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DRIVE CI RCU T FOR BRUSHLESS MOTOR BACKGROUND OF THE | NVENTI ON, (Bkd of t he
| nventj on The invention relate to a drive circujit for the brusEl.,,ess not or .
Deseription of the Prior Art The rotation driving control of a brushl ess

" mot'or can be;classified roughly into two functions. One .of which is a
commut ation éontrol for controlling the #imng of respective phase current
- which flows through respective armature wi nding. Another is a speed control

“whi ch .mai ntains thBRIVE CJRCUIT FOR BRUSHLESS MOTOR
Y | -

\ BACKGROUND OF THE INVENTION

Field of the fﬁventlg h .
~ The invéiption relate to a drive circuit for the brushless motor.
Descnptlon of the Prior Art '

The rotation driving control of a brushless motor can be classified
roughly into.two functions. One of which is a commitation control for
controlling the t1m1ng of respective phase current which flows through
'respectlve armature winding. Another is a speed control which maintains the
rotation speed constant.

In the commutation control; a rotor location signal i§ necessary Whlch

_indicates the relative position of the armature winding and the rotor. On the
other hand, in the speed control, a speed signal is necessary for indicating
rotation speed of the rotor.

For the commutation change control of conventional typical brushless
motor, a rotor location detecting element such as Hall device is used. Bat,
since the rotor location detecting element is no so cheap and needs further
many electric wiring, there is some demerit which is complicated and causes an
increase of cost. | |

Further, by usmg ‘the rotor location detecting element the thinness and
small sizing of the motor is restricted. Since an output of the rotor location .

| detecting element changes by temperature and humidity, there remain some
problems from the view point of reliability. .

To avoid this demerit, some driving systems for the brushless motor are
proposed for detecting a rotor location using a counter electromotive voltage
signal induced in the armature winding. The typical driving system for
-detecting the rotor location from the counter electromotive voltage signal is
disclosed in the laid-open Japanese Patent Publication No. 58-25038. In the

“above publication, two systems are disclosed, one of which is a system for

detecting a location by comparing both terminal voltages of respective

REPLACED SHEETS SG

1 Description paged ........ to pageg ..........
[ Clain:(s) p,« ged ... 10 paged g
[ Drawing(s) : } A“’ to naged %8’
[4 Abstract
DATE OF RE(,EIPT ................................... :

L™

.,:.; oA \)p‘.ged .......... L - _="":".




rotati on speed constant. In the comutation control; a rotor location
signalsis necessary which indicates the relative p05|t|on of the armature
wi nding and the rotor. On the other hand, in the speed control, a speed

si ghal

I s necessary for indicating rot ation speed of the rotor. For the

commut ati on change control of conventional,typical brushless notor, a rotor
| ocati on detecting el enent such as Hall dé%lce I's used. But, since the:

rot or

| ocation detecting elenent is no so cheap and needs further many

el ectri c warhmgure Winding andriedsther siste dy ¢omparingi thet mlrrﬂﬂdl voltage aad

the neutral voltage of the armature winding.
. FIG. 120 shows a general construction of the system for detecting the
location by comparing the terminal voltage and the neutral voltage of the

- armature winding. In FIG. 120, 12, 13 and 14 are the armature windings of a

star connection brushless motor, 11 is a bridge circuit which switches the
current flowing in the armature windings 12, 13 and 14. A comparator 500
compares the terminal voltages U, V, W, each of which is not neutral terminal
of the armature winding, with a neutral voltage M, respectively, to detect the
rotor location. A commutation control means 501 controls the bridge circuit
11 according to the rotor location which is detected by the comparator 500 and
makes the rotor rotate by supplying a current into-the predetermined phase of |
the armature winding. |

Further, the laid-open Japanese Patent Publication No. 51 100216
discloses a method for compensating a phase delay generated when comparing
the terminal voltages, where ohmic drop of the armature winding resistor is
assumed to be constant and the phase delay is compensated using a shunt
resister. '

By the way, in the driving system for detecting a rotor location using the
counter electromotive voltage induced in the armature winding, the rotor
location can not be detected if the counter electromotive voltage is less than a
predetermined value by the reason of low rotation speed of the rotor. On this

occasion, since the rotor location can not be obtained at starting, it is necessary

to forcefully apply a rotating magnetic field to the rotor from outside.

But, in case applying forcefully the rotating magnetic field to the rotor
from outside, the relative position of the rotor and the armature winding do
not always stop to a location where the rotor can rotate to a normal direction,
but some torque may be generated toward a counter rotation direction at the
beginning of starting at some location of the rotor, which involves serious
problems in which a normal startmg is prevented. '

To solve this problems, some improvements are proposed, for example
in the laid-open Japanese Patent Publications No. 57-173385 and No. 2-



I ncrease of cost. Further, by using the rotor |ocation detecting el enent,
the thinness and small sizing of the notor-is restricted. Since an output
.of t'he rotor location detecting el enent changes by tenperature and
huidity, there remain sonme problenms fromthe view point of reliability. To
avoid this denerit, sonme driving systens for the brushless notor are -
proposed for detecting a rotor |ocation u§5ng a counter electronotive

vol tage sighal induced in the armature wi nding. The typical driving system

fs ?gng let iegt 237490 Iptiee 1didceperpTapdrite Piteno PibHEatkor N6 0FPII73385) it fe
disclosed a starting system, which starts to rotate a rotor after having fixed the
rotor to a predetermined position at starting, comprises a means for suppl'yin_g'
a current to a predetermined phase of the armature winding at starting for a
predetermined period and a means for forcefully applying a rotating magnetic
field to an armature winding from the outside. |

The system of the laid-open Japanese Patent Publication No. 57173385
explains using FIG. 121 (a) that a fixed timer circuit 512, the armature
windings 12 (U phase), 13 (V phase) and 14 (W phase) of a three phase DC
brushless motor are connected to a power supply 510 through a power switch
511. The armature windings 12, 13 and 14 is connected to collector of
transistor 515, 516 and 517, respectively, and an ei_nitter of this transistor is
connected to earth, which comprises a driving circuit 518. _

A switching timer circuit 513 and a rotating magnetic field generating
circuit 514 are connected to the fixed timer circuit 512, and a switching circuit
519 is connected to this switching timer circuit 513. The switching circuit 519
switches currents outputted from the rotating magnetic field generating circuit
514 which drives the driving circuit 518 and driving currents detected at the
armature windings 12, 13 and 14 according to the electromotive voltage to
supply to the driving circuit 518 . The output terminals of this switching
circuit 519 are connected to respective phases of the bases of the transistors
515, 516 and 517. An electromotive voltage detecting circuit 520 is connected
to inputs of the switching circuit 519. The armature windings 12, 13 and 14
are connected to the input terminals of this electromotive voltagé detecting
circuit 520. Respective three phase output signals from the rotating magnetic
field generating circuit 514 is inputted to the input terminals of this switching
circuit 519.

- Since the device is constituted in this way, when the powér switch 511 is
turned on, one of the armature windings 12, 13 and 14 is connected to the
power supply 510 and the fixed timer circuit 512 operates simultaneously.

The fixed timer circuit 512 outputs a control signal 521 to the rotating
magnetic field generating circuit 514 for a predetermined period, the control



di sclosed in the | aid-open Japanese Patent Publication No. 58-25038. In the
-above publication, two systems are disclosed, one of which is a system for
detecting a |ocation by conparing both term nal voltages of respective 2
armature wi nding and the other system by conparing the-termnal voltage and
the neutral. voltage of the armature w ndi ng.

4

signal 521 excites one of the armature windings 12, 13 and 14, specifically, for
example, a W phase shown in FIG. 121 (b). The fixed timer circuit 512 also
outputs a control signal 521 to the switching timer circuit 513. Aftera
predetermined period when the control signal 521 is outputted from the fixed
timer circuit 512, the fixed timer circuit 512 turns off. When the fixed timer
circuit 512 turns off, the rotating magnetic field generating circuit 514 outputs
driving signals 523, 524 and 525 as shown in FIG. 121 (b) to the bases of the
transistors 515, 516 and 517 through the switching circuit 519, where the
driving signals 523, 524 and 525 excite the armature- windings 12, 13 '_and 14,

- respectively. This switching circuit 519 is switched to a state of solid line

- shown in FIG. 121 (a) according to a switching indication signal 522 shown to

FIG. 121 (b), and this state is maintained until the switching indication signal
522 outputted from the switching timer circuit 513 becomes low (L) state.

The driving signals outputtéd from the rotating magnetic field generating
circuit 514 applies driving signals sequentially to the bases of the transistors
515, 516 and 517 in the driving circuit 518. The sequential currents are
suppliéd into the armature windings 12, 13 and 14 from the power supply 510.
Therefore, the rotatiﬁg magnetic field is generated in the armature windings
12, 13 and 14, which causes the rotor to begin rotating.

| " The motor is started in this way. When a predetermmed period is passed,
a switching sxgnal 522 which is outputted from the switching timer circuit 513
becomes L state and the switching circuit 519 switches its contacts. the driving
signals outputted from the voltage detecting circuit 520 is applied to the
driving circuit 518, which drives the transistors 515, 516 and 517 sequentlally
* and maintains rotation of the three phase brushless motor.
The prior art of the laid-open Japanese patent publication No. 2-237490 is
| | explamed below. This brushless motor has an electromagnetic transducer for
~ detecting a rotation position of the rotor. This brushless motor selects one
predetermined current switching pattern corresponding to a rotor stopping
locatidn from the predetermined current patterns set for starting a;:cording to
the rotating location detected by the electromagnetic transducer at starting,
then switchés the driving current to be supplied to the stator armature winding



FIG 120 shows a general construction of the systemfor detecting the

| ocati ®n by conparing the termnal voltage and the neutral voltage of the
armature winding. In FIG 120, 12, 13 and 14 are the armature wi ndings of a
star connection brushless notor, 11-is a bridge circuit which switches the
current flowing in the-armature wi ndings 12, 13 and 14. A conparator 500
conpares the terminal voltages U, V, W egch of which is not neutral
‘terminal of the armature winding, with a neutral voltage M respectivelly,
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COmDar at or aid o vause the rotor to start. When the electromotive voltage generated in
the stator armature winding reaches a predetermmed value which is necessary
to detect the rotation position of the rotor, the rotation position of the rotor is
determined from the detected electromotive voltage. By the detected output,
the drivihg current for driving the armature winding is switched to generate
~ the rotating magnetic field and to cause the rotor to rotate.

On the other hand, in a speed control of the brushless motor, it is
generally used a system for maintaining the rotating speed constant by
controlling the current quantity flowing in the armature winding.

'FIG. 122 shows a block diagram of a speed control system of the driving
circuit for conventional brushless motor. In FIG. 122 , 530 is a speed
detecting circuit which detects actual rotation speed of the rotor and outputs a
speed signal, 531 is a speed difference detecting circuit which outputs a speed
difference signal having a pulse width corresponding to the speed difference by

_ counting the speed signal period using reference clock. A speed difference
compensation filter 532 outputs a current indication value to a current
supplying circuit 533 so that a speed difference becomes zero according to the
speed difference signal. The current supplying circuit 533 regulates a current
quantity supplied to the armature winding of the brushless motor 534

-according to the current indication value. In the driving circuit of such
conventional brushless motor, the speed difference compensation filter is
constituted of an analog filter in which a PI filter 460 and a first order delay
filter 464 are connected serially as shown in FIG. 123. . - .

In the driving circuit of the conventional brushless motor, the speed
signal period is counted by the reference clock and therefore the reference
clock frequency inputted into the speed difference detecting circuit is switched
in proportion to the indicated rotation speed when the indicated rotation. speed
to the motor is switched.

Regarding the system which detects the speed signal for controlling the
rotation speed of the brushless motor, there are a system which is popularly'
«called a FG system which exclusively use a frequency generator for speed



makes the rotor rotate by supplying a current into the predeterm ned phase
of thesarmature wi nding. Further, the | aid-open Japanese Patent Publication
No. 51-100216 discloses a nethod for conpensating a phase del ay generated
whé&n conparing the terninal voltages, where ohnic drop of the armature

wi nding resistor is assunmed to be constantgand the phase delay is
conpensated using a shunt resister. By the way, in the driving systemfor
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magnitude of the counter electromotive voltage signal induced in the armature
winding is in proportion to the rotation speed. |

In the conventional driving system in which the location detectlon is
carried out by comparing the terminal voltages each other, since one of the
terminal is a current supplying phase and another is a non-current supplying
phase, when the current in the current supplying phase increases at load state,
the ohmic drop in the armature winding of current supplying phase becomes

large, and therefore the rotor location signal of the current supplying phase
delays.

This delay causes a commutation timing to delay, then the torque
decreases, which causes a rotation speed to decrease. When the rotation speed
decreases, the current increases in order to rise the rotation speed, and the
ohmic drop further becomes large, that is, there occurs a vicious circle. In the
worst case, the motor can not generate a torque which is larger than the load,
and then the motor will fall into stopping state.

On the other hand, in the conventional driving system in which the

- Jocation detection is carried out b)} comparing the neutral voltage with the
terminal voltages, although the phase delay of the location detecting signal can -
‘be solved, it is necessary to draw out the neutral leads from inside of the
brushless motor. |

The rotor location signal obtained by comparing the neutral voltage with
the terminal voltages is shifted around 30 degrees in electrical angle against the
actually needed rotor location signal, then the compensation must be carried
out. The integration filter is usually used for phase compensation, therefore,
when the motor is derived in a variable speed, the integration filter constant
must be changed. Accordingly, if the constant is fixed, the commutation
operation becomes unstable at transient state. '

Further, in the above both driving system, by the influence of spike
shaped noise generated on the terminal voltage waveform accompanied with

the switching of the driving transistor, the. rotor location signal becomes
incorrect. |



| ocation can not be detected if tthe counter el ectronotive voltage is |ess
t han aspredeterm ned value by the reason of |ow rotation speed of the
rotor. On this occasion, since the rotor |[ocation can not be obtained at
starting, it is necessary to forcefully apply a rotating magnetic field to
the rotor fromoutside. But, in case applying forcefully the rotating
magnetic field to the rotor fromoutside, 7the relative position of the
rotor and the armature mﬁnding -do not always stop to a | ocation where the
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| ocati on ofendratontivis nebessary togrovids arﬁre@sency generator having a high
machining accuracy. Therefore, it is necessary to provide a wide space for
installing the private detecting apparatus and then there is a cost disadvantage.

In the detecting system for detecting a speed by an amplitude of the
counter electromotive voltage, since the voltage generated by the current
flowing in the armature winding is superposed to the counter electromotive
voltage, it is difficult to detect only the amplitude of the counter electromotive
voltage, and also the magnitude is followed by a change of environment.

In the conventional brushless motor, it needs a predetermmed time to
start after a starting switch is turned on.

In the conventional starting system, when the starting is failed, it is
necessary to restart and so it takes a lot of time for starting the motor.

In the conventional speed difference compensation filter in the driving
circuit, when disturbance at low pass area is large, the disturbance can not be
satisfactorily compressed. Therefore, the specification of the rotation accuracy
can not be well satisfied. : '

- In the conventional dnvmg circuit for the brushless motor, when the
indicated rotation speed to the motor has changed, it is necessary to change the
reference clock inputted into the speed difference detector in proportion to the
indicated rotation speed. _

In the conventional driving circuit for the brushless motor, a
commutation timing is not synchronized with a timing for increasing or
decreasing the armature winding current. Therefore, it is difficult to add or
subtract a compensation value which is determined by the resistance value of
the armature winding and the current flowing in the current supplying phase
to/ffrom the winding voltage dﬁring the actual driving period.

In the conventional driving circuit for the brushless motor, the transistors
are switched by the rectangular shaped wave, there occurs noise at
commutatlon

‘It is an object of the present invention to provide a dnvmg circuit for the
brushless motor having no phase delay in the rotor location signal even at load




problems in which a normal starting is prevented. To solve this problens,
sone isnprovenents are proposed, for exanple, in the |aid-open Japanese
Patent Publications No. 57-173385 and No. 2- 3 237490.- In the | ai d-open
Japanese Patent Publication No. 57-173385, it is disclosed a starting
system which starts to rotate a rotor a%ter having fixed the

state, having a stable rotation irrespective of steady state or transient state, and
a simple lead connection. | |

Further, it is an object of the present invention to provide a dnvmg
circuit for the brushless motor for correctly detecting a rotor location signal
even if spike shaped voltage fluctuation is generated on the terminal voltage
waveform accompanied with switching of driving transistor.

Farther, it is an object of the present invention to provide a driving
circuit for the brushless motor for obtaining a speed signal without providing a
private speed detecting circuit. '

Further, it is an object of the present invention to prov1de a dnvmg
circuit for the brushless motor for being started in a short time without
influenced by the load condition.

Further, it is an object of the present invention to prov1de a driving
circuit for the brushless motor for providing a high ac_curate rotation mode
with fully compressed disturbance even if the disturbance at low pass area is
large. | '

Further, it is an object of the present invention to provide a driving
circuit for the brushless motor for changing the rotation stably by switching a
target rotation speed and a gain of the speed difference compensation filter.

Further, it is an object of the present invention to prdvide a driving
circuit for the brushless motor for synchronizing the commutation timing with |
a timing for increasing or decreasing the armature winding current.

Further, it is an object of the present invention to provide a driving
circuit for the brushless motor having less noise at commutation operation.

SUMMARY OF THE INVENTION

A brushless motor driving circuit for driving a plurality of the armature
windings of a brushless motor of the present invention comprises a plurality of -

the terminal voltages detection means located at every phase of the armature’
windings; a terminal voltage compensation means for adding or subtracting a
compensation value to/from the terminal voltage of an armature windings



rotor to a predeterm ned position at starting, conprises a nmeans for
supplykng a current to a predetermnm ned phase of the armature wi nding at .
starting for a predeterm ned period and a neans for forcefully applying a
rotating magnetic field to an armature wi nding fromthe outside. The system
of the | aid-open Japanese Patent Publication No. 57173385 expl ai ns using
FIG 121 (a) that a fixed timer circuit 5?2,_ the armature wi ndings 12 (U
phase), 13 (V phase) and 14 (W phase) of a three phase DC brushl ess notor

are connecgetected at Reypec rh*egﬁh?(seijcﬁxﬁﬂ %ﬁihl%lrhﬁhg period Ct'.’he5édmp5h§atmn
armature leg ﬁen ssdelt%:rmji%eg ri>y % ieélsstc;:rogp Cet glgmature v!/{n 1}12 ranc{ a winding
| current; and a comparator means for comparing respective terminal voltages
after compensation has carried out to obtain a rotor location signal; the -
armature windings are driven by the rotor location signal detected at the
comparator means. |

Since the neutral point is not used and a location signal is obtained by
compensating the compensation value determined by the armature winding
current only during the actual driving period, the lead may be small and

 correct driving timing having less delay may be obtained.

| A brushless motor driving circuit for driving a plurality of the armature
windings of a brushless motor of the present invention comprises a plurality of
the terminal voltages detection means located at every phase of the armature
windings; a terminal voltage difference corﬁpensation means between |
respective phases for adding or subtracting a compensation value to/from the
terminal voltage difference of respective phases detected between the armature
windings during actual driving period, the compensation value is determined
by a resistor of the armature winding and a winding current; and a comparator
means for comparing respective terminal voltage difference between respective
phases after compensation has carried out to obtain a rotor location signal; the
armature windings are driven by the rotor location signal detected at the
comparator means.

Since the neutral point is not used and a location signal is obtained from
the inter-terminal voltage by compensating the compensation value determined
by the armature winding current only during the actual driving period, the
lead may be small and correct driving timing having less delay may be
obtained. : -

Further the brushless motor dnvmg circuit of the present invention
comprises a rising and falling signal detection means for detecting a rising and

T falling signal of the rotor location signal to speed-feedback-control by
' assuming the detected resultant signal as a detected speed signal.
Further, since a signal corresponding to the signal speed is obtained from



transistor 515, 516 and 517, respectively and an emtter of this transistor
i's connected to earth, which conprises a-driving circuit 518. A switching
timer circuit 513 and a rotating magnetic field generating circuit 514 are
- connected to the fixed tinmer circuit 512, and a switching circuit 519 is
connected to this swtching tiner circuiﬁc§13. The switching circuit 519
switches currents outputted fromthe rotating nmagnetic field generating
circuit 514 which drives the driving circuit 518 and driving currents

det ect ed dhetlocationsgignal, the speed control s siraplified ey ngingya sémple apparatus.
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termnal's of t
' the driving signals being applied to a terminal voltage compensation means of

| respective phases during the driving signals is applied to a bridge circuit for
exciting and driving armature windings of respective phases.

Since an actual driving is carried out during the driving signals is in a
driving state, the phase delay is correctly compensated.

Further, in the brushless motor driving circuit of the present invention,
the driving signals being applied to a terminal voltage difference compensation

~ means between respective phases during the driving signals is given to a bridge
circuit for exciting and driving armature windings of respective phases.

Since an actual driving for the compensation of difference between
respective phases voltage is carried out during the driving signals is ina
driving state, the phase delay is correctly compensated.

Further, the brushless motor driving circuit of the present invention
comprises an actual current detection resistance which is connected serially to a
bridge circuit for exciting the armature windings; the current flowing in the
detection resistor is applied to terminal voltage compensation means as a
winding current. . .

- Since the compensation voltage was taken from the detection resistor for
detecting the current flowing in the armature winding, the phase delay is
correctly compensated. ' ,

Further, the brushless motor driving circuit of the present invention
comprises an actual current detection resistance which is connected serially to a
bridge circuit for exciting the armature windings; the current flowing in the
detection resistor is applied to a terminal voltage difference compensation
means between respective phases as a winding current. _

Since the compehsation voltage was taken from the detection resistor for

detecting the current flowing in the armature winding, the phase delay between
the respective phases voltage difference is correctly compensated. |

Further, the brushless motor driving circuit of the present invention
comprises a differentiation circuit for detecting a rising and fallfng edge of



circuit 519 are connected to respective phases of the bases of the
transistors 515, 516 and 517. An el ectronotive voltage detecting circuit
520 i.s connected to inputs of the switching circuit 519. The armature

wi ndings 12, 13 and 14 are connected to the input termnals of this

el ectronotive voltage detecting circuit 520. Respective three phase output
signals fromthe rotating magnetic field_gqnerating circuit 514 is inputted
to the input termnals of this switching circuit 519. * Since the device is
constituted in this way, when the power switch 511 is turned on, one of the
ar mat ur e wicathpasisen signabofithesterminahveltages and ahwoltage differences between

respective phases; and a latch circuit for latching the comparison signal at the
timing when the edge is detected in the differentiation circuit; the armature
windings of respective phases are driven as a rotor location signal by
combining the output signals of latch circuit. '

Since a new the location signal is obtained by latching the location signal,
a correct location signal is obtained even if the noise is included in the detected
signal. _

Further, the brushless motor driving circuit of the present invention
comprises a rotor location signal generation means for detecting a rotor
location signal of the brushless motor from the terminal voltages or a voltage
differences between respective phases; a counter for detecting a rising and
falling edge of the rotor location signal of the output, selecting one of the
necessary edge signal from the respective detection edge signals and counting
necessary edge signals and applying it to the armature windings of respective
phases at starting; and a pulse generaﬁng counter, one input of which is
connected to the output of the counter, for counting up the counter when the
input is not obtained for a predetermined of period; an output of the counter is

~ applied to the armature winding at starting for driving the rotor of the
brushless motor. | | |

Since edge signals of rising and falling of the location signal are selected
and counted for making a driving signal and forcefully counted when there is
no further input, stable starting can be obtained.

Further, the brushless motor driving circuit of the present invention
comprises a rotor location signal generation means for detecting a rotor

~ location signal of the brushless motor from the terminal voltages or a voltage
differences between respective phases; a counter for detecting a rising and
falling edge of the rotor location signal of the output, selecting one of the
necessary edge signal from the respective detection edge signals and counﬁng
necessary edge signal and applying it to the armature windings of respective
phases at starting; a pixlse generating counter, one input of which is connected
to the output of the counter, for counting up the counter when the input is not



power supply 510 and the fixed.timer circuit 512 operates sinultaneously.
The fixed timer circuit 512 outputs a control signal 521 to the rotating
magnetic field generating circuit 514 for a predeterm ned period, the
control  signal ‘521 excites one of the armature wi ndings 12, 13 and 14,
specifically, for exanple, a Wphase shoM in FIG 121 (b). The fixed tiner
circuit 512 also outputs a control signal 521.to the switching tiner

cireult Slaheaidd¥ofa predetermined of period; and a normal rotation detecting means
' for monitoring motor rotation by combining the rotor location signal with the
counter output; the normal rotation detecting means generates a restart pulse
~ for restarting the motor and applies an output of the counter to the armature
- windings for driving the rotor of the brushless motor at abnormal rotation,

Since edge signals of rising and fall_ing of the location signal are selected
and counted for making a driving signal and forcefully counted when there is
no further input, and further being restarted at abnormal rotation state, stable
starting can be obtained even at abnormal rotation state.

Further, the brushless motor driving circuit of the present invention
comprises a switching means for switching the armature windings of respective

‘phases iri response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restarting; and a
timer; the switching means switches a starting or a restarting period according
the timer output. '

Since the starting / restarting state and normal state are switched for
every predetermined penod the operation can be surely changed to a normal
driving.

Further, the brushless motor dnvmg circuit of the present invention
comprises a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restarting; the
switching means switches the armature windings when a counter output reaches
a predetermined value-as the starting or restarting period is completed.

PR Since the starting / reStarting state and normal state can be switched by the
count number of the counter, the operation can be surely changed to a normal
driving.

Further, the brushless motor driving circuit of the present invention
comprises a switching means for sWitching the armature windings of respective

- phases in response to the counter output at starting or restarting, or in response
. to the rotor location signal at normal rotation after starting or restarting; and
a rotor speed signal detection means; the switching means switches the



predet er mi ned period when the control signal 521 is outputted fromthe
fixed timer circuit 512, the fixed tinmer circuit 512 turns off. When the
fixed timer circuit 512 turns off, the rotating magnetic field generating
circuit 514 outputs driving signals 523, 524 and 525 as shown in FIG 121
(b) to the bases of the transistors 515,  $36 and 517 through the switching
circuit 519, where the driving signals 523, 524 and 525 excite the armature

owi tched { rmAER SvBAng NRGR # Beirind, SpepPignal sesetis 4 Bredcierplaes yalue

swi tch! ng iaﬁdﬂﬁaﬁthﬁhgicﬁ'rﬂstﬁﬁﬁgsﬂi@’i\@d@cﬁh@leibﬂl (b), and this state is
maint & ned unt Iéintcg ethgvgtztlr%}}llgnf résrt]glln(i\fg state and rr]x%lrmal state are switched when the
rotor speed has reached a predetermined speed, the operation can be surely |
changed to a normal driving. | .
Further, the brushless motor driving circuit of the present invention
- comprises a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restarting; and
the switching means switches the armature windings when a detected the rotor -
location signal reaches a predetermined combined value as the starting or
restarting period- is completed. - | |

Since the starting / restarting state and normal state are switched when the
detected location signals become a predetermined combination, the operation
‘can be surely changed to a normal driving.

Further, the brushless motor driving circﬁuit of the present invention
comprises a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response

to the rotor location signal at normal rotation after starting or restarting; and
the switching means switches the armature windings when a driving signals
supplied to the respective armature winding reaches a predetermined combined
value as the starting or restarting period is completed.

Since the starting / restarting state and normal state are switched when the
driving signals become a predetermined combination, the opération can be
surely changed to a normal driving. ,

Further, the brushless motor driving circuit of the present invention
comprises a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response
‘to the rotor location signal at normal rotation after starting or restarting; and
a timer or a rotor speed signal detection means; the switching means switches
the armature windings as the starting or restarting period is completed when
all followihg conditions are'satisfied, that is, when a setting time of the timer



522 outputted fromthe switching tinmer circuit 513 becones |low (L) state.
The dri*ving signals outputted fromthe rotating magnetic field generating
circuit 514 applies driving signals sequentially to the bases of the
transistors 515, 516 and 517 in the driving circuit 518. The sequenti al
currents are supplied into the armature %glngs 12, 13 and 14 fromthe
power supply 510. Therefore, the rotating gnetic field is generated in
the armature wi ndings 12, 13 and 14, which causes the rotor to begin

rotating. ®xpires, whémaszieaectted s'peetﬂm abseachibsa d@eﬂemhhmedivddepmmctii S
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location signal reaches a predetermined combined value, when a driving |
| signals supplied to the respecuve armature winding reaches a predetermined
g combined value. .

Since the starting / restarting state and normal state are switched by a
combination of the count number of the counter, predetermined period, the
rotor speed which has reached a predetermined speed, a predetermined

. combination of the detected location signals or the driving signals, the
operation can be surely changed to a normal driving. |

Further, in the brushless motor driving circuit of the present invention,
the counter outputs a restart pulse to make the rotor start as an abnormal
rotation when the rotor location signal at the input has not changed for a
predetermined period and counts up the counter forcefully.

Since the counter is forcefully counted when there is no input, and the
motor is restarted at abnormal rotation state by monitoring the location signal
inputted into the counter, restart is possible at an abnormal rotation state.

Further, the brushless motor driving circuit of the present invention
comprises a location detector for detecting a location deviated by electrical
angle n/6 against the rotor location signal which is detected from the terminal
voltages or the voltage difference between respective phases; and a hold circuit
for outputting a selection signal defined by an output of the location detector
and a starting indication signal; the counter decides a combination of a dri'ving

| signals supplied to armature of respective phases at starting or restarting using
3 the selection signal. |
~ Since the driving signals at starting and restarting are obtained from a
location signal detected by other location detector which is set at a certain
electrical angle, the motor can be surely started even at starting.

Further, the brushless motor driving circuit of the present invention
‘comprises a location detector for detecting a location deviated by electrical
angle /6 against the rotor location signal which is detected from the terminal
voltages or the voltage difference between respective phases; a hold circuit for



becones L state and the switching circuit 519 switches its contacts. the
driving signals outputted fromthe voltage detecting circuit 520 is applied
to the driving circuit 518, which drives the transistors 515, 516 and 517
sequentlally and maintains rotation of the three phase brushless notor. The
prior art of the |aid-open Japanese patent publication No. 2-237490 is
expl ai ned bel ow. This brushless notor hag%n el ectromagnetic transducer for
detecting a rotation position of the rotor. This brushless notor selects
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accordi ng $tarting indication signal; and an output of the location detector is used as a
driving signals to the armature at starting or restarting; and the counter |
decides a combination of the driving signals supplied to armature of respectivé
phases using the selection signal after starting or restarting.

Since the driving signals at starting and restarting are obtained from a
location signal detected by other location detector which is set at a certain -
electrical angle, the motor can be surely started even at starting.

Further, the brushless niot_or driving circuit of the present invention
comprises a differentiation circuit for detecting a rising and falling edge of
comparison signal of the terminal voltages and voltage differences between
respective phases; a timer for starting by a detected edge from the
differentiation circuit and for stopping its operation after a predetermined
period; and a latch circuit for latching thé-compaﬁson signal at the timing
when the edge is detected in the differentiation circuit and for releasing the
latch at the timing when the timer has stopped; the armature windings of
respective phases are driven as a rotor location signal by combmmg the output
signals of latch circuit.

Since a logic signal obtained by comparing the terminal voltage is
differentiated and latched, then the latch is released after a predetermmed

. period, a correct rotor location signal is prov1ded even if noise is included in
the detected signal.

Further, the brushless motor driving circuit of the present invention

the timer period during the latch circuit latches and releases the comparison
signal is switched according to the indicated _rdtation speed to the armature.

Since the timer length is variable, noise can be masked for an appropriate
period. ' .

Further, the brushless motor driving circuit of the present invention
comprises a rotor location signal generation means for detecting a rotor
locatmn signal from the terminal voltages or a voltage difference between

' respectlve phases; a pulse generating means for detecting a rising and falling
edge of the rotor location signal of the output, selecting a necessary edge signal




the rotating |location detected by the el ectromagnetic transducer at
starti.ng, then switches the driving current to be supplied to the stator
armat ure w ndi ng by this selected current.switching pattern to generate,
a‘rotating magnetic field and to cause the rotor to start. Wen the

el ectronoti ve vol tage generated in the stator armature w ndi ng reaches a
predet erm ned val ue which is necessary tdl@etect the rotation position of
the rotor, the rotation position of the rotor is ' '

from the respective detection edge signals to make output pulse train , and for

‘supplying pseudo-pulse train when a nécessary edge signal can not be obtained
for a predetermined period; a counter for counting an output of the pulse
generation means; a normal rotation detection means for outputting an
abnormal rotation signal when the rotor location signal and the count numbers
has no predetermined relationship; and a restart pulse generating méans for
masking the abnormal rotation signal outputted from the abnormal rotation
detection means during a predetermine period after starting and restarting and
for outputting a restart pulse according to the abnormal rotation signal after
the predetermined period; an output of the counter is applied to the armature
winding for driving the rotor of the brushless motor at starting and during the
predetermined period set by the restart pulse at restarting.

Since the current is switched and supplied forcefully to a current

- supplying phase which rotates the rotor toward a normal rotation direction for
a predetermined period at starting, restarting and abnormal state, the motor
can be started within a short time without influenced with the load condition.

Further, the brushless motor driving circuit of the present invention
comprises a switching means for switching the armature windings of respective
phases according to a value of the counter at starting or restarting and
according to the rotor location signal during a steady period after starting or
restarting; anda timer; the switching means switches a starting or a restarting
period according the timer output. '

Since the switching from the starting mode to. the normal mode is carried
out by setting the timer, the operation can be surely changed to a normal
driving. . '

Further, the brushless motor driving circuit of the present invention
comprises a speed detection means for detecting a rotor speed; a speed
difference detecting means for outputting a difference. between the detected

actual rotation speed of the rotor and a target rotation speed as a speed
difference signal; and a speed difference compensation filter comprised of the
a proportion - integration (P/I) filter connected in parallel with a first order
delay filter, the input of parallel circuit is the speed difference signal, the



determ ned fromthe .detected el ectronoti ve voltage. By the detected output,
the driving current for driving the armature winding is switched to
generate the rotating magnetic field and to cause the rotor to rotate. On
the other hand, in a speed control. of the brushless notor, it is generally
used a systen1for mai nt ai ni ng the rotati?g speed constant by controlling
the current quantity flowing in the armature winding. FIG 122 shows a

bl ock diagram of a speed control system of the dr|V|ng circuit for .

convent i osattpiswelhthes parallel cirquit rrecadded angdsturthersupplied itesexes ko circui t
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filter is supplied to the armature windings as a current indication value.

Since the speed difference compensation filter is comprised of serial

connection of a parallel connection of a PI filter and a first order delay filter,
- and a first order delay filter, a good low pass compression characteristics for
- disturbance can be obtained. _ _

- Further, the brushless motor driving circuit of the present invention
comprises a spéed detection means for detecting a rotor speed; a speed
difference detecting means for outputting a difference between the detected
actual rotation speed of the rotor and a target rotation speed as a spéed
difference signal; and a speed difference compensation filter comprised of a

--serial circuit of a proportion - integration (P/I) filter and a first order delay

*filter, the input of circuit is the speed difference signal, the serial circuit is
further supplied in parallel to another first order delay filter, the parallel
output is added and supplied to the armature windings as a current indication
value.

Since the speed difference compensatxon filter is comprised of parallel
connection of a serial connection of a PI filter and a first order delay filter,
and a first order delay filter, a good low pass compression charactenstlcs for
disturbance can be obtained.

Further, the brushless motor driving circuit of the present invention
comprises a speed detection means for detecting a rotor speed; a speed
difference detecting means for outputting a difference between the detected
actual rotation speed of the rotor and a target rotation speed as a speed
difference signal; and a speed difference compensation filter for obtaining a
current indication value from the detected speed difference signal which is
supplied to the armature Windings; the target rotation speed of the speed
difference detecting means and a gain of the speed difference compensation
filter are changed according to the indicated rotation speed whlch is supplied to
the driving circuit of the brushless motor. |
. Since a target of the speed difference detector and a gain of the speed '



speed signal, 531 is a speed difference detecting circuit which outputs a
speed difference signal having a pulse width corresponding to .the speed

di fference by counting the speed signal period using reference clock. A
speed difference conpensation filter 532 .outputs a current indication val ue
to a current supplying circuit 533 so tha% a speed difference becones zero
according to the speed difference signal. &he current supplying circuit 533
regul ates a current quantity supplied to the armature w nding of the

brushl ess differeric@4compensation filtérerecswitched iacdordingao the! indicatedtrotation
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difference detector.
| Further, thé_brushless motor driving circuit of the present invention
comprises a rotor location detection means for detecting a relative location of
the armature windings and the rotor; a commutation control means for
switching a current to an armature winding at a detected rotor location; a
speed detection means for detecting a speed of actual rotor speed; a speed
difference detecting means for outputting a difference between an actual

* rotation speed of the rotor and target rotation speed as a speed difference
signal; the a speed difference compensation filter for obtaining a current
indication value from detected speed difference signal in order to drive the
armature winding; the commutation control means switch the current
supplying phase and increase or decrease the current indication value which is
applied to the armature winding after a predetermined period.

Since the current is sequentially increased or decreased after current
phase is switched within a predetermined period, the current is easily
feedbacked to compensate the terminal voltages.

Further, in the brushless motor driving circuit of the present invention,

a maximum current is supplied to the armature windings during a period of
starting and restafting._

Since a maximum current is supplied into the armature winding during
starting and restarting, the motor can be started in a short time.

Further, the brushless motor driving circuit of the present invention
comprises a rotor location signal generation ,mean's for detecting a location

signal of rotor from each phase terminal voltage or voltage differences of
respective phases; a pulse generation means for detecting a rising and falling
edge of rotor location signal of output of the rotor location signal generation
means, for providing an output pulse train by selecting a necessary edge signal
from each detected edge signal, further for providing a pseudo-pulse train
when the necessary edge signal is not detected fora predeterrriined period; and
a counter for counting an output signal from the pulse generation means; the



constituted of an analog filter in which a Pl filter 460 and a first order
delay fiilter 464 are connected serially as shown in FIG 123. In the
driving circuit of the conventional brushless nmotor, the speed signal
period is counted by the reference clock and therefore the reference clock
frequency inputted into the speed differg ce detecting circuit is swtched
in proportion to the indicated rotation Qeed when the indicated rotation
speed to the notor is switched. Regarding the system which detects the
speed si gronunter ontputris| supplieidto drivettheraramatere eAndiegg.br ushl ess not or,

there are a SBSSIﬁSg]aVWeicCe@sérsy Eiog%%i % 'le rising and falling edge of rotor location
- signal is selected and the armature winding is driven by counting the necessary
signal, the motor can be surely started in a short time and then moved sixrely to
a normal rotation. | _

Further, the brushless motor driving circuit of the present invention
comprises a commutation circuit for obtaining an armature winding driving
signal from a rotor location signal detected in the rotor location signal -
detection means which includes a compensation means for compensating each
terminal voltage or voltage differences of respective phases and a comparing
means for comparing each terminal voltage or voltage differences between
respective phases; and a trapezoid driving signal generation circuit for forming
a trapezoid driving signal from the output of the commutation circuit; the
trapezoid driving signal is supplied to drive the armature winding.

Since the armature windings are driven by the trapezoid shaped signal, it
1s possible to decrease noise at commutation.

Further, the brushless motor driving circuit of the present mventlon
comprises a charging / discharging circuit in the trapezoid driving signal
generating circuit for changing the gradient of the trapezoid driving signal by
changing the time constant of the charging / discharging circuit using a control
signal inputted from outside. -

Since the gradient of the trapezoid shaped dnvmg signal is changed by the
outside controlling signal, it is possible to surely decrease noise at
commutation, even if rotation speed of motor changes. |
~ Further, the brushless motor driving circuit of the present invention
cemprises a phase leading circuit for leading a phase of the rotor location
signal, the leading quantity of the phaee leading circuit is set to substantially 1 /.
2 of the gradient tim'e of the trapezoid driving signal for driving the armature
winding. |

Since the phase of rotor location signal is led so that the grading center of
the trapezoid shaped driving signal coincides with the commutation timing, it is
possible to decrease noise without decreasing the torque generating efﬁcieney.



called a FG system whi ch exclusively use a frequency generator for speed
6 detection and a system which detects speed according to a feature that a
magni tude of the counter electronotive voltage signal induced in the
armature winding is in proportion to the rotation speed. In the
conventional driving systemin which the |ocation detection is
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diajgram of a first embodiment of the present invention
which shows a general construction a brushless motor driving device.

FIG. 2 shows a concrete construction example of a terminal voltage
compensation circuit. .

.FIG. 3 shows a concrete construction example of a comparator of the
embodiment 1. ‘
FIG. 4 shows a SIgnal wave which explains operatlon of the embodiment 1
and 2. |

FIG. 5 shows a signal wave which explains operatlon of the embodnnent 1
and 2.

FIG. 6 show a construction of a compensation switching signal generatmg
circuit and signal wave forms of a terminal voltages circuit.

- FIG. 7 show a relationship between the current supplying phase and the
driving signals. |

FIG. 8 is a block diagram of a , second embodiment of the present
invention whlc_:h shows a general construction a brushless motor driving
device.

FIG. 9 shows a concrete inter-terminal voltage compensation circuits.

FIG. 10 shows a table which explains an opcratxon of an mter-termmal
voltage compensation circuits.

FIG. 11 shows a concrete con_struétion example of a comparator of the
embodiment 2. .

. FIG. 12 shows a table which explains an operation of an inter-terminal
voltage compensation circuits.

FIG. 13 is a block diagram of a third embodiment of the present
invention which shows a general construction a brushless motor driving
device. |

FIG. 14 is a block diagram of a fourth embodiment of the present
invention which shows a gcnéral construction a brushless motor drivixig



carried out .by conparing the term nal voltages each other, since one of the
terminal is a current supplying phase and another is a non-current
supplylng phase, when the current in the current supplying phase increases

| oad state, the ohmic drop in the armature w nding of current supplying
phase beconmes |l arge, and therefore the rotor |ocation signal of the current
suppl yi ng phase del ays. This delay causespg commutation timng to delay,
then the torque decreases, which causes a rotation speed to decrease. Wen
the rotati eed decreases the current increases in order to rise the
rotation sg@@ €.and the ' - '

FIG. 15 is a block diagram of a fifth embodiment of the present invention
which shows a general construction a brushless motor driving device.

FIG. 16 is a block diagram of a sixth embodiment of the present invention
which shows a general construction a brushless motor driving device.

FIG. 17 shows a concrete construction example of a waveform shaping
circuit. )

FIG. 18 shows a signal wave which explains operation of a waveform
shaping circuit. '

FIG. 19 shows a signal wave which explams operation of a waveform
shaping circuit.

FIG. 20 is a block diagram of an eighth embodiment of the present
invention which shows a general construction a brushless motor driving
device. _

FIG. 21 shows a relationship between the current supplying phase and the
driving signals of the embodiment 8. |

FIG. 22 shows a relationship between the location 31gnal of the rotor and
the driving signals of the embodiment 8.

FIG. 23 shows a concrete construction example of a counter circuit of the
embodiment 8. |
 FIG. 24 shows a table which explains an operatxon of a counter circuit of
embodiment 8.

FIG. 25 shows a table which explains an operatxon of a counter circuit of
embodiment 8.

FIG. 26 shows a concrete construction example of a pulse generatmg
circuit of embodiment 8.

FIG. 27 shows a relatlonship between an output value of the counter
circuit and the driving signals of embodiment 8.

FIG. 28 is a timing chart which explains an operation of embodiment 8.

FIG. 29 is a timing chart which explains an operation of embodiment 8.

FIG. 30 is a block diagram of a ninth embodiment of the present
invention which shows a general construction a brushless motor driving



ohm c drop further becones |large, that is, there occurs a vicious circle.

In the*worst case, the notor can not generate a torque which is larger than

the load, and then the notor will fall into stopping state. On the other

hand, in the conventional driving systemin which the |ocation detection is

carried out by conparing the neutral vol e with the termnal voltages,

al t hough the phase delay of the |ocation tecting signal can be solved, it

i s necessary to draw out the neutral |eads frominside of the brushless

notor. Thejewdéer | ocation signal obtained by conmparing the neutral voltage

i " FIG. 31 shows a relationship between a rotor location signal and the count
numbers. '

FIG. 32 is a timing chart which explains an operation of embodiment 9.

FIG. 33 is a block diagram of a tenth embodiment of the present
invention which shows a general construction a brushless motor driving
device. | |

" FIG. 34 shows a concrete sw1tch1ng signal generatlng circuit of
embodiment 10.

FIG. 35 shows a timing chart for explaining an operation of the switching
signal generating circuit of embodiment 10 . |

FIG. 36 is a block diagram of an eleventh embodiment of the present
invention which shows a general construction a brushless motor driving
device. |

FIG. 37 shows a concrete switching signal generating circuit of
embodiment 11. N

FIG. 38 is a timing chart which explains an operation of a switching
signal generating circuit of embodiment 11.

FIG. 39 is a block diagram of a twelfth embodiment of the present
invention which shows a general construction a brushless motor driving
device. |

FIG. 40 shows a concrete sw1tch1ng signal generating circuit of
embodiment 12.

FIG. 41 is a timing chart which explains an ‘operation of a switching
-signal generating circuit of embodiment 12. ' .

~ FIG. 42 is a block diagram of a thirteenth embodiment of the present
-~ invention which shows a general construction a brushless motor driving
device. |

FIG. 43 shows a concrete switching signal generating circuit of
embodiment 13. o

. FIG. 44 is a timing chart which explains an operation of a switching

signal generating circuit of embodiment 13.



the termnal voltages is shifted around 30 degrees in electrical angle
agai nst the actually needed rotor |ocation. signal, then the conpensation
nmust be carried out. The integration filter is usually used for phase
conpensation, therefore, when the motor is derived in a variable speed, the
integration filter constant must be changed. Accordingly, if the constant
is fixed, the comutation operation becog3 unstable at transient state.
Further, in the above both driving system by the influence of spike shaped

ovi toning of tFISuAS S BIqU Blagram BF R SORNRLRT LASRIRRGIHE et e
invention Wthh shows a general construction a brushless motor dnvmg
device.

FIG. 46 shows a concrete switching signal generating circuit of
embodiment 14. =

FIG. 47 is a timing chart which explains an operation of a switching

. signal genérating circuit of embodiment 14.

FIG. 48 is a block diagram of a fifteenth embodiment of the present
invention which shows a general construction a brushless motor driving
device. .

FIG. 49 shows a concrete switching signal generating circuit of
embodiment 15. | |

FIG. 50 is a timing chart which explains an operation of a switching
signal generating circuit of embodiment 15.

FIG. 51 is a block diagram of a sixteenth embodiment of the present
invention which shows a general construction a brushless motor driving
device. _

FIG. 52 shows a concrete switching signal generating circ-uit of
embodiment 16. _ '

FIG. 53 is a timing chart whlch explams an operatlon of a speed signal
generating circuit.

FIG. 54 is a timing chart which explams an operation of a switching
signal generating circuit of embodiment 16.

FIG. 55 is a block diagram of a seventeenth embodiment of the present
invention which shows a general construction a brushless motor driving
device. | | N |

~ FIG. 56 shows a concrete switching signal generating circuit of
embodiment 17.

FIG. 57 is a timing chart which eXplains an operation of a switching
signal generating circuit of embodiment 17. |

FIG. 58 is a block diagram of an eighteenth embodiment of the present
invention which shows.a general construction a brushless motor driving
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I ncorrect. 7 In the detection systemfor detecting a speed by a private
frequency generator, it is necessary to provide a frequency generator
havi ng a hi gh machi ni ng accuracy. Therefore, it is necessary to provide a
wi de space for installing the private detecting apparatus and then there is
a cost di sadvant age. _ : ' 24

device.

FIG. 59 shows a concrete switching signal generating circuit of
embodiment 18.

FIG. 60 is a timing chart which explains an operation of a switching
signal generating circuit of embodiment 18.

FIG. 61 is a block diagram of a nineteenth embodiment of the present
invention which shows a general construction a brushless motor driving

~ device. .

FIG. 62 shows a concrete switching signal generating circuit of
embodiment 19. o

FIG. 63 is a timing chart which explains an operation of a switching
signal generating circuit of embodiment 19. |

FIG. 64 is a block diagram of a twentieth embodiment of the present
invention which shows a general construction a brushless motor driving
device.

FIG. 65 shows a concrete switching signal generating circuit of
embodiment 20. | _

FIG. 66 is a timing chart which explains an operation of a switching
signal generating circuit of embodiment 20.

FIG. 67 is a block diagram of a twenty first embodiment of the present
invention which shows a general construction a brushless motor driving.
device. | | |

FIG. 68 is a block diagram of a twenty second embodiment of the present
invention which shows a general construction a brushless motor driving
device. | | .

-FIG. 69 is a timing chart which explains an operation of embodiment 22.
"FIG. 70 shows a table which explaihs an operation of embodiment 22.

FIG. 71 shows a concrete construction of a counter circuit of embodiment
22. | | o

FIG. 72 shows a table which explains an operation of embodiment 22.

FIG. 73 is a timing chart which explains an operation of embodiment 22.

FIG. 74 is a timing chart which explains an operation of embodiment 22.



In the detecting systemfor detecting a speed by an anplitude of the
counter electronotive voltage, since the voltage generated by the current
flowing in the armature winding is superposed to the counter electronotive
voltage, it is difficult to detect only the anplitude of the counter

el ectronotive voltage, and al so the nagni? e is followed by a change' of
environnent. In the conventional brushles tor, it needs a predeterm ned
time to start after a starting switch is turned.on. In the conventional

starting syst erfIGuED is lacblockr diaggarsof aitwerdty third embodinentyof the psesent
and so 1t tg68Ridn' Whid shbWs 4 Bensfal'ondfrubin ThRIshless motor driving
device. - |
FIG. 76 is a timing chart which explains an operation of embodiment 23.
FIG. 77 is a timing chart which explains an operation of embodiment 23.
FIG. 78 is a block diagram of a twenty fourth embodiment of the present
invention which shows a general construction a brushless motor driving
device. |
FIG. 79 shows a signal wave of respective portion of the terminal voltage
" compensation circuit at a normal rotation state of a brushless motor driving
device of the present invention. -
FIG. 80 shows a construction example of a waveform shaping circuit of
embodiment 24.
| FIG. 81 shows the terminal voltage waveform and signal waveform of
respective portion of the waveform shaping circuit. |
FIG. 82 is an enlarged signal waveforms of FIG. 81.
~ FIG. 83 is a signal waveform which explains an operation of a mask
signal generating circuit and a timer of embodiment 25. |
FIG. 84 is a signal waveform which explaiﬁs an operation of a mask
signal generating circuit and a timer of embodiment 25. _
FIG. 85 is a signal waveform which explains an operation of a mask
signal generating circuit and a timer of embodiment 25.
FIG. 86 shows a construction of a starting circuit of embodiment 26.
FIG. 87 shows a construction of a pseudo-pulse generating circuit of
embodiment 26. -
FIG. 88 is a signal waveform which explains an operation of a pseudo-
pulse generating circuit of embodiment 26.
FIG. 89 shows a construction example of a restart the pulsé generating
circuit of embodiment 26. |
FIG: 90 is a signal waveform which explains an operation of embodiment
26. _' o
FIG. 91 shows a construction of a starting circuit of an embodiment 27.



In the conventional speed difference conpensation filter in the driving
circuit, when disturbance at |ow pass area is |large, the disturbance can
not be satlsfactorlly conpressed. Therefore, the specification of the
rotation accuracy can not be well satisfied. I'n the conventional driving
circuit for the brushless notor, when the indicated rotation speed to the
not or has changed, it is necessary to ch&fye the reference clock inputted
into the speed difference detector in proportion to the indicated rotation

speed. In the RRYVEI'IHNRG a Yonstiridh'Gt'a k“ﬁ%ﬁé’%@{ﬂ%ﬁﬁéﬁtnﬂgtcﬁfcuxﬁof
embodiment 27.
. FIG. 93 is a signal waveform which explains an operation of switching
signal generating circuit.
FIG. 94 is a block diagram of a speed dlfference compensation filter of an
embodiment 28.
FIG. 95 shows frequency characteristic of a speed difference
compensation filter of an embodiment 28.
FIG. 96 is a block diagram of a speed difference compensatlon filter for
digital system of an embodiment 28.
| FIG. 97 is a block diagram of a speed difference compensation filter of an
embodiment 29.
FIG. 98 shows frequency characteristic of a speed difference
compensation filter of an embodiment 29. |
FIG. 99 is a block diagram of a speed difference compensation filter for
digital system of an embodiment 29.
FIG. 100 is a block diagram of a thirticth embodiment of the present
. invention which shows a general construction a brushless motor driving
device.
FIG. 101 shows a construction of a speed difference detectmg circuit of
an embodiment 30.
FIG. 102 is a block diagram of a PI filter of an embodiment 31.
FIG. 103 is a signal waveform which explains an operation of a driving
circuit for the brushless motor of an embodiment 32.
- FIG. 104 is a block diagram of a thirty third second embodiment of the
present invention which shows a general construction a brushless motor
driving device. |
N FIG. 105 shows a construction of a speed difference compensation filter
of an embodiment 33. |
FIG. 106 is a block diagram of a thirty fourth embodxment of the present
" invention which shows a general construction a brushless motor driving
device.



comutation timng is not synchronized with a timng for increasing or
decreasing the armature winding current. Therefore, it is difficult to add
or subtract a conpensation value which is determ ned by the resistance

val ue of the armature winding and the current flowing in the current
suppl yi ng phase to/fromthe wi nding voltage during the actual driving
period. In the conventional driving circuigty for the brushless notor, the
transi stors are switched by the rectangul ar shaped wave, there occurs noise
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FIG. 108 is a timing chart which explains an operation of embodiment 34.
FIG. 109 is a timing chart which explains an operation of embodiment 34
FIG. 110 is a block diagram of a thirty fifth embodiment of the present
invention which shows a general construction a brushless motor driving
device.
FIG. 111 shows a logic circuit in trapezoid driving signal generating
circuit. . |
. FIG. 112 shows a construction of charging and discharging circuit of the
embodiment 35. . .
FIG. 113 is a timing chart which explains an operation of embodiment 35.
FIG. 114 shows a construction of trapezoid wave combination circuit in
trapezoid driving signal generating circuit. ' |
FIG. 115 is a block diagram of a thirty sixth embodiment of the present
invention which shows a general construction a brushless motor driving
device. - o | | |
FIG. 116 shows a construction of charging and discharging circuit of the
embodiment 36. . - |
 FIG. 117 shows a signal wave which explains an operation of embodiment
36.. - |
FIG. 118 is a block diagram of a thirty seventh embodiment of the
‘present invention which shows a general construction a brushless motor
driving device. _ |
FIG. 119 shows a construction of comparator of the embodiment 37.
FIG. 120 is a block diagram which shows a general construction of a
conventional brushless motor driving device. ‘
FIG. 121 shows another general construction of a conventional brushless
motor driving dévice and operation timing.
FIG. 122 is a block diagram which shows a speed control system of a
conventional brushless motor driving device. :
FIG. 123 is a block diagram which shows a speed difference
compensation filter of a conventional brushless motor driving device.



brushl ess notor having no phase delay in the rotor l.ocation signal even at
load * 8 state, having a stable rotation irrespective of steady state or
transient state, and a sinple | ead connection. Further, it is an object of
the present invention to provide a driving circuit for the brushless not or
for correctly detecting a rotor |ocation signa
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
mbodiment 1

~ In the prior art, when voltages of the armature windings of respective

phases are detected, there occurs a phase delay during the detection.
Therefore, in the present invention, an compensation voltage which is a

“product of the load resistance and the current in an actual loading state is
applied to the armature windings in order to obtain a terminal voltages at a
correct phase in an actual loading state. Thus, the driving voltages of the
armature windings of respective phases are generated in the commutation
circuit according to the winding the terminal voltages.

Further, in the present invention, equivalent motor speed is detected from .
the armature winding voltage of respective phases. This detected speed is
feedbacked to the armature windings to control the rotor speed, which is

- explained below.

In this embodiment, a construcuon and an operatlon of the brushless
motor driving device is explained.

FIG. 1 is a block diagram of a first embodiment of the present invention
which shows a general construction a brushless motor driving device. In FIG.
1, the numerals 12, 13 and 14 denote the armature windings of neutral non-
grounding three phase star connection brushless motor, the numeral 11 denotes
a bridge circuit which supplies predetermined driving currents to the armature
windings 12, 13 and 14 by controlling driving transistor group TR1 ~ TR6.
We call the armature windings 12, 13 and 14 as U phase, V phase, and W
phase, respectively, in the following, for convenience' sake. '

The numeral 1 denotes a terminal voltage compensation circuit which
compensates the terminal voltages and butpi_xts compensation terminal voltage
signal 1a, 1b and 1c. The numeral 2 denotes a comparator which compares the
compensated the terminal voltages of respective phases and obtain logic signals

~2a, 2b and 2¢c. The numeral 3 denotes a waveform shaping circuit which .
obtains the rotor location signals 3a, 3b and 3¢ by shaping the waveform of
logic signals 2a, 2b and 2c. The numeral 4 denotes a rotor locatid_n signal



even if spike. shaped voltage fluctuation is generated on the term nal
vol t age waveform acconpanied with switching of driving transistor. Further,
it,is an object of the present invention to provide a driving circuit for
the brushl ess nmotor for obtaining a speed signal w thout providing a
private speed detecting circuit. Furtheraqit is an object of the present
invention to provide a.driving circuit for the brushless notor for being
started in a short tinme wthout influenced by the |oad condition. Further,

it is an gepemting ciruitpwhbicihcomprisesielementspl odiadd 3. dri ving
The numeral S denotes a terminal where the motor rotation signal is

inputted in order to enable the motor rotation, the numeral 6 denotes a pulse
generating circuit, the numeral 7 denotes a counter circuit, the numeral 8
denotes a switching éignal generating circuit, the numeral 9 denotes a
commutation circuit. The commutation circuit 9 outputs the driving signals 9a
~ 9f and controls to switch the driving transistor group TR1 ~ TR6 according
to a state of signal input of the rotor location signal generating circuit 4, the
terminal 5, the counter circuit 7, the switching signal generating circuit 8.

. FIG. 2 shows a concrete construction example of a terminal voltage
compensation circuit. In FIG. 2, the numerals 2 2 ~ 34 denote npn transistor,
‘the numeral 35 denotes a pnp transistor, the numerals 36 ~ 56 denote resistors,

the numerals 57 ~ 60 denote constant current sources. U phase terminal
voltage is inpputted to the base of the npn transistor 20, V phase terminal
voltage is inputted to the base of the npn transistor 25, W phase terminal

. voltage is inputted to the base of the npn transistor 30, and a voltage generated
by the armature winding ohmic drop which is applied to the base terminal 61
is inputted to the pnp transistor 35. The numerals 62 ~ 67 denote terminals
where the compensation switching signal are inputted which switches terminal
voltage. The compensated the terminal voltages of respective phases are
outputted as shown by numerals 1a, 1b and 1c.

' FIG. 3 shows a concrete construction example of a comparator shown in
FIG. 1. In FIG. 3, the numerals 70 ~ 81 denote resistors, the numerals 82 ~ 84
denote differential amplifier circuit , the numerals 85 ~ 87 denote

.comparators. The compensated U phase the terminal voltages 1a is applied to
the non-inversion input terminal of differential amplifier circuit 82 and to the
inversion input terminal differential amplifier circuit 83 through the resistors
70 and 75, respectively. The compensated V phase the terminal voltages 1b is
applied to the non-inversion inpﬁt terminal of differential amplifier circuit 83
and to the inversion input terminal differential amplifier circuit 84 through the
resistors 74 and 79, respectively. The compensated W phase the terminal
voltages' 1c is applied to the non-inversion input terminal of differential



circuit for the brushless notor for providing a high accurate rotation node
with fully conpressed disturbance even if the disturbance at | ow pass area
is,large. Further, it is an object of thhe present invention to provide a
driving circuit for the brushless notor for changing the rotation stably by
switching a target rotation speed and a gain of the speed difference .
conpensation filter. Further, it is an olg@ct of the present invention to
provide a driving circuiit for the brushless notor for synchronizing the
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- circuit 82 through the resistors 78 and 71, respectively.
Inversion input terminals of the differential amplifier circuits 82, 83 and
84 are connected to the output terminals of the differential amplifier circuits
82, 83 and 84 through resistors 73, 77 and 81, respectively, and the output
- terminals of the differential amplifier circuits 82, 83 and 84 are connected to
non-inversion input terminals of comparator 85, 86 and 87.
Further, a reference voltage Vref is inputted to the non-inversion input

terminal of the differential amplifier circuit 82 and 83 and 84 and to the
inversion input terminal of comparator 85, 86 and 87. The differential
amplifier circuit 82 outputs a differential amplifier signal between 1a and 1b
on both sides of the center voltage of Vref. This differential amplifier signal
is compared with Vref in the comparator 85 and a logic signal 2a is obtained.
In the similar process, the logic signals 2b and 2¢ can be obtained.

FIG. 4 shows a relationship between terminal voltage waveforms of
respective phases at no load state, logic signals 2a ,2b and 2c outputted from
the comparator 2, and current supplying phase in case that the terminal
voltages are not compensated.

In an actual terminal voltagé waveform at commutation, spike shaped
voltage fluctuation is generated, but it is omitted here in order to simplify the
explanation. At no load status, since a quantity of current supply is small,
ohmic drop in the armature winding can not be neglected. Therefore,
waveforms of the terminal voltage have a symmetry shape toward right and
left direction as shown in FIG. 4 and a certain logic signal having a
predetenhined phase relationship with the rotor can be obtained.

On the other hand, FIG. 5 shows a relationship between terminal 9oltage |
waveforms of respective phases at load state, the logic signals 2a, 2b and 2c
outputted from the comparator 2, and current supplying phase in case that the

‘terminal voltages are not compensated. In the load state, since there is -
increased supplying currents, the effects of the ohmic drop in the armature
windings can no be neglected. In the two the terminal voltages in comparison,
one is a current supplying phase, and another is no current supplying phase.



Further, it is an object of the present invention to provide a driving
circuit for the brushless notor having | ess noise at conmutati on operation.
SUVMARY OF THE | NVENTI ON A brushl ess nmotor driving circuit for driving a
plurality of the armature w ndings of a brushless notor of the present

i nvention conprises a plurality of the term nal voltages detection neans

| ocated at every phase of the armature widi ngs; a term nal voltage
conpensati on neans for adding or subtracting a conpensation value to/from
the term nal voltage of an armature w ndi ngs :

- For example, when the current supply is switched from V=W to U —
W, the terminal voltages of U and V phase are compared. At this time, V
phase is a current supplying phase and U phase is no current supplying phase.
The ohmic drop voltage is superposed to the terminal voltage waveform of the
current supplying phase V. On the other hand, since the current does not flow
in U phase, only counter electromotive voltage is generated at the terminal.
Since the voltages of the bridge circuit is fixed to Vcc, and the neutral pointis
not grounded, the neutral voltage deceases by only ohmic drop. Therefore, the
actual terminal voltage waveform is actually observed as a decreased the
terminal voltages of no current supplying phase U. Accordingly, there is a
shifting at the positions where the terminal voltage level of U phase and the
terminal voltages of V phase are coincident, and then the logic signal 2b
delays, for example in of FIG. 5, in comparison with no-load state.

In order to solve the above problem in which the phase delay is
generated, in the present invention, the ohmic drop voltage is added to and
subtracted from the terminal voltages of current supply phase, and the terminal
voltages are compared with each other to obtain logic signals 2a, 2b and 2c.

For example, at U phase, when the voltage is applied from U phase to V
phase or W phase, the ohmic drop voltage is subtracted, and when the voltage
is applied from V phase or W phase to U phase, the ohmic drop voltage is
added.

An operation of the terminal voltage compensation circuit 1 is concretely
explained using FIG. 2. Although FIG. 2, shows a terminal voltage
compensation circuit of three phases for U, V, W, but the following.
explanation relates to only a terminal voltage compensation circuit of U phase.

First, in the following explanation, the terminal 62 and terminal 63 are
assumed to be at H (high) level.. Since collector voltages of npn transistor 22,
npn transistor 24 become zero, the emitter voltage of npn transistor 21, npn
transistor 23 also become zero, therefore, the current does not flow in the

- ~ resistor 37 and the resistor 40. Accordingly, the current which flows in the
- resistor 36 (resistance value = R1) is ohly i1 which is supplied by a constant



9 detected at respective phases during actual driving period, the
conpensation value is determ ned by a resistor of the armature w nding and
a winding current; and a conparator nmeans for conparing respective term na
vol tages after conpensation has carried out to obtain a rotor |ocation
signal; the armature windings are driven by the rotor |ocation signal
detected at the conparator neans. 32

current source 57. Therefore, the voltage which is observed at U phase output
terminal of the terminal voltage compensation circuit becomes a voltage which
. subtracts the voltage between base-emitter (Vpe ) of the transistor 20 and the

ohmic drop voltage in the resistor 36 from the input voltage of the terminal
voltage compensation circuit such as indicated by the equation (1).

la=U - Vi - R1X i | @)

Next, the terminal 62 and tenﬁinal 63 are assumed tobe at L .(low) level.
Assume that a voltage Vi is applied to the terminal 61. Then, since
collector voltages of npn transistor 22, npn transistor 24 become Vir + Vie, the
emitter voltage of npn transistor 21, npn transistor 23 also become Vijr,
therefore, the current flowing in the resistor 37 (resistance value = R2)
and the resistor 40 (resistance value = R2) is Vir / R2, respectively.
Accordingly, the current which flows in the resistor 36 is i; which is supplied

by a constant current source 57 plus a current which flows in the resistors 37,
40. Therefore, the voltage which is observed at U phase output terminal of the
terminal voltage compensation circuit becomes below such as indicated by the
equation (2). |

1la=U-Vpe-RIXi; -2RIxVi/R2 =~ )

When the terminal 62 is H level and the terminal 63 is at L level, or the
terminal 62 is at L level and the terminal 63 are set to H level, since a current
Vir / R2 flows only either of the resistor 37 or the resistor 40, the voltage
which is observed at U phase output terminal of the terminal voltage
compensation circuit becomes below such as indicated by the equation (3).

la=U- Vpe - R1Xi; - RI X Vi /R2 , 3)



Since the neutral point is not used and a | ocation signal is obtained by
conpensati ng the conpensati on val ue determ ned by the arnmature w nding
current only during the actual driving period, the |ead may be smal |l and
correct driving timing having | ess delay may be obtained. A brushl ess notor
dreiving circuit for driiving a plurality of the armature w ndi ngs of a
brushl ess notor of the present invention 88nprises a plurality of the

term nal voltages detection neans |ocated at every phase of the ar mat ure
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the = the terminal 62 and the terminal 63 is set to H level, and when the ohmic drop
voltage is to be subtracted (U = V, U = W), the terminal 62 and the terminal
63 can be set to L level in order to compensate the terminal voltages.

Further, when U phase need not to be compensate (V — W, W — V), the
terminal 62 can be set to H level and the terminal 63 can be set to L level, or
the terminal 62 is set to L level and the terminal 63 is set to H level.
and when the ohmic drop voltage is to be subtracted (U — V, U — W), the
terminal 62 and the terminal 63 are set to L level in order to compensate the
terminal voltages. |

Snmlarly, in the V phase, when the ohmic drop voltage is to be added (U
=V, W — V), the terminal 64 and the terminal 65 is set to H level, and when
the ohmic drop voltage is to be subtracted (V=U, V — W), the terminal 64

" and the terminal 65 can be set to L level in order to compensate the terminal
voltages.

Further, when V phase need not to be~compensate U—W,W — ), the
terminal 64 can be set to H level and the terminal 65 can be set to L level, or
the terminal 64 is set to L level and the terminal 65 is set to H level.

Similarly, in the W phase, when the ohmic drop voltage is to be added U
- W, V= W),, the terminal 66 and the terminal 67 are set to H level, and
when the ohmic drop voltage is to be subtracted (W — U, W — V), the
tenriinal 66 and the terminal 67 can be set to L level in order to compensate
the terminal voltages.

Further, when W phase need not to be compensate (U — V, V = U), the
terminal 66 can be set to H level and the terminal 67 can be set to L level, or
the terminal 66 is set to L level and the terminal 67 is set to H level.

FIG. 6 (b) shows a time chart having a relationship between the current
supplying phase and the compensation sw1tchmg signal inputted into the

terminals 62 67.
FIG. 6 (a) shows a detalled c1rcu1t diagram of concrete compensation



term nal voltage difference of respective phases detected between the

armat ure wi ndi ngs during actual driving period,.the C(')rrpensat ion value is
determned by a resistor of the armature w ndi ng and a wi nding current; and
a corrpar ator means for conparing respective termnal voltage di fference

bet ween respective phases after conpensation has carried out to obtain a
rotor locatiaon signal; the armature windi3#s are driven by the rotor

| ocation signal detected at the corrpar ator neans. Since.the neutral point
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terminal voltages are compensated by the product of the resistor and current
only during actual driving period. _

In this embodiment, the rotor location signals 3a, 3b and 3c are applied to
input terminal of the concrete'compensation switching signal generating circuit
16, and resultant output signals shown in FIG. 6 (b) are supplied to the
ter_minals 62 ~ 67 of the terminal voltage cofnpensation’ circuit 1 after logical
operation by. the combination of the logical elements in the compensation
switching signal generating circuit 16. :

Further, as shown in FIG. 1, since the current control circuit 211 and the
buffer amplifier 212, the resistor 213, the driving transistor 214 control the
armature currents, the output of the control circuit 211 is applied to the
terminal 61 of terminal voltage compensation circuit 1.

The current control circuit 211 detects a difference between the actual
rotation speed obtained from the logic pulse signal 201 and the indicated .
rotation speed to control the armature current so that detected difference
becomes zero. '

Further, three phase brushless motor is explained above in this

~ embodiment, but it is apparent that the invention can be applied to a brushless
~motor having more than three phases. The means which is constituted of
transistor circuit in this embodiment may be constituted by Operational (OP)
amplifier and digital integrated circuit. |

Embodiment 2
In the prior art, when voltages of the armature windings of respective

phases are detected, there occurs a phase delay during the detection.

Therefore, in the present invention, an compensation voltage which is a

product of the load resistance and the current in an actual loading state is

applied to the voltage difference of the armature windinés of respective phase

in order to obtain a terminal voltages at a correct phase in an actual loading

state. Thus, the deriving signals of the armature windings of respective phases

are generated in the commutation circuit according to the winding the terminal



by the armature wi nding current only during the actual driving period, the
| ead may be small and correct driving timng having | ess delay nmay be
obt ai ned. Further the brushless notor driving circuit of the present

i nvention conprises a rising and falling signal detection neans for
detecting a rising and falling signal of the rotor |ocation signal to
speed- f eedback-control by assum ng the dgﬁpcted resultant signal as a
detected speed signal. Further, since a Signhal corresponding to the .signal

speed i s obtained from
voltages.

In this embodiment, a construction and an operation of the brushless
- motor driving device is explained.

FIG. 8 is a block diagram of a second embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 8, the same ¢lements are shown by the same numerals of the
embodiment 1 in FIG. 1. The numeral 100 denotes an inter-terminal voltage
éompqnsation circuit which compensates the voltage between the terminals, and
outputs inter-terminal compensation voltage signals 100a ~ 100f. The numeral
101 denotes a comparator which obtains logic signals 101a, 101b and 101c by
comparing the compensated voltages between the terminals. The numeral 102
denotes a rotor location signal generating circuit which includes the inter-
terminal voltage compensation circuit 100, the comparator 101 and a

~ waveform shaping circuit 3.

FIG. 9 shows a concrete inter-terminal voltage compensation circuits 100.
In FIG. 9, the numerals 110 ~127 denote npn transistors, the numeral 128
denotes a pnp transistor, the numerals 129 ~155 denote resistors, the numerals

- 156 ~162 denote constant current sources. U phase the terminal voltages are
applied to bases of the npn transistors 110 and 117, respectively, V phase the
terminal voltages are applied to bases of the npn transistors 116 and 123,
respectively, W phase the terminal voltages are applied to bases of the npn
transistors 111 and 122, respectlvely the armature winding ohmic drop is
applied to the terminal 163 which is connected to the base of pnp transistoR
128. The numerals 164 ~ 169 denote terminals where the compensation
sthchmg signals for switching voltage between the terminals are applied. The
compensated inter-terminal voltage is outputted to 100a ~ 100f.

A concrete operation of the inter-terminal voltage compensation circuit is
explained below. In FIG. 9, lets assume the power supply voltage is Vcc,
ohmic value of resistors 129, 131, 138, 140, 147 and 149 is R3, ohmic value of
resistors 130, 139 and 148 are R4, ohmic value of resistors 134, 135, 143,

- 144, 152 and 153 are RS, current value supplied by constant current sources
156, 157 and 159 ~ 162 are iz, base current of npn transistor is ip, voltage



10 the location signal, the speed control is sinplified by using a sinple
apparatus. Further, in the brushless nmotor driving circuit of the present
i nvention, the driving signals being applied to a term nal voltage
conpensati on neans of respective phases during the driving signals is
applied to a bridge circuit for exciting and driving arnmature w ndi ngs of
respective phases. Since an actual drivinggi s carried out during the
driving signals is in a :

inputted into terminal 163 i is Vir.

First, the terminal 164 being at H level is considered. The emitter
voltage of the npn transistor 113 becomes zero volt, then the current does not
flow in the resistor 134. In the resistor 130, a current of (U-W) / R4 flows
from the emitter terminal of npn transistor 110 toward the emitter terminal of
npn transistor 111. -

Accordingly, the current which flow in the resistor 129 is I 2 + (U-W) /

R4 - ip, then the output 100a outputted from the inter-terminal voltage -
compensation circuits 100 is given by the equation (4).

100a = Vec - R3IX {i2+ (U-W)/Re-ip} Q)

On the other hand, when the terminal 164 is at L lével, the current Vi /

RS flows in the resistor 134 then the output 100a outputted from the inter-
terminal voltage compensation circuits 100 is given by the equation (5).

1002 =Vec-R3 X {ig+ (U-W) /R4 + Vir /RS - ipp ) (5)

Considering the other inter-terminal voltage in the similar way, the
relationship between the logic level of terminals 164 ~ 169 and the outputs
100a ~ 100f is shown in FIG. 10.

_FIG. 11 shows a concrete construction example of a comparator 101 of
the embodiment 2. In FIG. 11, the numerals 170 ~ 172 denote comparators.
The comparator 170 compares 100b with 100a and outputs a logic signal 101a,
the comparator 171 compére’s 100d with 100c and outputs a logic signal 101b,
and the comparator 172 compares 100f with 100e and outputs a logic signal
101c.

The concrete operation of the comparator 101 is considered below.
When the terminal 164 and terminal 165 are at H levels, the comparator 170
outputs a logic signal 101a of U > W, When the terminal 164 is at L level and
the terminal 165 is at H level, the comparator 170 outputs a logic signal 101a



driving state, the phase delay is correctly conpensated. Further, in the
brushl éss notor driving circuit of the present invention, the driving
signals being applied to a term nal voltage difference conpensati on neans
bet ween respective phases during the driving signals is given to a bridge
circuit for exciting and driving armature w ndi ngs of respective phases.
Since an actual driving for the conpensa@zon of difference between
respective phases voltage is carried out durinng the driving signals is in a
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level and the terminal 165 is at L level, the comparator 170 outputs a logic
signal 101a of {U - R4 X Vi; / (2X RS5)} > W. '

~ As is shown in FIG. 4, the rotor location is detected by the coincidence of
the terminal voltages of W phase and U phase at the time when switching
current supply from U — V to W — V and at the time when switching current
supply from V ~ U to V — W. But, since U phase is a current supplying
phase and a W phase is a non-current sup'plying phase, an ohmic drop voltage
- is superposed to the U phase terminal voltage at both cases. Accordingly, it is
necessary to compensate the ohmic drop voltage from U phase terminal voltage

at a comparing point . When current supply is switched from U = Vio W —
V,itis necéssary to subtracts an ohmic drop voltage from U phase the terminal
voltages. When current supply is switched from V—=>Uto V — W, it is
- necessary to adds an ohmic drop voltage to U phase the terminal voltages.
: Accordingly, if R4 and RS are set so that (R4 X Vi; /(2 X R5) is to be an
armature winding ohmic drop voltage, and terminal 164 is set to H level and
the terminal 165 is set to L level at U — V current supply, or the terminal 164

is set to L level and the terminal 165 is set to H level at V — U current supply,
the comparator 101 compares U phase terminal voltage with W phase terminal
voltage in which the ohmic drop are compensated, then outputs the logic signal
101a. Accordingly, the same effect may be obtained in comparison with the
embodiment 1. |
It is possible to consider the other inter-terminal voltage in a similar

way. If the terminal 166 is set to H level and the terminal 167 is set to L level
-at V — W current supply, or the terminal 166 is set to L level and the terminal

167 is set to H level at W — V current supply, the terminal 168 is set to H
level and the terminal 169 is set to L level at W — U current supply, or the
terminal 168 is set to L level and the terminal 169 is set to H level at U = W

current supply, it is possible to get a similar effect in comparison with the
- embodiment 1. FIG. 12 shows a relationship between the current supplying -



conprises an actual current detection resistance which is connected
serialll'y to a bridge circuit for exciting the armature w ndings; the
current flowng in the detection resistor is applied to term nal voltage
conpensation neans as a wi nding current. Since the conpensation voltage was
taken fromthe detection resistor for detecting the current flowmng in the
armature wi nding, the phase delay is corrggtly conpensated. Further, the
brushl ess nmotor driving circuit of the present invention conprises an

actual curfenle SR80 TRE OMpdisation Switlhing signaf Hiputted thed the fetlidals 164 ~
169. - : : |

Embodiment 3
In this third embodiment, the voltages of the armature windings of

respective phases are detected as described in the embodiment 1, an
compensation voltage which is a préduct of the load resistance and a current in
an actual loading state is applied to the armature windings of respective phase

- in order to obtain a terminal voltages at a correct phase in an actual loading
state. Thus, the deriving signals of the armature windings of respective phases
are generated. In the present embodiment, the above the driving signals is
used as a compensation switching signal. "

An operation of the brushless motor driving device of the present
embodiment is explained below. |

FIG. 13 is a block diagram of a third embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 13, the same elements are shown by the same numerals of the
embodiment 1 in FIG. 1. In this embodiment, the driving signais 9a, 9b, 9¢,
9d, 9¢ and 9f are inputted into the terminal 63, terminal 65, terminal 67,
terminal 62, terminal 64 and terminal 66 of the terminal voltage compensation
circuit 1, respectively.

The compensation switching signal of the embodiment 1 shown in FIG. 6
is synchronized with the commutation. Accordingly, it is possible to use the
driving signals for sequentially switching the driving transistors TR1 ~ TR6 as
compensation switching signals. FIG. 7 shows a relationship between the
current supplying phase and the driving signals 9a ~ 9f of the bridge circuit 11
such as shown in FIG. 1. The compensation switching signals for the terminal
62, terminal 63, terminal 64, terminal 65, terminal 66 and the terminal 67 of
FIG. 6 correspond to the driving signals 9d, 9a, 9¢, 9b, 9f and 9c, respectively. -
Accordingly, it is possible to supply a brushless motor driving device of the
present invention as an embodiment shown in FIG. 13.



bridge circuit for exciting the armature w ndings; the current flowing in
the det.ection resistor is applied to a termnal voltage difference
conpensation means between respective phases as a winding current. Since
t he conpensation voltage was taken fromthe detecti-on resistor for
detecting the current flowng in the armature w nding, the phase del ay
bet ween the respective phases voltage di f88rence is correctly conpensat ed.
Further, the brushless notor driving circuit of the present invention
conpri ses ErbbARKeAE 4ation circuit for detecting a rising and falling edge
° | ‘This fourth embodiment is an example which is combined by the
embodiment 2 and embodintent 3. That is, in this third embodiment, the
voltages of the armature windings of respective phases are detected as
described in the embodiment 1, an compensation voltage which is a product of
the load resistance and a current in an actual loading state is applied to the
voltage difference of respective phases in order to obtain deriving signals of
respective phases in the compensation circuit at a correct phase in an actual
loading state. In the present embodiment, the above the compensation
switching signals are obtained from the drivihg signal.

FIG. 14 is a block diagram of a fourth embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 14, the same elements are shown by the same numerals of the
embodiment 2 in FIG. 8. - | .

In the present embodiment, the driving signals 9a is inputted to the
terminal 165 and terminal 168 of the inter-terminal voltage compensatiori -
circuit 100, the driving signals 9b is inputted to the terminal 164, terminal 167
of inter-terminal voltage compensation circuit 100 and the driving signals 9c is
inputted to the terminal 166 and the terminal 169 of inter-terminal voltage
compensation circuit 100. , | ,

When the inter-terminal voltage is compensated, it is possible to use the
driving signals which sequentially switching the driving transistors TR1 ~
TR6 as a compensation switching signal in a similar way as shown in the
embodiment 3.

For example,'the driving signals 9b, 9¢ may be used instead of the
compensation switching signals inputted into the terminal 164, since they may
be H level at U — V current supply, and L level at V — U current supply. It

is also possible to use the compensation switching signals inputted into terminal
165 instead of the driving signals 9a, 9d in the same way, the compensation

- switching signal inputted into terminal 166 instead of the driving signals 9c, 9f,
the compensation switching signals inputted into terminal 167 instead of the



conparison signal of the term-nal voltages and a voltage differences

bet ween respective phases;.and a latch circuit for latching the conparison
si.gnal ‘at the timng when the edge is detected in the differentiation
circuit; the armature wi ndings of respective phases are driven as a rotor
Iocatlon si gnal by conbining the.output AQnal s of latch circuit. Since a -
new the | ocation signal is obtained by latching the |ocation signal, a
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.terminal 168 instead of the driving signals 9a, 9d, and the compensation
switching signals inputted into terminal 169 instead of the driving signals 9%,
9f. Accordingly, it is possible to-supply a brushless motor driving device of
the present invention as an embodiment shown in FIG. 14.

Embodiment 5 |
In this fifth embodiment, a current value for applying the compensation
voltage which is a product of the load resistance and a current in an actual
- loading state can be obtained by detecting the drop voltage of a sensing resistor
for load current detection. _
An operation of the brushless motor driving device of the present
embodiment is explained below. :

FIG. 15 is a block diagfam of a fifth embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 15, the same elements are shown by the same numerals of the
embodiment 1 in FIG. 1. In this embodiment, the common emitter terminals
of transistors TR4 ~ TR6 are connected to the terminal 61 of the terminal
voltage compensation circuit 1. |

In FIG. 15, the current flowing in the armature wmdmg flows also

through the resistor 10, since the resistor 10 is connected to the common
‘emitter terminal of the driving transistors TR4 ~ TR6. Accordingly, it is

. possible to detect current quantity flowing in the armature windings as a

' voltage drop in the resistor 10. Assume that the current flowing in the
armature windings is I, ohmic value of the armature winding resistor for one
phase is r, and ohmic value of the resistor 10 is Rs, then the ohmic drop of the
armature winding is Iy X 1, and the voltage inputted to the terminal 61 is I X
Rs. Accordingly, since the voltage compensated at the terminal voltage
compensation circuit i$ R1 X I, X Rs / R2, then R1, R2 and Rs can be

o " determined so that this value is equal to Iy, X r.



signal . »Further, the brushless notor driving circuit of the present _
I nvention conprises a rotor |ocation signal generation neans for detecting
a totor location signal of the brushless notor fromthe termnal voltages
or a voltage differences between respective phases; a counter for detecting
arising and falling edge of the rotor q?ptlon signal of the output,

sel ecting one of the necessary edge signal fromthe respective detection
edge signals and counting necessary edge signals and applying it to the
armat ure we t ®espective phases at starting; and a pul se generating

counter, one iPR si3th WhhSdintent is an example in which the embodiment 5 is
applied to the embodiment 2, which is explained below.

FIG. 16 is a block diagram of a sixth embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 16, the same elements are shown by the same numerals of the

" embodiment 2 in FIG. 8. In this embodiment, the common emitter terminals
of transistors TR4 ~ TR6 are connected to the terminal 163 of the inter-
terminal voltage compensation circuit 100.

In case of compensating the inter-terminal voltage, it is also possible to
detect an armature winding ohmic drop voltage from the emitter terminals of
the transistors TR4 ~ TR6 in a similar way as described in the embodiment 5.
Accordingly, it is possible to supply a brushless motor driving device of the
present invention as an embodiment shown in FIG. 16. '

Embodiment 7

In the above embodiments, the current waveforms are described as ideal
waveforms which have no distortion. But, in an actual waveform, noises, for
example, spike shaped noise as shown in FIG. 18, are superposed to the ideal
waveform, and the operation accompanies chattering. The present invention
can be applied to such waveforms to normally operate in such condition. In
the present invention, the detected signal waveform is shaped to a correct
stable waveform in the waveform shaping ClI‘Clllt and then the compensation
circuit is operated.

FIG. 17 shows a concrete construction example of a waveform shaping
circuit 3. In FIG. 17, the numeral 180 denotes a latch circuit, the numerals
181 ~ 186 denote a D flip-flops, the numerals 187 ~ 189 denote EOR circuits,
the numeral 190 denotes an OR circuit, and the numeral 191 denotes a
monostable multivibrator. |

FIG. 18 shows terminal voltage waveforms in the normal rotatlon state
and sngnal waveforms at respective portions of the waveform shaping circuit.
FIG. 19 shows enlarged portions between the time points TO ~ T1 of FIG. 18.



connected to the output of the counter, for counting up the counter when
the inmput is not obtained for a predeterm ned of period; an output of the
cqunter is applied to the armature winding at starting for driving the
rotor of the brushless notor. Since edge signals of rising and falling of
the location signal are selected and coumjzd for nmeking a driving signal
and forcefully counted when there is no further input, stable starting can

be obtained. Fwther, the brushless _notor drivi circuit,aof th resent
i nventi on conpfNELONCTRE: GPETAHOR: olothesWang 'O@Qtﬁggﬁ iaﬁl%ﬁ

a rotor

MHATREHAS &XR Hl i ng
reference to FIG. 18 and FIG. 19. _ .

'Input signals inputted to the waveform shaping circuit 3 are logic signals
2a, 2b and 2c or 101a, 101b and 101c which are outputted from the
comparator 2 or comparator 101, respectively. |

In the embodiment 1, or in the embodiment 2, spike shaped voltage
fluctuation has been neglected so far which is superposed to the terminal
voltage waveform and generated when switching the driving transistors. But,
actually, since the terminal voltage waveform includes spike shéped voltage
fluctuation, the voltage fluctuation remains in the terminal voltage waveform
which is obtained by compensating the armature winding ohmic drop.
Accordingly, the logic signals 2a, 2b and 2c, which are obtained by comparing
the terminal voltages, contains spike shziped noise as shown in FIG. 18.

First, this logic signal is inputted into latch circuit 180. The latch circuit
180 is a circuit for carrying out latching operation accofding to a state of
enable terminal 180a , which outputs the input data as it is when the enable
terminal 180a is at H level. When the enable terminal 180a changes its state to
L level, the input data is latched, and the latch circuit 180 continues to output
the latched data during the terminal 180a is at L level. In an initial condition,
the terminal 180a of the latch circuit 180 is at H level, then the légic signals 2a,
2b and 2c are inputted into the respective D flip-flops 181, 183 and 185 as it is.
The D flip-flops 181 ~ 186 and EOR circuits 187 ~ 189 coinprise a both_edg'ed .
differentiation circuit, respectively. The EOR circuit 187 ~ 189 output
differential pulse at the timing of rising and falling edges of the logic signals
2a, 2b and 2c. - :

At the timing point of T2, when compensated the terminal voltages 1a and
1c coincident and the polarity of 2a changes, the both edged differentiation
circuit detects edges to generate a differential pulse 203. The output signals
187 ~ 189 of EOR circuit is summed in the OR circuit 190 to make a logic
pulse signal 201 and inputted into the monostable multivibrator 191. The
monostable multivibrator 191 triggers a rising edge of the logic pulse signal -
201 and outputs a pulse 204 of L level during a predetermined period T3. The



| ocation signal of the brushless notor fromthe. termnal voltages or a
voltage di fferences between respective phases; a counter for detecting a
riising and falling edge of the rotor |ocation signal of the output,

_sel ecting one of the necessary edge signal fromthe respective detection
edge signals and counting necessary edge@ggnal and applying it to the
armature w ndings of respective phases at starting; a pul se generatlng

counter,

counting upd
. the enable terminal 180a becomes L level, the latch circuit 180 latches the logic

one of which.,is connected to,the qutp e.couynter, for
lqa;ef&gs]mum intonthe; enable terminal 180a 5 the Iatc circuit. After

signals 2a, 2b and 2c and continues to output latched data during the latch pulse
204 is at' L level.
The respective output signals 195, 196 and 197 of the D flip-flops 182,

184 and 186 is waveform shaped the rotor location signals 3a ,3b and 3c and
inputted into the commutation circuit 9 of next stage. When the commutation
operation is carried out in the commutation circuit 9, the driving transistors
operates the switching. Therefore, spike shaped voltage fluctuation is
generated in the U phase terminal voltage waveform. As a result, spike shaped
noise 205 is generated at undesirable location as shown in 2b of FIG. 18. But,
at the timing point where the spike shaped noise 205 is generated, the data
input to the latch circuit is disabled by the pulse 204 transmitted from the
monostable multivibrator 191. Accordingly, spike shaped noise 205 is masked
in the latch circuit 180, then the spike shaped noise is not included in the
waveform-shaped the rotor location signals 3a, 3b and 3c.

~ In the above mentioned waveform shaping circuit 3, a logic pulse signal
201 outputted from the OR circuit 190 has a predetermined interval between
respective pulse at a normal rotation. Accordingly, it is possible to use this

logic pulse signal 201 as a speed signal for controlling the rotation speed.

Further, although an example of three phase brushless motor was
“explained in this embodiment, but it is apparent that this invention can be
applied generally to a brushless motor having a plurality of phases.

Embodiment 8 '

In the eighth embodiment, an example of a brushless motor is explained
which is not influenced by the load at a starting and also stably started in a
short time.

That is, the driving is carried out by the combined 'sig'nal which is

- obtained from the detected voltage of respective phases at starting. Concretely

stated, the location signal of the rotor is detected from the winding voltage of
respective phases of the brushless motor, then rising and falling edge signals of



12 obtained for a predeterm ned of period; and a normal. rotation detecting
means for nonitoring notor rotation by conbining the rotor |ocation signal
with the counter output; the.normal rotation detecting neans generates a
restart pulse for restarting the notor and applies an output of the counter
to the armature windings for driving theggtor of the brushless notor at
abnormal rotation. Since edge signals of .rising and falling of the | ocation

signal are_selected and counted f.or making a_drivyi ng.signal and forcefull
Coﬂm ed whthe xoter logation signal are detecte and selecteg to obtaih a necessary edge Y

signal. Further, necessary edge signal is counted to obtain a driving signals
which is app‘liéd to the armature windings of respective phases at starting.
Further, if this input signal can not be applied for a predetermined peribd, a
certain the driving signals is applied forcefully. _

FIG. 20 is a block diagram of an eighth embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 20, the numeral 9 denotes a commutation circuit for
outputting the driving signals 9a, 9b, 9¢c, 9d, 9¢ and 9f, the numeral 11 denotes
a bridge circuit for supplying a current to a predetermined phase of the
brushless motor, the numeral 4 denotes a rotor location signal generating
circuit for generating the location signals 3a, 3b and 3c from respective
terminal voltages of the brushless motor. The numeral 7 denotes a counter
circuit for generating a necessary edge signal by detecting and selecting the
rising and falling edges of the location signals 3a, 3b and 3c and for counting
the necessary edge signal, the numeral 6 denotes a pulse generating circuit for
outputting a pseudo pulse 6a. . :

The operation of the embodiment is explained below. The motor rotation
signal 5a is inputted from outside, which indicates “rotation" at “enable" state
and “stop" at "disable" state. In this embodiment, "enable” indicates H level
and "disable” indicates L level. |

In FIG. 20, the motor rotation signal 5a is connected to the commutation
circuit 9 and the counter circuit 7. the driving signals 9a, 9b, 9¢, 9d, 9e and 9f
which are outputted from the commutation circuit 9 are connected to the bases
of respective transistors TR1, TR2, TR3, TR4, TRS5 and TR6. In this
embodiment, the transistors TR1, TR2 and TR3 are comprised of pnp type
transistors, and the transistors TR4, TRS and TR6 are comprfsed of npn type
transistors. the emitters of tran,sisiors-TRl, ‘TR2 and TR3 are connected to the

.power supply, the collectors are connected to collectors of respective
transistors TR4, TRS and TR6, the emitters of the transistors TR4, TRS and
“TR6 are connected the ground through the resistor 10. The bridge circuit 11
is comprised of these transistor groups TR1 ~ TR6.



no further input, and further being restarted at abnormal rotation state,
stable starting can be obtai ned even at abnornmal rotation state. Further,
the brushless motor driving circuit of the present invention conprises a
swi tching nmeans for switching the armature w ndings of respective phases in
response to the counter output at starti fi§ or restarting, or in response to
the rotor location signal at nornal rotation after starting or restarting;

0,211 The B g i TRt s TR, RS R aper o
nor mal S? &W@EW&& ective termtmaels ( ﬁ phasg, «I phase and W phase oP gxe
armature windings of three phase brushless motor which is connected by star
connection. Accordingly, by carrying out on - off operation for respective
transistors, current is supplied to respective armature windings. FIG. 21
shows a current relation ship between the driving signals 9a, 9b, 9¢c, 94, 9¢ and
9f of the present embodiment. FIG. 21 is a table which indicates FIG. 7. In
FIG. 21, if the current supplying is switched sequentially as shown in the
arrow direction, the rotor continues to rotate. | |

Each terminal of the armature windings connected to the bridge circuit 11
is also connected to the rotor location signal generating circuit 4. The rotor
location signal generating circuit 4 generates three bits location signals 3a, 3b -
and 3c from the terminal voltages U, V and W of the respective U phase, V
phase and W phase. FIG. 22 shows a logical relation between the driving
signals 9a, 9b, 9¢, 9d, 9e and 9f and the location signals 3a, 3b and 3c of the -
present invention. The location signals 3a, 3b and 3¢ outputted from the rotor
location signal generating circuit 4 are inputted into the counter circuit 7.

FIG. 23 shows a concrete construction of a counter circuit 7. The
location signals 3a, 3b and 3c are inputted into the rising edge detecting
circuits 250, 252 and 254 and the falling edge detecting circuit 251, 253 and
255. The rising edge detecting circuits 250, 252 and 254 output rising the
edge pulses 250a, 252a and 254a, and the falling edge detecting circuits output
the falling the edge pulses 251a, 253a and 255a, respectively. The detected the
edge pulses 250a, 252a, 254a, 251a, 253a and 255a are inputted into the pulse

2i . selection circuit 256. | |

The pseudo pulse 6a outputted from the generating circuit.6 as shown in
FIG. 20 is also inputted into the pulse selection circuit 256. The pulse train 7d
which is outputted from the pulse selection circuit 256 is input into the

~ counter. In this embodiment 8, the counter pulse train 7d is counted by the
hexa counter 257. - |

FIG. 24 shows a logical relationship between the pulse number inputted
into the hexa counter 257 and its output number of this embodiment. In FIG.



.every predeterm ned period, the operation can be surely changed to a normal -
driving. Further, the brushless notor driving circuit of the present
invention conprises a switching neans for swtching the armature wi ndings
of respective phases in response to the counter output at starting or
restarting, or in response to the rotor |Qcation signal at normal rotation
after starting or restarting; the SMAtchﬁég means switches the arnmature

wi ndi ngs when a counter output reaches a predetermned value as the

starting Q4,inase thagtheeinpud pulsexoime) wiored th&h ®; ¢hé Rount Mimbers/ 74,75 andi ng

state and coarréaclzofdtg eagcaallrrll fb om L. tf.hefl, le?;elt respectwely The pulse train 7d is
inputted into the generating circuit 6 from the counter circuit 7 as shown in
FIG. 20. The count numbers 7a, 7b and 7¢ outputted from the hexa counter
257 are inputted into the pulse selection circuit 256 in the counter circuit 7 and
also into-the commutation circuit 9 in FIG. 20. The pulse selection circuit 256
refers the current the count numbers 7a, 7b and 7c and outputs an edge pulse

- of theoretical location signal which should be detected next at normal rotation
or a pseudo pulse 6a. ' '

" FIG.25 shows a relationship between the count numbers 7a, 7b and 7c

and the edge pulse 250a , 252a, 254a, 251a, 253a and 255a of theoretical
Iocation signals which should be detected next at normal rotation. From FIG.
25, for example, the count numbers 7a, 7Tband 7cisatL - L - L level, only the
edge pulse 253a is outputted and other the edge pulse 250a, for example, is not
output. But, the pseudo pulse 6a is outputted irrespective of the count numbers
7a, b and 7c.

FIG. 26 shows a concrete construction example of a pulse generating
circuit 6. The pulse generating circuit 6 comprises a retrigarable one-shot 260
and a rising edge detecting circuit 261. The pulse train 7d which is outputted |
from the pulse selection circuit 256 is inputted into a retrigarable one-shot
260. Output 260a of the retrigarable one-shot 260 is inputted into the rising
edge detecting circuit 261. The rising edge detecting circuit 261 detects a
rising edge of output 260a of the retrigarable one-shot 260 and outputs a
pseudo pulse 6a as similar way as the rising edge detecting circuit 250, 252 and
254 arranged in the counter circuit 7.

In such a construction, when the pulse train 7d i is inputted into the
retrigarable one-shot 260 within the predetermined period, the retrigarable
one-shot 260 is cleared, therefore the output 260a does not change its state.
Accordingly, the pseudo pulse 6a is not outputted But, when the pulse train
7d is not inputted into the retrigarable one-shot 260 within the predetermined
period, the output 260a of the retrigarable one-shot 260 is changed from L -
state to H state. Therefore, the pulse generating circuit 6 outputs a pseudo



count nunber of the counter, the operation can be surely changed to a
normal > driving. Further, the brushless notor driving circuit of the present
i nyention conprises a switching nmeans for switching the armature w ndings
of respective phases in response to the counter output at starting or :
restarting, or in response to the rotor ‘?.gation' signal at. normal rotation
after starting or restarting;. and a rotor 'Speed signal detection neans; the
swi t chi ng neans switches the

pulse 6a by detecting the rising edge.

In this embodiment, the pulse generating circuit 6 is constructed such as
when retrigarable one-shot 260 is cleared, the output 260a is L state and when
the pulse train 7d is not inputted within a predetermined period, the output is H
state. But it is possible to construct a pulse generating circuit 6, using a falling
edge detecting circuit, such as when retrigarable one-shot 260 is cleared and,
the output 260a is H state and when the pulse train 7d is not inputted within a
predetermined period, the output is L state. Even the latter case, a similar the
pseudo pulse 6a is obtained. ' j

The commutation circuit 9 sets the driving si gnals 9d, 9¢ and 9f to L state

- and the driving signals 9a, 9b and 9c to H state when the motor rotation signal
5a is at L state, and causes the transistor group of the bridge circuit 11 to off
state and causes the brushless motor to no-current supplying state.

Next, in the starting mode just after the motor rotation signal 5a became
H state, the driving signals 9a, 9b, 9¢, 9d, 9e and 9f are outputted by

- combining the count numbers 7a, 7b and 7c so that the rotor rotates toward a
normal direction. '

FIG. 27 shows a combination example between the driving signals 9a, 9b,
9¢, 9d, 9e and 9f and the count numbers 7a, 7b and 7c of the counter circuit 7
of the present embodiment. In FIG. 27, if the driving signals 9a, 9b, 9¢, 9d,
9e and 9f are switched to the arrow direction, the rotor rotates toward a
normal direction. |

An operation of a brushless motor of the eighth embodiment is explained
below. Just after the motor rotation signal 5a became H state, since the count
numbers 7a, 7b and 7c becomes L - L - L state, respectively, the driving
signals 9b becomes L state from FIG. 27, and the driving signals 9f becomes H
state, current is supplied to V-W phase as shown in FIG. 21. At this time,
there are three modes, that is, the rotor of the brushless motor rotates toward "
normal direction and the location signal changes, the rotor rotates toward:
reverse direction and the location signal changes or the rotor stops at the
current supply stability point and the location signal does not change.

First, the mode in which the rotor rotates toward normal rotational



13 arnature w ndi ngs when a detected speed signal reaches a predeterm ned
value as the starting or restarting period is conpleted. Since the starting
| yestarting state and nornal state are switched when the rotor speed has
reached a predeterm ned speed, the operation can be surely changed to a
normal driving. Further, the brushless nggor driving circuit of the present
invention conprises a swtching means for swtching the ar mat ure w ndi ngs

of 1 eSpeCtdlrectxon is explained. FIG. 28 shows respective portions of signal waveforms
| when the rotor rotates toward normal rotational direction. When the current
is supplied to V-W phase, the location signals 3a, 3b and 3c become H-H - L
states as shown in FIG. 21 and FIG. 22. Since the count numbers 7a, 7b and 7c
are L - L - L state at this time, the hexa counter 257 does not count so long as
the edge pulse 253a or the pseudo pulse 6a is not detected as shown in FIG. 25.
When the rotor rotates further toward normal rotational direction by inertia ,
the terminal voltages U, V, W change by the counter electromotive force
which is induced in the' armature Winding, the location signals 3a, 3b and 3¢
e becomes H - L - L state, then the edge pulse 253a is detected as shown in FIG.
28 (A). '
Accordingly, the hexa counter 257 is counted up, then the cdunt numbers
7a, 7b and 7c become H - L - L states, the commutation circuit 9 set the
driving signals 9a, 9b, 9¢, 9d, 9e and 9f to L - H- H- L - L - H states,
respectively, so that a current is supplied to U-W phase as shown in FIG. 21
and FIG. 27. After then the brushless motor is accelerated by switching the
current sequentially until the rotation speed reaches to a normal value by
referring the combination of the count numbers 7a, 7b and 7c according to the
relation shown in FIG. 27. | o
' Next, a mode in which the rotor rotates toward reverse direction and then
the location signal changed is explained using FIG. 29. FIG. 29 shows
respective portions of signal waveforms when the rotor rotates toward reverse
dlrectlon -
When the rotor rotates toward reverse rotational direction Iocatlon signal
3a changes and the edge pulse 251a is detected as shown in FIG. 29 (B), but the
hexa counter 257 is not counted up since the edge pulse 253a is not detected as
described above.
" Further, the edge pulse 253a can not be detected within a predetermined
period t;, a pseudo pulse 6a is outputted from the pulse generating circnit 6 as

shown in FIG. 29 (C). The hexa counter 257 counts up the pseudo pulse 6a

and the count numbers 7a, 7b and 7c change to H - L - L states. The
commutation circuit 9 sets the driving signals 9a, 9b, 9¢, 9d, 9¢ and 9f to L - H



phases in response to the counter out put at starting or restarting, or in
response to the rotor location signal at nornmal rotation after starting or
restarting; and the sw tching means sw tches.the armature w ndi ngs when a
detected the rotor |ocation signal reaches a predeterm ned conbi ned val ue
as the starting or restarting period is conpleted. Since the starting /

restarting state and nornal state are sw gghed when the detected | ocation
si gnal s becone a predeternined conbi nati on; the operation can be surely

et s b Hestates so that carfent is s3£5ﬁ23 % U-W phase as showa in HIG.
21 and FIG. 27. Thereby, the rotor rotates toward normal rotational
direction, after then the brushless motor is accelerated by switching the current
sequentially until the rotation speed reaches to a normal value by referring the
combination of the count numbers 7a, 7b and 7c according to the relation
shown in FIG. 27. '

Further a mode in which the rotor stops at the current supply stability
point and the location signal does not change is explained below. In the similar
way as described in the mode of the above reverse rotation, since the edge

_pulse 253a can not be detected within a predetermined period t;, a pseudo -

pulse 6a is 6utputted from the pulse generating circuit 6. The hexa counter
257 also counts up the pseudo pulse 6a. As a result, that current is supplied to
U-W phase as shown in FIG. 21 and FIG. 27. After then the brushless motor
is accelerated by switching the current sequentially until the rotation speed
reaches to a normal value by referring the combination of the count numbers
7a, 7b and 7c¢ according to the relation shown in FIG. 27. '

.Emb_qslm_e_nﬁ_

-An operation of the brushless motor wh1ch restarts stably in a short time
without influenced by the load at a starting even when the brushless motor
stops by some reasons and needs to restart. Concretely stating, in this

" embodiment, the apparatus of the invention detects a location signal of the
rotor from winding voltages at respective phases of the brushless motor and
obtains a necessary edge signal by detecting and selecting a rising edge or a
falling edge of the rotor location signal, further proving a normal rotation
detecting circuit for monitorihg the motor rotation in combination with the
necessary edge signal. When abnormal state is detected, the edge signals are
counted and the counted resultant is used as a forcefully supplied driving signal
to the armature winding of respective phases at restarting.

FIG. 30 is a block diagram of a ninth embodiment of the present
invention which shows a general construction a brushless motor driving
device. Since the bridge circuit 11, the rotor location signal generating circuit



conprises a switching nmeans for switching the armature w ndi ngs of
respective phases in response to the counter output at starting or
restarting, or in response to the rotor |ocation signal at normal rotation
after starting or restarting; and the sw tching neans switches the armature
wi ndi ngs when a driving signals supplied to the respective armature w ndi ng
reaches a predeterm ned conbi ned val ue as.the starting or restarting period
i's conpleted. Since the starting / restaS |ng state -and norrmal state are
swi tched when the driving signals becone a predetermnm ned conbination, the
oper at i on 4;ahe lwowneecircaiteNgthe pulse gemerating cirduiy6 are similar to the

embodiment 8, the description is omitted. The numeral 265 denotes a normal
rotation detecting circuit for comparing the count numbers 7a, 7b and 7c with
the location signals 3a, 3b and 3c. : |

In this embodiment, the location signals 3a, 3b and 3c are also inputted
into the commutation circuit 9. The commutation circuit 9 outputs the driving

- signals 9a, 9b, 9¢, 9d, 9¢ and 9f in combination with the count numbers 7a, 7b
and 7c at starting mode, and outputs the driving signals 9a, 9b, 9¢, 9d, 9¢ and
of in combination with the location signals 3a, 3b and 3c during a normal |
rotation, in a similar way as the embodiment 8. The location signals 3a, 3b
and 3c and the count numbers 7a, 7b and 7c are also mputted into the normal
rotation detecting circuit 265.

The normal rotation detecting circuit 265 compares ‘the location signals
3a, 3b and 3c with the count numbers 7a, 7b and 7c after a predetermined time
and after the count numbers are changed durinig a normal rotation state. FIG.
31 shows a theoretical logical relationship between the location signals 3a, 3b |
and 3c and the count numbers 7a, 7b and 7¢ in this embodiment. When the
combination is not the ones shown in FIG. 31, the restart pulse 265a is
outputted into the commutation circuit 9. |

An operation where the rotor stops by any load during a normal rotation
is explained using FIG. 32. In FIG. 32 , lets assume that the rotor stopped
after timing (D). In this case, after a predetermined time t; has passed from a |

pulse (01) generation in the circuit 6, a pseudo pulse (p2) is outputted from the
pulse generating circuit 6. |
The pseudo pulse ( p2) is output by the pulse selection circuit 256 as
pulses (02) in a pulse train 7d, the count numbers 7a, 7b and 7c change their
states from L - H - L to L - L - H according to the logical relation example of
FIG. 24. During a normal rotation, as described above, since the driving
signals 9a, 9b and 9c, 9d, 9¢ and 9f is outputted by being combined with the
location signals 3a, 3b and 3c, the current supplying phase are not switched
even if the count numbers 7a, 7b and 7c are changed. After a predetermined



Further, the brushless motor driving circuit of the present invention
conprises a switching neans for switching the armature w ndi ngs of a
respective phases i'n response to the counter output at starting or
restarting, or in response to the rotor |ocation signal at normal rotation
after starting or restarting; and a tinmer or a rotor speed signal detection
nmeans; the switching neans switches the qqnature wi ndi ngs as the starting
or restarting period is conpleted when al follomﬁng conditions are

satisfied, ,that- when set time of the tinme
| time tp ﬁas passed ?rom cilange of the count numbers 7a, 7b and 7c¢, the normal

rotation detecting circuit 265 compares the location signals 3a, 3b and 3¢ and -
the count numbers 7a, 7b and 7c. '

In this case, since this combination is not a theoretical combination as seen
from FIG. 31, the normal rotation detecting circuit 265 outputs a restart pulse
(q3) and the mode changes to a stai-ting mode. In the starting mode, as
described above, since the starting signals 9a, 9b, 9¢c, 9d, 9e and 9f are
outputted by being combined with the count numbers 7a, 7b and 7¢, the
driving signals 9a, 9b, 9¢, 9d, 9¢ and 9f becomes H-H-L -L - H-L and
current supply is switched to cause the rotor to rotate toward normal rotational
direction as shown in FIG. 27. After that, as describe in embodiment 8§, the
current supply is sequentially switched by the combination of the count
numbers 7a, 7b and 7¢ according to the relationship of FIG. 27, until normal
rotation is reached.

Embodiment 10

A motor driving circuit having a switching apparatus for switching from
a starting or restarting operation to a normal operation is explained below.
- In this embodiment, a switching time is set and the rotation of the rotor is
switched to a normal operation after a prédetermined period. |
FIG. 33 is a block diagram of a tenth embodiment of the present
invention which shows a general construction a brushless motor driving
device. Since the bridge circuit 11, the rotor location signal generating circuit
4, the counter circuit 7, the pulse generating circuit 6, the normal rotation
detecting circuit 265 are similar to the above eighth and ninth embodiments,
the description is omitted. The numeral 8 denotes a switching signal
generating circuit which outputs a switching signal 8a for referring any. of the
“count numbers 7a, 7b and 7c or the location signals 3a, 3b and 3¢ when
outputting driving s1gnals 9a, 99, 9c, 9d, 9e and 9f in the commutation circuit
9. The switching signal generating circuit 8 is explamed below. .
In this embodiment, the motor rotation signal 5a and the restart pulse
265a are inputted into a switching signal generating circuit 8. The switching .



14 expires, when a detected speed signal reaches a predeterm ned val ue,
when a’ counter output reaches a predetern ned val ue, when a detected the .
rofor |ocation signal reaches a predeterm ned conbi ned val ue, when a
driving signals supplied to the respective armature w nding reaches a
predet erm ned conbi ned value. Since the starting / restarting state and
normal state are switched by a conbinatiogpof the count number of the
counter, predeterm ned period, the

signal 8a is inputted into the commutation circuit 9.

FIG. 34 shows a concrete switching signal g‘enérating circuit 8 of .
embodiment 10. The switching signal generating circuit 8 is comprised of a
timer 270 in this embodiment. FIG. 35 shows a timing chart for explaining an
operation of the switching signal generating circuit of embodiment 10 .

An operation of the switching signal generating circuit 8 of this |
embodiment is explained below using FIG. 35. In this embodiment, when the
motor rotation signal 5a inputted into the timer 270 becomes H level, the timer
270 is changed to ON state, then the commutation circuit 9 outputs driving

~ signals 9a, 9b, 9c, 9d, 9 and 9f by combining the count numbers 7a, 7b and 7¢
according to the relationship shown in FIG. 27. After a predetermined period
to, the switching signal 8a changes from L to H, then the commutation circuit 9
outputs the driving signals 9a, 9b, 9¢c, 9d, 9¢ and 9f by combining the location
signals 3a, 3b and 3c as shown in FIG. 22. |

When the commutation circuit 9 outputs the driving signals 9a, 9b, 9¢, 9d,
9e and 9f by combining the location signals 3a, 3b and 3c, and when the restart

pulse 265a is inputted from the normal rotation detecting circuit 265, the timer .

270 is reset, then the switching signal 8a changes from H to L. Then, the
commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d, 9¢ and 9f
using the count numbers 7a, 7b and 7c. After a predetermined period tg, the
switching signal 8a changes from L to H, then the commutation circuit 9
outputs the driving signals 9a, 9b, 9¢, 9d, 9¢ and 9f by combining the location
signals 3a, 3b and 3¢c.

B this embodiment, the switching signal 8a is set to L. when réfen'ing the
count numbers 7a, 7b and 7¢, and to H when referring the location signals 3a,
3b and 3c, but they can be set reversely. '

mbodiment 11

In this embodiment, an switching operation carried out to a normal
operation after the counter reaches a predetermined value. By this operation,
the motor rotates without fail. |



r ot or speed whi ch has reached a predetermned speed, a predeterm ned
combi nation of the detected | ocation signals of the driving signals, the
operation can be surely changed to a normal driving. Further, in the '
brushl ess nmotor driving circuit of the present invention, the counter
outputs a restart pulse to nake the rotor start as an abnormal rotation .
when the rotor |ocation signal at the in®8 has not changed for a
predet erm ned period and counts up the counter forcefully. Since the

counter 11O AL A0 R4EH Mgl U558 MR BBoci PR O el?
invention which shows a general construction a three phase brushless motor-
driving device. The numeral 8C denotes a switching signal generating circuit
which outputs a switching signal 8a for referring any of the count numbers 7a,
7b and 7c or the location signals 3a, 3b and 3¢ when outputting driving signals
9a, 9b, 9c, 9d, 9e and 9f in the commutation circuit 9. The switching signal
generating circuit 8C is explained below. |

In this embodiment, the pulse train 7d, the motor rotation signal 5a and
the restart pulse 265a are inputted into the switching signal generating circuit
8C. The switching signal 8a is inputted into the commutation circuit 9.

FIG. 37 shows a concrete switching signal generating circuit 8C of -

. embodiment 11. The switching signal generating circuit 8C is comprised of a
mode switching counter 271. FIG. 38 is a timing chart which explains an
operation of a switching signal generating circuit of embodiment 11.

FIG. 38 is used as next and a operation of switching signal 'generating
circuit 8C of this embodiment is explained. The mode switching counter 271 )
begins to count the pulse train 7d when the motor rotation signal 5a becomes

'H, and the commutation circuit 9 outputs the driving signals 9a, 9b, 9¢, 9d, 9¢
and 9f by combining the count numbers 7a, 7b and 7¢ according to the
relationship as shown in FIG. 27. The mode switching counter 271 changes
the switching signal 8a from L to H after the count number of the pulse train
7d reaches a predeterrmned number X and then the commutatlon circuit 9
outputs driving signal 9a, 9b, 9c, 9d, 9¢ and 9f by combmmg the location
signals 3a, 3b and 3c as shown in FIG. 22. |

When the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d,
9¢ and 9f by combining the location signals 3a, 3b and 3c, and when the restart
pulse 265a is inputted from the normal rotation detecting circuit 265, the mode
switching counter 271 is reset, then the switching signal 8a changes from H to
L. Then, the commutation circuit 9 outputs the driving signals 9a, 9b, 9¢, 94,
9e and 9f using the count numbers 7a, 7b and 7c. The mode switching counter
271 begins to count the number of the pulse train 7d and changes the switching
signal 8a from L to H after the count number of the pulse train 7d reaches a



inputted into the counter, restart is possible at an abnormal rotation
state.” Further, the brushless notor driving circuit of the present
i'nvention conprises a |ocation detector for detecting a |ocation deviated
by electrical angle [err]/6 against the rotor |ocation signal which is
detected fromthe term nal voltages or the voltage difference between
respective phases; and a hold circuit foggutputting a selection signal
defined by an output of the location detector and a starting indi cat i on

signal; the nt er ci des conpi,nat jon_ of dr.i vi n supplkied to

ar rmat ur e “’1@%@ e%“?ﬂ‘ieé? r@ WW‘E%‘FQH?‘% yﬂb}&? Y2& i on

signal .  signal 9a, 9b, 9c, 9d, 9e and 9f by combining the location signals 3a, 3b and 3¢
as shown in FIG. 22. | |

mbgglment 12

In this embodiment, an switching operation is carried out when the
combination of detecting time and location signal, in other words, the both
conditions are satisfied. _ _ |

FIG. 39 is a block diagram of a twelfth embodiment of the present
invention which shows a general construction a three phase brushless motor
driving device. The numeral 8D denotes a switching signal generating circuit
which outputs a switching signal 8a for referring any of the count numbers 7a,
7b and 7c or the location signals 3a, 3b and 3c. The switching signal
generating circuit 8D is explained below.

In this embodlment the motor rotation signal Sa, the restart pulse 265a
and the location signals 3a, 3b and 3c are inputted into the switching signal
generating circuit 8D. The switching signal 8a is inputted into the
commutation circuit 9. |

FIG. 40 shows a concrete switching signal generating circuit 8D of
embodiment 12. In this embodiment, the switching signal generating circuit
8D is comprised of a location signal combination discrimination circuit 272
and a timer 270. The timer 270 is similar to the construction of the
embodiment 10. |

The location signals 3a, 3b and 3c are inputted into the location signal

. combination discrimination circuit 272, the output from the location signal
combination discrimination circuit 272 becomes H when the location signals
3a, 3b and 3c becomes a predetermined combination. In this embodiment,
when the location signals 3a, 3b and 3¢ became a combination of H- L - L, its
output changes to H. The output of the location signal combination
discrimination circuit 272 and the timer 270 are inputted into the AND circuit |
273, the output 273a of the AND circuit 273, the motor rotation signal Sa and
the restart pulse 265a are inputted into the latch circuit 274. The latch circuit



Since the driving signals at starting and restarting are obtained froma

| ocation signal detected by other |location detector which is set at a
certain electrical angle, the notor can be surely started even at starting.
Further, the brushless notor driving circuit of the present invention
conprises a location detector for detecting a |ocation deviated by
electrical angle [err]/6 against the rotoegl ocati on signal which is
detected fromthe term nal voltages or the voltage difference betmeen

res ective _phases; a hold circuit for,
P 27435 cleared by the motor rotation signal Sa and the restart pulse 265a. The

latch circuit 274 also holds the output to H until the latch circuit 274 is cleared
after the input signal once becomes H.

- An operation of the switching signal generating circuit 8D of this
embodiment is explained below using FIG. 41. In this embodiment, when the -
motor rotation signal 5a becomes H level, the timer 270 is changed to ON

state, then the commutation circuit 9 outputs driving signals 9a, 9b, 9¢, 9d, 9¢
and 9f by combining the count numbers 7a, 7b and 7c according to the |
relationship shown in FIG. 27. After a predetermined period to, the timer

output 270a changes to H.

~ When the timer output 270a changes to H and the location signals 3a, 3b
and 3c became a combination of H - L - L, the AND circuit output 273a
changes to H. The latch circuit 274 operates at the first rising edge of the
AND circuit output 273a after the motor rotation signal Sa has changed to H,
then the switching signal 8a is held to H. Then the commutation circuit 9
outputs the driving signals 9a, 9b, 9¢c, 9d, 9¢ and 9f by combining the location
signals 3a, 3b and 3c as shown in FIG. 22. -

‘When the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 94,

9e and 9f by combining the location signals 3a, 3b and 3c, and when the restart
pulse 265a is inputted from the normal rotation detecting circuit 265, the timer
270 and the latch circuit 274 is reset, then the switching signal 8a changes from
H to L. Then, the commiutation circuit 9 outputs the driving signals 9a, 9b, 9¢,
9d, 9e and 9f using the’ count numbers 7a, 7b and 7c. As described above,
after a predetermined period to, the switching signal 8a changes from L to H,
then the commutation circuit 9 outputs again the driving signals 9a, 9b, 9c, 9d,
9¢ and 9f by combining the location signals 3a, 3b and 3¢ as shown in FIG. 22.

Embodiment 13

In this embodiment, an switching operation is carried out when the
counter reaches a predetermined value and the location signal having been
detected correctly, that is, at the both conditions are satisfied.



outputting a selection signal defined by an output of the |ocation detector
and a starting indication signal; and an output of the | ocation detector is
used as a driving signals to the armature at starting or restarting; and
the counter decides a conbination of the driving signals supplied to-
armature of respective phases using the selection signal after starting or
restarting. Since the driving signals at5&arting and restarting are
obtained froma |ocation signal detected by other |ocation detector which

s set at - CFIG! 4295 WbldckdiaBéincof & HRirfE¥mh etfbodinéi 8f the pRédeit ©ven
invention which shows a general construction a three phase brushless motor
driving device. , . ' | '
A switching signal generating circuit 8E of this embodiment is explained
below. | ‘ ,
In this' embodiment, the location signals 3a, 3b and 3c and the pulse train
‘7d and the motor rotation signal 5a and the restart pulse 265a are inputted into
switching signal generating circuit 8E. The switchirig signal 8a is inputted into
the commutation circuit 9. _

FIG. 43 shows a concrete switching signal generating circuit 8E of
embodiment 13. The switching signal generating circuit 8E of this . |
embodiment is constituted by the location signal combination discrimination
circuit 272 of the embodiment 12 and the mode switching counter 271.

An operation of the switching signal generating circuit 8E of this
embodiment is explained below using FIG. 44. In this embodiment, when the
motor rotation signal 5a becomes H level, the mode switching counter 271
begins to count the pulse train 7d, then the commutation circuit 9 outputs
driving signals 9a, 96, 9¢c, 9d, 9e and 9f by combining the count numbers 7a,
7b and 7c according to the relationship shown in FIG. 27. When the mode
switching counter 271 counts the pulse train 7d fora predetermined number

- X, the output 271a of the mode switching counter 271 becomes H, and the
- location signals 3a, 3b and 3¢ became a combination of H - L. - L, the AND

circuit output 273a changes to H. The latch circuit 274 operates at the rising
edge of the first AND circuit output 273a after the motor rotation signal 5a has
changed to H, then the switching signal 8a changes from L to H, and holds H
state. Then the commutation circuit 9 outputs the driving signals 9a, 9b, 9c,
9d, 9 and 9f by combining the location signals 3a, 3b and 3c as shown in FIG.
22, o _ | -

When the commutation circuit 9. outputs the driving signals 9a, 9b, 9c, 9d,
9e and 9f by combining the location signals 3a, 3b and 3c, and when the restart
pulse 265a is inputted from the normal rotation detecting circuit 265, the mode
switching counter 271 and the latéh circuit 274 is reset, then the switching



Further, the brushless motor driving circuit of the present invention
conprlses a differentiation circuit for detecting a rising and falling edge
of »conpari son signal of the term nal voltages and voltage differences

bet ween respective phases; a tinmer for starting by a detected edge fron1the
differentiation circuit and for stopm|u57ts operation after a
predeterm ned period; and a latch circuit for latching the conparison

signal at the tjmng e ected in the differentiati
circuit afignal ar%h%%ﬁ’oﬂhzi EethBP [t}\; COMMIALABCIFCRIL O QUIPULS ghe
st opped; HPR 'S?%Ml@ 94,94, r%s o, 9eoiRPIF usihgPtRSESuiY fukibeY$ Ta2Fbaaridt OF
| ocati on S|gn nbi i ng. t he “out put
7c. 'When the mode switching counter 271 counts the pulse train 7d for a
predetermined number X and when the location signal becomes a combination
of a predetermined H - L - L state, the switching signal 8a changes from L to
H, then the commutation circuit 9 outputs again the driving signals 9a, 9b, 9c,
9d, 9e and 9f by combining the location signals 3a, 3b and 3¢ as shown in FIG.

2.

. Embodiment 14

In this embodiment, an switching operation is carried out when a setting
period has éxpired and at the same time the driving signal is normal, that is, at
the both conditions are satisfied. -

'FIG. 45 is a block diagram of a fourteenth embodiment of the present
-invention which shows a general construction a three phase brushless motor
driving device. A switching signal generating circuit 8F of this embodiment is
explained below. | |

In this embodxment, the driving signals 9a, 9b, 9¢, 9d, 9¢ and 9f, the

" motor rotation signal Sa and the restart pulse 265a are inputted into switching
signal generating circuit 8F. The switching signal 8a is inputted into the
commutation circuit 9.

An operation of the switching signal generating circuit 8F of thls
embodiment is explained below using FIG. 46. The switching signal
generating circuit 8F of this embodiment, is constituted by the timer 270
described above and a driving signals combination discrimination circuit 275.
The driving signals 9a, 9b 9c, 94, 9¢ and 9f is inputted into the driving signal .
combination discrimination circuit 275. In the driving signal combination
discrimination circuit 275, an output 275a becomes H, when the driving signals
9a, 9b, 9c, 9d, 9e and 9f became a predetermined combination.

In this embodiment, when the driving signals 9a, 9b, 9¢, 94, 9¢ and of
became a combination of L-H -H-L-H-L, the output 2752 becomes H.
The output of the driving signal combination discrimination circuit 275 and the



sfgnals of latch circuit. Since a |ogic signal obtained by conparing the

‘term nal

voltage is differentiated and | atched, then the latch is rel eased

after a predeterm ned period, 'a correct rotor |location signal is provided
even if noise is included in the detected signal. Further, the brushless
motor driving circuit of the present invention the timer period during the
latch circuit latches and rel eases the cggparison signal is swtched

according to the indicated rotation spee

to the armature. Since the tiner

|l ength is variable, noise can be nasked for an_ appropriate

timer 270 are inputted into the AND circuit 273, and the AND circuit output
273a, the motor rotation signal 5a and the restart pulse 265a are inputted into
the latch circuit 274 as described above. ‘ |
FIG. 47 illustrates an operation of switching signal generating circuit 8F
of this embodiment. When the motor rotation signal 5a becomes H, the timer
270 changes to ON state, the commutation circuit 9 outputs the driving signal

" using a combination of the count numbers. After a predetermined period to,

the timer output 270a changes to H, and when the driving signals 9a, 9b, 9c,
9d, 9¢ and 9f became a combination of L - H-H - L - H - L, an output 273a of
AND circuit 273 changes to H. Will change in the same way spoke itin
former embodiment the commutation circuit 9 uses a combination of the
location signals 3a, 3b and 3c again and the driving signals 9a, 9b, 9¢c, 9d, 9e

and 9f is outputted.

Further, an operation when a restart pulse 265a is inputted into the
switching signal generating circuit 8F is similar to the embodiment 13 as
shown in FIG. 47. That is, the commutation circuit 9 outputs again the driving
signals 9a, 9b, 9c¢, 94, ¢ and 9f using a combination of the location signals 3a,
3b and 3c after a period tg.

Embodiment 15 _

In this embodiment, an switching operation is carried out when a counter
counts a predetermined value and the driving signal is normal, that is, at the
both conditions are satisfied. .

FIG. 48 is a block diagram of a fifteenth embodiment of the present
invention which shows a general construction a brushless motor driving
device. A switching signal generating circuit 8G of this embodiment is
explained below. In this embodiment, the driving signals 9a, 9b, 9c, 9d, 9e
and 9f, the pulse train 7d and the motor rotate signal 5a and the restart pulse
265a are inputted into the switching signal generating circuit 8G.

FIG. 49 shows a concrete switching signal generating circuit of

‘embodiment 15. The switching signal generating circuit 8G of this



period. Further, the brushless motor driving circuit of the present

I nvention conprises a rotor |ocation signal generation neans for detecting
‘a potor location signal fromthe term nal voltages or a voltage difference
bet ween respective phases; a pul se generating means for detecting a rising
and falling edge of the rotor location signal of the output, selecting a
necessary edge signal : 59 . :

embodiment is constituted by a driving signal combination discrimination
circuit 275 and a mode switching counter 271. FIG. 50 is a timing chart which
explains an operation of a switching signal generating circuit 8G. Since the
operation of this embodiment is the same as that described above, the detailed
description is omitted.

Embodiment 16

In this embodiment, an example in which a switching is carried out by
speed detection is explained.

FIG. 51 is a block diagram of a sixteenth embodlment of the present
invention which shows a general construction a three phase brushless motor
driving device. ‘A switching signal generating circuit 8H of this embodiment is
explained below.

‘ In this embodiment, the logic pulse 201 which is outputted from the
waveform shaping circuit 3 in the rotor location signal generating circuit 4 and
the motor rotation signal Sa and the restart pulse 265a are inputted into
switching signal generating circuit 8H. -

FIG. 52 shows a concrete block diagram of the switching signal
generating circuit 8H of embodiment 16. The switching signal generating
circuit 8H of this embodiment is constituted by a speed signal generating

- circuit 277, a reference speed generating circuit 276, and a comparator 278.

- Alogic pulse 201 and a CLK (clock) are inputted into the speed signal
generating circuit 277. As described in the embodiments 1 and 7, since the
logic pulse 201 is obtained for a certain period, it is possible to detect a
rotation speed of the brushless motor from the logic pulse 201.

FIG. 53 is a timing chart for generating a speed signal 277a. The speed
signal generating circuit 277 is counted up by the timing of CLK edge when
the motor rotation signal Sa is H, and cleared by the timing of rising edge of
logic pulse input which is inputted from the waveform shaping circuit 3 and

. the value shown by the arrow in FIG. 53 is outputted as a speed signal 277a.
. The reference speed' generating circuit 276 outputs a reference speed signal
276a which switches the modes from the starting mode to a normal rotation



16 fromthe respective detection edge signals to make output pulse train,
and for supplying pseudo-pul se train when a necessary edge signal can not
be-obt ai ned for a predeterm ned period; a counter ‘for counting an output of
t he pul se generation neans; a normal rotagtion detection neans for

out putting an abnormal rotation signal’ the rotor |ocation signal and
‘the count nunbers has no predetermned relationship; and a restart pul se

gener at i ngmedas Ther complarator 278 edomparw tlrempédd)s:gaab Q37 aowithuhicatférence
tSP Sr ? Pzgr gal cgt aéiaﬁwfaaﬁﬁr exampie, b voltag% fevel or %yef)q]numgg;s',% aagl}nei\xrlg
of rising edge of the logic pulse and outputts a switching signal 8a when the
speed signal 277a reaches the reference speed signal 276a.
FIG. 54 is a timing chart which explains an operation of a switching
signal generating circuit 8H of embodiment 16. An operation of the switching
. signal generating circuit 8H of this embodlment is explained below using FIG.
54.

When the motor rotation signal 5a becomes H at starting, the comparator
begins to compare the speed signal 277a with the reference speed signal 276a.
When the speed signal 277a reaches the reference speed signal 276a, the
sWitching signal 8a of the comparator 278 changes to H. And when the restart’
pulse 265a is'inputted, the cbmparator 278 is reset and the switching signal 8a
changes to L from H. When the speed signal 277a reaches the reference speed
signal 276a, the switching signal 8a changes again to H from L.

Embodiment 17

In this embodiment, the switching is carried out when the time setting, the
number counting and the location signal are normally detected.
, FIG. 55 i is a block diagram of a seventeenth embodiment of the present
; mventlon which shows a general construction a three phase brushless motor
driving device. A switching signal generating circuit 81 of this embodiment is
explained below. In this embodiment, the count numbers 7a, 7b and 7c, the
location signals 3a, 3b and 3c, the motor rotate signal 5a and the restart pulse
265a are inputted into the switching signal generating circuit 8L
FIG. 56 shows a concrete switching signal generating circuit 81 of
embodiment 17. The switching signal generating circuit 81 of this embodiment
- is constituted by a location signal count number discrimination circuit 280 and
a timer 270. ' |
FIG. 57 is a timing chart which explains an operation of a switching
signal generating circuit 81 of embodiment 17. Since the operation this figure
is similar to the above embodiment, the detailed description is omitted.



for outputting a restart pul se according to the abnormal rotation signal
after the predeterm ned period; an output of the counter is applied to the
argmture winding for driving the rotor of the brushless notor at starting
and during the predeterm ned period set by the restart pulse at restarting.
Since the current  is switched and suppligq forcefully to a current
suppl yi ng phase which rotates the.rotor toward a normal rotation direction
for a predeterm ned period at starting, restarting and abnormal state, the
‘nmotor can be started within a short tinme w thout influenced with the | oad

::g\rllglnt : gﬂ&ﬁ%ﬁﬂﬁ@m hige brushless motor driving ci.r cuit of the present

In this embodiment, the switching is carried out when both the speed
detection and the location signal are normally detected.

FIG. 58 is a block diagram of an eighteenth embodiment of the present
invention which shows a general construction a three phase brushless motor
driving device. A switching signal génerating circuit 8] of this embodiment is
explained. '

FIG. 59 shows a concrete switching signal generating circuit 8J of
embodiment 18. The switching signal generating circuit 8J of this embodiment
is constituted of a reference speed signal generating circuit 276, a speed signal
generating circuit 277, a comparator. 278 and a location signal combination
discrimination circuit 272. |

Next, FIG: 60 is a timing chart which explains an operation of a switching -
signal generating circuit 8 of embodiment 18. Since the operation this ﬁgure
is similar to the above embodiment, the detailed description is omitted. |

Embodiment 19 | ‘
o In this embodiment, the switching is carried out by a logical product of
speed detection and the normal detection of the driving signals.

FIG. 61 is a block diagram of a nineteenth embodiment of the present
invention which shows a general construction a three phase brushless motor
driving device. A switching signal generating circuit 8K of this embodiment is
explained below. '

FIG. 62 shows a concrete switching signal generating circuit 8K of
embodiment 19. The switching signal generating circuit 8K of this
embodiment is constituted of a reference speed generating circuit 276, a speed
signal generating circuit 277, a comparator 278 and a driving signal
combination discrimination circuit 275.

FIG. 63 is a timing chart which explains an opération of a switching
signal genératihg circnit 8K of embodiment 19. Since the operation this figure
is similar to the above embodiment, the detailed description is omitted.



conprises a switching neans for switching the armature w ndi ngs of
respecti ve phases according to a value of the counter at starting or
restarting and according to the rotor |ocation signal during a steady
period after starting or restarting;, anda timer, the sw tching neans
‘switches a starting or a restarting period according the tiner output.
Since the switching fromthe starting nod®2to the normal node is carried
out by setting the tiner, the operation can be surely changed to a normal
driving. Further, the brushless notor driving circuit of the present

I nvention

Embodiment 20

In this embodiment, the switching is carried out by a logical product of
speed detection, the normal detection of the location signals and the count
number.

FIG. 64 is a block diagram of a twentieth embodiment of the present
invention which shows a general construction a three phase brushless motor
driving device. A switching signal generating circuit 8L of this embodiment is
explained below. | ' |

| FIG. 65 shows a block diagram of the switching signal generating circuit
8L of embodiment 20. The switching signal generating circuit 8 of this
embodiment is constituted of a reference speed generating circuit 276, a speed
signal generating circuit 277, a comparator 278 and a location signal count
number discrimination circuit 280. |

FIG. 66 is a timing chart which explains an operation of a switching
signal generating circuit 8L of embodiment 20. Since the operation this figure
is similar to the above embodiment, the detailed description is omitted.

Embodiment 21 '

In this embodiment, a normal rotation detecting circuit is not provided
independently at restarting, but-a forced starting ' mode is set by the pseudo
pulse inputted from the pulse generating circuit at restarting.

FIG. .67 is a block diagram of a twenty first embodiment of the present
invention which shows a general construction a three phase brushless motor
driving device. '

In this embodiment, the location signals 3a, 3b and 3c, the count numbers
7a, 7b and 7c and the pseudo pulse 6a outputted from the pulse generating
circuit 6 are inputted into the commutation circuit 9. The commutation circuit
9 is reset by the pseudo pulse 6a and change to a starting mode. '

In the above-mentioned construction, When the rotor has stopped by any

reasons during a normal rotation is explained, the pseudo pulse 6a is outputted
from the pulse generating circuit 6 and the pseudo pulse 6a is inputted into the



conprises a speed detection neans for detecting a rotor speed; a speed
difference detecting neans for outputting a difference between the detected
actual rotation speed of the rotor and a target rotation speed as a speed
di fference signal; and a speed difference conpensation filter conprised of
the a proportion - integration (P/1) fil connected in parallel with a
first order delay filter, the input of parallel circuit is the speed

difference signal, the . L.
commutation circuit 9. The commutation circuit 9 is reset by the pseudo pulse

6a and changes to a starting mode. Accordingly, until the rotation reaches
normal speed, the driving signals 9a, 9b, 9¢, 9d, 9e and 9f is outputted by
combining the count numbers 7a, 7b and 7c.

Embodiment 22

In this embodiment, an independent location detecting element is used in
addition to the winding voltage detecting circuit. The detected signal from the
location detecting element and the location detection signal detected from the
winding voltage are combined to obtain a driving signals having a correct
direction. : :

FIG. 68 is a block diagram of a twenty second embodiment of the present

_invention which shows a general construction a three phase brushless motor
driving device. The numeral 300 denote a location detector for detecting a - -
location of the rotor and outputs a location pulse signal 300a , the numeral 301
denotes a hold circuit for holding an output after a rising edge of the input

- signal is detected. In FIG. 68, the location signal 300a is inputted into hold
circuit 301. In this embodiment, the location signal 300a is shifted by
electrical angle /6 from the location signal 3b as shown in FIG. 69. The
respective current supply stability point of the brushless motor is located on

- the broken line and coincides with the location of rising edge and falling edge
of the location signal 300a. _

The hold circuit 301 in FIG. 68 holds the value of the location signal 300a
just after the motor rotatien signal 5a becomes H until the motor rotation
signal 5a becomes L. For example, if the location signal 300a is H just after

- the motor rotation signal Sa becomes H, the hold circuit 301a is held H until
the motor rotation signal 5a becomes L. The output 301a of the hold circuit
301 is inputted into the commutation circuit 9 and the pulse selection circuit
256 in the counter circuit 7 of FIG. 71. The commutation circuit 9 outputs the
driving signals 9a, 9b and 9c, 9d, 9¢ and 9f by referring the output 301a of the
hold circuit and the count numbers 7a, 7b and 7c. FIG. 70 shows a
relationship between the output 301a of the hold circuit, the count numbers 7a,



17 outputs of the parallel circuit are added and further-supplied in series
to another first order delay filter, the output of the another first or der
delay filter is supplied to the ar mat ur e wi ndings as a current indication
val ue. Since the speed difference conpe tion filter is conprised of

serial connection of a parallel connectﬁ%ﬁ of a Pl filter and a first order
.delay filter, and a first order delay filter, a good | ow pass conpression

ﬁgf‘g?céfrzlﬁtndrﬁﬂé %hdomﬁtaﬁbﬁfgggl s D8, 9! 9¢,194,, 9EUnHIDH of tHecembodiinens

45! g circuirt of th sent i nvention
FIG. 71 shows a concrete construction of a counter circuit 7 of

embodiment 22. The rising edge detecting circuits 250, 252, 254, the falling
edge detecting circuits 251, 253 and 255 and the hexa counter 257 are similar
to the above mentioned embodiment. The rising the edge pulses 250a, 252a,
254a and the falling the edge pulses 2514, 253a and 255a of the location signals
3a, 3b and 3c and the psendo pulse 6a and the output 301a of the hold circuit
are inputted into the pulse selection circuit 256. The pulse selection circuit 256
refers the current count numbers 7a, 7b and 7c and the output 301a of the hold
circuit, and outputs an edge pulse or a pseudo pulse 6a of theoretical location
signal which should be detected next at normal rotation. '

FIG. 72 shows a relationship between the count numbers 7a, 7b and 7c, the
output 301a of the hold circuit and the edge pulses 250a, 252a, 254a, 251a,
253a and 255a of theoretical location signals which should be detected next at
normal rotation. From FIG. 72, for example, the count numbers 7a, 7b and 7c

isatL-L -L, and the output 301a of the hold circuit is at H, the edge pulse
253a or the pseudo pulse 6a outputs and they are not outputted even if other
pulse, for example, the edge pulse 250a is inputted.

An operation of the brushless motor of the embodiment is explained
below. | | |

First, an operation, just after the motor rotation signal 5a becomes H and
the output 301a of the hold circuit is H, is explained using FIG. 73. Since the
output 301a of the hold circuit is H, the commutation circuit 9 sets the driving
signals 9a, 9b, 9c, 9d, 9¢ and 9f to H- L - H - L - L - H as shown in FIG. 70.
Then the rotor of the brushless motor rotates toward normal rotational

_ direction and the sequential current is supplied to the rotor to start the motor.

Next, an operation, just after the motor rotation signal 5a becomes H and
the output 301a of the hold circuit is L, is explained using FIG. 74. Since the
output 301a of the hold circuit is L, the commutation circuit 9 sets the driving

signals 9a, 9b, 9c, 9d,9¢ and 9ftoH-L-H-L-L-Has shown in FIG. 70.
Then the rotor of the brushless motor rotates toward normal rotational



conprises a speed detection neans for detecting a rotor speed; a speed

di ffer'ence detecting nmeans for outputting.a difference between the detected
actual rotation speed of the rotor and a target rotation speed as a speed
difference signal; and a speed difference conpensation fi'lter conprised of
a serial circuit of a proportion - integr@sion (P/1') "filter and a first
order delay filter, the input of circuit TS the speed difference signal,
the serial circuit is further supplied in parallel to another first order

del ay filtdirectinn and the sequeentiak currentiiccsupplied i@ the satardo startatheamotor.
wi ndi ngs as a current indication val ue. ' :

Embodiment 23

In this embodiment, the driving is more assured at starting or at

restarting. | | |

| FIG. 75 is a block diagram of a twenty third embodiment of the present
invention which shows a general construction a three phase brushless motor
driving device. The numeral 302 denotes an edge detecting circuit for
detecting a rising edge or falling edge of input signal. 5 | _

The commutation circuit 9 supplies current just after the motor rotation
signal 5a becomes H according to the output 301a of the hold circuit. The
current is supplied to V-W phase when the output 301a of the hold circuit is H,
and to W-V phase when the output 301a of the hold circuit is L. The first
commutation is carried out according to the output pulse 302a of the edge
detecting circuit 302 and the output 301a of the hold circuit. The current is
supplied to U-W phase when the output 301a of the hold circuit is H, and to W-
U phase when the output 301a of the hold circuit is L. After then, the
commutation is carried out by outputting the driving signals 9a, 9b, 9¢, 9d, 9¢
and 9f by referring the location signals 3a, 3b and 3c. The logical relation
between the location signals 3a, 3b and 3c and the driving signals 9a,9b, 9c, 9d,
9¢ and 9f is similar to FIG. 22. _ ‘ ;

An operation of the brushless motor of the present embodiment is
explained below. -

First, an operation, just after the motor rotation signal Sa becomes H and
the output 301a of the hold circuit is H, is explained using FIG. 76. Since the
output 301a of the hold circuit is H, the commutation circuit 9 sets the driving
signals 9a, 9b, 9c, 9d, 9¢ and 9f to H - L - H - L - L - H as shown in FIG. 21 to
supply current to V-W phase. When the rotor rotates toward normal
rotational direction and a pulse 302a of edge detecting circuit 302 has been

' detectéd, a first commutation is carried out. |
~ Since the output 301a of the hold circuit is H, the commutation circuit 9
- sets the driving signals 9a, 9b; 9¢, 9d,9% and 9fto L - H - H-L-L-Has



Since the speed difference conpensation filter is conprised of parallel
connection of a serial connection of a PI filter and a first order del ay
filter, and a first order delay filter, a good | ow pass conpression
characteristics for disturbance can be ogﬂ$lned Further, the brushl ess
notor driving circuit of the present invention conprises a speed detection
nmeans for detecting a rotor speed; a speed difference detecti-ng neans for

out put t i ngshowan fin 21 o tsupply cuerensitodeW phase Themathieorotopefthef t he
B Ly T N
. switching current referring the location sxgnals 3a, 3b and 3c.

Next, an operation, just after the motor rotation signal S5a becomes'H and
the output 301a of the hold circuit is L, is explained using FIG. 77. Since the
output 301a of the hold circuit is L, the commutation circuit 9 sets the driving
signals 94, 9b, 9¢, 9d,9¢ and 9f to H-H - L - L - H - L as shown in FIG. 21 to
supply current to W-V phase. When the rotor rotates toward normal
rotational direction and a pulse 302a of edge detecting circuit 302 has been
detected, a first commutation is carried out. ,

Since the output 301a of the hold circuit is L, the commutation circuit 9
sets the driving signals 9a, 9b, 9¢, 9d, 9e and 9f to H-H-L -H-L -L as
shown in FIG. 21 to supply current to W-U phase. Then the rotor of the
brushless motor rotates toward normal rotational direction by sequentially
switching current referring the location signals 3a, 3b and 3c.

Embodiment 24 :
FIG. 78 is a block diagram of a twenty fourth embodiment of the present
~ invention which shows a general construction a brushless motor driving
device. In FIG. 78, the same elements are indicated by the same numerals as
- shown in FIG. 1. In FIG. 78, the numeral 406 denotes a starting circuit, the
numeral 409 denotes a speed difference detecting circuit for counting a period
of the speed signal 3d by the counter and for outputting a period difference
between the indicated v_ahie and the measured value as a speed difference
detection signal 409a. The numeral 410 denotes a speed difference
compensation filter for supplying a current indication value 410a to a current
supplyihg circuit 411 so that the speed difference detection signal 409a become
zero. A current supplying circuit 411 comprises a resistor 10,.a bridge circuit
11, a buffer amplifier 212, a resistor 213 and a driving transistor 214, and
supplies a predetermined driving current to the armature windings 12, 13 and
" 14 according to the driving signals 9a ~ 9f.
The construction and the operation of the terminal voltage compensation



current indication value fromthe detected speed difference signal which is
supplied to the armature w ndings; the target rotation speed of the speed
difference detecting nmeans and a gain of the speed difference conpensation
filter are changed according to the indicated rotation speed which is
supplied to the driving circuit of the bé hl ess nmotor. Since a target of
the speed difference detector and a gain“of the speed

circuit 1, the comparator 2 and the waveform shaping circuit 3 which

* constitute the rotor location signal generating circuit 4 which are the important
means of the invention, are already disclosed in the embodiment 1.
FIG. 79 shows a signal wave of respective portion of the terminal voltage

N compensation circuit 1 at a normal rotation state of a brushless motor driving

device of the present invention. The concrete compensation operation of this

. terminal voltage compeﬂsation circuit 1 is already explained in the embodiment
1 using the equation (1) ~ (3). |

Spike shaped voltage fluctuation generated when the mode is switched -

from current supply state to no-current supply state, causes a false detection of
the rotor location and a noise generation, therefore it is necessary to use a
shaping circuit 3 for avoiding these causes. An example of the waveform
shaping circuit is shown in FIG. 17 of the embodiment 7. _

FIG. 80 shows another construction example of a waveform shaping
circuit 3. In.FIG. 80, the numeral 180 denote a latch circuit, the numerals 181
~ 186 denote D flip-flops, the numerals 187 ~ 189 denote EOR circuits, and
the numeral 190 denotes an OR circuit, the numeral 421 denotes a mask signal
generating circuit and the numeral 422 denotes a timer. |

FIG. 81 shows the terminal voltage waveform and 51gna1 waveform of
respective portlon of the waveform shaping circuit at a normal rotation state.

FIG. 82 is an enlarged sxgnal waveforms of timings tg ~ t; of FIG. 81.

(0179) |

An concrete operation of the waveform shaping circuit of this
embodiment is explained below.

Input signals into the waveform shaping circuit are logic s:gnals 2a, 2b
and 2c outputted from the comparator 2. Since the logic signals 2a, 2b and 2¢
are obtained by comparing respective terminal voltages, they causes chattering
as shown in FIG. 81. The logic signals 2a, 2b and 2c are inputted into latch
circuit 180 at first. The latch circuit 180 carries out a latch operation
according to a state of enable terminal 180a. In an initial state, the mask signal
421a outputted from the mask signal generating circuit 421 is at H level.



18 difference conpensation filter are swtched according to the indicated
rotatton speed, it is not necessary to change the reference clock inputted
ipto the speed difference detector. Further, the brushless notor driving
circuit of the present invention conprises a rotor |ocation detection neans
for detecting a relative |ocation of the %{nature wi ndings and the rotor; a
comut ation control neans for sw tching 9 current to an arnmature w ndi ng at
a detected rotor location; a speed detection neans for detecting a speed of .
actual rotFherefered the legizesignals 2a, 2b and 2c are inputted into the D flip-flops

181,183 and18S as they are. The D flip-flops 181 ~ 186 and EOR circuits 187
~ 189 constitutes a both edge differentiation circuit. EOR circuits 187 ~ 189
outputs differential pulses 198, 199 and 200 at the timing of rising and falling
edge of the logic signals 2a, 2b and 2c.

(0180)

At timing T2, when the compensated terminal voltages of 1a coincides
with the compensated terminal voltages 1c and the polarity of 2a changes, the
edge is detected at the both edged differentiation circuit and then a differential

_pulse 198b is generated. The output signal of EOR circuits 187 ~ 189 are
summed in OR circuit 190 and its output logic pulse signal 3d is inputted into
the mask signal generating circuit 421 and the timer 422. The mask signal
generating circuit 421 changes the mask signal 421a to L level by a trigger
pulse of the rising edge of logic pulse signal 3d. Timer 422 is initialized at the
rising edge of the logic pulse signal 3d and the timer value 422a becomes zero.
Then, the timer 422 carries out a count -up operation in synchronism with the
clock input. When the enable terminal 180a became L level, the latch circuit

180 latches the logic signals 2a, 2b and 2c.

" Then, the mask signal generating circuit 421 monitors a timer value of
the timer 422, and changes the mask signal 421a to H level when the timer
value 422a reaches a predetermined value. The latch circuit 180 releases the
latch when the enable signal 180a becomes H level. |

The output signal of D flip-flops 182, 184 and 186 are supplied as

" waveform shaped rotor location signals 3a, 3b and 3¢ which are inputted into
the next stage commutation circuit 9, and then the commutation operation is
carried out according to the rotor location signals 3a, 3b and 3c. When
commutation'-operation is carried out, the driving transistor is switched, then
spike shaped voltage fluctuation is caused. As a result, a spike shaped noise 2d
is generated at an undesired location in the logic signal 2b. But, at a point
where the spike shaped noise 2d is generated, a data inputted into the latch
circuit is disabled by the mask signal 421a outputted from the mask signal
generating circuit 421. Accordingly, the spike shaped noise 2d is masked in



di fference detecting nmeans for outputting a difference between an actual.
rotatton speed of the rotor and target rotation speed as a speed di fference
signal; the a speed difference conpensation filter for obtaining a current

i ndi cation value from detected speed difference signal in order ‘to drive
the armature w nding; the commtation cogyrol means switch the current
suppl yi ng phase and increase or decrease the current indication value which

is applied to the armature winding after a_predeterm,ned period. .Since the
current i $hedatcheirenityl 80,dherefore the spikecsiaped-naise lwpﬁ%wem{séém 'ile

swi tched w4 Giforh BREHEY 2510 1Beafi6h i stenalsiBa Bbrad 3ts Fricrefore, in the
present embodiment, stable rotor location signals 3a, 3b and 3c are provided.
These stable rotor location signals 3a, 3b and 3¢ are applied to the armature
windings to rotate the rotor stably.
Further, although an example of three phase brushless motor was
explained in this embodiment, but it is apparent that this invention can be
applied generally to a brushless motor having a plurality of phases.

- Embodiment 25 |
In this embodiment, a period T3 where the mask signal 421a is

maintained at L level changes in proportion to an indicated rotation speed
when the indicated rotation speed for the motor is changed. General
construction of the brushless motor driving circuit of this embodiment is
similar to the embodiment 24. But, a construction for changing the indicated
rotation speed ( CLK) for the timer-is different from the embodiment 24.

~ An operation of the mask signal generating circuit 421 and the timer 422
of this embodiment is explained below using FIG. 83, FIG. 84 and FIG. 85.

' As explained in the embodiment 24, a rising edge or a falling edge of the
logic signal 2a, 2b and 2c are detected and then a logic pulse signal 3d is
generated, therefore the mask signal generating circuit 421 changes the mask
signal 421a ~ L level by a trigger pulse of the rising edge of logic pulse signal

© 3d. Timer 422 is initialized at the rising edge of the logic pulse signal 3d and
the timer value 422a becomes zero. Then, the timer 422 carries out a count-up
operation in synchronism with the clock input. Then, the mask signal
generating circuit 421 monitors a timer value 422a of the timer 422, and
changes the mask signal 421a ~ H level when the tif_ner value 422a reaches a
predetermined value N ( N = 10 in FIG. 83). Assume that the clock period is
T4, the mask signal 421a maintains L level during T4 x 10. -

Next, an operation is explained when the indicated rotation speed becomes’
twice from the state of FIG: 83. | |
As illustrated in FIG. 84, a period of CLK (inputted from the outside of



f eedbacked to conpensate the term nal voltages. Further, in the brushless
notor driving circuit of the present invention, a maxi numcurrent is
supplied to the armature wi ndings during a period of starting and
restarting. Since a maximumcurrent is supplied into the armature w nding
during starting and-restarting, the notoiz(xan be started in a short tine.
Further, the brushless notor driving circuit of the present invention

i gnal o L GHVInG AICHI O, A BrRUSHAR, HOtoE) 1S58 10 1941 -aghePpy c i BEGOG:
where the mask signal 421a is maintained to L level becomes T4 X 5. Or as
shown in FIG. 85, the clock period inputted into the timer remains T4 and
only a value of N is changed to S. Thereby, the period where the mask signal
421a is maintained to L level becomes T4 x 5, which is the same as when the
clock period is changed. As described above, in the embodiment, the period
where the mask signal maintains L level is changed according to the indicated
rotation speed. -

Embodiment 26

An operation of the brushless motor which restarts stably in a short time
without influenced by the load at a starting even when the brushless motor
stops by some reasons and needs to restart. This subject is explained in the
embodiment 8, but here an operation at starting or restarting is mainly

~ explained in this embodiment. General construction of the driving circuit of
the brushless motor of this embodiment is similar to FIG. 78.

Here, a construction and an operation of a starting circuit which is the .
important means for realizing the invention is explained below. New elements
of the embodiment are a pseudo pulse generating circuit 431 and a restart pulse

. generating circuit 432. Other elements in the present embodiment are the
same as that of shown in FIG. 23 of embodiment 8.

The motor rotation signal Sa in FIG. 78 is a signal inputted from outside
of the brushless motor driving circuit , which indicates "rotation" when enable
state and "stop" when disable state. In this embodiment, "enable” indicates H
level and "disable" indicates L level.

_ FIG. 86 shows a concrete construction example of a starting circuit 406.
The rotor location signals 3a, 3b and 3c are inputted into respective rising edge
detecting circuits 250, 252 and 254, the falling edge detecting circuits 251, 253
and 255 and the normal rotation detecting circuit 265. The rising edge |
detecting circuits 250, 252 and 254 and the falling edge detecting circuits 251,
253 and 255 output rising edge pulses and falling the edge pulses 250a ~ 255a,
respectively. ' '



respective phases; a pul se generation nmeans for detecting a rising and
fallirdg edge of rotor location signal of output of the rotor |ocation
sisgnal generation neans, for providing an output pulse train by selecting a
necessary edge signal from-each detectedéggge signal, further for providing
a pseudo-pul se train when the . necessary e signal is not detected for a
predeterm ned period; and a counter for counting an output signal fromthe

pul se gener at i Thes® detscted@dge pulses are inputted into the pulse selection circuit
256. The select pulse 256a outputted from the pulse selection circuit 256 is
inputted into the pseudo-pulse generating circuit 431.

The pulse train 431a outputted from the pseudo-pulse generating circuit

431 is inputted into the hexa counter 257. The logical relation example of an
“input pulse number and an output pulse number of the hexa counter257 is
similar to FIG. 24. .

In the FIG. 24, when the input pulse number is more than six, the count
numbers 7a, 7b and 7c are counted again from L - L - L states. The count
numbers outputted from the hexa counter 257 is inputted into the pulse
selection circuit 256, the normal rotation detecung circuit 265 and the
commutation circuit 9@ shown in FIG. 78. An abnormal rotation signal 265b
outputted from the normal rotation detecting circuit 265 is inputted into the

 restart pulse generating circuit 432. The motor rotation signal Sa is also
inputted into the restart pulse generating circuit 432. The restart pulse 7e
outputted from the restart pulse generating circuit 432 is inpufted into the
commutation circuit 9 shown in FIG. 78.

The pulse selection circuit 256 outputs edge pulses 250a ~ 255a as a pulse
train without changing when the rotor rotates toward normal rotational
direction defined by the logic of FIG. 7. That is, if the relationship between
kinds of inputted edge pulses and the count numbers 7a, 7b and 7c satisfies the
relationship of FIG. 25, the edge pulses are outputted without being changed,
and the inputted edge pulse is masked when not being satisfied. Accordingly,
at a reverse rotation state, inputted edge pulses are masked since the relation
between the count numbers 7a, 7b and 7c and the edge pulses is different from
that of the normal rotation state. '

. The pseudo-pulse generating circuit 431 outputs a pulse train without
changed when a select pulse train 256a is inputted from the pulse selection
circuit 256 within a predetermined time, and generates a pseudo-pulse when
the pulse train is not inputted for a predetermined period.

FIG. 87 shows a concrete construction example of a pseudo-pulse generating
circuit 431. FIG. 88 is an example of timing chart showing an operation of



19 counter output is supplied to drive the armature w nding. Since a

- necessary signal in the rising and falling edge of rotor |location signal is
sel ected and the armature winding is driven by counting the necessary
signal, the notor can be surely started in a short tinme and then noved
surely to a nornal rotation. Further, th&arushless nmotor driving circuit
of the present invention conprises a comutation circuit for.obtaining an

?Lrera'; g{ grv\i)ggghqgﬁigv Hﬂ?f%tﬂl a&lréuﬂrnﬁ rotor | ocation signal detected in

In FIG. 87 the numeral 433 denotes a counter, the numeral 434 denotes a
gate circuit, the numeral 435 denotes a rising edge detecting circuit, the

- numeral 436 denotes a delay circuit, the numeral437 denotes an OR circuit.
The counter 433 is initialized by the pulse train 431a and is counted up in
synchronism with the input clock. The gaté circuit 434 decodes the count
.number 433a, and changes the output signal 434a of the gate circuit to L-level
when the decoded value is smaller than the predetermined set value and to H
level when the decoded value is larger than the predetermined set value.
Accordingly, if the select pulse 256a is not inputted from the pulse selection
circuit 256 within a predetermined period, the output signal 434a of the gate
circuit changes to H level. Therefore, the rising edge detecting circuit 435
detects a rising edge, and the delay circuit 436 delays the detected edge pulse
and outputs as a pseudo-pulse 436b shown in FIG. 88. |

The normal rotation detecting circuit 265 monitors whether the rotor
explained in embodiment 9 rotates toward normal rotational direction. The
restart pulse generating circuit 432 masks an abnormal rotation signal 256b
until a predetermined period has passed after starting or restarting, detects a
rising edge of the abnormal rotation signal after a predetermined period has
passed and outputs it as a restart pulse.

FIG. 89 shows a construction example of a restart the pulse generating
circuit 432. In FIG. 89, the numerals 440, 444 denote a rising edge detecting
circuits, respectively, the numerals 441, 446 denote OR circuits, respectively,
the numeral 442 denotes a counter, the numeral 443 denotes a gate circuit and
the numeral 445 denotes AND circuit. The counter 442 is initialized By the
rising edge of the motor rotation signal 5a, or restart pulse 7e and count-up in
synchronism with the OR circuit output 446a. The gate circuit 443 decodes the
count number 442a, and outputs L-level when the decoded value is smaller
than the predetermined set value and to H level when the decoded value is |

. larger than the predetermined set value. Accordingly, the abnormal rotatxon
signal 265b is masked until a predetermined period has passed after startmg or
-restarting, and the rising edge of the abnormal rotation signal is outputted as a -



det ection neans which includes a conpensation neans for conpensating each

t er m-nal

vol tage or voltage differences of respective phases and a

canparing nmeans for conparing each term nal voltage or voltage differences
bet ween respective phases; and a trapezoid driving signal generation
circuit for formng a trapezoid driving signal fromthe output of the
comutation circuit; the trapezoid driving signal is supplied to drive the

armature wi nding. Since the armature windings are driven. by the trapezoid
shaped si gfestart pulse afier & predeterminedceperiod diasepassedommut at i on. Furt her,

the brushless Kofonigl bpeRfticn bf thé biisheSs Bh6ot1h thiY ERfbdiiment is

explained below. Just after the motor rotation signal 52 becomes H level, since:
the count numbers 7a, 7b and 7c become L - L - L, then the driving signals 9b

becomes L and 9f becomes H as seen from FIG. 27, and therefore current is

supplied to V-W phase from FIG. 7. Therefore, there are three modes such as
(1) the rotor of the brushless motor rotates toward normal rotational direction
and then the rotor location signal varies, (2) the rotor of the brushless motor

rotates toward reverse direction and then the rotor location signal varies, (3)

the rotor of the brushless motor stops at a current supply stability point and
then the rotor location signal does not change. §
First, when the rotor rotates normal rotational direction is explained

“below. In this case, the signal waveform of the respective portions are

illustrated in FIG. 28. As explained at the corresponding portions of the -
embodiment 8, the hexa counter 257 begins to count only when the edge pulse
253a is detected or when the pseudo-pulse 436b is generated in the pseudo-
pulse generating circuit. When the rotor rotates to normal rotational
direction, the terminal voltages U, V and W vary according to co_un-tef
electromotive voltage induced in the armature windings. Then, the rotor
location signals 3a, 3b and 3¢ become H - L - L, and the edge pulse 253a is
detected at ( A) of FIG. 28. Accordingly, the hexa counter 257 is counted up
and the counted count numbers 7a, 7b and 7c become H - L - L. Therefore,
the commutation circuit 9 sets the driving signals 9a ~9ftoL-H-H-L-L -
H so that the current is supplied to U-W phase as seen from FIG. 7 and FIG. |
27. The pseudo-pulsé generating circuit 431 continue to output a waveform 7d
shown in FIG. 28 as its output 431a. After then the brushless motor is
accelerated by switching the current sequentially until the rotation speed
reaches to a normal value by referring the combination of the count numbers
7a, 7b and 7c according to the relation shown in FIG. 27. |
Next, when the rotor rotates reverse rotational direction is explained
below. In this case, the signal waveform of the respective portions are also
illustrated in FIG. 29. As explained in the embodiment 8, when the rotor



conprises a charging / discharging circuit in the trapezoid driving signa
generdting circuit for changing the gradient of the trapezoid driving
si,gnal by changing the tine constant of the charging / discharging circuit
using a control signal inputted fromoutside. Since the gradient of the
trapezoid shaped driving signal is chang by the outside controlling
signal, it is possible to surely decreas oi se at commutation, even if
rotation speed of notor changes. Further, the brushless notor driving
circui't ofrotatesphoseand remwrmamwlrﬂnrw@mm theaetor lowdtion signals Bafvaries

leading a phpdte 8fel Hu15@981ai§ WRIdRLd at ( B) in the FIG. 29. But the edge pulse
251a is masked by the pulse selection circuit 256 from the relationship of the
count numbers. And if the edge pulse 253a can not be detect within a
predetermined time t; which is set in the gate circuit 434 of the pseudo-pulse
generating circuit 431, a pulse 431a corresponding to the pseudo-pulse 6a is
outputted from the pseudo-pulse generating circuit 431 at (C)in FIG. 29. The
hexa-counter 257 is counted up by this pseudo-pulse 431a, then the count
numbers 7a, 7b and 7c change to H - L - L. Therefore, the commutation
circuit 9 sets the driving signals 9a~9fto L - H-H -L - L - H so that the

~ current is supplied to U-W phase according to the count numbers 7a, 7b and
7c. Thereby, the rotor rotates toward normal rotational direction, after then
the brushless motor is accelerated by switching the current sequentially until
the rotation speed reaches to a normal value by referring the combination of
the count numbers 7a, 7b and 7c according to the relation shown in FIG. 27.
Next, when the rotor stops at a current supply stability point and then the

rotor location signal does not change is explained below. In the same way as
the reverse rotation, since the edge pulse 253a can not be detected withina
predetermmed time t;, a pseudo-pulse (corresponds to 6a) is outputted from

the pseudo-pulse generating circuit 431. The hexa counter 257 counts its
pseudo-pulses in the same way as the reverse rotation, then the commutation
circuit switches the current supplyihg- phase to U-W phase, and switches the
current supply by the relationship of FIG. 27 according to combination of the
count numbers 7a, 7b and 7¢ until the rotor becomes a normal rotation state.
In such construction, an example where a rotor has stopped during a
normal rotation by any causes is explained using FIG. 90. .
A’ssume that the rotor stopped at ( D) in FIG. 90. In this case, the
.. pseudo-pulse 436b is outputted from the delay circuit 436 in the pseudo-pulse
- generating circuit 431 after the period t; is expired which is set in the gate
circuit 434 of the pseudo-pulse generating circuit 431. A pseudonulse 436bis -
outputted as a pulse train 431a from the pseudo-pulse generating circuit 431,



signal , the |leading quantity of the phase leading circuit is set to
substantially 11 2 of the gradient tinme of the trapezoid driving signal for
driving the armature wi nding. Since the phase of rotor |ocation signal is
led so that the grading center of the trapezoid-shaped driving signal
coincides with the commutation timng, i#3s possible to decrease noise
,vmthout decreasing the torque generating efficiency..

the count numbers 7a, 7b and 7c change fromL-H-LtoL-L -H. As
explained above, since the driving signals 9a ~ 9f are outputted according to
the combination of the rotor location signals 3a, 3b and 3c during a normal
rotation, the current phase is not switched even if the count numbers 7a, 7b
and 7c are changed. Accordingly, the relationship between the count numbers
7a, 7b and 7c and the rotor location signais 3a, 3b and 3c do not satisfy the
relationship of FIG. 31. ‘Therefore, an abnormal rotation signal 265b
“outputted from the normal rotation detecting circuit 265 becomes H level.
At the time, if a predetermined time has passed after starting and
restarting, a rising edge of the abnormal rotation signal is detected in the
~ restart pulse generating circuit 432 and the rising edge of the abnormal
rotation signal is outputted as a restart pulse 7e. The restart pulse is inputted
into the commutation circuit 9 and then the commutation circuit changes to a
starting mode. The commutation circuit outputs the driving signals 9a ~ 9f at
starting mode according to the combination of the count numbers 7a, 7b and
7c, then the driving signals 9a ~ 9f becomes H-H-L - L - H - L as seen from
FIG. 7, FIG. 27 and the current is supplied to W-V phase. Since the current is
supplied to W-V phase, the rotor rotates toward normal rotational direction.
And when the rotor location signals 3a, 3b and 3c change to L - L - H, the
relationship between the count numbers 7a, 7b and 7¢ and the rotor location
. signal3a, 3b and 3c satisfies the relationship of FIG. 31, then the abnormal
rotation signal 265b becomes L level. After then, the commutation circuit
switches the current supply by the relationship of FIG. 27 according to
combination of the count numbers 7a, 7b and 7¢ until the rotor becomes a
normal rotation state. ' |

~ Embodiment 27
In this embodiment, a construction and an opération of a brushless motor
driving circuit having a sw1tch1ng means for switching modes from the starting
o mode to a normal rotation mode is explained below.
FIG. 91 shows a concrete construction example of a starting circuit 406b.
In FIG. 91, the rising edge detecting circuit, the falling edge detecting circuit,



20 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagramof a first
enbodi‘'ment of the present invention which shows a general construction a
br,ushl ess notor driving device. FIG 2 shows a concrete construction
exanmpl e of a term nal voltage conpensation circuit. FIL.G 3 shows a concrete |
construction exanple of a conparator’of-?ﬁe enbodiment 1. FIG 4 shows a
‘si gnal wave whi ch expl ai ns operation of e enbodi nent 1

the pulse selection circuit, the pseudo-pulse generating circuit, the hexa
counter, the normal direction dctectmg circuit, the restart pulse generating
circuit are the same as those of embodiment 26, The new element 450 is a
switching signal generating circuit for outputting a switching signal 450a
which selects the count numbers 7a, 7b and 7c or the rotor location signals 3a,
3b and 3¢ when the commutation circuit 9 outputs the driving signal 9a ~ 9f.
Here, the commutation circuit 9 of this embodiment refers the count numbers
‘7a, 7b and 7c when the switching signal 450a is at L level., and refers the rotor
location signals 3a, 3b and 3c when the switching signal 450a is at H level. The
switching signal generatmg circuit 450 is explamed below. ' |
In this embodiment, a motor rotation signal 5a and a restart pulse 432a

are inputted into the switching signal generatmg circuit 450. The switching
signal 450a is inputted into the commutation circuit 9.

~ FIG. 92 shows a concrete construction of a switching signal generating
circuit 450. In FIG. 92, the numeral 451 denotes a rising edge detécting
circuit, the numerals 452, 455 denote OR circuits, the numeral 453 denotes a
counter, the numeral 454 denotes a gate circuit.

FIG. 93 shows réspective portions of s-ig_nal waveforms for explaining an
operation of the switching signal generating circuit 450. The counter 453 is
initialized by a rising edge of the motor rotation signal 5a or a restart pulse
432a and is counted up in.synchronism with the output 455a of the OR circuit
455. The gate circuit 454 decodes the count number 453a and outputs L level
when the decoded value is smaller than a predetermined value, and outputs H
level when the decoded value is larger than a predetermined value.
Accordingly, the switching signal 450a is at L level until the predetermined
period expires after starting or restarting, and at H level other than the above
period. -

The switching signal 450a is inputted into the commutation circuit 9 and
the commutation circuit 9 switches the referring means according to the
switching signal 450a.

Embodiment 28



and 2. FIG 5 shows a signal wave which expl ai ns operation of the -
enbodiment 1 and 2. 'FIG 6 show a construction of a conpensation sw tching
signal generating circuit and signal wave forns of a term nal voltages
circuit. FIG 7 show a rel ationship between the current supplying phase and
the driving signals. FIG 8 is a block diagramof a second enbodi mnent of '
é??vfggsent I nvention which shows q generfad construction a brushless not or
In this embodiment, a brushless motor having a speed difference
compensation filter in which a low pass gain characteristics is improved in
‘comparison with the conventional speed difference compensation filter is
. explained below. The general construction of the brushless motor driving
circuit of this embodiment is the same as those in FIG. 1 or FIG. 78 the
description is omitted. A construction of the speed difference compensation
filter which is important for realizing the invention is explained below.
FIG. 94 is a transfer block diagram in which the speed difference
compensation filter is comprised of analog filter. In FIG. 94, the numeral 460
"denotes a proportion - integration ( PI) filter, the numeral 461 denotes a first
order delay filter, the numeral 462 denotes a gain element or coefficient
multiplier, the numeral 463 denotes an adder, the numeral 464 denotes a first
order delay filter. A speed difference detection signal 409a which is outputted
from the speed difference detecting circuit 409 is inputted to an input terminal
X of the speed difference compensation filter. An output signal outputied -
from the terminal Y is supplied to the current supplying circuit 411 as a
current indication value 410a for the armature winding. This speed difference
compensation filter 94 is different from the conventional speed difference
compensation filter shown in FIG. 123 in that the present filter adds the speed
difference detection signal 409a to the output of the PI filter 460 through the
first order delay filter 461.

In this configuration, the transfer function G (s) of the speed difference
compensatlon filter is given by an equation (6).

Gc(s)={Kp(_1+11T1s)+Kw/(1”+TA_s)jx1/(1+'r1,s) ©

FIG. 95 shows a simulation result of open loop characteristics of the
speed difference compensation filter when '
Kp=1,Ti=1/~2nX 10), Kw =1, TA-l/(ZnXS),TL 1/(27nx 60)

The broken line in FIG. 95 shows a simulation result of the conventional

+ speed difference compensation filter when '



device. FIG 9 shows a concrete - inter-ternminal voltage compensation
circuits. FIG 10 shows a table which explains an operation of an
inter-term nal voltage conpensation circuits. FIG 11 shows a concrete
construction exanple of a conparator of the enbodinent 2. FIG '12 shows a

t abl e which expl ains an operation of an ijéer-term' nal vol tage. conpensati on
circuits. FIIlG 13 is a block diagram of hird enbodi nent of the present

Kp=1,Ti=1/(2xnx 10), TL =1 /(2 x x 60).
~ This FIG. 95 shows that the filter of the present invention provides a

- improved low pass gain characteristic.
_ FIG. 94 shows an example comprised of an analog filter, but it is possible
to be comprised of digital filter.
FIG. 96 shows a transfer block diagram in which the speed difference
compensation filter is comprised of the digital filter. In FIG. 96, the numerals
" 470 ~ 472 denote delay elements which causes the signal to delay by one
- sampling period, the numerals 473 ~ 479 denote gain elements, the numerals
480 ~ 483 denote adder.
The delay element 471, the gain elements 476, 477 and the adders 481,
482 constitute a PI filter 484. The delay element 470 , the gain elements 473 -
~ 475, the adder 480 constitutes a first order delay filter 485. The delay
element 472, the gain elements 478, 479 the adder 483 constitutes a first order
delay filter 486.
In this configuratlon, the transfer function Gc (z) of the. speed difference

compensation filter is given by an equation (7).

-~ Gc@={Kp+Ki/(1l-z-)+Kw(1-Ka)/(1-Kaz-D}
X(1-KpL)/(1-Kpz-1) e)

Embodiment 29

In the embodiment, another speed dxfference compensation filter which
has a improved low pass gain characteristics in comparison with the
conventional speed difference compensation filter is explained.

FIG. 97 is a transfer block diagram where a speed difference
compensation filter is comprised of analog filter. In FIG. 97, the same
elements as those in FIG. 94 are indicated by the same numerals. This speed
difference compensation filter is different from the conventional speed
difference compensation filter in that the output of the first order delay filter
461 which is supplied by the speed difference detection signal 409a is applied



I nventi.on which shows a general construction a brushless notor driving
device. FIG 14 is a block diagramof a fourth enbodi nent of the present
i nvention which shows a general construction a brushless notor dr|V|ng
21 devi ce.

79

to an output of serial _circuii of the PI filter 460 and the first order delay filter
464. In this configuration, the transfer function G¢ (s) of the speed difference

‘compensation filter is given by an equation (8).

Ge®)=Kp (1+1 /Ty )% 1/ (I+ Ty s) + Ky /(1+T,8) (8

FIG. 98 shows a simulation result of open loop charactensucs of the
speed difference compensation filter when |
Kp=1,Tyj=1/(2xx 10), Ky =1, T, =1/(2xx 5), T, =1/ (2 % X 60).

| The broken line in FIG. 98 shows a simulation result of the conventioﬁal
speed difference compensation filter when
Kp= 1,T1=1/(21tx 10),TL-;1/(21tx60).

This FIG. 96 shows that the filter of the present invention provides a
~ improved low pass gain characteristic.
_ FIG. 97 shows an example comprised of an analog filter, but it is possible
to be comprised of digital filter.

FIG. 99 shows a transfer block diagram in which the speed difference -
compensation filter is comprised of the digital filter. In FIG. 99, the same
elements as those in FIG. 78 are indicated by the same numerals. The
numerals 487, 488 denote adders. In this configuration, the transfer function
G (2) of the speed difference compensation filter is given by an equation (9).

Ge () = (Kp K/ (1-27D) x (1-K, ) /(1-Kp 271)
+Ky (1-K )/ (1-Kpz°)) ©)

mbodiment 30 -

In this embodiment, a brushless motor driving circuit which switches a
target rotation speed of the speed differ_encé detecting circuit and a gain of the
gain element in the speed difference compensation filter when the indicated
rotation speed has changed is explained.



FIG 15 is a bI ock diagramof a fifth embodi ment of the present i nvention
whi ch shows a general construction a brushless notor driving device. FIG
16. is a block diagramof a sixth embodi ment of the present invention which
shows a general construction a brushless notor driving device. FIG 17
shows a concrete construction exanple of a waveform shaping circuit. FIG

18 shows a si'gnal wave which expl ains op8&QCation of a waveform shapi ng
circuit. FIG 19 shows a signal wave which explains operation of a waveform

FIG. 100 is a block diagram which shows a general construction of a
brushless motor driving circuit of the embodiment 30. In FIG. 100, the same |
elements as those in FIG. 78 are indicated by the same numerals. The numeral
490 denotes an input terminal where a mode switching signal 490a is inputted.
A mode switching signal 490a is inputted from outside of the brushless motor
driving circuit and is comprised of binary signal for switching the motor
‘rotation speed.

In the above mentioned waveform shaping circuit 3 the logic pulse signal
3d outputted from OR circuit is supplied for a predetermmed period at a
normal rotation. Accordingly, this logic pulse s1gna1 3d can be used as a speed
signal for controlling the rotation speed. . '

| FIG. 101 is concrete construction example of the speed difference
detectmg circuit 409. In FIG. 101, the numerals 491, 492 denote initial value
registers, the numeral 493 denotes a selector, the numeral 494 denotes a
counter. The initial value registers 491, 492 provide initial values of target
rotation speeds. In this embodiment, there are two initial value registers in
order to respond to two kinds of indicated rotation speed. The selector 493
switches the two kinds of initial registers 491, 492 according to the logic level
of the mode switching signal 490a. The counter 494 loads an initial value
selected by these selector 493 at the timing of rising edge of the logic pulse
signal 3d, and counts up in synchronism with the clock.

For example, a period of the logic pulse signal 3d which is 1 (m sec) or
0.5 (m sec) at normal rotation is explained in correspondence with the two
indicated rotation speed (the indicated rotation speeds are expressed A and B,
respectively). _

Here, assume that the clock frequency is 1 (MHz), and the indicated
rotation speed A corresponds to H level of the mode switching signal 490a and
the indicated rotation speed B corresponds to L level of the mode switching
signal 490a. -1000 is set to the initial value register 491, and -500 is set to the
initial value register 492. _

In such construction, when the mode switching signal 490a is at H level,
the selector 493 selects the initial value register 491 and the counter 494 loads



shaping circuit. FIG 20 is a bloeck diagramof an eighth enbodi ment of the
present invention which shows a general construction a brushless notor
drirving device. FIG 21 -shows a rel ationship between the current supplying
phase and the driving signals of the enbodinment 8. FIG 22 shows a

rel ati onshi p between the |ocation signal of.the rotor and the driving
signals of the enbodinent 8. FIG 23 sho@d a concrete construction exanple
of a counter circuit of the

-1000 for a initial value at a timing of rising edge of logic 'pulse signal 3d.
Then, the counter 494 counts up in synchronism with to the clock and outputs a
negative value when the period of logic pulse signal 3d is less than 1 (m sec)
and positive value when the period of logic pulse signal 34 is larger than 1 (m
sec) as a speed difference detection signal 409a.
On the other hand, the mode switching signal 490a is.at L level, the
selector 493 selects the initial value register 492 and the counter 494 loads -
- 500 for a initial value at a timing of rising edge of logic pulse signal 3d. Then,
-~ the counter 494 counts up in synchronism with to the clock and outputs a
negative value when the period of logic pulse signal 3d is less than 0.5 (m sec)
and positive value when the period of logic pulse signal 3d is larger than 0.5
(m sec) as a speed difference detection signal 409a. -

Embodiment 31
In the above embodiments, an operation of the speed difference detecting
- circuit 409 in case of the indicated rotation speed is changed is explained. But,
since the target rotation speed is switched, there is a problem that the detection
sensitivity varies by the difference of indicated rotation speed. In this
embddime'nt, in order to solve the above problem, the gain element of the
speed difference compensation filter is also switched.

FIG. 102 is a block diagram of PI filter 484A when the speed difference
compensation filter is switched. In FIG. 102, the same elements as those in
FIG. 96 of the embodiment 28 are indicated by the same numerals. The
numerals 495, 496 denote new gain elements which respond to the other

: indicated rotation speed, the numerals 497, 498 denote selectors. The selectors
497, 498 selects gain element 476 or 495 and gain element 477 or 496,
respectively, according to the logic level of the mode switching signal 490a. In
the same way, the gain elements of the first order delay filters 485, 486 are
also switched by the mode switching signal 490a. Of course, other general
methods for switching the gain may be used. '

Further, in this embodiment, an example for switching the indicated
rotation speed by binary signal of one bit, but it is possible to switch the



enbodi rent 8. FIG 24 shows a table whi ch expl ains an operation of a
counter ci rcuit of enmbodinment 8. FIG 25 shows a table which explains an
operation of a counter circuit of enbodinent 8. FIG 26 shows a concrete
construction exanple of a pulse generating circuit of enbodinent 8 FIG 27
shows a rel ationship between an out put V%IZJJe of the counter circuit and the
driving signals of enbodinent 8. :

indicated rotation speed by the binary Signal of N bit when a plurality of

indicated rotation speeds are used.

Emb diment 32

In this embodiment, a relatlon is explained between the switching timing
for switching the current supplying phase and the timing for increasing or
decreasing the to supply current to the armature windings of the brushless
motor driving circuit of the present invention. The general construction of
brushless motor driving circuit of this embodimént is similar to FIG. 78.

FIG. 103 shows a timing chart for explaining an operation of the

- brushless motor driving circuit at a normal direction. In FIG. 103, the
numerals 3a, 3b and 3¢ represent rotor location signals, the numerals 9a ~ 9f
represent driving signals, the numeral 3d represents a logic pulse signal

‘indicating a speed, the numeral 409a represents a speed difference signal, the
numeral 410a represents a current indication value. At a normal rotation, the
driving signals 9a ~ 9f is generated by the rotor location signals 3a, 3b and 3c.
Accordingly, at a normal rotation, the switching of the current supplying phase
is carried out at the timing shown in FIG. 103.

The logic pulse signal 3d is a both edge differential pulse of the rotor
location signals 3a, 3b and 3c. The speed difference detecting circuit 409
measures a period of the speed signal 3d, and outputs a period difference
which is a difference between the target value and the measured value as a
speed difference detection signal 409a at a timing shown in FIG. 103. The
speed difference detection signal 409a is inputted into the speed difference
'compensation filter 410. The speed difference compensation filter 410 carries
out a filter arithmetic operation so that the speed difference detection signal
409a becomes zero. |

Since it takes a certain time to carry out the filter arithmetic operation,

. change of the current indication value 410a delays by the operation time period
. after the speed difference detection signal 409a has changed. The current
| Supplying circuit 411 regulates the current quantity which is supplied to the
armature winding. , '



FIG 28 is a timng chart which explains an operation of enbodinent 8. FIG
29 is a timng chart which explains an operation of enbodinent- 8. FIG 30
is*a bl ock diagramof a ninth enbodi ment of the present invention which
shows a general construction a brushless notor driving 22 devi ce.

€
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As mentioned above, in the brushiess motor driving circuit of the
invention, a switching timing is synchronized with a timing for increasing and
decreasing the armature winding. Therefore, the timing for increasing and
decreasing the current supplied to the armature winding is delayed for a period
in corresponding to the arithmetic opération after the commutation has carried
out. '

Embodiment 33

In this embodiment, a brushless motor driving circuit for supplying a
maximum current to the armature winding during the starting and restartmg is
explained.

FIG. 104 is a block diagram which shows a general construction of a

‘brushless motor driving circuit. That is, in this construction, the switching
signal 450a is input into the speed difference compensatxon filter 410 as
- explained in embodiment 27,

FIG. 105 shows a construction example of a speed difference
compensation filter. In FIG. 105, the numeral 600 denotes a micro controller,
the numeral 601 denotes a D / A converter, the numeral 602 denotes a register
group comprised of registers 0 ~ N in the micro controller 600. A speed
difference detection signal 409a inputs into the micro controller 600. The
micro controller 600 carries out a filter arithmetic operation as shown in the
embodiment 28 and embodiment 29 and stores the result into the register N.
Further, the micro controller 600 outputs the value which is stored in the
register N to the D / A converter 601 at a predetermined timing. The digital
value stored in the register N is converted into an analog value inthe D/ A
converter 601 and outputtcd to the current supplymg circuit 411 as a current
indication value 410a. -

The switching signal 450a for switching the starting mode and the normal
rotation mode is inputted into the micro controller 600. The switching signal-
450a is at L level until the predetermined period passed and at H level after
then as explained in the embodiment 27. The micro controller 600 initiates the
register N, whe_n the switching signal 450a becomes L. level, and then set the



FI'G 31 shows a relationship between a rotor |ocation signal and the count
nunbers. FIG 32 is a tlmng chart- which expl ains an operation of
enbodiment 9. FIG 33 is a block diagramof a tenth enbodi nent of the
present invention which shows a general construction a brushl ess notor
driving device. FIG 34 shows a concrete swtching signal generati ng
circuit of enbodinent 10. FIG 35 shows 84im ng chart for explaining an
operation of the swtching

value of register N to maximurm.

Accordingly, the current indication value 410a is set to maximum value
d\inng the switching signal 450a is at L level, then a maximum current is
supplied to the armature winding during a period of starting and restarting.

mbodiment 34 : .
FIG. 106 is a block diagram of a thirty fourth embodiment of the present
~ invention which shows a general construction a brushless motor driving
device. In FIG. 106, the same elements as those in FIG. 78 are indicated by
L the same numerals. :

The commutation circuit 9 explammg in embodxment 27 refers the count
numbers 7a; 7b and 7c at startmg, and refers the rotor location signals 3a, 3b
and 3c at normal rotation mode and outputs driving signals 9a ~ 9f. A
commutation circuit 610 of this embodiment refers the count numbers 7a, 7b
and 7c and outputs driving signals 9a ~ 9f at both starting mode and normiil
rotation mode. The logical relationship between the count numbers 7a, 7b and
7c and the driving signals 9a ~ 9f is similar to FIG. 27.

. In this embodimerit, another construction example of a pulse selection
circuit is explained.

FIG. 107 shows a concrete construction example of a pulse selection
circuit 609 having another construction of a pulse selection circuit 256. In
FIG. 107, the numerals 611 - 613 denotes inversion circuits, the numerals 614
- 625 denote three inputs AND circuits, the numeral 626 denotes six inputs OR
circuit. |

The operation of the pulse selectlon circuit 609 shown in this embodnnent
and the pulse selection circuit 256 shown in embodiments 8, 26 is compared
below.

FIG. 108 shows a timing chart of the rotor location signals 3a, 3b and 3c,
the rising and falling edge pulses 250a ~ 255a, the count numbers 7a, 7b and
7c, the output signal 256a of the pulse selection circuit 256, the output signal

"431a of the pseudo-pulse generating circuit 431 at reverse rotation of constant

speed.



signal generating circuit of enbodinment 10 . FIG 36 is a block diagram of
an el évent h enbodi nent of the present invention which shows a general
canstruction a brushless nmotor driving device. FIG 37 shows a concrete
switching signal generating circuit of embodinent 1 1. FIG 38.is a tining
chart which explains an operation of a switching signal generating circuit.
of enbodi nent 11. FIG. 39 is a block. di a§bam of. a twel fth enbodi nent of the
present

On the other hand, FIG. 109 shows a timing chart of the rotor location
signals 3a, 3b and 3c, the rising and falling edge pulses 250a ~ 255a, the count
numbers 7a, 7b and 7c, the output signal 609a of the pulse selection circuit
609, the output signal 431a of the pseudo-pulse generatmg circuit 431 at
reverse rotation of constant speed

~ The pulse selection circuit 256 shown in embodiment 8, 26, outputs
inputted edge pulses without changing then when the relation between the
inputted edge pulse 250a ~ 255a and-the count numbers 7a, 7b and 7c satisfies a
relation shown in FIG. 25, and masks the edge pulse when they do not satisfy
~ the relation shown in FIG. 25.
The operation 1s explained using FIG. 108 and 109 below. Assume that
“the initial value of the count number is L - L - L. The edge pulses 255a, 252a
and 251a are sequentially detected in (E), (F), (G) of FIG.108, FIG. 109.
Since the count numbers are L - L - L, the pulse selection circuit 256 masks
the edges other than 253a. Accordingly, the edge pulses 2535a, 252a and 251a
detected at (E), (F), (G) are masked. -
| In the same way, these edge pulses are masked in the pulse selection
circuit 609. Since there is no input to the pseudo-pulse generating circuit 431
after a predetermined time t; which is set in the pseudo-pulse generating

circuit 431 is passed, the pseudo-pulse generating circuit 431 generates a
pseudo-pulse as shown in (H). The hexa counter 257 is counted up by this
pseudo-pulse, and therefore the count number becomes H - L - L. Edge pulse
254a is detected in (I) in the figure. Since count numbers are H -L- L, the

- edge pulse 254a detected at (I) in the figure is outputted without masked at the
selection circuit 256 . As described above, the pulse selection circuit 256 can
not mask completely the edge pulses 250a ~ 255a at a reverse rotation.

On the other hand, in the present pulse selection cireuit 609, since the
rotor location signal 3a is L at (I) in-the figure, the edge pulse 254a detected at -
(D) in the figure is masked. As described above, the pulse selection circuit 609
of this embodiment selects edge pulses according to a logical combination of
the rotor location signals 3a, 3b and 3c in addition to a combination of the



i nvention whi ch shows a general construction a brushless notor driving
device. FIG 40 shows a concrete switching signal generating circuit of
enbodi nent 12. FIG 41 is a timng chart which explains an operation of a
swi tching signal generating circuit of enbodinent 12. FIG 42 is a bl ock
diagram of a thirteenth enbodi nent of th resent invention which shows a
~general construction a brushless notor d I ng devi ce.
count number and inputted edge pulses. Therefore, as shown in FIG. 109, it is

possible to mask completely the edge pulses 250a ~ 255a at reverse rotation.

Embodiment 35 .
Next, an example for reducing noise using trapezoidal shaped rotor
_ dnvmg signal is explained. '

FIG. 110 is a block diagram of a thirty fifth embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 110, the same elements as those in FIG. 106 are indicated by
the same numerals.

The numeral 630 denotes a lo.gic' circuit for outputting a plurality of logic

. signals 630a ~ 630g which are necessary to compose a trapezoid shaped
driving signal, the numeral 631 is a charging / discharging circuit for charging
and discharging to / from capacitor 632 according to an output signal 630g
from the logic circuit, the numeral 632 denotes a trapezoid wave corhbipation
circuit for composing trapezoid shaped driving signals 632a ~ 632f from
output signals 631a of the chargmg / discharging circuit and an output s1gnal
630a ~ 630f of the logic circuit.

The trapezmd driving sxgnal generating circuit 633 is constituted by the
logic circuit 630, the charging / discharging circuit 631, the trapezoid wave
combination circuit 632. |

" FIG. 111 shows a concrete logic circuit in trapezoid driving signal
generating circuit 630. In FIG. 111, the numerals 635-643 denote an AND
circuit, the numeral 644 denotes three input OR circuit. The operating
waveform of the output signal 630a ~ 630g of the logic circuit 630 is shown in
FIG. 113. ' |

" FIG. 112 shows a concrete construction of charging and discharging
circuit 631. In FIG. 112, the numerals 645, 646 are constant current source,
the numeral 647 denotes a capacitor. SW1 turns ON when the output signal
630g of the logic circuit 630 is at H level, and turns OFF when the output
signal 630g of the logic circuit 630 is at L level.

An operation of charging / dlschargmg_ circuit 631 is explained below.



FIG 43 shows a concrete switching signal generating circuit of enbodi nent
13. FIG 44 is a timng chart which explains an operation of a sw tching

signal generating circuit of enbodi nent 13. 23 FIG 45 is a block
di agram of a fourteenth enbodi mrent of the present -
87

When the output signal 630g of logic circuit is at L level, SW1 turns OFF, and
the capacitor 647 is charged by the constant current I3. On the other hand, the
output signal 630g of logic circuit is at H level, SW1 turns ON, and the
capacitor 647 is discharged by the constant current I3. Therefore, the output
signal 631a of the charging / discharging circuit 631 becomes a trapezoid
shaped'signal as shown in FIG. 113. |

The output signal 631a of charging / discharging circuit 631, the output
signals 630a ~ 630f of the logic circuit 630 are inputted into the trapezoid
wave combination circuit 632. ' |

FIG. 114 shows a concrete construction of trapezoid wave combination |
circuit 632. In FIG. 114, the numerals 648 ~ 651 denotes inverted amplifier
circuits, the numerals 652 ~ 657 denote NAND circuits. - Assume that an
operation voltage range"of an output signal 631a of the charging / discharging
circuit 631 and output signals 630a ~ 630f of the logic circuit 630 are the
same, and Vref is the center voltage of operation voltage range.

The output signal and 631a of the charging / discharging circuit 631 is

" inputted into a inverted input terminal of the inverted amplifier circuit 648,

and the reference voltage Vref is inputted into the non-inverted input terminal
to obtain a trapezoidal wave which is an inverted output signal 631a against the
reference voltage Vref. In the same way, the inverted amplifier circuits 649,
650 and 651 obtain a inverted signal by inverting each 630a, 630c and 630e
signal against the reference voltage Vref.
| An concrete operation of the trapezoidal wave combination circuit 632 is
explained. Here, portions for composing the trapezoid driving signal 632a
here are mainly explained. SW2, SW3 and SW4 turn ON when each 6304,
630f, 652a is at H level, and turn OFF when at L level. The numeral number
652a is an output signal of the NAND circuit 652. During the period Ta
shown in FIG. 113, since 630d is at H level, 630f is at L level, 652aisatL
level, only SW2 turns ON, the trapezoid driving signal 632a becomes an output |
the signal 631a of the charging and discharging circuit 631. During the period
Tb, since 630d is at L level, 630f is at L level, 652a is at H level, only SW4
turns ON, and the trapezoid driving signal 632a becomes an inverted signal of



I nvention which shows a general construction a brushless notor driving
devicé. FIG 46 shows a concrete swi tching signal generating circuit of
enbodi ment 14. FIG 47 is a timng chart which explains an operation of a
switching signal generating circuit of enbodinent 14. FIG 48 is a bl ock
di agram of a fifteenth enbodi nent of the present invention which shows a
general construction a brushless nntor(ﬂsawng device.

630e agamst Vref. During the period Tc, since 630d is at L level, 630f is at H
level, 652a is at L level, only SW3 turns ON, and the trapezoid driving signal
632a becomes an inverted signal of 631a against Vref. During the period Td,
since 630d is at L level, 630f is at L level, 652a is at H level, only SW4 turns
ON, and the trapezoid driving signal 632a becomes an inverted signal of 630e
against Vref, As described above, the trapezoid driving signal 632a is
composed. :
The trapezoid driving signals 632b ~ 632f are composed in a similar step.
In this way, the trapezoid driving signal generating circuit 633 generates
trapezoid driving signals 632a ~ 632f, rising and falling gradient potions of
_ which begin from the rising and falling edge point of the driving signals 9a ~
of. ' '

'Embodiment 36

In this embodiment, a driving circuit for brushless motor which changes
gradient time of the trapezoid driving signals 632a ~ 632f corresponding to the
indicated rotation speed inputted from outside.

FIG. 115 is a block diagram of a thirty sixth embodiment of the present
invention which shows a general construction a brushless motor driving
device. In FIG. 115, the same elements as those in FIG. 110 are indicated by
the same numerals. In FIG. 115, the numeral 660 denotes a terminal where a
mode switching signal 660a is inputted, the numeral 661 denotes another
charging and discharging circuit which is different from the charging and
discharging circuit 631. The mode switching signal 660a is a binary signal
which polarity changes corresponding to the indicated rotation speed and is
inputted from outside of the brushless motor driving circuit.

FIG. 116 shows a concrete construction of charging and discharging
circuit 661. In FIG. 116, the numeral 662 is an inverted circuit, the numerals
663, 664 is constant current source. SW5, SW7 turns ON when the mode
switching signal 660a is at H level, and tums OFF when the mode switching
signal 660a is at L level. SW6, SW8 turns ON when the mode switching signal
660a is at L level, and turns OFF when the mode switching signal 660a is at H



FIG 49 shows a concrete switching signal generating circuit of enbodi nment
15. FIG 50 is atimng chart which explains an operation of a sw tching
signal generating circuit of enbodinment 15. FIG 51 is a block diagram of a
si xteent h enbodi nent of the present invention which shows a general
construction a brushless notor driving dggice. FIG 52 shows a concrete
switching signal generating circuit of enbodi nent 16.

level.

Next, an operation of charging and discharging circuit 661 is explained
when the mode switching signal 660a is at H level. When the output signal
630g of the logic circuit is at L level, SW1 turns OFF and the capacitor 647 is

- charged by the constant current I3. On the other hand, when the output signal
630g of the logic circuit is at H level, SW1 turns ON and the capacitor 647 is
discharged by the constant current I3. The relation between the output signal
630g of the logic circuit 630 and the output signail 661a of the charging and
discharging circuit 661 is shown at H level of 632a in FIG. 117.

When the mode switching signal 660a is at L level, the capacitor 647 is
charged through the constant current 14 when the output signal 630g of the
logic circuit is at L level and the capacitor 647 is discharged through the
constant current I4 when the output signal 630g of the logic circuit is at H
level. -

. When I4 is set such as I4 = 0.5 X I3, the output signal 661a of the
charging and discharging circuit 661 is shown at L level of 632a in FIG. 117,
the gradient time of trapezoidal wave becomes twice. The output signal 66la |
of the chargmg and discharging circuit 661 is inputted into trapezoid wave
combination circuit 632 which output trapezoid driving signals 632a ~ 632f as
‘described in the manner of embodiment 35. When the mode switching signal
660a is switched according to the indicated rotation speed, it is possible to
change gradient time of the trapezoid driving signals 632a ~ 632f
corresponding to the indicated rotation speed inputted from outside.

Embodiment 37 - _ -
. The rising and falling gradient potions of trapezoid driving signals 632a ~
632f generated in the trapezoid driVing signal generating circuit 633 begin
from the rising and falling edge point of the driving signals 9a ~ 9f.
Accordmgly, the sthchmg point of the driving current delays from the ideal
commutating timing, therefore, torque generation efficxency decreases. In this
embodiment, a construction and operation of brushless motor driving circuit in
which the phase of rotor location signal detected from each phase terminal



FIG 53 is a timng chart which explains an operation of a speed signal
generating circuit. EIG 54 is a timng chart which explains -an operation
‘ofva switching signal generating circuit 'of enbodi nent 16. FIG 55 is a
bl ock di agram of a seventeenth enmbodi ment of the present invention whi ch
shows a general construction a brushl es®Q@otor driving device. FIG 56
shows a concrete switching signal generating circuit of enbodinent 17.

voltage or the inter-terminal voltage differences of respective phases is put m a
- Jeading phase against the gradient time of the trapezoid driving s1gna1 is
explained.

FIG. 118 isa block diagram ofa thirty seventh embodiment of the
present invention which shows a general construction a brushless motor
driving device. In FIG. 118, the same elements as those in FIG. 110 are
indicated by the same numerals. In FIG. 118, the numeral 670 denotes
another new comparator which is different from the comparator 2 in FIG.
110. | |

FIG. 119 shows a concrete construction of comparator 670. In FIG. 119, '
the numerals 671 - 685 denotes resistors, the numerals 686 ~ 688 denote
differential amplifier circuit. |

An concrete operation of the comparator 670 is explained below.

For one example, assume that the resistance values of the resistors 671 ~ 685
are set as shown in FIG. 119. At this time, the output signal 686a of the
differential amplifier circuit 686 becomes la+ 1b - 2 X Ic, the output signal
687a of the differential amplifier circuit 687 becomes 1b + 1c - 2 X1a and the
output signal 688a of the differential amplifier circuit 688 becomes lc + 1a - 2
X 1b.

‘Now, la, 1b and 1c are three s1gnals each of which are shifted by 2 = /3,
the output signal 686a, 687a and 688a of the differential amplifier circuits 686,
687 and 688 are obtained by equations (11), (12) and (13). |
The output signal 686a, 687a and 688a of the differential amplifier circuits
686, 687 and 688 are compared with Vref at each comparator 85, 86 and 87
and obtained logic signals 6704, 670b and 670c.

la=sin@®
1b=sh1(6+2n/3) :
lc=sin(0-2x/3) : - (10)

686a=sin O +sin(0+27/3)- 2Xsm(6 21t/3)
=3xsin(6+7/3) - an



FIG 57 is a timng chart which explains an operation of a sw tching signal
generating circuit of enbodinent 17. FIG 58 is a block diagram of an
eight eent h enbodi ment of the present invention which shows a general
construction a brushless notor driving 24 devi ce.
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687a=sin(0+2x/3)+sin(0-2x/3)-2%Xsin@
=3><sin(9+1r.') _ ' (12)

688a=sin(0-27/3)+sin0-2Xsin (0 +2 1 /3)
=3xsin(0-x/3) - . 13)

Here, a concrete operation of the comparator 2 is explained once again.
For one example, assume that the resistance values of all resistors 70 ~ 81 are
set to 10K Q as shown in FIG. 110. .

At this time, the output slgnal 82a of the differential amplifier circuit 82
becomes 1a - 1c, the output signal 83a of the differential amplifier circuit 83
becomes 1b - 1a and the output signal 84a of the differential amplifier circuit
84 becomes 1c-1b and the above outputs are obtained by equations (14), (15)
and (16), respectively.

The output signal 82a, 83a and 84a of the differential amplifier circuits
82, 83 and 84 are compared with Vref at each comparator 85, 86 and 87 and
obtained logic signals 2a, 2b and 2c.

82a=sin6-sin(6'-21t/3)
=4/ 3xsin(0+x%/6) o | (14)

83a=sin (0427 /3)-sin 0
=/ 3xsin(0+57/6) | (15)

84a=sin(0-2n/3)-sin(6+2x%/3)
=4 3xsin(q-n/2) | - (16)

| The output signal 686a, 687a and 688a of the differential amplifier
circuits 686, 687 and 688 are leading by & / 6 against the output signal 82a,
83a and 84a of the differential amplifier circuits 82, 83 and 84. Accordingly,



FIG 59 shows a concrete switching signal generating circuit of enbodi nent
18. FIG 60 is a ti mng chart which explains an operation of a swtching
sisgnal generating circuit of enbodinment 18. FIG 61 is a block diagramof a
ni net eent h enbodi ment of the present invention which shows a general
construction a brushless notor driving vice. FIG 62 shows a concrete

swi tching signal generating circuit of odi nent 19.

the comparator 670 obtains logic signals 670a, 670b, 670c Which is leading by
© / 6 against the logic signal 2a, 2b and 2¢ obtained from the comparator 2. -
In this embodiment, the resistance value of the resistors 671 ~ 685 are set
such as shown in FIG. 119, it is possxble to change the resistance value of the
_resistors 671 ~ 685 to get another leading phase. As described above, it is
‘possible to coincide the current switching poiht with the ideal commutation
timing by leading the phase of rotor location signal. '
In this embodiments, a circuit using a charging / discharging circuit is
used for the trapezoxd driving signal generation circuit but it is possible to use
‘a charging / discharging circuit 661. - ‘
In this specification, the embodunents 1~ 37 are separated each other, but
it is apparent that the same effect can be obtained even if these embodiments
are combined. |



FIG 63 isa_m%h expl ai ns an operation of. a switching signal
generating circuit of e nt 19. FIG 64 is a block diagramof a
twentieth emm)'m"mw Rm resent invention which shows a general
constructio m Er driving device. RFIG 65 shows a concrete

swi tching si gnal° géne‘fatsl ng circuit of ephodinent 20. FIG 66 is a timng

chart which explains an operatlon of a swPtching signal generating circuit -
.of enbodi nent 20. ' . '

what 1is qlalmed is :

1. A brushless motor driving circuit for driving a plurality of the
armature windings of a brushless motor, comprising:

a plurality of the terminal voltages detection means located at every phase
of the armature windings;

a terminal voltage compensation means for adding or subtracting a
compensation value to/from the terminal voltage of an armature windings
detected at 'iespec_tive phases during actual driving period, said compensation
value is determined by a resistor of said armature winding and a winding
current; and

a comparator means for comparmg respective terminal voltages after
_compensatlon has carried out to obtain a rotor location signal;

said armature windings are driven by said rotor location signal detected at
said coniparator means. |

2. A brushless motor driving circuit for driving a plurality of the
armature windings of a brushless motor, comprising: _ '
- aplurality of the terminal voltages detection means located at every phase
of the armature windings; .
| a terminal voltage difference compensation means between respective
phases for adding or subtracting a compensation value to/from the terminal
voltage difference of respective phases detected between the armature windings
- during actual driving period, said compensation value is determmed bya
- resistor of said armature wmdmg and a winding current; and
a comparator means for comparing respective terminal voltage difference
between respective phases after compensation has carried out to obtain a rotor
location signal;
said armature windings are driven by sa1d rotor location signal detected at
said comparator means. '

3. The brushless motor.driving circuit of claim 1 or 2 further com-



FIG 67 Limgkg%ggk_gLagLankef a twenty first enbodi nent of the present
inyentio shows a general construction a brushless notor driving
devi ce. mm\ m\mﬁtgmmagram of a twenty second enbodi nent of the
present in “ a general construction a brushl ess notor
driving devi<e.c FFG "69°is a tining chart which explains an operation of
enbodi nent 22. FIG 70 shows a table whigh explains an operation of

enbodi nent 22. FIG 71 shows a concrete construction of a counter circuit

- of enbodi nent
prising:

a rising and falling signal detection means for detectmg a rising and
falling signal of the rotor location signal to speed-feedback-control by as-
suming the detected resultant signal as a detected speed signal.

4. The brushless motor driving circuit of claim 1 wherein a driving
signals is applied to a terminal voltage compensation means of respective
phases during the driving signals is applied to a bridge circuit for exciting and
driving armature windings of respective phases.

5. The brushless motor driving circuit of claim 2 wherein a driving _
signals is applied to a terminal voltage difference compensation means between
respective phasés during the driving signals is given to a bridge circuit for
exciting and driving armature windings of respective phases.

6. The brushless motor driving circuit of claim 1 further cdmp_rising:
an actual current detection resistance which is connected serially to a
bridge circuit for exciting the armature windings;
the current flowing in the detection resistor is applied to terminal voltage
compensation means as a winding current.

7. The brushless motor driving circuit of claim 2 further comprising:

an actual current detection resistance which is connected serially to a
bridge circuit for exciting the -armature windings;

the current flowing in the detection resistor is applied to a terminal -
voltage difference compensation means between respective phases as a winding -
current.

8. The brushless motor driving circuit of claim 1 or 2 further com- -
prising: |
a differentiation circuit for detecting a rising and falling edge of com-
parison signal of the terminal voltages and a voltage differences between



22. FIG lz——she%s—&{—&b{—e—mirch expl ai ns an operation of enbodi nent 22.

FIG 73 is a I ch expl ains an operation of enbodi nent 22.

FIG 74 is”“ i" ﬂ i ch expl ains an operation of enbodi nent 22.

25 FIG 75'% mof a twenty third embodi nent of the present
95

respective phases; and
- alatch circuit for latchmg the comparison signal at the tlmmg when the
edge is detected in the differentiation circuit;
said armature windings of respective phases are driven as a rotor locatton
signal by combining said output signals of latch circuit.

9. The brushless motor driving circuit comprising:

a rotor location signal generation means for detecting a rotor locauon
signal of the brushless motor from the terminal voltages or a voltage
differences between respectlve phases; .

a counter for detecting a rising and falling edge of the rotor location
signal of the output, selecting one of the necessary edge signal from the
respective detection edge signals and counting necessary edge signals and-
applying it to the armature windings of respective phases at starting; and

a pulse generating counter, one input of which is connected to the output
of the counter, for counting up the counter when the input is not obtamed for a
predetermined of penod

an output of said counter is applied to the armature winding at starting
for dnvmg the rotor of the brushless motor.

10. The brushless motor driving circuit comprising:
a rotor location S1gnal generation means for detecting a rotor location
signal of the brushless motor from the terminal voltages or a voltage
‘differences between respective phases; .
" a counter for detecting a rising and falling edge of the rotor location
signal of the output, selecting’ one of the necessary edge signal from the
_respective detection edge signals and counting necessary edge signal and
applying it to the armature windings of respective phases at starting ;
a pulse generating counter, one input of which is connected to the output
of the counter, for counting up the counter when the mput is not obtained for a
predetermined of period; and
a normal rotation detecting means for momtormg motor rotation by



I nvent |ch shows a general construction a brushl ess notor driving
devi ceujmml !Zﬂmm m ng chart which explains an operation of enbodi nent
23~ FI ‘W! chart which explains an operation of enbodi nent 23.

FIG 78 is a bldcksdlagranlof a twenty fourth enbodi ment of the present
I nventi on which shows a general construggion a, brushl ess notor driving
device.. FIG 79 shows a signal wave of pective portion of the term nal
vol t age conpensation circuit at a normal rotation state of a brushless

not or dr i gésbining the rotor location signal with the counter output;
said normal rotation detecting means generates a restart pulse for
restarting the motor and applies an output of the counter to the armature
windings for driving the rotor of the brushless motor at abnormal rotation.

11. -The brushless motor driving circuit of claim 9 or 10 further
comprising: o '

a switching means for switching the armature windings of respectlve
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restartmg, and

-a timer;

the switching means switches a starting or a restartmg penod according
the timier output.

12. The brushless motor driving circuit of claim 9 or 10 further

comprising: | |

a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restarting;

said switching means switches the armature windings when a counter
output reaches a predetermined value as the starting or restarting period is
completed. - '

13. The brushless motor driving circuit of claim 9 or 10 further
comprising: - | .
~ aswitching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restartmg, and
a rotor speed 51gnal detection means; :
said switching means switches the armature windings when a detected
. speed signal reaches a predetermined value as the startmg or restarting penod
is completed.



-deV| ce,d ent invention. FIG 80 shows a construction exanple of a
vvaveform shapl ng circuit o “enbodi nent 24. FIG 81 shows the term nal

voFt age wavef or m of respective portion of the waveform
shapi ng mmlmmnﬂ m,ﬂm is an enl arged signal waveforns of FIG 81. FIG
83 is a si gnél Wavef dr m*whi ch expl ai ns an operation of a mask signal

generating circuit and a tiner of enbodi@&nt 25. FIG 84 is a signal
wavef orm whi ch expl ai ns an operation of a mask '

14. The brushless motor driving circuit of claim 9 or 10 further

comprising:

a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in 'response :
to the rotor location signal at normal rotation after starting or restarting; and

said switching means switches the armature windings when a detected the
rotor location signal reaches a predetermined combined value as the starting or
restarting period is completed. -

15. The brushless motor driving circuit of claim 9 or 10 further
comprising:

a switching means for switching the armature wmdmgs of respective
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restarting; and

said switching means switches the armature windings when a driving
signals supplied to the respective armature winding reaches a predetennined
combined value as the starting or restarting period is completed.'

16. The brushless motor driving circuit of claim 9 or 10 further
comprising: '

a switching means for switching the armature windings of respective
phases in response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or restarting; and-

a timer or a rotor speed signal detection means;

said switching means switches the armature windings as the starting or
restarting period is compléted when all following conditions are satisfied, that
is, when a setting time of the timer expires, when a detected speed signal
reaches a predetermined value, when a counter output reaches a predetermiried
value, when a detected the rotor location signal reaches a predetermined
combined value, when a driving sighals supplied to the respective armature
winding reaches a predetermined combined value.



éignal and a tinmer of enmbodinment 25. FIG 85 is a signa

wavef or s _an operation of a mask signal generating circuit
and a tif , §nﬁﬂ ﬁg 25. FIG 86 shows a construction of a starting
circuit o FIG 87 shows a construction of a pseudo-pul se

generating circuit of enbodinent 26. FIG 88 is a signal waveform whi ch
expl ai ns an operation of a.pseudo- pul seS§enerating circuit of enbodi nent _
26. FIG 89 shows a construction exanple of a restart the pul se generating

17. The brushless motor driving circuit of claim 9 wherein the counter
outputs a restart pulse to make the rotor start as an abnormal rotation when the
rotor location signal at the input has not changed for a predetermined penod
and counts up the counter forcefully.

18. The brushless motor driving circuit of claim 9 further comprising:

a location detector for detecting a location deviated by electrical angle 7/6
against the rotor location signal which is detected from the terminal voltages
or the voltage difference between respective phases, and '

‘a hold circuit for outputting a selection signal defined by an output of the
location detector and a'starting indication signal; |

said counter decides a combination of a driving signals supplied to
armature of respective phases at starting or restarting using said selection
signal. |

19. The brushless motor driving circuit of claim 9 further comprising:

a location detector for detecting a location deviated by electrical angle ®/6
against the rotor location signal which is detected from the terminal voltages
or the voltage difference between respective phases; o

a hold circuit for outputting a selection signal defined by an output of the
location detector and a starting indication signal; and |

an output of the location detector is used as a driving signals to the .
armature at starting or restarting; and -

said counter decides a combination of the driving signals supplied to
armature of respective phases using said selection signal after starting or
restarting. |

- 20. The brushless motor dnvmg circuit of claim 1 or 2 fmther
comprising:

a differentiation circuit for detecting a rising and falling edge of
comparison signal of the terminal voltages and vbltagé differences between



circuiy of enbadi FIG 90 is a signal waveform which expl ains an
operationn of enbodi FI G 91 shows a construction of a starting
ci tcuit of “ m‘ﬁﬁ‘ 26 FIG 92 shovvs a construction of a
swtchlng.;ml Img circuit of
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respective phases; :

a timer for starting by a detected edge from the differentiation circuit
and for stopping its operation after a predetermined period; and

a latch circuit for latching the comparison signal at the timing when the
edge is detected in the differentiation circuit and for releasing the latch at the
timing when the timer has stopped; , | | |

said armature windings of respective phases are driven as a rotor location
signal by combining said output signals of latch circuit.

21. The brushless motor driving circuit of claim 20 wherein
a timer period during the latch circuit latches and releases the comparison
signal is switched according to the indicated rotation speed to the armature.

22. The brushless motor driving circuit comprising:

a rotor location signal generatlon means for detecting a rotor locatxon
signal from the terminal voltages or a voltage difference between respective
phases;

a pulse generating means for detectlng a rising and falling edge of the
rotor location signal of the output, selecting a necessary edge signal from the
respective detection edge signals to make output pulse train , and for supplying
pseudo-pﬁlse train when a necessary edge signal can not be obtained for a
predetermined period; | - ) |

a counter for counting an output of the pulse generatlon means;

a normal rotation detection means for outputting an abnormal rotation
signal when the rotor location signal and the count numbers has no
predetermined relationship; and

a restart pulse generating means for maéking the abnormal rotation signal
outputted from the abnormal rotation detection means during a predetermine
period after starting and restarting and for outputting a restart pulse according
to the abnormal rotation signal after the predetermined period; |

an output of the counter is applied to the armature winding for driving
the rotor of the brushless motor at starting and during the predetermined



enbodi a signal waveform which expl ains an operation of

sSwW t chi ing circuit. FIG 94 is a block diagram of a speed
di fferelm liﬁ ﬁﬁlfi |ter of an enbodi ment 28. FIG 95 shows frequency
char act d difference conpensation filter of an enbodi nent

28. FIG 96 is a bl ock di agram of a speed difference conpensation filter.
for digital systemof an enbodi ment 28.100

period set by the restart pulse. at resfarting.

23. The brushless motor driving circuit of claim 22 further comprising:
a switching means for switching the armature windings of respective
phases according to a value of the counter at staning or restarting and
- according to the rotor location signal during a steady period after startmg or
- restarting; and
a timer; _
the switching means sthches a startmg or a restarting period accordmg
~ the timer output.

24. The brushless motor driving circuit comprising: - N |
a speed detection means for detecting a rotor speed; |
a speed difference detecting means for outputting a difference between the
detected actual rotation speed of the rotor and a target rotatlon speed as a speed
difference signal; and ~
a speed difference compensatlon filter compnsed of the a proportion -
integration (P/I) filter connected in parallel with a first order delay filter, the
_input of parallel circuit is the speed difference signal, the outputs of the
- parallel circuit are added and further supplied in series to another first order
delay filter, the output of the another first order delay filter is supplied to the
armature wmdmgs as a current indication value.

25. The brushless motor driving circuit comprising: S S e

a speed detection means for detecting a rotor speed; .

a speed difference detecting means for outputting a difference between the
detected actual rotation speed of the rotor and a target rotation speed asa speed
difference signal; and .

a speed difference compensation filter comprised of a serial circuit of a
proportion - integration (P/I) filter and a first order delay filter, the input of _

~ circuit is the speed difference signal, the serial circuit is further supplied in -

parallel to another first order delay filter, the parallel output is added and



FIG 97 |s—&—b4-esk—d|-agx_am_of__a speed difference conpensation filter of an

' nbodlnent Fl G 98 sh frequency characteristic of 'a speed difference
corpensat i o u q ﬁt ﬂﬂbodlnent 29. FIG 99 is a block diagramof a
speed differ n filter for digital .systemof an enbodi nent

29. FIG 100 is a bI ock di agram of a thirtieth.enbodiment of the present
I nvention which shows a general construo‘topn a brushl ess notor driving
devi ce.

supplied to the armature windings as a current indication value.

26. The brushless motor driving circuit comprising:
a speed detection means for detecting a rotor speed; . -
| a speed difference detecting means for outputting a difference between the
detected actual rotation speed of the rotor and a target rotation speed as a speed
difference signal; and -
a speed difference compensation filter for obtaining a éurrent indication
value from the detected speed difference signal which is supplied to the
armature windings;
said target rotation speed of the speed dlfference detectmg means and a
- gain of the speed difference compensation filter are changed according to the
indicated rotation speed which is supplied to the driving circuit of the brushless
motor.

27. The brushless motor driving circuit comprising:

a rotor location detection means for detecting a relative location of the
armature windings and the rotor; ' |

a commutation control means for switching a current to an armature

. winding at a detected rotor location;

a speed detection means for detecting a speed of actual rotor speed;

a speed difference detecting means for outputting a difference between an
actual rotatfon speed of the rotor and target rotation speed as a speed
difference signal; said

- ' a speed difference compensation filter for obtammg a current indication
value from detected speed difference signal in order to drive the armature
winding;

said commutation control means switch the current supplying phase
- and increase or decrease the current indication value which is applied to the
armature winding after a predetennmed period.

28. The brushless motor driving circuit of any one of the claims 1 to 27



FIG 101 shows a construction of a speed difference detecting circuit of an
enbodi rrent,sg’—H—Gr’TOm’bl ock diagramof a Pl filter of an enbodi nent

31* FIG 103.i eformvvhl ch explains an operation of a driving
circuit for i‘\g\‘@‘ﬂg tor of an enmbodinment 32. FIG 104 is a bl ock .
di agram of ird second embodi ment of the present invention which

shows a general construction a brushl esskggtor driving device. FIG . 105
. shows a construction of a speed differen conpensation filter

wherein
a maximum current is supphed to the armature windings during a period
of starting and restarting.

- 29. The brushless motor driving circuit comprising:
a rotor location signal generation means for detecting a location
signal of rotor from each phase tcxmmal voltage or voltage dlﬂ’erences of
respective phases; -

a pulse generation means for detecting a nsmg and falling edge of rotor
location signal of output of said rotor location signal generation means, for
providing an output pulse train by selecting a necessary edge signal from each

detected edge signal, further for providing a pseudo-pulse train when the
necessary edge signal is not detected for a predetermined period; and
a counter for counting an output signal from the pulse generation means;
the counter output is supplied to drive the armature winding.

- 30. The brushless nmotor driving circuit of claim 1 or claim 2 further ~ :
comprising: _

a commutation circuit for obtaining an armature winding driving signal
from a rotor location signal detected in the rotor location signal detection
means which includes a compensation means for compenSating each terminal
voltage or voltage differences of respective phases and a comparing means for
comparing each terminal voltage or voltage differences between respective
phases; and |

a trapezoid driving signal generation circuit for forming a trapezoid
d_riving signal from the 6utput of the commutation circuit;

the trapezoid driving signal is supplied to drive the armature winding.

31. The brushless motor driving circuit of claim 30 further comprising:

~ acharging / dlschargmg circuit in the trapezoid driving signal generating
circuit for changing the gradient of the trapezoid driving signal by changing
- the time constant of the charging / discharging circuit using a control signal



of an 106 is a block.diagramof a thirty fourth
enbod®ent of I nvention which shows a general constructiron a
brushl es i W‘?@mew ce. 27 FIG 107 shows a pul se selection -
circuit _

103

inputted from outside.

32. The brushless motor driving circuit of claim 30 further comprising:

a phase leading circuit for leading a phase of the rotor location signal, the
leading quantity of the phase leading circuit is set to substantlally 1/2 of the

gradlent time of the trapezmd driving signal for driving the armature winding.



FIG 408 is a timng chart which explalns an operation of enbodi ment 34.
FIG 109 is'a timng chart which explains an operation of enbodi nent 34.
FI® 110 is a block diagramof a thirty fifth enbodi ment of the present
i nvention which shows a general construction a brushless notor driving
device. FIG 111 shows a logic circuit in trapezoid driving signal
generating circuit. FIG 112 shows a construction of charging and

'dlscharglng circuit of the enbodi nent. 35.
104

_ ABSTRACT
_.DRIVE CIRCUIT FOR BRUSHLESS MOTOR

A brushless motor driving circuit is provided for obtaining a reliable
starting and stable rotation driving irrespective of the load condition.

The brushless motor driving circuit comprises a plurality of the terminal
voltages detection means located at every phase of the. armature windings; a
terminal voltage compensation means for adding or subtracting a compensation
value to/from the terminal voltage of an armature windings detected at
respective phases duﬁng actual driving period, the compensation value is
determined by a resistor of the armature winding and a winding current; and a
comparator means for comparing respective terminal voltages after

'compensatlon has carried out to obtain a rotor location signal; the armature
windings are driven by the rotor location signal detected at comparator means.
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FIG. 113 is a t|n1ng chart which explains an operation of enbodi nent 35.

Ft G, ‘114 shows a construction of trapezoid wave combination circuit in
trapézoid driving signal generating circuit. FIG 115 is a bl ock di agram of
a thirty sixth enbodi nent of the present invention which shows a general
construction a brushless notor driving device. FIG 116 shows a
construction of charging and discharging circuit of the enbodi nent 36. FIG
117 shows a signal wave which explainsl?gogperation of enbodi ment

.

& .
m —
= & E_"‘
uiE
O
<0
_ a5
1 ' 35 3
(2]
e A I R S =Pk & 4
: R SV Qi SE B
N - N‘i‘kl‘ 4 L H Eo o
! z L[ a { N
i e Eg n@% :: L,
' Y LB E
oo o ~ 4= RH @ 52
o & 3 3 & ! g >
R ' 4 i| ol ol o |V' %8
285 R F
o E i - i
8;55 ! o l EE
[ . ¥ [ [ | E J‘N 80
) o H"OJE - ’ ©
2 E B2l 18 |1 MY
Eé<§ 9Ol 1 -~
E%gm i e :&3& |
% ana ?) _ ] |
[ bi g ' R : .‘ 4
) | &)
£ EE LT agor
< Be N g 4555 '
g CO | 3w0:
. - |
o2k | B i
2E

O—~1n

\\——\

This Sheet Has Been R

LT llll



36. FIG 118 is a block diagramof a thirty seventh enbodi nent of the
present: i nvention which shows a general construction a brushless notor
driwing device. FIG 119 shows a construction of conparator of the
enbodi ment 37. FIG 120 is a bl ock di agram whiich shows a general
construction.of a conventional brushless notor driving device. FIG 121
shows anot her general . construction of a conventional brushless notor
driving device and operation timng.
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FIG 122 is a bl ock diagramwhich shows a speed control system of a
conventsi onal brushl ess notor driving device. FIG -123 is a bl ock dlagram
whi.ch shows a speed difference conpensation filter of a conventi onal

brishl ess notor driving device. = 28 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS ‘
'3/108
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when vol tages of the armature w ndi ngs of
there occurs a phase delay during the

an conpensation voltage

in an actual

Enbodi ment 1 In the prior art,

respegtive phases are detected
detection. Therefore, in the present invention,
which is a product of the load resistance and the current
| oadi.ng state is applied to the armature windings in order to obtain a
termnal voltages at a correct phase in an actual |oading state. Thus, the
driving voltages of the armature wi ndi ngs 4fl08especti ve phases are :

generated in the commutation circuit according to t he mnndlng t he ternlnal
vol t ages. _

P
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Further, in the present invention, equivalent notor speed is detected from
the armature wi nding voltage of respective phases. This detected speed is
f eedbacked to the armature windings to control the rotor speed, which is

exXpl ai ned bel ow.

In this enbodinment, a construction and an operation of the

brushl ess notor driving device is explained. FIG 1 is a block diagramof a
first enbodi ment of the present invention which shows a general
construction a brushless notor drivi5d@08evice. In FIG 1, the numerals 12,
13 and 14 denote the armature w ndings of neutral non- :

COINCIDENT POSITION OF VOLTAGE LEVEL 1S SHIFTED.
H %l y, J — Vce

OHMIC DROP
AT ARMATURE
WINDINGS

2a
(U>w) : ___
W4 PHASE
(vsU) E
2c
(w>v)
CURRENT SUPPLYING PHASE

v+ [vow Jusw] usviwviwsulv-u [vewluswlusviw-v]|

FIG. 5
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-groundi ng three phase star connection brushless notor, the nuneral 11
denotes a bridge circuit which supplies predeternmned driving currents to
the armature wi ndings 12, 13 and 14 by controlling driving transistor group
TRL ~ TR6. W call the armature wi ndings 12, 13 and 14 as U phase, V phase,
and W phase, respectively, in the follow ng, for convenience' sake. The
nuneral 1 denotes a term nal voltage conpensation circuit-which conpensates
the term nal voltages and out puts conpensatiion term nal voltage signal |a,

| b and 1c. The numeral 2 denotes a CQ?P G4 ator whi ch conpares the
conpensated the term nal vol tages of espectlve phases and obtain Ioglc

signal s
[ —— = — q
|
3a : | > TO TERMINAL 62
3b — |
' N\ |
3¢ E Y 4 i > TO TERMINAL 63
_ |
|
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el
l | 3 -~
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~2a, 2b and 2c. The numeral 3 denotes a waveform shaping circuit which
obtains the rotor |ocation signals 3a, 3b and 3c by shaping the waveform of
|l ogi c signals 2a, 2b and 2c. The nuneral 4 denotes a rotor |ocation signal
29.generating circuit which conprises elements 1, 2 and 3. The nuneral 5
denotes a term nal where the notor rotation S|gnal IS

7/108 .
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inputted in order to enable the notor rotation, the nuneral 6 denotes a
pul se generating circuit, the nuneral 7 denotes a counter circuit, the
nungral ‘8 denotes a switching signal generating circuit, the nuneral
denotes a comutation circuit. The comrutation circuit 9 out put s the
driving signals 9a 9f and controls to switch the driving transistor group
TRL ~ TR6 according to a state of signal input of the rotor |ocation signa
generating circuit 4, the termnal 5, t8&188unter circuit 7, the switching
signal generating circuit 8. FIG 2 shows' a concrete const ruct i on exanpl e
of a termnal voltage conpensqglon CIFCUIt In FIG 2, the nunerals 2 2 ~

34 denote npn transistor,
< o0
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the nuneral 35 denotes a pnp transistor, the nunerals 36 - 56 denote -
resistors, the nunmerals 57 ~ 60 denote constant current sources. U phase
terminal voltage is inpputted to the base of the npn transistor 20, V phase
teérmnal voltage is inputted to the base of the npn transistor 25, W phase
term nal voltage is inputted to the base of the npn transistor 30, and a
vol tage generated by the armature w nding ohmc drop which is applied to
the base termnal 61 is inputted to the pnp transistor- 35. The nunerals 62
~ 67 denote terminals where the conpeB£&@8on switching signal are inputted
whi ch switches term nal voltage. The{?dhnansated the term nal voltages of
respecti ve phases are

: ~128  2_131(R3)
| (R3) 158
100a< _ —_>100b _

§] 10 (R4)I:I:H!____< W
130

~128
163

138 - R3
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out putted as shown by nuneral s | a,
construction exanple of a conparator shown in FIG 1.
nunmerals 70 - 81 denote resistors,

anplifier circuit,

U phase the term na

t er m nal
t er m nal

of differenti al
differenti al

| b and 1c.

of differential

FIG 3 shows a concrete
In FIG 3,
the nunerals 82 ~ 84 denote differential
the nuneral s 85 ~ 87 denote conparators. The conpensated
voltages la is applied to the non-inversion input
anplifier circuit 82 and to the inversion input
anplifier circuirog®8 hrough the resistors 70 and 75,
respectively. The conpensated V phase the term nal

voltages Ib is applied
to the non-inversion input term nal

anplifier circuit 83

TERMINAL | Vec— R3-( 12 +42¥ —1p)

100a TERMINAL ., | u W, Vir
) | Vec- R3(L2+ 2+t rs — L0}
TERMINAL1|  \oo — R3( 12 + WR4 Lb)

100b TEI;MINAL=L Vec — R3-( 12 +W;4U + \gé — ib)
'IIEGRM.INAL=H| Vec — R3+( 12 +VR4U = ib)

100¢ ’_Il'légMINAL___L Voo R+ ( 12 +VR4U +VRif': - ib)
TN Voo R3(12 + L -ib) -

100 Tor heL| Vee— R3+(12 25— Rt e T ib)
T;Eﬁl;MINAL Y R R3(L2+“{24V-Lb)

100e ALy | oo Ra(up + WY LM )

'_ 1;§§MINAL;H Vcc— R3-(L2 + VRXV ib)
100 TEMINAL o 'Vcc— R3-(i2 + VR;N \gé - ib)
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and to the inversion input termnal differential anplifier circuit 84
through the resistors 74 and 79, respectively. The conpensated W phase the
termnal voltages Ic is applied to the non-inversion input term nal of _
disfferenti al 30 anplifier circuit 84 and to the inversion input term nal
differential anplifier circuit 82 through the resistors 78 and 71,
respectively. : :

117108
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100b ——— %
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' 171
100d ——>
| 104b
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100f— P 172
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Inversion input termnals of the differential anplifier circuits 82, 83 and
84 are-.connected to the output termnals of the differential anplifier
CIrCUItS 82, 83 and 84 through resistors 73, 77 and 81, respectively, and:
thé out put terminal's of the differential anplifier circuits 82, 83 and 84
are connected to non-inversion input termnals of conparator 85, 86 and 87.
Further, a reference voltage Vref is inputted to the non-inversion input
termnal of the differential anplifier circuit 82 and 83 and 84 and to the
i nversion input termnal of conparator ?f !§6 and 87. The differenti al
anplifier CIrCUIt 82 out puts a dlffereﬁ 1 anplifier signal between |la and
| b.
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on both sides of the center voltage of Vref. This differential anplifier
signal ~is conpared with Vref .in the conparator 85 and a |logic signal 2a is
obtained. In the simlar process, the logic signals 2b and 2c can be
obtained. FIG 4 shows a relationship between term nal voltage wavefornms of
respecti ve phases at no.load state, logic signals 2a, 2b and 2c outputted
fromthe conparator 2, and current sumgtnosng phase in case that the

term nal voltages are not conpgnsated. In-an actual termnal voltage
~waveform at comutation, spikevshaped vdltage fluctuation is generated, but
it is omtted here in ordet; t ogsi ify the .
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expl anation. At no |load status, since a quantity of current supply is
smal |, sohmic drop in the armature wi nding can not be negl ected. Therefore,
waveforns of the term nal voltage have a.symmetry shape toward right and
left direction as shown in FIG 4 and a certain logic signal having a
predet erm ned phase relationship with the rotor can be obtained. On the
other hand, FIG 5 shows a relationship between term nal voltage waveforns
of respective phases at |oad state, Hgglbggic signals 2a, 2b and 2c
outputted fromthe conparator 2, and'current supplying phase in case that
the termnal voltages are nofn conpensated. In the load state, since there
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I ncreased supplying currents, the effects of the ohmc drop in the armature
w ndi ngs can no be neglected. In the two the term nal voltages in
conparison, one is a current supplying phase, and another is no current
suppl yi ng phase. 31 For exanple, when the current supply is swtched

fromV [err] Wto UJ[err] W the tern1na| vol tages of- U and V phase are
conpared. At-this tine, V )

15/108 : o
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phase fs a current supplying phase and U phase is no current supplying

phase..

generated at the term nal

fixed to Vcc,

and t he neutral

poi nt

"deceases by onIy ohmi ¢ drop. TherefofgyibBe actual

waveformis actually observed as a decreased the term na
current supplying phase U. Accordingly,

positions where the t'gr@',ﬁal vol tage | evel of U phase and the

A A A

The ohm c drop voltage i s superposed to the term nal
wavef orm of the current supplying phase V. On the other
current ‘does not flow in U phase,

terninm
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only counter electronotive voltage is
Since the voltages of the bridge circuit is
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vol tages of V
for exanple in

term nal
del ays,

order to solve the above problemin which the phase delay is generated,

, the ohmic drop voltage is added to and subtracted
vol tages of current supply phase,

t he present invention,
fromthe term nal.

phase are coi nci dent,

-and then the | ogic signal
of ‘FIG 5,

2b
in conparison wi'th no-load state. In

in

and. the - term na

vol tages are conpared with each other to obtain logic signals 2a, 2b and

2c. For exanple, at U phase, when thel'(/bquhge is applied fromU phase to V
phase or W phase, th rop volta t he
vol tage is applied fAomV phigge or Wp drop
vol tage is la
TO
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added. An operation of the terninal

vol t age conpensatibn circuit 1is
concretely explained using FIG 2. Although FIG 2,

shows a termn na

vol t age conpensation circuit of three phases for
expl anation relates to only a termnal
phase. First, in the foll ow ng expl anati on,

U V, W but the follow ng

vol t age conpensation circuit of U
the term na

62 and term nal 63

are assuned to be at H (high)

| evel . Since collector voltages of npn

transi stor 22, npn transi
transi stor 21, npn transi
does not flow in thdd

stor 24 becas/X# o, the enmtter voltage of npn
ﬁ%?r 23 al so ?gcone zero, therefore, the current
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resistor 37 and the resistor 40. Accordingly, the current which flows in
the resistor 36 (resistance value = Rl) is only [err] which is supplied by
a constant 32 current source 57. Therefore, the voltage which is
observed at U phase output terminal of the terminal voltage conpensation
circuit becones a voltage which subtracts the voltage between base-enitter
(V[err]) of the transistor 20 and th@9/108
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ohm c drop voltage in the resistor 36 fromthe input voltage of the

term nal voltage conpensation circuit such as indicated by the equation
(1). [err] Next, -the termnal 62 and term nal 63 are assuned to be at L°
(I'ow) level. Assune that a voltage Vir is applied to the term nal 61. Then
since collector voltages of npn transistor 22, npn transistor 24 becone
V[err] + V[err], the emtter voltage of npn transistor 21, npn transistor
23 al so becone V[err], therefore, éodépgent flowing in the resistor 37
(resistance val ue = FQ) and the reS|stor 40 (resistance value = R2) is
Vierr] / R2, ‘respectively.

_ 'CURRENT SUPPLYING PHASE
. /
9a 9b 9¢c 9d %9 9f
H L H L L HIJv-W
L H H L L Hu-w
L H H L H LJ|Uu-vV
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Accordingly, the current which flows in the resistor 36 is [err] which is
suppl i,ed by a constant current source 57 plus a current which flows in the
resistors 37, 40. Therefore, the voltage which is observed at U phase _
output'terninal of the term nal voltage conpensation circuit becones bel ow
such as indicated by the equation (2). [err] Wen the termnnal 62 is H

| evel and the termnal 63 is at L level, or the termnal .62 is at L |evel
and the termnal 63 are set to H Ie@éV1°§|nce a current V[err] / R2 flows
onIy either of the resistor 37 or the resi'stor 40, the voltage
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whi ch is observed at U phase output termnal of the term nal voltage
conpensation circuit becones bel ow such as indicated by the equation (3).
[err] 33 Finally, when the ohmc drop voltage is to be added (V [err] U,
‘WTlerr] U, the termnal 62 and the termnal 63 is set to Hlevel, and when
t he ohm c drop '
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voltage is to be subtracted (U [err] V, UJerr] W,
termnal 63 can be set to L l-evel in order to conpensate the term na
vol t ages. Further, when U phase need not to be conpensate (V [err] W W
[err] V), the termnal 62 can be set to H level and the term nal 63 can be
set to L level, or the termnal 62 is set to L level and the termnal 63 is
set to Hlevel. and when the ohnic drop voltage is to be subtracted (U
[err] V, UJferr] W, the termnal 623mb8& he termnal 63 are set to L |evel
in order to conpensate the termnal voltages. Simlarly, in the V phase,
when the ohmc drop voltage is to be added (U S

the termnal 62 and the
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V, Wlerr] V), the termnal 64 and the termnal 65 is set to Hlevel, and
when the ohmc drop voltage is to be subtracted (V [err] U V [err] W, the
termnal 64 .and the term nal 65 can be set to L level in order to
conpensate the termnal voltages. Further, when V phase need not to be
conpensate (U [err] W WJ(err] U, the termnal 64 can be set to H |evel-
and the terminal 65 can be set to L Iznmlo8 or the terminal 64 is set to L

| evel and the term nal 654 - et e W phase,
when the ohnmic dSap v eisto be added (UW V [err] W,, the term nal

66 and the termnal 67 arg set torlj__l_ﬂgll, and
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when the ohmic drop voltage is to be subtracted ( Wlerr] U Wlerr] V),
the termnal 66 and the termnal 67 can be set to L level in order to
conpensat e the term nal voltages. Further, when W phase need not to be
coffpensate ( U [err] V, V[err] U, the termnal 66 can be set to H | evel
~and the termnal 67 can be set to L level, or the termnal 66 is set to L
| evel and the termnal 67 is set to H IeveI FIG 6 (b) shows a tine chart
havi ng a rel ati onship het wveen t he cur P&l °§UDDI vi nq phase_and the
corrpensatlon SHgt chi ng]3|gnal inputted into the termnals 62 - 67.

7a E. | . 1
b 1 EmB
e . 1 L
% | 1 J :

9b L L
¢ ' | —
°d N N
e ' | | |
of _ | — | e
S¢ — L——-' . r'
3b — § | —
3¢ f ii B |
250q E : | 1
2514 . E i[ I
2520t n |
253q—t 1|

254a | i E B

256q 1 _ K

R N N B N

TR ()
FIG. 29

Sheet Has Been RTlaced

R



FIG 6 (a) shows a detailed circuit diagramof concrete conpensation 34
swi tching signal generating circuit 16 in which the detected w nding the
term nal - vol tages are conpensated by the product of the resistor and

current only. during actual driving period. In this enbodinment, the rotor
| ocation signals 3a, 3b and 3c are-applied to
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input terminal of the concrete conpensation sw tching signal generating
circui,t 16, and resultant output signals shown in FIG 6 (b) are supplied
to the termnals 62 ~ 67 of the term nal voltage conpensation circuit 1
after | ogical operation by the conbination of the logical elenents in the
conpensation sw tching signal generating circuit 16. Further, as shown in
FIG 1, since the current control circuit 211 and the buffer anpllfler 212,
the resistor 213, the driving transi s26/1984 control the armature currents,
the output of the control circuit 211 is applied to the term nal 61 of
terninal voltage conpensation circuit 1.
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The current control circuit 211 detects a difference between the actual
rotati,on speed obtained fromthe |ogic pulse sighal 201 and the indicated
rotation speed to control the armature current so that detected difference
becomes zero. Further, three phase brushless notor is explained above in
this enbodi nent, but it is apparent that the invention can be applied to a
brushl ess notor having nore than three phases. The neans which is
constituted of transistor circuit in 28/8&nbodi nrent nay be constituted by
Qperational (OP) anplifier and dlgltal integrated circuit.
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Enbodi ment 2 In the prior art, when voltages of the armature w ndi ngs of
respecti ve phases are detected, there occurs a phase delay during the
detection. Therefore, in the present invention, an conpensation voltage
which is a product of the |oad resistance and the current in an actual

| oading state is applied to the voltage difference of the armature ‘w ndings
of respective phase in order to obtain a term nal - vol tages at a correct '
phase in an actual |oading state. Thu?2/14% deriving signals of the
armature w ndings of respective phasgs are generated in the connutatlon
circuit according to the mnndlngnthégte_m nal
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35 voltages. In this enbodinent, a construction and an operation of the
brushl ess notor driving device is explained. FIG 8 is a block diagramof a
second enbodi nent of the present invention which shows a general
cohstruction a brushless notor driving
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device. I'n FIG 8, the sane elenents are shown by the same nunerals of the
enbodinment 1 in FIG 1. The nuneral 100 denotes an inter-termnal voltage

~ conpensation circuit which conpensates the voltage between the termnals,
and outputs inter-term nal conpensation voltage signals 100a ~ 100f. The
nuneral 101 denotes a conparator which obtains |logic signals 10la, 101b and
101c by conparing the conpensated voltages between the termnals. The
nuneral 102 denotes a rotor |ocation signal generating circuit which

i ncludes the inter- term nal voltage gzg&insatlon circuit 100, the
conparator 101 and a maveforn1shap|n3 uit 3
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FIG 9 shows a concrete inter-term na

In FIG 9,
denotes a pnp transistor,

the nunmerals 110 ~ 127 denote npn transistors,
the nunmerals 129 ~155 denote resistors,
ndneral s 156 ~162 denote constant current sources.

vol t age conpensation circuits 100.
the nuneral 128
t he-
U phase the tern na

voltages are applied to bases of the npn transistors 110 and 117,

respectively, V phase the term na
transistors 116 and 123,

respectivel y32pplgase the termnnal

vol tages are applied to bases of the npn
vol.tages are .

applied to bases of the npn transistors 111 and 122, respectively. the
armature wi nding ohmc drop is applied to the termnal 163 which is
connected to the base of pnp transistoR ‘ :
' 8C
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128. The nunerals 164 - 169 denote term nals where the conpensation
switching signals for switching voltage between the term nals are applied.
The conpensated inter-termnal voltage is outputted to 100a ~ 100f. A
concrete operation of the inter-term nal voltage conpensation circuit is.
expl ained below. In FIG 9, lets assune the power supply voltage is Vcc,
ohm c¢ value of resistors 129, 131, 138, 140, 147 and 149 is R3, ohm c val ue
of resistors 130, 139 and 148 are R4,3®)m0& val ue of resistors 134, 135,
143, 144, 152 and 153 are R5, current value supplied by constant current
sour ces 156 157 and 159 ~ 162 are EQ base current of npn tran5|stor IS

I b, vol tage
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36 inputted into termnal 163 is V[err]. First, the termnal 164 being at H
| evel ts considered. The emtter voltage of the npn transistor 113 becones
zero volt, then the current does not flowin the resistor 134. In the -
‘resistor 130, a current of (LW / R4 flows fromthe enmitter termnal of

npn transistor 110 toward the emtter term nal of
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npn transi stor 111. Accordingly, the current which flowin the resistor 129
isl 2+ (UW / R4 - [err], then the output 100a outputted fromthe
i'nter-term nal voltage conpensation.circuits 100 is given by the equation
(4). [err] On the other hand, when the termnal 164 is at L |level, the
current V[err]/ R5 flows in the resistor 134 then the output 100a outputted
fromthe inter- termnal voltage co jon circuits 100 is given by the
equation (5). [err] %@d : _
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Consi dering the other inter-termnal voltage in the simlar way, the

rel ati.onsht p between the logic level of termnals 164 ~ 169 and the outputs
100a ~ 100f is shown in FIG 10. FIG 11 shows a concrete construction
exanpl e of a conparator 101 of the enmbodinent 2. In FIG 11, the nunerals
170 ~ 172 denote conparators. The conparator. 170 conpares 100b with 100a
and outputs a logic signal 10la, the conparator 171 conpares 100d with 100c
and outputs a |ogic signal 1le,_and§éﬁé4§oapaLaton_lzz_conpaqes 100f with

100e and outputs a logic sighal 101lc.
. i 1 LBE
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The concrete operation of the conparator 101 is considered bel ow. \Wen the
termnal 164 and termnal 165 are at H |levels, the conparator 170 outputs a
| ogi ¢ signal 10la of U > W Wien the termnal 164 is at- L level and the

termnal 165 is at Hlevel, the conparator 170 outputs a |logic signal 10la

37 of {U+ R4 x V[err]/ (2 x RB)} > W Adversely, when the ternminal 164 is
at H

-
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1evel and the terminal 165 is at L |level, the conparator 170 outputs a

| ogi c, signal 10la of {U- R4 X V[err] /(2 x R5)} > W As is shown in FIG

4, the rotor |location is detected by the coincidence of the term nal

vol tages of W phase ‘and U phase at the tinme when sw tching current supply
fromU [err] Vto W[err] V and at the tine when sw tching current supply
fromV [err}] Uto V [err] W But, sigggidsphase is a current supplying
phase and a Wphase is a ngm= : . ~an~ohm c drop vol tage
i s superposed to the U phasje term nal voltage at botH case AFor di ngly,

It 1S necessary to conpensgff ¢ t he ohn1 ﬂbop voltade |from U phase term na

vol t age |
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at a conmparing point. Wen current supply is switched fromU [efr] Vto W
[err] W, it is necessary to subtracts an ohm c drop voltage from U phase
the termnal voltages. Wen current supply is switched fromV [err] Uto V.
[err] W it is necessary to adds an ohmc drop voltage to U phase the

- termnnal voltages. Accordingly, if R4 and RS are set so that (R4 x V[err] [/
(2 x R5) is to be an armature wi nding ohmc drop voltage, and term nal 164
is set to Hlevel and the term nal %%I set to L level at UJ[err] V :
current supply,-or the terginal 164 i to L level and the term nal 165
is set to Hlevel at V [erg] U current supply, the conmparator 101 conpares
U phase ternlnal voltage mEth W phase term nal.
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voltage in which the ohmc drop are conpensated, then outputs the |ogic
signal *101la . Accordingly, the sanme effect may be obtained in conparison
with the enbodinent 1. It is possible to consider the other inter-term nal
voltage in a simlar way. If the termnal 166 i-s set to Hlevel and the
termnal 167 is set to L level at V [err] Wcurrent supply, or the term nal
166 is set to L level and the terninal 167 is set to Hlevel at W[err] V
current supply, the termnal 168 is oy H level and the term nal 169 is
set to L level at W([err] U current suﬂB]y, or the termnal 168 is set to L
| evel and the termnal 169 is set to Hlevel at U [err] W
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current supply, it is possible to get a simlar effect in conparison with
the epbodinent 1. FIG 12 shows a relationship between the current

suppl yi ng 38 phase and the conpensation switching signal inputted into
the termnals 164 ~ 169. Enbodi nent 3 '
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In this third enbodi nent, the voltages of the armature w ndi ngs of

respective phases are detected as described in the enbodi nent 1, an
conpensation vol tage which is a product of the |oad resistance and a

current in an actual | oading state is applied to the armature w ndi ngs of
respective phase in order to obtain a termnal voltages at a correct phase
in an actual |oading state. Thus, the deriving signals of the armature

wi ndi ngs of respective phases are gengifgdgi In the present enbodi nent, the -
above the driving signals is used as a ‘conpensation sw tching signal. An

operation of the brushless notor grlqgng device of the present
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enbodi nent

enbodi.ment of the present

brushl ess nmotor driving device.
t he sane nunerals of the enbodinent 1 in FIG 1.
driving signals 9a, 9b, 9c,

63,

t er m nal

65,

t er m nal

67,

t er48 /108 62,

t er m nal

construction a

I's explained below FIG 13 is a block diagramof a third
i nvention which shows a general ¢
In FIG 13, the sanme el enents are shown by

In this enbodi nent,

switching signal of the embodinment 1 shkgyin FIG 6
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is synchronized with the comutation. Accordingly, it is possible to use
the driving signals for sequentially switching the driving transistors TRl
- TR6 as conpensation switching signals. FIG 7 shows a relationship

bét ween the current supplying phase and the driving signals 9a ~ 9f of the
bridge circuit 11 such as shown in FIG 1. The conpensati on sw tching
signals for the termnal 62, ternlnal 63, termnal 64, term nal 65,

ternminal 66 and the termnal 67 of4H 986 correspond to the driving signals
9d, 9a, 9e, 9b, 9f and 9c, respectively. Accordingly, it is possible to
supply a brushl ess notor driving gevice of the present invention as an

enbodi ment shown in-FIG 13. & g
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39 Enbodi ment 4 This fourth enbodi nent is an exanple which is conbi ned by
-the enbodi mrent 2 and enbodinent 3. That is, in this third enbodi nent, the
vol tages of the armature w ndings of respective phases are detected as
described in the enbodi nent 1, an conpensation voltage which is a product
of
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the | oad resistance and a current in an actual loading state is applied to.
the vottage difference of respective phases in order to obtain deriving
signal s of respective phases in the conpensation circuit at a correct phase
in an actual |oading state. In the present enbodi ment, the above the
conpensation swi tching signals are obtained fromthe driving signal. FIG

14 is a block diagramof a fourth enugglugnt of the present invention which .
shows a general construction a brushlyess notor driving device. In FIG 14,

t he same el ements are shown by tmp s%he nuneral s of - the enbodlnent 2n

FIG 8.
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In the present enbodiment, the driving signals 9a is inputted to the
termmal 165 and term hal 168 of the inter-term nal voltage conpensation
circuit 100, the driving signals 9b is inputtéd to the term nal 164,
términal 167 of inter-termnal voltage conmpensation circuit 100 and the
driving signals 9c is inputted to the termnal 166 and the term nal 169 of
inter-termnal voltage conpensation circuit 100. Wien the inter-ternina
voltage is conpensated, it is possi &/ t® use the driving signals which
sequentially switching the driving transistors TRL ~ TR6 as a conpensatlon'
switching signal in a 5|n1lar way as shown in the
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enbodi rent 3. For exanple, the driving signals 9b, 9e may be used instead -
of the conpensation switching signals inputted into the termnal 164, since
they may be Hlevel at U [err] V current supply, and L level at V [err] U
cbirrent supply. It is also possible to use the conpensation sw tching
signals inputted into terninal 165 instead of the driving signals 9a, 9d in
the sane way, the conpéensation switching signal inputted into termnal 166
instead of .the driving signals 9c, 9f484¥¥ conpensati on switching signals
inputted into termnal 167 instead of the
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40 driving signals 9b, 9e, the conpensation switching signals inputted into
term pal 168 instead of the driving signals 9a, 9d, and the conpensation
switching signals inputted into termnal 169 instead of the driving signals
9¢, 9f. Accordingly, it is possible to supply a brushless notor driving

devi ce of ‘the present |nvent|on as an enbodi nent shown in FIG 14.
Enbodi nent 5 _ 497108
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In this fifth enbodi nent, a current value for applying the conpensatlon
vol tage which is a product of the l-oad resistance and a current in an
actual |oading state can be obtained by detecting the drop voltage of a
'seénsing resistor for load current detection. An operation of the brushless
-~ motor driving device of the present enbodi nent is explained below FIG 15
Is a block diagramof a fifth enbodi nent of the present invention which

shows a-general construction a brushl5®/408otor driving device. In FIG 15,
the same el ements are shown by the same nunerals of the
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embodinment .1 in FIG 1. In this enbodinent, the conmon emtter termnals of
transistors TR4A ~ TR6 are connected to the termnal 61 of the.term nal

vol tage conpensation circuit 1. In FIG. 15, the current flowing in the
atmature winding flows also through the resistor 10, since the resistor 10
I's connected to the common emitter termnal of the driving transistors TR4
~ TR6. Accordingly, it is possible to detect current quantity flowing in _
the armature wi ndings as a voltage dsap108 the resistor 10. Assune that the
current flowng in the armature windings is I[err], ohmc value of the
armature wi nding resistor for one
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phase is r, and ohmc value of the resistor 10 is Rs, then the ohm c drop
of the armature winding is IL x r, and the voltage inputted to the term nal
61 is IL X Rs. Accordingly, since the voltage conpensated at the term nal
vol tage conpensation circuit is RL X I[err] x Rs / R2, then Rl, R2 and Rs
can be determined so that this value is equal to I[err] x r. 41
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Enbodi ment 6 This sixth enbodi ment is an exanple in which the enbodi ment 5
is applied to the enbodi nent 2, which is explained below. FIG 16 is a

bl ock di agram of a sixth enbodi nent of the present invention which shows a
~general construction a brushless notor driving device. In FIG 16, the sane
el ements are shown by the sanme nunerals of the enbodinent 2 in FIG 8. In
this enbodi nent, the commbpn emtter termnals of transistors TR4 ~ TR6 are
connected to the terni naI 163 of the 5Bye08 term nal voltage conpensation.
circuit 100. :

e
109
r————~FF™"™YF " " " "-""="-"">"”/"=”/"”"/"""”"”/"7 3
{ I
<
| ~ ms S !
| N 85 < o

4 ] SU ' :

s ¢] ! -4 O i

| e :

\,\1 > "‘3 |

| % ] N ]

l E g r Y  w ] :

o . ~
| ' N l
{ - @] I
< 09)

| ‘ - ((\l : "
! 3 ‘

o | i o E z , I\
QE‘:\ | E_ 8:3 5%%5 : ..(2
gnﬁlé, ~ Qé"‘g N~ <z§. o E L
Eaig ez N eogs2sg | |
EE%%I wﬁ'O% N HuLznz |

v ' _ '7 4 . A N . 3 A l
| Y C—) |
R N |
U i S ML U Ty 1 |

| |
@] | :
EE i .
' () '
135 | 1588 ®@sReR |
e AN e e —— s —— 4
This Sheet Has Been Repl

AR

Ill



I n case of conpensating the inter-termnal voltage, it is also possible to
detect an armature wi nding ohmc drop voltage fromthe emtter term nals of
the transistors TRA ~ TR6 in a simlar way as described in the enbodi nent
5. Accordingly, it is possible to supply a brushless notor driving device
of the present invention as an enbodi nent shown in FIG 16. Enbodinment 7 In
t he above enbodi nents, the current waveforns are described as ideal
wavef or ms whi ch have no distortion. Byt,jggn an actual waveform noises, -for
exanpl e, spi ke shaped noi se as shown |n FIG 18, are superposed to the
| deal -
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waveform and the operation acconpanies chattering. The present invention
can be applied to such waveforns to normally operate in such conditi-on. In
t he present invention, the detected signal waveformis shaped to a correct
stable waveformin the waveform shaping circuit ‘and then the conpensation
circuit is operated. FIG 17 shows a concrete construction exanple of a
waveform shaping circuit 3. In FIG 17, the nuneral 180 denotes a | atch
circuit, the nunerals 181 ~ 186 den85é188p flip-flops, the numerals 187 =~
189 denote EOR circuits, the nuneffal 190 denotes an OR circuit, and the
nunmeral 191 denotes a :
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monost abl e nultivibrator. FIG. 18 shows term nal voltage waveforns in the
normal# rotation state and signal waveforns at respective portions of the
waveform shaping circuit. FIG 19 shows enlarged portions between the tine
p0|nts TO ~ T1 of FIG 18. 42 The concrete operation of the waveform
shaping circuit is explained in
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reference to FIG 18 and FIG . 19. Input -signals inputted to the waveform
shaping circuit 3 are logic signals 2a, 2b and 2c or 10la, 10l1b and 101lc
which are outputted fromthe conparator 2 or conparator 101, respectively.
i the enbodiment 1, or in the enbodi ment 2, spi ke shaped vol tage
fluctuation has been neglected so far which is superposed to the term nal
vol t age wavef orm and generated when switching the driving transistors. But,
actually, since the term nal voltage5y¢¥@§orn1includes spi ke shaped vol t age
fluctuation, the voltage fluctuation remains in the term nal voltage

wavef orm '
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whi ch i s obtained by conpensating the armature w nding ohm c drop.
Accordingly, the logic signals 2a, 2b and 2c, which are obtained by
conmparing the termnal voltages, contains spi ke shaped noise as shown in
FFG 18. First, this logic signal is-inputted into latch circuit 180. The
latch circuit 180 is a circuit for carrying out |atching operation _
according to a state of enable term nal 180a, which outputs the input data
as it is when the enable terminal 183jgs at H level. Wen the enable

term nal- 180a changes its state to L level, the input data is |atched, and
the latch circuit 180 continues to output the | atched data during the
termnal 180a is at L level. In.an initial condition,
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the terminal 180a of the latch circuit 180 is at H level, then the logic
signats 2a, 2b and 2c are inputted into the respective D flip-flops 181,
183 and 185 as it is. The Dflip-flops 181 ~ 186 and EOR circuits 187 ~ 189
conprise a both edged differentiation circuit, respectively. The EOR
circuit 187 ~ 189 output differential pulse at the timng of rising and
falling edges of the logic signals 2a, 2b and 2c. At the timng point of

T2, when conpensated the term nal vol | a and 1c coincident and the

pol arity of 2a changes, the both edge ferentiation circuit detects
edges to generate a differential pulse 203. The out put signals
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187 ~ 189 of EOR circuit is summed in the ORcircuit 190 to nake a logic
pul se ssignal 201 and inputted into the nonostable multivibrator 191. The
nmonostabl e nul tivibrator 191 triggers a rising edge of -.the | ogic pul se :
signal 201 and outputs a pulse 204 of L level during a predetermni ned period
T3. The 43 pulse 204 is inputted into the enable term nal 180a of the
latch circuit. After '
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the €nable term na

180a becones L | evel,

| ogi ¢ signals 2a, 2b and 2c and continues to .output

| atch pulse 204 is at L |evel.
197 of the D flip-flops 182,

the l'atch circuit 180 | atches the

| at ched data during the

The respective output signals 195, 196 and
184 and 186 is waveform shaped the rotor

| ocation signals 3a ,3b and 3c and inputted into the commutatioen circuit 9
of next stage. When the comutation operation is carried out in the

commutation circuit 9,

t he driving tr@f;1§gors operates the sw tching.
Therefore, spike shaped voltage fluctuation is generated in the U phase
term nal voltage waveform As a result,

spi ke shaped

Sa _i
30la_
70 [ 1 L
7b : i 1
7¢ 5 I L
Sa E L1
9b T I R
9c 7] E—
9d_t | I
se [ L L
Tof I S
2q E L
3b —4— —
30_! L I
25001 |
2Sla : I
- 252a E I JL
2530 L
254a_{ 1l
2550 L
7d E I [ ann.
60_i
FIG. 74

ThlS Sheet Has Been Re

IIIIIIH lIIIlH

|

ﬂn



noi se 205 i s generated at undesirable |location as shown in 2b of FIG 18.
‘But, at the tim ng point where the spike shaped noise 205 is generated, the
data input to the latch circuit is disabled by the pul se 204 transnmitted
fromthe nonostable nultivibrator 191. Accordingly,. spi ke shaped noi se 205
is masked in the latch circuit 180, then the spi ke shaped noi se is not

i ncluded in the waveform shaped the rotor location signals 3a, 3b and 3c.
In the above nentioned waveform shapgggiggrcuit 3, a logic pulse signal 201
outputted fromthe OR circuit 190 has a predeterm ned interval between

respective pulse at a normal rotation. Accordingly, it is possible to use
this ' ,
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| ogi ¢ pul se signal 201 as a speed signal for controlling the rotation
speed. Further, although an exanple of three phase brushl ess notor was

expl ained in this enbodinent, but it is apparent that this invention can be
dpplied generally to a brushless notor having a plurality of phases.

Enbodi nent 8 In the eighth enbodi nent, an exanple of a brushless notor is
expl ai ned which is not influenced by the load at a starting and al so stably
started in a short time. That is, theé3¢ad8ing is carried out by the

conbi ned signal which is: _
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obtained fromthe detected voltage of respective phases at starting.
Concretely stated, the location signal of the rotor is detected fromthe
wi ndi ng vol tage of .respective phases of the brushless notor, then rising
and falling edge signals of 44 the rotor location signal are detected
.and selected to obtain a necessary edge signal. Further, necessary edge
signal is counted to obtain a driving signals -
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which is applied to the armature w ndi ngs of respective phases at starting.
Further, if this input signal can not be applied for a predeterm ned
period, a certain the driving signals is applied forcefully. FIG 20 is a
bl ock di agram of an ei ghth enbodi ment of the present ‘i nventi on which shows"
a general construction a brushless notor driving device. In FIG 20, the
nunmeral 9 denotes a comutation circ®5/108r outputting the driving signals
9a, 9b, 9c, 9d, 9e and 9f, the nuneral 11 denotes a bridge circuit for
supplylng a current to a pcpdetern1ned phase of the brushless notor, the

‘nureral 4 denotes a rOMQr ocation signal generating
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circuit for generating the location signals 3a, 3b and 3c fromrespective
term nal voltages of the brushless notor. The nuneral 7 denotes a counter
circuit for generating a necessary edge signal by detecting and selecting
the rising and falling edges of the location signals 3a, 3b and 3c and for
counting the necessary edge signal, the nuneral 6 denotes a pul se
generating circuit for outputting a pseudo pul se 6a. The operation of the
enbodi nent is expl ai ned bel ow. The nmmqﬂoaotation signal 5a is inputted
from out si de, which indicates rotatlon at "enabl e" state and "stop" at
"di sabl e" state. In this nt, "enable" ijndrca e::@\qgwe

U
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and '-'disable" indicates L level. In FIG 20, the notor rotation signal 5a
i's corfnected to the comutation circuit 9 and the counter circuit 7. the
driving signals 9a, 9b, 9c, 9d, 9e and 9f which are outputt'ed fromthe
commutation circuit 9 are connected to the bases of respective transistors
TR1, TR2, TR3, TR4, TR5 and TR6. In this enbodi nent, the transistors TRI,
TR2 and TR3 are conprised of pnp type transistors, and the transistors TR4,
TR5 and TR6 are conprised of npn type7tzemsi stors. the emtters of.
transistors TRL, TR2 and TR3 are connected to the power supply, the

coI | ectors are conr&eca,e,d to collectors of r@spective '
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transistors TR4, TR5 and TR6, the emtters of the transistors TR4, TR5 and
TR6 are connect ed the ground through the resistor 10. The bridge circuit 11
is conprised of these transistor groups TRl - TR6. 45 The col | ectors of
" transistors TRlL, TR2, TR3, TR4, TR5 and TR6 are connected with respective
termnals ( U phase, V phase and W phase ).of the

687108
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armature w ndi ngs of three phase brushless notor which is connected by star
connection. Accordingly, by carrying out on - off operation for respective
transistors, current is supplied to respective armature w ndi ngs. FIG 21
shows a current relation ship between the driving signals 9a, 9b, 9c, 9d,
9e and 9f of the present enmbodinment. FIG 21 is a table which indicates
FIG 7. In FIG 21, if the current supplying is switched sequentially as
shown in the arrow direction, the rotoggg@yginues to rotate. Each term nal
of the armature w ndi ngs connected to the bridge circuit+ 11 is al so
connected to the rotorllocation signal generating circuit 4. The rotor
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| ocation signal generating circuit 4 generates three bits |location signals
3a, 3b and 3c fromthe termnal voltages U, V and Wof the respective U
phase, V phase.and W phase. FIG 22 shows a logical relation between the
dfiving signals 9a, 9b, 9c, 9d, 9e and 9f and the |location signals 3a, 3b
and 3c of the present invention. The | ocation signals 3a, -3b and 3c :
outputted fromthe rotor |ocation S|gnav\y§; rbggratlng circuit 4 are inputted
into the counter circuit 7. FIG 23 sho A%oncrete construction of a
counter circuit 7. The | dpgtion signals 3a, 3b and 3c are inputted into the
ri sing edge detecting cirftdits 250, 252 and 254 and the falling edge
detecting circuit @pk 2 d -
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255. The rising edge detecting circuits 250, 252 and 254 output rising the
edge pul ses 250a, 252a and 254a, and the falling edge detecting circuits
output the falling the edge pul ses- 251a, 253a and 255a, respectively. The
detected the edge pul ses 250a, 252a, 254a, 251 a, 253a and 255a are
inputted into the pul se selection circuit 256. The pseudo pul se 6a
outputted fromthe generating circuit 6 as shown in FIG 20 is al so
inputted into the pul se selection cigizib 256. The pulse train 7d which is
outputted fromthe pul se selection cifC ? 256 is input into the counter.
In this enbodiment 8, the counter pulse train 7d is counted by the

FIG. 85
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hexa counter 257. FIG 24 shows a |logical relationship between the pulse
nunber inputted into the hexa counter 257 and its output nunber of this
enbodinent. In FIG 46 24, in case that the input pulses are nore than
6, the count nunmbers 7a, 7b and 7c are counted again fromL - L - L |level,
respectively. The pulse train 7d is '

727108

i ~X%) © g

PR Q )
N / I

o £ B 1

N B ¥ 1 B3gok
\xo mg  HEO&OC

284 | o .
1 é e-o c‘?;\ E
| |BagElB JEE | L
! O
| 57 ] 2E .
i 2 S
| | 2| |18
| zn” O
| S © =
| |
| gES &

d
Ea%

| 1
| M"@I‘% g

SB%NN 0 < o 0
3 Qe = N b o 0
r\i | 1 & o | &N O Z

w _ o) o w - o

88 21|88 32 | b E

m < = (7] E

(i §‘§§§ ;o é’gg EEE HEEE

ahel 2058 |ZEE| £24F |2EE| £R4C

0 0 2 <

This Sheet Has Been Rerlaced-

LU




inputted into the generating circuit 6 fromthe counter circuit 7 as shown
in FIG 20. The count nunbers 7a, 7b and 7c outputted fromthe hexa counter
257 are inputted into the pulse selection circuit 256 in the count er
circuit 7 and also into the commtation circuit-9 in FIG 20. The pul se
selection circuit 256 refers the current the count nunbers 7a, 7b and 7c
and out puts an edge pul se of theoretical | ocati on signal which should be
detected next at normal rotation or gseudo pul se 6a: FIG 25 shows a

rel ati onshi p. bet ween the count nunber§ 730871 and 7c and the edge pul se
250a , 252a, 254a, 25la, 253@ and 255a of theoretical
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| ocati on signals which should be detected next at normal rotation. From
FIG 25, for exanple, the count nunbers 7a, 7b and 7c is at L - L - L
IeveI only the edge pulse 253a is outputted and other the edge pul se 250a,
for exanple is not output. But, the pseudo pulse 6a is outputted
irrespective of the count number s 7a, 7b and 7c. FIG 26 shows a concrete
construction exanple of a pulse generating circuit 6. The pul se generating
circuit 6 conprises a retrigarable one-shot 260 and a rising edge detecting
circuit 261. The pulse train 7d whi ch4/308ut putt ed fromthe pul se selectlon
circuit 256 i's inputted into a retrlgarable one- shot

eses LI 11|
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260. Qutput 260a of the retrigarable one-shot 260 is inputted into the
rising edge detecting circuit 261. The rising edge detecting circuit 261
detects a rising edge of output 260a of the retrigarabl e one-shot 260 and
out puts a pseudo pulse 6a as sinmilar way as the rising edge detecting
circuit 250, 252 and 254 arranged in the counter circuit 7. In such a
construction, when the pulse train 7d is inputted into the retrigarable
one-shot 260 within the predetern1neq Z god, the retrigarable one- shot 260
is cleared, therefore the output 260a does not change its state.
Accordlngly, t he pseudo pulse 6a is not outputted. But, when the pul se
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7d is not inputted into the retrigarable one-shot 260 within the
.predeterm ned ‘period, the output 260a.of the retrigarable one-shat 260 is
changed fromL state to H state. Therefore, the pul se generating circuit 6.
otit puts a pseudo 47 pul se 6a by .detecting the rising edge. In this
enbodi nent, the pul se generating circuit 6 is constructed such as

76/108
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when retrigarabl e one-shot 260 is cleared, the output 260a is L state and
when tshe pulse train 7d i-s not inputted within a predeterm ned period, the
out put is Hstate. But it is possible to construct a pul se generating
citcuit 6, using a falling edge detecting circuit, such as when
retrigarabl e one-shot 260 is cleared and, the output 260a is H state and.
when the pulse train 7d is not inputted MAthin a predeternined period, the
output is L state. Even the latter cgygio8 simlar the pseudo pulse 6a is
obt ai ned. The comutation circuit 9 sets the driving signals 9d, 9e and 9f
to L state and the dl@migg signal s 9a,©9b and 9c to R state when t he not or
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5a is at L state, and causes the transistor group of the bridge circuit 11
to off- state and causes the brushless notor to no-current supplyihg state.
Next, in the starting node just after the notor rotation signal 5a becane H
state, the driving signals 9a, 9b, 9c, 9d, 9e and 9f are outputted by

conbi ning the count nunbers 7a, 7b and 7c so that the rotor rotates toward
a normal direction. FIG 27 shows a conbi nation exanple between the driving
signals.9a, 9b, 9c, 9d, 9e and 9f anq ZEQ count nunbers 7a, 7b and 7c of
the counter circuit 7.of the present e glnent In FIG 27, if the driving
signals 9a, 9b, 9c, 9d,

=4503

,
[
I
I
l
|
l
|
I
.

h____________ﬁ_____________
4553 ' .
4523

-

CIRCUIT
{
454

GATE

4533
e A

453

COUNTER

455
452

CIRCUIT

e e e e e e
o T
S 450 |
FIG. 92

| 451
RISING EDGE |~
53 ————|-={ pETECTING

cLK
4323

This Sheet Has Been Repl

i




9e and 9f are switched to the arrow direction, the rotor rotates toward a
normak direction. An operation of a-brushless motor of the eighth

egbodi nent i s expl ai ned bel ow. .Just after the. notor rotation signal 5a
became H state, since the count nunbers 7a, 7b and 7c becones L - L - L
state, respectively, the driving signals 9b becores L state fromFI G 27,
and the driving signals 9f becomes H state, current is supplied to V-W
phase as shown in FIG 21. At this ti there are three nodes, that is,
the rotor of the brushless notor rot—é?& $oward normal direction and the
| ocation signal changes, the rotor rotates toward
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reverse direction and the | ocation signal changes or the rotor stops at the
current supply stability point and the | ocation signal does not change.
First, the node in which the rotor rotates toward normal rotational 48
~ditection is explained. FIG 28 shows respective portions of signal

wavef orns when the rotor rotates toward normal rotational direction. Wen

t he current
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I s supplied to V-Wphase, the location signals 3a, 3b and 3c becone H - H -
L states as shown in FIG 21 and FIG 22. Since the count nunbers 7a, 7b
and 7c are L - L - L state at this tine, the hexa counter 257 does not
cbunt so long as the edge pul se 253a or the pseudo pulse 6a is not detected
as shown in FIG 25. Wen the rotor rotates further toward nornal

rotational direction by inertia, the termnal voltages U, V, Wchange by
the counter electronotive force which is induced in the armature w nding,
the location signals 3a, 3b and 3c Bddd®8s H - L - L state, then the edge

pul se 253a is detected as shown in FIG 28 (A).
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Accordingly, the hexa counter 257 is counted up, then the count nunbers 7a,
7b and 7c become H- L - L states, the commutation circuit 9 set the -
driving signals 9a, 9b, 9c, 9d, 9e and 9f toL - H- H- L - L - H states,
respectively, so that a current is supplied to U-Wphase as shown in FIG
21 and FIG 27. After then the brushless notor is accelerated by swtching
the current sequentially until the rotation speed reaches to a nornmal val ue
by referring the conbination of the count nunbers 7a, 7b and 7c according
to the relation shown in FIG 27. N%{108 npde-in which the rotor rotates
toward reverse direction and then o
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the |l ocation signal changed is.-explained using FIG 29. FIG 29 shows
respective portions of signal wavefornms when the rotor rotates toward
reverse direction. Wien the rotor rotates toward reverse rotational
dlrectlon | ocation signal 3a changes and the edge pul se 251a is detected as
shown in FIG 29 (B), but the hexa counter 257 is not counted up since the
edge pul se 253a is not detected as described above. Further, the edge pul se
253a can not be detected within a predeterm ned period t[err] a pseudo
pul se 6a is outputted fromthe pulse géﬁgpatlng circuit 6 as
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"shown in FIG 29 (C. The hexa counter 257 counts up the pseudo pul se 6a
and the count nunbers 7a, 7b and 7c change to H- L - L states. The
commutation circuit 9 sets the driving signals 9a, 9b, 9c, 9d, 9e and 9f to
L*- H 49 - H- L - L - Hstates so that current is supplled_to U- W phase
as shown in FIG 21 and FIG .27. Thereby, the rotor rotates toward nornal

rotational .
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direction, after then the brushless notor is accelerated by swtching the
current sequentially until the rotation speed reaches to a nornal val ue by
referring the conbination of the count nunbers 7a, 7b and 7c according to
‘the relation shown in FIG 27. Further a node in which the rotor stops at
the current supply stabikity point- and the | ocation signal does not change
I s explained below. In the simlar way ase¢described in the node of the
above reverse rotation, since the e%gg Bglse 253a can not be detected

Wi thin.a predeterm ned period t[err], & pseudo pul se 6a is outputted from
t he pul se generating circuit 6. The hexa counter '
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257 also counts up the pseudo pulse 6a. As a result, that current is
suppl ired to U-Wphase as shown in FIG 21 and FIG 27 After then the
brushl ess nmotor is accelerated by switching the current sequentially until
the rotation speed reaches to 'a normal value by referring the conbi nation
of the count nunbers 7a, 7b and 7c according to the relation showm in FIG
27. Enmbodi nent. 9 An operation of the bgsaghb®ss notor which restarts stably
in a short tine without inflyenced by the load at a starting even when the
brushl ess notor stops by soqg reasons and needs to restart. Concretely
stating, in this
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enbodi nent, the apparatus of the invention detects a |ocation signal of the
rotorifromw ndi ng voltages at respective phases of the brushless notor and
obtains a necessary edge signal by detecting and selectlng a rising edge or
a‘falling edge of the rotor |ocation signal, further proving a nornal
rotation detecting circuit for nonitoring the notor rotation in conbination
with the necessary edge signal. Wen abnornal state is detected, the edge
signals are counted and the counted resultant is used as a forcefully-
supplied driving signal to the arneB{f¥%&i nding of respective phases at
restarting. FIG 30 is a block diagramof a ninth enbodi ment of the present
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I nventi on which shows a general construction a brushless notor driving
device. Since the bridge circuit 11, the rotor |ocation signal generating
circuit 50 4, the counter circuit 7, the pulse generating circuit 6 are
stimlar to the enbodi nent 8, the description is onmtted. The nuneral 265

denotes a normal rotati-on detecting circuit for conparing the count nunbers
7a, 7b and 7c with
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the |l ocation signals 3a, 3b and '3c. In this enbodi ment, the location -
signalss 3a, 3b and 3c are also inputted into the commutation circuit 9. The
comutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d, 9e and 9f
in conmbination with the count nunbers 7a, 7b and 7c at starting node, and
outputs the driving signals 9a, 9b, 9c¢, 9d, 9e and 9f in conbination with
the location signals 3a, 3b and 3c during a nornal rotation, in a simlar
way as the enbodinent 8. The | ocation signals 3a, 3b and 3c and the count

numbers 7a, 7b and 7¢ are al so i npuBPdd0Pnto the normal rotation detecting
circuit 265. '
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The normal rotation detecting circuit 265 conpares the |ocation signals 3a,
3b and 3c with the count nunbers 7a, 7b and 7c after a predetermned tine
and after the count nunbers are changed during a nornmal rotation state.
FI'G 31 shows a theoretical l'ogi cal relationship between the |ocation
signals 3a, 3b and 3c and the count nunbers 7a, 7b and 7c in this

enbodi nent. Wien the conbination is nappileg ones showmn in FIG 31, the
restart pul se 265a is outputded into the commutation circuit 9. An
operation where the rotor stops by any | oad during a normal rotation is
expl ai ned using FIG 328 IngFI G 32, Tets assune that the rotor stopped
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after timng (D). In this case, after a predetermned tine t[err] has
passed froma pulse (ol) generation in the circuit 6, a pseudo pul se (p2)
is outputted fromthe pul se generating circuit 6. The pseudo pulse ( -p2) is
out put by the pulse selection circuit 256 as pulses (02) in a pulse train
7d, the count nunbers 7a, 7b and 7c change their states fromL - H- L to L -
- L - Haccording to the logical .relation exanplie of FIG 24. During a
normal rotation, as described abovey fi gge the driving signals 9a, 9b and
9c, 9d, 9e and 9f is outputted by belng conbined with the | ocation signals
3a, 3b and 3c, the current supplying phase are not sw tched :
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even if the count nunbers 7a, 7b and 7c are changed. After a predeterm ned
51 tine t2 has passed from change of the count nunbers 7a, 7b and 7c, the
normal rotation detecting circuit 265 conpares the |ocation signals 3a, 3b
and 3c and the count nunbers 7a, -7b and 7c. In this. case, since this
conbination is not a theoretical conbination as seen:
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fromFI G 31, the normal rotation detecting circuit 265 -outputs a restart
pul se ((g3) and the nobde changes to a starting node. In the starting node,
as, described above, since the starting signals 9a, 9b, 9c, 9d, 9e and 9f
ar'e out putted by being conbined with the count nunbers 7a, 7b and 7c, the
driving signals 9a, 9b, 9c, 9d, 9e and 9f becomes H- H- L - L - H- L and
current supply is switched to cause the rotor to rotate toward nornal

rotational direction as shown in FI @3/X08 After that, as describe iQ\
enbodi ment 8, the current supply is sequentially switched by the o
‘conbi nati on of the count nunbers 7a, & and 7c according to the A
relationship of FIG 27, until normal & ' (5
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rotation is reached. Enbodinment 10 A notor driving circuit having a

swi tching apparatus for switching froma starting or restarting operation
to a normal operation is explained below. In this enmbodinent, a swtching
tine is set and the rotation of the rotor is switched to a nornal operation
after a predeternined period. FIG 33 is a block diagramof a tenth

enbodi nent .of the present invention which shows a general construction a
brushl ess notor driving device. Sigg 91b§e bridge circuit 11, the rotor

| ocation signal generating circuit

LI e B s SN p BN ey B

250a | 1 |
251a N ] |

2520 _ L L I
253a Ml n I

L
1
n
n
2544 I . fl ]l |
255a || I f ﬂ

7@ ] 1 1 1
(- T A N B I I .
I e N L
2560 I R N N B
o S oo

ENFIGE)
(H)

FIG. 108

This’ Sheet Has Been Rep

l T



4, the counter circuit 7, the pulse generating circuit 6, the nornal
rotatison detecting circuit 265 are simlar to the above eighth and ninth
enbodi nents, the description is omtted. The nuneral 8 denotes a switching
signal generating circuit which outputs a switching signal 8a for referring
any of the count nunbers 7a, 7b and 7c-or the | ocation signals 3a, 3b and
3c when outputting driving signals 9a, 9b, 9c, 9d, 9e and 9f in the '
commutation circuit 9. The switching g Eg@gb generating circuit 8 is
expl ai ned below. In this enbodinent, e notor rotation signal 5a and the

restart pul se 265a are inputted into a smntchlng signal generating circuit
8. The 'switching
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An-operation of the switching signal generating circuit 8 of this

enbodj nent .i s expl ained below using FIG 35. In this enbodi nent, when the
notor rotation signal 5a inputted into the timer 270 becones H level, the
ttmer 270 is changed to ON state, then the conmmutation circuit 9 outputs
driving signals 9a, 9b, 9c, 9d, 9e and 9f by conbi ning the count nunbers
7a, 7b and 7c according to the relationship shown in FIG 27. After a
predeterm ned period to, the sw tchongiesgnal 8a changes fromL to t hen
the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d::9e
and 9f by conbining the location signals 3a, 3b and 3c as shown in FHG 22.
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When the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d,
9e and 9f by conbining the |ocation signals 3a, 3b and 3c, and when the
restart pul se 265a is inputted fromthe normal rotation detecting circuit.
265, the -tinmer 270 is reset, then the sw tching signal 8a changes fromH
to L. Then, the commutation circuit 9 outputs the driving signals 9a, 9b,
9c, 9d, 9e and 9f using the count nunbers 7a, 7b-and 7c. After a
predeterm ned period to, the smntcmdy; ignal 8a changes fromL to H, then
the conmutation circuit 9 outputs the‘driving signals 9a, 9b, 9c, 9d, 9e
and 9f by conbining the location signals 3a, 3b and 3c.

645 ‘
- {13 : :
' 631a

63'09 /L SW1_ L_’J 647 |

| |
|

646
{ 2x13
T
FIG. 112

This Sheet Has Been Rerlace

[l v




In this enbodi ment, the switching signal 8a is set to L when referring the
count, nunbers 7a, 7b and 7¢, and to H when referring the |ocation signals
3a, 3b and 3c, but they can be set reversely. Enbodinent 11 In this

enbodi ment, an switching operation carried out to a nornmal operation after
-the counter reaches a predeterm ned value. By this operation, the notor
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53 FIG 36 is a block diagramof an el eventh enbodi nent of the present

i nventi on which shows a general construction a three phase brushl ess notor
driving device. The nuneral 8C denotes a switching signal generating
circuit which outputs a switching signal 8a for referring any of .the count
nunbers 7a, 7b and 7c or the location signals 3a, 3b and 3c when outputting
driving signals 9a, 9b, 9c, 9d, 9e and 9f in the commutation circuit 9. The

smntchlng signal generating circuit fﬂﬁ/f@aexplalned belom/ ‘T
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In this enbodi nent, the pulse train 7d, the notor rotation signal 5a and
“the restart pul se 265a are-inputted into the switching signal generating
circuit -8C. The switching signal 8a is inputted into the comutation
ctrcuit 9. FIG 37 shows a concrete sw tching signal generating circuit 8C
of enbodi ment 11. The switching signal generating circuit 8Cis conprised
of a node switching counter 271. FI G ;3§ /4pga .ti m ng chart which expl ains
an operation of a sw tching signal generatl ng circuit of enbodi nent 11.
FIG 38 is used as next and a operatipn of sw tching signal generating
circuit 8C of this enbodinment is ‘exp?i ned. The node sw tching. counter 271
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- begins to count the pulse train 7d when the notor rotation signal 5a
becones H, and the commutation circuit 9 outputs the driving signals 9a,
9b, 9c, 9d, 9e and 9f by conbining the count nunbers 7a, 7b and 7c
accordlng ‘to the relationship as shown in FIG 27. The node swi tching
counter 271 changes the switching signal 8a fromL to H after the count
-nunber. of the pulse train 7d reaches a predeterm ned nunber X and then the .
comutation circuit 9 outputs drivin%qgé? 9a, 9b, 9c, 9d, 9e and 9f by
~conbining the location signals-3a, 3 c as shown in FIG 22. \Wen the
commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d,
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9e and 9f by conmbining the |location signals 3a, 3b and 3c, and when the
restart pulse 265a is inputted fromthe normal rotation detecting circuit
265, the node switching counter 271 is reset, then the switching signal 8a
changes fromH to L. Then, the comutation circuit 9 out puts the driving
signals 9a, 9b, 9c, 9d, 9e and 9f using the count nunbers 7a, 7b and 7c.
The node smﬁtching counter 271 begins to count the nunber .of the pul se
train 7d and changes the swi tching S|§nal 8a fromL to H after the count
nunber of the pulse train 7d. reachesl
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an

the both conditions are satisfied.
1047108

9e and 9f by conbining the | ocation signals

9d,

9b, 9c,
in other words,

9a,
switching operation is carried out when the conbination of detecting tine

3a, 3b and 3c as shown in FIG 22. Enbodiment 12 In this enbodi nent,

54 predeterm ned nunmber X and then the commtation circuit 9 out puts

drivimrg signal
and | ocation signal,
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FIG 39 is a block diagramof a twelfth enbodi mrent of the present invention
‘whi chsshows a general construction a three phase brushl ess notor driving
device. The nuneral 8D denotes a swi tching signal generating circuit which
outputs a swtching signal 8a for referring any of the count nunbers 7a, 7b
and 7c or the location signals 3a, 3b and 3c. The switching signal
generating circuit 8D is explained below. In this enbodi nent, the notor
rotation signal 5a, the restart pul sgoggpggand the |ocation. S|gnals 3a, 3b
and 3c are inputted into the switching signal generating circuit 8D. The
switching signal 8a is inputted into the
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comutation circuit 9. FIG 40 shows a concrete swi tching signal generating
circyt 8D of enbodinent 12. In this enbodinent, the sw tching signal
generating circuit 8D is conprised of a |ocation signal conbination
dfscrimnation circuit 272 and a tinmer 270. The timer 270 is simlar to the
construction of the enbodi nent 10. The l|location signals 3a, 3b and 3c are
inputted into the location signal conbination discrimnation circuit 272,

the output fromthe location signal jgyiiggati on discrimnation circuit 272
becones H when the | ocati-on signals :
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3a, 3b and 3c ‘beconmes a predeterm ned conbi nation. In this enbodi nent, when
the location signals 3a, 3b and 3c -became a conbination of H- L - L, its
out put changes to H The output of the location signal conbination

@i scrimnation circuit 272 and the tinmer 270 are inputted into the AND
circuit 273, the output 273a of the AND circuit 273, the notor rotation

signal 5a and the restart pulse 265qoayr/qognputted into the latch circuit
274. The latch circuit
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55 274 is cleared by the ﬁDtor

rotation signal 5a and the

restart pul se

265a, _The latch circuit 274 also holds the output to Huntil the latch

cqug#t 274 is cleared after the input signal

once beconmes H An operatlon

+0f,the swtching signal generating circuit 8D of this enbodinent is

»\\explalned bel ow using FIG 41.

signal 5a becones H |evel, the. tiner
conmut ati on -ci rcui.t. 9 outputs drivingogos s 9a, 9b, 9c,

conbi ni ng the count Aunbers 7a, 7b and 7c according to t he
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rel ati onship shown in FIG 27. After a predeterm ned period tgi:;he tinmer
out put- 270a changes to H. Wien the tiner output 270a changes to H and the

| ocation signals 3a, 3b and 3c becane a conbination of H- L - L, the AND
circuit output 273a changes to H The latch circuit 274 operates at the’
first rising edge of the AND circuit output 273a after the notor rotation
signal 5a has changed to H, then the go#atching signal 8a is held to H Then
the conmutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d, 9e
and 9f by conbining the location signals 3a, 3b and 3c as shown in FIG 22.

DRIVE CIRCUIT FOR BRUSHLESS MOTOR

Abstract

A brushless motor driving circuit is provided for obtaining a reliable
starting and stable rotation driving irrespective of the load condition.

‘The brushless motor driving circuit comprises a plurality of the terminal
voltages detection means located at every phase of the armature windings; a
terminal voltage compensation means for adding or subtracting a compensation
value to/from the terminal voltage of an armature windings detected at
respective phases during actual driving period, the compensation value is
determined by a resistor of the armature winding and a winding current; and a
comparator means for comparing respective terminal voltages after
compensation has carried out to.obtain a rotor location signal; the armature
windings are driven by the rotor location signal detected at comparator means.
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When the commutation circuit 9 outputs the driving signals 9a, 9b, 9c, 9d,
9e and 9f by conbining the location signals 3a, 3b and 3c, and when the
restart pulse 265a is inputted fromthe normal rotation detecting circuit
265, the tinmer 270 and the latch circuit 274 is reset, then the sw tching
signal 8a changes fromH to L. Then, the comutation circuit 9 outputs the
driving signals 9a, 9b, 9c, 9d, 9e a ? f using the count nunbers 7a, 7b
and 7c. As described above, after B 398 er i ned period to, the sw tching
signal 8a changes fromL to H, then the conmmutation circuit 9 outputs again
the driving signals 9a, 9b 90 19d, 9e and 9f by conbining the |ocation

signals 3a, 3b and 3c a§ FIG 22. . \
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Enbodi ment 13 In this enbodi ment, an switching operation is carried out
when the counter reaches a predeterm ned value and the | ocation signal
havi ng been .detected correctly, that is, at the both conditions are

sati sfied. 56 FIG 42 is a block diagramof a thirteenth enbodi nent of

t he present

2/108
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I nvention which shows a general construction a three phase brushl ess notor
driving device. A switching signal generating circuit 8E of this enbodi nent
is explained below. In this enbodinment, the |ocation signals 3a, 3b and 3c
and the pulse train 7d and the notor rotation signal 5a and the restart
pul se 265a are inputted into swtching signal generating circuit 8E The
switching signal 8a is inputted into thHX8mutation circuit 9. FIG 43
shows a concrete switching signal generating circuit 8E of
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enbodi nent 13. The switching signal generating circuit 8E of this

enbodi nent is constituted by the |ocation signal conbination discrimnation
circuit 272 of the enmbodi nent 12 and the nbde switching counter 271. An
operation of the switching signal generating circuit 8E of this enbodi nent

i s explained below using FIG 44. In this enbodi nent, when the notor
rotation signal 5a becones H level, .the4dd®8 swi tching counter 271 begins
to count the pulse train.-7d, then the commutation circuit 9 outputs driving
signals 9a, 9b, 9c¢, 9d, 9e and 9f by conbining the count nunbers 7a, 7b and
7c according to the relationship shown in FIG 27. \Wen the node

2a
(U>w)

2b
(v>u)

2¢C
(w>v)

CURRENT

SUPPLYING [V W lws -
SUPPL V-Wlu-wlu-viw-vweu v Ulv-wit-wlu-viw-v|

FIG. 4

///

This Sheet H

Re‘laced '
\\ \“ | This is the replacement sheet

pate: 01 NOV 9%



swi tching counter 271 counts the pulse train 7d for a predeterm ned nunber
X, the output 27l1la of the node switching counter 271 becones H, and the

| ocation signals 3a; 3b and 3c becane a conbination of H- L - L, the AND
circuit output 273a changes to H. The latch circuit 274 operates at the
rising edge of the first AND circuit output 273a after the notor rotation
signal 5a has changed to H, then the SAkQ&hi ng signal 8a changes fromL to
H, and holds H state. Then the conmutation circuit 9 outputs the driving
signals 9a, 9b, 9c¢c, 9d, 9e and 9f by conbining the |ocation signals 3a, 3b
and 3c as shown in FIG 22.
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When the commutation circuit 9 outputs the driving signals 9a, 9b, 9c¢c, 9d,
9e and 9f by conbining the location signals 3a, 3b and 3c, and when the
restart pulse 265a is inputted fromthe normal rotation detecting circuit
265, the node switching counter 271 and the latch circuit 274 is reset,

t hen the sw tching 57 signal 8a changes fromH to L. Then, the
comutation circuit 9 outputs the '
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driving signals 9a, 9b, 9c, 9d, 9e and 9f using the count nunbers 7a, 7b
and 7c. Wen the node switching counter 271 counts the pulse train 7d for a
predet er mi ned nunber X and when the | ocation signal beconmes a conbination
of a predetermined H- L - L state, the switching signal 8a changes fromlL
to H then the comutation circuit 9 outputs again the driving signals 9a,
9b, 9c, 9d, 9e and 9f by combining t #d10&ation signals 3a, 3b and 3c as

shown in FIG 22. Enbodiment 14 In this ‘enbodi nent, an sw tching operation
is carried out when a setting
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period has expired and at the sane tine the driving signal is normal, that
Is, at the both conditions are satisfied. FIG 45 is a block diagram.of a
fourteent h enbodi nent of the present invention which shows a general
construction a three phase brushless notor driving device. A sw tching
signal generating circuit 8F of this enbodinent is explained below. In this
enmbodi nent, the driving signals 9a, 9b,88t089d, 9e and 9f, the notor
rotation signal 5a and the restart pulse 265a are inputted into sw tching
signal generating circuit 8F. wrhe swtching signal 8a is inputted into the
wo <
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commutation circuit 9. An operation of the switching signal generating
circuit 8F of this enbodinent is explained bel ow using FIG 46. The
swi.tching signal generating circuit 8F of this enbodinent, is constituted
by the tinmer 270 described above and a driving signals conbination
discrimnation circuit 275. The driving signals 9a, 9b 9c, 9d, 9e and 9f is
I nputted into the driving signal conbination discrimnation circuit 275. In
the driving signal conbination discri®/188i on circuit 275, an output 275a
beconmes H, when the driving signals 9@;V@b, 9c, 9d, 9e and 9f becane a

pr edet er mi ned conbi nati on.
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In this enmbodi nent,

becane a conbi nation of L -
The out put of the driving signal

t he
circuit output 273a,

when the driving signals 9a, 9b, 9c,

t he notor

265a are inputted into

H- H -

rotation signa

L- H- L,

10/108

9d, 9e and 9f

t he output 275a becones H.
conbination discrimnation circuit 275 and
58 tinmer 270 are inputted into the AND circuit 273, and the AND

5a and the restart pul se
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the latch circuit 274 as descri bed above. FIG 47 illustrates an operation
of switching signal generating circuit 8F of this enbodi nent. Wen the
notor rotation signal 5a becones H, the tiner 270 changes to ON state, the
comutation circuit 9 outputs the driving signal. using a conbination of the
count nunbers. After a predeterm ned period to, the tiner output 270a
changes to H, and when the driving sightd¥0®a, 9b, 9c, 9d, 9e and 9f becane
a conbination of L - H- H- L - H- L, an output 273a of AND circuit 273

changes to H WIIl change in the same way Sﬁ?& it in fornmer enbodi nent the
comutation circuit 9 uses a conbinati
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| ocation signals 3a, 3b and 3c again and the driving signals 9a, 9b, 9c,

9d, 9e and 9f is outputted. Further, an operation when a restart pul se 265a
is inputted into the switching signal generating circuit 8F is simlar to

t he enbodi nent 13 as shown in FIG 47. That is, the commutation circuit 9
outputs again the driving signals 9a, 9b, 9c, 9d, 9e and 9f using a

conbi nation of the location .signals 3a, 3b and 3c after a period to.

Enbodi rent 15 In this enbodi nent, an STﬁpf@éng operation is carried out
when a counter
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counts a predeterm ned value and the driving signal is normal, that is, at
the both conditions are satisfied. FIG 48 is a block diagramof a
fifteenth enbodi ment of the present invention which shows a general
construction a brushless notor driving device. A swtching signal
generating circuit 8G of this enbodi negyi1es explained below. In this
enbodi nent, the driving signals_9a, 9b, 9c, 9d, 9e and 9f, the pulse train
7d and the notor rotate signal %a and the restart pul se 265a are inputted
into the switching signal @kne circuit.8G FIG -49 shows a concrete
swi t chi ng si gnal generat&n% ci 5 of
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enbodi ment 15. The switching signal generating circuit 8G of this 59
enbodi nent is constituted by a driving signal conbination discrimnation
circuit 275 and a node switching counter 271. FIG 50 is a timng chart
whi ch expl ains an operation of a switching signal generating circuit 8G

Since the operation of this enbodinent is the sane as that descri bed above,
the detailed
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description is omtted. Enbodinment 16 In this enbodi ment, an exanple in
which a switching is carried out by speed detection is explained. FIG 51
is a block diagramof a sixteenth enbodi nent of the present invention which
shows a general construction a three phase brushless notor driving device.
A switching signal generating circuit 8H of this enbodi nent is expl ai ned
below. In this enbodinent, the-logic pulse 201 which is outputted fromthe

157108 :
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wavef orm shaping circuit 3 in the rotor |ocation signal generating circuit

4 and the notor rotation signal 5a and the restart pul se 265a are inputted

into switching signal generating circuit 8H FIG 52 shows a concrete bl ock
di agram of the switching signal generating circuit 8H of enbodi nent 16. The
swi tching signal generating circuit 8H of this enbodinent is constituted by
a speed signal generating circuit 274 ef erence speed generating circuit
276, and a conparator 278. A logic pu?ée 501 and a CLK (clock) are inputted

into the speed signal generating circuit 277. As described in the
enbodi nents 1 and 7, gig%e t he
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| ogic pulse 201 is obtained for a certain period, it is possible to detect
a rotation speed of the brushless notor fromthe | ogic pulse 201. FIG 53
is atimng chart for generating a speed signal 277a. The speed signal
generating circuit 277 is counted up by the timng of CLK edge when the
nmotor rotation signal 5a is H and cleared by the timng of rising edge of
l'ogi ¢ pul se input which is inputted 7é&P8he wavef orm shaping circuit 3 and
t he val ue shown by t in FIG 53 i ed as a spged,signha

277a. The referenc [
signal 276a whgch swi tches
rotation
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60 node. The conparator 278 conpares the speed signal 277a with the
reference speed signal 276a, for exanple, by voltage |level or by bit
nunbers, at a timng of rising edge of the logic pulse, and outputts a
switching signal 8a when the speed signal 277a reaches the reference speed
signal 276a. FIG 54 is a timng chart which explains an operation of a

swi tching 187108
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signal generating circuit 8H of enbodi nent 16. An operation of the
switching signal generating circuit 8H of this enbodi nent is explained

bel ow using FIG 54. Wen the notor rotation signal 5a beconmes H at
starting, the conparator begins to conpare the speed signal 277a with the
reference speed signal 276a. V\hen-thelipﬁ%i signal 277a reaches the
reference speed signal 276a, the i gw tcHing signal 8a of the conparator 278
changes to H And when the re,{star%

278 is reset-and-the swtchi Si

speed signal 277a reaches t&\hg refss
D

p 265a is inputted, the conparator
A changes to L fromH. V@n t he
speed
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signal 276a, the switching signal 8a changes again to H from L. Enbodi nent
17 In this enbodinent, the switching is carried out when the tine setting,
t he nunber counting and the location signal are normally detected. FIG 55
is a block diagramof a seventeenth enbodi nent of the present invention
whi ch shows a general construction a three phase brushl ess notor driving
device. A switching signal generati nd@£19&uit 81 of this enbodiment is
expl ai ned below. In this enbodi ment, the count nunbers 7a, 7b and 7c, the
| ocation signals 3a, 3b and 3c, the notor rotate signal 5a and the restart

pul se CUR/ SUPPLYING PHASE
' 9a 9b 9%¢ 9d %e 9f
H L H L L H]]V-W
L H H L L H Uu-w
L H H L H L U-V
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265a are inputted into the swtching signal generating circuit 8. FIG 56
shows a concrete switching signal generating circuit 81 of enbodi ment 17.
The switching signal generating circuit 81 of this enbodinent is
constituted by a location signal count nunber discrimnation circuit 280
and a tinmer 270. FIG 57 is a timing chart which explains an operation of a
swi t ching signal generating circui218108f enbodinent 17. Since the

operation this figure is simlar to the above enbodi nent, the detailed
description is omtted.
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61 Enmbodi ment 18 In this enbodinent, the switching is carried out when both
the speed detection and the | ocation signal are normally detected. FIG 58
is a block diagram of an ei ghteenth enbodi nent of the present invention

whi ch shows a general construction a three phase brushl ess notor driving
device. A switching signal generating circuit 8J of this enbodi nent

S
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explained. FIG 59 shows a concrete sw tching signal
of enbodi nent 18. The switching signal generating circuit 8J of this

enbodi ment is constituted of a reference speed signal generating circuit
276, a speed signal generating circuit 277, a conparator 278 and a | ocation
signal conbination discrimnation circuit 272. Next, FIG 60 is a timng

chart which explains an operation of3a1e8i tching signal generating circuit
8J of enbodi nent 18. Since the operation this figure is simlar to the
above enbodi nent, the detailed description is omtted.
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Enbodi nent 19 In this enbodi nent, the sw tching

Is carried out by a | ogical

product of speed detection and the nornmal detection of the driving signals.
FIG 61 is a block diagram of a nineteenth enbodi nrent of the present
i nvention which shows a general construction a three phase brushl ess notor

driving device. A swtchipg signal gengfpsgng ci

rcuit 8K of this enbodi ment
tching signal generating

i s explained below. FIG f&;ﬂnnMLJLJnunuJﬂJi;ﬂM
circuit 8K of entfmgli nent _l19. The switching signal generating circuit 8K of
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enbodi ment is constituted of a reference speed generating circuit 276, a
speed signal generating circuit 277, a conparator 278 and a driving signal
conbination discrimnation circuit 275. FIG 63 is a timng chart which
expl ains an operation of ‘a switching signal generating circuit 8K of
enbodi nent 19. Since the operation this figure is simlar to the above
enbodi ment, the detail ed description i25/6H&ted.
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62 Enmbodi nent 20 In this enbodinment, the switching is carried out by a

| ogi cal product of speed detection, the normal detection of the |ocation
signals and the count nunber. FIG 64 is a block diagramof a twentieth

enbodi nent of the present invention which shows a general construction a
t hree phase brushl ess notor driving device. A switching signal generating
circuit 8L of this enbodiment is expl A&Pbel ow
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FIG 65 shows a bl ock diagramof the switching signal generating circuit 8L
of enbodi nent 20. The switching signal generating circuit 8 of this

enbodi ment i-s constituted of a reference speed generating circuit 276, a
speed signal generating circuit 277, a conparator 278 and a | ocation signal
count nunber discrimnation circuit 280. FIG 66 is a timng chart which
expl ai ns an operation of a sw tching s2gngyg generating circuit 8L of

enbodi ment 20. Since the operation this figure is simlar to the above
enbodi ment, the detailed description is omtted. Enbodi nent 21
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In this enbodi ment, a normal rotation detecting circuit is not provided

I ndependently at restarting, but a forced starting node is set by the
pseudo pul se inputted fromthe pul se generating circuit at restarting. FIG
67 is a block diagramof a twenty first enbodi ment of the present invention
whi ch shows a general construction a_three phase brushless notor driving
device. In this enbodi ment, the | ocatd8dd d? gnals 3a, 3b and 3c, the count
nunbers 7a, 7b and 7c and the pseudo pul se 6a outputted fromthe pul se

generating circuit 6 are inputted into the comutation circuit 9. The
commut ation circuit -
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9 is reset by the pseudo pul se 6a and change to a starting node. In the
above- nenti oned construction, Wen the rotor has stopped by any reasons
during a normal rotation is explained, the pseudo pul se 6a is outputted
fromthe pul se generating circuit 6 and the pseudo pulse 6a is inputted
into the 63 commutation circuit 9.2thbgonnutation circuit 9 is reset by
t he pseudo pul se /
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6a and changes to a starting node. Accordingly, until the rotation reaches
nornmal speed, the driving signals 9a, 9b, 9c¢c, 9d, 9e and 9f is outputted by -
conbi ning the count nunbers 7a, 7b and 7c. Enbodinent 22 In this

enbodi ment, an independent |ocation detecting elenent is used in addition

to the w nding voltage detecting circuit. The detected signal fromthe
location detecting element and the | oggl/i;gg detection signal detected from
the wi nding voltage are conblned to obtaln a driving signals having a
correct direction.
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FIG 68 is a block diagramof a twenty second enbodi ment of the present
I nvention which shows a general construction a three phase brushl ess notor
driving device. The nunmeral 300 denote a |ocation detector for detecting a
| ocation of the rotor and outputs a |ocation pulse signal 300a , the
nunmeral 301 denotes a hold circuit for holding an output after a rising
edge of the input signal is detected. In FIG 68, the location signal 300a
is inputted into hold circuit 301. Iq ﬁB's enbodi ment, the | ocation signal
300a is shifted by electrical angle3[4 -?/6 fromthe |l ocation signal 3b as
shown in FIG 69. The respectlve culrent supply stability point of the
brushl ess notor is |ocated on %g : :
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the broken |ine and coincide
edge of the |l ocation signal
val ue of the | ocation signal

s with the location of rising edge and falling
300a. The hold circuit 301 in FIG 68 holds the
300a just after the notor rotation signal 5a

becones H until the notor rotation signal 5a becones L. For exanple, if the

| ocation signal 300a is Hju
H the hold circuit 301la is

st after the notor rotation signal 5a becones
hel d H unBl/10i8e notor rotation signal 5a

becomes L. The output 30la of the hold circuit 301 is inputted into the

commutation circuit 9 and th
circuit 7 of FIG 71. The co

e pul se selection circuit 256 in the counter
mutation circuit 9 outputs the.
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9d, 9e and 9f by referring the output 30la
FIG 70 shows a
t he count nunbers

driving signals 9a, 9b and 9c,
of the hold circuit and the count nunbers 7a, 7b and 7c.
rel ati onshi p between the output 30la of the hold circuit,

7a, 64 7b and 7c and the driving signals 9a, 9b, 9c, 9d, 9e and 9f of
t he enbodi nent 22. _
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FIG 71 shows a concrete construction of a counter circuit 7 of enbodi nent
22. The rising edge detecting circuits 250, 252, 254, the falling edge .
detecting circuits 251, 253 and 255 and the hexa counter 257 are simlar to
t he above nentioned enbodi nent. The rising the edge pul ses 250a, 252a, 254a
and the falling the edge pul ses 251a, 253a and 255a of the |location signals
3a, 3b and 3c and the pseudo pul se 68418 he out put 30la of the hold
circuit are inputted into the pul se selection circuit 256. The pul se
selection circuit 256 refers the current count nunbers 7a, 7b and 7c and

the output 30la of the holl'CF?EETTI'Eﬁﬂ’bﬁfbﬁf%‘éﬁ‘é‘@é‘ﬁﬁlse or a pseudo
pul se 6a of theoretical Idcatlnh }/
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signal which should be detected next at normal rotation. FIG 72 shows a
rel ati onshi p between the count nunbers 7a, 7b and 7c, the output 301la of
the hold circuit and the edge pul ses 250a, 252a, 254a, 251a, 253a and 255a
of theoretical l|ocation signals which should be detected next at nornmal '
rotation. FromFI G 72, for exanple,tdxﬁéxnnn nunbers 7a, 7b and 7c is at
L- L - L, and the output 301la of t B2 dcircuit is at H the edge pul se
253a or the pseudo pul se 6a output® and they are not outputted even if

ot her pul se, for exanple, the geépu 250a is inputted. An operation of
t he brushl ess notor of the enbé?i expl ai ned
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bel ow. First, an operation, just after the notor rotation signal 5a becones
H and the output 30l1a of the hold circuit is H is explained using FIG 73.
Since the output 30la of the hold circuit is H the commutation circuit 9
sets the driving signals 9a, 9b, 9c, 9d, 9e and 9f to H- L- H- L - L - H
as shown in FIG 70. Then the rotor of the brushless notor rotates toward
normal rotational direction ,andlhe.%@db%&ti.al cuLent J4ssupplied to the
rotor to start the notor. Ngxt, an -operation, just after the r‘rDtSErotatlon
signal 5a becones H and the wptput 30la of the hold cirg¢uit i

expl ai ned using FIG 74. Sirck fhe \
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out put 301la of the hold circuit is L, the commutation circuit 9 sets the
driving signals 9a, 9b, 9c, 9d, 9e and 9f to H- L - H- L - L - Has shown
in FIG 70. Then the rotor of the brushless notor rotates toward nor nal

rot ational 65 direction and the sequential current is supplied to the
rotor to start the notor. Enbodi nent 23
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In this enbodfnent, the driving is nore assured at starting or at
restarting. FIG 75 is a block diagramof a twenty third enbodi nent of the

pr esent

i nventi on which shows a general
brushl ess notor driving device.

The nuner al

construction a three phase
302 denotes an edge detecting

circuit for detecting a rising edge sg/4i@8!i ng edge of input signal. The

comutation circuit 9 suppties TOIEM~ UST AltTer

5a beconmes H according to

he output 30la of the hold

nolrorl rotation signa
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and to WV phase when the output 301a of the hold circuit is L. The first
comutation is carried out according to the output pulse 302a of the edge
detecting circuit 302 and the output 30l1a of the hold circuit. The current
is supplied to U-Wphase when the output 30la of the hold circuit is H, and
to W U phase when the output 30la of the hold circuit is L. After then,
the commutation is carried out by ou%gz#hkng the driving signals 9a, 9b,
9c, 9d, 9e and 9f by referghing the I0Cation signals 3a, 3b and 3c. The

| ogical relation between t#e |ocation signals 3a, 3b and 3c and the driving
signals 9a,9b, 9c, 9d,,9e®&And 9f is simlar to FIG 22.
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An operation of the brushless notor of the present enbodinent is explained
below. First, an operation, just after the notor rotation signal 5a becones
H and the output 30la of the hold circuit is H is explained using FIG 76.
Since the output 30la of the hold circuit is H the commutation circuit 9
sets the driving signals 9a, 9b, 9c, 9d, 9e and 9f toH- L- H- L- L - H
as showmn in FIG 21 to supply currengqudﬁ-MIphase. When the rotor rotates
toward normal rotational direction and a pul se 302a of edge detecting
circuit 302 has been detected, a first conmutation is carried out.
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Since the output 30la of the hold circuit is H the commutation circuit 9
sets the driving signals 9a, 9b, 9c, 9d, 9e and 9f toL - H- H- L - L - H
as 66 shown in FIG 21 to supply current to U-Wphase. Then the rotor of
the brushless notor rotates toward normal rotational direction by
sequentially switching current referring the location signals 3a, 3b and
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Next, an operation, just. after the notor rotation signal 5a becones H and
the output 30la of the hold circuit is L, is explained using FIG 77. Since
the output 30l1a of the hold circuit is L, the commutation circuit 9 sets
the driving signals 9a, 9b, 9c¢c, 9d, 9e and 9f to H- H- L - L - H- L as
shown in FIG 21 to supply current to WV phase. Wen the rotor rotates
toward normal rotational direction ag? i ﬁﬁhse 302a of edge detecting
circuit 302 has been detected, a fir 8 tation is carried out. Since

t he output 30l1a of the hold circuit ws L, the commutation circuit 9 sets

the driving signals 9a, 9b, 9c, gd ﬁe d 9f toH- H- L- H- L - L as
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shown in FIG 21 to supply current to WU phase. Then the rotor of the
brushl ess notor rotates toward nornmal rotational direction by sequentially
switching current referring the location signals 3a, 3b and 3c. Enbodi nent
24 FIG 78 is a block diagramof a twenty.fourth enbodi mrent of the present

i nvention which shows a general gspso8uction a brushless notor driving .
device. In FIG 78, the,sane el enents & g%cat ed by the sane nunerals as
shown in FIG 1. In FIG 78, the nuner enotes a starting circuit,

the numeral 409 denotes a speed differgaghdaigcting circuit for counting a

period ‘CIRCUIT - COMP, TOR
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of the speed signal 3d by the counter and for outputting a period

di fference between the indicated val ue and the neasured val ue as a speed
di fference detection signal 409a. The nuneral 410 denotes a speed

di fference conpensation filter for supplying a current indication val ue
410a to a current supplying CIrCUIt 411 so that the speed difference
detection signal 409a becone zer o A@%%rrent supplying circuit 411
conprises a resistor 10, a bridge circuit 11, a buffer anplifier 212, a
resistor 213 and a driving transustor 214, and supplies a predetern1ned
driving current to the armatf e gs 12 13 and 14 accordlng to the

driving signals 9a ~ 9f.
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The construction and the operation of the term nal voltage conpensation
67 circuit 1, the conparator 2 and the waveform shaping circuit 3 which
constitute the rotor |ocation signal generating circuit 4 which are the

i mportant nmeans of the invention, are already disclosed in the enbodi ment
1. FIG 79 shows a S|gnal wave of respective portion of the termninal
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conpensation circuit 1 at a normal rotation state of a brushless notor
driving device of the present invention. The concrete conpensation
operation of this term nal voltage conpensation circuit 1 is already

expl ained in the enbodi nent 1 using the equation (1) ~ (3). Spike shaped
vol tage fluctuation generated when tfie,{ggle i s switched fromcurrent supply
state to no-current supply state, cgyuses a false detection of the rotor

| ocation and a noise generation, thefefore it is necessaryto use a shaping
circuit 3 for .avoiding these cauges.itA ekanpl e of the waveform shapi ng
circuit is shown in FIG 17 o&tEe gjrrent 7.
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FI G 80 shows anot her construction exanple of a waveform shaping circuit 3.
In FIG 80, the nuneral 180 denote a latch circuit, the numerals 181 ~ 186
denote D flip-flops, the nunerals 187 ~ 189 denote EOR circuits, and the
-numeral 190 denotes an OR circuit, the nuneral 421 denotes a mask signal
generating circuit and the nuneral 422 denotes a tinmer. FIG 81 shows the
term nal voltage waveform and si gnal 4ggae8or m of respective portion of the
wavef orm shaping circuit at a nornal rotation state. FIG 82 is an enl arged

signal waveforns of timngs t[err] ~ t[err] of FIG 81. (0179)
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An concrete operation of the waveform shaping circuit of this enbodinent is
expl ai ned bel'ow. Input signals into the waveform shaping circuit are logic
signals 2a, 2b and 2c outputted fromthe conparator 2. Since the logic
signals 2a, 2b and 2c are obtained by conparing respective term nal
vol t ages, they causes chattering as shown in FIG 81. The | ogic signals 2a,
2b and 2c are inputted into latch ci4agpio8180 at first. The latch circuit
180 carries out a latch operation according to a state of enable term nal
180a. In an initial state, the mask signal 42la outputted fromthe mask
signal generating circuit 421 is at H Il evel
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68 Therefore, the logic signals 2a, 2b and 2c are irﬁjﬁtted i nto—the D
flip-flops 181,183 and 185 as they are. The D fl iTﬂ)iSShﬁﬂgasigge],R; ,186-and EOR

. EOR
at the
d 2c.

circuits 187 ~ 189 constitutes a both edge differ [
circuits 187 ~ 189 outputs differential pulses- 19 m
timng of rising and falling edge 4®f/1g#e | ogi c signal's :
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(0180) At timng T2, 'when the conpensated term nal voltages of |a coincides
with the conpensated term nal voltages 1c and the polarity of 2a changes,
the edge is detected at the both edged differentiation circuit and then a
differential pulse 198b is generated. The output signal of EOR circuits 187
~ 189 are sumed in OR circuit 190 and its output |logic pulse signal 3d is
I nputted into the nask signal generaﬁQﬂ}Q§rcuit 421 and the tinmer 422. The
mask signal generating circuit 421 changes the mask signal 42la to L |eve
by a trigger pulse of the rising edge of l|ogic pulse signal 3d. Tiner 422
is initialized at the-
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ri sing edge of the logic pulse signal 3d and the tiner value 422a becones
zero. Then, the tinmer 422 carries out a count -up operation in synchronism
with the clock input. When the enable term nal 180a becane L |evel, the
latch circuit 180 latches the logic signals 2a, 2b and 2c. Then, the mask
signal generating circuit 421 nonitors a tiner value of the tiner 422, and
changes the mask signal 42la to H | eSef108en the tinmer val ue 422a reaches a
predeterm ned value. The latch circuit 180 rel eases the | atch when the
enabl e signal 180a beconmes H | evel. The output signal of D flip-flops 182,
184 and 186 are supplied as
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wavef orm shaped rotor |ocation signals 3a, 3b and 3c which are inputted
into the next stage comutation circuit 9, and then the comutati on
operation is carried out according to the rotor |location signals 3a, 3b and
3c. When commut ation operation is carried out, the driving transistor is
swi tched, then spike shaped voltage f4pgijggtion is caused. As a result, a
spi ke shaped noise 2d is generated at an undesired location in the |ogic
signal 2b. But, at a point where the spike shaped noise 2d is generated, a
data inputted into the latch ci Bui i i sabl ed by the nmask signal 421a
outputted fromthe mask signg, gene circuit 421. Accordingly, the
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69 the latch circuit 180, therefore the spi ke shaped noise is not generated
I n the waveform shaped rotor |ocation signals 3a , 3b and 3c. Therefore, in
t he present enbodi nent, stable rotor location signals 3a, 3b and 3c are
provi ded. These st-able rotor |ocation signals 3a, 3b and 3c are applied to
the armature windings to rotate the rotor stably.
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Further, although an exanple of three phase brushl ess notor was expl ai ned
in this enbodinent, but it is apparent that this invention can be applied
generally to a brushless notor having a plurality of phases. Enbodi nent 25
In this enbodinent, a period T3 where the mask signal 42l1a is maintained at
L l evel changes in proportion to an indicated rotation speed when the

I ndi cated rotation speed for the nntg* ii changed. Ceneral construction of
the brushless notor driving circuit < enbodiment is simlar to the
enbodi mrent 24. But, a construction for changing the indicated
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rotation speed ( CLK) for the timer is different fromthe enbodi nent 24. An
operation of the mask signal generating circuit 421 and the tinmer 422 of
this enbodi ment is explained belowusing FIG 83, FIG 84 and FIG 85. As
expl ained in the enbodi nent 24, a rising edge or a falling edge of the

| ogic signal 2a, 2b and 2c are detected and then a logic pulse signal 3d is
generated, therefore the nask signab5¢gan8rating circuit 421 changes the
mask signal 42la ~ L level by a tmigger pulse of the rising edge of |ogic
pul se signal 3d. Tinmer 422 iqnini |aI d at the rising edge of the logic
pul se signal 3d and the tinmergval beconmes zero. Then, the timer 422
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operation in synchronismwth the clock input. Then, the mask signal
generating circuit 421 nonitors a tinmer value 422a of the tinmer 422, and
changes the nmask signal 42l1a ~ H level when the tiner val ue 422a reaches a
predeterm ned value N ( N =10 in FIG 83). Assunme that the clock period is
T4, the mask signal 42l1a maintains L _level during T4 x 10. Next, an
operatlon I s expl ai ned when the |nd§§éﬁgg rotati on speed becones tw ce from
the state of FIG 83. As illustrated qﬁ FIG 84, a period of CLK (inputted
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70 the driving circuit of the brushless notor) is set to T4 /2. Thereby,
the period where the mask signal 42la is naintained to L | evel becones T4 x
5. O as shown in FIG 85, the clock period inputted into the timer remains
T4 and only a value of Nis changed to 5. Thereby, the period where the
mask signal 42l1a is maintained to L | evel becones T4 x 5, which is the sane

as when the clock perlod IS changed As gescrlbed above, in the enbodi nent,
t he period 10

w-U V-W u-v w-U
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] i 1 | i i 1
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! ! g o ] 1
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where the mask signal

which restarts stably in a short time without

mai ntains L | evel:

I s changed acCording to the
indi cated rotation speed. Enbodi ment. 26 An operation of the brushless notor

i nfluenced by the load at a

starting even when the brushl ess notor stops by sone reasons and needs to
I s explained in the enbodi nent 8, but here an

restart.
operation at starting or restarting._i.s
: 9 SouieBh

Cener al

Thi s subj ect

construction of the driving
enbodi nent is simlar

inly explained in this enbodi nent.
it of the brushless notor of this

tO FIG 78.
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Here, a construction and an operation of a starting circuit which is the
i'nportant neans for realizing the invention is explained bel ow New

el enents of the enbodi ment are a pseudo pul se generating circuit 431 and a
restart pulse generating circuit 432. Qther elenents in the present

enbodi nent are the same as that of shown in FIG 23 of enbodinent 8. The
notor rotation signal 5a in FIG 78 is a signal inputted from outside of
the brushless motor driving circuit ,59%HiGh indicates "rotation" when
enabl e state and "stop" when disable state. In this enbodi nent, "enable"
indicates H level and "disable" indicates L |evel.

30la | 7a 7b 7c |7d
L H L |25la
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L L H 12530
H L H |25
FIG. 72
-_—
This.Sheet Has Been Replaced
LT I This s th relagament shee

pate: 01 NOV 1896



FIG 86 shows a concrete construction exanple of a starting circuit 406.
The rotor location signals 3a, 3b and 3c are inputted into respective
rising edge detecting circuits 250, 252 and 254, the falling edge detecting
circuits 251, 253 and 255 and the nornal rotation detecting circuit 265.
The rising edge detecting circuits 250 252 and 254 and the falling edge
detecting circuits 251, 253 and 255 fﬁ% ri sing edge pulses and falling

t he edge pul ses 250a ~ 255a, respectlve
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71 These detected edge pulses are inputted into the pul se selection circuit
256. The sel ect pul se 256a outputted fromthe pul se selection circuit 256
is inputted into the pseudo-pul se generating circuit 431. The pulse train
431a outputted fromthe pseudo-pul se generating circuit 431 is inputted
into the hexa counter 257. The logical relation exanple of an input pul se
gznber and an out put pul se nunber ofe&@qo@exa counter257 is simlar to FIG
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In the FIG 24, when the input pulse nunber is nore than six, the count
nunbers 7a, 7b and 7c are counted again fromL - L - L states. The count
nunbers outputted fromthe hexa counter 257 is inputted into the pul se
selection circuit 256, the normal rotation detecting circuit 265 and the
comutation circuit 9 shown in FIG 78. An abnormal rotation signal 265b
outputted fromthe nornmal- rotation detecting circuit 265 is inputted into
the restart pul se generating ci rcui t92/3¥98 The notor rotation signal 5a is
al so inputted into the restart pul se generating circuit 432. The restart
pul se 7e outputted fromthe restart pulse generating circuit 432 is

inputted into the %%- ; %:,
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commutation circuit 9 shown in FIG 78. The pulse selection circuit 256
out puts edge pul ses 250a ~ 255a as a pulse train wthout changi ng when the
rotor rotates toward nornmal rotational direction defined by the |ogic of
FIG 7. That is, if the relationship between kinds of inputted edge pul ses
and the count nunbers 7a, 7b and 7c satisfies the relationship of FIG 25,
t he edge pul ses are outputted V\,itho;# };@'éﬁg changed, and the inputted edge
pul se i s nasked when not being sati S Accordingly, at a reverse
rotation state, ‘inputted edge pul ses are nmasked since the rel ation between
the count nunbers 7a, 7b and 7c and the edge pulses is different from

-
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that of the normal rotation state. The pseudo-pul se generating circuit 431
outputs a pulse train without changed when a select pulse train 256a is

i nputted fromthe pul se selection circuit 256 within a predeterm ned tine,
and generates a pseudo-pul se when the pulse train is not inputted for a
predeterm ned period. FIG 87 shows a concrete construction exanple of a
pseudo- pul se generating circuit 431. 64 30838 Is an exanple of timng chart
showi ng an operation of
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72 pseudo-pul se generating circuit 431. In FIG 87, the nuneral 433 denotes
a counter, the nuneral 434 denotes a gate circuit, the nunmeral 435 denotes
a rising edge detecting circuit, the nuneral 436 denotes a delay circuit,

t he nuneral 437 denotes an OR circuit. The counter 433 is initialized by the
pulse train 43 la and is counted up ésyp08chronismw th the input clock.

The gate circuit 434 decodes the count nunber 433a, and changes the out put
signal 434a of the gate CIECUIt to L-1eve
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when the decoded value is smaller than the predeterm ned set value and to H
| evel when the decoded value is larger than the predeterm ned set val ue.
Accordingly, if the select pulse 256a is not inputted fromthe pul se
sel ection circuit 256 within a predeterm ned period, the output signal 434a
of the gate circuit changes to Hlevel. Therefore, the rising edge
detecting circuit 435 detects a ri5|3% %@ and the delay circuit 436
del ays the detected edge pul se and o dﬁt as a pseudo- pul se 436b shown in
FIG 88. The normal rotati cting circuit rs. whet her t
rotor expl ained in enbodi otates toward Jnor nmal Jdnal dir
The
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ction.
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restart .pul se generating circuit 432 masks an abnormal rotation signal 256b
until a predeterm ned period has passed after starting or restarting,
detects a rising edge of the abnornmal rotation signal after a predeterm ned
period has passed and outputs it as a restart pulse. FIG 89 shows a
construction exanple of a restart the pulse generating circuit 432. In FIG
89, the nunerals 440, 444 denot%? b'gsi ng edge detecting circuits,
respectively, the nunerals 441, Z é enote OR circuits, respectively, the
nuneral 442 denotes a counter, the nungpal 443 denotes a gate circuit and

t he nuner al 445@&?00%5 AND circuit. TﬁB counter 442 is initialized by the
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rising edge of the notor rotation signal 5a, or restart pulse 7e and
count-up in synchronismwith the OR circuit output 446a. The gate circuit
443 decodes the count nunber 442a, and outputs L-level when the decoded
value is smaller than the predeterm ned set value and to H | evel when the
decoded value is larger than the predeterm ned set value. Accordingly, the
abnormal rotation signal 265b is mggyagsuntil a predeterm ned period has
passed after starting or ge of thej abnormal
rotation signal is out
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73 restart pulse after a predetermi ned period has passed. A starting

operation of the brushl ess notor

Just after the notor

nunbers 7a, 7b and 7c becone L -
L and 9f becones H as seen fromFI G 27, and therefore current

rotation signa
L -

to V-Wphase fromFIG 7. Therefore,

in this enbodi nent

5a becones H | evel

i s expl ai ned bel] ow.
,” since the count

L, then the driving signals 9b becones

I's supplied

there are three nodes such as (1) the

. rotor of the brushl ess notor

rotates toe@xALA8 nor nal

rotational direction
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and then the rotor |ocation signal varies, (2) the rotor of the brushless
notor rotates toward reverse direction and then the rotor |ocation signal
varies, (3) the rotor of the brushless notor stops at a current supply
stability point and then the rotor |ocation signal does not change. First,
when the rotor rotates normal rotational direction is explained below In
this case, the signal waveformof the re@pE8ive portions are illustrated

in FIG 28. As expLaineglgi t he correspondi ng portions of the enbodi ment 8,
t he hexa counter 257 be to count only when the edge pulse 253a is

detected or when o PSFRTPYTRT o [} PEFIAFRTIOTRF RFkeot 1
3d J'__L -
4212 —/ | T4x10 . |
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pul se generating circuit. Wien the rotor rotates to normal rotational
direction, the termnal voltages U, V and Wvary according to counter

el ectronotive voltage i nduced in the armature w ndings. Then, the rotor

| ocation signals 3a, 3b and 3c becone H- L - L, and the edge pul se 253a is
detected at ( A) of FIG 28. Accordingly, the hexa counter 257 is counted
up and the counted count nunbers 7a, 7b and 7c beconme H- L - L. Therefore,
the commutation circuit 9 sets the df}4398 signals 9a ~ 9f toL - H- H- L
- L- Hsothat the current is supplied to U-Wphase as seen fromFI G 7
and FI G 27. The pseudo-pul se generating circuit 431 continue to output a
waveform 7d

FIG. 85
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shown in FIG 28 as its output 43la. After then the brushless notor is
accel erated by switching the current sequentially until the rotation speed
reaches to a normal value by referring the conbination of the count nunbers
7a, 7b and 7c according to the relation showmn in FIG 27. Next, when the
rotor rotates reverse rotational direction is explained below. In this

case, the signal waveformof the respggipge portions are also illustrated
in FIG 29. As expl@a ped in the enbodiQEpt 8, when the roter
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74 rotates toward reverse rotational direction, the rotor |ocation signals
3a varies and the edge pulse 251a is detected at ( B) in the FIG 29. But
the edge pulse 251 a is masked by the pul se selection circuit 256 fromthe
relati onship of the count nunbers. And if the edge pul se 253a can not be
detect within a predetermned tine [err] which is set in the-gate circuit
434 of the pseudo-pul se generating circuit 431, a pulse 431la correspondi ng
to the pseudo-pul se 6a is outputted HBoAgghe pseudo-pul se generating
circuit 431 at ( C in FIG 9. The

(2 9]
<
A
A S ——
' |
| o |
| ¥ 3
| % |
| |
| |
| O |
| %8 N
| - |BE |
| T |
| o Bo L»ES |y
| TR I
o] E I (D
| o 22 | o
l <f'i ]li I
| N }
| SN |
| <f |
[ (R & ;8 I
{ L\—Q |
| 9 |
| <™ |
| 8 [
| s I
I |
I L |
co A A

This Sheet Has Been Replaced -

(WA A

This is the replacement sheet

0 1 NOV 19

Date:



hexa counter 257 is counted up by this pseudo-pul se 431a, then the count
nunbers 7a, 7b and 7c change to H- L - L. Therefore, the conmutation
circuit 9 sets the driving signals 9a - 9f toL - H- H- L - L - Hso that
the current is supplied to U-Wphase according to the count nunbers 7a, 7b
and 7c. Thereby, the rotor rotates toward normal rotational direction,
after then the brushless notor is accelerated by switching the current
sequentially until the rotation speedd/¥thes to a normal val ue by
referring the conbination of the count nunbers 7a, 7b and 7c according to
the relation showmn in FIG 27. Next, when the rotor stops at a current
supply stability point and then the

436b
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FIG. 88
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rotor | ocation signal does not change is explained below In the sane way
as the reverse rotation, since the edge pul se 253a can not be detected
within a predeternmined tinme [err], a pseudo-pul se (corresponds to 6a) is
outputted fromthe pseudo-pul se generating circuit 431. The hexa counter
257 counts its pseudo-pulses in the same way as the reverse rotation, then
the commutation circuit swtches theﬁgyiéfnt suppl yi ng phase to U W phase,
and switches the current supply by t relationship of FIG 27 according to
conbi nati on of the count nunbers 7a, 7b and 7c until the rotor becones a
normal rotation state. In sugh construction, an exanple where a rotor has
st opped during a .~
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normal rotation by any causes is explained using FIG 90. Assune that the
rotor stopped at ( D) in FIG 90. In this case, the pseudo-pul se 436b is
outputted fromthe delay circuit 436 in the pseudo-pul se generating circuit
431 after the period [err] is expired which is set in the gate circuit 434
of the pseudo-pul se generating circuit 431. A pseudo-pul se 436b is
outputted as a pulse train 431a fromthe pseudo-pul se generating circuit
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75 the count nunbers 7a, 7b and 7c change fromL - H- LtoL - L - H As
expl ai ned above, since the driving signals 9a - 9f are outputted according
to the conbination of the rotor |ocation signals 3a, 3b and 3c during a
normal .rotation, the current phase is not switched even if the count
nunbers 7a, 7b and 7c are changed. Accordingly, the rel ati onshi p between
the count nunbers 7a, 7b and 7c and ?92 g.t | ocation signal's 3a, 3b and
3c do not satisfy the relationship o } 31. Therefore, an abnor nal
rotation signal 265bnnqﬁgptted fron1t@g nor mal rotatmpn detecting circuit
265 becones H | evel .

iR i -
r N R 1
| 2 [E & |
: v\, %Eé E |
! E%ogé }
' ST
| o s 2 ¢ |1
NFERE Si%sg 5|1
R FEPREE mé%oe |
| O “é EEOAOC| ||
5 g 8ol
& mmg a |
| —1& 00 o o |
| -9 - %% | o
| >§EE &)
I & —EEEE B
' o 1% ZEAQO |
l Z © |
& O |
| 88t - - |
pmd
| 2BE , |
O roift 1O
- GERL |
l o = o elm FT 2w |
m in
| S L B B I B I B |
| t & ) ] w 2,
&) ] o
WL R
| |285| |Z85 286 EEE 2abl <R g
g ] ) § I F
|
|
(S IS N |
0 0 ] 0
\

_ This Sheet Has Been

(WA R

Date: @ 1 NOV 19%



At the tine, if a predetermned tine has passed after starting and
restarting, a rising edge of the abnormal rotation signal is detected in
the restart pul se generating circuit 432 and the rising edge of the

The restart

abnormal rotation signal is outputted as a restart pul se 7e.
pul se is inputted into the commutation circuit 9 and then the comutation

circuit changes to a starting node. TQﬁgfonnutation circuit outputs the
no ZQB%ording to the conbination of-

driving signals 9a ~ 9f at starting
then the driving signals 9a ~ 9f becones H

the count nunbers 7a, 7b and 7c,
- H-L-L- H- L as seen froanIG.ﬂ;, FIl G 27 and the current is

supplied to WV phase. Since the curr&gt i's
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supplied to WV phase, the rotor rotates toward normal rotational
direction. And when the rotor location signals 3a, 3b and 3c change to L -
L - H the relationship between the count nunbers 7a, 7b and 7c and the
rotor location signal3a, 3b and 3c satisfies the relationship of FIG 31,
then the abnormal rotation signal 265b becones L level. After then, the
comutation circuit swtches the current supply by the relatlonshlp of FIG
27 according to conbination of the cd@d08urmbers 7a, 7b and 7c until the
rotor becomes a normal rotation state. Enbodi nent 27
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In this enbodi nent, a construction and an operation of a brushl ess notor
driving circuit having a switching neans for switching nodes fromthe
starting node to a normal rotation node is explained below FIG 91 shows a
concrete construction exanple of a starting circuit 406b. In FIG 91, the
ri sing edge detecting circuit, the falling edge detecting circuit, 76
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the pul se selection circuit, the pseudo-pul se generating circuit, the hexa
counter, the normal direction detecting circuit, the restart pulse
generating circuit are the same as those of enbodi nent 26. The new el enent
450 is a switching signal generating circuit for outputting a sw tching
signal 450a which selects the count nunbers 7a, 7b and 7c or the rotor

| ocation signhals 3a, 3b and 3c when the conmutation circuit 9 outputs the
driving signal 9a ~ 9f. Here, the gayagdtion circuit 9 of this enbodi ment
refers the count nunbers 7a, 7b and 7c when the sw tching signal 450a is at

L level, and refers the rotor |ocation signals 3a, 3b and 3c when the
swtching signal 450a is at Hlevel. The
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switching signal generating circuit 450 is explained below In this

enbodi nent, a notor rotation signal 5a and a restart pul se 432a are

i nputted into the switching signal generating circuit 450. The swi tching
signal 450a is inputted into the comutation circuit 9. FIfS 92 shows a
concrete construction of a switching signal generating circuit 450. In FIG
92, the nuneral 451 denotes a rising edge detecting circuit, the nunerals
452, 455 denote OR circuits, the n@2em88 453 denotes a counter, the nuneral
454 denotes a gate circuit. FIG 93 shows respective portions of signal
waveforns for explaining an '
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operation of the swtching signal generating circuit 450. The counter 453
is initialized by a rising edge of the motor rotation signal 5a or a
restart pul se 432a and is counted up ih synchronismw th the output 455a of
the OR circuit 455. The gate circuit 454 decodes the count nunber 453a and
outputs L |l evel when the decoded value is snaller than a predeterm ned

val ue, and outputs H | evel when the decoded value is larger than a
predet erm ned val ue. Accordingly, ti83/38 ching signal 450a is at L |evel
until the predeterm ned period expires after starting or restarting, and at
H | evel other than the above peri od.
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The switching signal 450a i s inputted into the conmmutation circuit 9, and
the commutation circuit 9 switches the referring nmeans according to the

. swi tching signal 450a. Enbodi nent 28 77 In this enbodi ment, a brushl ess
not or having a speed difference -

- 84/108
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conpensation filter in which a | ow pass gain characteristics is inproved in
conpari son with the conventional speed difference conpensation filter is
expl ai ned bel ow. The general construction of the brushless notor driving
circuit of this enbodinent is the sane as those in FIG 1 or FIG 78 the
description is omtted. A construction of the speed difference conpensation
filter which is inportant for realizing the invention is explained bel ow
FIG 94 is a transfer block diagram8¥% W8 ch the speed difference '
conpensation filter is conprised of analog filter. In FIG 94, the nuneral
460 denotes a proportion - integration ( Pl) filter, the nuneral 461

denotes a first
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order delay filter, the nuneral 462 denotes a gain el enent or coefficient
multiplier, the nuneral 463 denotes an adder, the nuneral 464 denotes a
first order delay filter. A speed difference detection signal 409a which is
outputted fromthe speed difference detecting circuit 409 is inputted to an
i nput termnal X of the speed differengg/@ampensation filter. An output
signal outputted fromthe termnal Y is supplied to the current supplying
circuit 411 as a current indjcation value 410a for the armature wi ndi ng.
This speed difference qgnpedﬁation filter 94 is different fromthe

conventional -speed diff repé? onpensatlon filter shown in FIG 123 in that
the present filter agd Lt tTe epd & :
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di fference detection signal 409a to the output of the PI filter 460 through
the first order delay filter 461. In this configuration, the transfer
function G (s) of the speed difference conpensation filter is given by an
equation (6). [err] FIG 95 shows a sinulation result of open | oop
characteristics of the speed difference conpensation filter when

Kp=1, T[err] =/~2[err]x 10), Kw=1l, TA=1l/(2[err]X5), T[err]=1/(2[err]x60). The
broken line in FIG 95 shows a sim@if&¥Q®®n result of the conventional
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speed di fference conpensation filter when 78 [err] This FIG 95 shows
that the filter of the present invention provides a inproved | ow pass gain
characteristic. FIG 94 shows an exanple conprised of an analog filter, but
it is possible :
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to be conprised of digital filter. FIG 96 shows a transfer block diagram

I n.which the speed difference conpensation filter is conprised of the
digital filter. In FIG 96, the nunerals 470 ~ 472 denote del ay el enents
whi ch causes the signal to delay by one sanpling period, the nunerals 473 ~
479 denote gain elenents, the numerals 480 ~ 483 denote adder. The del ay

el ement 471, the gain elenents 476, 477 and the adders 481, 482 constitute
a Pl filter 484. The delay el ement 890108t he gain el enents 473 ~ 475, the
adder 480 consti-tutes a-first order delay filter 485. The del ay
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el ement 472, the .gain elenments 478, 479, the adder 483 constitutes a first
order delay filter 486. In this configuration, the transfer function G (2z)
of the speed difference conpensation filter is given by an equation (7).
[err] Enbodinent 29 In the enbodi nent, another speed difference
conpensation filter which has a inprogggIPEM/pass gain characteristics in
conparison with the convent&onal spee erence conpensation filter is

expl ai ned.
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FIG 97 is a transfer block diagram where a speed di fference conpensati on
filter is conprised of analog filter. In FIG 97, the sane elenents as
those in FIG 94 are indicated by the same nunerals. This speed difference
conpensation filter is different fromthe conventional speed difference
conpensation filter in that the output of the first order delay filter 461
whi ch is supplied by the speed diffge{/elné:ae detection signal 409a is applied
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79 to an out put of serial
delay filter 464.
t he speed difference conpensation filter

circuit of the P
In this configuration,

filter 460 and the first order

the transfer function G (s) of
is given by an equation (8).

[err]

FIG 98 shows a simulation result of open |oop characteristics of the speed
di fference conpensation filter when [gffjpgThe broken line in FIG 98 shoms
a sinmulation result of the conventlonal

610

This Sheet Has Been Rep laced

2
Z £
T 2
5 o«
& T B
- =
> 3
-\./1'9 —
[D.
|
o &
— E>‘.
g\ ‘é’& 5 o >3
59F W 7
Ow (& — I i
—x i ]
T L L < R % i
(-
>l 1 9
,E<m§_\l
EE‘E I
%3858
(L5000
O -
|| O S| ] Ei
: O I L
= Q Ol slado
E%S < g I N
™~ EOQ Ul
O <k @) [
OED E E
A F 3 Z ' é .
2o 5 ~-
ol ol & B a o) !
~i= AN 3! O !
QMEE 0)\ %l
225 & 2 gy |
© - ZRaRS 9 Z i
m |
8 | SgibE Si|gEEhe
5 QEES =l |ZSE|
sa00 § @ {
rA A A 4 P 3 o~ ‘
o~L_]_ |
0
Jj o O
||
! t
o= i
N
W&o

This is the replasement sheet

0 1 NOV 1988’

Date:



speed difference conpensation filter when [err] This FIG 96 shows that the
filter of the present invention provides a inproved | ow pass gain
characteristic. FIG 97 shows an exanple conprised of an analog filter, but
it is possible to be conprised of digital filter. FIG 99 shows a transfer
bl ock diagramin which the speed difference conpensation filter is
conprised of the digital filter. o3y1lplgG 99, the sanme el enents as those in

FIG 78 are indicated by the sane nunerals. The S
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nuneral s 487, 488 denote adders. In this configuration, the transfer
function Gc (z) of the speed difference conpensation filter is given by an
equation (9). [err] Enbodinment 30 In this enbodi ment, a brushl ess notor
driving circuit-which switches a target rotation speed of the speed
difference detecting circuit and a gain of the gain elenment in the speed
di fference conpensati on filter when the indicated rotation speed has
changed is expl ai ned. 94/108
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80 FIG 100 is a block diagram which shows a general construction of a
brushl ess notor driving circuit of the enbodinment 30. In FIG 100, the sane
el enents as those in FIG 78 are indicated by the sane nunerals. The :
nuneral 490 denotes an input term nal where a nbde switching signal 490a is
I nputted. A node switching signal 490a is inputted fromoutside of the

brushl ess notor driving circuit and is conBrised of binary signal for
swi t ching the notor : 95/108 .
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rotation speed. In the above nentioned waveform shaping circuit 3, the

| ogi ¢ pul se signal 3d outputted fromOR circuit is supplied for a
predeterm ned period at a nornmal rotation. Accordingly, this |ogic pul se
signal 3d can be used as a speed signal for controlling the rotation speed.
FIG 101 is concrete construction exanple of the speed difference detecting
circuit 409. In FIG 101, the nuneral s %#y108492 denote initial value

regi sters, the nunmeral 493 denotes a selector, the nunmeral 494 denotes a
counter. The initial value registers, 49 492 provide initial values of
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rotation speeds. In this enbodinent, there are two initial value registers
in order to respond to two kinds of indicated rotation speed. The sel ector
493 switches the two kinds of initial registers 491, 492 according to the

|l ogic | evel of the node switching signal 490a. The counter 494 |oads an
initial value selected by these selector 493 at the timng of rising edge
of the logic pulse signal 3d, an lqgs up in synchronismw th the cl ock
For exanple, a period of the logic 'pulse signal 3d which is 1 (m s&ec) or
0.5 (msec) at normal rotation is explained in correspondence wtl the two
i ndi cated rotation speed (the indicated rotation speeds are expressed A and
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respectively). Here, assune that the clock frequency is 1 (MHz), and the

i ndicated rotation speed A corresponds to H level of the node sw tching
signal 490a and the indicated rotation speed B corresponds to L |evel of

t he node swi tching signal 490a. -1000 is set to the initial value register
491, and -500 is set to the initial value register 492. In such
construction, when the node switching signal 490a is at H level, the

sel ector 493 selects the initial val 98A108 ster 491 and the counter 494
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81 -1000 for a initial value at a timng of rising edge of |ogic pul se
signal 3d. Then, the counter 494 counts up in synchronismwth to the cl ock
and outputs a negative val ue when the period of logic pulse signal 3d is

|l ess than 1 (m sec) and positive value when the period of |ogic pulse
signal 3d is larger than 1 (msec) asqg ppged difference detection signal
409a. On the ot her hand, the nobde smﬁtcﬁlng signal 490a is at L level, the
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sel ector 493 selects the initial value register 492 and the counter 494

| oads - 500 for ainitial value at a timng of rising edge of |ogic pulse
signal 3d. Then, the counter 494 counts up in synchronismwith to the cl ock
and outputs a negative val ue when the period of logic pulse signal 3d is
less than 0.5 (msec) and positive value when the period of logic pulse
signal 3d is larger than 0.5 (n1seﬁ% @f%@%speed di fference detection signa
409a. Enbodi ment 31 In the above e % an operation of the speg¢d :
difference detecting circuit 409 in case of the indicated rotation sgged i s

changed is expl ai ned. But, .
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since the target rotation speed is switched, there is a problemthat the
detection sensitivity varies by the difference of indicated rotation speed.
In this enbodiment, in order to solve the above problem the gain el enent
of the speed difference conpensation filter is also switched. FIG 102 is a
bl ock diagramof PI filter 484A when %Qﬁéﬁ&eed di fference conpensati on
filter is swtched. In FIG 102, the enments as those in FIG 96 of

t he enbodi nent 28 are indicated by the sane nunerals. The nuneral s 495, 496
denote new gain el enents which rgspond to the other indicated rotation
speed, the nunerals 497, 498 den?e el ectors. The selectors
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497, 498 selects gain element 476 or 495 and gain el enment 477 or 496,
respectively, according to the logic |level of the node sw tching signal
490a. In the sane way, the gain elenments of the first order delay filters
485, 486 are also switched by the node switching signal 490a. O course,

ot her general nethods for switching the gain may be used. Further, in this
enbodi ment, an exanple for switching the indicated rotation speed.by blnary
signal of one bit, but it is possiblHO261&&itch the
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82 indicated rotation speed by the binary signal of N bit when a plurality
of indicated rotation speeds are used. Enbodinent 32 In this enbodinent, a
relation is explained between the switching timng for switching the
current supplying phase and the tim.ng for increasing or decreasing the to
supply current to the armature windi ngs of the brushless notor driving
circuit of the present invention. The general construction of

103/108
h
—
—
O
ot
o 9
@
—
L he lN
g $§ ©j
-~ (Vo) g
. This Sheet Has Been Replaced
“IIII |I||l ml "l This is the replacement sheet

Date: 01 NOV m



brushl ess nmotor driving circuit of this enbodinent is simlar to FIG 78.
FIG 103 shows a timng chart for explaining an operation of the brushless
notor driving circuit at a normal direction. In FIG 103, the nunerals 3a,
3b and 3c represent rotor location signals, the nunerals 9a ~ 9f represent
driving signals, the numeral 3d repreiggziog | ogi ¢ pul se signal indicating
a. speed, the nuneral 409a represents a speed difference signal, the nuneral
410a represents a current indi ca‘gi odvalue. At a nornal rotation, the
driving signals 9a ~ 9f is generaqt edg by the rotor location signals 3a, 3b
and 3c. Accordingly, at a nornaIEro1;ation the switching of the current
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Is carried out at the timng showmm in FIG 103. The |ogic pul se signal 3d
Is a both edge differential pulse of the rotor |ocation signals 3a, 3b and
3c. The speed difference detecting circuit 409 neasures a period of the
speed signal 3d, and outputs a period difference which is a difference

bet ween the target value and the nmeasured val ue as a speed difference
detection signal 409a at a timng shown in FIG 103. The speed difference
detection signal 409a is inputted inﬁgslﬁgsspeed di ff erence conpensati on
filter 410. The speed difference conpensation filter 410 carries out a
filter arithmetic operation so that the speed difference detection signal

Vref
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409a becones zero. Since it takes a certain tinme to carry out the filter
arithnetic operation, change of the current indication value 410a del ays by
the operation time period after the speed difference detection signal 409a
has changed. The current supplying circuit 411 regul ates the current
gquantity which is supplied to the armature w ndi ng.
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83 As nentioned above, in the brushless notor driving circuit of the

I nvention, a swtching timng is synchronized with a timng for increasing
and decreasing the armature wi nding. Therefore, the timng for increasing
and decreasing the current supplied to the armature winding is delayed for
a period in corresponding to the arithnetic operation after the comutation
has carried out. Embodi ment 33 In t &7 /B%odi ment, a brushl ess notor

driving circuit for, SURDYMABNETIC FIELD - 511
GENERATING CIRCUIT (3) | >
512 | "] 510
1 | id
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maxi mum current to the armature wi nding during the starting and restarting
is explained. FIG 104 is a block di agram which shows a gener al
construction of a brushless nmotor driving circuit. That is, in this
construction, the switching signal 450a is input into the speed difference
conpensation filter 410 as expl ained in enbodi nent 27. FIG 105 shows a
construction exanple of a speed diff%re conpensation filter. In FIG
105, the numeral 600 denotes a micrd @dﬁ@ﬁoller, t he nuneral 601 denotes a
D/ A converter, the nuneral 602 denotes a register
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group conprised of registers 0 ~ Nin the mcro controller 600. A%W{Eetiws
difference detection signal 409a inputs into the mcro controller 600. The
mcro controller 600 carries out a filter arithmetic operation as shown in
t he enbodi nent 28 and enbodi ment 29 and stores the result into the register
N. Further, the mcro controller 600 outputs the value which is stored in
the register Nto the D/ A converter 601 at a predetermned tinming. The
digital value stored in the register W/@68converted into an analog value in

the D/ A converter 601 and outputted to the current supplying circuit 411
as a current indication valgp 410a.
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The swi tching signal 450a for switching the starting node and the nornal
rotation node is inputted into the mcro controller 600. The sw tching
signal 450a is at L l'evel until the predeterm ned period passed and at H
level after then as explained in the enbodi ment 27. The micro controller
600 initiates the register N, when the SWItChI ng signal 450a becones L

| evel, and then set the 84
;5_3

2/108

2
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val ue of register N to maxi mum Accordingly, the current indication value
410a i s set to maxi mum val ue during the switching signal 450a is at L

| evel, then a maximumcurrent is supplied to the armature w nding during a
period.of starting and restarting. Enbodinent 34 FIG 106 is a bl ock
diagramof a thirty fourth enbodi nent of the present invention which shows
a general construction a brushless noBgL08riving device. In FIG 106, the
sanme elenents as those in FIG 78 are indicated by the same nunerals.
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The commutation circuit 9 explaining in enbodi nent 27 refers the count
nunbers 7a, 7b and 7c at starting, and refers the rotor |ocation signals
3a, 3b and 3c at normal rotation node and outputs driving signals 9a ~ 9f.
A comutation circuit 610 of this enbodi nent refers the count nunbers 7a,
7b and 7c and outputs driving signals 9a ~ 9f at both starting node and
normal rotation node. The |ogical rel aiyqoghi p between the count nunbers
7a, 7b and 7c and the driving signals 9a ~ 9f is simlar to FIG 27. In
this enbodi nent, another construction exanple of a pulse selection circuit.
i s explai ned.
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FIG 107 shows a concrete construction exanple of a pulse selection circuit
609 havi ng anot her construction of a pulse selection circuit 256. In FIG
107, the nunerals 611 - 613 denotes inversion circuits, the nunerals 614 -
625 denote three inputs AND circuits, the nuneral 626 denotes six inputs OR
circuit. The operation of the pulse selection circuit 609 shown in this
enbodi nent and the pul se sel ection si/no8it 256 shown in enbodi nents 8, 26
is conpared below. FIG 108 shows a timng chart of the rotor location
signals 3a, 3b and 3c,
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the rising and falling edge pul ses 250a - 255a, the count nunbers 7a, 7b
and 7c, the output signal 256a of the pulse selection circuit 256, the
out put signal 43la of the pseudo-pul se generating circuit 431 at reverse

rotation of constant speed.

85 On the other hand, FIG 109 shows a
~timng chart of the rotor |ocation
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signals 3a, 3b and 3c, the rising and falling edge pul ses 250a ~ 255a, the
count nunbers 7a, 7b and 7c, the output signal 609a of the pul se selection
circuit 609, the output signal 43la of the pseudo-pul se generating circuit
431 at reverse rotation of constant speed. The pul se selection circuit 256
shown in enbodi nent 8, 26, outputs inputted edge pul ses w thout changi ng

t hen when the relation between the i #pl08ed edge pul se 250a ~ 255a and the
count nunbers 7a, 7b and 7c satisfies a relation shown in FIG 25, and

masks the edge pul se when they do not satisfy the relation shown in FIG
25.
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The operation is explained using FIG 108 and 109 bel ow. Assune that the
initial value of the count nunber is L - L - L. The edge pul ses 255a, 252a
and 251a are sequentially detected in (E), (F), (G of FIG 108, FIG 109.
Since the count nunbers are L - L - L, the pulse selection circuit 256
masks the edges other than 253a. Accordingly, the edge pul ses 255a, 252a
and 25l1a detected at (E), (F), (G ar8/38ked. In the sane way, these edge
pul ses are nmasked in the pul se selection circuit 609. Since there is no

i nput to the pseudo-pul se gemerating circuit 431 after a predeterm ned tine
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circuit 431 is passed, the pseudo-pul se generating circuit 431 generates a
pseudo- pul se as shown in (H). The hexa counter 257 is counted up by this
pseudo- pul se, and therefore the count nunber becones H- L - L. Edge pul se
254a is detected in (lI) in the figure. Since count nunbers are H- L - L,

t he edge pul se 254a detected at (1) in the figure is outputted w thout
masked at the selection circuit 256 . As descri bed above, the pul se
selection circuit 256 can not mask ceppd&tely the edge pul ses 250a ~ 255a
at a reverse rotation. On the othehq%vgb in the present pul se selection
circuit 609, since the rotor locatioph signal 3a is | at (lI) in the figure,

t he edge pul se 254a detected ?”gg 131 R3
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(I') inthe figure is masked. As described above, the pul se selection

circuit 609
combi nati on
conbi nati on
as shown in
250a ~ 255a

of this enbodi nent sel ects edge pul ses according to a | ogical
of the rotor location signals 3a, 3b and 3c in addition to a

of the 86 count number and inputted edge pul ses. Therefore,
FIG 109, it is possible to mask conpletely the edge pul ses
at reverse rotation. 10/108
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Enbodi ment 35 Next, an exanple for reducing noise using trapezoidal shaped
rotor driving signal is explained. FIG 110 is a block diagramof a thirty
fifth enbodi ment of the present invention which shows a general
construction a brushless notor driving device. In FIG 110, the sane

el enents as those in FIG 106 are indicated by the same nunerals. The
nunmeral 630 denotes a logic circuit fenseo8putting a plurality of |ogic
signals 630a ~ 630g which are necessary to conpose a trapezoid shaped

I70
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driving signal, the nunmeral 631 is a charging / discharging circuit for
chargi ng and discharging to / from capacitor 632 according to an out put
signal 630g fromthe logic circuit, the nunmeral 632 denotes a trapezoid
- wave conbination circuit for conposing trapezoid shaped driving signals
632a ~ 632f from output signals 631a of the charging / discharging circuit
and an output signal 630a ~ 630f of the logic circuit. The trapezoid
driving signal generating circuit 633'%;%@§nstituted by the logic circuit
630, the charging / discharging circut , the trapezoid wave conbi nation

circuit 632.
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FIG 111 shows a concrete logic circuit

generating circuit 630.
t he nuner al
wavef orm of the output signal

circuit,

In FI G

111,

in FIG 113. FIG 112 shows a concrggg,

di scharging circuit 63L1.

current source,

out put signal

when the out put

t he nuner al

In FIG 112,

in trapezoid driving signa

the nuneral s 635-643 denote an AND

644 denotes three input OR circuit. The operating

630a ~ 630g of the logic circuit 630 is shown

Egnstructlon of charging and
e nuneral s 645, 646 are constant

G§7 denotes a capacitor.

SWL turns ON when the

630g of thgglo fcuit 630 is at Hlevel, and turns OFF
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signal 630g of the logic circuit 630 is at L level. An operation of
charging / discharging circuit 631 is expl ai ned bel ow. 87 When the

out put signal 630g of logic circuit is at L level, SW turns OFF, and the
capacitor 647 is charged by the constant current 13. On the other hand, the
out put signal 630g of logic circuit is at Hlevel, SW turns ON, and the
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capacitor 647 is discharged by the constant current 13. Therefore, the

out put signal 63 la of the charging / discharging circuit 631 becones a
trapezoi d shaped signal as shown in FIG 113. The output signal 63la of
charging / discharging circuit 631, the output signals 630a ~ 630f of the
logic circuit 630 are inputted into the trapezoid wave conbination circuit
632. FIG 114 shows a concrete construction of trapezoid wave conbi nation
circuit 632. In FIG 114, the numejglfo#48 ~ 651 denotes inverted anplifier
circuits, the nunerals 652 w657 denote NAND circuits. Assunme that an’

FIG. 16
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operation vol tage range of an output signal 631 a of the charging /

di scharging circuit 631 and output signals 630a ~ 630f of the logic circuit
630 are the sane, and Vref is the center voltage of operation voltage
range. The output signal and 631 a of the charging/ discharging circuit
631 is inputted into a inverted input termnal of the inverted anplifier
circuit 648, and the reference voltage Vref is inputted into the
non-inverted input termnal to obtai 6é}9§apezoidal wave which is an

i nverted output signal 631 a against the reference voltage Vref. In the
same way, the inverteg agplifier circuits 649, 650 and 651 obtain a

I nverted signal by iM?Q?m?ng each 630a, 630c and
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signal against the reference voltage Vref. An concrete operation of the

t rapezoi da
conposi ng the trapezoid driving signal

SWB and SW} turn ON when each 630d, 630f,

when at L level. The nuneral
circuit 652. During the period Ta sh

wave conbination circuit 632 is explained. Here,

nunber 652a is an output signal
gymogn FIG 113,

portions for
632a here are mainly explai ned. SW2,
652a is at Hlevel, and turn OFF
of the NAND
since 630d is at H

| evel, 630f is at L level, 652a is at L level, only SW2 turns ON, the
trapezoi d driving gna [ of the
char gi ng ahd'gisc arging ci
fe—>
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Th, since 630d is at L level, 630f is at L Ievél, 652a is at Hlevel, only
632a becones an inverted

SWI turns QN, and the trapezoid driving signal
88 630e agai nst Vref.

si gnal
| evel ,

trapezoid driving signal

Vr ef .

of
630f

is at HIlevel,

la
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since 630d is at L level, 630f is at L level, 652a is at Hlevel, only SW
turns ON, and the trapezoid driving signal 632a becones an inverted signal
of 630e against Vref. As described above, the trapezoid driving signal 632a
I s conposed. The trapezoid driving signals 632b ~ 632f are conposed in a
simlar step. In this way, the trapezoid driving signal generating circuit
633 generates trapezoid drivi né si d9119832a ~ 632f, rising and falling

gradi ent potions of which begi®gfr the rising and falling edge point of
the driving signals 9a ~
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Enbodi ment 36 In this enbodinment, a driving circuit for brushl ess notor

whi ch changes gradient tinme of the trapezoid driving signals 632a ~ 632f
corresponding to the indicated rotati on speed inputted fromoutside. FIG
115 is a block diagramof a thirty sixth enbodi nent of the present

I nvention which shows a general construction a brushless notor driving
device. In FIG 115, the sane elene?hzlaﬁ those in FIG 110 are indicated
by the sane nunerals. In FIG 115, nuneral 660 denotes a term nal where
a node switching signal 660a is inputted, the nuneral 661 denotes another

CURRENT SUPPLYING PHASE
/
9a 9b 9¢ 9d Se 9f
H L H L L H|V-—-W
t H H L L HI|U-W
L H H L H LJU=-V
H H L L H L W-V
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FIG. 21
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charging and discharging circuit which is different fromthe chargi ng and
di scharging circuit 631. The node switching signal 660a is a binary signal
whi ch polarity changes corresponding to the indicated rotation speed and is
- inputted fromoutside of the brushless motor driving circuit. FIG 116
shows a concrete construction of charging and discharging circuit- 661. In
FIG 116, the nuneral 662 is an igypiégd circuit, the nunerals 663, 664 is
constant current source. SWb, SW turns ON when the node switching signa
660a is at Hlevel, and turns OFF when the node swi'tching signal 660a is at
L level. SW5, SWB turns ON when the node sw tching signal
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660a is at L level, and turns OFF when the node switching signal 660a is at
H 89 level. Next, an operation of charging and discharging circuit 661
i s expl ai ned when the node switching signal 660a is at H level. \Wen the

out put signal 630g of the logic circuit is at L level, SW turns OFF and
the capacitor 647 is
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charged by the constant current 13. On the other hand, when the output
signal 630g of the logic circuit is at Hlevel, SW turns ON and the
capacitor 647 is discharged by the constant current 3. The relation

bet ween the output signal 630g of the logic circuit 630 and the out put
signal 66la of the charging and discharging circuit 661 is shown at H | evel
of 632a in FIG 117. Wen the node §yﬁb§hing signal 660a is at L level, the
capacitor 647 is.charged through t%e_constant current |4 when the output
signal 630g of the logic circuit is at L |evel and the capacitor 647 is

di scharged through the constant current 14 when the output signal 630g of
the logic circuit is at H '
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| evel . When 14 is set such as 14 = 0.5 x 13, the output signal 66la of the
charging and discharging circuit 661 is shown at L |level of 632a in FIG
117, the gradient tine of trapezoidal wave beconmes tw ce. The output signal
66la of the charging and discharging circuit 661 is inputted into trapezoid
wave conbination circuit 632 which output trapezoid driving signals 632a ~
632f as described in thd nanner of df8ent 35. Wen the node swi tching
signal 660a is swtched peccordrmmg—to THhe thdlcated rotatl on speed, it is
possi ble to cha gradrent tine of the trapezoid driving signals 632a -
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corresponding to the indicated rotation speed inputted from outsi de.

Enbodi nent 37 The rising and falling gradient potions of trapezoid driving
signals 632a 632f generated in the trapezoid driving signal generating
circuit 633 begin fromthe rising and falling edge point of the driving
signals 9a ~ 9f. Accordingly, the switching point of the driving current

delays fromthe ideal commutating tiigigbatherefore, t orque generation
effici ency decr eases j{—lio-t-hi.s—erbodi-iBri—a—const-ruei-+on—ard—oper at i on of

brushl ess ndbar lvdng circuit in whi ch the phase of rotor |ocation signal

detected from each phase terninal
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90 voltage or the inter-term nal voltage differences of respective phases
Is put in a | eading phase against the gradient tinme of the trapezoid
driving signal is explained. FIG 118 is a block diagramof a thirty
sevent h enbodi nent of the present invention which shows a general
construction a brushl ess notor
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driving device. In FIG 118, the sanme elenents as those in FIG 110 are

i ndi cated by the sane nunerals. In FIG 118, the nuneral 670 denotes

anot her new conparator which is different fromthe conparator 2 in FIG

110. FIG 119 shows a concrete construction of conparator 670. In FIG 119,
the nunerals 671 - 685 denotes resistors t he nuneral s 686 ~ 688 denote
differential anplifier circuit. (&izig?e operation of the conparator 670

i s explained bel ow For one exanple that the resistance val ues of
the resistors 671 ~ 685
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are set as shown in FIG 119. At this tinme, the output signal 686a of the
differential anplifier circuit 686 becones la + |b - 2 x 1lc, the output
signal 687a of the differential anplifier circuit 687 becones Ib + 1c - 2 x
la and the output signal 688a of the differential anplifier circuit 688
becones 1c + la - 2 x Ib. Now, la, Ib and 1c are three signals each of
which are shifted by 2 [err] /3, the 1098 sSignal 686a, 687a and 688a of
the differential anplifier circuits 686, 687 and 688 are obtai ned by
equations (11), (12) and (13). The output signal 686a, 687a and 688a of the
differential amplifier circuits
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686, 687 and 688 are conpared with Vref at each conparator 85, 86 and 87
and obtained | ogic signals 670a, 670b and 670c. la =sin [err]
lb=sin([err]+2[err]/3) 1 c=sin([err]-2[err]/3)

(10) [err] '
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91 [err] Here, a concrete operation of the conparator 2 is explained once
agai n. For one exanple, assune that the resistance values of all resistors
70 ~ 81 are set to 10K [err] as shown in FIG 110. At this tinme, the output
signal 82a of the differential anplifier circuit 82 becomes 1 a - 1c, the
out put signal 83a of the differential anplifier circuit 83 becones |Ib - la
and the output signal 84a of the di ff_’.ﬁr fégél al anplifier circuit 84 becones
1c-1b and the above out puts are obtai é y equations (14), (15)
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and (16), respectively. The output signal 82a, 83a and 84a of the
differential anplifier circuits 82, 83 and 84 are conpared with Vref at
each conparator 85, 86 and 87 and obtained |logic signals 2a, 2b and 2c.
[err] The output signal 686a, 687a and 688a of the differential anplifier
circuits 686, 687 and 688 are leading by [err] / 6 against the output
signal 82a, 83a and 84a of the differential anplifier circuits 82, 83 and
84. Accordingly,
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92 the conparator 670 obtains |logic signals 670a, 670b, 670c which is

| eading by [err] / 6 against the logic signal 2a, 2b and 2c obtained from
the conparator 2. In this enbodinent, the resistance value of the resistors
671 ~ 685 are set such as shown in FIG 119, it is possible to change the
resi stance value of the resistors 671 ~ 685 to get another |eading phase.

As descri bed above, it is possible tcgiyigyide the current sw tching point
with the ideal conmutation

E:
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timng by |leading the phase of rotor location signal. In this enbodi nents,
‘a circuit using a charging /- discharging circuit is used for the trapezoid
driving signal generation circuit but it is possible to use a charging /

di scharging circuit 661. In this specification, the enbodinents 1 ~ 37 are
separated each other, but it is apparent that the sane effect can be

obtai ned even if these enbodi ments grgiggnbi ned.
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93 what is claimed is: 1. A brushless motor drivi ng circuit for driving a

plurality of the armature w ndings -of a brushless notor,
plurality of the term na
of the armature w ndi ngs;

or subtracting a conpensation value to/fromthe term nal

armat ure w ndi ngs

conprising:. a

vol t ages detection neans | ocated at every phase
a term nal

vol t age conpensati on neans for adding
vol tage of an

347108
1 18D
r/
! — 270 -
S0 =1 ep [1.270a =
2o | [ o |
| [ ] cmoom [-—8c
3a - _[ 273 T |
3b 272a 274 |
¢ S l
[, S e —— - ——— |
LOCATION SIGNAL
COMBINATION
DISCRIMINATION CIRCUIT
FIG. 40
Sa | R .
\ to § —i.to |
ry(o'- M n— n—"

3a

5
s

1 I L _I§ti m L T
e L I LI g LT
a1 T g - T
273a___1_ M 4 T
8a E r__ 5 —. —
2650___ gl

FIG. 41

This s ‘the replacement sheet

Date: 08 JANm?



detected at respective phases during actual driving period, said
conpensation value is determned by a resistor of said armature w ndi ng and
a winding current; and a conparator neans for conparing respective termna
vol tages after conpensation-has carried out to obtain a rotor |ocation
signal; said armature wi ndings are driven by said rotor |ocation signal
detected at sai d conparator neans.33/188prushl ess notor driving circuit for
driving a plurality of the armatyge w ndi ngs of a brushl ess notor,
conpri si ng: %%
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a plurality of the term nal voltages detection neans | ocated at every phase
of the armature wi ndings; a termnal voltage difference conpensation neans
bet ween respective phases for adding or subtracting a conpensation val ue
to/fromthe termnal voltage difference of respective phases detected
between the arnmature w ndings during actual driving period, said .

a winding current; and a conrparator means for- compari ng respe tléé t erm nal
vol t age di f ference bet ween rl Spective phases arter corrpnnsatlgn’ s carried

out to obtain a rotor : :
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| ocation signal; said armature wi ndings are driven by said rotor |ocation
signal detected at said conparator neans. 3. The brushless notor driving
circuit of claiml1 or 2 further com 94 pri sing:
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arising and falling signal detection neans for detecting a rising and
falling signal of the rotor |ocation signal to speed-feedback-control by
as- sumng the detected resultant signal as a detected speed signal. 4. The
brushl ess nmotor driving circuit of claiml wherein a driving signals is
applied to a term nal voltage conpensation neans of respective phases
during the driving signals is appli88/8883 bridge circuit_for exciting and
driving armature w ndi ngs:-f‘r respecttvephases—5. e brughl not or

driving circuit of claim 2f Weeserh—a—eivirg—sigrets|is app™ to a
term nal voltage di fferen?a :oxpe-ns-a.}@’?@reans bet ye¢n |
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respecti ve phases during the driving signals is given to a bridge circuit
for exciting and driving armature w ndi ngs of respective phases. 6. The
brushl ess motor driving circuit of claimi further conprising: an actual
current detection resistance which is connected serially to a bridge
circuit for exciting the armature wi ndings; the current flowng in the
detection resistor is applied to term nal voltage conpensati on neans as a

wi nding current. 7. The brushless nygpjogiriving circuit of claim2 further

conpri sing: an actual cugrent detection resistance which is connected
serially to a
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bridge circuit for exciting the armature w ndings; the current flowng in
the detection resistor is applied to a termnal voltage difference
conpensati on nmeans between respective phases as a winding current. 8. The
brushl ess nmotor driving circuit of claim1 or 2 further com prising: a
differentiation circuit for detecting a rising and falling edge of com
parison signal of the term nal voka?gsg and a vol tage differences-between
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95 respective phases; and a latch circuit for |atching the conparison
signal at the timng when the edge is detected in the differentiation
circuit; said armature wi ndi ngs of respective phases are driven as a rotor
| ocation signal by conbining said output signals of latch circuit. 9. The
brushl ess nmotor driving circuit conprising::
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a rotor |ocation signal generation nmeans for detecting a rotor |ocation
signal of the brushless notor fromthe term nal voltages or a voltage

di fferences between respective phases; a counter for detecting a rising and
falling edge of the rotor |ocation signal of the output, selecting one of

t he necessary edge signal fromthe respective detection edge si-gnals and
counting necessary edge signals and a ing it to the armature w ndi ngs of
respective phases at starting; and a4561 8 generating counter, one input of
whi ch is connected to the output of ghe counter for counting up the

counter when the input is not obmalnﬁd a
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predeterm ned of period; an output of said counter is applied to the
armature winding at starting for driving the rotor of the brushless notor.
10. The brushless notor driving circuit conprising: a rotor |ocation signal
generation nmeans for detecting a rotor |ocation signal of the brushless
notor fromthe term nal voltagefspfogd voltage differences between
respective phases; a counter for detectln% a rising and falling edge of the

rotor | ocation signal of the output, g one of the necessary edge
.signal fromthe
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respective detection edge signals and counting necessary edge signal and
applying it to the armature w ndi ngs of respective phases at starting; a
pul se generating counter, one input of which is connected to the output of
the counter, for counting up the counter when the input is not obtained for
a predeterm ned of period; and a normal rotation detecting neans for

moni toring notor rotation by 44/108
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96 conbining the rotor |ocation signal with the counter output; said nornal
-rotation detecting neans generates a restart pulse for restarting the notor
and applies an output of the counter to the armature w ndings for driving

the rotor of the brushless notor at abnormal rotation. 11. The brushl ess
motor driving circuit of claim9 or 10 further conprising: a swtching
means for switching the armaturegsgyreB ngs of respective phases in response
to the counter output at starting or restarting, or in response
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to the rotor location signal at normal rotation after starting or
restarting; and a tinmer; the switching neans switches a starting or a
restarting period according the timer output. 12. The brushl ess notor
driving circuit of claim9 or. 10 further conprising: a switching neans for
switching the armature w ndi ngs of res,pective phases in response to the
counter output at starting or rest ak® r:k?,s or in response to the rotor

| ocation signal at nornal rotatiu?n gter starting or restarting;
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said switching neans switches the armature w ndi ngs when a counter output
reaches a predeterm ned value as the starting or restarting period is

conpl eted. 13. The brushless notor driving circuit of claim9 or 10 further
conprising: a switching neans for switching the armature w ndi ngs of
respective phases in response.to the counter output at starting or
restarting, or in response to the rﬁgi_okocation signal at normal rotation
after starting or restarting; and a rotor speed signal detection neans;
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said sw tching means switches the armature windi ngs when a detected speed
signal reaches a predeterm ned value as the starting or restarting period

i s conpl et ed. 97 14. The brushless nmotor driving circuit of claim9 or
10 further conprising:
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a switching neans for switching the armature w ndi ngs of respective phases
I n response to the counter output at starting or restarting, or in response
to the rotor location signal at normal rotation after starting or
restarting; and said switching.neans switches the armature w ndi ngs when a
detected the rotor |ocation signal reaches a predeterm ned conbi ned val ue
as the starting or restarting pd9/3®8 s conpleted. 15. The brushl ess notor
~driving circuit of clgym9 or 10 further conprising: a swi tching neans for
swi t ching the armat ur%wi ndi ngs of respective
-
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phases in response to the counter output at starting or restarting, or in
response to the rotor location signal at normal rotation after starting or
restarting; and said switching neans switches the armature w ndi ngs when a
driving signals supplied to the respective armature w ndi ng reaches a
predet erm ned conbi ned value as the starting or restarting period is

conpl eted. 16. The brushl ess notor goyy08g circuit of claim9 or 10 further
conprising: a switching nmeans for switching the armature w ndi ngs of

respective phases in response to the counter output at starting or -
restarting, or in response

X ®
T
: E !
o
| N~ ) l
Y 3
| Lo}
e RN . :
I = o ~ 1
p g8 R ~ 8 :
. N
i I L.
:. 3 e | g
{ ] o ) ? ‘e
IR S~—— EVNQ _ | LD
[CO E_ z l E:
8 & < - ! B
SGET || |gggErS| || edeE |
ﬁog' 288 v A : |
7] | 6 -\ — \ !
R R |
e e - — —— T [
= .
a l i
M EE i |
80 | {2af 559385 |

This is the replacement sheet

Date: 08 Jan 1997



to the rotor location signal at normal rotation after starting or
restarting; and a.tiner or a rotor speed signal detection neans; said
swi t chi ng neans switches the armature windi ngs as the starting or
restarting period is conpleted when all follow ng conditions are SatISerd
that is, when a setting tine of the timer expires, when a detected speed

signal reaches a predetermn ned va Plg when a counter output reaches a
predet ermi ned val ue, when a detec ?he rotor | ocation signal reaches a

predet erm ned conbi ned val ue, when a driving signals supplied to the
respective armature w ndi ng reaches a predeterm ned conbi ned val ue.
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98 17. The brushless nmotor driving circuit of claim9 wherein the counter
outputs a restart pulse to nmake the rotor start as an abnornmal rotation
when the rotor |location signal at the input has not changed for a

predet erm ned period and counts up the counter forcefully. 18. The
brushl ess notor driving circuit of Cslza/i1r889 further conprising:
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a location detector for detecting a |location deviated by electrical angle
[err]/6 against the rotor |ocation signal which is detected fromthe

term nal voltages or the voltage difference between respective phases; and
a hold circuit for outputting a selection signal defined by an output of
the location detector and a starting indication signal; said counter

deci des a conbi nation of a driving géyﬁaé;supplied to arnmature of
respective phases at starting or restarting using said selection signal.
19. The brushless nmotor driving circuit of claim9 further conprising:
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a location detector for detecting a |ocation deviated by electrical angle
[err]/6 against the rotor |ocation signal which is detected fromthe

term nal voltages or the voltage difference between respective phases; a
hold circuit for outputting a selection signal defined by an output of the
| ocation detector and a starting indication signal; and an output of the

| ocation detector is used as a driv%&gfﬁagnals to the armature at starting
or restarting; and said counter decidés a conbination of the driving

signals supplied to armature of respective phases using said selection
signal after starting or
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festarting. 20. The brushless notor driving circuit of claiml1 or 2 further
- conprising: a differentiation circuit for detecting a rising and falling

edge of conparison signal of the termi nal voltages and voltage differences
bet ween 99
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respecti ve phases; a tinmer for starting by a detected edge fromthe
differentiation circuit and for stopping its operation after a
predeterm ned period; and a latch circuit for latching the conparison
signal at the timng when the edge is detected in the differentiation
circuit and for releasing the latch at the timng when the tinmer has
st opped; said armature wi ndi ngs of P64B@8tive phases are driven as a rotor
| ocation signal by conbining said outpwmt signals of latch circuit. 21. The
brushl ess nmotor driving circuit oé cl a€m Wher ei n
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a timer period during the latch circuit |latches and rel eases the conparison
signal is switched according to the indicated rotation speed to the
armature. 22. The brushless notor driving circuit conprising: a rotor

| ocation signal generation neans for detecting a rotor |ocation signal from
the termnal voltages or a voltage difference between respective phases; a
pul se generating neans for detecting a rising and falling edge of the rotor
| ocation signal of the output, sel &kMP a necessary edge signal fromthe
respective detection edge signals to nmake out put pulse train , and for
suppl yi ng
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pseudo- pul se train when a necessary edge signal can not be obtained for a
predeterm ned period; a counter for counting an output of the pul se
generati on neans; a normal rotation detection neans for outputting an
abnormal rotation signal when the rotor |ocation signal and the count
nunbers has no predeterm ned relationship; and a restart pul se generating
means for maski ng the abnor nal rota%égf éignal outputted fromthe abnornal
rotation detection nmeans during a p e?ernine period after starting and
restarting and for outputting a restart pul se according
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to the abnormal rotation signal after the predeterm ned period; an output
of the counter is applied to the armature wi nding for driving the rotor of
the brushless notor at starting and during the predeterm ned 100 period

set by the restart pulse at restarting. 23. The brushl ess notor driving
circuit of claim22 further conprising:

597108

30la

a'
~J
o
&

7d

253a
250a
25la
252a

252a
2550

2500
253a

TrrxrojzTeCrIecr

FIrCrIcjcEICrCxTC
IXITIrCrC|TTIICCr

2510

FIG. 72

This is the replacement sheet

Date: 08 jay 1997



a switching neans for switching the armature w ndi ngs of respective phases
according to a value of the counter at starting or restarting and according
to the rotor location signal during a steady period after starting or
restarting; and a tinmer, the switching neans switches a starting or a
restarting period according the tinmer output. 24. The brushl ess notor

driving circuit conprising: a speed éﬂ@}f&él on neans for detecting a rotor
speed,;

5a —
30ld |
7a 1 T
7b —| I ey S o O
7c E I L
Sa ! 1 L
9b —!_J LJ
9¢ : ' I
od ; I
9e i F—I__J'
of —I l L
3a —J - [
3b 1 1
3¢ ! [ g
250a | i
25la i
2524 E -
253d—, fl 1
2544__, | 0
255a i I
7d : I R Annn
6a !

FIG. 73

This Is the replacement sheet

Date: @8 JAN 1857



a speed difference detecting nmeans for outputting a difference between the
detected actual rotation speed of the rotor and a target rotation speed as
a speed difference signal; and a speed difference conpensation filter
conprised of the a proportion - integration (P/1) filter connected in
parallel with a first order delay filter, the input of parallel circuit is
the speed difference signal, the outg#%fogf the parallel circuit are added
and further supplied in series to another first order delay filter, the
out put of -the another first order delay filter is supplied to the annature
wi ndings as a current indication_yalue.
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25. The brushless notor driving circuit conprising: a speed detection neans
for detecting a rotor speed; a speed difference detecting neans for
outputting a difference between the detected actual rotation speed of the
rotor and a target rotation speed as a speed difference signal; and a speed
di fference conpensation filter conprised of a serial circuit of a
proportion - integration (P/I) fiIt%r 3@% a first order delay filter, the

i nput of circuit is the speed diffe_@ﬁ signal, the serial circuit is
further supplied in parallel to another first order delay filter, the
paral l el output is added and
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101 supplied to the armature wi ndings as a current indication value. 26.
The brushl ess notor driving circuit conprising: a speed detection neans for
detecting a rotor speed; a speed difference detecting neans for outputting
a difference between the detected actual rotation speed of the rotor and a
target rotation speed as a speed

637108
5a __i' ' :
]
[}
| L
— -
o T L
|
od —| ' B
Oe { ! s B
X {
of i ] I_.l
> ‘ N
3b — I
{ T | I
302a ' i il

FIG. 76

This is the replasement sheet

Date: () 8 JAN19§’



difference signal; and a speed difference conpensation filter for obtaining
a current indication value fromthe detected speed difference signal which
is supplied to the armature w ndings; said target rotation speed of the
speed difference detecting neans and a gain of the speed difference
conpensation filter are changed according to the indicated rotation speed

which is supplied to the driving cirgagyio@f the brushless notor. 27. The
brushl ess nmotor driving circuit conprising:

g
L--

30la.

O
o

0
o

&
S

(o)
o.

O
o

O
-ty

W
Q

|

w
O
I

302a. jl

FIG. 77

This is the replacement sheet

Date: 0 8 JAN 1997



a rotor location detection neans for detecting a relative location of the
armature wi ndings and the rotor; a comutation control means for sw tching
“acurrent to an arnmature winding at a detected rotor |ocation; a speed
detection neans for detecting a speed of actual rotor speed; a speed -..

di fference detecting means for outpugkiypgga difference between an actual
rotation speed of the rotor and target rotation speed as a speed difference
signal; said a speed dlffeﬁence conpensation filter for obtaining a current
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val ue from detected speed difference signal in order to drive the armature
w ndi ng; said comrutation control neans switch the current supplying phase
and i ncrease or decrease the current indication value which is applied to

the armature winding after a predeterm ned period. 28. The brushl ess notor
driving circuit of any one of the clains 1 to 27
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102 wherein a maximumcurrent is supplied to the armature wi ndings during a
period of starting and restarting. 29. The brushless notor -driving circuit
conprising: a rotor |ocation signal generation neans for detecting a

| ocation signal of rotor fromeach phase term nal voltage or voltage

di fferences of respective phases; a pulse generation nmeans for detecting a

rising and falling edge of rot(g’.”ms
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| ocation signa
for
from each detected edge signal
when the necessary edge signal

and a counter for counting an output signal

of output of said rotor
provi ding an output pulse train by selecting a necessary edge signal

| ocation signal generation means,

further for providing a pseudo-pulse train
Is not detected for a predeterm ned peri od;
fromthe pul se generation

nmeans; the counter output is supplggfe® drive the armature w nding. 30.
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froma rotor |ocation signal detected in the rotor |ocation signal
detecti on neans whi ch includes a conpensati on nmeans for conpensati ng each
term nal voltage or voltage differences of respective phases and a
conparing neans for conparing each ternminal voltage or voltage differences
bet ween respective phases; and a trapezoid driving signal generation
circuit for formng a trapezoid driving. s gnal fromthe output of the :
comutation circuit; the trapezoid drﬁglﬁﬁ signal is supplied to drive the
armature wi nding. 31. The brushless notor driving circuit of claim 30
further conprising: |q T2 lc
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a charging / discharging circuit in the trapezoid driving signal generating
circuit for changing the gradient of the trapezoid driving signal by
changing the tinme constant of the charging / discharging circuit using a
control signal 103 inputted fromoutside. 32. The brushl ess notor
driving circuit of claim30 further coqyrising:
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a phase leading circuit for |eading a phase of the rotor |ocation signal,
the | eading quantity of the phase leading circuit is set to substantially 1
/2 of the gradient tine of the trapezoid driving signal for driving the
armat ure w ndi ng.
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