 2A is a table shoWing the relationship among those

55

drive signal patterns PTN1—PTN6, conduction phase of the
stator Winding 12b corresponding to those patterns

PTN1—PTN6, and magnetic ?elds B1—B6 generated in the
stator Winding 12b. As shoWn in the ?gure With the pattern
PTN1, the upper arm sWitching device 1314 of U-phase and

that the rotation starting torque becomes maximum.

V-phase. With the pattern PTN2, the upper arm sWitching
device 1314 of U-phase and the loWer arm sWitching device
arm sWitching device 132 of W-phase are turned on. With the

Next, by electrical conduction to the stator Winding With
a second speci?ed pattern different from the ?rst speci?ed
pattern, the rotor 12a is started to rotate (S3). For example,
the magnetic ?eld B6 is generated With the pattern PTN6 as
shoWn in FIG. 4C, by Which the rotor 12a is rotated. Like
this, the second pattern for starting up the rotor 12a after the
positioning may be preferably set to a second pattern, next
to the ?rst pattern that has been used for the positioning so

the loWer arm sWitching device 13y of V-phase are turned on
to supply current to coils corresponding to U-phase and

132 of W-phase are turned on. With the pattern PTN3, the
upper arm sWitching device 131/ of V-phase and the loWer

death-point position.
After the positioning, the conduction to the stator Winding
12b With the ?rst speci?ed pattern is once turned off (S2).
This is intended to prevent the possibility that both the upper

13z—13x of the DC/AC converter 13 based on the positional

After that, it is decided Whether or not a speci?ed time AT
or more has elapsed since the start of the rotation of the rotor
65

12a (S4). When the speci?ed time AT has not yet elapsed
since the rotation start, ie when the rotor 12a has not yet
rotated to a speci?ed angle 60, then the program How returns

6,160,367
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to step S4. When the speci?ed time AT has elapsed since the

phase, the brushless DC motor 12 can be accelerated in a

rotation start, ie when the rotor 12a has rotated to the

short time up to a high enough frequency to generate the
induced voltage for rotor position detection. This makes it
possible to sWitch to the position detecting operation soon

speci?ed angle 00 or more, then the position detection for the
rotor 12a is started (S5).

after the start-up of rotation of the rotor 12a, so that the
brushless DC motor 12 can be started up Without the need

As described above, the controller 19 does not detect the

position of the rotor 12a during the period of the speci?ed

for performing the synchroniZed operation that requires an

time AT. This is intended to prevent any misdetection by

suppressing the detection of the rotor position during the
period of the speci?ed time AT until a stable induced voltage
is obtained, because the rotating speed is too loW to provide

overeXcitation operation. Thus, the motor current at a start
up can be reduced While motor vibrations can be suppressed.
10

enough induced voltage in early stages subsequent to the
start of the rotation of the rotor 12a. This speci?ed time AT
is set to, for example, the time required from When the rotor
12a starts rotating until the rotor 12a rotates to the speci?ed
angle 00. As an eXample, the time may be set to time
required from When the rotor 12a starts until the rotor 12a
rotates to a position Where magnetic ?eld and magnetic-pole

those skilled in the art. Such changes and modi?cations are
to be understood as included Within the scope of the present
15

(Where the Zero-cross of induced voltage is detected), i.e., to

After that, the position detecting operation is started (S6)
(see FIG. 4D), in Which the conduction phase (patterns

20

operable to convert an output from the DC poWer

start-up, time dependency of the rotating speed of the

brushless DC motor 12 as Well as time dependency of the 25
torque generated in the brushless DC motor are shoWn in

FIGS. 5A and 5B, respectively.
FIG. 6A is a chart explaining an eXample of the pattern

change of the drive signal in start-up control. FIG. 6B is also
a chart shoWing the variation in the U-phase induced voltage
of the stator Winding 12b of the brushless DC motor 12 in

conjunction With FIG. 6A. In addition, in FIGS. 6A and 6B,

the drive signal pattern (namely, conduction phase) is
changed over not at a Zero-cross point of the induced voltage
35

Zero-cross point by a predetermined time (a timing delayed

by Aq) in phase).
In FIG. 6A, the rotor 12a is positioned With the pattern
PTN4 during a period from time T0 to T1, and the conduc
tion is turned off once for a period from time T1 to T2. The

40

rotor 12a is started to rotate at the time T2 With the pattern
PTN6. At that time, the controller 19 does not detect the

supply into an alternating current by a sWitching opera
tion of the sWitching devices and operable to output the
alternating current to the motor;
a position detector operable to detect a position of the
rotor of the motor after a speci?ed time elapses after a
start of rotation of the rotor;
a controller operable to control the sWitching operation of
said DC/AC converter to change conduction phases of

the three-phase stator Winding of the motor, Wherein
said controller is operable to supply electric current to
a ?rst conduction phase of the three-phase stator Wind
ing to position the rotor at a speci?ed position, turn off
the electric current to the ?rst conduction phase of the
three-phase stator Winding, supply current to a second

conduction phase of the three-phase stator Winding, and
change conduction phases of the three-phase stator
Winding based on the position of the rotor detected by
said position detector after the speci?ed time elapses
after the start of rotation of the rotor.

2. An apparatus claimed in claim 1, Wherein the speci?ed

induced voltage for the speci?ed time AT from the start of

time is a time period necessary for the rotor to rotate a

rotation of the rotor 12a With the pattern PTN6 so as to

prevent any misdetection. That is, the controller 19 does not
detect the induced voltage from the start of rotation until the
rotor 12a reaches a rotation angle of 30°. Also, in FIGS. 6A

What is claimed is:
1. An apparatus for use With a DC poWer supply and for
use in driving a motor having a three-phase stator Winding
and a rotor, said apparatus comprising:

a DC/AC converter having sWitching devices and being

PTN1—PTN6) is changed over according to the detected
position of the rotor 12a. In such control operation for

of the stator Winding 12b, but at a timing delayed from the

invention as de?ned by the appended claims, unless they

depart therefrom.

direction of the rotor 12a cross perpendicularly to each other

an angle of 30°.

Although the present invention has been described in
connection With the preferred embodiments thereof With
reference to the accompanying draWings, it is to be noted
that various changes and modi?cations Will be apparent to

45

and 6B, a Zero-cross of the induced voltage is detected at a

predetermined angle from a start position.
3. An apparatus claimed in claim 2, Wherein the prede
termined angle is 30°.
4. An apparatus claimed in claim 1, Wherein said control
ler is operable to supply electric current to tWo conduction

time point When the speci?ed time AT has just elapsed, and
therefore the pattern is changed over at a time point (time T3)
delayed from this Zero-cross point by Aq). The position
detecting operation is carried out from the time T2 onWard.

phases of the three-phase stator Winding to position the rotor
at the speci?ed position.

The speci?ed time AT may also be set to time AT‘ shorter
than the time AT as shoWn in FIGS. 6A and 6B, as long as
the time alloWs a stable induced voltage of the stator

before start-up of the motor, positioning the rotor to a
speci?ed position by supplying an electric current to a

Winding 12b to be obtained. While the conduction With the
pattern PTN6 is kept, it is necessary to drive the brushless
DC motor 12 at a large start-up duty ratio in order to

5. A method for driving a motor having a rotor and a

three-phase stator Winding, said method comprising:

55

phase of the three-phase stator Winding;

accelerate the brushless DC motor 12 up to such a frequency

rotating the rotor by supplying an electric current to a
60

second conduction phase of the three-phase stator

Winding; and

As described above, in this embodiment, the positioning
of the rotor 12a is done before the start-up of the brushless
DC motor 12, and after the positioning, the rotor 12a is
started to rotate. At this time point, since the position of the
rotor 12a has been established, a speci?ed conduction phase
for generating magnetic ?elds to obtain a maXimum torque
is determined. With electrical conduction to this conduction

ing;
turning off the electric current to the ?rst conduction

that enough induced voltage of the stator Winding 12b can be

obtained in the folloWing position detecting operation.

?rst conduction phase of the three-phase stator Wind

65

after a speci?ed time elapses since the rotor starts rotating,
detecting a position of the rotor and changing conduc
tion phases based on the detected rotor position.
6. A method claimed in claim 5, Wherein the speci?ed
time is a time period necessary for the rotor to rotate a

predetermined angle from a start position.

6,160,367
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7. A method claimed in claim 6, wherein the predetermined angle is 30°.
8. A method claimed in claim 5, Wherein said positioning

ing the rotor to a speci?ed position by supplying current to
tWo conduction phases of the three-phase stator Winding.

the rotor to a speci?ed position further comprises position-
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