A controller for a brushless DC notor wi t hout a position
sensor, +  Technical Field: The present invention ret§be§-¢@ a_
controller for a brushless DC notor without a position sensOny tki“zing a
counter electronotive force generated in coils wound on a stator as,a rotor
Is rotated to position-detect magnetic poles of the rotor, and? nﬁyg s
particularly to a brushl ess DC notor w thout position sensor havi ng t Hé..-
rotor configured so that respecﬁlve rotating nagnetic pole surfaces oft he
rotor come nost closely adjacent to inner end surfaces of the stators's
respective nmagnetic poles at predetermned circunferential points on the
respect ive rotating fagratineldsire four pabsushhess he€ ehyt@osi ti ons of the

rotor's respective pol es. Ih%h%%EtfObb@&t§8£V§én£8£ drive control of such a

brushl ess DC

" Technical Field:

The present invention relates to a controller for a
brushle;s DC motor without a position sensor utilizing a
counter electromotive force generated in coils wound on a
stator as a rotor is rotated to position-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 *
vqrious apparatus and equipment in view of its high
eﬁficiency and controllability. The brushless DC motor has
th% substantially same construction as the synchronous
mo?or, so the position detector such as the Hall element has
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not or wi thout position sensor. Prior Art: Recently, the brushless
DC notor has been used in various apparatus and equi pnent in view of its

hi gh efficiency and controllability. The brushless DC notor has the
substantially sanme construction as the synchronous notor, so the position
detector such as the Hall el ement has been necessary to detect a
position of the rotor in driving. However. the space occupied by such a
position detector has becone a serious problemw th the progress of

M ni at Wderdtdede syt has Q@R of Resfitedh aF @Rel FBRLFaRh driving.
However. the space occupied by such a positioﬁ detector has
become a serious problem with the progress of
miniaturization and has come to the front as an iméortant
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 already been put in practical use.

Fig. 26 is a fragmentary sectional view showing a
conventional brushless DC motor without position sensor in
an enlarged scale. Such a position—sensorleﬁs. 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 82. on the other hand. comprises a yoke 87

formed from a plurality of silicon steel sheets laminated



factor which obstructs a desired mniaturization of the notor. To solve
such a problem so-called position- sensorless. brushless DC notor has
been 'devel oped recently and already been put in practical use. Fi g.
26 is a fragmentary sectional view show ng a conventional brushless DC
notor Wi thout position sensor in an enlarged scale. Such a

position- sensorless, brushless DC notor 81 of prior art conprises a stator

82 and a rotor The stator 82 surrounds the rotor 83 rotatably
Suppor tﬁxdc al"’l \r cé:[rﬁlt abl® ishajdt 86 lﬂn(iie'r'fh@n@@ﬁs mdgRkdsabgty Thestationary
nmagnetic poles 84 projecting inward. The respective stationary nagnetic

pol es %»@@W C0idHudded ROt tShoWher WeWI@HEROT #98N Tbarstationary
magnetic poles 84 are magnetized in a predeterm ned polarity as current
flows rotating magnetic poles 89 projecting outward and these

rotating magnétic poles 89 are alternately provided in their
bases with the field permanent magnets 88 inserted thefein

with the N-poles of these magnets 88 being arranged face to

face. Respective rotating magnetic pole surfaces 90 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.
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 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 therein the respective
figld 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.



through the coils U V. W Stationary magnetic pole surfaces 85 defined by
the inner end surface of the respective stationary nagnetic poles 84 lie
at -equal distances fromthe center of the rotatable shaft 86 al ong a
cylindrical surface. The rotor 83. on the other hand. conprises a

yoke 87 formed froma plurality of silicon steel sheets |am nated
2 .

Recently, a driving method for the position—-sensorless,
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 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 typé
inverter 91 is used as the main circuit and RPM control is
effected by a chopper control. Referring to Fig. 27,
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 proposal, the
counter electromotive forces ez. ep. es. 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 signai)
twice each for 60° during a period corresponding to an

electrical angle of 3600. It should be understood here that



integrally and a pair of field permanent magnets 88. The yoke 87 is
provided along its outer periphery with four rotating nagnetic poles 89
projecting outward and these rotating nagnetic poles 89 are alternately
provided in their bases with the field permanent nmagnets 88 inserted
therein with the N-poles of these magnets 88 being arranged face to face.
Respective rotating magneti c pole surfaces 90 defined by the outer end
surfaces of the respective rotating magnetic poles 89 lie at equal

di st ancelse f phasé hénceheecopoh sthter dsarebhéerehafe 1BH esimafstanw dDr m cur ved
surfaces. respectively, so that each rotating nagnetic pole surface 90 is
uni f or ntiye spperdrhasen t he confronting stationary nmagnetic pole surface 85

at every point on the rotating magnetic pole surface 90.
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
positioh 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 detecting the turned-on state of the
feedback diodes associated with the open phases and thus the
communication signal is generated (step T35). More
specifically, rotation of the rotor causes the stator coils
to generate the counter electromotive force which causes. in

>

turn. the ferminal 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



Under the effect of nutual repul sion occurring between the N-poles of the
two permanent nagnets 88, the magnetic -flux generated by the rotor 83
exits fromthe 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 pernmanent
magnets as shown. Consequently. the rotating magnetic pol es contai ning
therein the respective permanent nagnets are magnetized in S-polarity and

the rqlaattidith nRANEtiC JYH RS Ead @i MW ¢ LidT "c@epewﬁalﬁ‘i’ﬂk magnets are
magnetized in N-polarity. .
magnetic poles are detected. Practically, the mode 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 30° during the
open period of 60°. Namely, the turned-on state is detected

iii at a leadinz phase of approximately 30°. Accordingly, ﬁhe
control circuit 93 generates the drive signal with delaying
all the phases approximately 300, 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. hrushless DC
motor of prior art, the magnetic flux generated from the
field permanent magnets tends to be concentrated at points
on the respective rotating magnetic pole surfaces deviated
from the circumferentially middle points thereon in the
direction of rétation since the respective rotating magnetic
po}e 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



Recently, a driving nmethod for the position-sensorless. brushless DC notor
has been proposed, in which the counter electronotive 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 notor".
reported in the 34th national neeting of JEC. Industrial Application
Group. 1988). Wth such a driving mnethod. as shown in Fig. 27. a 120[err]

?’2' taggofeedoh¥Per tR¥EFE8PeBtive WBedtafgt hegn@t Ic Cho ek tamidtiRPM contr ol
stationary magnetic poles will be excited earlier than a
predetermined timing. preventing the rotor from being
smoothly rotated.

In the conventional position-sensorless., brushless DC
motor having the yoke containing the permanent magnets
inserted therein., the field permanent magnets usually have
substantially rectangular cross-sections, respectively. and
the outer magnetic pole surface of each field permanent
magnet defines 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 permanent magnets each having a rectanéular Cross-—
section which is slightly narrower than the associated
rotating magnetic pole is inserted into the base of this

A rotating magnetic pole and. therefore, bridges of the yoke )
which connect the outer end to the base of each rotating
magnetic pole containing therein the field permanent magnet
ha;e necessarily slender configuration.

With the driving method of prior art. if the counter

electromotive force can be detected at first one

communication based on the starting sequence. it will be

~l



effected by a chopper control. Referring to Fig. 27, reference nuneral 81
designates a notor. reference nuneral 82 designates a stator. reference
nuneral 83 designates a rotor, symbols U V. Wdesignate stator coils of
respective phases. synbols Ta[err], Tb[err], Tc[err], Ta[err], Tb[err]
Tc[err] designate transistors. and synbols Da[err], Db+[err], Dcl[err],
Da[err], Db[err], Dc[err] designate feedback di odes. According to this
proposal, the counter electromotive forces e[err] e[err] e[err] generated
in the respective phases and the drive signal applied to a pair of

transi sdieterairedrthitya odaakds tar tineg rasudieancieghiiensdi pndas il lustrated
in Fig. 28. The respective phases U V. W have their open periods (i.e., a
peri od d¢mangkichet heilirepeust bren sihe faRE&D oA depitheatiedsosiesie drive

signal) twi ce each for 60[err] during a period correspondi.n 0.3n
el ectricanningl e Shegebpeer]thetreheni e padfferdeddd Plr‘)?érlglﬂ%iﬁw 13

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 prematurely 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 pattern differs from the intrinsic
excitation pattern 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

L ar
el

%%’ sensorless running., the predetermined excitation pattern v
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

communication timing be free from any affection of the



4 - the phase in the open state is referred to hereinafter as the
apen phase. To drive the notor according to this driving nmethod, a
starting sequence as shown in Fig. 29 is followed. Initially. the notor is
excited for a predeternmined time wth the drive signal of an optional
exclitation pattern

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

chopper freguency disadvantageously results in an increased

switching loss of the inverter and a significant heat

generation from the inverter elements.

In addition, the above—-mentioned driving method has
encountered further another problem that the electric energy
accumulated in the stator coils is emitted immediately after
transfer from the energized state to the deenergized state
and consequently a voltagé 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 electromotive
e force is inhibited. )

Finally. the above-mentioned driving method is
accompanied with further additional problem concerning the
d;tection of the relative position of the stator coils and
the permanent magnet rotor. More specifically, the counter
electromotive force appearing in the stator coils being not

fed (hereinafter referred to as oren phases) is detected and



(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

el ectronotive force is generated in the stator coils as the notor is
rotated. The rotating magnetic poles are indirectly position-detected by
detecting the turned-on state of the feedback di odes associated with the

open phasesediyd theusellBe i veopbEnitGahi 6F shenakatsryeseratosd (siep T35).
More specifically, rotation of the rotor causes the stator coils to
gener at pelrianeatniragneltectisofetectefionceoniial causrs.drtvidgirn, the
term nal voltage of each open phase to be varied. Consequently, anode
pot ent i ale tdfoct. he Heweivee . f é€dlbaek cduodes elbesésohotaveefetrcdi gher than Ed+
or cathode potential of the

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
allowiné the rotating magnetic poles to be precisely
position-detected by configuring the rotating magnetic pole
surfaces so that the magnetic flux generated from the field
rpermanent magnets may always be concentrated to
predetermined positions 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 pefmanent 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 adapted. 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 ncrmal rotation is achieved.

It is also an object of the invention to provide a

10



N-side feedback diodes drops to a |evel lower than Ed[err] and thus the
f eedback di odes are tuned on. Accordingly, the turned-on state of the

di odes associated with the open phases nay be detected to detect the
current excitation 5 pattern

and. in consequence. positions of the rotating nagnetic poles are
detected. Practically, the node detector

controller adapted to change over the chopper frequency
continuously depending 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 ioad of the motor fluctuate.

It is also an object of the invention to provide a
control svstem 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

éﬁ 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 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 a cylindrical surface. the rotor

11



92 as shown in Fig. 27 detects the turned-on state of the respective

di odes by conparing the reference voltage Ed wwth the term nal voltage of
each di ode. The turned-on states of the diodes 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 approxinmately 30[err]. Accordingly, the control circuit 93
generates the drive signal with delaying all the phases approximately
30[err]. respectively (such phase delaying is referred to as phase shift),

" Sl Ao e SR O IR, HOhERTS BOLs LTt © perform
brushl €53, 2% rd™Ptt e R YurFakest B¢ TRANELLG LAY ISISL AL 68h {4 om the
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 rotating magnetic pole
surfaces presents a curved surface swelling outward and is
most closely adjacent 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 radially outward, of
which the bases are alternately provided with the field
permanent magnets inserted thereinto in parallel to the
rotatable shaft with the magnetic poles of the respective
permanent magnets being opposed'to the rotatable shaft. and
L opposite lateral sides of the respective magnets being v
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 pattern mode generator,

12



field permanent magnets tends to be concentrated at points on the
respective rotating magnetic pole surfaces deviated fromthe
circunferentially mddle points thereon in the direction of rotation since
the respective rotating magnetic pole surfaces are uniformy spaced from
the respective stationary magnetic pole surfaces at every point on the
respective rotating magnetic pole surfaces. As a result. the counter

el ectronotive force generated by the magnetic flux will be prematurely
detected with respect to the actual 6

a commutation timing signal generator and a coincidence
detector serving to detect a coincidence of the signals
generated from the output pattern mode generator and the
commutation timing signal generator, respectively, wherein,
when the output 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 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 motor's rotation frequency detector
means and comparator means serving to compare 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 bhased 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 adapted to generate the

number of pulses proportional to the rotation frequency of

13



positions of the respective rotating magnetic poles and the stationary
magnetic poles will be excited earlier than a predeterm ned tim ng,
preventing the rotor frombeing snoothly rotated. In the
conventional position-sensorless, brushless DC notor having the yoke
contai ning the permanent magnets inserted therein, the field pernmanent
magnets usual ly have substantially rectangul ar cross-sections,
respectively, and the outer magnetic pole surface of each field pernanent
magnet defines a relatively |arge surface. Such configuration also has

cont ri pHt edotOrt A ARRVE7 WERb A P8R He r IQVA P 4Dt Digdrte artRgRetlita e ux.
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 position
sensor. the controller comprising means serving to detect
current flowing through the motor and means serving to
inhibit detection 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

Q@y 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 serving 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 components

14



The conventional rotor conprising the yoke and the field pernmanent nmagnets
has encount ered anot her problem concerning a strength of the yoke. Mire
specifically. the field permanent magnets each having a rectangul ar cross-
section which is slightly narrower than the associated rotating magnetic
pole is inserted into the base of this rotating nmagnetic pole and.
therefore, bridges of the yoke which connect the outer end to the base of
each rotating rmagnetic pole containing therein the field pernanent magnet

haye nec€83?§}+%h§égggﬁﬁ O@$68¥I€H ‘position Q@ns hgu?ec nethod of

prior at e cou Fohoti ve force 2&n ed at first one

comuni £at L 0P PaFE AL R0 f{.'xes’§t@rﬁl§6d"igne%ecql6%n%‘ﬁe lkv\%uoh‘?

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 of a
pattern coincidence detector:

Fig. 3 is 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:

-g; 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 connection from
an F/V converter to an oscillator;

Fig. 11 is a waveform diagram illustrating predominant
waveforms appearing in the F/V converter and the oscillator,

respectively;



7 : determ ned that a normal starting has been achieved and a
change-over will occur fromthe open | oop to the sensorless running.
Therefore, the rotor is inadequately position-held and vibrates, for
exanple. when a load involves a torque fluctuation. Mreover, if next one
comuni cation is perfornmed under a torque being generated in the reverse
direction. the rotor is rotated froma position other than

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 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 is a circuit diagram of a detection inhibitor:

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 illustrating a
relationship between rotation frequency and electric energy
emission time period:

Fig. 20 is a block diagram of the control circuit in

€§§ the seventh emhodiment 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

16



the desired position. so the counter electronotive force is detected
prematurely by an electrical angle of 60[err] or 120[err] wth respect to
the actual position of the rotor and change- over to the sensorless
runni ng 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
dependi ng on the actual position of the rotor. Even if the notor is
vi bratimgtoa sighalt pepiesentsagsdheofopnier £recds omolved; force is
detected and. if this signal is higher than a |evel required for the
sensor | ess rEbgi ng7 1Heapeedetet mibegiraxcof adn ohnpat ter nusednin nues to be
out put. Consequently, both the nornmal starting and the restarting are
i mpossi bbtor 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.

g 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 sensor 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

r

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

17



Wth the above-nentioned driving nethod, furthernore. t he chopper

frequency has had to be set, for a relatively w de rotation frequency
range of the notor, so that the comuni cation timng be free from any
affection of the 8 det ecti on

timng delay at the maximumrotation frequency. For exanple. an electrical
angl e of 60[err] corresponds to

on the stator 2. Reference 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 motor
without position sensor.

The inverter 22 comprises P-side transistors Tat, Tb%,
Tc* to which the feedback diodes Da*, Db*, Dc* are
connected, respectively, and N-side transistors Ta™, Tb~, Tc~
to which the feedback diodesIDa', Db™, Dc” are connected,
respectively. Under chopper control by a set of P-side
transistor and N-side transistor., two of the three-phase
coils are selectively supplied in succession with three-
phase direct current to generate magnetic field by which the
rotor is rotationally driven. More specifically. output
mode patterns of the driving signal are preset to 5 through
O 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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0.5nf sec and, therefore, the chopper frequency is set to a |evel as high
as in.order of 10 kHz. However, such high chopper frequency

di sadvant ageously results in an increased swtching |oss of the inverter
and a significant heat generation fromthe inverter el enents. In
addi tion, the above-nentioned driving nmethod has encountered further

anot her problemthat the electric energy accunulated in the stator coils
is emtted imMmediately after transfer fromthe energized state to the
deenergi zed state and consequently a voltage appears in the open phase.

The UG A4 L0 MY S ClGHIdE S dhnd g0y SedudRRERds, on the

val ue of” current flowng through the stator coils an t he exerted on

the motoro e JRIAD vk tided Al s AR Nk QRSN oAl paYERrRLECTT I C

energy. because no precise position information of the permanent magnet

rotor A e 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
inverteg 22 based on the counter electromotive 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
eﬁbodiment 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
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obt ai ned unl ess the detection of the counter electronotive force is

I nhi bi t ed. Finally, the above-nentioned driving nmethod is
acconpani ed with further additional problemconcerning the detection of
the relative position of the stator coils and the permanent nagnet rotor.
More specifically, the counter electronotive force appearing in the stator

coils being not fed (hereinafter referred to as open phases) is detected
and ' 9

shown., these stationary magnetic poles 5 carry coils wound
thereon. tationary magnetic pole surfaces 6 defined by
inner ends surfaces 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 surface.

The rotor 3 is rotatably supported by the rotatable
shaft 4 and includes a yoke 7 comprising a plurality of
integrally laminated silicon steel sheets. The yoke 7 has
along its outer periphery four rotating magnetic poles 8, 9,
10. 11 projecting radially outward.' 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 these field permanent
magnets 12, 13 being positioned face to face. Consequently,
the N-poles of the field permanent magnets 12, 13 repulse
each other and magnetic flux generated therefrom defines a

A d magnetic path as illustrated by Fig. 2. Specifically, the .
magnetic flux from the yoke 7 after having passed 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 magnetized as N-
poles.

The rotating magnetic pole surfaces 14. 15. 16, 17 on
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thereby the relative position of the stator coils and the permanent
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.
Accordingly. it is an object of the invention to provide a brushless DC
not or wi thout position sensor allowng the rotating nmagnetic poles to be
precisely position-detected by configuring the rotating nmagnetic pole
surfaces so that the magnetic flux generated fromthe field pegnmanent
nmagnet $heayuiamyandse %fgrfé@tfr%?%ﬁfttld’e podadi 88nPABREH oS ?Péﬁg én t he
respective rotating nmagnetic _pol es. . )

9, 10. 11 define curved surfaces swelling radially outward,

respectively. In the instant case. circularly curved
surfaces defined by the respective rotating magnetic pole
surfaces 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
magnetic pole surfaces 14. 15. 16. 17 are most closely

ad jacent to the stationary magnetic pole surfaces 6 at
circumferential middle points of %he respective rotating
magnetic polg surfaces.

The magnetic flux generated from the field permanent
magnets 12. 13 is concentrated on the circumferentially
middle points at which the rotating magnetic pole surfaces
are most 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 deéignated 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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It is also an object of the invention to provide a brushless DC notor

wi t hout position sensor of which a rotor conprises a yoke and field

per mmnent magnets, and which not only achieves the object set forth just
above but al so has an adequate structural strength. It is also an
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 p 03|t|on%£|xat|on of the rotor until the

nor el fo&P8t tHE féeééhPSV@ﬂne“t magnet | L2 Fearngs dtjedtP Bt iM% i nvention to

provi de a .
magnetic pole surface 14 mostly via the stationary magnetic

pole P2 and thereby a counter 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, 1T7.

In this way. the rotor 3 having the above-mentioned

circula}ly curved rotating magnetic pole surfaces normally
:fk generates the counter electromotive force mostly from the
circumferentially middle points of the respective rotating
magnetic pole surface so that an erroneous positiop
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 andb
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
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10 controll er adapted to change over the chopper frequency
conti nuously depending on the rotation frequency of the not or and
thereby to minimze a switching | oss of the i nverter. It is
.also an object of the invention to provide a controll er adapted to be
able to detect the counter el ectronotive force precisely even I f the
rotation frequency and/or | oad of the notor fluctuate.

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 suffaces, the curvature of each rotating magnetic pole
surface is not limited 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 pole surface at
the circumferentially 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 magnetid pole surface is
L 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 heretofore on

the basis of the specific embodiment having on the outer

periphery of the yoke four rotating magnetic poles which

are, in turn. alternately provided with the field permanent
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It is also an object of the invention to provide a control system

adapted to detect the waveforms of current fl owi ng through the DC
brushl ess nmotor and thereby to achieve a stable position detection of

t he permanent nmagnet rotor even if the counter electronotive force
appearing in t he open phases nonlinearly varies. Di scl osure of the
| nvent i on: To achi eve the objects set forth above, the first
aspect of the invention resides in a brushless DC notor w thout position
sensor conprising a stator fixed inside a notor frame and a rotor

AT OIERRY, ISRt g T OORFBLY OB S AL S e
statioparyructTBANBLLCmRY B3R Qh§CLLOY hONBLE of "SHa £fifk Surfaces of the
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 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
nagnetic pole surface is most clbsely adjacent to the
stationary magnetic pole surface at a given point on the
rotating magnetic pole surface and, accordingly. the counter
electfomotive force is concentrated at the point. In this
manner, 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
ouﬁer 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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stationary magnet poles defining stationary nagnetic pole surfaces

| yi ng substantially at equal distances fromthe rot atabl e shaft along a
cytindrical surface, the rotor having a plurality of
rotating magnetic pol es projecting outward, outer end surfaces of the
rotating magnetic poles defining rotating magnetic pole surfaces which
are magneti zed alternately in different polarities in the
circunferential direction of the rotor and opposed to the stationary
magneti c pole surfaces at a slight distance

permanent magnet are slanted so that the outer 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 middle point of each rotating magnetic
pole. on one hand. and it is possible to provide the yoke
with thg 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.

Fig. 3 is a block diagram of a control system
constructed according to the invention. A mode detector 23
compares a reference voltage Ed kand 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 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
tge 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



therefrom wherein each of the rotating nmagnetic pole surfaces presents
a curved surface swelling outward and is nost cl osely adjacent to the
correspondi ng stationary nmagneti c pole surface at a given
circunferential point. Preferably. the rotor conprises a yoke and
field per mmnent magnets, the yoke having an even nunber of rotating
magneti c poles projecting radially outward, of whi ch the bases are
alternately provided with the field per manent magnets inserted
thereinto in parallel to the rotatable shaft with the nmagnetic pol es of
t he respeghaVegenerptomadent anaghbesn bed imc ohporedeatectios 28t aabl e shaft,

and opposite |lateral sides of the respective magnets bei ng sl anted so
that thetaespegtcortmayhets2fave cheppenuietector Pignadi @ SHOPPEET f aces
provided with relatively small surface areas.
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 six modes as indicated in Fig. 6 and. based on
each of these signals. the drive signal generator 27
generates a motor 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
%5 starting controller 29, the drive signal generator 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 Fig. 4. the arrangement of the pattern
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The second aspect of the invention resides in a controller for the

brushl ess DC notor w thout position sensor utilizing turned-on states
of feedback di odes, the control system conprising an output pattern
node gener at or, 12 a

commut ation timng signal generator and a coi nci dence

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
output 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 the
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 gate 33 becomes High.
- This output is applied to thé 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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detector serving to detect a coincidence of the signals generated fromthe
out put pattern node generator and the conmmutation tim ng signal generator
respectively, wherein, when the output of the detector indicates no
coi ncidence, a notor drive output is stopped once and then starting is
r epeat ed. The third aspect of the invention resides in a controller
for the brushless DC notor w thout position sensor utilizing turned-on
states of feedback diodes and provided with a chopper control adapted for
rotation- frequency-adjustably driving the brushless DC notor, the
cont r ol detesdripn shagesoese sutverdlyonelatederny aetddroras neans and
conparator nmeans serving to conpare the output signal of the detector
means wiltlH ug treftededioe F3ggnal epepddnplen ifhethoterimtadiegquency of the
notor, wherein a
timing signal was detected from U~ of the open phase U at
the output pattern mode 3. the excitation pattern may he
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 U- " in order to
continue the normal rotation.
Fig. 7 is a flow chart illustrating a starting sequence
in this embodimeht. Excitation of a given pattern occurs at
a step TL. In 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 154 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

on the feed current value as well as the loading condition

and., in this embodiment. a revolution speed enough to
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chopper frequency is changed based on the output signal of the conparator.
The fourth aspect of the invention resides in a controller for the
brushl ess DC notor w thout position sensor utilizing turned-on states of
f eedback di odes and provided with a chopper control adapted for rotation-
frequency-adjustably driving the brushless DC notor, the controller
conprising a circuit adapted to generate the nunber of pul ses proportional
to the rotation frequency of

generate the counter electromotive force required for

sensorless running can be reached at a moment of starting

with a feed current in order of 5A. Thus. at a step T4. the

commutation timing signal is generated. So far as the

normal 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 coincides with the

commutation timing signal generation phase or not. More

specifically, the step T5 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 output pattern. After 2 sec has elapsed at a step
aiey T8. the routine returns to the step 1. thelstart point of

the open loop. to repeat the starting sequence. The

elapsing time at the step T8 is preférably 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.

It should be understood that the current value., the

elapsing time and the output pattern are specific for this

embodiment and it is obviously possible to employ the other
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the notor and an F/V converter adapted to generate voltage proportional to
t he nunber of pul ses, 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 notor w thout
position sensor, the controller conprising neans serving to detect

current flowi ng through the notor and neans serving to inhibit detection
of the counter electronotive force immediately after conmutation.

The sixth aspect of the invention resides in a controller for the

br ushl #3 Uss mtdbrrati taio igodihg @ther embodiments.

As wil! be apparent from the foregoing description, the
second embodiment of the invention is arranged so that the
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 be tried by repeating the
starting sequence even when the motor is vibrating. In this
way, a fﬁrther 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 respective
feedback diodes. 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 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 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. The phase shifter 35 is a delay circuit comparing a

counter adapted to obtain a normal commutation timing based
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sensor, the controller conprising neans serving to detect the rotation
frequency of the notor and neans to inhibit detection of the counter
el ectronotive force inmediately after conmutati on. The seventh
aspect of the invention resides in a controller for the brushless DC notor
W t hout position sensor. the controller conprising neans serving to detect
wavefornms of current flow ng through the brushless DC notor and neans
serving to position-detect the pernmanent magnet rotor based on the
wavef ornms of current.  Brief Description of the Draw ngs: Fig. 1is
a circoint tdieagrdmushevisng lciofc ihe compotéttion timing signal

detector 25 and shifts (i.e., delays) the phase generally

within 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 detector 27 may generate thereupon 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 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 switch 42 between the first oscillator

40 and the second oscillator 41. Outputs of these

&5  oscillators 40, 41 are alternately applied in the form of .

reference triangular waves to the triangular wave comparator

37 and the reference triangular 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 converter 38 and the comparator 39
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14 of a brushless DC notor w thout position sensor such as an
i nverter in the first enbodi nent of the invention; Fig. 2is a
sectional view of the brushless DC nptor w thout position sensor taken
transversely of an axis thereof: Fig. 3 is a block diagramof a
control circuit in the second enbodi nrent of the invention; Fig. 4is
a circuit diagramshow ng an exanple of a
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 second oscillator 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 qomparator.
As will be understood from the foregoing description,
the third embodiment of the invention advantageously
minimizes a switching loss of the inverter and effectively
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 generator 27. a triangular wave
@5- 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. The 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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pattern coi nci dence detector: Fig. 5is atimng chart illustrating a
mutual relationship of various signals appearing in the control <circuit;

Fig. 6 is a diagramillustrating a nutual relationship of output pattern
node. excitation node and commutation timng 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 enbodi nent of the invention: Fig. 9
is a block diagramof the control circuit in the fourth enbodi ment of the
i nventi on: Fig. 10 is a circuit diagram show ng a connection from an

F/ V comi¢ht en tedeanrdseaill kaigde, of 15° 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 thereupon generate the motor
drive signal and superpose this on the chopper signal
applied from the triangular wave comparator 37 prior to
applicat}on 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 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 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 kl from the commutation

timing signal detector 25 ié applied to the F/V converter
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Fig. 11 is a waveformdiagramillustrating predom nant waveforns appearing
in the F/V converter and the oscillator. respectively;

15 - Fig. 12 is a block diagramof the control circuit in the
fifth enbodi ment of the invention; Fig. 13 is a circuit diagramof a
counter electronotive

38, DC voltage k2 which is proportional to the rotation
frequency is obtained. The DC voltage k2 drives a gate of
FET 46 and causes ON resistance of FET 46 to vary in a
linear fashion. The triangular wave generator 37 comprises
operational amplifiers 45, 47, oscillation frequency
regulating resistors. a capacitor and a Zener diode. An FET
is connected between the reéistors so that an output signal
k3 from the operational amplifier 47 presents a reference
triangular wave of a frequency which is proportional to the
frequency of the signal kl output from the commutation
timing signal detector 25. It should be understood that the
time axis given in Fig. 11 for the respective waveforms Kl.
k2 and k3 is actually expanded relative to the waveform K3
for convenience 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.

%Q As will be appreciated from the foregoing description, .
the fourth emhodiment 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 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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force detector; Fig. 14 is a signal waveformdiagramfor the counter

el ectroonotive force detector; Fig. 15 is a graphic diagram
illustrating a relationship between current value and electric energy

em ssion tinme period, Fig. 16 is a circuit diagramof a detection

I nhi bitor: Fig. 17 is a signal waveformdiagramfor the detection

I nhi bitor; Fig. 18 is a block diagramof the control circuit in the
si xt h enbodi nent of the invention,; Fig. 19 is a graphic diagram

o S UB Pe S B GNSIL P PRI PEARAA hR" (RLEALERCYngnd el ectric ener gy
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
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 magnet rotor 3
so that'the permanent magnet rotor 3 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 shifter 53 and a feed
signal generator 54. Terminal voltage 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 hased on the terminal voltage. The
current detector 50 and the current level detector 51
constitute together means to detect a magnitude of the
current 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
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



Fig. 20 is a block diagramof the control circuit in the seventh

enbodi ment of the invention; Fig. 21 is a block diagramof a rotor
position detector; Fig. 22 is a flow chart of rotor position

det ecti on; Figs. 23. 24 and 25 are waveformdiagrans illustrating
current waveforms as function of feed timng, respectively; Fig. 26
Is a sectional view show ng a brushless DC

16

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
middle point with 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 current value I and the electric energy
emission time period t are graphically shown in Fig. 15
based on the data experimentally obtained using the rotation
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 reduced. 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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nmot or without position sensor of prior art as hal ved:;

Fig. 27 is a

circui't diagramof an inverter used in a notor of prior art; Fig. 28
is a diagramillustrating a relationship between counter electronotive
force and driving signal in a notor of prior art: and Fig. 29 is a
flow chart illustrating a starting sequence for a notor of prior art.

Pref erred Enbodi nents of the |Invention: Initially, the first

enbodi ment will be described with reference to Figs. 1 and 2.

ReferrP%Qe%QeF[g. 1. there is showmn a general arrangenent of a drive
control 'system for the brushless DC

Fig. 16 exemplarily shows the detection inhibitor 52.
A feed termination signal for a lower armature is applied to
an input terminal 57 of a monostable multivibrator 56
(hereinafter simply referred to as monomulti) while a feed
termination signal for an upper armature is applied to an
input terminal 59 of a monomulti 58. The output signal of
the currént 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 present respective waveforms as illustrated 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 detection 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 309 and therefore the phase shifter 53

must provide a delay corresponding to this electrical angle



not or w thout position sensor. The drive control systemfor the
brushl ess DC notor w thout position sensor. in addition to the brushl ess
DC notor w thout position sensor 1 itself, a power supply 21, an inverter
22 havi ng charge of chopper control, a node detector 23 utilizing a
counter electronotive force to detect the position of a rotor 3 and a
control circuit 24 serving to control the inverter 22. The brushl ess DC
notor wi thout position sensor 1 conprises a stator 2 and the rotor 3. The
brushl ess DC notor wi thout position sensor 1 in this enbodinent is of

t hr ee- phfsd80PnveTherrirseeshifper Ml refrrashide syrienenedvuswngesi gnat e
respective coils wound 17
counter. Based on an output 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 controlled.

As_will be appreciated from the foregoing description,
the fifth embodiment of the inVenfion allows the position-
sensorless drive to be achieved on the basis of the precise
commutation timing even if the load and/or 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 usually been
unpractical.

The sixth embodiment of the invention will be described
with reference to Figs. 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 300. The feed signal generator 54
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on the stator 2. Reference synbol Vn designates voltage across U, V. Wand
this.voltage is generated selectively across two of these three coils U
V. "Wupon switching of the inverter 22. The power supply 21 is in a
state ready to supply rectified current. Reference synbol Ed (and Ed[err],
Ed[err]) designates an electronotive force. The inverter 22 conprises

f eedback diodes Da[err]. Db[err]. Dc[err], Da[err]. Db[err]. Dc[err] and
transistors Ta[err]. Tb[err]. Tc[err]. Ta[err] Tb[err]. Tcl[err].

serves to generate 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 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 iltustrated 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 controller should
inhibit the detection of counter electromotive force for a
time period longer than the time period corresponding to the

%5 expected minimum rotation frequency. However., this
inhibiting time period exceeding an electrical angle of 30°
would result in inhibiting the detection of the counter
electromotive force which must be detected.

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

Fig. 16 and provides the output waveform as illustrated in

Fig. 17. The output signal leads the normal feed timing by
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The respective system conponents operate, as will be described, in
rotationally driving the brushless DC notor w thout position sensor.

Thé inverter 22 conprises P-side transistors Ta[err], Tb[err], Tc[err] to
whi ch the feedback diodes Da[err], Db[err]. Dc[err] are connected,
respectively, and N-side transistors Ta[err], Tb[err], Tc[err] to which
the feedback diodes Da[err], Db[err], Dc[err][ are connected,

respectively. Under chopper control by a set of P-side transistor and
N-side transistor, two of the three-phase coils are selectively supplied

in suc@ssHlArtaigel mrgde ghad® dindedthenafoan the ghiscarsd ifd@fetic fiel d
by which the rotor is rotationally driven. Mre specifically, output node
patt er i’ dflusheeivdang siggdal e asResdting ® thheogdiecta licd laccor dance
Wi th excitation patterns required to
- angle of 30° 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 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 usually been
unpractical. While the fifth and sixth embodiments 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 app;icable 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 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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mai ntai n nor nal
reference to Fi
18

a relationship

rotation of the notor 1. as will be described later with
g. 6. and the notor 1 is
rotationally driven under effect of commutation sequenced by
bet ween the respective excitation patterns, on one hand,

and commutation timng detection phases and turned-on di odes, on the other
hand. The node detector 23

a current detector 50, an isolation amplifier 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 resistor and a current transformer. The feed signal

generator 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 nl of the isolation amplifier 66 is applied to

l;"’-g:.":,

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 microcomputer 72 comprising a CPU
69. a RAM 70 and a2 ROM 71 and., the microcomputer 72
diagnoses the waveform. A start signal also is applied to
an input terminal 73 of the microcomputer 72.

Now. operation of the controllér as has been described
above 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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IS connected to the inverter 22 and detects the turned-on states of the
respective feedback di odes included by the inverter 22 based on the
counter electronotive force generated in the respective coils of the notor
1. The control circuit 24 detects the commutation timng of the
respective coils U V. Wbhased on the detection signal from the node
detector 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 Y V. W The chopper control is effected in the inverter 22. Based
on th&THSRAST dgmaton e (shaR (Tl)22 Thsesvachrenspedarioniag menti oned
above. Such repeated operation causes the rotor 3 to be continuously

dri vencontinuesdan @ &l vemdd e @ardodr 13 uat idhéhsr BsHpBsssBC fot or

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 (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 the 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

ﬁﬁ magnetic poles of the rotor.

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

second half (t;>t2) as shown in Fig. 24, the feed timing
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W t hout position sensor constituting an inportant part of this enbodi nent
W ll, be described nore in detail. Fig. 2 shows the brushless DC notor

wi t hout position 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 stationary nagnetic poles 5
projecting inward. Though not 19

is determined to be delayed. If the peak position lies on
the first half (t;<{t3) as shown in Fig. 25, the feed

timing is determined to be advanced.

When t;=ty. the feed is continued with this timing,
and when tj;>t). the feed timing is advanced by a prescribed
amount (step T28). When ti<tp. the feed timing is delayed
hy a prescribed amount (step T29).

Onée 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 commutation timing can be achieved even
the rotation frequency and/or the load fluctuate. However,
excessively delaying or advancing the timing will result in
repetition of ty>ty and ti<tj.

As will be appreciated from the foregoing description,
the seventh embodiment of the invention allows the st&ble
position detection of the rotor even when the rotor
structurally prevents the counter electromotive force iﬂ the
open phases from linearly varying. Furthermore, the -
commutation can Be achieved always with the precise timing
bgcause 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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shown. these stationary nmagnetic poles 5 carry coils wound thereon.
Stati-onary magnetic pole surfaces 6 defined by inner ends surfaces of the
respective stationary magnetic poles 5 lie at equal distances fromthe
center of a rotatable shaft 4 in conformty with an inmaginary cylindrica
surface. The rotor 3 is rotatably supported by the rotatable shaft 4
and includes a yoke 7 conprising a plurality of integrally |am nated
silicon steel sheets. The yoke 7 has along its outer periphery four

r ot at nsgoragficthe paventdondcanl@retisploj deteny theli adtgroutward. A pair
of field permanent magnets 12. 13 are inserted into bases of the rotating
magnepbsifdloas 8sslfe raspdequvediey stirmcparalll skrength 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.

<
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the rotatable shaft 4 with N-poles of these field permanent nmagnets 12, 13
bei ng positioned face to face. Consequently, the N-poles of the field

per manent nmagnets 12, 13 repul se each other and magnetic fl ux generated
therefromdefines a nmagnetic path as illustrated by Fig. 2. Specifically,

the magnetic flux fromthe yoke 7 after having passed through the

rotati ng nmagnetic poles 9, 11 and then enters t he yoke
rotating magnetic poles 8, 10. Thus,

magneti zed as S-poles while the rotating magnetic poles 9, 11 are
magneti zed as N- pol es. The rotating magnetic pole surfaces 14, 15.

16, 17 on

1.

20
A controller (24; Fig. 1, 2; Fig. 12-17) for brushless DC

motor (1) without position sensor including an inverter
(22) adapted to drive the motor (1) under chopper control
and utilizing a counter electromotive force generated in
stator coils (U, V, W) of respective phases as a rotor
{(3) 1s rotated in order to detect a position of the rotor
and thereby to generate a commutation signal, said

control system comprising:

means (50, 51) to detect a magnitude of current flowing
through said motor (1) and means (52) to inhibit the
position detection based on the electromotive force
immediately after commutation has occurred based on the

output from said current detecting means.

A controller (24; Fig. 1, 2; Fig. 18, 19) for brushless
DC motor (1) without position sensor including an
inverter (22) adapted to drive the motor (1) under
chopper control and utilizing a counter electromotive
force generated in stator coils (U, V, W) of respective
phases as a rotor (3) 1is rotated in order to detect a
position of the &rotor and thereby to generate a

commutation signal, said controller comprising:

a rotation frequency detector (65), a detection inhibitor

(52) adapted to inhibit the rotor position detection

immediately after commutation has occurred based on the

output from said rotation frequency detector (65).

agai n through the
MPotating magnetic poles 8. 10 are

a5 |l||\||| mll\ |I||\ i \II!



the outer ends of the respective rotating magnetic poles 8. 9. 10. 11
define curved surfaces swelling radially outward, respectively. In the
i nstant case, circularly curved surfaces defined by |
rotating magnetic pole surfaces 14. 15, 16. 17 have fa
than that of the imaginary cylindrical surface on whisgh-the
magnetic pole surfaces 6 lie. |In other words, the rotating nagnetlc pol e
surfaces 14, 15, 16, 17 are nost cIoﬁQ&&E&%ﬂjaoent to the stationary
magneti c pol e surfaces 6 at

The invention relates to a controller (24; Fig. 1, 2; Fig. 12-
17) for a brushless DC motor (1) without position sensor
including an inverter (22) adapted to drive the motor (1)
under chopper control and utilizing a counter elect;omotive
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 and thereby to generate a commutation signal, said
control system comprising means (50, 51) to detect a magnitude
of current flowing through said motor (1) and means (52) to
inhibit the position detection based on the electromotive
force immediately after commutation has occurred based on the

output from said current detecting means.

(Fig. 12)
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circﬁnferential m ddl e points of the respective rotating nagnetic pole -
surfaces. The magnetic fl ux genegqted fromthe field permnent
magneéts 12. 13 is concentrated on the circunferentially mddle points at

t he

whi ch the rotating magnetic pole surfaces are nost closely adj .
stationary magnetic pole surfaces. Such phenomenon mWifls Qepexpisadied
in detail in connection with the rotating magnetic pple syuPRe@EDl4,

A distance fromthe circunferentially m ddl e point of ating
magneti c pole surface 14 to the corresponding stationary nmagnetic pole P2
I s designated here by do and distances fromthe stationary magnetic pol es
P1, P3 adjacent the stattomary nagnettcpote—+H2 to the rotating nmagnetic
pol e surface 14 are de , ] nd d2, ;Egpectively. The di stance do
is smaller than both t dPhe |
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di stance*d2 and, in consequence, the magnetic flux generated
21 ' fromthe field permanent gnet 12 reaches the rotating

magneti c pole surface 14 nostly via the stationary magnetic pole P2 and
thereby a counter electronotive force generated by the rotating magnetic
pole surface 14 is concentrated to the stationary magnetic pole P2

Is true also for the S BEEN
HEET BA
THIS S ACED

REPLA

FIG.Z2

This Sheet Has Been Repl
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ot her rotating magnetic pole surfaces 154 16. 17. In this way, the
rotor 3 having the above-nentioned circilarly curved rotating nagnetic
pol e: surfaces normally generates the counter electronotive force
fromthe circunferentially mddle points of the respeetie frtaiAsBEEN
magneti c pole surface so that an erroneous position det tlﬂﬁmﬁdﬂihe
rotating nagnetic poles nmay be reliably avoided. e field
per manent magnets 12, 13 in the instant case are configured to have
opposite | ateral sides slanted so that its S-pole side may have a surface
area smaller than that of its N-pole side. Thus. the magnetic fl ux

generated fromthe permanent nmagnets is concentrated at circunferentially
m ddl e points of their S-pole surfaces and
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accordingly at circunferentially middl e goints of the rotating magnetic

pol e surfaces 14. 16. Bridges 18 define at the opposite |ateral sides of
the respective field permanent nagnets 12. 13 have relatively large width
over nost of their extents, since the opposite lateral sides are slanted.
Wth a consequence, the yoke 7 has a relatively ")
22 hi gh strength such that the yoke 7 m ght {s ﬁ&mrllyﬂsd%*r(ﬂ
REPLACED
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even when an unexpected external force iq;éxerted on the rotating magnetic
pol e surfaces 14, 16. Wil e the invention has been described on the
basis of the specific enbodinent having the circularly curved rotating
magneti c pol e surfaces each defined by a curvature radius smaller tham

1 1 H . e G N !\
that defining the stationary nmagnetic pole surfaces, th 31'éacb

EaEar 8Aef
rotating nmagnetic pole surface is not linmted to the cirlcul ar REFACER -any
ot her curvatures, for exanple. a parabok}7 UE%ature as \H- '
transversely of the rotatable shaft may be ggp yed as far as each
rotating magnetic pole surface is so configured to be nost spaced fromthe
stationary magnetic pole surface at the circunferentially opposite ends
and nost closely adjacent thereto at the circunferentially m ddle point of

commutation 1t
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the rotating magnetic pole surface. The@i mlar effect wll be obtained
al so when each rotating magnetic pole surface is configured so as to nost
spacéd fromthe stationary nagnetic pole surface only at one end in the
direction of its rotation and nost closely adjacent thereto at-+the
ci,rcunferentially m ddle point. Wi | e the invent i{ORyRasEBEE
descri bed heretofore on the basis of the specific enbodi nent RRE
outer periphery of the yoke four rotating nagnetic poles : ,
turn, alternately provided with the field permanent

23

AN

054<( gl

S

0b

vV

/

7

N
VIiw

W +

Dc+

N\

VW

FIG.6
3

X

V‘ W‘e—\
V +

ob”"

I |
N bi< k| S
/ +
i
0 {J— S &3
=1 m
= -t 0 ®
1 . =0l o
ot o 4 nnl O
- o 2 Q] -~
+ o =1 o
© IR =R
2 < o =
+~ O ol [} (@]
+ -l FERNS) I
= ) O + S| T
58| 58 |5%] ¢
== ® E O ~
o £+ =
oo o)
oo

This Sheet Has Been Replaced

AR




nagnéts i'nserted thereinto, the rotor isjnot limted to such construction
but may have any even nunber of rotating’ magnetic poles and a field

per manent magnet nmay be inserted into each of them Instngsq;ﬁﬁqqggjbﬁg
the field permanent nagnets into the yoke, it is also posfs %eR.pL Ac@pm

field permanent nmagnets each having the rotating nagneti c-—pote—sti-tace—of
t he above-nenti oned configuration and then to bond themonto the outer

peri phery of the rotatable shaft. As will be apparent fromthe
foregoi ng description, in accordance with the first enbodi nent of the

I nvention, the

FIG.7
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rotafing magnetic pol & surfaces of the rogbr present the curvature i
swelling radially outward so that each rotating nmagnetic pole '

le surface—is+
nost ‘closely adjacent to the stationary magnetic pole s{rfjaceHBET HAYBHEN

point on the rotating nmagnetic pole surface and, accordilngly, REHACE
el ectronotive force is concentrated at the point. In thi manner, this
enbodi nent provides a brushless DC notor w thout position sensor
characterized by that the position of each rotating magnetic pole can be
precisely detected. According to this enbodipent, the yoke is provided
along its outer periphery with even number & the rotating magnetic poles
projecting radlally qut ward, these rotating gnetic poles being provided

in their bases with tXetjeld pernanﬁ?L__ﬂn nets inserted thereinto in
parallel to the rotat . shaft __and/the opposite _lateral sides of 3ach
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24 . ' per manent magnet are sl ant

surface of the magnet

is concentrated at the
magneti c

circunferentially mddl e point of

FIG.9

R

so that the outer nagnetlc pole

Is smaller than its'i nner
Consequently, the nmagnetic flux generated

magnetic pol e surface.

fromthe field permanent nagnets
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pol e. on one hand. and it is possible to ovide the yoke wth the
adequat el y wi de bridges and to obtain theﬁioke havi ng a strength
sufficiently high to resist the unexpected external f &ﬁ%‘%ﬁ@ﬁﬁﬁg;éémg(
Now. the second enbodi ment of the invention will be descriRes A#gph
reference to Figs. 3 through 7. Fig. 3 is a bl ock—dtagramof—=
control system constructed according to the invention. A node detector 23
conpares a reference voltage Ed (and Ed[err], Ed[err]) for forward voltage
drop of feedback diodes included by an inverter 22 wth term nal 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
nodes. In this enbodinent. the inverter 22 is of three-phase bipolar type
and, as shown in Fig. 6. detects 'the turned-on

172
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states of 'six phases U+, U-. V+, V-,

respective excitation patterns and app
circuit 24 which,
25. an output pattern

signals to a contro

gener at or

s the
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t he

correspondlng detection

in tur
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starting controller 29, a chopper selector 30 and a chopper S|gnal
generator 31. The comrutation tim ng s{ﬂpal det egd 25 is adapted

to detect the commutation timng signal based maye ut._fromthe
nmode detector 23 and to generate a clock pylse. rgh ,:-- BN pattern
node generator 26 is adapted to generate. based ockj pul se
applied from the commutation timng signal detector 25, signal s
representing six nodes as indicated in Fig. 6 and, based on each of
these signals. the drive signal generator 27 generates a notor drive
signal. The pattern coincidence detector 28 conpares a signal hl,
one of the six conmutation timng signals with a waveform h3-2 of the
out put pattern node 2 during a period for which the output pattern
node generator 26 outputs a signal ho to the starting controller
FlG.12

PM
-
24 Nso |
) B B ]
/57 mi
SE current | '
level '
: detector
54 53 43
feed h M3l4etection|Me] |counter
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to réquest a restarting. Based on a signal h3 fromthe out put pattern
node genefator 26 and a signal fromthe tarting controller 29, the drive

si gnal generator 27 generates a or drive signal while the chopper
sel ector 30 determ nes whet her the chopper is positive or negative
and outputs a corresponding signal to the drive sighal- -at-or-

27. The signal coning fromthe chopper signal gener at|oFHISHEET HAS{BREEN
superposed in the drive signal -generator 27 and therely REPLACERi ng the
respective transistors of the inverter 22. Referring to Fig. 4,
the arrangenent of the pattern 26

FIG.13
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coi nci dence detector 28 is illustrated. The output pattern node generator
26 functions as a down-counter adapted /F(g generate the OR signal h2 of the
six comrutation timng signals in the rmof a clock pul se successively
on six output termnals 5 through 0. 1In starting and restarting, the
node 5 is output as an initial node, then the nodes 3, 23 Tand Seav ¢
output in this order (Regarding such sequence. details . I
| ater). The output h3-2 of the output pattern node ge
comutation timng signal hl are applied to EX-OR gate 32 of which the
output h4, in turn, is applied together with the OR signal

FIG.14
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terminates terminates
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start start
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h2 of the six commutation timng signals to an NAND gate 33. Specifically,
the output h3-2 of the output pattern no generator 26 is conpared with
the conmutation timng signal hl during period for which the OR signal
h2 of the six comutation timng signals is output and,_if no_coincidene
is detected. the output ho of the NAND gate 33 becomnes. Hi ghis SHERT SIASURHY
is applied to the starting controller 29. Correlation t heREBgY&ESt | v
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 O corresponding to the excitation patterns as indicated

in Fig. 6. Mre specifically, the output pattern nodes, the excitation
patterns and the comrutation timng signal

FIG.15

D

15

1000rprm

r (ms)

1.0

3000rpm

05
6000rpm

electric energy emission time period

1 1 |

S5 70 5

current value 7T /7Amp/

eet Has Been Replaced

T



27 detection phases are nutual )y related one another as
illustrated in Fig. 5. For exanple. if t comut ati on m-hRg-signal wa
detected from U of the open phase U at the output pattfs HOERT BAS BN
excitation pattern may be changed over fromthat corregpondif¥gLAGER he ngde
3 to that corresponding to the node 2 at the next output pattern node 2.
I.e.. the excitation node "fromV+ to U " in order to
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continue the nornal rotation. Fig. 7 is aflowchart illustrating a -

starting sequence in this enbodinent. citation of a given pattern occurs
at a step Tl. In this instance. the no ; 5 is selected as the given
pattern. i.e.. the excitation pattern of "U+ phase to V- phase and o]

15A is fed with such output pattern. Such state is nai
at a step T2. Consequently, the rotor is rotated in fot
direction by an electrical angle of 180[err] nax. and si
position of the rotor may be fixed. Now, the output pattern node is
advanced by two and the node 3 is output. Nanely, feed occurs with the
excitation pattern "fromV+ 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[err] in forward

FIG.1/
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m3

This Sheet Has Been Replaced

[T




direction and accel erated. A degree of acceleration depends on the feed -
current value as well ‘as the | oading cgmdition and, in this enbodinent. a
revol'uti on speed enough to oy
generate the counter electronotive force required for slenmspritgss 1'¥*\§n[?ﬁkﬁgi[
can be reached at a nonent of starting with a feed currient i REBr¥Ye:
Thus, at a step T4, the

FIG.18
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comutation timng signal is generated. So far as the normal rotation is-
concerned. the comutation tinmng si gnal/ﬁl s detected fromthe feedback

di odes of the U phase which is open d ng this period. = Then, a step T5
determ nes whether the output pattern node coincides pwt+ i
timng signal generation phase or not. Mre specifi .W

determ nes whether the signal of the nbde 2 coincides _wth T
timng signal from the U phase or not, since the output pattern node is
advanced by 1 to the node 2 as the commutation timng signal is generated.
If a coincidence is detected the routine proceeds to a step T6 to conti nue
the sensorless running. and if not det ecte[gqg ggrouti ne i s branched to a
step T7 to stop the output pattern. Aft has el apsed at a-step

T8. the routine returns to the step 1. the start point of
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the open loop, to repeat the starting sequence. The elapsing tine at the
step T8 is preferably set to a tine pedﬂgd at the end of which the rotor
stops and, in this enbodinment, the tine rn order of 2 sec is appropriate.
It shoul d be understood that the current value, the elapsing tinme and

out put pattern are specific for this enbodinent and |t :
possible to enpl oy the other '

FlG.20
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val ues and patterns in the other enbodi nents. As wi Il be apparent"

from the foregoing description, the ond enbodi nent of the invention
is arranged so that the state in whi€h the notor is rotatlng can bhe
detected even under a | oad possibly causing the sta {KD%r\w'
starting - to fluctuate and restarting can be tried yﬂﬁ%é%ﬁ% @th e
starting sequence even when the notor is vibrating. Ini{this

further reliable starting can be achieved with a relatively S|nple
circuit arrangenent. The third enbodi nent of the invention will be
descri bed with reference to Fig. 8. Fig. 8 is a block diagram
showi ng an arrangenent of a controller. As has previously been

menti oned, a node
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detector 23 detects the turned-on state of respective f eedback di odes.

A control ‘circuit 24 in this enbodlnent2 principally conprises a
comut ation timng signal detector 25. a phase shifter 35, a 6-step
wavef orm generator 36, a drive signal generator 27, a triangular wave
conpar at or 37, an F/V converter 38. a conparator 39 and first and
second- oscillators 40. 41. The conmut at i ﬁ"y ] | DRIAISHEBT &S GHEEN
25 detects the commut atian timi ng obtained froma’chop- offf per RERLASEDed
on t he out put of the_npode detector 23 and generates a cloC pul se.
The phase shifter 35 i a delay circuit nparing a counter adapted to
obtain a normal commutation ti 4ﬁ$'based
727
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runnmg
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- electrical angle of 15[err] to 3

o e

30 o Qnu%he”ﬁufﬁut signal of the commutation timng signa
deteetor25 and shifts (i.e., gfzs) t he phase generally within an

The 6-step waveform generator 36
generates waveforns of six nodes based on the clock pul ses applied from
t he phase shifter 35 so that the drive signal detector 27 may generate
t hereupon the notor drive signal and superpose this on the chopper signal
applied fromthe triangular wave conparator 37 prior to application to the

inverter 22. The F/V converter 38 serves

THIS SHEET HAS BEEN
REPLACED
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to F/V convert the clock pul ses which are proportional to the rotation
frequency of the notor 1 output fron1theg ommut ation timng signa
detector 25 and DC voltage obtained thereéby is conpared by the conpa
39 with the reference voltage depending on the rotatiofr %E%QﬁﬂCWA$PF&*h
notor 1. Depending on the result of conparison. swtchi oqgmL§CMy means
of a swtch 42 between the first oscillator 40 and the at or
41. Qutputs of these oscillators 40, 41 are alternately applled in the
formof reference triangular waves to the triangular wave conparator 37
and the reference triangul ar wave generated fromthe second oscillator 41
presents an oscillation frequency differing fromthat of the reference
triangul ar wave generated fromthe first oscillator 40. Preferably, the

FIG.24
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first oscillator 40 has an oscillation frequency of 15 kHz, on one hand,
and the F/V converter 38 and the conparaf)gr 39

31 - are so arranged that the switch 42 is connected to the first
oscillator 40 for the rotation frequency |ess than 5000 and is connected
to the second oscillator for the rotation frequency of 5000 or

It is also possible to provide a signal oscillator and

FIG.25
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to switch oscillation frequency itsel{; based on the output of the
conpar at or. As will be underst d;fron1the foregoi ng description
the 't hird enbodi ment of the invention advantageously mnminimzes a switching
|l oss of the inverter and effectively suppresses a heat generation fromthe
I nverter elenents. The fourth enbodi nent of the invention will be
described with reference to Figs. 9 through 11. As seen in Fig. 9, a
control circuit 24 in this enbodinent principally conprises a conmutatio
timng signal detector 25, a phase shifter 35, a 6-step vgﬁ@gﬁ@gﬁﬂﬁSBEg;\
36. a drive signal generator 27, a triangular wave conpar?tor FEpLACEE/ V
converter 38 and an oscillator 43. The commut ati on ti~nAg—sirgnal
detector 25 detects the conmutation timng obtained froma chop-off period
based on -

LN
89 90 &3
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(
&7

FIG.26 .
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t he output of the npde detector 23 and gerates a clock pulse. The phase
shifter 35 is a delay circuit conprisingza counter adapted to obtain a
normal commutation timng based on the output signal of the comutation
timng signal detector 25 and shifts (i.e., delays) the phase generally

32 with an electrical angle of 15[err] to 30[err]. The 6-step
waveform generator 36 generates wavefornms of six nodes based on the
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clock pul ses applied fromthe phase shifter 35 so that the drive signa

generator 27 may thereupon generate the tor drive signal and superpose
this on the chopper signal applied fromthe triangular wave conparator 37
prior to application to the inverter 22. The F/V converter 38 serves to
F/'V convert the clock pul ses which are proportional to the rotation
frequency of the notor 1 output fromthe conmutation timng
detector 25 and DC voltage obtained thereby is applied EV

43 which then generates reference triangular wave of a
proportional to the DC voltage. The triangular wave wt

frequency command vol tage and out put a predeterm ned chopper signal to the
drive signal generator 27.

Do .
s b b
4 Yl
Q +

. >0 D

o ' + S

© >< ) | o 'S

<[ | >

O +
) 2 O é)

9 +

G0 ® ::>x< Q S 't:

5 S

QO +

Q l>lal™s

W S + Q

® O o 'u

5 ]S

Q +

N Q

D% =S

Q ol .88

- | = @ = -5 ]

i o & (= SRR ]

P17 ] 0| =|EF

nlz | S §‘ 25

This Sheet Has Been Rep

L

i



Fig. 10 exenplarily illustrates a conm j on extending fromthe F/V i
conyerter 38 to the oscillator 43 sho n Fig. 9. and Fig. 11 illustrates
wavef or ms generated from inportant conponents of the connection. The F/V
converter 38 principally conpri-ses an operational anplifier 44. a diode,
a resistor and a capacitor. The conmmutation timng signal detector 25
generates six pul ses per one revolution of the notor 1. When a signal k1l
fromthe comutation timng signal detector 25 is applied to thed+V—
converter 33 ﬁdls SHEET HAS BE,EE\J

REPLACED
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38, DC voJtage k2 which is proportional to the rotation
obt ai:ned. The DC voltage k2 drives a gate of FET 46 and|cat
resi stance of FET 46 to vary in a linear fashion. The tnqi
generator 37 conprises operational anpldefiers 45, 47, osdil
frequency regulating resistors. a capacitor and a Zener di
connect ed between the resistors so that an output signal
operativgal anplifier 47 presents a Aeskragke triangular Wwave
frequency~whi ch is prepeidntaalldo fidre a bmaqhéesy D¢ m@%oslgnal k1l out put
fromthe comutation timng signal detectar shoul d be under st ood

that the time axis given i #ﬁ%fu§tﬁ1ﬂﬂsﬁFﬁ8nr55838 i ve waveforns kl1.

The invention relates tc a controller (24; Fig. 1, 2; Fig. 12-

17) for a Dbrushless DC motecr (1) without rosition sensor
including an inverter (22) adapted to drive the motcr (1)
under chopper controcl and utilizing z counter electromotive
force generated in stator ceoils (U, V, W) cf respective phases
as a rotor (3) is rotated in ocrder to detect a position of the
rotor and thereby to generate a commutation sigrnal, said
control system comprising means (50, 51) to detect a magnitude
cf current flowing through said moteor (1) and means (52) to
inhibit the position detection based on the electromotive
force immediately after commutation has occurred based cn the

cuftput from said current detecting means.
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k2 and k3 is actually expanded relative to the waveform
of ilFustFation. In this enbodi nent, the rotation
conti‘nuously variable from2 kHz to 15 kHz for the rotat
to 10000 per m nute. As wi ||

FC‘|

¥,

<3RE"°L9

O o

descri ption,

be aggggciated fromt
the fourth enbodi nent of the invention adv
mnimzes a switching loss of the inverter and suppressesg

generation fromthe inverter el enents,

since the

choppe

continuously varied in accordance wth the rotation frequency of the notor

1. The fifth enbodi ment of the invention will be described with
reference to Figs. 12 ihreough—3t+—-Refer+ng-to Fig. REPLACEMENT SHEET i
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34 12, reference nuneral 22 designates an inverter and

ref erence’nuneral 23 designates a counter electronotive _force deteety

(having a function sinmilar to that of the node detector paptAtEMNew G

first through fourth enbodinments). The jgyerter 22 serVes—as—a UrjAgl

circuit for the brushless DC notor 1. {he brushl ess ﬁ%t& L 41400
t Y€

stator coils U V. Wand pernmanent magnet rotor 3 so thgat
magnet rotor 3 is rotated under the

Jpr——
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effect of the magnetic field generated by current fIOALng-%h+eugh~++mﬁ -
statoF coils. A control circuit 24 according tof tREPsAGHHIGHI b
conprises a current detector 50. a current |evel detegtpr—5I, &
inhibitor 52. a phase shifter 53 and a kegg signal gen rgog %@99T rm nal
vol tage of the brushless DC notor 1 is applied to the &

el ectronotive force detector 23 and the countes e|ecrrmﬂ§gﬁﬁgiggg oft the
open phases is detected based quu_R@;Maﬂnﬁmﬂ’ ol t agk. e current
detector 50 and the current | eyej—detector ¢onst i tute together-means to
detect a magnitude of the curfepn ﬁ% YN % oygh the motor 1. The
current detector 50, enploys fopp 9 ﬁ?s*gﬁ hlag a shunt resistor and a
current transformer to achievg he desired téction. The current |evel

detector 51 is readily arrangefl by using a peak |hold
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circuit. The detection inhibitor 52 is a circuit to inhibit further

detection‘of the counter electronotive force

i nhibitor 52 by an electrical angle of 30[err].
generator 54 is a circuit to generate a signa

FIG.4
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the rotation frequency is reduced. Accordingly,

i nhibit the detection of counter
| onger than the tine

rotation frequency. However,

t he

el ectronotive forcg
period corresponding to the ex
this igyaebiting time per

an electrical angle of 30[err] would result in inhibiti
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det ect ed. Fig. 16 exenplarily shows the detectio
feed.termnation signal for a lower armature is applie
termnal 57 of a nonostable nultivibrator 56 (herelnaft&F—s1
to as nononulti) while a feed term natypyy signal for
applied to an input termnal 59 of a nonomulti 58. Th
the current |evel detector 51 is applied to termnals
respective nmonomultis 56. 58 and thereby varying a pe |od/©f/%he outpuh
pul ses. In this specific exanple, the period of the o
varied by OVOFF of timng capacitors. The signals appearing I n the
circuit of Fig. 16 present respective waveforns as illustrated in Fig.
17. Referring to Fig. 17. if md is at a high level, REPLACEMENT SHEET

88 Jin 1999
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is grounded and therefore no signal is transferred. If nb iS-at—a—high. . _

| evel; output of an qﬁ?E %’Cg ’i% IS?‘ lgailso at a high level. Th sflij~ iﬁMBNI}S@Eﬁ
may be arranged as il lLsirared ﬁ Filg. 17 to inhibit the deét ctT"Gﬁ“%;E'j}féﬁ, 1
as the electric engrgy is being enitited/298 is an out put v f@,%g@g/gogg @1 ?f
det ection inhibitor|52. 0% Bho#% be {funderstood that there st he 7 77 |
provided the circuitl ¢f Fig. 16 by j{tHe nunber correspondin O%einwmeu ]
of motor's phases. The signal preserting the waveform nB lleads” t4ie nor mal i
feed timng by an eélectrical angle 30[err] apd therefore the phase—shifter.’

53 nust provide a_delay corresponding to thfN electrical angle
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of 30[err].

Based-on an out put {S
generator 54 gener qt

phase shifter 53

the angle of |eadii
f oregoi ng descri ptifon.

position- sensorl

sSsS drirve to be ac
comutation timngleven if the |oad

FIG.9

53,

the inverter 22

The phase shifter 53 is readily inplenented u5|ng
gse shifter
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frequency fluctuate. Accordingly, the position-sensorless
adopted for the particular field of application in which
position-sensorl ess drive has usually been unpractical.

enbodi ment of the invention will be desggideed wth referenge
and 19. A control circuit 24 according to this enbodi
as shown in Fig. 18. a detection inhibitor 52, a phase shi

signal generator 54 and a rotation frequency detector 65.
detection inhibitor 52 inhibits further detection of coun

l‘-
sBEPLASENENT s1pp
-//.’/ ./

S

n.be -

force imediately after the commutation has occurred. The phase shifter 53
del ays the phase of output signal fromthe detection inhibitor 52 by an

REPLACEMENT SHEET
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angle of 30[err]. The feed signal generator 54 oy g =

el ectri caI T
38 serves to generate a signal with which t '_:l nv‘e‘f‘ e QQELT
i's driven. The rotation frequency detector 65 detects t}h rotﬁ;r(m
frequency of the notor 1 and the rotatipyderequency I nfjor rramﬁogg’p/ﬁgw
provi ded therefromis applied to the detection i nhi bitgr |52. 7
e
S 4
REPLACEMENT SHEET
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A counter electronotive force detector (= node det ector) '2;3 St ~he--—--~
arrangenment simlar to that in the previous fifth enhodi ht le"’“‘ BhEET
provi des the out put waveform n2 as illustrated in Fig. 14. The” rotat'lxb‘n“;
frequency N and the el ectric energyigphgsion tinme period t| age; sg,_fé 1 —}9
graphical ly shown in Fig. 19 based on the data experi nen ly obtgf néd I
using the load as a paraneter. As wll be apparent from Fi g*“; Fthe—

el ectric energy emssion tine periodt is prol onged as tthe rerta/fl on
frequency is reduced. Accordingly, in this enmbodiment also, the
controller should inhibit the detection of counter eb_ect ronotive force

for a tinme period longer than the tinme period corres i ,:
expected mninmumrotation frequency. However, this Wﬁgeﬁm\@ﬁ Sﬁ'eET
peri od exceeding an electrical angle of 30[err]

08 Jun 1999

FIG.T2
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woul d result in.inhibiting the detection of the counter

f orce-whi ch nust be detected. The detection inhi b tREPLEENETgR
ar r angenent simlar to that in the previous fifth enbdgdi flfentT SHQ,
Fig. 16 and provides the output waveforggaseillustrated

out put signal |eads the normal feed timng by

39 an electrical angle of 30[err] and therefo
shifter : i

REPLACEMENT SHEET

08 N 1999

FIG.13

23
M
o1 YW \ 2
m -Q
A.ﬁb‘
AN
o— M +
' o
- 55
My
= o MW :>\\\\\
O
./\55




53 nust provide a delay corresponding to the electrical
30[err]. In response to the phase shifter 53. the feed

54 generates a drive signal for the i nverter peﬁ,
appreci ated fromthe foregoing descriptigms the si xth e ;T~e7
invention also allows the position-sensorless drive to

the basis of the preci se conmutation timng even if the —Lh&-~J
rotation frequency fluctuate. Accordingly, the position- eneﬂ/l Ss l
drive can be adopted for the particular field of application ‘Tﬁ*mhrehh~—m~
such a position-sensorless drive has usually been unpractical . Wile

the fifth and sixth enbodi nents of the i nvention h

above as enpl oying the counter el ectronotive force déEBbAGﬂMENaqggﬁgl

to so-called mddle _ —

commutation commutaticn
terminates terminates
commutation commutation |
stalu"t start ll
, I |
T l
A Y V'

!
|
|
I .
I
I




poi nt conparison. it should be understood that these enbodi ments are -
al so applicable to the case in which the counter electronofryve-force

b T
dﬁﬂd&s”&s\T HEET

det ect ed based on the turned- on states of the feedback
previ ously nentioned. Finally sevent h enbodi men{  of thgfj”
invention wll be described with re%erence to Figs. 20 {hfough SEP959
t aki ng the case in which a three-phase DC brushl ess not ¢r iscyégﬂ.
Fig. 20 is a block diagram generally showi ng an arrangenent #t-hi-s
enbodi nment . A controller 24 according to this enbo |neﬁt conpri ses
40
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a current detector. 50, an isolation anplifier 66, a rotor 0Si tion

detector 67 and a feed signal generator 54. The current tegt,car '5@"“& Amas

to detect a waveformof current flow ng through the DC o3 ﬁg:/ﬁﬁ‘511

conponents such as a shunt resistor angdegscurrent transf r r. The//fé’edl
e

signal generator 54 generates a signal with which the inyeft&d 3EPAe l
driven. The isolation anplifier 66 and the rotor positio tegtof 67
constitute together neans to detect the current wavefor an(Tt reby*' ,
detecting the position of the pernmanent magnet rotor 3. rdt or p03|t|0|f1
detector 67 is of an arrangenent as shown in Fig. 21.
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Qutput nl of the isolation anplifier 66 is applied to an A/D converter 68 -
whi ch-sanpl es the current waveformof a given period and digitizes this.
The current waveformthus digitized is applied to a mcroco_ M‘Eﬁ

conprising a CPU 69. a RAM 70 and a and, the C m‘ﬁrs

di agnoses the waveform A start si gna:Qqa/J(sz(]:)9 IS appl i ed t@@ﬂﬂ
termnnal 73 of the mcroconputer 72. Now, operatijom of t %@t
as has been described above will be described with refleder2& i%/t f
chart of Fig. 22. Upon application of the start lsi gna_L/j._,i
m croconputer 72 generates a signal of a given period ffroiys output
termnal 75 and this signal is applied to the feed mgn____gener—a%ﬁr'ﬁzt""
causi ng a synchroni zed runni ng of the

er
(0]
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41 . brushl ess DC notor 1 (step T21). The synchronized.running
conti;nues for a given time period t until the brushless DC | nBEan;iy f@é e

“J

a predetermned rotation frequency (step T22). The given t 4 /”
depends on the <characteristics of the hsyshl ess DC notor t aIIy use
After the brushless DC notor has continued the synchronized fru ﬁiﬁﬁp

the predetermned tine period t at

REPLACEMENT SHEET
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the step T22. the mcroconputer 72 determines at a step T23 whether a fe
(commutation) to the phase in which the current waveformis G
is started or not. If the determnation is affirmative, thelc
wavef orm output fromthe A/D coriverter fif,es pi cked up and
RAM 70 (step T24) until the feed node is swtched (step T25).
node has been switched at the step T25. the CPU 69 reads th
waveform stored in the RAM 70 and thereby detecting the pea 14y

the current waveform (step T26. step T27) to. detect the posntlon_ﬁf Lhe..
magneti c poles of the rotor. | f the current waveform has been
detected, for exanple, to have the peak p?SyKFo E%ying on the mddle
(t[err]=t[err]) between the conmutation staft nz oint and the feed node
switching point as shown in Fig. 23, the present feed t'”'HaHACEMENTSHEEI

G8 1N 1999
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Is determned to match the relative position of the rotor and the stator

coils: If'the peak position lies on the second half (t[erf] &&_ugm N H?E(
shown in Fig. 24, the feed timng REALAC L%&?ﬁ,b

is determned to be delayed. |If the pegk/ppsition lies on| the firsy palf
(t[err]<t[err]) as shown in Fig. 25, the feed timing is deterdiﬁéﬁﬁi e

advanced. Yy

a4
&
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When t[err]=t[err]. the feed is continued wth this timng, and when -
tlerr]>t[err]. the feed timng is advanced by a prescribed _amount_ (step_hj

T28)." When t[err]<t[err]. the feed timng is del ayed by
anount (step T29). Once the feed bypgqg has been ch
feeding is waited for and, upon starting of the feeding,

mentioned above will be repeated. In this nanner, the pf
timng can be achieved even the rotation frequency and/ of

fluctuate. However, excessively delaying or advancing t
result in repetition of t[err]>t[err] and t[err]<t[err].

eqa A8GHEegceT
}e@L

th at{’ ag
et tilon

he koa
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he tJnlﬁg\MII
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T

appreci ated fromthe foregoing description, the seventh enbodi nent of the
invention allows the stable position detection of theotor evepn when the
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structurally prevents the counter electronotive force in the open phases -

fromlinearly varying. Furthernore, the comutation can[Dg. AGREEeMe EET
always with the precise timng because the feed timng i$§ gﬁﬂé&&ﬂﬁé?%%‘jf
on the basis of the current waveform , }qustrial Usef ul ness: L
spite of having no position-sensor. the Brlishl ess DC 06 SEP'199
43 ’ > yaya
F / G e 2 _..;f?"'// _,:f:’:"
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notor of the invention can precisely detect the rotor posgt

adequate structural strength and achieve a fine rotation
of these abilities, the brushless DC notor of the inventi
for use wunder a severe, condition suchzagdigh tenperatur
encountered by the scroll type conpressor.
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Cl ai nms 1. Acontroller (24; Fig. 1, 2; Fig. 12-17) f{D.Lm,I__S__DJ ess DC -~
notor .(1) without position sensor including an inverter g@@%}:@m
a~calint'ep bl

drive the nmotor (1) under chopper control and utilizin Lepy i
el ectronotive force generated in st af oy coils (U, V, of respécirv
phases as a rotor (3) is rotated in order to detect OQ&@E whot he
r ot or and thereby to generate a commutation signal, N /cﬂ’ﬁtrol
system conpri si ng: means (50, 51) to detect a mag itudg}”’é‘f’y//“fc'

f1 owi ng through said motor (1) and rmeans (52) to inhFMilh.krﬁj
posi tion detection based on the el ectronotive force i medi ately afte
comut ati on has occurred based on the output fro aid _current
detecting neans. REPLACEMENT SHEET
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2. Acontroller (24; Fig. 1, 2; Fig. 18, 19) for brushless DC___not or
(1), without position sensor including an I nvertgr Rgpmmﬁ@laﬂ?&eﬁ
to drive the nmotor (1) under chopper control ang—uatttie
counter electronotive force generaggghd n stator coiljs

respective phases as a rotor (3) is rot ated in order |t 0@5;%5%23?“9
position of the rotor enerate a (of0) t t|on=
signal, said controller co BF%M@WW SHEEB rotation fredquency detector
(65), a detection inhibito (52) adaptled to inhibit the<totor..posi.tion:
detection i medi ately afferQ8qumuugee on lhas occurred based on the
output fromsaid rotation firequency detectjor} (65).
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