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A CONTROLLER FOR A BRUSHLESS DC MOTOR WITHOUT A POSITION SENSOR -

Technical Field:

The present invention relates to a controller for
a brushless’ DC motor without a position sensor
utilizing a counter electromotive force generated in
coifs wound on a stator as a rotor is rotated to
position-detect magnetlc poles of the rotor, and
more particularly to a brushless DC motor without
position sensor having the rotor configured so that
respective rotating magnetic pole surfaces oft he
rotor come most closely adjacent to -inner end
surfaces of the stators’s respective magnetic poles

at predetermined circumferential points on the re-

spective rotating magnetic pole surfaces and thers-
by positions of the rotor's respective poles. The
controller serves for drive control of such a brush-

_ less DC motor without position sensor.

Prior Art:

Recently, the brushless DC motor has been
used in various apparatus and equipment in view of
its high efficiency and controllability. The brushless
DC ‘motor has the substantially same construction
as the synchronous motor, so the position detector
such as the Hall element has been necessary to
detect a position of the rotor in driving. However,
the space occupied by such a position detector
has become a serious problem with the progress of
miniaturization and has come to the front as an
important factor which obstructs a desired miniatur-
ization of the motor. To solve such a problem, so-
called position-sensorless, brushless DC motor has
been developed recently and already been put in
practlcal use.

- Fig. 26 is a fragmentary sectional view showmg'
a conventional brushless DC motor without position
sensor in an enlarged scale. Such a position-sen-
sorless, brushless DC motor 81 of prior art com-
prisss a stator 82 and a rotor 83. The stator 82
surrounds the rotor 83 rotatably supported by a
rotatable shaft 868 and includes a plurality of sta-
tionary magnetic poles 84 projecting inward. The

respective stationary magnetic poles 84 carry coils -

U. V. W (not shown) wound thereon. The stationary
magnetic poles 84 are magnetized in a predeter-
mined polarity as current flows through the coils U,
V, W. Stationary magnetic pole surfaces 85 defined
by the inner end surface of the respective station-

. ary magnetic poles 84 lie at equal distances from
the center of the rotatable shaft 86 along a cylin- _

drical surface.

The rotor 83, on the other hand, comprises a
yoke 87 formed. from a plurality of silicon steel
sheéts lamlnated integrally and a pair of field per-
manent magnets 88. The que 87 is provided along
'its outer periphery with four rotating magnetic poles
.89 projecting outward and these rotating. magnetlc
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poles 89 are alternately provided in their bases
with the field permanent magnets 88 inserted
therein with the N-poles of these magnets 88 being

arranged face to face. Respective rotating magnetic -

pole surfaces 80 defined by the outer end surfaces
of the respective rotating magnetic poles 89 lie at

equal- distances from the center of the rotatable

shaft 86 so as to form curved surfaces, respec-
tively, so that each rotating magnetic pole surface
90 is uniformly spaced from the confronting station-

. ary magnetic pole surface 85 at every point on the
rotating magnetic pole surface 90.

Under the effect of mutual repulsion occurring
between the N-poles of the two permanent mag-
nets 88, the magnetic flux generated by the rotor
83 exits from the yoke 87 via the rotating magnetic
poles containing therein no field permanent magnet

- and enters again into the yoke 87 via the rotating
" magnetic poles containing thersin the respective

field permanent magnets as shown. Consequently,
the rotating magnetic poles containing therein the
respective permanent magnets are magnetized in
S-polarity and the rotating magnetic poles contain-
ing therein no permanent magnets are magnetized
in N-pofarity. .

Recently, a driving method for the pasition-
sensorless, brushless DC motor has been pro-
posed, in which the counter slectromotive force

. generated in the stator coils as the rotor rotates is

utilized instead of relying on the position detector
(Suzuki, Ogasawara, Akagi, Naniwae, Nagatake,
Okuyama: “Construction of position-sensorless,

brushless DC motor®, reported in the 34th national

meeting of JEC, Industrial Application Group,
1988). With such a driving method, as shown in
Fig. 27, a 120° voltage feed type inverter 91 is
used as the main circuit and RPM control is effec-
ted by a chopper control. Referring to Fig. 27,
reference numeral 81 designates a motor, refer-
ence numeral 82 designates a stator, reference
numeral 83 designates a rotor, symbols U, V, W
designate stator coils of respective phases, sym-
bols Ta*, Tb*, Tc*, Ta~, Tb™, Tc™ designate tran-
sistors, and symbols Da*, Db*, Dc*, Da~, Db~, D¢~
designate feedback diodes. According to this pro-
posal, the counter electromotive forces e,, e, e
generated in the respective phases and the drive
signal applied to a pair of transistors are trially
obtained in the mutual relationship as illustrated in

_ Fig. 28. The respective phases U, V, W have their

open periods (i.e., a period for which the transistors
are free from application of the drive signal) twice
each for 60° during a period corresponding to an
electrical angle of 380° It should be understood
hers that the phase in the open state is referred to
hereinafter as the open phase.

To drive the motor according to this driving
method, a starting sequence as shown in Fig. 29 is
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tor 18 rotated (step he counter electromotlve
force is generated in the stator coils as the motor is
rotated. The rotating magnetic poles are indirectly

- position-detected by detecting the turned-on state

of the feedback diodes associated with the open

~ phases and thus the communication signal is gen-

erated (step T35). More specifically, rotation of the

‘rotor causes the stator coils to generate the coun-

ter electromotive force which causes, in turn, the
terminal voltage of each open phase to be varied.
Consequently, anode potential of the P-side feed-
back diodes rises to a level higher than Ed* or
cathode potential of the N-side feedback diodes
drops to a level lowér than Ed~ and thus the
feedback diodes are tuned on. Accordingly, the
turned-on state of the diodes associated with the
open phases may be detected to detect the current
excitation pattern and, in consequence, positions of
the rotating magnetic poles are detected. Prac-

‘tically, the mode detector 92 as shown in Fig. 27

detects the turned-on state of the respective diodes
by comparing the reference voltage Ed with the
terminal voitage of each diode. '

The turned-on states of the diodes- associated
with the open phases are detected in the proximity
of 30° during the open period of 60°. Namely, the

turned-on state is detected at a.leading phase of .

approximately 30° Accordingly, the control circuit
93 generates the drive signal with delaying all the
phases approximately- 30°, respectively - (such
phase delaying is referred fo as phase shift), to
offect the next communication and utilizes this
drive signal to perform the chopper control.
However, with this position-sensorless, brush-
less DC motor of prior art, the magnetic flux gen-
erated from the field permanent magnets tends to
be concentrated at points on the respective rotating
magnetic pole surfaces deviated from the circum-
ferentially middle points thereon in the direction of
rotation since the respective rotating magnetic pole
surfaces are uniformly spaced from the respective
stationary magnetic pole surfaces at every point on
the respective rotating magnetic pole surfaces. As
a.result, the counter electromotive force generated

- by the magnetic flux will be prematurely detected

with respect to the actual positions of the respec-
tive rotating magnetic poles and the stationary
magnetic poles will be excited sarlier than a pre-
determined timing, preventing the rotor from being .
smoothly rotated.
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configuration also has contributed to the above-
mentioned deviation of the magnetic flux.

The conventional rotor comprising the yoke
and the field permanent magnets has encountered
another problem concerning a strength of the yoke.
More specifically, the field permanent magnets
each having a rectangular cross-section which is
slightly narrower than the associated rotating mag-
netic pole is inserted into the base of this rotating
magnetic pole and, therefore, bridges of the yoke
which connect the outer end to the bass of each
rotating magnetic pole containing therein the field
permanent magnet have necessarily slender con-
figuration.

With the driving method of prior art, if the
counter electromotive force can be detected at first
one communication based on the starting se-
guencs, it will be determined that a normal starting
has been achieved and a change-over will occur
from the open loop to the sensor less running.
Therefore, the rotor is inadequately position-held
and vibrates, for example, when a load involves a
torque fluctuation. Moreover, if next one commu-
nication is performed under a torque being gen-
erated in the reverse direction, the rotor is rotated
from a position other than the desired position, so
the counter electromotive force is detected prema-
turely by an electrical angle of 60° or 120° with
respect to the actual position of the rotor and "
change-over to the sensorless running occurs,
upon which a predetermined excitation pattern is
output. However, the motor can not be normally
started and often vibrates-since this excitation pat-
tern differs from the intrinsic excitation pattern de-
pending on the actual position of the rotor. Even if
the motor is vibrating, a signal representing the
counter electromotive force is detected and, if this
signal is higher than a level required for the sensor-
less running, the predetermined excitation pattern
continues to be output. Consequently, both the
normal starting and the restarting are impossible.

With the above-mentioned driving method, fur-
thermore, the chopper frequency has had to be set,
for a relatively wide rotation frequency rangs of the
motor, so that the communication timing be free
from any affection of the detection timing delay at
the maximum rotation frequency. For example, an
electrical angle of 60° corresponds to 0.5m/sec
and, therefore, the chopper frequency is set to a

. level as high as in order of 10 kHz. However, such

. high chopper frequency disadvantageously results
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in an increased switching loss of the inverter and a
significant heat generation from the inverter ele-
ments.

In addition, the above-mentioned driving meth-
od has encountered further another problem that
the electric energy accumulated in the stator coils
is emitted immediately after transfer from the en-
ergized state to the deenergized state and con-

sequently a voltage appears in the open phase.
" The time period for which the electric energy is
emitted depends on the value of current flowing
.through the stator coils and the load exerted on the .
motor. The motor is not rotated during emission of
such electric energy, because no precise position
information of the permanent magnet rotor can be
obtained unless the detection of the counter elec-
tromotive force is inhibited.

Finally, the above-mentioned driving method is
accompanied with further additional problem con-

switching loss of the inverter.
It is also an object of the invention to provide a
controller adapted to be able to detect the counter

15

electromotive force precisely even if the rotation
frequency and/or load of the motor fluctuate.

It is also an object of the invention to provide a, |
control system adapted to detect the waveforms of
current flowing through the DC brushless motor
and thereby to achieve a stable position detection
of the permanent magnet rotor even if the counter

" electromotive force appearing in the open phases
~_nonlinearly varies.
10 .

Disclosure of the Invention:

To achieve the objects set forth above, the first
aspect of the invention resides in a brushless DC
motor without position sensor comprising a stator
fixed inside a motor frame and a rotor surrounded
by the stator and rotatably supported by the motor
frame through the aid of a rotatable shaft, the stator
having a plurality of stationary magnetic poles pro-

cerning the detection of the relative position of the 20  jecting inward, inner end surfaces of the stationary
stator coils and the permanent magnet rotor. More magnet poles defining stationary magnetic pole
specifically, the counter electromotive force ap- surfaces lying substantially at equal distances from
pearing in the stator coils being not fed (hereinafter the rotatable shaft along a cylindrical surface, the
referred to as open phases) is detected and there- rotor having a plurality of rotating magnetic poles
by the relative position of the stator coils and the 25 projecting outward, outer end surfaces of the rotat-
permanent magnets is detected according to the ing magnetic poles defining rotating magnetic pole
driving method. However, if the counter electromo- surfaces which are magnetized alternately in dif-
tive force appearing in the open phases nonlinearly ferent polarities in the circumferential direction of
varies, no precise detection of the relative position the rotor and opposed to the stationary magnetic
will be achieved. 30 pole surfaces at a slight distance therefrom,
Accordingly, it is an object of the invention to wherein each of the rotating magnetic pole sur-
provide a brushless DC motor without position sen- faces presents a curved surface swelling outward
sor allowing the rotating magnetic poles to be and is most closely adjacent to the corresponding
precisely position-detected by configuring the rotat- stationary magnetic pole surface at a given circum=-
ing magnetic pole surfaces so that the magnetic 35 ferential point.
flux generated from the field permanent magnets Preferably, the rotor comprises a yoke and
may always be concentrated to predetermined po- field permanent magnets, the yoke having an even
sitions on the respective rotating magnstic poles. number of rotating magnetic poles projecting radi-
It is also an object of the invention to provide a ally outward, of which the bases are alternately
brushless DC motor without position sensor of 40  provided with the field permanent magnets inserted
which a rotor comprises a yoke and field perma- thereinto in parallel to the rotatable shaft with the
nent magnets, and which not only achieves the magnetic poles of the respective permanent mag-
object set forth just above but also has an ade- nets bsing opposed to the rotatable shaft, and
quate structural strength. opposite lateral sides of the respective magnets
It is also an object of the invention to provide a 45  being slanted so that the respective magnets have
controller adapted, even when the motor can not their outer magnetic pole surfaces provided with
be normally rotated, for example, due to a vibration relatively small surface areas.
in starting, to return to the start of an open loop, so The second aspect of the invention resides in a
an. open loop control can be restarted to repeat the . controller for the brushless DC motor without posi-
. position fixation of the rotor until the normal rotation” 50  tion sensor. utilizing turned-on states of feedback -
. is achieved. diodes, the control system comprising an output
It is also an object of the invention to provide a | pattern mode generator, a commutation timing sig-
controllar adapted to change over the chopper fre- nal generator and a coincidence detector serving to
quency continuously depending on the rotation fre- detect a coincidence of the signals generated from
quency of the motor and 'thereby to minimize a s5 the output pattern mode generator and the com-

mutation timing signal generator, respectively,
wherein, when the output of the. detector indicates
no coincidence, a motor drive output is stopped
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once and then starting is repesated:

The third aspect of the invention resides in a
controller for the brushless DC motor without posi-
tion sensor utilizing turned-on states of feedback
diodes and provided with a chopper control adapt-
ed for rotation-frequency-adjustably driving the
brushless DC motor, the controller comprising mo-
tor's rotation frequency detector means and com-
parator means serving to compare the output signal
of the detector means with a reference signal de-
pending on the rotation frequency of the motor,
wherein a chopper frequency is changed based on
the output signal of the comparator.

The fourth aspect of the invention resides in a
controller for the brushless DC motor without posi-
tion sensor utilizing turned-on states of feedback
diodes and provided with a chopper control adapt-
ed for rotation-frequency-adjustably driving the
brushless DC motor, the controller comprising a
circuit adapted to generate the number of pulses
proportional to the rotation frequency of the motor
and an F/V converter adapted fo generate voltage
proportional to the number of pulses, wherein a
chopper frequency is continuously changed based
on the output of the F/V converter.

The fifth aspect of the invention resides in a
controller for the brushless DC motor without posi-
tion sensor, the controller comprising means serv-
ing to detect current flowing through the motor and
means serving to inhibit detection of the counter
electromotive force immediately after commutation.
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The sixth aspect of the invention resides in a’

controller for the brushless DC motor without posi-
tion sensor, the controller comprising means serv-
ing to detect the rotation frequency of the motor

and means to inhibit detection of the counter elec-

tromotive force immediately after commutation.

The seventh aspect of the invention resides in
a controller for the brushless DC motor without
position sensor, the controller comprising means
serving to detect waveforms of current flowing
through the brushless DC motor and means serv-
ing to position-detect the permanent magnet rotor
based on the waveforms of current.

Brief Description of the Drawings:

Fig. 1 is a circuit diagram showing circuit com-
ponents of a brushless DC motor without posi-
tion sensor such as an inverter in the first em-
bodiment of the invention;

Fig. 2 is a sectional view of the brushless DC
motor without position sensor taken transversely
of an axis thereof;

Fig. 3 is a block diagram of a control circuit in
the second embodiment of the invention;

Fig. 4 is a-circuit diagram showing an example
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Fig. 5 is a timing chart illustrating a mutual

relationship of various signals appearing in the

control circuit;

Fig. 8 is a diagram illustrating a mutual relation-

ship of output pattern mode, excitation mode

and commutation timing detection phase;

Fig. 7 is a flow chart of a starting sequence;

Fig. 8 is a block diagram of the control circuit in

the third embodiment of the invention;

Fig. 9 is a block diagram of the control circuit in

the fourth embodiment of the invention;

Fig. 10 is a circuit diagram showing a connec-

tion from an F/V converter to an oscillator; .

Fig. 11 is a waveform diagram illustrating pre-

dominant waveforms appearing in the F/V con-

verter and the oscillator, respectively;

Fig. 12 is a block diagram of the control circuit

in the fifth embodiment of the invention;

Fig. 13 is a circuit diagram of a counter elec-

tromotive force detector;

Fig. 14 is a signal waveform diagram for the

counter electromotive force dstector;

Fig. 15 is a graphic diagram illustrating a rela-

tionship between current value and electric en-

ergy emission time period;

Fig. 16 is a circuit diagram of a detectlon inhibi-

tor;

Fig. 17 Is a signal waveform diagram for the

detection inhibitor;

Fig. 18 is a block diagram of the control circuit

in the sixth embodiment of the invention;

Fig. 19 is a graphic diagram illusirating a rela-

tlonshlp between rotation frequency and electric

energy emission time period;

Fig. 20 is a block diagram of the control circuit

in the seventh embodiment of the invention;

Fig. 21 is a block diagram of a rotor position

detector;

Fig. 22 is a flow chart of rotor position detection;

Figs. 23, 24 and 25 are waveform diagrams

illustrating current waveforms as function of feed

timing, respectively;

Fig. 26 is a sectional view showing a brushless

DC motor without position sensor of prior art as

halved;

Fig. 27 is a circuit diagram of an inverter used in

a motor of prior art;

Fig. 28 is a diagram illustrating a relationship

between counter electromotive force and driving

signal in a motor of prior art; and '
. Fig. 29 -is a' flow .chart illustrating a starting

sequence for a motor of prior art.

Preferred Embodiments of the Invention:

Initially, the first embodiment will be described
with reference to Figs. 1 and 2.

of a pattern coincidence detector;
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a power supply 21, an inverter 22 having charge of DC motor without position sensor constituting an -
chopper control, a mode dstector 23 utilizing ‘a important part of this embodiment will be described
counter electromotive force to detect the position of more in detail. Fig. 2 shows the brushless DC
a rotor 3 and a control circuit 24 serving to control 70 . motor without position sensor of this embodiment
the inverter 22. The brushless DC motor without in an énlarged sectional view taken transversely of
_ position sensor 1 comprises a stator 2 and the the rotation axis thereof. .
rotor 3. The brushless DC motor without position The stator 2 surrounds the rotor 3 and has
sensor 1 in this embodiment: is of three-phase twenty four stationary magnetic poles 5 projecting
inverter driven type and reference symbols U, V, W 15  inward. Though not shown, these stationary mag-
designate respective coils wound on the stator 2. netic poles 5 carry coils wound thereon. Stationary
Reference symbol Vn designates voltage across U, magnetic pole surfaces 6 defined by inner ends
V, W and this voltage is generated selectively surfaces of the respective stationary magnetic
across two of these three coils U, V, W upon poles § lie at equal distances from the center of a
switching of thé inverter 22. 20 rotatable shaft 4 in. conformity with an imaginary
The power supply 21 is in a state ready to cylindrical surface.
supply rectified current. Reference symbol Ed (and The rotor 3 is rotatably supported by the rotat-
Ed*, Ed™) designates an electromotive force. The able shaft 4 and includes a yoke 7 comprising a
inverter 22 comprises feedback diodes Da*, Db*, plurality of integrally laminated silicon steel sheets.
Dc*, Da—, Db, D¢~ and transistors Ta*, Tb*, Tct, 25 The yoke 7 has along its outer periphery four
Ta~, Tb=, Tc™. rotating magnetic poles 8, 9, 10, 11 projecting
The respective system components operate, as radially outward. A pair of field permanent magnets
will be described, in rotationally driving the brush- 12, 13 are inserted into bases of the rotating mag-
less DC motor without position sensor. netic poles 8, 10, respectively, in parallel to the
The inverter 22 comprises P-side fransistors 30 rotatable shaft 4 with N-poles of these field perma-
Ta*, Tb*, Tc* to which the feedback diodes Da*, nent magnets 12, 13 being positioned face to face.
Db*, Dc* are connected, respectively, and N-side Consequently, the N-poles of the field permanent
transistors Ta~, Tb~, Tc™ to which the feedback magnets 12, 13 repulse each other and magnetic
. diodes Da~, Db~, D¢~ are connected, respectively. flux generated therefrom defines a magnetic path
Under chopper control by a set of P-side transistor 35  as illustrated by Fig. 2. Specifically, the magnstic
and ‘N-side transistor, two of the three-phase coils flux from the yoke 7 after having passed through
are selectively supplied in succession with three- the rotating magnetic poles 8, 11 and then enters
phase direct current to generate magnetic field by the yoke again through the rotating magnetic poles
which the rotor is rotationally driven. More specifi- _ 8, 10. Thus, the rotating magnetic poles 8, 10 are
cally, output mode patterns of the driving signal are 40  magnetized as S-poles while the rotating magnetic
presst to 5 through 0 in accordance with excitation poles 9, 11 are magnetized as N-poles. _
patterns required to maintain normal rotation of the The rotating magnetic pole surfaces 14, 15, 16,
motor 1, as will be described later with reference to 17 on the outer ends of the respective rotating
Fig. 8, and the motor 1 is rotationally driven under magnetic poles 8, 9, 10, 11 define curved surfaces
effect of commutation sequenced by a relationship 45  swelling radially outward, respectively. In the in-
between the respective excitation patterns, on one stant case, circularly curved surfaces defined by
hand, and commutation timing detection phases the respective rotating magnetic pole surfaces 14,
and turned-on diodes, on the other hand. The 15, 16, 17 have a curvature larger than that of the
mode detector 23 is connected to the inverter 22 imaginary cylindrical surface on which the station-
and detects the turned-on states of the respective 50 ary magnetic pole surfaces 6 lie. In other words,
: S feedback diodes included by the inverter 22 based . the rotating magnetic pole surfaces 14, 15, 16, 17
. - on the counter electromotive force generated in the are most closely adjacent to the stationary mag-
" respective coils of the motor 1. The control circuit netic pole surfaces 6 at circumferential middle
24 detects the commutation timing of the respec- . points of the respective rotating magnetic pole sur-
tive coils U, V, W based on the detection signal ss faces. h
_ from the mode detector 23 and outputs the driving The magnetic flux generated from the field
' : signal to each transistor of the inverter 22 do that a " permanent magnets 12, 13 is concentrated on the

‘well timed commutation may occur to the respec- circumferentially middle points at which the rotating



2, been necessary to detect a position of the rotor in driving.
t he space occupi ed by such a position detector has
problemw th the progress of
an i nportant

magnetic pole surfaces are most closely adjacent
to the stationary magnetic pole surfaces. Such phe-
nomenon will be explained moré ifi detail in con-
nection with the rotating magnetic pole surface 14.

A distance from the circumferentially middle
point of the rotating magnetic pole surface 14 to
the corresponding stationary magnetic pole P2 is
designated here by do and distances from the
stationary magnetic poles P1, P3 adjacent the sta-
tionary magnetic pole P2 to the rotating magnetic

_pole surface 14 are designated: by d1 and- d2,

respectively. The distance do is smaller than both
the distance d1 and the distance d2 and, in con-
sequence, the magnetic flux generated from the

field permanent magnet 12 reaches the rotating

magnetic pole surface 14 mostly via the stationary
magnetic pole P2 and thereby a counter slectromo-
tive force generated by the rotating magnetic pole
surface 14 is concentrated to the stationary mag-

" netic pole P2. This is true also for the other rotating

magnetic pole surfaces 15, 16, 17.

In this way, the rotor 3 having the above-
mentioned circularly curved rotating magnetic pole
surfaces normally generates the counter electromo-
tive force mostly from the circumferentially middle
points of the respective rotating magnetic pole sur-
face so that an erroneous position detection of the
rotating magnetic poles may be reliably avoided.

As shown, the field permanent magnets 12, 13
in the instant case are configured to have opposite
lateral sides slanted so that its S-pole side may
have a surface area smaller than that of its N-pole
side. Thus, the magnetic flux generated from the
permanent magnets is concentrated at circumfer-

-ontially middle points of their S-pole surfaces and .

accordingly at circumferentially middle points of
the rotating magnetic pole surfaces 14, 16. Bridges
18 defined at the opposite lateral sides of the
respective field permanent magnets 12, 13 have
relatively large width over most of their extents,
since the opposite lateral sides are slanted. With a
consequence, the yoke 7 has a relatively high
strength such that the yoke 7 might not easily
deformed even when an unexpected exfernal force
is exerted on the rotating magnetic- pole surfaces
14, 16.

While the invention has been described on the
basis of the specific embodiment having the cir-

_cularly curved rotating magnetic pole surfaces each’

defined by a curvature radius smaller than that
defining the stationary magnetic pole surfaces, the
curvature of each rotating magnetic pole surface is
not limited to the circular arc and any other cur-
vatures, for example, a parabolic curvature as view-
ed transversely of the rotatable shaft may be em-
ployed as far as each rotating magnetic pole sur-
face is so configured to be most spaced from the
stationary magnetic pole surface at the - circum-

m ni aturizati on and has cone
factor which obstructs a desfred miniaturization of the
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ferentially opposite ends and most closely adjacent
thereto at the circumferentially middle point of the
rotating magnetic pole surface. The similar effect
will be obtained also when each rotating magnetic
pole surface is configured so as to most spaced
from the stationary magnetic pole surface only at
one end in the direction of its rotation and most
closely adjacent thereto at the circumferentially
middle point. '

While the invention has been described here-
tofore on the basis- of the specific embodiment
having .on the outer periphery of the yoke four
rotating magnetic poles which are, in turn, alter- -
nately provided with the field permanent magnets
inserted thereinto, the rotor is not limited to such
construction but may have any even number of
rotating magnetic poles and a field permanent
magnet may be inserted into each of them. Instead
of inserting the field permanent magnets into the -
yoks, it is also possible to form field permanent
magnets each having the rotating magnetic pole
surface of the above-mentioned configuration and
then to bond them onto the outer periphery of the
rotatable shaft. i

As will be.apparent from the foregoing descrip-
tion, in accordance with the first embodiment of the
invention, the rotating magnetic pole surfaces of
the rotor present the curvature swelling radially
outward so that each rotating magnetic pole sur-
face is most closely adjacent to the stationary
magnetic pole surface at a given point on the
rotating magnetic pole surface and, accordingly,
the counter electromotive force is concentrated at’
the point. In this manner, this embodiment provides
a brushless DC motor without position sensor char-
acterized by that the position of each rotating mag-

. netic pole can be precisely detected. According to

this embodiment, the yoke is provided along its
outer periphery with even number of the rotating
magnetic poles projecting radially outward, these
rotating magnetic poles being provided in their
bases with the field permanent magnets inserted
thereinto in parallel to the rotatable shaft, and the
opposite lateral sides of each field permanent mag-
net are slanted so that the outsr magnetic pole-
surface of the magnet is smaller than its inner
magnetic pole surface. Consequently, the magnetic
flux generated from the field permanent magnets is
concentrated at the circumferentially middie point
of each rotating magnetic pole, on one hand, and it
is possible to provide the yoke with the adequately
wide bridges- and to obtain the yoke having a
strength sufficiently high to resist the unexpected
external force exerted thereon.

Now, the second embodiment of the invention
will be described with reference to Figs. 3 through
7.

is Sheet Has Been Replaced
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Ed*, Ed™) for forward voltage drop of feedback
diodes included by an inverter 22 with terminal
. voltage of the respective diodes in order to detect
the turned-on states of the respective feedback
diodes and thereby to detect the excitation pattern
modes. In this embodiment, the inverter 22 is of
thres-phase bipolar type and, as shown in_Fig. 6,
detects the turned-on states of six phases U+, U-,

V+, V-, W+, W- corresponding to the respective -

excitation patterns and applies the corresponding
detection signals to a control circuit 24 which, in
turn, comprises a communication timing signal de-
tector 25, an output pattern mode generator 26, a
drive signal generator 27, a pattern coincidence
detector 28, a starting controller 29, a chopper
selector 30 and a chopper signal generator 31. The

scribed later). The output h3-2 of the output pattern
mode generator 26 and the commutation timing
signal h1 are applied to EX-OR gate 32 of which
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orted a@g ructed accordlng to tgelt mver‘;ﬁ °§Aﬁ¥sfeghnds tﬁ% s:';?a (%gof the six commutation timing signals
supp tor 23 compares a referstice voltage Ed (and

fo an NAND gate 33. Specifically, the output h3-2 ..
of the output pattern mode generator 26 is com-
pared with the commutation timing signal h1 during
a period for which the OR signal h2 of the six
commutation timing signals is output and, if no
coincidence is detected, the output ho of the NAND
gate 33 becomes High. This output is applied to
the starting controller 29. Correlation of the respec-
tive signals is illustrated by a time chart of Fig. 5.
The drive signal generator 27 successively
generates the drive signals of the output patterns 5
through 0 corresponding to the excitation patterns
as indicated in Fig. 8. More specifically, the output
pattern modes, the excitation patterns and the
commutation timing signal detection phases are
mutually related one another as illustrated in Fig. 5.
For example, if the commutation timing signal was

commutation timing signal detector 25 is adapted 20 detected from U- of the open phase U at the output
to detect the commutation timing signal based on pattern mode 3, the excitation pattern may be
the output from the mode detector 23 and to gen- changed over from that corresponding to the mode
erate a clock pulse. The output pattern mode gen- 3 to that corresponding to the mode 2 at the next
erator 26 is adapted to generate, based on the output pattern mode 2, i.e., the excitation mode
clock pulse applied from the commutation timing 25 “from V+ to U- " in order to continue the normal
signal detector 25, signals representing six modes rotation.
as indicated in Fig. 8 and, based on each of these Fig. 7 is a flow chart illustrating a starting
signals, the drive signal generator 27 generates a sequence in this embodiment. Excitation of a given
motor drive signal. The pattern coincidence detec- pattern occurs at a step T1. In this instance, the
tor 28 compares a signal h1, one of the six com~ 30 mode 5 is selected as the given pattern, i.e., the
mutation timing signals with a waveform h3-2 of the excitation pattern of "U+ phase to V- phase" and
output pattern mode 2 during a period for which 10 to 15A is fed with such output pattern. Such
the output pattern mode generator 26 outputs a state is maintained for 0.8 sec at a step. T2. Con- .
signal ho to the starting controller to request a sequently, the rotor is rotated in forward or reverse
restartmg Based on a signal h3 from the output 35 direction by an electrical angle of 180° max, and
pattern mode generator 26 and a signal from the stopped so that a position of the rotor may be
starting controller 29, the drive signal generator 27 fixed. Now, the output pattern mode is advanced
generates a motor drive signal while the chopper by two and the mode 3 is output. Namely, feed
selector 30 determines whether the chopper is occurs with the excitation pattern "from V+ phase
positive or negative and outputs a corresponding 40 to W- phase”. As a result, the rotor is started in
signal to the drive signal generator 27. The signal forward direction according to the excitation pattern
coming from the chopper signal generator 31 is being advanced further by electrical angle 120° in
superposed in the drive signal generator 27 and forward direction and accelerated. A degree of ac-
thereby driving the respective transistors of the celeration depends on the feed current value as
inverter 22, 45 well as the loading condition and, in this embodi-
_ Referring to th 4, the arrangement of the ment, a revolution speed enough to generate the
pattern coincidence detector 28 is illustrated. The counter electromotive force required for sensorless
output pattern mode generator 26 functions as a running can be reached at a moment of starting
. down-counter adapted to generate the OR signal with a feed current in order of 5A. Thus, at a step
- h2 of the six commutation timing signals in the s0 ~ T4, the commutation timing signal is generated. So -
form of a clock pulse successively on six output =~ far as the normal rotation is concerned, the com-
terminals 5 through 0. In starting and restarting, the mutation timing signal is detected from the feed-
mode § is output as an initial mode, then the back diodes of the U- phase which is open during
modes 3, 2, 1, 0 and § are output in this order this period. Then, a step T5 determines whether
(Regarding such sequence, details will be de- s5 the output pattern mode coincides with the com-

mutation timing signal generation phase or not.
More specifically, the step T5 determings whether
the signal of the mode 2 coincides with the com-
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generated. If a coincidence is detected, the routine parator 39 with the reference voltage depending on
proceeds to a step T6 to continue the sensorless 5  the rotation frequency of the motor 1. Depending
running, and if not detected, the routine is on the result of comparison, switching occurs by
branched to a step T7 to stop the output pattern. means of a switch 42 between the first oscillator 40
After 2 sec has elapsed at a step T8, the routing and the second oscillator 41. Outputs of these
returns to the step 1, the start point of the open oscillators 40, 41 are alternately applied in the form
loop, to repeat the starting sequence. The elapsing 70  of reference triangular waves to the triangular wave
time at the step T8 is preferably set to a time comparator 37 and the reference triangular wave
period at the end of which the rotor stops and, in generated from the second oscillator 41 presents
this embodiment, the time in order of 2 sec is an oscillation frequency differing from that of the -
appropriate. . reference triangular wave generated from the first
It should be understood that the current value, 15  oscillator 40. Preferably, the first osciflator 40 has
the elapsing time and the output pattern are spe- an oscillation frequency of 15 kHz, on one hand,
cific for this embodiment and it is obviously possi- and the F/V converter 38 and the comparator 39
.ble to employ the other values and patterns in the are so arranged that the switch 42 is connected to
other embodiments. the first oscillator 40 for the rotation frequency less
As will be apparent from the foregoing descrip- 20  than 5000 and is connected to the second oscillator
tion, the second embodiment of the invention is . for the rotation frequency of 5000 or higher.
arranged so that the state in which the motor is It is also possible to provide a signal oscillator
rotating can be detected even under a load possi- and to switch oscillation frequency itself based on
bly causing the state during the starting to fluctuate ~ the output of the comparator. :
and restarting can be tried by repeating the starting 25 As will be understood from the foregoing de-
sequence even when the motor is vibrating. In this scription, the third embodiment of the invention
way, a further reliable starting can be achieved with advantageously minimizes a switching loss of the
a relatively simple circuit arrangement. inverter and effectively suppresses a heat genera-
The third embodiment of the invention will be tion from the inverter elements.
described with reference to Fig. 8. 30 The fourth embodiment of the invention will be
Fig. 8 is a block diagram showing an arrange- described with reference to Figs. 9 through 11.
ment of a controller. As has previously been men- As seen in Fig. 9, a control circuit 24 in this
tioned, a mode detector 23 detects the turned-on embodiment principally comprises a commutation
. . state of respective feedback diodes. A control cir- timing signal detector 25, a phase shifter 35, a 6-
cuit 24 in this embodiment principally comprises.a. 35  step waveform generator 36, a drive signal gener-
commutation timing signal detector 25, a phase *" ator 27, a triangular wave comparator 37, an F/V
shifter 35, a 6-step waveform generator 36, a drive converter 38 and an oscillator 43. :
signal generator 27, a triangular wave comparator The commutation timing signal detector 25 de- .
37, an F/V converter 38, a comparator 39 and first - tects the commutation timing obtained from a
and second oscillators 40, 41. 40  chop-oif period based on the output of the mode
The commutation timing signal detector 25 de- detector 23 and generates a clock pulse. The
tects the commutation timing obtained from a phase shifter 35 is a delay circuit comprising a
chop-off period based on the output of the mode . counter adapted to obtain a normal commutation
detector 23 and generates a clock pulse. The timing based on the output signal of the com-
phase shifter 35 is a delay circuit comparing a 45 mutation timing signal detector 25 and shifts (i.e.,
counter adapted to obtain a normal commutation delays) the phase generally with an electrical angle
timing based on the output signal of the com- of 15° to 30° The 6-step waveform generator 36
mutation timing signal detector 25 and shifts (i.e., generates waveforms of six modes based on the
delays) the phase generally within an electrical ' clock pulses applied from the phase shifter 35 so
angle of 15° to 30°. The 6-step waveform generatér 50 - that the drive signal generator 27 may thereupon
36 generates waveforms of six modes based on generate the motor drive signal and superpose this
the clock pulses applied from the phase shifter 35 on the chopper signal applied from the triangular
so that the drive signal detector 27 may generate wave comparator 37 prior to application to the
thereupon the motor drive signal and superpose inverter 22. The FNV converter 38 serves to F/V
this on the chopper signal applied from the friangu- 55  convert the clock pulses which are proportional to
lar wave comparator 37 prior to application to the - the rotation frequency of the motor 1 output from
inverter 22. The F/V .converter 38 serves to FV the commutation timing signal detector 25 and DC.

convert the clock pulses which are proportional to voltage obtained thereby is applied to the oscillator
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43 which then generates reference triangular wave
of a period being proportional to the DC voltage.
The triangular wave with a rotation frequency com-
mand voitage and output a predetermined chopper
signal to the drive signal generator 27.

Fig. 10 exemplarily illustrates a connection ex-
tending from the F// converter 38 to the oscillator
43 shown in Fig. 9, and Fig. 11 illustrates
waveforms generated from important components
of the connection. The F/V converter 38 principally
comprises an operational amplifier 44, a diode, a
resistor and a capacitor. The commutation timing
signal detector 25 generates six pulses per one
revolution of the motor 1. When a signal k1 from
the commutation timing signal detector 25 is ap-
plied.to the F/V converter 38, DC voltage k2 which
is proportional to the rotation frequency is obtained.
The DC voltage k2 drives a gate of FET 48 and
causes ON resistance of FET 46 to vary in a linear
fashion. The triangular wave generator 37 com-
prises operational amplifiers 45, 47, oscillation fre-
quency regulating resistors, a capacitor and a
Zener diode. An FET is connected between the
resistors so that an output signal k3 from the oper-
ational amplifier 47 presents a reference triangular
wave of a frequency which is proportional to the

frequency of the signal k1 output from the com-

mutation timing signal detector 25. It should be
understood that the time axis given in Fig. 11 for
the respective waveforms k1, k2 and k3 is actually
expanded relative to the waveform k3 for conve-
nience of illustration.

In this embodiment, the rotation frequency is

+ continuously variable from 2 kHz to 15 kHz for the
- rotation frequency of 0 to 10000 per minute.

" As will be appreciated from the foregoing de-
scription, the fourth embodiment of the invention
advantageously minimizes a switching loss of the
inverter and suppresses a heat generation from the
inverter elements, since the chopper frequency can
be continuously varied in accordance with the rota-
“tion frequency of the motor 1.

The fifth embodiment of the invention will be
described with reference to Figs. 12 through 17.
Referring to Fig. 12, reference numeral 22 des-
ignates an inverter and reference numeral 23 des-
ignates a counter electromotive force detector (hav-
ing a function similar to that of the mode detector
in the previous first through fourth embodiments).

The inverter 22 serves as a driver circuit for the

brushless DC motor 1. The brushless DC motor 1
includes stator coils U, V, W and permanent mag-
net rotor 3 so that the permanent magnet rotor 3 is
rotated under the effect of the magnetic field gen-
erated by current flowing through the stator coils.

A controf circuit 24 according to this embodi-
ment comprises a current detector 50, a current
level detector 51, a detection inhibitor 52, a phase

on t he ot her

10

15

20

25

30

35

40

50

66

Bee Bepda

i

shifter 53 and a feed signal generator 54. Terminal
voitage of the brushless DC motor 1 is applied to
the counter electromotive force detector 23 and the
counter electromotive force of the open phases is
detected based on the terminal voltage. The cur-
rent detector 50 and the current level detector 51
constitute together means to detect a magnitude of -
the current flowing through the motor 1. The cur-
rent detector 50 employs components such as a
shunt resistor and a current transformer to achieve
the desired detection. The current level detector 51
is readily arranged by using a peak hold-circuit.
The detection inhibitor 52 is a circuit to inhibit
further detection of the counter electromotive force
immediately after commutation has occurred. The
phase shifter 53 delays the phase of output signal
from the detection inhibitor 52 by an electrical
angle of 30° The feed signal generator 54 is a
circuit to generate a signal with which the inverter
22 is driven.

Referring to Fig. 13, the counter electromotive
force detector 23 uses a plurality of comparators
55 to compare a middie point with a terminal
voltage of the motor 1 so that the terminal voltage
m1 of the brushiess DC motor 1 and-the output m2
of the counter eleciromotive force dstector 23
present waveforms as illustrated in Fig. 14, respec-
tively. Referring to Fig. 14, a time period t for
which an electric energy is emitted depends on the
load and the rotation frequency. A current value |
and the electric energy emission time period t are
graphically shown in Fig. 15 based on the data
experimentally obtained using the rotation frequen-
cy as a parameter. As will be apparent from Fig.
15, the electric energy emission time period tis
prolonged as the rotation frequency is reduced.
Accordingly, the controller should inhibit the detec-
tion of counter electromotive force for a time period
longer than the time period corresponding to the
expected minimum rotation frequency. However,
this inhibiting time period exceeding an electrical
angle of 30° would result in inhibiting the detection
of counter electromotive force which must be de-
tected.

Fig. 16 exemplarily shows the detection inhibi-
tor 52. A feed termination signal for a lower ar-
mature is applied to an input terminal 57 of a
monostable multivibrator 56 (hereinafter simply re-
ferred to as monomulti) while a feed termination

hamﬁs$ea
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- signal for an upper armature is applied to an input '

terminal 59 of a monomulti 8. The cutput signal of
the current leve! detector 51 is applied to terminals
61, 62, 63 of the respective monomultis 58, 58 and
thereby varying a period of the output puises. In
this specific example, the period of the output.
pulses js varied by ON/OFF of timing capacitors.
The signals appearing in the circuit of Fig. 16
present respective waveforms as illustrated in Fig.
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also at a high level. Thus, m4 and m5 may be
arranged as iflustrated in Fig. 17 to inhibit the
detection as long as.the electric energy is being
emitted. m3 is an output waveform of the detection
inhibitor 52. 1t should be understood that there
must be provided the circuit of Fig. 16 by the
number corresponding to the number of motor's
phases. The signal presenting the waveform. m3

_leads the normal feed timing by an electrical angle

30° and therefore the phase shifter 53 must provide
a delay corresponding to this electrical angle of
30°. The phase shifter 53 is readily implemented
using a counter. Based on an output signal of the
phase shifter 53, the feed signal generator 54 gen-
erates a drive signal for the inverter 22, Some-
times, the phase shifter 53 is eliminated depending
on the particular manner in which the angle of lead
Is controlied.

As will be appreciated from the foregoing de-
scription, the fifth embodiment of the invention al-
lows the position-sensoriess drive to be achieved
on the basis of the precise commutation timing
even if the load and/or the rotation frequency fluc-
tuate. Accordingly, the position-sensorless drive
can be adopted for the particular field of application
in which such a position-sensorless drive has usu-
ally been unpractical.

The sixth embodiment of the invention wul be
described with reference to Figs. 18 and 19.

A control circuit 24 according to this embodi-.
ment comprises, as shown in Fig. 18, a detection
inhibitor 52, a phase shifter 53, a feed signal gener-
ator 54 and a rotation frequency dstector 65.

The detection inhibitor 52 inhibits further detec-
tion of counter electromotive force immediately
after the commutation has occurred. The phase
shifter 53 delays the phase of output signal from
the detection inhibitor 52 by an electrical angle of
30° The feed signal generator 54 serves to gen-
erate a signal with which the inverter 22 is driven,
The rotation frequency detector 65 detects the
rotation frequency of the motor 1 and the rotation
frequency information provided therefrom is ap-
plied to the detection inhibitor 52.

A counter electromotive force detector (=
mode detector) 23 is of the arrangement similar to
that in the previous fifth embodiment and provides
the output waveform m2 as illustrated in Fig. 14.
The rotation frequency N and the electric energy
emission time period t are graphically shown in
Fig. 19 based on the data experimentally obtained
using the load as a parameter. As will be apparent
from Fig. 19, the electric energy emission time
period t is prolonged as the rotation frequency is
reduced. Accordingly, in this embodiment also, the
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the time period corresponding to the expected
minimum rotation frequency. However, this inhibit-
ing time period exceeding an electrical angle of 30°
would result in inhibiting the detection of the coun-
ter electromotive force which must be detected.

The detection inhibitor 52 is of the arrangement
similar to that in the previous fifth embodiment
shown in Fig. 16 and provides the output waveform
as illustrated in Fig. 17. The output signal leads the
normal feed timing by an electrical ahglé «of 30°
and therefore the phase shifter 53 must provide a
delay corresponding to the electrical angle of 30°.
In response to the phase shifter 53, the feed signal
generator 54 generates a drive signal for the in-
verter 22,

As will be appreciated from the foregoing de-
scription, the sixth embodiment of the invention
also allows the position-sensorless drive to be
achieved on the basis of the precise commutation
timing even if the load and the rotation frequency
fluctuate. Accordingly, the position-sensorless drive
can be adopted for the particular field of application
in which such a position-sensorless drive has usu-
ally been unpractical. While the fifth and sixth em-
bodiments of the invention have been described
above as employing the counter electromotive
force detection according to so-called middle point
comparison, it should be understood that -these
embodiments are also applicable to the case in
which the counter electromotive force is detected
based on the turned-on states of the feedback
diodes as previously mentioned. .

Finally, the seventh embodiment of the inven-
tion will be described with reference to Figs. 20
through 25, taking the case in which a three-phase
DC brushless motor is used. Fig. 20 is a block
diagram generally showmg an arrangement of this
embodiment.

A controller 24 according to this embodiment
compnses a current detector 50, an isolation am-
plifier 66, a rotor position detector 67 and a feed
signal generator 54. The current detector 50 serves
to detect a waveform of current flowing through the
DC motor using components such as a shunt resis-
tor and a current transformer. The feed signal gen-
erator 54 generates a.signal with which the inverter
22 is driven. The isolation amplifier 66 and the
rotor position detector 67 constitute together
means to detect the current waveform and thereby
detecting the .position of the permanent magnet
rotor 3. The rotor position detector 67 is of an
arrangement as shown in Fig. 21.

Output n1 of the isolation amplifier 66 is ap-
plied to an “AD converter 68 which samples the
current waveform of a given period and digitizes
this. The current waveform thus digitized is applied
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applied to an input terminal 73 of the microcom-
puter 72.

Now, operation of the controller as has been

described above will be described with reference to
the flow chart of Fig. 22.
" Upon application of the start signal, the micro-
computer 72 generates a signal of a given period
from its output terminal 75 and this signal-is ap-
plied to the feed signal generator 54, causing a
synchronized running of the brushless DC motor 1
(step T21). The synchronized running continues for
a given time period t until the brushiess DC motor
1 reaches a predetermined rotation frequency (step
T22). The given time period t depends on the
characteristics of the brushless DC motor actually
used. .

After the brushless DC motor has continued
the synchronized running for the predetermined
time period t at the step T22, the microcomputer
72 determines at a step T23 whether a feed (com-
mutation) to the phase in which the current

and/or the load fluctuate. However, excessively de-
laying or advancing the timing will result in repeti-
tion of ti>tz and ti<ta..
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even when the rotor structurally prevents the coun-
ter electromotive force in the open phases from
linsarly varying. Furthermore, the commutation can
be achieved always with the precise timing be- -
cause the feed timing is always monitored on the
basls of the current waveform.

Industrial Usefulness:

In spite of having no position-sensor, thé
brushless DC motor of the invention can precisely
detect the rotor position, assure an adequate struc-
tural strength and achieve a fine rotation control. In
view of these abilities, the brushless DC motor of
the invention is suitable for use under a severe
condition such as high temperature usually encoun-
tered by the scroll type compressor.

Claims

1. A controller (24) for a brushless DC motor

waveform is being detected is started or not. If the without position sensor including an inverter
determination is affirmative, the current waveform (22) adapted o drive the motor under chopper
output from the A/D converter 68 is picked up and control (30, 31) and utilizing a counter elec-
~ stored in the RAM 70 (step T24) until the feed tromotive force generated in stator coils of
mode is switched (step T25). If the feed mode has respective phases as a rotor is rotated in order
been switched at the step T25, the CPU 69 reads 30 to detect a position of the rotor and thereby to
the current waveform stored in the RAM 70 and generate a commutation signal, said controller
thereby detecting the peak position of the current - comprising a commutation timing signal gener-
waveform (step T26, step T27) to detect the posi- ator (25) serving to generate the commutation
tion of the magnstic poles of the rotor. timing signal, an output pattern mode gener-
- If the current waveform has been detected, for 35 ator (26) serving to generate output patterns of
example, to have the peak position lying on the several types with which said stator coils are
middle (ts =t2) between the commutation starting excited, a coincidence detector (28) adapted to
point and the feed mode switching point as shown detect. a coincidence between these signals
in Fig. 23, the present feed timing is determined to output from said two generators (25; 26) and a
match the relative position of the rotor and the 40 starting controller (29) adapted to stop a motor
stator coils. If the peak position lies on the second " drive output once when né coincidence is de-
half (ti>tz) as shown in Fig. 24, the feed timing is tected by said coincidence detector (28) and to
determined 0 be delayed. If the peak position lies cause a restarting. .
on the first half (ts <) as shown in Fig. 25, the feed
timing is determined to be advanced. 45 2. A controller for brushless DC motor without
When t; =12, the feed is continued with this position sensor including an inverter adapted
timing, and when t; >tz, the feed timing is advanced . to drive the motor under chopper control and
by a prescribed amount (step T28). When ti<tz, utilizing a4 counter electromotive force gener-
the feed timing is delayed by a prescnbed amount ated in stator coils of respective phases as a
(step T29). . 80 rotor is rotated in order to detect a position of
Once the feed timing has been changed the the rotor and thereby to generate a commuta-
next feeding is waited for and, upon starting of the tion signal. said controller comprising means to
feeding, the operation as mentioned above will be detect a rotation frequency of said motor,
repeated. In this manner, the precise commutation ‘means o compare the output signal from said
timing can be achieved even the rotation frequericy &5 rotation frequency detecting means with a ref-

erence signal depending on the rotation fre-
quency of the motor and means to change a
chopper frequency based on the output signal
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duagnoses the waveform. A start signal also is
applied to an input terminal 73 of the microcom-
puter 72,

Now, operation of the contfroller as has been
described above will be described with reference to
the flow chart of Fig. 22.

Upon application of the start signal, the micro-
computer 72 generates -a signal of a given peripd
- from its output terminal 75 and this signal-is ap-
plied to the feed signal generator 54, causing a
synchronized running of the brushless DC motor 1
{step T21). The synchronized running continues for
a given time period t until the brushless DC motor
1 reaches a predetermined rotation frequency (step
T22). The given time period t depends on the
characteristics of the brushless DC motor actually
used. )

After the brushless DC motor has continued
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allows the stable position detection of the rotor |
even when the rotor structurally prevents the coun-
ter electromotive force in the open phases from
linearly varying. Furthermore, the commutation can
be achieved always with the precise timing be- -
cause the feed timing is always monitored on the
basis of the current waveform.

Industrial Usefulness:

In spite of having no position-sensor, thé
brushless DC motor of the invention can precisely
detect the rotor position, assure an adequate struc-
tural strength and achieve a fine rotation control. In
view of these abilities, the brushiess DC motor of
the invention is suitable for 'use under a severe
condition such as high temperature usually encoun-

.20 tered by the scroll type compressor.
the synchronized running for the predetermined
time period t at the step T22, the microcomputer Claims
72 determines at a step T23 whether a feed (com-
mutation) to the phase in which the current 1. A controller (24) for a brushless DC motor
waveform is being detected is started or not. lf the 25 without position sensor including an inverter
determination is affirmative, the current waveform (22) adapted fo drive the motor under chopper
output from the A/D converter 68 is picked up and control (30, 31) and utilizing a counter elec-
stored in the RAM 70 (step T24) until the feed tromotive force generated in stator coils of
mode is switched (step T25). If the feed mode has respective phases as a rotor is rotated in order
been switched at the step T25, the CPU 69 reads 30 to detect a position of the rotor and thereby to
the current waveform stored in the RAM 70 and generate a commutation signal, said controller
thereby detecting the peak position of the current comprising a commutation timing signal gener-
waveform (step T28, step T27) to detect the posi- ator (25) serving to generate the commutation
tion of the magnstic poles of the rotor. timing signal, an output pattern mode gener-
- If the current waveform has been detected, for 35 ator (26) serving to generate output patterns of
example, to have the peak position lying on the several types with which said stator coils are
middle (t; =t2) between the commutation starting excited, a coincidence detector (28) adapted to
point and the feed mode switching point as shown detect a coincidence between these signals
in Fig. 23, the present feed timing is determined to output from said two generators (25; 26) and a
match the relative position of the rotor and the 40 starting controller (29) adapted to stop a motor
stator coils. If the peak position lies on the second drive output once when no coincidence is de-
half {ti>t:) as shown in Fig. 24, the feed timing is tected by said coincidence detector (28) and to
determined to be delayed. If the peak position lies cause a restarting. :
on the first half (tj <tz) as shown in Fig. 25, the feed
timing is determined to be advanced. 45 2. A controller for brushless DC motor without
When t; =12, the feed is continued with this position sensor including an inverter adapted
timing, and when t; >1;, the feed timing is advanced . to drive the motor under chopper control and
by a prescribed amount (step T28). When t <tz, utilizing & counter electromotive force gener-
the feed timing is delayed by a prescnbed amount ated in stator coils of respective phases as a -
{step T29). . 50 rotor is rotated in order to detect a position of
Once the feed timing has been changed .the the rotor and thereby to generate a commuta-
next feeding is waited for and, upon starting of the tion signal. said controller comprising means to
feeding, the operation as mentioned above will be detect a rotation frequency of said motor,
repeated. In this manner, the precise commutation ‘means to compare the output signal from said
timing can be achieved even the rotation frequenicy 65 rotation frequency detecting means with a ref-
and/or the load fluctuate. However, excessively de- erence signal depending on the rotation fre-
faying or advancing the timing will result in repeti- quency of the motor and means to change a
tion of ti>tz and ti<t,. chopper frequency based on the output signal
ﬁiiiiTl‘iiilﬁifi‘ i



the phase in the open state is referred to hereinafte
To drive the notor according to this driving nethod--
as shown in Fig. 11

predeterm ned tine

a,

from said comparing means.

A controller for brushless DC motor without
position sensor including an inverter adapted
to drive the motor under chopper control and
utilizing a counter electromotive force gener-
ated in stator coils of respective phases as a
rotor is rotated in order to detect a position of
the rotor and thereby to generate a commuta-

tion signal, said controller comprising means to.
. generate pulses the number of which are pro-

portional to said rotation frequency of the mo-
tor, an FV-converter adapted to generate volt-

age proportional to the number of -pulses-out-

put from said pulse generator means and
means to change a shopper frequency in a
continuous fashion based on the output from
said F/V converter. '

A controller for brushless DC motor without
position sensor including an inverter adapted
to drive the motor under chopper control and
utilizing a counter electromotive force gener-
ated in stator coils of respective phases as a
rotor is rotated in order to detect a position of
the rotor and thereby to generate a commuta-
tion signal, said control system comprising
means to detect a magnitude of current flowing

through said motor and means to'inhibit the.

position detection immediately after the com-
mutation based on the output from said current

detecting means.

A controller for brushiess DC motor withdut
posmon sensor mcludmg an inverter adapted
to drive the motor under chopper contro! and

utilizing a counter electromotive force gener--

ated in stator coils of respective phases as a
rotor is rotated in order to detect a position of
the rotor and thereby to generate a commuta-
tion signal, said controller comprising a rotation
frequency detector, a detection inhibitor adapt-
ed to inhibit the rotor position detection imme-
diately after the commutation based on the
output from said rotation frequency detector.

A controller for brushless DC motor without

position sensor, said controller adapted to con-
trol feed to stator coils based on rotor position

detection and comprising means to detect a -

waveform of current flowing . through the motor
and means to detect a position of said rotor
based on the current waveform detected by
said current waveform detecting means.
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wi'th the drive signal of an optional excitation pattern (step T31) and
thereby the rotor is displaced to the position corresponding to this
excitation pattern (step T32). Then. the excitation pattern is changed
over to the excitation pattern advanced by 120[err] (step T33) and thereby
the notor is rotated (step T34). The counter electronotive force is
generated in the stator coils as the notor is rotated. The rotating

magneti c pol es are

state of the

ABSTRACT

indirectly position-dgtgfted by detecting the turned-on

A controller for a brushless DC motar without a-positiqn $ensor.

The invention relates o a controller (24) for a
brushless DC motor withcut position sensor includ-
ing an inverier (22) adapted to drive the motor under
chopper control (30, 31) and utilizing a counter elec-
tromotive force generated in stator coils of respec-
tive phases as a rotor is rotated in order to detect a
position of the rotor and thereby to generate a com-
mutation signal, said controller comprising a com-
mutation timing signal generator (25) serving to gen-

erate the commutation timing signal, an output pat:
tern mode generator (26) serving to generate output
patterns of several types with which said stator coils
are excited, a coincidence detector (28) adapted to
detect a coincidence between these signals output
from said two generators (25: 26) and a starting
controller (29) adapted to stop a motor drive output
once when no coincidence is detected by said co-
incidence detector (28) and to cause a restarting.

FIG.3
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f.eedback di odes associated with the open phases and thus the comunication
signal is generated (step T35). Mdre specifically. rotation of the rotor
causes the stator coils to generate the counter el ectronotive force which
causes. in turn, the term nal voltage of each open phase to be vari ed.
Consequently. anode potential of the P-side feedback diodes rises to a

1 evel higher than Ed[err] or cathode pothtiaI of the N-side feedback

di odes drops to a level lower than Ed[err] and
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thus the feedback diodes are tuned on. Accordingly. the turned-on state of
t he di odes associated wth the open phases nay be detected to detect the
current excitation -5- the phase in
the open state is referred to hereinafter as

This Sheet Has Been i{eﬁlaced



t he open phase. To drive the notor according to this driving nethod.

starting sequence as shown in Fig. 29 is followed. Initially. the notor
excited for a predetermned tine wth the drive signal of an optional
excitation pattern (step T31) and thereby the rotor is displaced to the

position corresponding to this excitation pattern (step T32). Then. the
excitation pattern is changed over to the 3
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excitation pattern advanced by 120[err] (step T33) and thereby the notor
is rotated (step T34). The counter electronpotive force is generated in the
stator coils as the notor is rotated. The rotating nmagnetic poles are
indirectly position-detected by detecting the turned-on state of the

f eedback di odes associated with the open phases and thus the comunication
signal is generated (step T35). Mire specifically, rotation of the rotor
causes the stator coils to generate the codnter el ectronotive force which
causes. in

FIG.4
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turn. the termna

Ed[err] or cathode potenti al
| evel | ower than Ed[err] and
Accordi ngly, the

‘ vol t age of each open phase to be vari ed.
anode potential of the P-side feedback di odes

Consequent|y.
rises to a |l evel higher than
of the N-side feedback diodes drops to a

t hus the feedback di odes are tuned on.

turned-on state of the digpes associ ated with the open

phases may be detected to detect the current” excitation
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-6- pattern and. in consequence. positions of the rotating nmagnetic poles
are detected. Practically. the node detector 92 as shown in Fig. 27
detects the turned-on state of the respective diodes by conparing the
reference voltage Ed with
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the termnal voltage of each diode. The turned-on states of the

di odes associated with the open phases are detected in the proximty of
30[err] during the open period of 60[err]. Nanely. the turned-on state is
detected at a |eading phase of approximtely 30[err]. Accordingly. the
control circuit 93 generates the drive signal wth delaying all the phases
approximately 30[err]. respectively (such ase delaying is referred to as
phase shift). to effect the next

FIG.7
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comuni cation and utilizes this drive signal to performthe chopper
control . However. with this position-sensorless. brushless DC notor
of prior art. the magnetic flux generated fromthe field permanent magnets
tends to be concentrated at points on the respective rotating nmagnetic

pol e surfaces deviated fromthe circunferentially mddle points thereon in
the direction of rotation since the respect ige rotati ng nagnetic pole
surfaces are uniformy spaced fromthe respective
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stationary magnetic pole surfaces at every point on the respective
rotating nagnetic pole surfaces. As a result. the counter electronotive

force generated by the nmagnetic flux will be prematurely detected with
respect to the actual
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-7- positions of the respective rotating nmagnetic poles and the
stationary magnetic poles will be excited earlier than a pr edet er m ned
timng. preventing the rotor from being snoot hly rot at ed. In the

conventional position-sensorless. brushless DC not or having the yoke
cont ai ni ng the permanent nmagnets -

10

FIG.10
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inserted therein. the field permanent nagnets usually have

fect angul ar cross-sections. respectively, and t he outer magnetic pole
surface of each field pernanent magnet defines a relatively |arge
surface. Such

configuration also has contributed to the above-nentioned
devi ation of the magnetic fl ux.

The conventional rotor conprising
the yoke and the

field pernanent.nagnetsldgs encount ered anot her probl em
concerning a strength of the yoke. Mre specifically, the

substantial ly

FIG.11
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field.permanent magnets each having a rectangul ar cross- section which

Is slightly narrower than the associ ated rotating nagnetic pole is
inserted into the base of this rotating nmagnetic pole and. therefore,
bri dges of the yoke whi ch connect the outer end to the base of each
rotating magneti c pole containing therein the field permanent nagnet
have necessarily sl ender configuration. Wth the driving nethod of
prior art. if the counter :12
FIG.12
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el ectronotive force can be detected at first one conmuni cati on based on
the starting sequence. it wll be determ ned that a nornal

starting has been achi eved and a change-over will occur fromthe open | oop
to the sensorl ess

13
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runni ng. Therefore. the rotor is inadequately position-held and vibrates
for exanple. when a |oad involves a torque fluctuation. Mreover. if next
one comruni cation is performed under a torque being generated in the
reverse direction. the rotor is rotated froma position other than the
desired position. so the counter electronotive force is detected
prematurely by an electrical angle of 60[eryr] or 120[err] wth respect to
the actual position of the rotor and changel-/-l
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over to the sensorless running occurs, upon which a predeterm ned
excitation pattern is output. However, the notor can not be normally
started and often vibrates since this excitation pattern differs fromthe
intrinsic excitation pattern depending on the actual position of the
rotor. Even if the notor is vibrating, a signal representing the counter
el ectronotive force is detected and if t signal is higher than a |evel
required for the sensorless running. the 6detern1ned excitation pattern

FIG.15
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continues to be output. Consequently. both the normal starting and the
restarting are inpossible. Wth the above-nentioned driving nethod.
furthernore. the chopper frequency has had to be set, for a relatively
wi de rotation frequency range of the notor. so that the conmunication
timng be free fromany affection of the
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10 thereby the relative position of the stator coils and the pernmanent
magnets is detected according to the driving nethod. However. if the
counter electronotive force appearing in the open phases nonlinearly
varies. no precise detection of the relative position will be achieved.

17
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It is. the object of the invention to provide a controller adapted. even
when the notor can not be normally rotated. for exanple. due to a
vibration in starting. to return to the start of an open | oop. so an open
| oop control <can be restarted to repeat the position fixation of the

rotor until the normal rotation is achieved. This object is solved by
claim 1. Further advantageous enbodi nents and inprovenents of the

i nvention can be taken fromthe 18
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dependent cl ai ns. Advant ageously the controller according to the
I nvention can

19
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¢change the chopper frequency continuously depending on the rotation
frequency of the notor and thereby to mnimze a switching |loss of the
i nverter.

FIG.20
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Di scl esure of the Invention: A first aspect of the invention can be
seen in a brushless DC not or Wit hout position sensor which can be
controlled by the

21
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I nventive controller. This notor conprises a stator fixed inside a notor
frame and a rotor surrounded by the stator and rotatably supported by the
notor frame through the aid of a rotatable shaft. the stator having a
plurality of stationary magnetic poles projecting inward inner end
surfaces of the stationary magnet pol espdefining stationary magnetic pole
surfaces lying substantially at equal diStances fronFng é?g?alable shaft
along a cylindrical surface, the rotor
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12° having a plurality of rotating magnetic poles projecting outward.
outer end surfaces of the rotating nagnetic poles defining rotating

magneti c pol e surfaces which are
polarities in the

ntr-

magneti zed alternately in different

23

FIG.23
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circunferential direction of the rotor and opposed to the stationary
magneti c pole surfaces at a slight distance therefrom wherein each of the
rotating nmagnetic pole surfaces presents a curved surface swelling outward
and is nost closely adjacent to the correspondi ng stationary -magnetic

pol e surface at a given circunferential point. The rotor

conprises a yoke and field permanent nag %s t he yoke having an even
nunber of

FIG.24
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rotati ng magnetic poles projecting radially outward. of which the bases
are alternately provided with the field pernmanent magnets inserted
thereinto in parallel to the rotatable shaft with the magnetic pol es of
the respective pernmanent nmagnets bei ng opposed to the rotatable shaft. and
opposite lateral sides of the respective magnets being slanted so that the
respective magnets have their outer magnetic pole surfaces provided with
relatively small surface areas. 25

FIG.25
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According to the invention the <controller for the brushless DC notor
W t hout position sensor utilizes turned-on states of feedback diodes.
wherein the control system conprises an output pattern node generator.
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13: a.conmutation timng signa
serving to detect a coincidence
pattern node generator and the

generator and a coinci dence

of the signals generated
conmut ation timng signa

det ect or

fromthe out put

gener at or .

respectively. wherein.

when the output of the detector

i ndi cates no

coi nci dence.

r epeat ed.

a notor drive output
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. A controller for a brushless DC motor
without a position sensor '

THIS SHEET HAS BEEN
REPLACED

The present invention relates to a controller for a
brushless DC motor without a position sensor utilizing a
counter electromotlve force generated in coils wound on a

stator as a rotor is rotated to pQSLtlon—detect magnetic poles

-of the rotor,.and more particularly to a brushless DC motor

without position ‘sensor having the rotor configured so that -

.respective rotating magnetic pole surfaces oft he rotor come

> most closely adjacent to inner end surfaces of the stators’s

respective magnetic poles at predetermined circumferential

' points on the respective rotating magnetic pole surfaces and

- thereby positions of the rotor’s respective poles. The

controller serves for drive control of such a brushless DC
motor without position sensor.

Prior Art:

. Recently, the brushless DC motor has been used in
various apparatus and equipment in view of its high
efficiehcy and controllability. The brushless DC motor has
the substantially same construction as the synchronous

‘motor, so the position detector such as the Hall element has.
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Brﬁef-féscription of the Drawi ngs: Fig. 1 is geebrehit—diagram-show hg
circui £ conponents of a brushless DC nqm GHEMBHEEUHASGBEN N
sensor such _as an inverter including a control ci|fcuit REPLACEDr di ngjito the
i nvention; _

-2~

been necessary to detect a position of the rotor in driving.
However. the space occupied by such a position detector has
become a2 serious problem with the progress of
ﬁiniaturization and has come to the front as an imﬁorfant-
factor which obstructs a desi}ed miniaturization of the
motor. To solve such a problem. so-called position-
sénsorless. brushless_DC motor has been developed recently
and already been put in practical use.

Fig. 26‘is a fragmentary secéiénél view showing a
conventional‘éru;hless=DC;motor without position sensor in
an enlarséd scale. Such a position-sensorless. brushless DC
motor 81 of prior art comprises a stator 82 and a rotor 83.

' The stator 82 surrounds the rotor 83 rotatably supported by
a rotatable shaft 86 and includes a Plurality of stationary
magnetic poles 84 projecting inwa;d. The respective
stationary magnétic poles 84 carry coils U, V. W (no; shown)
wound théreonu- The stationary magnetic poles 84 are
magnetized in a'predefermiﬁed polarity as current flows
through the coils U. V. W. Stationary maénetic pole
surfaces 85 defined by the inner end surface of the
respective stationary magnetic poles 84 lie at equal
distances from the center of the rotatable shaft 86 along a
cylindrical surface. .

The rotor 83. on the other hand. comprises a yoke 87

formed from a plurality of silicon steel sheets laminated
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Fig. 2'is a sectional view of the brushless DC notor without position
sensor .t aken transversely of an axis thereof: Fig. 3 is a block
di agram of a control circuit in the enbodi ment of the invention:
Fig. 4 is a‘circuit diagram showi ng an exanple of a pattern coincidence
det ect Or : Fig.. 5is atimng charg LllustTating a nutual

relati onship of various signals appearing in the control

integrally and a pair of field permanent magngts 88. The
yoke 87 is provided along its outer periphery with four
rotating magnetic poles 89 projecting outward and thesg
rotating magnétic poles 89 are alternately provided in their
bases with the field permanent magnets 88 inserted therein
with the N-poles of these magnets 88 being arranged faqe to
face. Respective rotating magnetic pole surfaces 90 defined
by the outer end surfaces of the resﬁecﬁive rotating
magnetic poles 89 lie at equal diéfancés from fhe center of
the rotatablé.sh;ft 86 so as to form curved surfaces.
respectively. so that each rotating magnetic pole surface 90
is uniformly spaced from the confronting stationary magnetic
pole surface 85 at every point on the rotating magnetic pole
surface 90. . |
Under the effect of mutual repulsion occurring between
the N-poles of the two permanent magnets 88. the magnetic
flux generated by thé rotor 83 exits from the yoke 87 via
the rotating magnetic poles containing therein no field
permanent magnet and enters again into the yoke 87 via the
rotating magnetic poles containing therein the respective
field permanent magnets as shown. Consequently. the
rotating magnetic poles containing therein the respective
permanent magnets are magnetized in S-polarity and the

rotating magnetic poles containing therein no permanent

magnets are magnetized in N-polarity.
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cifcuit:

Fig. 6 is a diagramillustrating a nutual relatlonshlp

ot put pattern node. excitation node and commutation tim ng_de

phase:

Fig. 7is a flowchart of a starting sedfe
-4 =
Recently. a driving method for the position—sensorless,

brushless DC motof has been proposed. in which the counter

electromotive force ggnerated in the stator coils as the

rotor rotates is utilized instead of relying on the position

detector {Suzuki. Ogasawara, Akagi. Naniwae, Nagatake,
Okuyama: "Construction of position-sensorless, brushless DC
motor”. repérted in the 34th national meeting of JEC..

Industrial Application Group. 1988). With such a driving

" method. as shown in Fig. 27. a 120° voltage feed type

inverter 91 {; déed as the main circuit and RPM control ;;
effected by a chopper control. Referring to Fig. 27.
reference numeral 81 designates a motor. reference numeral
82 designates a stator. reférence numeral 83 designates a
rotor. symbols U, V. W designate stator coils of respective
phases. symbols Ta*. Tov*. Tc*. Ta~. Tb~. Tc~ designate
transistdfs. and symbols Da*., Db*, Dc*, Da”. Db‘; Dc~
designate feédback diodes. According to this proposal., the
counter electromotive forces e,. ep. ec. seﬁerated in the
respective phases and the drive signal applied to a pair of
transistors are trially obtained in the mutual relatidnship
as illustrated in Fig. 28. The respective phases U, V. W
have their open periods {(i.e.. a period for which the
transistors are free from application of the drive signal)

twice each for 60° during a period corresponding to an
electrical angle of 3600.
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the phase in the open state is referred to hereinafter as
the open phase.

To drive the motor according to this driving method. a
starting sequence as shown in Fig. 29 is followed.

Initially, the motor is excited for a predetermined time

‘with the drive signal of an optional excitation pattern

{(step T31) and thereby the rotor is displaced to the
position corresponding to this excitafion pattern istep
T32). Then. the excitation pattefn ié changed over to the
excitation p;ttérn advanced by 120° (step T33) and thereby
the motor is rotated (step T34). The counter electromotive
force is generated in the stator coils as the motor is
rotated. The rotating magnetic poles are indirectly
position-detected by detecting the turned-on state of the
feedback diodes associated with the open pha#es and thus the
communication signal is generated (step T35). More
specificall}. rotation of the rotor causes the stator coils
to generate the counter electromotive force which causes. in
turn. the terminal voltage of each open phase to be varied.
Consequently. anode potential of the P-side feedback diodes
rises to a level higher than Ed™ or cathode potential of the
N-side feedback diodes drops to a level lower than Ed~ and
thus the feedback diodes are tuned on. Accordingly. the
turned-on state of the diodes associated with the open

phases may be detected to detect the current excitation

REPLACEMENT SHEET

T'na Sheet Has Been Reﬂlaced 3 1 JAN 1997




HENE
A CYT

-6 -
pattern and. in consequence. positions of the rotating
masnétic poles are detected. Practically. tﬁé'mo&e detector
92 as shown in Fig. 27 detects the turned-on state of the
respective diodes by compéring the reference voltage Ed with
the terminal voltage of each diode.

The turned-on states of the diodes associated with the
open phases are detected in the proximity of 300 during.the
open period of 60°. Namely. the turned-on state is detected
at a leading.phase of approximateif 305. Accordingiy. the
control circ;;t ;3 generates the drive signal with delaying
all the phases approximately 309, respectively (such phase
delaying is referred to as phase shift), to effect the next
communication and utilizes this drive signal to perform the
chopper control.

However. with. this position—sensorless. brushless DC
motor of prior art. the magnetic flux generated from the
field permanent magnets tends to be concentrated at points
on tﬁe respective rotating magnetic pole surfaces deviated
from the circumferentially middle points thereon inlthe
direction of rotation since the respective rotating magnétic
pole surfaces are uniformly spaced from the respective
stationary magnetic pole surfaces at every point on the
respective rotating magnetic pole surfaces. As a resuit.
the counter electromotive force generated by the magnetic

flux will be prematurely detected with respect to the actual
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Fi.g. 8"is a sectional view showing a brushless DC
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positions of the respective rotating magnetic poles and the
stationary magnetic poles will be excited eariieé than a
predetermined timing. preventing the rotor from being
smoothly rofated;

In the conventional position—-sensorless., brushless DC
motor haviﬁg the yoke containing the permanent magnets
inserted therein. the field permanent magnets usually have
substantially rectangular cross-sgctions. respectively, and
the outer magnetic pole surface of-eaéh field permanent
magnet defin:s a relatively large surface. Such
configuration also has contributed to the above-mentioned
deviation of the magnetic flux.

The conventional rotor comprising the yoke and the
field permanent magnets has encountered another problem
concerning a strength of the yoke.' More specifically. the
field pérmanent magnets each having a rectanéular cross-—
section which is slightly narrower than the associated
rotating magnetic pole i§ inserted into the base of this
rotating magnetic pole and. fherefore. bridges of the yoke
which connect the outer end to the base of each rotating

magnetic pole-containing therein the field permanent magnet-

"have necessarily slender configuration.

With the driving method of prior art. if the counter
electromotive force can be detected at first oné

communication based on the starting sequence.

it will be




17 not'or wit hout position sensor of-prior art as hal ved: Fig. 9is
ascircuit diagramof an inverter used in a notor of prior art; Fig.
10 is a diagramillustrating a relationship between counter electronotive
force and driving signal in a notor of prior art: and
-8 -
determined that a normal sfarting has been achieved and a
cﬁange-over will occur from the open loop to the sensorless
running. Therefore. the rotor is inadequately position-held
and vibrates. for example. when a load involves a torque
fluctuation. Moreover., if next one communication is
performed under a torque being generated in the reverse
direction. the rotor is rotated from a position other than
the desired position. so the counter electromotive force is
detected prepaturély by an electrical angle of 60° or 120°
with respecé to.the actual position of the rotor and ch;pgej
over to the sensorless running occurs, upon which a
predetermined excitation pattern is output. However. the
motor can not be normally started and often vibrates since .
this excitation pattern differs from the intrinsic
excitation patterh depending on the actual position of the
rotor. Even if the motor is vibrating. a signal
representing the counter electromotive force is detected
and. if this'signal is higher than a level required for the
sensorless ruaning. the predetermined excitation pattern
continues to be output. Consequently, both the normal
~ starting and the restarting are impossible.
With the above-mentioned driving method. furthermore.
the chopper frequency has had to be set. for a relatively

wide rotation frequency range of the motor. so that the

éommunication timing be free from any affection of the
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Fi.g. 11 is a flow chart illustrating a starting sequence for a notor of

prior art, -~ Preferred Enbodi nents of the Invention: Initially, a
brushl ess DC notor w'thout position sensor which can be controll ed by
the controller of the invention is described _ wth reference to Figs. 1
and 2. Referring'to Fig. 1. there9s shown a general arrangenent of

a drive control systemfor the brushless DC notor w thout position sensor.
detection timing delay at the maximum rotation frequency.

For example. an electrical angle of 60° corresponds to
0.5m/sec and. therefore. the chopper frequéﬁcy is set to a
level as hizh as in order of 10 kHz. However. such high
chopper fregquency disadvantageously results in an increased
switching loss of the inverter and a significant heat
generation from the inverter elements.

In additioﬁ. the above—mentioned driving method has
encountered further aﬁother problém fhat the electric energ?
accumulated én ihe stator coils is emitted immediately after
transfer from the energized state to the deenergized state
and consequently a voltage apﬁears in the open phase. The
.time period for which the electric energy is emitted depends
on the value of current flowing through the stator céils and .
the load exerted on the motor. The motor is not rotated
during emission of such electric energy. because no precise
position information of the permanent magnet rotor can bé.
obtained unless the detection of the counter electromotive
force is inhibited.

Finally. the above-mentioned driving method is
accompanied with further . additional problem.concernins the
detection of the relative position of the stator coils and
the permanent magnet rotor. More specifically. the counter
electromotive force appéaring'in the stator coils being not

fed (hereinafter referred to as open phases) is detected and
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The dri've control system for the brushless DC notor w't
sensor:z in addition to the brushless DC notor w thout pdgsi
itself. a power supply 21. an inverter 22 having chargeL;__

control+. a node detector 23 utilizing a_counter electronotive force to
detect the position of a rotor 3 and atdftTol circuit 24 serving to
control the inverter 22. The brushless DC notor w thout position sensor 1
conpri ses ihergbyr theggeleftd ievtrgsibion € bhesstater DD hbs candi theut

position sensor 1 in this
permanent magnets is detected according to the driving

method. However. if the counter electromotive force
appearing in the open phases nonlinearly varies, no precise
detection of the relative position will be achieved.

Accordingly. it is an object of the invention to
provide a brushless DC motor without position sensor
allowing the rotating magnetic poles to be precisely
pQSthon—detected by configuring the rotatlng magnetic pole
'surfaces so that the magnetic flux generated from the f1e1d

- permanent magnets may always be concentrated to
predetermined posiﬁions on the respective rotating magnetic
poles.

It is also an object of the invention to provide a
brushless DC motor without position sensor of which a rotor
comprises a yoke and field permanent magnets. and which not
only achieves the object set forth just above but also has
an adequate structural strength.

It is also an object of the invention to provide a
controller adaptedf even when the motor can not be normally
rotated. for example. due to a vibration in starting. to
return to the start of an open loop. so an open loop control
can be restarted to repeat the position fixation of the
rotor until the normal rotation is achieved.

It is also an object of the invention to provide a
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enbodiment is of three- phase I nverter driven type and ref erence synbols U
Y. Wdesignate respective coils wound
17 notor w.thout position sensor of prlor ‘art as hg VHdSSHF'T §EEEN2 S
a circuit diagramof an inverter used in a -~ . REPLACED

- 11 -

controller adapted to change over the chopper frequency
contxnuouslx dependxng on the rotation frequency of the
motor and thereby to minimize a switching loss of the
inverter.

"It is also an object of the invention to provide a
controller adapted to be able to detect the counter
electromotive force precisely even if the rotation frequency
and/or load of the motor fluctuate.

It is also an object of the invention to provide a
control system adapted to detect the waveforms of current.
flowing through the DC brushless motor and thereby to
achieve a stable position detection of the permanent magnet

rotor even if the counter electromotive force appearing in

the open phases nonlinearly varies.

Disclosure of the Invention:

To achieve the objects set forth above. the first
aspect of the invention resides in a brushless DC motor
without position sensor comprising a stator fixed inside a
motor fraﬁe and a rotor surrounded by the stator and
rotatably supported by the motor frame through the aid of a
rotatable shaft. the stator having a plurality of stationary
magnetic poles projecting inward. inner end surfaces of the
stationary magnet poles defining stationary magnetic pole
surfaces lying substantially at equal distances from the

rotatable shaft along a2 cylindrical surface. the rotor

REPLACEMENT SHEET
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motor of prior art; Fig. 28 is a diagramillustrati el atieashi p

het ween counter electronotive force and driving signaFi I or
art; and . Fig. 29 is a flow chart illustrating
for a'notor of prior art. Preferred Enbodi nents of

Initially. the first enbodiment wll be deigribed W tr

"having a plurality of rotating magnetic polesiprajecting
outward. outér end surfacés of the rotating magnetic poles
defining rotating magnetic pole surfaces which are
magnetized alternately in different polarities in the
circumferential direction of the rotor and opposed to the
.stationary magnetic pole surfaces at a slight distance
therefrom, wherein each of the rotatiﬁg magnetic pale
surfaces presents a curved surface swelling outward and is
most closely ad:jacent to the corresponding stationary
magnetic pole surface at a given circumferential point.

‘Preferably. the rotor comprises a yoke and field
permanent magnets., the yoke having an even number of
rotating magnetic poles projecting radiall& outward. of
which the bases are alternately provided with the field
permanent magnets inserted thereinto innparallel to the
rotatable shaft with ﬁhe magnetfc poles of the respective
permanent magnets being opposed to the rotatable shaft. and
opposite lateral sides of the respective magnets being
slanted so that the respective magnets have their outer
magnetic pole surfaces provided with relatively small
surface areas.

The second aspect of the invention resides in a

.controller for the brushless DC motor without position
sensor utilizing turned-on states of feedback diodes. the

control system comprising an output patfern mode generator,
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nefereﬁce to Figs. 1 and 2. Referring to Fig. 1. there is shown a
general arrangenent of a drive control systemfor the brushless DC notor
wi t hout position sensor. The drive control sygeemfor the brushless
DC notor  without position sensor. in addition-to tpers esEesh Tt or
wi thout position sensor 1 itself, a pow supply 21§  an REMACEY avi ng
charge of chopper control. a node detector 23 util Sti-ay

el ectronotive force to
a commutation timing signal generator and a coincidence

detector serving to detect a coincidence of the signals
generated from the outpﬁt'éattern mode generator and the
commutation timing signal generator, respectively. wherein.
ﬁhen the outpuf of the detector indicates no coincidence. a

motor drive output is stopped once and then starting is

repeated.

The third aspect of the invention resides in a
controller faor the brushless DC motor without position
sensor utilizing turned-on states of feedback diodes and -
prqvided with a chopper control adapted for rotation-
fréquency-adjustably driving the brushless DC motor. the
controller comprising motor’'s rotation frequency detector
meahs and comparator means serving to compafe the output
signal of the detector means'with a reference signal
depending on the rotation frequency of the motor. wherein a

chopper frequency is changed based on the output signal of

the'comparator.

The fourth aspect of the invention resides in a
controller for the brushless DC motor without position
sensor utilizing turned-on states of feedback diodes and
provided with a chopper control adapted for rotation-
frequency-adjustably driving the brushless DC motor, the

controller comprising a circuit édapted to generate the

number of pulses proportional to the rdtation frequency of
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det ect 't he position of a rotor 3 and a control circuit 24 serving to

contr ol

the inverter 22. The brushless DC notor wi thout position sensor
conprises & stator 2 and the rotor 3. The brushl ess
positibn sensor 1.in this enbodiment is of three-phafelHIBBelEErHAY &
type and reference synbols U V. Wdesildnate respectijye coiREPLATEN

=

the motor and an F/V converter adapted to generate voltage
proportional to the number of pulses. wherein a chopper
frequency is continuousiy changed based on the output of.the
F/V converter.

The fiffh aspect of the invention resides in a
controller for the brushless DC motor without position
sensor. the controller comprising means serving to detect
current flowing through the motor and means serving to

inhibit detegtion of the counter electromotive force

. immediately after commutation.

The sixth aspect of the invention resides in a
controller for the brushless DC motor without position
sensor, the controller comprising means serving to detect
the rotation-frequency of the motor and means to inhibit
detection‘of the counter electromotive force immediately
after commutation.

' The seventh aspect of the invention resides in a
controller for the ‘brushless DC motor without position
sensor. the controller comprising means serving to detect
waveforms of current flowing tﬁrough the.brushless DC motor
and means serving to position-detect the permaneﬁt magnet

rotor based on the waveforms of current.

Brief Description of the Drawings:

Fig. 1 is a circuit diagram showing circuit components
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19- fotationally driven under effect of commutation sequenced by a
rel ationship between the respective excitation patterns.[‘nm~¢4§~ﬂgnd and
comut ation timng detection phases and turned-on di odgs: Hmmgg'r ;=Y

hand. ' The node detector 23 is connected to the invertgr_22 gl ;Hﬂ&a '
t he turned-on -15 - -

of a2 brushless DC motor without position sensor such as an
inverter in the first embodiment of the invenfion;

Fig. 2 is a sectional view of the brushless DC motor
without position sensor taken transversely of an axis
thereof:

Fig. 3 is a block diagram of & coﬁtrol circuit in the
second embodiment of the invention:

Fig. 4 is a circuif diagram showing an example of a
pattern coincidence detector: |

Fig. 5 {s a timing chart illustrating a mutual
relationship of various signals appearing in the control ’
circuit:

Fig. 6 is a diagram illustrating a mutual relationship
of output pattern mode. excitation mode and commutation
timing detection phase:

Fig. 7 is a flow chart of a starting.sequence:

Fig. 8 is a block diagram of the control circuit'in the
-third embodiment of the invention:;

Fig. 9_is a2 block diagram of the control circuit in the
fourth embodiment of the invention:

Fig. 10 is a circuit diagram showing a connection from
an F/V converter to an oscillator:

Fig. lllis.a waveform diagram illustrating predominant

waveformns appearing in the F/V converter and the oscillator.
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statesfof the respective feedback diodes included by the inverter 22 based
on thes counter electronotive force generated in the respective LLs—nf

the nmotor 1. The control circuit 24 detects the coff '
respective coils U V. Whbased on the detection sig LF“¥$
detector 23 and outputs the driving skgqg to each (Lransi St :
inverter 22 do that a well tined commutation may ocCur to the respective

coil's U V. WigygThe 2 1pRpeg: SOR" fehen® Lot ddhedl UM A Based

on

the fifth embodiment of the invention:

Fig. 13 is a circuit diagram of a counter electromotive
force detector:

Fig. 14 is'a signal waveform diagram for the counter
electromotive force detector:

Fig. 15 is a graphic diagram illustrating a
relationship between current value_and electric energy
emission time period: | |

Fig. 16.35_; circuit diagram of a detection inhibitor:

Fig.. 17 is a signal waveform diagram for the detect{on..
inhibitor:

Fig. 18 is a block diagram of the control circuit in
the sixth emhodiment of the invention:

Fig. 19 is a graphic diagram illustrating a
relationship between rotation frequency and electric energy
emission time period:

Fig. 20 is a block Qiagram of the control circuit in
the seventh embodihent of the invention;

Fig. 21 is a.block diagram of a rotor position
detector: | |

Fig. 22 is a flow chart of rotor position detection:

Figs. 23.-24 and 25 are waveform diagrams illustratiné
current waveforms as function of feed timing, respectively:

Fig. 26 is a sectional view showing a brushless DC
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the driving signal. the inverter 22 repeats the operation as
aboves Such repeated operation causes the rotor 3 to k
driven. . The stator 2 and the rotor 3 of thi'

according to the invention will be desci¥bed norglin ; shows
the brushl ess DC notor wi thout position sensor I n an enl arged
secti onal metew wikbautr ansidrisgl seagon haf rex ber onrtuds habyedt.
Fig. 27 is a circuit diagram of an inverter used in a
motor of prior art:
Fig. 28 is a diagram illustrating a relationship
between counter electromotive force and driving signal in a
motor of prior art: and

Fig. 29 is a flow chart illustraﬁfng A starting

sequence for a motor of prior art.

Preferred Embodiments of the Invention:

Initially. the first embodiment will be described with ..
reference to Figs. 1 and 2.

Referring to Fig. 1. there is shown a general
arrangement of a drive control system for the brushless DC
motor without position sensor.

The drive control system for the brushless DC motor
without position sensor., in addition to the brushless DC
motor without position sénsor 1 itself, a power supply 21.
an inverter 22 ‘having charge of chopper control. a mode
detector 23 utilizing a counter electromotive force to
detect the position of a rotor 3 and a control circuit 24

serving to control the inverter 22. The brushless DC motor

without position sensor 1 comprises a stator 2 and the rotor
3. The brushless DC motor without position sensor 1 in this

embodiment is of three—phase inverter driven type and

reference symbols U. V. W designate respective coils wound

. REPLACEMENT SHEET
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The stator 2 surrounds the rotor 3 and has twenty four stationary
nmagnetd ¢ poles 5 projecting inward. Though not
- 19 - rotationally driven under effect of comutation sequenced by

- 18 -
on the stator 2.' Referenée symbol Vn designates.voltage
across U. V. W and this:voltage is generated selectively
across two of these three coils U. V. W upon switching of
the inverter 22. |

The power supply 21 is in a state ready to supply
rectified current. Reference symbol Ed (and Ed*. Ed™)
designates an electromotive force. The inverter 22
comprises feedback diodes Da*. Db*. Dc*. Da~, Db~. Dc~ and
transistors Ta*.- Tb*. Tc*. Ta~. Tb~. Tc .

The respective system components operate, as will be
described. in rotationally driving the brushless DC mqtor
without position sensor.

The inverter 22 comprises P-side transistors Tat, Tbt,
Tet to which the feedback diodes Da*, Db*, Dc* are
connected. respectively., and N-side transistors Ta~, Tb™, Tc™
to which the feedback diodes Da™, Db™, Dc™ are connected,
respectively. Under éhopper control by a set of P-side
transistor and N-sjde transistor. two of the three-phase
coils are selectively supplied in succession with three-
phase direct:éurrent to generiﬁe magnetic field by which the
rotor is rotationally driven. More specifically, output
mode patterns of the driving sigﬁal are preset to 5 through
0 in accordance with excitation patterns required to

maintain normal rotation of the motor 1, as will be

described later with reference to Fig. 6., and the motor 1 is.
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a relationshi p between the respective excitatiop=p ——gF—ofe; hand.
and comutation timng detection phases and tunfn@diSosHERTOWS BEBN § he ot her
hand. The.npde detector 23 is connected to the i nveREBEAQBDand dgtects
the turned-on states of the respective feedback—drodes 1nctruded by the

I nverter 22 based on the counter electronotive force generated in the
respective coils of the motor 1. Thgg control circuit 24 detects the
comutation timng of the :

rotationally driven under effect of commutation sequenced by
a relationship between the respective excitation patterns.
on one hand. and commutation timing detection phases and
turned-on diodes. on the other hand. The mode detector 23
is connected to the inverter 22 and detects the turned-on
states of the respective feedback diodes included by the
inverter 22 based on the counter electrohotive force
generated in the respective coils of the motor 1. The
control circuit 24 detects the commutation timing of the
respective coils U, V. W based on the detection signal from
the mode detector 23 and outputs the driving signal to each
transistor of the inverter 22 do that a well timed
commutation may occur to the respective coils U, V. W. The
chopper control is effected in the inverter 22. Based on
the driving signal. the inverter 22 repeats the operation as
mentioned above. Such repeated operation causes the rotor 3
to be continuously driven.

The stator 2 and the rotor 3 of the brushless DC motor
without position sensor constituting an important part of
this embodiment will be described more in detail. Fig. 2
shows the brushless DC.motor without position sensor of this
embodiment in an enlarged sectional view taken transversely
of the rotation axis thereof.

| The stator 2 surrounds the rbtor 3 and has twenty four

stationary magnetic poles 5 projecting inward. Thodgh not
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respective coils U V. Whbased on the detection signal from the npde

det ectsor 23 and outputs the driving signal to each transistor of the
inverter 22 do that a well timed comutation nay occur to the respective
coils.U V. W The chopper control is effected in the inverter 22. Based
on the driving signal. the inverter 22 repeats the operation as nentioned
above. Such repeated operation causes_jfe rotor 3 to be continuously
driven. The stator 2 and the rotor 3 of the brushless DC notor

shown., these stationary magnetic poles 5 carry'c&ils wound
thereon. tationary magnetic pole surfaces 6 defined by
inner ends surféces of the respective stationary magnetic
poles 5 lie at equal distances from the center of a
rotatable shaft 4 in conformity with an imaginary
cylindrical sdrface.' |
fhe rotor 3 is rotatably supported by the rotatable
shaft 4 and includes a yoke 7 compfising a plurality of
integrally liﬁidéfed silicon steel sheets. The yoke 7 has
along its outer periphery four rotating magnetic poles 8, 9f
10. 11 projecting radially oufward; A pair of field
permanent magnets 12. 13 are inserted into bases of the
rotating.magnetic poles 8, 10. respectively. in parallel to
the rotatable shaft 4 with N-poles of thesé field perﬁanent
" magnets 12, 13 being ﬁositioned face to face. Consequently.
the N?poles of the field permanent magnets 12, 13 repulse
each other and magnetic flux generated therefrom defines a
magnetic path as illustrated by Fig. 2. Specifically. the
magnetic flux from the yoke 7 after having pasﬁed through
the rotating magnetic poles 9, 11 and then enters the yoke
again through the rotating magnetic poles 8. 10. Thus. the
rotating magnetic poles 8, 10 are magnetized as S—-poles
while the rotating magnetic poles 9, 11 are magnetiied as N-
péles. |

The rotating magnetic pole surfaces 14, 15, 16, 17 on
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W tthout position sensor constituting an inportant part of this enbodi nent
wi‘l | be described nore in detail. Fig. 2 shows the brushless DC notor

wi t hout posjtion sensor of this enbodinent in an enlarged sectional view
taken transversely of the rotation axis thereof. The stator 2
surrounds the rotor 3 and has twenty four stafionary nmagnetic poles 5
projecting irnward. Though not - 21 -

the outer ends of the respective rotating magnetic poles 8.
9, 10. 11 define curved surfaces swelling radially outward,
respectively. In the instaﬁt case. circularly curved
surfaces defined by the respective rotating magnetic pole
sﬁrfaces 14. 15, 16. 17 have a curvature larger than that of
the imaginary cylindrical surface on which the stationary
magnetic pole surfaces 6 lie. In other words. the rotating
h;gnetic pole surfaces 14. 15, 16. 17 are most closely

ad jacent to the stationary magnetic pole surfaces 6 at
circumferential middle pointg of the respective rotating -
magnetic pole surfaces.

The magnetic flux generated from the field permanent
magnets 12, 13 is concentrated on the circumferentially
middle.points at which the rotating magneﬁic pole surfaces
are mosf closely adjacent to the stationary magnetic pole’
surfaces. Such phenomenon will be explained more in detail
in connection with the rotating magnetic pole surface 14.

A distance from the circumferentially middle point of
the rotating magnetic pole surface 14 to the corresponding
stationary magnetic pole P2 is designated.here by do and
distances from the stationary magnetic poles Pl, P3 adjacent
the stationary magnetic pole P2 to the rotating magnetic
pole surface 14 are designated by dl and d2. respectively.

The distance do is smaller than both the distance dl and the

distance d2 and. in consequence. the magnetic flux generated
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-20 - shown. these stationary magnetic poles 5 carry coils wound thereon.
Stationary magnetic pole surfaces 6 defined by inner ends surfaces of the
respective,stationary nagnetic poles 5 lie at equal distances fromthe
center. of a rotatable shaft 4 in conformity with an i magi nary

- 22 -

from the field permanent magnet 12 reaches the rotating
magnetic pole surface 14 mostly via the stationary magnetic
pole P2 and thereby a counﬁer electromotive force generated
by the rotating magnetic pole surface 14 is concentrated to
the stationary magnetic pole P2. This is true also for the
other rotating magnetic pole surfaces 15. 16. 17.

In this way. the rotor 3 having the above-mentiéned
circularly curved rotating magnetic pole surfaces normally
generates the cqunter electromotive force moétl& from the
circumferentially middle points of the respectiQe rotating
magnetic pole surface so that an erroneous position
detection of the rotating magnetic poles may be reliably
avoided.

As shown, the field permanent magnets 12, 13 in the
instant case are configured to have opposite lateral sides
slanted so that its S—-pole side may have a surface area
smaller than that of its N-pole side. Thus. the magnetic
flux generated.from the permanent magnets. is concentrated at
circumferentially middle points of their S-pole surfaces an¢

~accordingly at circumferentially middle points of the
rotating magnetic pole surfaces 14, 16. Bridges 18 defined
at the opposite lateral sides of the respective field
permanent magnets 12. 13 have relatively large width over

most of their extents. since the opposite lateral sides are

slanted. With a consequence, the yoke 7 has a relatively

REPLACEMENT SHEET
i

3 1 JAN 1997




cy indrical surface. The rotor 3 is rotatably supported by the
rotatable shaft 4 and includes a yoke 7 conprising a plurality of
integrally lamnated silicon steel sheets. The yoke 7 has .along.its outer
periphery four rotating magnetic poles 8. 9. 10.{ X, ®&nEeeHarmrepdilal |y
outward. A pair of field permanent magpets 12. (13 ar eygpi@yeed i nfjo bases
of the rotating nmagnetic poles 8. 10.‘r@%ﬁéctive&y::tﬁzpatattst=tg='

high strength such that the yoke 7 might not easily deformed
even when an unexpected external force is exerted on the
rotating magnetic pole surfaces 14. 16. |
While the invention has been described on the basis of
the specific embodiment having the circularly curved
rotating magnetic pole surfaces each defined by a curvature
radius smaller than that defining the stationary magnetic
pole-surfaces._the curvature of each rotating magnetic pole
surface is not Iimited to the circular arc and any other
curvatures. for example. a parabolic curvature as viewed
transversely of the rotatable shaft may be employed as far
as each rotating magnetic pole surface is so configured to
be most spaced from the stationary magnetic poie surface at
the circumferentially opposite ends and most closely
ad jacent thereto at the circumferentially middle point of
the rotating magnetic pole surface. The similar effect will
be.ébtained'also when each rotating magnetic pole surface is
configﬁred so as to most spaced from the stationary'magnetic
pole surface only at one end in the direction of its
rotation and most closely adjacent thereto at the
circumferentially middle pbint.
While the invention has been described heretofore on
the basis of the specific embodiment having on the outer

periphery of the ydke four rotating magnetic poles which

are, in turn. alternately provided with the field permanent
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the rotatable shaft 4 with N-pol es of these field permanent nmagnets 12. 13
bei ng spositioned face to face. Consequently. the N-poles of the field

per manent magnets 12. 13 repul se each other and nag =X —gen
therefromdefines a magnetic path as illustrated by“ t@SSﬁEigg%agégglry.

the magnetic flux fromthe yoke 7 after having passéd thrBE
rotating nmagnetic poles 9. 11 and then enifrs the yoke—again through the

rotating magnetic poles 8. 10. Thus. thé “Fotating magnetic poles 8. 10 are
magneti zed as S-pol es . oo
magnets inserted thereinto, the rotor is not limited to such

construction but may have any even number of rotating
magnetic poles and a field permanent magnet may be inserted
into each of them. Instead:of inserting the field permanent
magnets into the yoke, it is also possible to form field
permanent magnets each having the rotating magnetic pole
surface of the above-mentioned configuration and then to
bond them onto the outer periphery ‘of the rotatable shaft.
As will -be apparent from the foregoing description. in
accordance wfth the first embodiment of the invention. the
rotating magnetic pole surfaces of the rotor present the
curvature swelling radially outﬁard so that each rotating
magnetic pole surface is most closely adjacent to the
stationary magnetic pole surféce-at a given point on the
rotating magnetic pole surface and. accordingly. the counter
electfomotive-force is concentrated at the point. 1In this
sanner. this embodiment provides a brushless DC motor
~without position sensor characterized by that the position
of each rotating magnetic pole can be precisely detected.
According to this embodiment, the yoke is provided along its
outer periphery with even number of the rotating magnetic
poles projecting radially outward. these rotating magnetic
poles being provided in their bases with the field permanent
magnets inserted thereinto in parallel to the rotatable

shaft, and the opposite lateral sides of each field
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while the rotating magnetic poles 9. 11 are magneti zed as N- poles.

The rotating magnetic pole surfaces 14. 15. 16. 17 o
- 21 -
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permanent magnet are slénted so that the-outer:magﬁetic pole
surface of the magnet is smaller than its inner magnetic
pble surface. Consequently. the hagnetic flﬁx generated
from the field permanent magnets is concentrated at.the
circumferentiaily middlg point of each rotating magnetic
pole. on one hand. and it is possible to provide the yoke
with the adequatély wide bridges and to obtain the yoke
having a.strength suffiéiently_hish:tO'resist the unexpected
external force exerted thereon.

Now. the second embodiment of the invention will be
described with reference to Figs. 3 through 7.

Fig. 3 is a block diagram of a control system
éonstructed according to the invention. A mode detector 23
compares a reference voltage Ed.(and Ed*, Ed™) for forward
voltage drop of feedback diodes.includéd by an inverter 22
with terminal voltage of the respective diodes in order to
detect the turned-on states of the respective feedback
diodes and thereby to detect the excitation pattern modes.
In this embodiment, the inverter 22 is of three-phase
bipolar type and. as shown in Fig. 6. detects the turned-on
“states of six phases U+, U-, V+, V- W+, W- corresponding to
the respective excitation patterns and applies the
corresponding detection signals to a control circuit 24
which. in turn. comprises a communication timing signal

detector 25. an output pattern mode geherator 26, a drive
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the outer ends of the respective rotating magnetic poles 8. 9. 10. 11
define curved surfaces swelling radially outward. respectively. 1In the

i nstant case. circularly curved surfaces defined by the respective
rotating negnetic pole surfaces 14. 15. 16. 17 have a curvature |arger
than that of the imaginary cylindrical surface on which the stationary
magnetic pole surfaces 6 lie. In other rds the rotating nagnetic pole
surfaces 14. 15. 16. 17 are nDst closé1§ adjacent to the stationary

nagnetrc pol e _surfaces 6 at
ignal generator 27. a pattern coincidence detector 28, a

starting controller 29, -a chopper selector 30 and a chopper
signal generator 31. The commutation timing signal detector
25 is adapted to detect the commutation timing signal based
on the output from the mode detector 23 and to generate a
clock pulse. The output pattern mode generator 26 is
adapted to generate, based on the clock pulse applied from
the commutation timing signal detector 25, signals
representing éix'modes as indicated in Fig. 6 and. based on
each of these signals. the drive signal generator 27
generates a ﬁotor drive signal. The pattern coincidence
detector 28 compares a signal hl, one of the six commutation
timing signals with a waveform h3—-2 of the output pattern
mode 2 during a period for which the output pattern mode
generator 26 outputs a signal ho to the starting controller
to request a restarting. Based on a signal h3 from the
output pattern mode generator 26 and a signal from the
starting controller 29. the drive signal éenerator 27
generates a motor drive signal while the chopper selector 30
determines whether the chopper is positive or negative and
outputs a corresponding signal to the drive signal generator
27. The signal coming from the chopper signal generator 31

is superposed in the drive signal generator 27 and thereby
driving the respective transistors of the inverter 22.

.Referring to-Figz 4, the arrangement of the patterd
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cisrcunferential mddle points of the respective rotating magnetic pole

sur f ages. The magnetic flux generated fromthe field pernmanent
magnets 12.. 13 is concentrated on the circunferentially mddle points at
whi ch+«the rotating magnetic pole surfaces are nost closely adjacent to the
stationary magnetic pole surfaces. Such phenonenon will be explained nore
in detail in connection with the rotatbhtfg. magneti c pol e surface 14.

coincidence detector 28 is illustrated. The output pattern
mode generator 26 functions as a down-counter adapted to
generate the OR signal h2 of the six commutation timing
signals in the form of a clock pulse successively on six
éutput terminals 5 through 0. In starting and restarting.
the mode 5 is output as an initial mode, then the modes'3.
2, 1, 0 and 5 are output in this order (Regarding such
sequence. details will be described later). The output h3-2
of the output pattern mode generator 26 and the commutation
timing signal hl are applied to EX-OR gate 32 of which thé
output h4. in turn. is applied together with the OR signal
h2 of the six commutation timing signals to an NAND gate 33.
Specifically. the output h3-2 of the output pattern mode
generator 26 is compared with the commutation timing signal
hl during a period for which the OR signal h2 of the six
commutation_timing signals is output and. if no coincidence
is detected. the output ho of the NAND gafe 33 becomes High.
This output is applied to the starting controller 29.
Correlation of the respective signals is illustrated by a.
time chart of Fig. 5.

The drive signal generator 27 successively generates
the drive signals of the output patterns 5 through 0
corresponding to the excitation patterns as indicated in

Fig. 6. More specifically. the output pattern modes. the
excitation patterns and the commutation timing signal
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A-di stance fromthe circunferentially mddle point of the rotating
magneti c pole surface 14 to the corresponding stationary magnetic pole P2
i s designatied here by do and distances fromthe stationary magnetic pol es
P1. P3 adjacent the stationary magnetic pole P2 to the rotating magnetic
pol e surface 14 are designated by dl and d2. reéespectively. The distance do
is smaller than both the distance dl and8the distance d2 and. in
consequence. the magnetic flux generated

detection phases are mutually related one another as
illustrated in Fig. 5. :For example, if the commutation
timing signal was detected from U- of the open phase U at
the output pattern mode 3. the excitation pattern may be
changed over from that corresponding to the mode 3 to that
corresponding to the mode 2 at the next output pattern mode
2. i.e.. the excitation mode "from V+ to Uf " in order to
continue the normal rotation. |

Fig. 7 fs 4 flow chart illustrating a starting sequence
in this embodiment. Excitation of a given pattern occurs at
a step Tl. 1In this instance, the.mode 5 is selected as the
given pattern, i.e;. the excitation pattern of "U+ phase to
V- phase” and 10 to ISA is fed with such output pattern.
Such state is maintained for 0.8 sec at a step T2.
Consequently. the rotor is rotated in forward or reverse
direction by an electrical angle of 180° max. and stopped so
that a position of the rotor may be fixed. Now, the output
pattern mode is advanced by two and the mode 3 is output.
Namely. feed occurs with the excitation pattern "from V+
phase to W- phase”™. As a result. the rotor is started in
forward direction according to the excitation pattern being
advanced further by electrical angle 120° in forward
direction and accelerated. A degree of acceleration depends
dn the feed current value as well as the loading condition

and. in this embodiment. a revolution speed enough to
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23 h?gh strength such that the yoke 7 mght not easily defornmed even
when an unexpected external force is exerted on the rotating nmagnetic pole

sur f aces 14. 16. Whil e the brushl ess DC nptor has been descri bed on
the basis of

--29—

generate the counter electromotive force required for
sensorless running can be peachéd at a moment of starting .
with a feed.current in order of 5A. Thus. at a step T4. the
commﬁtation timing signal is generated. So far as the
ﬁormal rotation is concerned. the commutation timing signal
is detected from the feedback diodes of the U- phase which
is open during this period. Then. a step T5 determines
whether the output pattern mode cofncides with the
commutation t}mlng signal generation phase or not. Mofé '
specifically., the step TS determines whether the signal of
the mode 2 coincides with the commutation timing signal from
the:U- phase or not., since the output pattern mode is
advanced by 1 to the mode 2 as the commutation timing signal
is generated. If a coincidence is detected. the routine
proceeds to a step Té to continue the sensorless running.
and if not detected. the routine is branched to a step T7 to
stop the outpuf pattern. After 2 sec has elapsed at a step
T8. the routine returns to the step 1. the start point of
the open loop. to repeat the starting sequence. The
elapsing time at the step T8 is preferably set to a time
period at the end of which the rotor stops and. in this
embodiment. the time in order of 2 sec is appropriate.

' ;t should be understood that the current value, the
élapsing time and the output pattern aré specific for this

embodiment and it is obviously possible to employ the other
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t he specific constructionhaving the circularly curved rotating nagnetlc
pol e surfaces each defined by a curvature radius. snaller than .t

defining the.,stationary magnetic pole surfaces. the gggﬁhAg@EmN "
rotating nmagnetic pole surface is not limted to the IrCLlﬁﬁpUN' oepand afy
other curvatures. for exanple. a parabolg& curvature
transversely of the rotatable shaft may be enployed as far as each

rotating nmagnetic pole surface is so configured to be nbst spaced fromthe
st ati onar y4pgast hadppbt tevnsadm athe other embodiments. .

As wil! be apparent from the foregoing description. the
second embodiment of the invention is arranged so that the
state in wh&ch the motor is rotating can be detecfed even
uhder a load possibly causing the 'state during the starting
to fluctuate and restarting can be tried by repeating the
starting sequence even when the motor is vibrating. In this
way. a further reliable starting can be achieved with a
relatively simple circuit arrangement.

The third embodiment of the invention will be described”
with reference to Fig. 8.

Fig. 8 is a block diagram showing an arrangement of a
controller. As has previously been mentioned. a mode
detector 23 detects the turned-on state of respeétive
feedback diodes. A control circuit 24 in this embodiment
principall} comprises a coﬁmutation timing signal detector
25. a phase shifter 35. a b6-step waveform generator 36, a
drive signal generator 27, a triangular wave comparator 37.
an F/V converter 38, a comparator 39 and first and second
oscillators 40. 41.

The commutation'timing ;ignal detector 25 detects the
commutation timing obtained from a chop-off period'based'on
the output of the mode detector 23 and generates a clock

jpulse. The phase shifter 35 ;s a2 delay circuit comparing a

‘Gounter adapted to obtain a normal commutation timing based
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t he ci?cunferentially opposite ends and nost closely adjacent thereto at
t-he cikrcunferentially mddle point of the rotating nmagnetic pol e surface.
The simlar-effect will be obtained al so when each rotating nagnetic pole
surface is- .configured so as to nost spaced fromthe stationary magnetic
pol e surface only at one end in the dir% tion of its rotation and nost

cl osely adjacent thereto at the circunféerentially middle point.

on the output signal of the commutation timing.signal
detector 25 and shifts (i.e.. delays) the phase generally
within an electrical anéle of 159 to 309. The 6-step
waveform generator 36.generates waveforms of six modes based
on the clock pulses applied from the phase shiftgr 35 so
that the drive signal detector 27 may generate thereupon the
motor drive signal and superpose this on the chopper sign#l
applied from the triangular wave comparator 37 prior to
application to the inverter 22. The F/V converter 38 serves
to F/V convert the clock pulses which are proportional to-
the rotation frequency of the motor 1 output from the
commutation timing signal detector 25 and DC voltage
obtained thereby is compared by the comparator 39 with the
reference voltage depending on the rotation frequency of the
motor 1. Depending on the result of comparison. switching
occurs by means of a'swifch 42 between the first oscillator
40 and the second oscillator 41. Outputs of these
oscillators 40. 41 are alternately applied in the form of
reference triangular waves to the triangular wave comparator
37 and the reference triangul#r wave generated from the
second oscillator 41 presents an oscillation frequency
differing from that of the reference triangular wave
generated from the first oscillator 40. Preferably., the

.first oscillator 40 has an oscillation frequency of 15 kHz,

on one hand. and the F/V cqnverter 38 and the comparator 39
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Wiai |l e the brushl ess DC notor has been described heretofore on t he basis
of the specific constructionhaving on the outer peri phery of the
four rotating magnetic pol es which are. in turn. _
with the field permanent

-32 -
are so arranged that the switch 42 is connected to the first
oscillator 40 for the rotation frequency less than 5000 and
is connected to the sec&nd bscillator for the rotation
frequency of 5000 or higher. |

| It is also possible to provide a signal oscillator and
to switch oscillation frequency itself based on the output
of the comparator.

As will be understood from the.foresoing description,
the third embediment of the invention advantageously
minimizes a switching loss of the inverter and effectivelf
suppresses a heat generation from the inverter elements.

- The fourth embodiment of the invention will be
described with reference to Figs. 9 through 11.

As seen in Fig. 9. a control circuit 24 in this
embodiment principally comprises a commutation timing signal
detector 25. a phase shifter 35, a 6-step waveform generator
36. a drive signal sénerator 27, a triangular wave
comparator 37; an F/V converter 38 and an oscillator 43.

The commutation timing signal detector 25 detects the
commutation timing obtained from a chop—off period based on
the output of the mode detector 23 and generates a clock
Pulse. Thé phase shifter 35 is a delay circuit comprising a
counter adapted to obtain a normal commutation timing based

on the output signal of the commutation timing signal

detector 25 and shifts (i.e.. delays) the phase generally
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nagnet% inserted thereinto. the rotor is not limted to
but may have any even nunber of rotating mnagneti cfpt
per manent magnet may be inserted into each of thenj i
the field permanent nmagnets into the yoke. it-is @ ROSSFO] e 1o form

field permanent nmagnets each having the %9tat|ng nagnetlc pole surface of
t he above-nentioned configuration and the

with an electrical angle of 159 to 30°. The 6-step waveform
generator 36 generates waveforms of six modes based on the
clock pulses applied from the phase shifter 35 so that the
drive signal generator 27 may'theréupon generate the motor
drive signal and superpose this on the chopper signal
applied from the triangular wave comparator 37 prior to
-application to the inverter 22. The F/V converter 38 serves
to F/V convert the clock pulses which are proportional to
the rotation -frequency of the motor 1 output from tﬁe
.commutation timing signal detector 25 and DC voltage
.obtained thereby is applied to the oscillator 43 which then
generates reference triangular wave of a period being
proportional to the DC voltage. The triangular wave with a
rotation frequency command voltage and output a
predetermined chopper signal to the drive signal generator
27. |
| Fig. 10 exemplarily illustrates a connection extending

from the F/V converter 38 to the oscillator 43 shown in Fig.
9. and Fig. 11 iilustrates waveforms generated from
important components of the connection. The F/V converter
38 principally comprises an operational amplifier 44, 2
diode, a resistor and a capacitor. The comgutation timing
signal detector 25 generateslsix pulses per one revolution

of the motor 1. When a signal kl from the commutation

timing signal detector 25 is applied to the F/V converter
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bond them onto the outer periphery of the rotatable shaft

As.wi |l be

apparent fromthe foregoing description; in accchgFggHgtﬁhAgﬁng bove
e

descri bed DC not or the rotating magnetid
rotor .,present the curvature swelling radially_ot
rotating magnetic pole surface is nost closely adjacent to the
magnetic pole surface at a given point op {4§1e rotating magnetic

rEpLhaess of

‘he

stationary
pol e

surface and. accordingly. the counter electronotive force is concentrated

at the pojit.pdnytgge k2 which is proportional to the rotation
frequency is obtained.  The DC voltage k2 drives a gate

FET 46 and causes ON resistance of FET 46 to vary in a

of

linear fashion. The triangular wave generator 37 comprises

operational amplifiebs 45, 47, oscillation frequency

regulating resistors. a capacitor and a Zener diode. An FET

is connected between the resistors so that an output signal

k3 from the operational amplifier 47 presents a reference

triangular wéve of a frequency which is proportional to

frequency of the signal kl output from the commutation

the

timing signal detector 25. It should be understood that the

time axis given in Fig. 11 for the respective waveforms
k2 and k3 is actually expanded relative to the waveform
for convenience of illustration.

In this embodiment, the rotation frequency is

1.

w

continuously variable from 2 kHz to 15 kHz for the rotation

frequency of 0 to 10000 per minute.

As will be appreciated from the foregoing description.

the fourth embodiment of the invention advantageously

minimizes a switching loss of the inverter and suppresses a

heat generation from the inverter elements. sinée the

chopper frequency can be continuously varied in accordance

with the rotation frequency of the motor 1.

The fifth embodiment of the invention will be described

with reference to Figs. 12 through 17. Referring to Fig.
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manner. this constructionprovides a brushless DC notor w thout position
sensor wherei n the position of each rotating nagnetic.pole

can be precisely detected. According to this construction &+

provi ded atong its outer periphery with even nunbg éggz 5
magnetic poles projecting radially outward. t-hesely : ' ol es
being provided in their bases with the_fi¢l.d perman o2 & ed

thereinto in parallel to the rotatable

12, reference numeral 22 designates aﬁ inverter and
reference numeral 23 designates a counter electromotive
force detector (having a function similar to that of the
mode detector in the previous first_through fourth
émbodiments). The inverter 22 serves as a driver circuit
for the brushless DC motor 1. The brushless DC motor 1
includes statof coils U, V., W and permanent magnet rotor 3
so that the permanent magnet rotor'é is rotated under the
effect of the‘magnetic field generated by current flowing
through the stator coils.

A control circuit 24 according to this embodiment
comprises a current detector 50. a current level detector
51. a detection inhibitor 52, a phase éhifter 53 and a feed
signal generator 54. Terminal voltage of the btushless DC
mofor 1 is applied to the countef electromotive force
detector 23 and the counter electromotive force of the open
phases is detected based on the terminal voltage. The
current detector 50 and the current level detector 51
constitute together means to detect a magnitude of the
curreht flowing through the motor 1. The current detector
50 employs components such as a shunt resistor and a current
transformer to achieve the desired detection. The current
lgvel detector 51 is readily arranged by using a peak hold
circuit. The detection inhibitor 52 is a circuit to inhibit

further detection of the counter electromotive force

REPLACEMENT SHEET

B i




shaft. and the opposite lateral sides of each field

25 permanent magnet are slanted so that the outer magnetic pole. surface
of the magnet is smaller than its inner magnetic

- 36 - THIS SHEET HAS BEEN
: |- REPLACED |
immediately after commutation has occurred—1hie phase

shifter 53 delays fhe phase of output signal from the
detection inhibitor 52 by an electrical angle of 30°. The
feed signal generator 54 is a circuit to genérate a signal
with which the inverter 22.is driven.

Referring to Fig. 13. the counter eIectromQtive force
detector 23 uses a élurality of comparators 55 to compare a
middle poznt w1th a terminal voltage of the motor 1 so that
the terminal voltage ml of the brushless DC motor 1 and the
output m2 of the counter electromotive force detector 23
present waveforms as illustrated in Fig. 14. respectively.
Referring to Fig. 14. a time period t for which an electric
energy is emitted depends on the load and the rotation
frequency. A cqrrent value I and the electric energy
emission time period t are graphically shown in Fig. 15
based on the data experimentally obtained using the rotétion
frequency as a parameter. As will be apparent from Fig. 15,
the electric energy emission time period t is prolonged as
the rotation frequency is reducéd. Accordingly. the
controller should inhibit the detection of counter
electromotive force for a time period longer than the time
period corresponding to the expected minimum rotation
frequency. However, this inhibiting time period exceeding
an electrical angle of 30° would result in inhibiting the

detection of counter electromotive force which must be
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pol e surface. Consequently. the magnetic flux generated fromthe field
pernmanent magnets is concentrated at the circunferentially mddle point of
each rotatlng magnetic pole. on one hand. and it i-g=paessible to provide

t he yoke Wi th the adequately wi de bridges and to obt BB & eV oRe=—hay| ng a
strength sufficiently high to resist the unexpected ForEEneyler t ed
t her eon. Now, the enbodi nent of the,fontroller SOreh-Rg A

i nvention will be described with reference to Figs. 3 throug

detected.

Fig. 16 exemplarily shows the detection inhibitor 52.

A feed termination signel fer a lower armature is applied to
an input terminal 57 of a monostable multivibrator 56
(herexnafter simply referred to as monomulti) whlle a feed
termination signal for an upper armature is applied to an
“input terminal 59 of a monomulti 58. The output signal of
the currenf level detector 51 is applied to terminals 61,

62. 63 of the-respective monomultis 56, 58 and thereby -
varying a period of the output pulses. In this specific .
example., the period of the output pulses is varied by ON/OFF
of timing capacitors. The signals appearing in the circuit
of Fig. 16 preseht respective waveforms as illustreted in
Fig. 17. Referring to Fig. 17. if m4 is at a high level. m2
is grounded and therefore no signal is transferred. If m5
is at a high level. output of an OR gate 64 is also at a
high level. Thus. m4 and m5 may be arranged as illustrated
in Fig. 17 to inhibit the deteetion as long as the electric
energy is being emitted. m3 is.an output waveform of the
detection inhibitor 52. It should be understood that there
must be provided the circuit of Fig. 16-by the number
corresponding to the number of motor's phases. The signal
presenting the waveform m3 leads. the normal feed timing by

an electrical angle 30° and therefore the'phase shifter 53

must provide a delay corresponding to this electrical angle
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Fig. 3'is a block di agram of a control system constructed according to the
I nventi on. A node detector 23 conpares a reference voltage Ed (and .

Ed[err]. Ed[err]) for forward voltage drop of feedbacg: %gﬁ Eﬁﬂ%&#gEQN
"OdRe;

an inverter 22 wth termnal voltage of the respectiv el Acpphde
detect the turned-on states of the respective feedback :
to detect the excitation pattern nodes.. 3gn-this enbodinent. the inverter
22 is of three-phase bipolar type and. as shown in Fig. 6. detects the

t urned- on '

of 30°. The phase shifter 53 is readily implemented using a -
counter. Based on an outpgt signal of the phase shifter 53,
.the feed signal generator 54-generates a drive signal for

the inverter 22. Sometimes. the phase shifter 53 is
eliminated depending on the particular manner in which the
angle of lead is controlle¢.

As will be appreciated from the foregoing description.
the fifth eﬁbodiment of the invention allows the po#ition-
sensorless drive‘to be achieved on the basis of the precise
commutation timing even if the load and/or the rotation :
frequency fluctuate. Accordinély. the position-sensorless
drive can be adopted for the particular field of application
in which such a position—-sensorless drive has usually been
unpractical.

The sixth embodiment of the invention will be described
with reference to F;ss. 18 and 19.

A control circuit 24 according to this embodiment
comprises. as shown in Fig. 18, a detection inhibitor 52, a
phase shifter 53, a feed signal generator 54 and a rotation
frequency detector 65.

The detection inhibitor 52 inhibits further detection
of counter electromotive force immediately after the
commutation has occurred. The phase shifter 53 delays the
phase of output signal from the detection inhibitor 52 by an

electrical angle of 309. The feed signal geherator 54
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states of six phases U+. U-. V+. V-. W. W corresponding to the )
respeetive excitation patterns and applies the corresponding detection
signals to a control circuit 24 which. in turn. conprises a co i cation
timng sigial detector 25: an output pattern nmod irive

-39 - ,/’
serves to generate a signal with which the inQerter 22 is
driven. The rotation frequency detector 65 detects the
rotation frequency of the motor 1 and the rotation frequency
information provided therefrom is applied to the detection
inhibitor 52.

A counter electromotive force detector (= mode
detector).23 is of the arrangement similar to that in the
previous fifth embodiment and provides the output waveform
m2 as illustrated in Fig. 14. The rotation frequency N and
the electric energy emission time period t are graphicaliy
shown in Fig. 19 based on the data experimentally obtained
using the load as a parameter. As will be apparent from
Fig. 19, the electric energy emission time periéd t is
prolonged as the rotation frequeﬁcylis reduced.

Accordingly. in this embodiment also, thé cqntrollef shogld
inhibit the detection of counter electromotive force for a
time périod longer than the fime period corresponding to the
expected minimum rotation frequency. However, this
inhibiting time period exceedins an electrical angle of 30°
would result in inhibiting the detection of the counter
electromotive forée which must be detected.

The detection inhibitor 52 is of the arrangement
similar to that in the previous fifth embodiment shown in

Fig. 16_and provides the output waveform as illustrated in

Fig. 17. The output signal leads the normal feed timing by

REPLACEMENT SHEET

3 1 JAN 1997

This Sheet Has Been Re; {i

L




- 25 - permanent magnet are slanted so that the outer magnetic pole
surface of the magnet is smaller than its inner nmagnetic pole surface.
Consequent l.y. the magnetic flux generated fromthe fgeted—perrmnent ets
is concentrated at the <circunferentially mddle poinf ﬂﬁSSHEETHQS&EEt}
magnetic pole. on one hand. and it is possible to pripvi de REF:AZERE

- 40 -

an electrical angle of 50° and therefore the phase shifter
53 must provide a delay corresponding to the electrical
angle of 30°9. In response to the phase shifter 53, the feed
signal generator 54 generates a drive signal for the
inverter 22.

As will be appreciated from the foregoing description,
the sixth embodiment of the invention also allows the
position-sensorless drive to be achievéd on the basis of thé
precise commuéation timing even if the load and the rotat?on
frequency fluétuate. Accordingly, the position—-sensorless
drive can be adopted for the particular field of application
in which such a position~sensorless drive has usually been
unpractical. While the fifth and sixth embodiments of the
invention have been described above as employing fhe counter
electromdti;e force detection according to so~called middle
point comparison. it should be understood that these
embodiments are also app;icable to the case in which the
counter electromotive force is detected based on the turned-
on staées of the feedback diodes as previously mentioned.

Finally. the seventh embodiment of the invention will
be described with reference to Figs. 20 through 25, taking
the case in which a three-phase DC brushless motor is used.
Fig. 20 is a block diagram generally showing an arrangement
of this embodiment.

A controller 24 according to this embodiment comprises
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‘Wit h t he adequately wide bridges and to obtain the yoke having a strength
suffieiently high to resist the unexpected external force exerted t her eon.

Now. the second enbodi nent of the invention will be
reference to Figs. 3 through 7. Fig. 3is a bl VITHtBSJgETéW6$B§EN |
control system constructed according to the inventigh. AREFY& éé&eQLQﬁ 23

conpares a reference voltage Ed (and Ed+- #H[®err]) f
drop of feedback diodes included by an inverter 22

=torward Vol t age
a current detector 50. an isolation amp11f1er .66. a rotor
position detector 67 and a feed signal generator 54.' The
current detector 50 serves to detect a waveform of current
flowing through the DC motor using componénts such as a
shunt resistor and a current transformer. The feed signal
generator 54 generafes 2 signal with which the inverter 22
is driven. The isolation amplifier 66 and the rotof
pesition detector 67 constitute together means to detect the
current wavefbrﬁ and thereby detecting the position of the
permanent magnet rotor 3. The rotor position detector 67 is.
of an arrangement as shown in Fig. 21.

Output nl of the isolation amplifier 66 is applied to
an A/D converter 68 which.samples the current waveform of a -
given period and digitizes this. The current waveform thus
digitized is applied to a ﬁicrocomputer 72 comprising a CPU
69. a RAM 70 and a ROM 71 and. the microcomputer 72
diagnoses the waveform. A start-sisnallalso is applied to
an input terminal 73 of the microcomputer 72.

Now. operafion of the controller as has been described
abhove will be-described with reference to the flow_chart of
Fig. 22. |

Upon application of the start signal, the microcomputer
_72 generates a signal of a given period from its output

terminal 75 and this signal is applied to the feed signal

generator 54. causing a synchronized running of the
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with termnal voltage of the respective diodes in order to detect the
t'urned-on states of the respective feedback diodes and thereby to det ect
the excitatton pattern nodes. |In this enbodinent. t F?“‘“*‘

three-phase bipolar type and. as shown in Fig. 6. dgte
states of six phases U+. U-. V+. V-. W. W correspoldi
respective excitation patterns and applleizthe cor r espondi Ng UetEeti
signals to a control circuit 24 -

brushless DC motor 1 (step.TZI). The synchroﬁized running

Sl

continues for a given time period % until the brushless DC
motor 1 reaches a predetermined rotation ffequency-(step
T22). The given time period t depends on the
characteristics of the brushless DC motor actually used.

After the brushless DC motor has continued the
synchronized running for the predetermined time period t at
the step T22. the microcomputer 72:deﬁermines at a step T23
whether a feéﬁ (commutation) to the phase in which the
current waveform is being detected is started or not. If.
the determination is affirmative. the current waveform
output from the A/D converter 68 is picked up and stored in
the RAM 70 (step T24) until the feed mode is switched (step
T25). If the feed mode has been switched.at the step T25.
the CPU 69 reads fhe current waveform stored in the RAM 70
and thereby detecting the peak position of the current
waveform (step T26. step T27) to detect the position of the
magnetic poles of the rotor. | |

If the current waveform has been detected. for example.
to have the peak position lying on the middle (tj=tj)
between the commutation starting point and the feed mode
switching point as shown in Fig. 23, the present feed timfns
i; determined to match the relative position of the rotor
and the stator coils. If the peak position lies on the

second half (ti>t3) as shown in Fig. 24, the feed timing
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which. jn turn. conprises a communication timng signal detector 25. an
out put pattern node generator 26. a drive

- 26 - signhal generator 27. a pattern coincidence deg r 28 A
' : - THIS SHEET HAS BEEN

REPLACED
- 43 -

e

is determined to be delayed. If the peak position lies on
the first half (t;<tq) as shown in Fig. 25. the feed
timing is determined to be advanced.

When tj=tp. the feed is continued with this timing,
and when t1>£2. the feed timing is advanced by a prescribed
amount (step T28). When tj<ts. the feed timiné is delayed
by a prescribed amount (step T29).

Once the feed timing has beeﬁ-changed. the next feeding
is waited for and. upon starting of the'feeding. the
operation as mentioned above will be repeated. In this .
manner. the precise commutatibn timing can be achieved even
the rotation frequency and/or the load fluctuate. However.
excessively delaying or aanhcing the timing will result in
repetition of ti>ty and t;<{ty.

As will be appreciated from the foregoing description.
the seventh embodiment.of the invention allow§ the stable
position detection of the rotor even when the rotor
structurally prevents the counter electromotive force in the
épen phases from linearly varying. Furthermore. the
commutation can be achieved always with the precise timing
because the feed timing is always monitored on the basis of

the current waveform.

Industrial Usefulness:

In spite of having no position-sensor. the brushless DC
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Sheet Has Been Replaced
N T




starting controller 29. a chopper selector 30 and a chopper signal
generator 31.- The commutation timng signal detector 25 is adapted to
detect the comutation timng signal based on the output fromthe node
detector 23 and to generate a clock pul se. The out ggt—pattern—snd
generator 26 is adapted to generate. based on the ¢ 6UK3$MESEHa9gtEﬁd from
the cammutation timng signal detector 25. signals 1repre3éﬁLAOgD si X
as indicated in Fig. 6 and based on each of these Si
si gnal generator 27 T - b4 -

motor of the invention can precisely detect the rotor
position. assure an adeﬁuaté structural stren&th ;nd achieve
a fine rotation control.” In view of these abilities. the
brushless DC motor of the invention is suitable for use
under a severe condition such as high temperature usually

encountered by the scroll type compressor.
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z /
geherates a notor deive—signal. The pattern coincidence detector 28
coOnpares a signal ﬂ”ﬁ“ connutatlon timng signals with a
wavef orm h3-2 of theﬁg de 2 during a period for which the
out put pattern node or"2650utputs a signal ho fitﬂﬂﬂ%:;fartlnq

controller to request a restarting. Based om a signal

341§ eyt Q%P
pattern gode generator 26 and a signalgsfromthe start,l nNg CaREFAIERY
the dri%t2¢®§nal generator 27

1. A controller (24) for a brushless bc motor without
position sensor including an inverter (22) adapted to
drive the motor under chopper control (30, 31) and
utilizing a counter electromotive force generated in _
stator coils of respective phases as a rotor is rotated in
order to detect a position of the rotor and thereby to
‘generate a commutation signal, said controller comprising
a commutation timing signal generator (25) serving to
generate the commutation timing signal, an output pattern
mode ggpergtor (26) serving to generate output patterns of
several types with which said stator coils are excited, a
coincidence detector (28) adapted to detect a coincidence
between these signals output from said two generators (25;
26) and a starting controller (29) adapted to stop a motor
drive output once wheﬁ no coincidence is detected by said
coincidence detector (28) and to cause a restarting.

2. A controller for brushless DC motor without position
sensor including an inverter adapted to drive the motor
under chopper control and utilizing a counter

.electromotive force generated in stator coiis of

respective phases as a rotor is rotated in order to detect °
a position of the rotor and thereby to generate a
commutation signal. said controller comprising means to
detect a rotation frequency of said motor, means to'
compare the output signal from said rotation frequency
detecting means with a reference signal depending on the
rotation frequency of the motor and means to change a

chopper frequency based on the output signal from said
comparing means.

3. A controller for brushless DC motor without position

sensor including an inverter adapted to drive the motor

under chopper control and utilizing a counter REPLACEMENT SHEET
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generates a rmotor drive signal White the chopper

whet her the chop ﬂ’ negative and
~signal to the drﬂ ’m ’lmm’wﬂlﬁw 27. The sig

chopper signal gerferétol 3 SS*supe osed in the H—t
and thereby driving the respective ansi stors of the |nverter 22.

==

THIg SH!K?CIQAé B
al connnggtggn1.

Referring tQ@iBc@rothotiite Hdrrwes@nbrted NEnPsthedl coils of

. 5.

respective phases as a rotor is rotated in order to detect
a position of the rotor and thereby to generate a
commutation signal, said controller comprising means to
generate pulses the number of which are proportional to
said rotation frequency of the motor, an F/V converter
adapted to generate voltage proportional to the number of
pulses outpgt from said pulse generator means and means to

change 'a shopper frequeﬁcy in a continuous fashion based
on the output from said F/V converter.

A control%er for brushless DC motor without position
sensor.inciuding an inverter adapted to drive the motor
undef chopper control and utilizing a counter '
electromotive force generated in stator coils of
respective phases as a rotor is rotated in order to detect
a position of the rotor and thereby to generate a
commutation signal, said control system comprising means
to detect a magnitude of current flowing through said
motor and means to inhibit the position detection

immediately after the commutation based on. the output from
said current detecting means.

A controller for brushless DC motor without position
sensor including an inverter adapted to_drive the motor
under chopper control and utilizing a counter
electromotive force generated in stator coils of
respective phases as a rotor is rotated in order to detect
a position of the rotor and thereby to generate a
commutation signal,'said controller comprising a rotation
frequency detector, a detection inhibitor adapted to

inhibit the rotor position detection immediately after the.

commutation based on the output from said rotation
frequency detector.
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-27-  ‘coi nci dence detector—28-s—iH-ustrated. The out put pattern node
“generator 26 functio

Hnlmm ,ﬂl’ IJB ter adapt ed top R_si gnal
h2 of the six commut nals in the fo ﬂ%m$SﬂEE+
successively on six m 5 through 0. P Bgéé'\?

_ In st&?{&ng_[z\g;;
restarting.

.

rnem——

- 47 -

6. A controller for brushless DC motor without position
sensor, said controller adapted to control feed to stator
coils based on rotor position detection and comprising
means to detect a waveform of current flowing through the
motor aﬁd means to detect a position of said rotor based

on the current waveform detected by said current waveform
detecting means.

e
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thé mode 5 is output as an initial node, then the nodes 3. 2. 1. 0 and 5
are output in this order (Regarding such sequence. details will be
described later). The -output h3-2 of the output pattern node generator 26
and the commutation timng signal hl are applied to EX-OR gate 32 of which
the output* h4. in turn. is applied together with the OR signal h2 of the
six cdmmutation timing signals to an NAMS Date_33. Specifically. the

o ot amstimaty o (R SonbB L e PR ISP h nz, © COMPATCd W LI the

without a position sensor
The invention relates to a controller (24) for a brushless DC
motor without position sensor including an inverter (22) .
adapted to drive the motor under chopper control (30, 31) and
utilizing a counter electromotive force generated in stator
"coils of respective phases as a rotor is rotated in order to
detect a position of the rotor and thereby to generate a
commutation signal, said controller comprising a commutation
timing signal generator (25) serving to generate the
commutation timing signal, an output pattern mode generator
(26) serving to generate output pﬁttérns of several types with
which said stafor coils are excited, a coincidence detector
(28) adapted to detecﬁ a coincidence between these signals -
output from said two generators (25; 26) and a starting
controller (29) adapted to stop a motor drive output once when
no coincidence is detected by said coincidence detector (28)
and to cause a restarting.

(Fig. 3)
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. hl dufing a period for which the OR signal h2 of the six comutation
timng signals is output and. if no coinci dence red, gg,a@ put ho
of the NAND gate 33 becones High. This output is aﬂ'ﬁlgl _plt&b&%e stafting:
controller 29. Correlation of the respectlve sigflals LS L by a.
time chart of Fig. 5. The drive signal generator 27 successwely
generates the drive signals of thej/2atput patterns 5 through O
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cqr‘res’pondi ng to the excitation patterns as indicated in Fig; 6. Mre
specifically. the output pattern nodes. the excitation patterns and the

comut ation timng signal . - 28 -
detection phases are nutually rel ated one anot her as THlS SHEET HAS BEEN
. : REPLACED
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Illustrated in Fig. 5. For exanple. if the comutation timng 5|gnal
detected from U of the open phase U at the output pattern ,

excitation pattern may be changed over fromthat co
3, to that corresponding to the node 2 at the next o

i"e.. the excitation mode "fromV+ to U- " in order t 5 e nor mal
rotation. Fig. 7 is a flowchart illustrating a startlng sequence
3/29
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iin this enmbodi ment. Excitation of a given pattern occurs at a step Tl. In
thissinstance. the node 5 is selected as the given pattern. i.e.. the

excitation pattern of "U+ phase to V- phase" and 10 t
sych oUutput pattern. Such state is mintained for 0.8 Sec@%b%é;g?g%%@ﬂ
-Cbnsequently the rotor is rotated i.n forward or rever

el ectrical angle of 180[err] nmax. and stopped so that a position of the

rotor may be fixed. Now. the output pattern node is advanced by two and
the node 3 is output. - :

4/29
FIG.4
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Nanel'y. feed occurs with the excitation pattern "from V+ phase to W
.phasg”". As aresult. the rotor is started in forward direction accordin

to the excitatiom pattern being advanced further by qmggg@éT ARE/EeN
120[err] in fof @ﬁ“gmﬁh&ﬂﬁwm and accel erated. A degriee of pgpggabgpat i on

depends on th value as well as the | ocad¥ng
I‘HM I on speeﬁ-f@ugn to

in this enbodi
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30 +values and patterns in the other enbodi nents.
.apparent fromthe foregoing description.
i nvention is arranged so that the
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state‘in which the notor is rotating can.be detected even wunder a | oad

Jossiibly causing the state during the starting to fluctuate and restastd =50
can be tried by repeating the starting sequence even WET
vibrating. 1In this way, a further reliakhle starting caj
a relatively sinple circuit arrangenent.

7/29

FIG.7
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| ndustri al

Usef ul ness: In spite of haV|ng no position-sensor. the
32 notor of the .

brusht ess DC

i nventi.on ¢
struct ural

an precisely detect the rotor position.

strength and achi eve Z
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a.fine rotation control. In view of these abilities. theé- brushless DC
notor«of the invention is suitable for use under a severe. condition such
as high tenperature usually encountered by the scroll R
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C ai ns 1. Acontroller (24, Fig. 1, 2; Fig. 3-7) for a brushl ess DC
not or (1) W t hout position sensor incl ud| ng an inverter s

drive the notor under chopper control (30, 31) and uffTd
el €ctronotive force generated,
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in stator coils (U, VvV, W of respective’phases as a rotor (3) IS _—=
rotateéd in order to detect a position of the rotor d '

generat-e a comutation signal; said controller (‘ )
comut ation timng signal generator (2%) serving tg{

comut ati on timng signal,. an output pattern node ‘_ 6)
serving to generate output patterns of several types w h said
stator coils are excited, a coincidence. detector (28) adapted to
detect a coi nci dence between t hese signals output fromsaid two
generators (25; 26) and a starting controller (29) adapted to stop a
not or drive out put once when no coincidence is detected by said

coi nci dence detector (28),and to Cauﬁﬁz@ restarting.

FIG.14
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2. A'controller according to claimi1, characterized_in that sai d

brushtess DC motor (1) w thout position sensor a
stator «(2) fixed inside a motor body and a_rotor Li s §E%§ ?ﬁ@cﬁac‘l%éﬂ
inside said stator (2) and rotatably = - supde _{lbody
via a rotatable shaft (4); 34
15/29
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b) gaid stator (2) having'a pIuraIify of. projected stationary

ragneti c poles (5), inner end surfaces (6) of said stationary nmagnetic
poles ¢(5) lying substantially at equal distances from said rotatable
shaft (4) on a circunferential surface; £) said rpt Vi
even- nunbered rotating nagnetic poles (8, 9, 1 -@ﬁ?§§§gﬁﬁ %%E%ad
surfaces (14, 15, 16, 17) of said rotating mag
11) having alternately different polarltles in the C|rcunferent|al
direction of the rotor (3); d) each66?9 said outer end surfaces (14, 15,
16, 17) bei ng arranged opposed to several ends of said stationary
magneti c pol e supfaces (6) at a slight
g
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distance (d[err], d[err], d[err]) therefrom e) said outer end surfaces

(14, 15, 16, 17) having a m ni rum di-st ance (do) a 0 edetern1ned
point in a di stance fromsaid stationary magneti 6, ST
(6) and having greater distances (d[err], €d[err]) in th
direction and counter-rotating direction; f)y . fiel dper=an
(12, 13) being inserted bet ween sald rotating nagnetic: poles NSRS
10, 11) and said rotating shaft (4) in parallel to the rotating
shaft (4), and wherein said field pernmanent magnets (12, 13) are lying
opposed in parallel to ' '

: 17/29
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each other with the rotating shaft (4)

and 35 g) each of said field

bei ng

i nt er posed t herebetween,..

its opposite lateral sides slanted, such that the

pol e surface of the respective field
directed outside towards
smal | er t han

Z  permanent {mgnef iy
said stationary nagneﬁ

.%;B%$%TFHE%’

 poles (5 (5) s
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thé inner magnetic pole surface thereof §irect ed I nsi de towards

séid rétating shaft (4). 3 A controller according to claim 2,
charactérized in that in said brushless DC notor (1

sensor, said rotating nmagnetic poles (8 9, 10., 11 1ﬁm&SH&E§H”SdLEN
outer end surfaces (8, 9, 10, 11) fornmed by integrally | Iaﬁfnaﬁv B—ﬂﬁﬂ¥_
silicon steel sheets, such that circularly curved sUFFaces defined by
said respective rotating magA8{2% pol e surfaces (14, 15, 16, 17) have a
curvature | arger than that of said cir Zéeaﬁgtlal surface on which
said stationary magnetic pole surfaces (fov A controller

according to claim 2, characterized in that I n sald brushl ess DC not or
(1) without position sensor,

A—A0 ] kg-m
1.5 . |

- —x02kg-m
—— 0.3kg-m

1.0

o5

electric energy emission time period 7 /ms)

o
0 7000 2000 3000 4000 5000 6000
rotation frequency N(rpm)
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said field permanent magnets (12, 13) are arranged in said rotor (3)

at -bases of said rotating nmagnetic poles (8, 9, 10, 11) such that_they
lie on.opposite sides dianetrically of said rotag %ﬁ@lng
asrespective rotating nmagneti c pol e surface (14;{1 S§h‘§3%§ .
respective correspondi ng magneti c poles (N) oppoged t &
5. A controller according to claim.2, characterized In that in said
brushl ess DC notor (1) without position sensor, the smal | er outer
magnetic pole surface is the N-pole of the field permanent magnet (12,
13) and the |arger inner magnetic pole surface is the S-pole of the
field permanent magnet (12, 13) 20/29
FIG.20
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AxcontTol | er accor di ng to claim2, characterized
brushtess DC notor (1) wthout. p05|t|on sensor,

shraft (4).

in

that in said

said field per rranent
magngts (12, 13) are arranged in said rotor (3) parall e
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|nned|ately after commutation has occurre . The phase. -—shi
“the phase of output signal fromthe detection inhib tens S2= By )
electrical angle of 30. The feed signal generator ,4 |sf&u%rrcu -
generate a signal with which the inverter 22.is dri\ '"”““F@ferrlng to
Fig. 13. the counter electronotive.force detector 23 uses a plurality of
cmmyansSStocmmmea

22/29 - .
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mddle ppint with a term nal voltage of the-notor 1 so that the term nal
voltage m of the brushless DC notor 1 and the out put
el ectronotive force detector 23 present waveforns as ifl gt gateodiAd sEEQ-
14. respectively. Referring to Fig. 14. a time periodlft forgwnhighean
electric energy is emtted depends on the | oad and thé—tetramv =
frequency. A current value | and the electric energy emssion tinme period
t are graphically shown in Fig. 15

23/29
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based aon the data experimental |y obtained using the rotation frequency as
a paraneter. As wll be apparent - fromFi'g. 15. the elec
em,ssiton time period t is prolonged as the rotati off F
Accordlngly, the controller should inhibit.the detéc |bn @f eounter
el ectronotive force for a tinme period | onger than the,LLﬁe- perlod i
corresponding to the expected mninumrotation frequency. However. this
inhibiting time period exceedlng an electrical angle of .30[err] would
result in inhibiting the . '

24/29
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detection of counter electronotive force whi ch nust be

237 -

52.

-

)

det ect ed.

Fig. 16 exenpl aril y shows t r_@%gg;;pq S@E‘EW “

RERL LCED

L — !
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. *

_*/'\.
A feed termnation signal for alower armature is applied to an input
termnal 57 of a nonostable nultivibrator 56 (hereinafter sinply referred
to as nmononulti) while a feed termination signal for an upper armature is
applied to an input termnal 59 of a monomukti 58. Th -
the current level, detector 51 is applied to termnals {1 THS3HEG3HAP BERY |
respective nononultis-56. 58 and thereby varying a perijiod of FERE*BEPput
pul.ses. In this specific exanple. the period of the output pulses TS

vari ed by OV OFF

M

26/29
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9f timng capacitors. The signals appearing in the circuit of Fig. 16
present respective waveforns as illustrated in Fig. [fr F1 O 11J.
17. if m is at a high level. n2 is grounded and thej*gﬁﬁg}jﬁ%T§ﬁ RHEN ¢

transferred. If n6 is at a high level. output of an [0R gat¥ 64" al sollat

a bigh level. Thus. m4 and nb nay be arranged as illustrated in Fig. 17

te Inhibit the detection as long as the'electric energy is being emtted.
mB is an output waveform of the 27729

FIG.27
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L K
detection inhibitor 52. 1t should be understood that there nust be
proyi Hed” the circuit of Fig. 16 by the nunber corresponding to the n
of notor 's phases. The signal presenting the wavefor
normal feed timng by an electrical angle 3Q[err] and

shifter 53 nust provide a del ay correspondlng to this
REPLACEMVENT SHEET .
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-#88 - > of . 30{err]. The phase shifter 53 is readily inplenented
counter, Based on an output signal of the phase shi .@%
sugﬁal ‘generator 54 generates a drive si gnal for t eTm\ﬁ.\féf‘t ér
Soneti mes. the phase shifter 53 is elimnafed depe_
manner in which the

29/29
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angl e of lead is controlled. As will be appreciateﬂﬂﬁﬂdﬂﬁﬁﬂﬁﬁﬂ'ngET

fore90|ng’descr|pt|on the fifth enbodi nent of the invept
posilti on- sensorless drive to be achieved on the basis Jf
‘conmutation timng even if the load and/or the rotation

—h

fluetuate. Accordingly. the position-sensprless drive clan
the particular field of application in I ch such a pogjition-sensorless

drive has usually been. ‘unpractical.

on attows—tb

- eqLniUN 1598
heddle

r

A controller for a brushless DC motor

without a position sensor

Technicai Field:

‘The present invention relates to a controller for a

brushless DC motor without a position sensor utilizing a

counter electromotive force generated in coils wound on a -

stator as a rotor is rotated to_pdsition—detect nagnetic poles

of the rotor, and more particularly to a brushless DC motor
without position sensor having the rotor configured sé that
respective rotating madnetic pole surfaces oft he rotor come
most closely adjacent to inner end surfaces of the stators’s
respective magnetic poles at predetermiﬁed circumferential

points on the respective rotating magnetic pole surfaces and

thereby positions of the rotor’s respective poles.

The

controller serves for drive control of such a brushless DC

motor without position sensor.

 Prior Art:

EP~-A-0 316 077 discloses a brushless DC motor having a signal

masking circuit so that noise generated by the excitation
coil switching does not interfere with the detection of the

‘rotor reference position. A starting pulse is given to the

masking circuit to perform its masking.



The sixth enbodi nent of the invention will be described wth reference to

Fi.gs.' 18 and 19. A control circuit 24 accordi "
conprises. as shown in Fig.-18. a detection inhibitc%ﬁg At@hﬁﬂﬁﬂggﬁﬁﬁf

53. a feed-signal generator 54 and a rotation frequericy detector 6%.
The-'detection inhibitor 52 inhibits further detectign| off ZQuN 1998

el ectronpotive force imediately after the -

nt
fter

IEEE Transactions on Industrial Electronics, Vol. IE-32,

No. 3, August 1985 "Detection of rotor position in stepping
and switched motors by monitoring of current waveforms" by
P. Acarney, R. Hill and C. Hooper, pages 215- ~222, discloses
the detection of the rotor position in stepping and switched
motors by monitoring current waveforms. This document
discloses a chopper for the control of a stepping motor.

Recently, the brushless DC motor has been used in-
various appafatus and equipment in view of its high
efficiency and controllability. The brushless DC motor has
the substantially same construction as the synchronous
motor, so the position detector such as the Hall element has




comut ati on has occurred. The phase shifter 53 delays th

si gnal

The- feed signal generator 54

REPPRGEMENT SHE

fromthe detection inhibitor 52 by an electrical

qaryr ot UUL‘.:I

12 JUNDB

2

been necessary to detect a position of the rotor in driving.
However, the space occupied by such a'positiog detector has
become a serious problem with the progress of
miniaturization and has come to the front as an iméortanf
factor which obstructs a desired miniaturization of the
motor. To solve Such a problem. so-called position-
sensorless. brushless DC motor has been developed recently
and,afready been put in practical use.

Fig; 8 is a fragmentary sectional view showing a
conventional brushless DC motor without position sensor in
an enlarged scale. Such a position-sensorless. brushless DC
motor 81 of prior art comprises a stator 82 and a rotor 83.
The stator 82 surrounds the rotor 83 rotatably supported by.
a rotatable shaft 86 and includes a plurality of stationary
magnetic poles 84 projecting inward. The respective
stationary magnetic poles 84 carry coils U, V., W (not shown)
wound thereon. The stationary magnetic poles 84 are’
magnetized in a predetermined polarity as current flows
through the coils U. V., W. Stationary magnetic pole
surfaces 85 defined by the inner end surface of the
respective stationary magnetic poles 84 lie at equal
distances from the center of the rotatable shaft 86 along a
cylindrical surface.

The rotor 83. on the other hand. comprises a yoke 87

formed from a plurality of silicon steel sheets laminated



(= -rode
previous fifth enbodi ment and provides the output veform nR as
illustrated iReEkAt1¥4. aThe iwimd ROth6€IPSACYhB BBEition—sensorless,

serves to generate a signal with which the inverterREfLAguﬁﬁ%ﬂLSHEE¥ e

rotation frequency detector 65 detects the rotatignifrequency of t{he¢ notor

1 and the rotation frequency infornation provided |t erqfg gpniBogrpl fed to

t he detection inhibitor 52. A counter el ectrlorfotive PNrce teéctor
detector) 23 is of the arrangerfent similar| t

brushless DC motor has been proposed. in which the counter
electromotive force generated in the stator coils as the
rotor rotates is utilized instead of relying on the posi%ion
detector (Suzuki. Ogasawara. Akagi, Naniwae. Nagatake.
Okuyama: “"Construction of position—sensorless, brushless DC
motor”. reported in the 34th national meeting of JEC.
Industrial Application Group. 1988). With such a driving
method. as shown in Fig. 9: a 1209 voltage feed fype
inverter 91 is used as the main circuit and RPM control is -
effected by a chopper control. Referring to Fig. 9.
reference numeral 81 designates a motor. reference numeral

82 designates a stator. reference numeral 83 designates a
rotor. symbols U. V. W designate stator coils of respective
phases. symbols Ta®. Tb™, Tc*. Ta”. Tb™. Tc~ designate
transistors. and symbols Da*, Db*, Dc*, Da~. Db™, Dc~
designate feedback diodes. According to this proposél.'the
counter electromotive forces e;. ep. e.. generated in the
respective phases and the drive signal applied to a pair of
transistors are trially obtained in the mutual relationship
as illustrated in Fig. 10. The respective phases U, V. VW
have their opén periods (i.e., a.period for which the
transistors are free from application of the drive signal)
twice each for 60° during a period corresponding to an

electrical "angle of 3600, It should be understood here that



the electric energy emssion tine period t are graphically shown in Fig.

19 baSed dn-the data experinentally obtained using AT
par aireter. As will be apparent from Fi-g. 19. the el §§L$e€ﬁgﬁﬁbj

time periodt is prolonged as the rotation frequengylis reduced.

ey

)

M BSi on

Accordingly. in this enbodiment also, theg controller 4hogl2JUNBDi§{ {he
detettion of counter electronotive force for a ti deri od | onger_tthan the

time per%pd correspondlﬂg to the

he phase in t open state is referred toj hereinafter as

the open phase.

To drive the motor according to this driving method: a
starting sequence as shown in Fig. 11 is followed.
Initially. the motor is excited for a predetermined time
with the drive signal of an optional excitation pattern
(step T31) and thereby the rotor is displaced to the

position corresponding to this excitation pattern (step

T32). Then. the excitation pattern is changed over to the

excitation pattern advanced by 120° (step T33) and thereby
the motor is rotated (step T34). The counter electromotive
force is generated in the stator coils as the motor is
rotated. The rotating magnetic poles are indirectly
position-detected by détecting the turned-on state of the
feedback diodes associated with the §pen phases and thus the
communication signal is generafed-(step T35). More
specifically. rotation of the rotor causes the stator coils
to generate the counter electromotive force which causes. in
turn, the terminal voltage'of each open phase to be varied.
Consequently. anode potential of the P-side feedback diodes
rises to a level higher than Ed* or cathode potential of the
N-side feedback diodes drops to a level lower than Ed~ and
thus the feedback diodes are tuned on. Accordingly. the
turned-on state of the diodes associated with the open

phases may be detected to detect the current excitation



expect ed mnimumrotation frequency. However. this iREPInMEEMENH‘. SHEEE i
exceedi ng*an el ectrical angle of 30[err] would resullt[in |nh|b|t|ng t
detection of the counter electronotive force which fust ?%m

The detection inhibitor 52 is of the arrangenent siymj | ar ha
previous fifth enbodi ment shown in Fig.q 16 and proy
waveformas illustrated’in Fig. 17. The output signal |eads the nornma

feed ti
nLRgre%y the relative position of the stator coils and the

=]

permanent magnets is detected according to the driving
method. However, if the counter electromotive force
eppearing in the open phases nonlinearly varies. no precise

detection of the relative position will be achieved.

It is the object of the invention to provide a
controller adapted. even when the motor cen not be normally
rotated. for example. due to a vibration in starting. to
return to the start of an open loop. so an oéen loop control
can be restarted to repeat the position fixation of the

rotor until the normal rotation is achieved.; This object is

solved by claim 1. Further advantageous embodiments and
improvements of the invention can be taken from the

dependent claims.

Advantageously the controller according to the invention can




- 40- an el ectrical angle of 30[err] and therefore the phase shifter 53

must "provi de a delay corresponding to the electrica ot
response to the phase-shifter 53. the feed signal tﬁ#ﬁmﬂeu 4=‘-T51tes a
drive signal for the

11 12 JUNT998

change the chopper frequency

continuously depending on the rotation frequency of the
motor and thereby to minimize a switching loss of the

inverter.

Disclosure of the Invention:
A first aspect of the invention can be seen in a brushless DC

motor without position sensor which can be controlled by the

inventive controller. This motor comprises a stator fixed inside a

motor frame and a rotor surrounded by thelstator and
rotatably supported by the motor frame through the aid of a
rotatable shaft. the stator having a plurality of stationary
magnetic poles projecting inward., inner end surfaces of the
stationary magnet poles defining stationary magnetic pole
surfaces lving Substantially at equal distances from the

rotatable shaft along a cylindrical surface. the rotor



i nverter 22. As will be appreciated fromthe foregoing description.

t he sixths embodi ment of the invention also allows t ﬂﬂpywﬂyyp-_ rless
drive to be achieved on the basis of the precise cphtdt Sy leven
if the load and the rotation frequency fluctuate. | Accordingly, tHhe
position-sensorless drive can be adopteg for the pparticlRalUN1%8d |of
apptication in which such a position-sensorless drjvge has usually |bgen
unpractical. Wiile the'fifth and si xth enbodi nents pf the

having a plurality of rotating magnetic poles projecting
outward. outer end suffaces of the rotating magnetic poles
defining fotating magnetic pole surfaces which are
magnetized alternately in different polarities in the .
circumferential d;rection of the rotor and opposed to the
stationary magnetic pole surface; at a slight distance
therefrom. wherein each of the rotating magnetic pole
surfaces presents a curved surface swelling outwérd and is
most closely adjacent to the corresponding stationary
magnetie polé surface .at a given circumferential poink.

fhe rotor comprises a yoke and field
.permanent magnets. the yoke having an even number of
rotating magnetic poles projecting radially outward. of
which the bases are alternately provided with the field
permanent magnets inserted thereinto in parallel to the
rotatahle shaff with the magnetic poles of the'respecfive
permanent magnets being opposed to the rotatable shaft. and
opposite lateral sides of the respective magnets being
glanted so that the respective magnets have their outer
magnetic pole surfacé$ provided with relatively small

surface areas.

According to the inveation the
controller for the brushless DC motor without position
sensor utilizes tuhned—pn states of feedback diodes.whereip the

control system comprises an output pattern mode generator,



I nventjion have been descri bed above as enpl oying the
force' detéction according to so-called mddle point
be understood that these enbodinments are also appl

which the counter electronotive force is detected b
stat'es of the feedback diodes as previougdy nentione
sevent h enbodi nent of the invention will be describ

REPHACHIMBNT SHE

capte-1toThe cas

;sx{?ajﬁﬁxﬁqn

bd

Figs. 20 through 25. taking

a commutation timing signal generator and a

detector serving to detect a coincidence of

coincidence

the signals

generated from the output pattern mode generator and the

commutation timing signal generator, respect

when the output of the detector indicates no

ively., wherein.

coincidence, a

motor drive output is stopped once and then starting is

L]

repeated.




the case in which a three-phase DC brushless nmotor is used. Fig. 20 is+a
bl ock di agram generally showi ng an arrangenent of t#j ¢

qﬁg;ill rent A
controller 24 according to this enmbodi ment conprises JL.CﬁNﬁ%f?ﬁHEET

REPLACEMENT SHEET
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Brief Description of the Drawings:

Fig. i i i i
g 1l is a circuit diagram showing circuit components



-

-41 ;- a current detector 50. an isolation anplifier-EﬁEPﬁAﬁEﬁﬁﬁﬁ?E%E@ﬁ:On
de;ector 67 and a feed signal generator 54. The currégnt aetector 50 befves
to detect a waveformof current flow ng through the [&)nn- ﬂﬁi

conponents such as a shunt resistor and a current tran foﬂﬁﬁﬂ. ?@é?f

signal generator 54.generates-a signaligvth which the i @
driven. The isolation anplifier 66 and the rotor

efl

o

of 2 brushless DC motor without position seasor such as an
inverter including a control circuit 24 according to the invention;

Fig. 2 is a sectional view of the brushless DC motor
without position sensor taken transversely of an axis
thereof:

Fig. 3 is a block diagram of a control circuit in the

embodiment of the invention:

Fig. 4 is a circuit diagram showing an example of a

pattern coincidence detector:

Fig. > is a2 timing chart illuStrating a mutual
relationship of various signils appearing in the é;ntrol
circuit:

Fig. 6 is a diagram illustrating a mutual relationship

of output pattern mode. excitation mode and commutation

timing detection phase:

Fig. 7 is a flow chart of a2 starting sequence;




position detector 67 constitute together neans to detect the current

waveform and thereby detecting the position of the pe r’.a.icnﬁ‘ﬁg"nét _Ca:
3. The rotor position detector 67 is. of an arrangemﬁﬂﬁ[ﬁ@hﬂiﬂﬁ | SHET DY
21. Qut put nl of the isolation anplifier 66 is appf[red to an A

converter 68 which sanples the-current eformof a @iyens pepi nd
digitizes this. The current waveformt h\llj\gg digitized i§ app? ?e‘!]m?gqgg
m croconputer 72 conprising a CPU

3

Z

Fig. 8 1is a sectional view showing a brushless DC



69. a RAM 70 and a ROM 71 and. the m croconputer 72 diagnoses the

wavef'orm " A st'art signal also is applied to an inputf; Iy 1
m er oconput er 72. Now. operation of the control gg?ﬂggﬁhﬁﬂ&iég

descri bed above will be described with reference to fhe flow chart
Fig: 22. Upon application of the 3 art signal, th
geherates a signal of a given period fr Its output |t

(D (D

M orauigsst e | 72

rmnal 75 and} this

signal is applied to the feed signal
motor without position sensor of prior art as| halved;

Fig. 9 is a circuit diagram of an inverter used in a

"motor of prior art;

Fig. 10 is a diagram illustrating a relationship

hetween counter electromotive force and driving signal in a

motor of prior art: and
Fig. 11 is a flow chart illystrating a starting

sequence for a motor of prior arte

Preferred Embodiments of the Invention:

Initially, a brushless DC wmotor without position sensor which
be controlled by the controller of the invention is described
with reference to Figs. 1 and 2.

Referring to Fig. 1. there is shown a general
arrangement of a drive control system for the brushless DC
motor without position sensor.

The drive con§r61 system for the brushless DC motor
without position sénsor. in addition to the brushless DC
motor without poéition'sensor 1 itself, a power supply 21.
an inverter 22 haQing charge of ‘chopper éontrol. a mode

detector 23 utiLizing a counter electromotive force to

detect the position of a rotor 3 and a control circuit 24

can

serving to control the inverter 22. The brushless DC motor

without position sensor 1 comprises a stator 2 and the rotor

3. The brushless DC motor without position sensor 1 in this

emhodiment is of three-phase inverter driven type and

reference symhols U. V. W designate respective coils wound



generator 54. causing a synchronized running of the.
= 42-. brushless DC notor 1 (step T21). The synckw%wf;,%‘wuy
for, a given tinme period t -until the brushless DC ;

;Q’Qgggmontinues
|

rotationally driven under effect of commutation sequenced by
a relationship between the respective excitation patterns..
on one hand. and commutation timing detection fhases and )
turned-on diodes. on the other hand. The mode detector 23
is connected to the inverter 22 and detects the turned-on
states of the respective feedb;cg diodes included by the
inverter 22 based on the counter electromotive force
generéted in the respective coils of the motor 1. The
control circuit 24 detects the commutation timing of the
respective coils U. V. W based on the detection signai from
the mode detector 23 and outputs the grivipg signal to each
transistor of the inverter 22 do that a well timed
commutation may occur to the respective coils U, V. W. The
chopper controf is effected in the inverter 22. Bésed on
the driving signal. the inverter 22 fepeats the operation as
mentioned above. Such repeated operation causes the rotor 3
to be continuously driven.

The stator 2 ‘and the rotor 3 of the brushless'DC motor

without position sensor which can be controlled by a controller

according to thé invention will be described more in detail. Fig. 2

shows the brushless DC motor without position sensor
in an enlarged sectional view taken transversely
of the rotation axis thereof.
The stator 2 surrounds the rotor 3 and has twenty four

Stationary magnetic poles 5 projecting inward. Though not



motor 1 reaches a predeterm ned rotation frequency rf | mgi ven
time ‘period t depends on.the characteristicg of ¥ hﬁ GEN§§Q7S§"%3or
act-ual l'y used. _ After the brushless DC notor hag continued the
synchroni zed running for the predetermned tinme periidd t4 ayyuNBe8step T22.
t he mi croconputer 72 determnes at a stgp T23 whetjher a ?eed (conmutlati on)
to the phase in which the current waveformis beinyg 'detected 1s starfted or
not. If the determinafion is affirmative. the currnt waveform

high strength such that the yoke 7 might not easily deformed

ol

even when an unexpected external force is exerted on the
rotating magnetic pole surfaces 14, 16.

While the brushless DC motor has been described on the basis of
the specific qonstrucéionhaving the circularly curved
rotating magnetic pole surfaces each defined by a curvature
radius. smaller than that defininé the stationary magnetic
pole surfaces, the curvature of each rotating magnetic pole
.surface is not limited to the circular arc and any other
chvatures. for example. a parabolic curvature as viewed -
transversely of the rotatable shaft may be employed as far
as each rotating magnetic.pole surface is so configured to
be most spaced from the stationary magnetic pole surface at
the circumferentially opposite ends and most closely
ad jacent thereto at the circumferentially middle point of
the rotating magnetic pole surface. The similar effect will
‘be obtained also when each rotating magnetic pole surface is-
configured so as fo most spaced from the stationary magnetic
pole surface only at one end in the direction of its
rotation and most closely adjacent thereto at the
circumferentially middle point.

While the brushléss DC motor has been described heretofore on
the basis of the specific constructionhaving on the outer

periphery of the ybke four rotating magnetic poles which

- are. in turn. alternately provided with the field permanent



output fromthe A/D converter 68 is picked up and Stﬁﬁﬁyﬁkﬁﬁﬁéﬁa Bl

(step T24) until the feed node is switched (step T2

has” been switched at the step T25. the CPU 69 reads fhe current wgvd

stored in the RAM 70 and thereby detecting the peak
current waveform (step T26. step T27) tg detect the

magneti c poles of the rotor. If the current waje

detected. for exanple.

Al sy

ppSi h%wpqshe.

ppsition of theg

magnets inserted thereinto. the rotor is not

construction but may have any even number of

limited to such

rotating

magnetic poles and a field permanent magnet may be inserted

into each of them. Instead of inserting the field permanent

magnets into the yoke. it is also possible to form field

permanent magnets each having the rotating magnetic pole

surface of the above—-mentioned configuration and then to

bond them onto the outer periphery of the fotatable shaft.

As will be apparent from the foregoing description. in

accordance with the above described DC motor

rotating magnetic pole surfaces of the rotor

the

present the

curvature swelling radially outward so that each rotating

magnetic pole surface is most closely adjacent to the

stationary magnetic pole surface at a given point on the

rotating magnetic pole surface and, accordingly., the counter

electromotive force is coqcentrated at the point. In this

manner. this construction provides a brushless

without position sensor wherein

DC motor

the position

of each rotating magnetic pole can be precisely detected.

According to this construction the yoke is provided along its

outer periphery with even number of the rotating magnetic

poles projecting radially outward. these rotating magnetic

poles being provided in their bases with the

field permanent

magnets inserted thereinto in parallel to the rotatable

shaft., and ‘the opposite lateral sides of each field

de
f or m



to have the peak position lying on the mddle (t[ert]l=tlerr]l).b

commut ation starting point and the feed node switc RPELR@EhﬁTﬁﬁSHEEﬁ
Fig. .23. the present-feed timng is determned to efr—thre—retatT

position of the rotor and the stator coils. If thelpgak poiltH§$%1 ef on
the second half (t[err]>t[err]) as showgin Fig. 24. thd 3 1 hg

t he
in

-

-

permanent magnet are slanted so that the outer magnetic pole
surface of the magnet is smaller than its ianer magnetic
pole surface. Consequently. the magnetic flux generated
from the field permanent mégnets is concentrated at the
circumferentially middle point of each rotating magnetic
pble. on one hand. and it is possible to provide the yoke
with the adequately wide bridges and %o obtain the yoke
having a strength sufficiently high to resist the unexpected
external.force exerted thereon.

Now, the embodiment of the controller according to the invention

will be described with reference to Figs. 3 through 7.

Fig. 3 is a block diagram of a control system
constructed according to the invention. A mode detector 23l
compares a reference voltage Ed kand Ed*, Ed™) for forward
voltage drop of feedback diodes included by an inQerter 22
with terminal voltage of the respective diodes in order to
detect the turned-on states of the respective feedback
diodes and thereby to detect the excitation pattern modes.
In this emhodiment. the inverter 22 is of three-phase
Bipolar type and. as shown in.Fig. 6. detects the turned-on
states of six phases U+, U-, V+ V-, W+ W- corresponding to
the respective excitation patterns and applies the
corresponding detection signals to a control circuit 24
which. in turn, comprises a communication timing signal

detector 25. an output pattern mode generator 26. a drive



- 43 - is determned to be delayed. If the peak positjan_lies on the
first” half (t[err]<t[err]) as shown in Fig. 25. the fe i P SULET.
determ ned to be advanced. When t[err]=t[err]. tEREP.}Jéqub MQN];‘% EF‘T fyed
with this timng. and when t[err]>t[err]. the feed tijmjng is advanced Qy a

prescribed anount (step T28). Wen t[egp]<t[err]. thg feed 2UMNE98 s
del ayed

values and patterns in the other embodiments.

As will be apparent from the foregoing description. the

emhodiment of thé invention is arranged so that thé

state in which the motor is rotating can be detected even
under a load possibly causing the 'state during the starting
to fluctuate and restarting can q§ tried by repeating the
starting sequence even when the motor is vibrating. In this
way. a further reliable starting can be achieved with a

relatively simple circuit arrangement.




by a prescr.i bed anount (step T29). Once the feed ti
changed. the next feeding is waited for and. upon startin

and/ or the load fluctuate. However. excggsi vely del aying

ek

the operation as nmentioned above will be repeated. |In thjs} manner. t he |
preci se conmmutation timng can be achieved even the rotatfon ft2cldhys

L4]

[ SHEET

r{ advanci ng t he

timng will result in repetition of t[eff]>t[err] and t[efr]<t[err].

As will be appreciated fromthe foregoing description.

/

Industrial Usefulness:

In spite of having no position-sensor,

the brushless DC




detection’of the rotor even when the rotor structurally FR@PE
el ectronotive force in the open phases fromli nedrlfy varyirng.

Furthernore. the conmutation can be achi eved al ways w th {t e Q;fgp&e? o
timng because the feed timng is alwayg nonitored on thg Rasi n%%
curreent waveform I ndustrial Useful ness:

t he seventh enbodi nent of the invention allows the stabl e —pes+t+e

1.

1 OTT

MidI SHEET

motor of the invention can precisely detect the rétor

position. assure an adequate structural strength and achieve

a fine rotation control.” In view of these abilities, the:

brushless DC motor of the invention is suitable for use

under a severe condition such as high temperature usually

encountered by the scroll type compressor.




In spite of having no position-sensor. t he brushl ess DC
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1. A controller (24, Fig. 1, 2; Fig. 3-7) for a brushless DC
motor (1) without position sensor including an inverter
(22) adapted to drive the motor under chopper control (3d,
"~ 31) and utilizing a counter electromotive force generated
in stator coils (U, V, W) of respective phases as a rotor
(3) is rotated in order to detect a position of the rotor
(3) and thereby to generate a commutation signal;

'said controller (24) comprising a commutation timiné
signal generator (25) serving to generate the commutation
timing signal, an output pattern mode generator (26)
serving to generate output patterns of several types with
which said stator coils are excited, a coincidence
detector (28) adapted to detect a coincidence between
these signals output from said two genérators (25; 26) and
a starting controller (29) adapted to stop a motor drive
output once when no coincidence is detected by said

coincidence detector (28) and to cause a restarting.

2. A controller according to claim 1, characterized in that
said brushless DC motor (1) without position sensor
comprises

a) a stator (2) fixed inside a motor body and a rotor
(3) located inside said stator (2) and rotatably
supported by said motor body via a rotatable shaft
(4):



assure an adequate th and achieve a finejJgtation
control. In viewo setabt | i%tiés. thg brushless DC notjor ofq %Uﬂ# 1998
inventiondis suitable for use wunder a severe. condition such as hig

tenperature ygual Igh;i ENeLARS LT ¢f)) DiabiivgSa' Q1 hri YDy COEPLESFEET T
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stationary magnetic poles (5), inner end
of said stationary magnetic poles (5) lying
substantially at equal distances from said rotatable
shaft (4) on a circumferential surface;

c) said rotor (3) having even-numbered rotating magnetic
poles (8, 9, 10,'11), and outer end surfaces (14, 15,
16, 17) of said rotating magnetic poles (8, 9, 10,
11) having alternately different polarities in the
circumferential direction of the rotor (3);

d) each of said outer end surfaces (14, 15, 16, 17)
being arranged opposed to several ends of said
stationary magnetic pole surfaces (6) at a slight

distance (dg, dj, d2) therefrom;

e) sald outer end surfaces (14, 15, 16, 17) having a

minimum distance (dg) at a predetermined point in a

distance from said stationary magnetic pole surfaces
(6) and having greater distances (dj, dz) in the

rotating direction and counter-rotating direction;

£) field permanent magnets (12, 13) being inserted
between said rotating magnetic poles (8, 9, 10, 11)
and said rotating shaft (4) in parallel to the
rotating shaft (4), sand wherein said field permanent
magnets (12, 13) are lying opposed in parallel to
each other with the rotating shaft (4) being
interposed therebetween; and



Cl ai ns

brushl ess’ DC not of skl posi tion sensor i nclirditd :

(22) adapted to “I““M‘“Ml‘“l&‘l tor sgder chopper ¢optrol (30, 31)| a
utilizing a counter eFectrohotsi vé force generated in 1 253K 099 o) |
r.espective phases as a rotor is rotated in ordeér ito detect a

S 45 - 1. A controller.
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position ‘of- the rotor and thereby to generdate comutation sign
sai d control I9r cEAsh fhgsaid field primangntomagne®hy 1 dnaldl

(25) serving to

its opposite lateral sides slanted, such that the
outer magnetic pole surface of the respective field
permanent magnet (12, 13) directed outside towards
said stationary magnetic poles (5) is smaller thén
the inner magnetic pole surface thereof directed
inside towards said rotating shaft (4).

A controller according to claim 2, characterized in that
in said brushless DC motor (1) without position sensor,
said rotating magnetic poles (8, 9, 10, 11) have their
outer end surfaces (8, 9, 10, 11) formed by integrally
laminating many silicon steel sheets, such that circularly
curved surfaces defined by said respective rotating
magnetic pole surfaces (14, 15, 16, 17) have a curvature
larger than that of said circumferential surface on which
said stationary magnetic pole surfaces (6) lie.

A controller accbrding to claim 2, characterized in that
in said brushless DC motor (1) without position sensor,
said field permanent magnets (12, 13) are arranged in said
rotor (3) at bases 6f said rotating magnetic poles (8, 9,
10, 11) such that they lie on opposite sides diametrically
of said rotating shaft (4) facing a respective rotating

magnetic pole surface (14; 16) and have their respective

corresponding magnetic poles (N) opposed to each other.

A controller according to claim 2, characterized in that
in said brushless DC motor (1) without position sensor,
the smaller outer magnetic pole surface is the N-pole of
the field permanent magnet (12, 13) and the larger inner
magnetic pole surface is the S-pole of the field permanent
magnet (12, 13). '
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t46- el ectronotive force generated in stator coils of REMEM@W,L 21
as a rotor is rotated in order to detect a position of f{hf Totor—ang-
thereby to.generate a comutation signal, said controllgr coirgr\hﬁ'#%____,neans
to -generate pul ses the nunber of which are proportionaljtp ai A28t i fon
frequency—of the notor, an F/V converteyiladapted to generbate-oliage. |
proportional to the nunber of pulses output fromsaid pul se generator
means and means to change a shopper frequency in a continuous—fastton
based on the output fromsaid F/V converter. 4. A controller for
brushl ess DC notor w thout position sensor including an inverter adapted
to drive the notor '

FIG.2
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under,. chopper control and utilizing a counter el ectronotive force
generated in stator coils of respective phases as a rotor is rotated in
order to detect a position of the rotor and thereby to generate a

comut ati on signal, said control system conprising neans ety a
magni t ude._of current flow ng through saydi notor T q-;;uf.-fﬂ Bkt t he
position detection I mredi ately after the conmut atiifd > uutput
from said current detecting neans. 5. A control{ € DC
notor wi t hout position ‘sensor including an inverte e the
not or under chopper control and utilizing a coun e
force generated in stator coils of respective ph
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‘commytation signal, said controller conprising a rotation frequency

detector, a detection inhibitor adapted to i nhibit the rotor posittoms
detection i mediately after the. commut at i on based on MA@Eﬁmﬂm
said rotation frequency detector.
47- 6. . A controller for brushless DCayafior w t hout posjt
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sensor, sai'd controller adapted to control feed to statipmer
on rotor position detection and conprising means tjo &8
of current flow ng through the not or and nmeans tojdg
sai d rotor based on the current waveform detect ed]

viavef or m det ecti ng neans. 5/11

FIG.5
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FIG.7
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FIG. 11

(j start :)
!

excitation with
a given pattern
for predetermined
period

e

rotor is displaced
and position-fixed

T31

REPLACEMENT SFERT

12 JUN %98 |

.open loop control

733 . y
' commutation
7??4% R .
rotor is rotated /
T35 R

commutation signal
is generated

sensorless drive




