BRUSHLESS DC MOTOR CAPABLE OF BEI NG STARTED STABLY TECHNI CAL Fl ELD The
present invention relates to a brushless DC 5 notor system in which
a rotating magnetic field is conpulsorily supplied to a rotor in the
tinme of starting to rotate the rotor, and thereafter a voltage pattern
of* armature coils is changed based on an induction voltage induced at the
armature coils. 10 BACKGROUND ART As a prior art brushless DC notor
system there is one disclosed in Japanese Patent Publication No. HEl 5-
72197. As shown in Fig. 35, the brushless DC notor systemincludes: a rotor
70 having multipol ar permanent nagnets; & 15 stator 71 having armature
coils 71la, 71b and 71c connected in a three-phase star .configuration; a
resistor circuit 72 conposed of resistors 72a, 72b and 72c connected in a

t hree- phase star configuration in parallel with the armature coils T71la,
71b and 71c, respectively; a 20 rotational -position sensor 73

whi ch detects a rotational- position of the rotor 70 relative to the

armature coils 7l1la, 71b and 71c; a gkﬁgﬁﬁeggubsrmg%oﬂhich recei ves a

CAPABLE OF BEING STARTED STABLY

TECHNICAﬁ FIELD
The present invention relates to a brushless DC.
5 motor system in which a rotating magnetic field is
compulsorily supplied to a rotor in the time of starting to
rotate the rotor, and thereafter a voltage pattern of
armature coils is changea: based on an induction voltage
induced af the armature coils.
10 BACKGROUND ART |
As a prior art brushless DC motor system, there
is one disclosed in Japanese Patent Publication No. HEI 5-
72197. As shown in Fig. 35, the brushlesé DC motor system
includes: a rotor 70 having multipolar permanent magnets; a |
is stator 71 having armature coils 71la, 71b and 71ic connected
in a threé—phase star configuration; a resistor circuit 72
composed of resistors 72a, 72b and 72c¢ connected in a
three-phase star configuration in parallel with the
armature coils 7la, 71 b and 7lc, respectively; a
20 rotational-position sensor 73 whiéh detects a rotational-
position of the rotor 70 relative to the armature coils
71ia, 7ib and 7ic; a microcomputer. 74 which receives a

position signal representing the rotational-position of the



position signal representing the rotational-position of the -2- rotor 70
fromthe rotational -position sensor 73 and outputs a switching signal to
switch a voltage pattern of the armature coils 71a, 71b and 71c; a base
drive circuit 75 which receives a switching signal fromthé nicroconputer
74" 5 and outputs a commutation control signal for swtchingly
controlling the voltage pattern of the armature coils 7la, 71b and 71c; and
an inverter section 80 which receives the commutation control signal from
the base drive circuit 75 and changes the voltage pattern of the armature
coils 71a, 10 71b and 71c. The invérer section 80 is conprised of
three transistors 80a, 80b and 80c¢ connected to a positive side of a DC
power source 76 via a switch 77 and three transistors 80d, 80e and 80f
connected to a negative side 15 of the DC power source 76. ~ Collectors
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armature coils 7l1a, 71b and 71c¢; a base drive circuit 75
which receives a switching signal from the microcomputer 74
5 and outputs a commutation control signal for switchingly
controlling the voltage pattern of the armature coils 71la,
71b and 71lc; and an inverter section 80 which receives the
commutation control signal from the base drive circuit 75
and changes the voltage pattern of the armature coils 71a,
10 - 71b and 71c.

The inverter section 80 is comprised of three
transistors 80a, 80b and 80c connected to a positive side
of a DC 'power source 76 via a switch 77 and three
transistors 80d, 80e and 80f connected to a negative side

15 of the DC power source 76. Collectors of the transistor
80a and the transistor 80d are connected to eéch other,
collectors of the trénsistor 80b and the transistor 80e are
connected to each other, and collectors of the transistor
80c and the transistor 80f are connected to each other. A

20 connection portion of the transistors Sba and 804 is
connectéd to the armature coil 71a of U-phase, a.connection
portion of the‘transistors 80b and 80e is connected to the
armature coil 71b of V-phase, and a connection portion of
the transistors 80c and 80f is connected to the armature

25 coil 71c of W-phase. Then, the commutation control signal



connected to each other, and collectors of the transistor 80c and the
transi stor 80f are connected to each other. A 20 connection portion
of the transistors 80a and 80d is connected to the armature coil 7la
of U phase, a connection portion of the transistors 80b and 80e is
c8nnected to the armature coil 71b of V-phase, and a connection portion of
the transistors 80c and 80f is connected to the armature 25 coil 71c of
W phase. Then, the comutation control signal -3- fromthe base drive
circuit 75 1is |nputted to bases of the transistors 80a through 80f of the
I nverter section 80. The rotational - p03|3|0n sensor 73 includes: a
differential anplifier 81 which receives an input of a 5 vol tage VM at
a-neutral point of the resistor circuit 72 and a voltage VN at a neutral
point of the armature coils 7la, 71b and 71c, and outputs a voltage
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The rotational-position sensor 73 includes: a

differential amplifier 81 which receives an input of a

5 voltage Vy at a neutral point of the resistor circuit 72

and a voltage Vy at a neutral point of the armature coils

71a, 71b and 7l1c, and outputs a voltage difference signal

Vyqny representing a vbltage difference between the neutral

point of the resistor cifcuit 72 and the neutral point of

'10 the armature coils 71a, 71b and 7lc; an.integrator 82 which

receives the voltage difference signal Vy from the

differential amplifier Si and integrates the voltage

difference signal Vyy; and a zero-cross comparator 83 which

receive a signal obtained by integrating the voltage

15 difference signal Vi from the integrator 82, and outputs a

~position éignal. Input terminals of a comparator 84 is

connected to both ends of the armature coil 7l1¢, and

operates to output a signal representing the polarity of an
induced voltage Ew to the microcomputer 74.

20 In the above-mentioned brushless DC motor system,

-assuming that motor terminal voltages of the U-phase, V-

phase and W-phése from the inverter section 80 are Vu, Vv

and Vw and induced'voltages of the U-phase, V-phase and W-

phase of the armature coils 71a, 71b-and 71c are Eu, Ev and

25 Ew, then the voltage Vy at the neutral point of the



receives the voltage difference signal [err] fromthe differential

anplifier 81 and integrates the voltage difference signal [err]; and a
'zero-cross conparator 83 which receive a signal obtained by integrating the
vol t age 15 difference signal [err] fromthe integrator 82, and outputs
a position signal. Input termnals of a conparator 84 is connected to
both ends of the armature coil 71c, and operates to output a signal
representing the polarity of an induced voltage Ew to the m croconputer 74.
20 In the above-nenti oned brushl ess DC notor system assum ng
that notor term nal voltages of the U—pHase, V- phase and Wphase fromthe
I nverter section 80 are Vu, W and Vw and .i nduced voltages of the U phase,
V-phase and W phase of the armature coils 71a, 71b and 71c are Eu, Ev and
25 Ew, then the voltage VM at the neutral point of the - 4-
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' of the armature coils 7l1a, 71b and 71c are expressed by the
equations:
Vy = (1/3) (Vu + Vv + Vw)

5 Vg = (1/3){(qu - Eu) + (VW - Ev) + (Vw - Ew)}
Therefore, the voltage difference signal Vg, between the
neutral point of the resistor circuit 72 and the neutral
point of the armature coils 71a, 71b and 71c is expressed
by the equation:

10 Vimw = Vy - Vi = (1/3) (Bu + Ev + Ew)
and thus the voltage difference signal Vi, is proportional
to a sum -of the induced voltages Eu, Ev and Ew of the
armature coils 71a, 71b and 71lc.
The induced voltages Eu, Ev and Ew of the
15 - armature coils 71la, 71b and 71c have trapezoidal waveforms
varied in phase at intervals of 180 degrees, and the
voltage difference signal Vi, has an approximate triangular
waveform having a fundamental frequency component which is
three times as high as those of the induced voltages Eu, Ev
20 and Ew. A peak point of the triangular wave of the wvoltage
difference signal Vyy is used as a voltage pattern changing
point. The integrator 82 integrates the voltage difference
signal Vi from the differential amplifier 81, and outputs
an integral signal IVMth having an approximate sine

25 waveform. Then, the zero-cross comparator 83 detects the



[err] Therefore, the voltage difference signal [err] between the neutral
point of the resistor circuit 72 and the neutral point of the arnmature
coils 71a, 71b and 71c is expressed by the equation: [err] and thus the

vol tage difference signal [err] is proportional to a sum-of the induced
voltages [err] and [err] of the armature coils 71a, 71b and 71c. The

i nduced voltages [err] and Ew of the 15 armature coils 7la, 71b and 71c
have trapezoi dal waveforns varied in phase at intervals of 180
degrees, and the voltage difference sugnal [err] has an approxi mate
triangul ar waveform havi ng a fundanmental? fTequency conponent which is three
times as high as those of the induced voltages Eu, Ev 20 and Ew. A
peak point of the triangular wave of the voltage difference signal [err] is
used as a voltage pattern changing point. The integrator 82 integrates the

vol tage differeice ShoRalad eiidili omd eyl Thaeentis! agBLLT ofuShe 2 %na
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is, the peak point of the voltage difference signal Vyy
varies in amplitude according Eo the - rotation speed, and
5 therefore the voltage difference signal Vy is integrated in
‘detecting the zero-crossing point.  The above-mentioned
position signal represents the relative position of the
rotor 70 relative to the armature coils 71a, 71b and 71c of
the stator .71. Then, upon receiving the position signal
10 from the zero-cross éomparator 83, the microéomputer 74
outputé a switching signal to the base drive circuit 75.
Upon receiving the switching signal from the microcomputer
74, the base drive circuit 75 outputs a commutation control
signal to the bases of the transistors 80a through 80f of
15 the inﬁerter section 80. Then, the transistors 80a through
80f of the iﬁverter section 80 are successively turned on
to change the voltage pattern of the armature coils 71a,
71b and 7ic. |
Thué, in the brushless DC motor system, the
20 position signal representing the rotational-position of the
Irotor 70 is detected from the induced voltages Eu, Ev and
Ew of the armature coils 71a, 71b and 71c¢, and the inverter
section 80 changes the voltage pattern of the armature

coils 71a, 71b and 71c according to the position signal.



zero-crossing point of the integral signal [err] and outputs a
position signal to the m croconputer 74. That is, the peak point of the
voltage difference signal [err] varies in anplitude according to the
rotation speed, and'5 therefore the voltage difference signal [err] is
integrated in detecting the zero-crossing point. The above-nenti oned
position signal represents the relative position of the rotor 70 relative
to the armature coils 71a, 71b and 71c of the stator 71. Then, upon
receiving the position signal 10 fromthe zero-cross conparator 83,

the mcroconputer 74 outputs a switchingsignal to the base drive circuit
75. Upon receiving the swtching signal fromthe m croconputer 74, the base
drive circuit 75 outputs a commutation control signal to the bases of the
transistors 80a through 80f of 15  the inverter section 80. Then, the
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coils 7l1la, 71b and 71lc for a specified time intexrval, with
which the rotér 70 tries to settle in a stable point by an
5 attraction force exerted between the permanent magnet of
the rotor 70 and the stator 71, resulting in generating a
damped oscillation about the stable point. When the
oscillating rotor 70 has a velocity in a direction in which
it is desired to rotate, a position sensing operation for
10 = rotating the rotor 70 is effected by changing the voltage
pattern of the armature coils 7l1la, 71b and 71c based on the

position signal of the rotational-position sensor 73.

'Howevér, when driving an air conditioner or the
1like, the motor winding receives a maximum voltage of 200
15 V, and therefore the induced voltage. Ew of the armature
coil 71c to be inputted to the comparator 84 is required to
be reduced through voltage division by means of resistors
‘or the like. For the above-mentioned reasons, the induced
voltage Ew has a low level in a low-speed rotation region
20 in the stage of starting, and therefore it-is'difficult to
decide the polarity of the induced voltage Ew by the
comparator 84.. Furthermore, when the load is a compressor.
or the 1like, a load torque exists due to a residual
pressure and a friction of a shaft as well as viscous

25 resistances of refrigerant fluid and lubricant oil in the



rotor 70 is detected fromthe induced voltages Eu, Ev and Ew of the
armature coils 7la, 71b and 71c, and the inverter section 80 changes the
voltage pattern of the armature coils 7l1a, 71b and 71c according to the
posi tion signal. -6- In starting the brushless DC notos., an excitation
current is supplied to a specified phase of the armature coils 7l1a, 71b and
71c for a specified tine interval, with which the rotor 70 tries to settle
in a stable point by an 5 attraction force exerted between the

per manent magnet of the rotor 70 and the_ stator 71, resulting in generating
a danped oscillation about the st abl & ~ point. When the oscillating
rotor 70 has a velocity in a direction in which it is desired to rotate, a
position sensing operation for 10 rotating the rotor 70 is effected by
changing the voltage pattern of the armature coils 7l1la, 71b and 71c based
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maxi mum vol t agenh8f Z3Qr 70 generates no damped oscillation, and this
sometimes hinders the starting of the motor, causing a
serious problem in terms of control reliability.

5 In view of the above, another brushless DC. motor
system performs a synchronous operation in which an
inverter output voltage and an . output frequency. are
increased in a specified pattern in the stage of starting
so that the induced voltage increases until the position

10 sensing operation'can be effected in a manner as shown in
Fig.'36. As shown in Fig; 37, it is required to effect
acceleratioh by sufficientiy increasing the inverter output
voltage so that a sufficient rotational torque can be
obtained to allow a stable acceleration to be achieved even

15 under the residual pressure of a compressor and the
fluctuation of a power voltage, and then change the motor
operation to the position sensing operation (refer to
Japanese Patent Publication No. HEI 1-54960).

However, the above-mentioned technique is

20 effective only by the position sensing means disclosed in

" the above-mentioned document of Japanese Patent Publication
No. HEI 1-54960. According to a position sensing means
adopted by the néavel technique of the present case, the

following problems are there.



15 V, and therefore the induced voltage Ew of the armature coil 71c to
be inputted to the conparator 84 is required to be reduced through voltage
di vision by means of resistors or the like. For the above-nentioned
reasons, the induced voltage Ew has a low level in a | owspeed rotation

r €gi on 20 in the stage of starting, and therefore it is difficult to
decide the polarity of the induced voltage Ew by the conparator 84.
Furthernore, when the load is a conpressor or the like, a |load torque
exists due to a residual pressure and a friction of a shaft as well as

Vi scous 25 resi stances of refrigerarf fluid and lubricant oil in the
-7- stage. of starting. Therefore, it is highly possible that the rotor 70
generates no danped oscillation, and this sonmetinmes hinders the starting of
the notor, causing a serious problen1in terms of control reliability 5

[ iow of the above.  angiger Y Ushloge, LCHMLACSARTPOLEOE dnrogral
out put frequ%&ﬁ¥naff of the integrator 82 of the rotational-position
| sensor 73 relative to the inverter output voltage when the
ffequency of the -inverter output is 12 Hz and there is no
5 load in a brushless DC motor system performing a
synchronous operation by increasing the inverter output
voltage and the output frequency in a specified patterh.
Fig.” 39 shows a characteristic of the integral signal
relative to the inverter output voltage when the frequency
10 . - of the inverter output is 20 Hz and there is no load. The
integral signal of the integrator 82 reduces according as
the inverter output voltage increases, and when the
inverter output voltage is within a range of B; and a range
of B,, a range in which the level of the integral signal
15 obtained by integrating the voltage difference signal is
stable, i.e., a range in which a position sensing operation
can be effected based on the voltage difference signal is
A, It is to be noted that the voltage of the integral -
signal in Figs. 38 and 39 shows a voltage ranging from a
20 peak point to a zero point. When the inverter output
voltage is lower than a lower limit of each of the ranges
of B, and B, iﬁ which the position sensing operation can be
effected, the motor steps out due to shortage of torque.
Fig. 40 shows waveforms of a motor current and a

25 stable integral signal when the inverter output voltage is



I ncreased in a specified pattern in the stage of starting so that the

I rduced vol tage increases until the positi-on 10 sensi ng operation can
be effected in a manner as shown in Fig. 36. - As shown in Fig. 37, it is
required to effect acceleration by sufficiently increasing the inverter

out put voltage so that a sufficient rotational torque can be obtained to
allow a stabl e acceleration to be achieved even 15 under the residual
pressure of a conpressor and the fluctuation of a power voltage, and
t hen change the notor operation to the position sensing operation (refer to
Japanese Patent Publication No. HEl 1-54360). However, t he

above- nenti oned t echni que s 20 effective only by the position
sensi ng neans di sclosed in the above-nenti oned docunent of Japanese Patent
Publ i cati on No. HEl 1- 54960 According to a position sensi ng neans

adopt ed by the o] eI t n| ue of the present. ¢ .t he follomnn Rrobl ens:
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of a motor current and an unstable integral signal when the
inverter output voltage is 20 V in the casé of Fig. 38.
Fig. 42 shows waveforms of a moto:f current and a stable

5 integral signal when the inverter output voltage is 15 V in
the case of Fig. 39, th.le Fig. 43 shows waveforms of a
motor current and an unstable integral signal when the
inverter output voltage is 27 V in the case of Fig. 39. It
is to be noted that the axis of abscissas (time base) of

10 each of Figs. 40, 41, 42 and 43 is charted 20 milliseconds
per scale. Thus, when the inverter output voltage is
increased so as to increase the xrotational torgue and
achieve a stable acceleration in the stage of starting of
the brushless DC motor, the signal of the voltage

15 difference between the neutral point of the armature coils
71la, 71b and 71c and the neutral point of the resistor
circuit 72 reduces to become unstable, and this results in
a disadvaﬁtag’e that the switching from the synchronous
operation to the position sensing operation fails.

20 Furthermore, when the load varies from a small
value to a great value in a manner as shown in Fig. 44, an
approximate line representing the characteristic of the
integral signal relative to the inverter output voltage
shifts approximately parallel in a direction of an arrow R.

25 Therefore, the range of the inverter output voltage when



signal of the integrator 82 of the rotational-position sensor 73 relative
to the inverter output voltage when the frequency of the inverter output -is
12 Hz and there is no 5 load in a brushless DC notor system
perform ng a synchronous operation by increasing the inverter output

vol tage and the output frequency in a specified pattern. Fig. 39 shows a
characteristic of the integral signal relative to the inverter output
vol t age when the frequency 10 of the inverter output is 20 Hz and there
is no load. The integral signal of the integrator 82 reduces according as
the inverter output voltage increases,” aifd -when the inverter output voltage
is within a range of [err] and a range of B2, a range in which the |evel of
the integral signal 15 obtained by integrating the voltage difference
signal is stable, i.e., a range in which a position sensi ng operation can

be effected basgd th | t dj ff A b
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the notor steps out due to Shortagé o
operation can be effected based on the voltage difference

5 signal is A shifts from B; to B, side at which the inverter
output voltage is totally higher than at B;, and a range in
which the torque is insufficient becomes N, in which an
upper limit of the inverter output voltage is higher than a
range N,.

10 : Further, in order to obtain a specified inverter
output voltage when the power voltage fluctuates with a
constant load, the commutation control signal is required
to be a PWM (Pulse Width Modulation) signal, and a duty
ratio thereof must be changed in a manner as shown in Fig.

15 45. That is, when the power voltage increases above a
normal power voltage, it is réquired to reduce the duty
ratio so as to prevent the inverter output voltage from
increasing. When the power voltage- reduces below the
normal power voltage, it is required to increase the duty

20 ratio so as to prevent the inverter output voltage £rom
lowering. However, 1if there is provided no means for
changing the inverter output voltage in response to the
power voltage, the inverter output voltage varies depending
on the fluctuation of the power voltage, and therefore the

25 characteristic of the integral signal varies.



Fig. 40 shows waveforns of a notor current and a 25 stabl e integral
sisgnal when the inverter output voltage is -9- 10 Vin the case of Fig.
38, while Fig. 41 shows waveforns of a notor current and an unstable
integral signal when the inverter output voltage is 20 V-.n the case of
Fig. 38. Fig. 42 shows waveforns of a notor current and a stable 5

i ntegral signal when the inverter output voltage is 15 V in the case of
Fig. 39, while Fig. 43 shows wavefornms of a notor current and an unstable
integral signal when the inverter output voltage is 27 Vin the case of
Fig. 39. It is to be noted that the axi dlof abscissas (tine base) of 10
each of Figs. 40, 41, 42 and 43 is charted 20 mlliseconds per scale.
Thus, when the inverter output voltage is increased so as to increase
the rotational torque and achieve a stabl e acceleration in the stage of
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and the ”e“”a&eﬁghﬁin&f J‘xpetflgmlsc;[a%{ torque and the fluctuation of the
power voltage, the inverter output 'voltage must be set
according to the variatioh or fluctuation, and this results
5 in a problem that the inverter output voltage cannot be set
so that the voltage difference signal is put in a stable
state.

DISCLOSURE OF THE INVENTION

Accordingly, it is an object of the present

10 invention to provide a brushless DC motor system capable of
surely changing a motor oberation from the synchronous
operation in the stage of starting to the position sensing
operation independently of the variation of the load torque
and the fluctuation of the power voltage.

15 In order to achieve.the above-mentioned object,
the present invention provides a brushless DC motor system
including a rotor having a multipolar magnet, a stator
having armature «coils connected in a three-phase star
configuration, a resistor circuit conneéted in a three-

20 phase star configuration in parallel with the armature
"coils, a rotational-position sensing means which detects a
rotational position of the rotor relative to the stator
based on a voltage difference between a neutral point of
the armature coils and a mneutral point of the resistor

25 circuit to output a position signal, and an inverter



circuit 72 reduces to becone unstable, and this results in a disadvantage
that the switching fromthe synchronous operation to the position sensing
operation fails. 20 Furthernore, when the |oad varies from
a smal | value to a great value in a manner as shown in Fi-g. 44, an
approximate line representing the characteristic of the |ntegral si gnal
relative to the inverter output voltage shifts approximately parallel in a
direction of an arrow R 25 Therefore, the range of the inverter

out put vol tage when - 10 - the range in which the | evel of the integral
signal obtained by integrating the voltddge difference signal is stable,
I.e., the.range in which the position sensing operation can be effected
based on the voltage difference 5 signal is Ashifts fromB3 to B4 side
at which the inverter output voltage is totally higher than at [err], and a

range in which_t torqye, i.s ins I ci ent b comes N2 in whigch_an upper
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coils based on the position signal from the zrotational-
position sensing means, the brushless DC motor system
comprising: synchronous operation control means for
5 outputting a voltage'and a frequency of an inverter output
of the inverter section based on a specified pattern in a
stage of starting; position sensing operation control means
for controlling the inverter output of the inverter section
based on the position signal from the rotational-position
10 sensing means; decision means for deciding whether or not a
position sensing operation which uses the position signal
from the rotational-position sensing means can be effected
when the inverter section is in a state of synchronous
operation by the synchronous operation control means; and
15 operation switching means which switches control means of
the inverter section from the synchronous operation control
means to the position sensing operation control means when
the decision means decides that the position sensing

operation can be effected. .
29 According to the above-mentioned construction,
the voltage and the frequency of the inverter output from
the inverter section is outputted based on the specified
pattern by the synchronous operation control means in the
stage of starting, and after the specified pattern output

25 is completed, the decision means decides, in the state of



10 _ Further, in order to obtain a specified inverter output
vol t age when the power vo{tage fluctuates with a constant |oad, the

comut ation control signal is required to be a PW (Pul se W dt h Modul at i on)
signal, and a duty ratio thereof nust be changed in a nmarner as shown in
Fi-g. 15 45, That is, when the power voltage increases above a normal
power voltage, it is required to reduce the duty ratio so as to prevent the
i nverter output voltage fromincreasing. When the power voltage
reduces below the normal power voltage, it is required to increase the
duty 20 ratio so as to prevent the-i Aderter output voltage from

| oweri ng. However, if there is provided no neans for changing the

i nverter output voltage in response to the power voltage, the inverter

out put voltage varies depending on the fluctuation of the pomer vol t age,
and therefore the 25 c aracterlst

| |
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vol't age nust be
rotational-position sensing means can be effected. For

instance, when the voltage difference signal representing

5 the wvoltage difference between the neutral point of the

armature coils and the neutral point of the resistor
circuit is stabilized, the position signal based on the
voltage difference signal is also stabilized. = Therefore,

by deciding whether or not the wvoltage difference signal is

10 . stabilized, it is decided whether or not the position
sensing operation based on the position signal can be
effected. ‘When the decision means decides that the
position sensing operation based on the position signal can

be effected, the operation switchihg means switches the

15 control means from the synchronous operation control means
to the position sensing operation control means. Then, the
position sensing operation control means controls the
inverter eutput of the inverter section based on the
position signal from the rotational-position sensing means.

20 Therefore, the switching of the motor operation

from the synchronous operation in the stage of starting to

the position sensing operation can be surely effected,

thereby preventing the possible step out attributed to the

instability of the ~voltage difference signal from

25 occurring.



according to the variation or fluctuation, and this results 5 in a
pr-obl em that the inverter output voltage cannot be set so that the voltage
difference signal is put in a stable state. DI SCLOSURE OF THE | NVENTI ON
Accordingly, it is an object of the present 10 i nvention to provide a
brushl ess DC notor system capable of surely changing a notor operation from
t he synchronous operation in the stage of starting to the position sensing
operation independently of the variation of the |load torque and the
fluctuation of the power voltage. 15 In order to achieve the
above-nentioned object, the present inva#ti-on provides a brushless DC notor
systemincluding a rotor having a nultipolar nmagnet, a stator having
armature coils connected in a three phase star configuration, a resistor
circuit connected in a three- phase star configuration in
parallel wth the arna%gre % a rqtational -posjtion_sensi ans
whi ch detects a rotational o Fyﬁ eﬁﬁtﬂﬁaWQﬁQﬁ ¥riepyet t&ntﬁgiﬁ
based on a volta o%%a regc Qﬁt e eﬂgutr% 'qu%E t he ar mat u (hés
and a neutral d% hY Re ? Egu YoPFGPE HPYeEEGEp AU PR &5 ¢k
signal, and fﬂvef@gfrtgéctlon is outputted based on the spec1fied
pattern by the synchronous operation control means, and
5 when the decision means decides that the position sensing
operation cannot be effected after the specified pattern is
outputted, the synchronous operation control means reduces
a ratio V/F of the voltage V to the frequency F of the
inverter output of the inverter section until the decision
10 means decides that the position sensing operation based on
the position signal can be effected.

After the specified pattern is outputted by the
synchronous operation control means in the stage of
starting, the synchronous operation control means reduces

15 the ratio V/F of the voltage V to the frequency F of the
inverter output of the inverter section until the position
sensing operation based on the position signal from the
rotational-position sensing means becomes possible.
Therefore, even when the range in which the voltage

20 difference signal is stable varies due to the magnitude of
the load or a fluctuation of the power voltage in the stage
of starting, the motor operation can be surely switched
from the synchronous operation to the position sensing operation.

In a brushless DC motor system of an embodiment,

25 the decision means comprises level decision means for



- 12 - section which switches a voltage pattern of the armature coils based
on the position signal fromthe rotational- position sensing neans, the
brushl ess DC not or system conpri sing: synchr onous operation cont rol
means. for 5 outputting a voltage and a frequency of..an inverter

out put of the inverter section based on a specified pattern in a stage of
starting; position sensing operation control neans for controlling the

i nverter output of the inverter section based on the position signal from
the rotational -position 10 sensi ng neans; decision nmeans for deciding
whet her or not a position sensing operafibon whi ch uses the position signal
fromthe rotational -position sensing neans can be effected when the

i nverter section is in a state of synchronous operation by the synchronous
operation control means; and 15 operation sw tching nmeans which

Swi t ches contr& ans o% tge I nverter sectio fron1t?§ synchr onous
operation cont7oF+AE3AsWEEEPRE SFsittont ng? a%%eﬁ& §ReRGRt PStWRSHhthe

when the decigiop. {eans +d%F 988 LDALeutle cd19Y 19 &S ral point

of the resistor circuit is not smaller than a specified
value, and operates, when the level decision means decides
5 that the voltage difference is not smallexr than the
specified wvalue, to decide that the position sensing

operation can be effected.
Therefore, by setting the specified value to a
value at which the signal of the voltage difference between
10 the neutral point of the armature coils and the neutral
point of the resistor ciréuit is stable, and making it
possible to decide that the voltage difference signal is
stable and that the position signal from the rotational-
position sensing means based on the voltage difference
15 signal igs stable when the voltage difference is not smaller
than the specified wvalue, it can be decided that the
position sensing operation based on the position signal can

be effected.

In a brushless DC motor system of one embodiment,
20 the level decision means comprises rectifying means for
"rectifying a signal representing the wvoltage difference
between the néutral point of the armature coils and the
neutral point of the resistor circuit; smoothing means for
smoothing a rectified signal from the rectifying means; and

25 smoothed signal comparing means for comparing a smoothed



operation can be effected. 20 According to the
above-nentioned construction, the voltage and the frequency of the

i nverter output fromthe inverter section is outputted based on the
specified pattern by the synchronous operation control nmeans in the stage
of- starting, and after the specified pattern output 25 I's conpl eted,

t he deci sion neans decides, in the state of - 13 - the synchronous
operation, whether or not the position sensing operation based on the
position signal fromthe rotational-position sensing neans can be effected.
For instance, when the voltage differend® signal representing 5 t he
vol tage difference between the neutral point of the armature coils and the
neutral point of the resistor circuit is stabilized, the position signal
based on the voltage difference signal is also stabilized Therefore, by

deci di ng whet her or t th oIt e difference si s 10 stabilized,
it is decidedshﬁ%?%e rem thiRng (PeARg el g oﬁ&%ﬁﬁﬁﬁ?qa e

position si gnal &Q.be_When the smoothed signal comparing means compares

the smoothed signal from the smoothing means with the
specified reference value and consequently the smoothed

5 sinal exceeds the reference value, it is decided that the
voltage difference is not smaller than the specified value.
It is to be noted that the rectifying means may subject the
signal representing the voltage difference to full-wave
rectification or half-wave rectification. _

10 - Thanks to the provision of-' the rectifying means,
smoothing means, and the smoothed signal comparing means of
the 1level decision means, when the signal obtained by
rectifying and smoothing the signal representing the

- voltage difference exceeds the reference value, it can be

15 decided that the'voltage difference is not smaller than the
specified wvalue and consequently that the position signal
based on the signal representing the voltage difference is
stable.

According to é brushless DC motor system of an

20 embodiment, the 1level decision means comprises voltage
difference signal comparing means for comparing the. signal
representing the voltage differencé between the mneutral
point of the armature coils and the neutral point of the
resistor circuit with specified reference values. When an

25 output signal of the voltage difference signal comparing



ef fect ed. When the decision neans decides that the position
sensi ng operation based on the position signal can be effected, the
operation switching nmeans switches the 15 control neans from the
synchronous operation control neans to the position sensi.ng operation
centrol neans. Then, the position sensing operation control means controls
the inverter output of the inverter section based on the position signal
fromthe rotational -position sensing neans. 20 Therefore, the
switching of the notor operation fromthe synchronous operation in the
stage of starting to the position sensi &g eperation can be surely effected,
t hereby preventing the possible step out attributed to the instability of
the voltage di fference si gnal from 25 occurring. - 14 - In a
brushl ess DC notor system of an enbodi ment, the voltage and the frequency

of the inverter outpuf of t nverter secti n I s out based on ,the .’
speC|f|ed|yﬂt@ﬁﬁp%y°%ﬁ§l§§gcHﬁ6nﬁﬁgpﬁﬁé?%t| B nééggerﬁﬂﬂe signal

with the reference values by the voltage difference signal
comparing means has a specified pattern, it is decidea that
the voltage difference is not smaller than the specified
5 value. Fof instance, when pulses of the butput signal of
the voltage difference signal comparing means ére in
continuity by more than a specified number of pulses at
specified intervals, the level decision means decides that
the voltage difference is not smaller than the specified

10 value.

Therefore, it can be decided that the wvoltage
-difference is not smaller than the specified value and
consequently that the position signal based on the signal
representing the voltage difference is stable.

15 According to a brushless DC motor system of an
embodiment, when an output signal of a hysteresis
comparator obtained by comparing the signal representing
the voltage difference between the neutral point of the
armature coils and the neutral point _of the resistor

20 circuit with specified reference values based on a
hysteresis characteristic of the hysteresis comparator has
a specified pattern, the level decision means decides that
the voltage difference is not smaller than the specified

value.



5 when the deci sion neans decides that the position sensing operation
cannot be effected after the specified pattern is outputted, the
synchronous operation control neans reduces a ratio V/F of the voltage Vto
the frequency F of the inverter output-of the inverter section until the
deci sion 10 means deci des that the position sensing operation based on
the position signal can be effected. After the specified pattern is

out putted by the synchronous operation control neans in the stage of
starting, the synchronous operation control means reduces 15 -the ratio
VIF of the voltage V to the frequency-F18f -t he i nverter output of the
inverter section until the position sensing operation based on the position
signal fromthe rotational -position sensi ng nmeans becones possi bl e.
Therefore, even when the range in which the voltage 20 di fference
signal is stable varies Qﬁ t he gni tude of %he | oad or a fluctuation
of the power vol tage in TREFEISFR: o Xﬂ%ﬁ??%&? £ T aVRoHSC

ourely, Sultche, 1 St heySURsbigney SPSLELlan 49 4echost Ligh IS A
deci si on neanéomﬁggg{&.seﬁo la.e%%.lluedeéorsfeoéﬁ'pon@l%r? tcg Olhe specified wvalue
to be compared with the voltage difference, the level

5 decision means can decide that the voltage difference is
not smaller than the specified value when the output' signal

of the hysteresis comparator has a spécified pattern.
Furthermore, the 1level decision means can be simply
implemented by the hysteresis comparator using neither a

10 - full-wave rectifier circuit nor a plurality of comparators.
In a brushless DC motor system of an embodiment,

the decision means comprises position signal mode comparing
means for comparing the posiﬁion signal from the
rotational-position sensing means with the inverter output

15 of the inverter section for deciding whether or not the
position signal and the inverter output have a specified
relation. For instance, the position signal mode compariné;

means compares the point of change of the voltage pattern

of the inverter output with the H- and L-levels of the

20 position signal to decide whether or not the point of
change of the voltage pattern coincides with the H- AND L-
levels of the position signal a plurality of times.
Otherwise, the position sigﬁal mode comparing means
compares the point of change of the voltage pattern of the

25 inverter output with the point of change of the position



deci di ng whet her or not the voltage difference between the neutral point of
the armature coils and the neutral point of the resistor circuit is not
smal l er than a specified value, and operates, when the | evel decision nmeans
deci-des 5 that the voltage difference is not smaller than the
specified value, to decide that the position sensing operation can be
effected. Therefore, by setting the specified value to a value at which the
signal of the voltage difference between 10 the neutral point of the
armature coils and the neutral point of the resistor circuit is stable, and
maki ng it possible to decide that the-véPtage difference signal is stable
and that the position signal fromthe rotational- position sensing neans
based on the voltage difference 15 signal is stable when the voltage
difference is not smaller than the specified value, it can be decided that

Lhe PO%L11 o1 Sk P BRETALR HAes Ot eehosilton ol nal, S Eese in

| evel decishmgﬂg%gliggngéhagg 'ﬁ%@ﬁthggﬁgg?¥iog(gignal mode comparing

means compares the position signal with the inverter output

and finds that the position signal and the inverter oﬁtput

5 have the  specified relatioh, it 1is decided that the
position sensing operation can be effected.

Therefore, when the position signal mode
comparing means decides that the position signal and the
inverter output have a specified relation, it can be

10 decided that the position signal from the rotational-
position sensing means is sfable and consequently that the
position sensing operation can be effected.

In a brushless DC motor system of an embodiment,
the decision means comprises ©position signal cycle

15 comparing means for comparing an absolute value of a
difference between a .value of a cycle of the position.
signal and a value corresponding to.a cycle of a position
signal based on a frequency of the inverter output with a
specified value for deciding whether or not the absolute

20 value is not greater than the specified value. When the
‘position signal cycle comparing means decides that the
absolute value of the difference between the wvalue of the
cycle of the position signal and thg value corresponding to
the cycle of the position signal based on the frequency of

25 the inverter output is not greater than the specified



rectifying a signal representing the voltage difference between the neutral
point of the armature coils and the neutral point of the resistor circuit;
snoot hing means for snmoothing a rectified signal fromthe rectifying neans;
and 25 snoot hed signal conparing neans for conparing-a snoot hed - 16
- 'signal fromthe snoothing neans with a specified reference val ue. When
t he snoot hed signal conparing neans conpares the snoot hed signal fromthe
snmoot hi ng means with the specified reference val ue and consequently the
snoot hed 5 sinal exceeds the reference value, it is decided that the
vol tage difference is not smaller tham t29% specified value. It is to be
noted that the rectifying neans may subject the signal representing the
voltage difference to full-wave rectification or half-wave rectification.
10 Thanks to t he provision of the rectifying neans, snnothing

neans, and the_smoot he, naJ co, ri ns of the |evel deC|5|on mean
when the signal? gﬁ? ?%5?1 nbﬁgﬁd RFFHy he SERGARE operation’
representing tQSn-be effected. When the absolute value of the difference
between the wvalue of the cycle of the position signal and
the value corresponding to the cycle of the position signal
5 based on the frequency of the inverter output is greaﬁer
| than the specified wvalue, the decision means deci@es that
the position sensing operation cannot be effected.
Therefore, with the aid of the position signal
cycle comparing means, it can be decided whether or not the
10 position signal based on the voltage difference signal is.
stable. |
In a brushless DC motor system of an embodiment,
the rotational-position sensing means comprises voltage
difference detecting means for detecting the voltage
15 difference between the neutral point of ﬁhe armature coils
and the neutral point of the resistor circuit to output a
voltage difference signal; integration means for
integrating the voltage difference signal from the wvoltage
difference detecting means to output an integral signal;
20 and a  hysteresis comparator which has a hysteresis
characteristic and .compares the integral signal from the
integration means with specified reference values to output
the position signal.
The-rotational—position sensing means detects the

25 position signal, and decides by the hysteresis comparator



vol tage difference exceeds the reference value, it can be 15 deci ded
that the voltage difference is not smaller than the specified val ue and
consequently that the position signal based on the signal representing the
vol tage difference is stable. According to a brushless DG.notor system of
an 20 - enbodi ment, the level decision nmeans conprises voltage

di fference signal conparing neans for conparing the signal representing the
vol tage di fference between the neutral point of the armature coils and the
neutral point of the resistor circuit with specified reference val ues.

When an 25 out put signal of the vol 2dge difference signal conparing

- 17 - nmeans obtained by conparing the voltage difference.signal with the
ref erence values by the voltage difference signal conparing neans has a
specified pattern, it is decided that the voltage difference is not snaller
t han the spec

signal of the %%ggagghﬁrf¥§hg%gg 358%§F9§%%%§$Fﬁgh%@ pg%ﬁg@#&%tfgié%ﬂF%ﬁe-

specified value and consequently decides that the position

signal based on the voltage difference signal is stable.

Because the rotational;position sensing means is provided

5 with the comparing means for deciding whether or not the
voltage difference is not smaller than the specified wvalue,

obviating the need of anhy additional means for deciding the

level of the voltage difference signal, a cost reduction is
achieved. |

10 In a brushless DC motor of an embodiment, the

decision means comprises at least two of the level decision

means, the position signél mode comparing means and the

position signal cycle comparing means of the aforementioned

embodiments. When at least two of the condition in the

15 level decision means that the voltage difference between

the neutral point of the armature coils and the neutral

point of the resistor circuit is not- smaller than the

speéified value, the condition in the position signal mode

comparing means that the position signai from the

20 rotational-position sensing means and the inverter output

of the inverter section have the specified relation, and

the condition in the position signal cycle comparing means

that the absolute value of the difference between the value

of the cycle of. the position signal and the value

25 corresponding to the cycle of the position signal based on



continuity by nore than a specified nunber of pulses at specified
intervals, the | evel decision neans decides that the voltage difference is
not smaller than the specified 10 val ue. Therefore, it can be decided
that the voltage difference is not smaller than the specified value and
consequently that the position signal based on the signal representing the
vol tage difference is stable. 15 According-to a brushless DC
not or system of an enbodi nent, when an output signal of a
hysteresi s conparator obtained by conparing the signal representing the

vol tage difference between the neutral- @ nt of the armature coils and the
neutral point of the resistor 20 circuit with specified reference
values based on a hysteresis characteristic of the hysteresis conparator
has a specified pattern, the | evel decision neans decides that the voltage

difference is not smaller than_the specified val ue. .- 18 -
the frequency of the inverter output is not greater than

the specified value are satisfied, the decision means
decides that the position sensing operation based on the
position signal can be effected.

5 Therefore, even when a variation of the load or a
fluctuation of the power voltage is occurring, it can be
decided in responée to the wvariation of the signal
representing the voltage difference that the position
sensing operation can be effected and the motor operation

10 - can be surely switched from the synchronous operation to
the position sensing operation.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a structural diagram of a brushless DC
motor system according to a first embodiment of the present

15 invention;

Fig. 2 is a structural diagram of a microcomputer
of the above brushless DC motor system;

Fig. 3 1is a circuit diagram of a level detector
of the above brushless DC motor system;

20 Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G, 4H, 4I, 4J, 4K,
4L, 4M, 4N, 40 and 4P are charts showing signals at several
portions of the above brushless DC motor system;

Figs. 5A, 5B, 5C and 5D are charts showing the
switching to a position sensing operation according to only

25 level decision of the above brushless DC motor system;



Therefore, by setting the reference value based on the hysteresis
characteristic of - the hysteresis conparator to a value corresponding to
the specified value to be conpared with the voltage difference, the level 5
deci si on neans can decide that the voltage difference is-.not smaller than

t he specified val ue when the output signal of the hysteresis conparator has
a specified pattern. Furthernore, the |evel decision neans can be sinply

i npl enented by the hysteresis conparator using neither a 10 full -wave
rectifier circuit nor a plurality of conparators. In a brushless DC notor
system of an enbodi nent, the decision-nBans conprises position signal node
conpari ng neans for conparing the position signal from the
rotational -position sensing nmeans with the inverter output 15 of the
inverter section for deciding whether or not the position signal and the

i nverter output have a s ECIflﬁg géat n. (for i nst ance, e.ﬁosithqp .
si gnal node conparing meahs® tohfar &5 TS CRARRGe SBPVERE I

Posi t1 on_si gnaS  Eheadn Rt i, HehBihal dvetiiar; SyEbTaPhg’ B 21y goce
vol tage pat ter ol ck desoi e tisod R ATe SR ot Ny 5 1 0N 51 gnal

a pIurallty of t

Figs. 7A, 7B, 7C and 7D are charts showing the

5 switching to the position sensing operation according to
the level decision and the mode compal_rison of the ébove
brushless DC motor system;

Fig. 8 1is a flowchart showing an interrupt
handling of a° synchronous operation of the above

10 microcomputer;

Fig. 9 1is a flowchart showing an interrupt
handling of a position sensing operation of the above
microcomputer;

Fig. 10 is a flowchart showing an interrupt

15 handling through interruption by a phase correction timer
of the above microcomputer;

Fig. 11 is a graph showing variations of an
inverter c;utput vbltage and an inverter £frequency .in a
stage of starting of the above brushless DC motor system;

20 : Fig. 12 is a graph showing variations of the
- inverter output voltage and the inverter frequency in the
"stage of starting of the above brushless DC motor system
when the inverter outﬁut voltage is lowered after stop of

acceleration;



O herw se, the position signal node conparing neans conpares the

poi nt of change of the voltage pattern of the 25 I nverter output with
thé point of change of the position - 19 - signal to decide that the

di fference between themis in a specified range. When the position signal
nede conparing neans conpares the position signal with the inverter out put
and finds that the position signal and the inverter output 5 have the
specified relation, it is decided that the position sensing operation
can be effected. Therefore, when t he position si gnal node
conparing nmeans deci des that the positi@4 signal and the inverter output
have a specified relation, it can be 10 decided that the position

signal from the rotational- position sensing neans is stable and
consequently that the position sensing operation can be effected. In a-
brushl ess DC notor system of an enbodi nent, th deci sion _ neans onpri_ses
position signal cycle H59- 13cafpar ShFuchd dF@HranﬁEaﬁ1ﬁfu%ﬁie 8 DC

absolute value _of a . .
motor sSystem according to a second embodiment of the

present invention;
Fig. 14 is a structural diagram of a
5 microcomputer of the above brushless DC motor system;

Fig. 15 is a circuit diagram of a level deciding
unit of the above brushless DC motor system; _

Figs. 16A, 16B, 16C and 16D are charts showing
signals at several portions when the level deciding unit of

10 Fig. 15 is used;

Fig. 17 is a flowchart showing an interrupt
handling -of a synchronous operation of the above
microcomputer;

Fig. 18 1is a flowchart showing an interrupt

15 handling of a position sensing operation of the above
microcomputer; |

Fig. 19 is a flowchart showing an intefrupt
handling through interruption by a phase correction timer
of the above microcomputer; '

20 Fig. 20 is a circuit diagram of a level detector
of a brushless DC motor system according to a third
embodiment of tﬁe present invention;

Figs. 21A, 21B, 21C, 21D and 21E are charts
showing signals at several portions when the level deciding

25 unit of Fig. 20 is used;



di fference between a value of a cycle of the position signal and a val ue
corresponding to a cycle of a position signal based on a frequency of the
inverter output with a specified value for deciding whether or not the
absol ute 20 value is not greater than the specified val ue. When t he
position signal cycle conparing neans decides that the absol ute val ue of
the difference between the value of the cycle of the position signal and
t he val ue corresponding to the cycle of the position signal based on the
frequency of 25 the inverter output is not greater than the
specified - 20 - value, it is decide@3hat the position sensing
operation can be effected. When the absolute value of the difference

bet ween the val ue of the cycle of the position signal and-the val ue
corresponding to the cycle of the position signal 5 ~ based on the

feauency of the | miertoggut B 49 91 pkelyd Pt gaoBeckl e el g oLl
ef fected. Therg%org, ﬂ%&éhiéﬁ%f”f%:okmkﬂﬁ-p%@%&% n ﬁhggghing to a £fourth
embodiment of the present invention;

Fig. 23 is a structural diagram of a

5 microcomputer of the above brushless DC motor system;

Figs. 24A, 24B, 24C, 24D, 24E and 24F are charts
showing signals at several portions of the level detector
of the above brushless DC motor system;

Figs. 25A, 25B, 25C, 25D, 25E, 25F, 25G and 25H

10 are charts showing a comparison of a cycle of a position
signal with a cycle of a waveform timer in a cycle
comparing section of the above brushless DC motor system;

Fig. 26 1is a flowchart showing an interrupt
handling of a synchronous operation of the above

15 microcomputer;

Fig. 27 1is a flowchart showing an interrupt
handling of a position sensing operation of the above
microcomputer;' -

Fig. 28 1s a flowchart showing an interrupt

20 handling through interruption by a phase correction timer
of the above microcomputer;

Fig. 29 is a circuit diagram of a position
sensing circuit of a brushless DC motor system according to

a fifth embodiment of the present invention;



cycl e conparing neans, it can be deci ded whether or not the 10 position
signal based on the voltage difference signal is stable. In a brushless DC
not or system of an enbodi ment, the rotational -position sensing neans

conpri ses voltage difference detecting neans for detecting the voltage 15
di-fference between the neutral point of the armature coils and the neutral
point of the resistor circuit to output a voltage di fference si gnal ;

i ntegration nmeans for integrating the voltage difference signal from
the voltage difference detecting neans to output an integral signal; 20
and a hysteresis conparator which- Bé&s- a hysteresis characteristic
and conpares the integral signal fromthe integration neans with specified
reference values to output the position signal. The rotational -position

sensing neans detects the 25 position signal, and decides by the
hyst eresi s conpar at or - 21 - that, the voltage difference is not sqgller
t han t he Fig. 30 1s a structural diagram o a

- microcomputer of the above bruéhléss DC motor system;

Figs. 31A, 31B, 31C and 31D are charts showing

signals at several portions of the above position sensing
5 circuit;

Fig. 32 is a flowchart showing an interrupt
handling of a synchronous operation of the above
microcomputer; |

Fig. 33 1is a flowchart showing an interrupt

10 - handling of a position sensing operation of' the above
microcomputer;

Fig. 34 1is a flowchart showing an interrupt
handling through interruption by a phése correction timer
of the above microcomputer;

15 Fig. 35 is a structural diagram of a prior art
brushless DC motor system;

Fig. 36 is a graph showing a relation between an
inverter frequency and an inverter output voltage in the
stage of starting of the above brushless DC motor system;

20 Fig. 37 is a graph showing variations of the
_inverter output voltage and the inverter frequency in the
stage of starting 6f the above brushless DC motor system;

Fig. 38 is a graph showing a characteristic of an

integral signal relative to the inverter output voltage



speci fied val ue and consequently decides that the position signal based on
the voltage difference signal is stable. Because the rotational-position
sensing neans is provided 5 with the conparing neans for deciding

whet her or not the voltage difference is not smaller -than.the specified

val ue, obviating the need of any additional neans for deciding the |evel of
the voltage difference signal, a cost reduction is achieved. 10

In a brushless DC.-notor of an enbodi nent, the decision means conprises at
| east two of the |evel decision neans, the position signal node conparing
means and the position signal cycle cengdring neans of the aforenentioned
enbodi nment s. ‘When at | east two of the condition in the 15 | evel

~deci sion neans that the voltage difference between the neutral point of the
armature coils and the neutral point of the resistor circuit is not snaller
than the specifjed value, the condition in fhe_position signal node
conparing nedfdent hAe IWeTrtsdsihiegrengyntf 1fr §h atk Hgere is no load
rotational -posjti he jinverter output of the inverter

section have th@ En%§$$$%%g?%&%ﬂf%%gq%édm?ﬂ%rc%ﬁ%??mbn in the position
signal cycle comparing rgaps Lhaf the abapl upg,¥abug 2htAe U hike e eE an

bet ween t he val ue
integral signal relative to the inverter' output voltage
5 when the inverter frequency is 20 Hz and there is no load
in the above brushléss DC motor system;

Fig. 40 is a chart showing waveforms of a motor
current and the integral signal when the inverter frequency
is 12 Hz and the inverter oﬁtput voltage is 10 V in the

10 above brushless DC motor system;

Fig. 41 is a charﬁ showing waveforms of the motor
current and the integral signal when the inverter frequency
is 12 Hz and the inverter output voltage is 20 V in the
above brushless DC motor system;

15 | Fig. 42 is a chart showing waveforms of the motor
current and the integral signal when the inverter frequency
is 20 Hz and the inverter output voltage is 15 V in the
above brushless DC motor system;

Fig. 43 is a chart showing waveforms of the motor

20 current and the integral signal when the inverter frequency
"is 20 Hz and the inverter output voltage is 27 V in the
above brushless DC motor system;

Fig. 44 is a graphl showing a voltage

characteristic of the integral signal relative to the



of the cycle of the position signal and the val ue 25 corresponding to
the cycle of the position signal based on - 22 - the frequency of the
inverter output is not greater than the specified value are satisfied, the
deci si on neans decides that the position sensing operation based on the
position signal can be effected. 5 Therefore, even when a
variation of the |load or a fluctuation of the power voltage is occurring,
it can be decided in response to the variation of the signal representing
the voltage difference that the position sensing operation can be effected
and the notor operation 10 can be-s@Bel-y switched fromthe synchronous
operation to the position sensing operation. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a structural diagramof a brushless DC notor system
according to a first enbodi nent of the present .15 invention; Fig. 2 is

a structural diagram of a m croc ut er
ingerter output véTy%ge depending on the magnitude of load

in the above brushless DC motor system; and
Fig. 45 is a graph showing the voltage
characteristic of the integral signal relative to the
5 inverter output voltage and a duty ratio of PWM of a
switching signal when a power voltage fluctuates with
respect to the inverter output voltage in the above
brushless DC motor system.

BEST MODE FOR CARRYING OUT THE INVENTION

10 ' Embodiments of the brushless DC motor system of
the present invention will now be described in detail.
(First Embodiment)
Fig. 1 shows a construction of a brushless DC
motor system according to a first embodiment of the present
15 invention including: a stator 1 which has star-connected
armature coils 1la, 1b and 1lc and rotates a rotor 10 having
a .plurality' of permanent magnets by a rotating magnetic
field; a resistor circuit 2 having star-connected resistors
2a, 2b and 2c¢ connected in parallél with the armature coils
20 la, 1b and 1lc; a rotational-position sensor 3 which serves
as rotational-position sensor means for detecting a
relative position of a rotor 10 based on a voltage Vy at a
neutral point of the resistor circuit 2 and a voltage Vy at
a neutral point of the armature coils 1la, 1b and 1lc, and

25 outputs a position signal; a microcomputer 4 which receives



of the above brushless DC notor system Fig. 3is a circuit diagramof a

| evel detector of the above brushl ess DC notor system 20

Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G 4H, 41, 43, 4K, 4L, 4M 4N, 40 and 4P are
charts showi ng signals at several portions of the above brushl ess DC notor
system Figs. 5A, 5B, 5C and 5D are charts showing the switching to a
position sensing operation according to only 25 | evel decision of the
-above brushl ess DC notor system - 23 - Figs. 6A, 6B and 6C are charts
showi ng switching to the position sensing operation according to only node
conpari son of the above brushl ess DC no2®r-system Figs. 7A, 7B, 7C and 7D
are charts showing the 5 swtching to the position sensing operation
according to the |l evel decision and the node conpari son of the above

brushl ess DC notor system Fig. 8 is a flowhart shomﬁng an interrupt

handl i n f n n ration
and g 0 é%esgoghégoguzlgnéfa goé)the rotéilongi -position sensor 3

and outputs a switching signal; and a base drive circuit 5

which receives the switching signal from the microcomputer

4 and outputs a commutation control signal. The
5 commutation control signal from the base drive circuit 5 is
inputted to an inverter section 20. The stator 1 and the

rotor 10 constitute a motor section 11.
The rotational-position sensor 3 includes: a
differential amplifier 31 in which the voltage Vy at the
10 neutral point of the resistor circuit 2 is inputted to a
non-inverted input terminal of an amplifier ICl, a ground
GND is connected to an inverted input terminal of the
amplifier ICl wvia a resistor R,, and a resistor R, is
connected across an output terminal and the inverted input
15 terminal of the amplifier ICl; an integrator 32 comprised
of a resistor R; of which one end is connected to the
output terminal of the differential amplifier 31 and a
capacitor Cl cbnnected.across the other end of the resistor
R; and the ground GND; and a zero-crossing comparator 33
20_' comprised of an amplifier IC2 where a rmxhinverted input
terminal thereof is connected to the other end of the
resistor R, of the integrafor 32, and an inverted input
terminal thereof is connected to the ground GND. Furthgr,
the neutral point of the armature coils 1la, 1lb and 1lc is

25 connected to the inverted input terminal of the



10 m croconputer; Fig. 9 is a flowhart showing an interrupt
handling of a position serising operation of the above m croconputer;
Fig. 10 is a flowhart showing an interrupt 15 handl i ng t hrough
interruption by a phase correction tinmer of the above m ecroconputer; Fig.
1T is a graph showi ng variations of an inverter output voltage and an
inverter frequency in a stage of starting of the above brushless DC notor
system 20 Fig. 12 is a graph showing variations of the

i nverter output voltage and the inverter frequency in the stage of starting
of the above brushl ess DC notor system w¥len the inverter output voltage is
| onered -after stop of accel eration; - 24 - Fig. 13 is a structural

di agram of a brushl ess DC notor system according to a second enbodi nent of
the present invention;

differential amplifier 31 wvia the ground GND and the
resistor R;.  Therefore, the differential amplifier 31
detects a voltage difference signal Vy, representing the
voltage difference between the voltage Vy at the neutral
5. point of the resistor circuit 2 and the voltage Vy at the
neutral point of the armature coils 1la, ib énd ic. The
brushless DC motor system further includes a level detector
34 which receives an integral signal from the integrator 32
of the rotational-position sensor 3 and outputs a level
10 - detection signal to the microcomputer 4.

Further, the inverter section 20 is comprised of
three transistors 20a, 20b and 20c connected to the
positive side of a DC power source 9 and three transistors
20d,_20e and 20f connected to the negative side of the DC

15 powexr source 9. An emitter of the transistor 20a and a
collector of the transistor 204 are connected to each
other, an emitter of ‘the transistor 20b and a collector of
the transistor 20e are conhectéd to each other, and an
emitter of the transistor 20c and a collector of the

20 transistor 20f are connected to each other; Further, the
connection point of the transistors 20a and 20d is
connected to .the_ armature coil 1la of U-phase, the
connection point of the transistors 20b and 20e is
connected to the armature coil 1b of V-phase, and the

25 connection point of the transistors 20c and 20f is



Fi g. 14 S a structural di agram  of ab m cr oconput er of
t he above brushless DC notor system Fig. 15 is a circuit diagramof a

| evel deciding unit of the above brushless DC notor system Figs. 16A,

16B, 16C and 16D are charts showi ng signals at several pertions when the

| evel deciding unit of 10 Fig. 15 is used; Fig. 17 is a flowchart
showi ng an interrupt handling of a synchronous operation of the
above m croconputer; Fig. 18 is a flowhart showng an interrupt 15
handling of a position sensing operation of the above m croconputer;
Fig. 19 is a flowhart showing an inter?lpt handling through interruption
by a phase correction tinmer of the above m croconputer; 20-

Fig. 20 is a circuit diagramof a |level detector of a brushless DC
notor system according to a third enbodi nent of the present invention;

95 2 LA A A AE g8 G 2 TON G RTS8 KL her,
diodes are connected in an inverse-parallel connection form
across the collectors and the emitters of the transistors
20a through 20f.

5 Further, as shown in Fig. 2, the microcomputer 4
includes: a voltage difference signal . level deciding
section 41 which receives a level detection ‘signal from the
level detector 34 (shown in Fig. 1) and decides whether 6r
not the level of the voltage difference signal Vy is not

10 smaller than a specified value; a mode comparing section 42
which receives a positionl gsignal from the rotational-
position.sensor 3 (shown iﬁ Fig. 1) and serves as position
signal mode comparing means for comparing the position .
signal with an inverter mode described hereinafter; a

15 position sensing operation switching section 43 which
serves as operation switching means for outputting a
position sensing operation switching signal based on a
decision result from the voltage difference signal level
deciding section 41 and a comparison result from the mode

20 comparing section 42; a V/F pattern settiﬁg section 44

“which outputs a voltage command signal and a £frequency
command signal.for starting upon receiviﬁg an input of an
external operation signal based on the decision result from
the voltage difference signal level deciding section 41 and

25 the comparison result from the mode comparing section 42;



- 25 - Fig. 22 is acircuit diagramof a |evel detector of a brushless DC
nmet or system according to a fourth enbodi nent of the present invention;

Fi g. 23 S a structural di agram  of ab m cr oconput er of

t he above brushl ess DC notor . system Figs. 24A, 24B, 24C-.24D, 24E and 24F
are charts show ng signals at several portions of the |evel detector of the
above brushl ess DC notor system Figs. 25A, 25B, 25C, 25D, 25E, 25F, 25G
and 25H 10 are charts showing a conparison of a cycle of a position
signal with a cycle of a waveformtiner in a cycle conparing section of the
above brushl ess DC notor system Fig. 264 s a flowhart show ng an
Interrupt handling of a synchronous operation of the above 15

m croconputer; Fig. 27 is a flowhart showing an interrupt handling of a
posi tion sensing operation of the above m crocomputer;

and a waveform timer T1 which ‘receives the frequency
command signal from the V/F pattern setting section 44 and
outputs an interrupt signal IRQl. The V/F pattern setting
section 44 and - the waveform timer Tl constitute a
5. synchronous operation control section 51 which serves as
synchronous operation control means. Further, the wvoltage
difference signal level deciding section 41 and the level
detector 34 constitute 1level decision means. The mode
comparing section 42 includes a number counting section 42a
10 and a count number deciding section 42b.

The microcomputer 4 further includes: a phase
correction timer T2 to which the position signai from the
rotational-position sensor 3 (shown in Fig. 1) is inputted
via an external interrupt terxrminal, and starts in response

15 to the position signal; a cycle measuring timer T3 which
receives the position signal and measures timer wvalues
concerning a cycle of the voltage pattern of the armature
coils la, 1b and 1c; a position signal cycle calculator 45
which receives the measured timer values from the cycle

20 measuring timer T3 and calculates the cycle of the wvoltage
pattern of the armature coils la, 1b and 1lc from the timer
values, and outputs a cycle signal representing the cycle;
a timer wvalue calculator 46 which receives the cycle signal
from the position signal c¢ycle calculator 45 and an

25 external phase amount command signal, calculates a timer



Fig. 28 is a flowhart showi ng an interrupt 20 handl i ng t hrough

i pterruption by a phase correction tiner of the above m croconputer; Fig.
29 is a circuit diagramof a position sensing circuit of a brushless DC
mot or system according to a fifth enbodi nent of the present invention; -
26 - Fig. 30 S a structural di agram of a m croconput er of

t he above brushl ess DC notor system Figs. 31A, 31B, 31C and 31D are charts
showi ng signals at several portions of the above position sensing 5
circuit; Fig. 32 is a flowhart showing an interrupt handling of a
synchronous operation of the abowve3® eroconputer; Fig. 33 'is a
flowhart showing an interrupt 10 handling of "a position sensing
operation of the above mcroconputer; Fig. 34 is a flowhart show ng an
I nterrupt

value correspénding to a phase amount from the cycle, and-

outputs. a timer value setting signal to the phase

correction timer T2; a speed calcﬁlator 47 which receives

the cycle signal from the position signal cycle calculator

5 45, calculates a rotation speed, and outputs a current-time

speed signél; and a speed controller 48 which receives the

current-time speed signal from the speed calculator 47 and

an external speed command signal, and outputs a voltage

command signal. The phase correction timer T2, the cycle

10 measuring timer T3, the position signal cycle calculator

45, the timer value calculator 46, the speed calculator 47

and the speed controller 48 constitute a position sensing

operation control section 52 which serves as position

sensing operation control means.

i5 The microcomputer 4 further includes: an inverter

mode selector 53 which receives the interrupt signal IRQ1l

from the waveform timer Tl1 via an operation switching

switch SW, and outputs a voltage pattern; and a PWM section

54 which receives the voltage pattern from the inverter

20 mode selector 53, receives the voltage command siénal'from

the V/F 'pattern setting section 44 via the operation
switching switch SW, and outputs a switching signal.

Fig. 3 shows a circuit diagram of the level

detector 34, in which an integral signal from the

25 integrator 32 of the rotational-position sensor 3 is



handl i ng through interruption by a phase correction tiner of the above
mezcr oconput er; 15 Fig. 35 is a structural diagramof a prior
art brushless DC notor system Fig. 36 is a graph showing a relation _
between an inverter frequency and an inverter output voltage in the stage
of starting of the above brushless DC notor system 20 Fi g.
37 is a graph showing variations of the inverter output voltage and the

i nverter frequency in the stage of starting of the above brushl ess DC not or
system Fig. 38 is a graph showing a characteristic of an integral signal
relative to the inverter output voltage34 ~-- 27 - when the inverter
frequency is 12 Hz and there is no |load in the above brushl ess DC not or
system Fig. 39 is a graph showing a characteristic of an integral signal
relative to the inverter output voltage 5 when t he inverter frequency

is 20 Hz and there is no load in the above brushl ess DC notor system
inputted to an inverted input termlnal of an amplifier IC3

via a resistor R,, and the ground GND is connected to a
non-inverted input terminal of the amplifier IC3. Further,

a diode D; is connected across an oﬁtput terminal and the

5 inverted input terminal of the amplifier IC3 with an anode
thereof positioned side the output terminal. A resistor R;

and a diode D, are connected in series from the non-
inverted input terminal side across the output terminal and

the inverted input terminal of the amplifier IC3. The

10 - cathode side of the diode D, is connectai to the output
terminal of the amplifier IC3. The connection point of the
résistor Rg; and the diode D, connected in series is
connected to a non-inverted input terminal of an amplifier

IC4 via a resistor R;. Further, a resistor R; is connected

15 across an end of the resistor R, opposite from the
amplifier IC3 and the inverted input.'terminal of the

. amplifier IC4. The ground GND is connected to a non-
inverted iﬁput terminal of the amplifier. IC4, while a
resistor Ry is connected across the inverted input terminal

20 and the output terminal of the amplifier IC4. The output
terminal of the amplifier IC4 is connected to an inverted

input terminal of a comparator IC5 via a resistor Ry, while

a capacitor C, is connected across an end of the resistor R,

on the comparator IC5 side and the ground GND. The ground

25 GND is connected to a non-inverted input terminal of the



Fig. 40 is a chart showi ng waveforns of a notor current and the integral
sifgnal when the inverter frequency is 12 Hz and the inverter output voltage
is 10 Vin the 10 above brushl ess DC notor system Fig. 41 is a chart
showi ng waveforns of the notor current and the integral signal when the

i rfverter frequency is 12 Hz and the inverter output voltage is 20 Vin the
above brushl ess DC notor system 15 Fig. 42 is a chart
showi ng wavefornms of the notor current and the integral signal when the
inverter frequency is 20 Hz and the inverter output voltage is 15 Vin the
above brushl ess DC notor system Fig. 435 s a chart show ng waveforns of
the notor 20 current and the integral signal when the inverter
frequency is 20 Hz and the inverter output voltage is 27 V in the above
brushl ess DC notor system Fig. 44 S a graph showi ng a

vol tage characigristi,of rpbe intgoral,sianak relaliye 10,008, sourdl sv,,

is connected to the non-inverted input terminal of the
comparator IC5 via a resistor Ry,.

The resistors R, through Ry, the diode D, and D,,
5 and the amplifiers IC3 and IC4 constitute a full-wave
rectifier circuit 15 which serves as fectifying means. The
resistor Ry and the capacitor C, constitute a smoothing
circuit 16 which serves as smoothing means. The resistors
Ryp aﬁd Rll, and the comparator IC5 constitute a comparatér

10 circuit 17 which serves as smoothed signal comparing means.
In the above—mentiéned brushless DC motor system,

~when the operation switching switch SW is selected to the
position sensing operation side and the motor is driven in
‘accordance with the position signal, as shown in Figs. 43,
15 4B and 4C, induced voltages Eu,'Ev and. Ew of the U—phase,'
V-phase and W-phase of the armature coils 1la, 1b and 1c

have trapezoidal waveforms which have phase differences at
intervals of 120 degrees. Then, the differential amplifier

31 of the rotational-position sensor 3 outputs a voltage

20 difference signal Vy, representing the voltage difference
between the voltage Vy at the neutral point of the resistor
circuit 2 inputted to the non-inverted input terminal of

the amplifier ICl1l and the voltage Vy at the neutral point

of the armature coils 1la, 1b and 1c inputted to the

25 inverted input terminal of the amplifier IC1 wvia the



I nverter output voltage dependi ng on the magnitude of load in the above
brrushl ess DC notor system and Fig. 45 is a graph showing the
voltage characteristic of the integral signal relative to the 5

inverter output voltage and a duty ratio of PWMof a sw tching signal
when a power voltage fluctuates with respect to the inverter output voltage
I n the above brushl ess DC notor system BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON 10 Enbodi ments of the brushl ess DC notor system of
the present invention will now be described in detail. (First Enbodi nent)
Fig. 1 shows a construction of a brushl 8s~-DC notor system according to a
first enbodi ment of the.present 15 I nvention including: a stator 1

whi ch has star-connected armature coils la, 1b and 1c and rotates a rotor
10 having a plurality of permanent magnets by a rotating magnetic field; a
resistor circuit haV|ng star,.- connected resi,stors 2a, 2b_and 2c c%pnected

in paraIIeI\M???%%%:ﬁrﬁatwwghﬁﬁdsuﬁﬁn recE&V1ﬂ§ 1¥olaage difference
rotational - p05|1|om_se or mhlcq% erv srro% ona t|on égnsor
means for det ecjtqrh ¥R at i \?émbo B§ ondFEETPBES rtaé—'é"e\/M
at a integrator 32 integrates the voltage difference signal Vyy

to output an integral signal fVﬁth (shown in Fig. 4D). The

5 integral signal fVﬁth has an approximate sine waveform

having a frequency three times as great as the rotational

frequency. Then, the zero-crossing comparator 33 comparés

the integral signal JV,dt inputted to the non-inverted

input terminal and a reference voltage at the ground GND

10 connected to the inverted input terminal, and outputs a
position signal (shown in Fig. 4E).

Meanwhile, the integral signal IVMth is inputted
to the inverted input terminal of the amplifier IC3 of the
level detector 34 via the resistor R,, subjected to full-

15 wave réctification in the full-wave rectifier circuit 15 of
the level detector 34, and thereafter outputs a signal
representing a full-wave-rectified waveform (shown in Fig.
4G) from the output terminal of the amplifier IC4. Then,
the signal representing the full-wave-rectified waveform is

20 smoothed in the smoothing circuit 16 composed of the
resistor R, and the capacitor C,, and a smoothed signal
representing the smoothed waveform (shown in Fig. 4H) is
inputted to the inverted input terminal of the comparator
IC5. Then, the smoothed signal is compared with a

25 . reference voltage E, set by the resistors R,;, and R,,. When



neutral point of the resistor circuit 2 and a voltage VN at a neutral point
of the armature coils la, 1b and 1c, and 25 out puts a position signal;
a mcroconmputer 4 which receives - 29 - the position signal fromthe
rotational -position sensor 3 and outputs a switching signal; and a base
drive circuit 5 which receives the switching signal fromthe m croconputer
4 and outputs a comutation control signal. The 5

commut ation control signal fromthe base drive circuit 5 is inputted to an
inverter section 20. The stator 1 and the rotor 10 constitute a notor
section 11. The rotational-position sens$dr -3 includes: a differenti al
anplifier 31 in which the voltage VM at the 10 neutral point of the
resistor circuit 2 is inputted to a non-inverted input term nal of an
anplifier 1Cl, a ground G\ND is connected to an inverted input ternfnal of

across an out ptiet ERAPRAPSRRACERY PRGeA SO UCAGR HiGner teritha AHETIRICe

anpl i fier ICl,ngtégéegratgﬁ %%t%%%p%fﬁ¥he comparator IC5, i.e., a level
detection signal (shown in Fig. 4I) comes to have L-level.

Then, the position signal from the zero-crossing

5 comparator 33 is inputted to the cycle measuring timer T3,

and the cycle measuring timer T3 measures an interval from

a leading edge to a trailing edge of the position signal

and an interval from a trailing edge to a 1eadipg edge of

the position signal, and outputs each measured timer wvalue.

10 Upon receiving a signal representing the timer wvalue from

the cycle measuring timer T3, the position signal cycle

calculator 45 obtains the cycle of the position signal.

That is, the interval from the trailing edge to the leading

edge and the interval from the leading edge to the tfailing

15 edge respectively cofrespond to 60 degrees, and therefore,

by multiplying the timer value of each measured intefval by

six, a timer value corresponding to one cycle of the

voltage pattern is obtained.

Then, upon réceiving a cycle signal representing

20 the cycle from the pdsition signal cycle calculator 45 and

the external phase amount command signal, the timer wvalue

calculator 46 outputs a timer wvalue set signal. Upon

receiving the timer value set signal from the timer value

calculator 46, the phase correction timer T2 measures a

25 time interval from the position signal to a time when the



of a resistor R3 of which one end is connected to the output term nal of
the differential anplifier 31 and a capacitor Cl connected across the other
end of the resistor R3 and the ground GND; and a zero-crossing conparator
33 20 conprised of an anplifier 1C2 where a non-invert'ed i nput termn nal
thereof is connected to the other end of the resistor R3 of the integrator
32, and an inverted input termnal thereof is connected to the ground G\D.
Further, the neutral point of the armature coils la, 1b and 1c is 25
connect ed to t he i nverted I nput t erm nal of t he 30
differential anplifier 31 via the ground8G\D and the resistor [err].
Therefore, the differential anplifier 31 detects a voltage difference
signal [err] representing the voltage difference between the voltage [err]
at the neutral 5 point of the resistor circuit 2 and the voltage [err]

at the neutral point of the arpature coils 1a, 1b,and lc. The brushl ess
DC not or syst e¥RFtAIRRAFHETRIEE SWEEGRED det ERRBr 184 WRPBhthEcEOVEEIRG 18

i ntegral Sig”“%oééf%@é&? iQngr% ggeszcorrection timer T2 outputs an
interrupt signal IRQ2 to the inverter mode selector 53, and
the inverter mode selector 53 outputs a phase-corrected

5 voltage pattern signal (shown in Figs. 4J through 40) to
the PWM section 54. Then, the PWM section 54 outputs a
switching signal to the base drive circuit 5 shown in Fig.
1. When the base drive circuit 5 outputs a commutation
control signal to the inverter section 20, the transistors

10 + 20a through 20f of the inverter section 20 are each turned

on and off. It is to be noted that the position signal

numbers 0 through 5 shown in Fig. 4F are assigned ﬁo each

cycle of the position signal for the sake of simplicity of

explanation. - In regard to an inverter mode as shown in

15 Fig. 4P, numbers 0 through 5 are assigned so that they

correspond-to the voltage patterh signals shown in Figs. 4J
through 40

In the time of starting of the brushless DC

motor, the operation switching switch SW is switched to the

20 synchronous operation side, when the voltage and the

frequency of the inverter output are increased in a

specified pattern by the synchronous operation control

section 51. When the integral signal from the integrator

32 of the rotational-position sensor 3 is greater than a

25 specified value, and the position signal of the rotational-



of the rotational-position sensor 3 and outputs a |level 10 detection
signal to the mcroconputer 4. Further, the inverter section 20 is
conprised of three transistors 20a, 20b and 20c connected to the positive
side of a DC power source 9 and three transistors 20d, 20e and 20f
connected to the negative side of the DC 15 . power source 9. An emtter
of the transistor 20a and a collector of the transistor 20d are connected
to each other, an emtter of the transistor 20b and a coll ector of the
transistor 20e are connected to each other, and an emtter of the

transi stor 20c and a collector of the-289 - transistor 20f are connected

to each other. Further, the connection point of the transistors 20a and
20d is connected to the armature coil la of U phase, t he
connection point of the transistors 20b and 20e is connected to the

armature coil | b. of V-phase and connecti

ransistors sBestEagn sieas 3°hd ene. ine Y T 600Re of nhRt SRiteE
of W phase. ﬁgééhe selector 53 have a specified relation by the

operations of the level detector 34, the voltage difference

signal 1level deciding section 41 and the mode comparing

5 section 42, the position sensing operation switching

section 43 switches the operation switching switch SW from

the. synchronous operation side to the position sensing
operation side.

The switching from the synchronous operation

10 executed by the synchronous operation control section 51 of

the microcomputer 4 to the bosition sensing operation will

be described with reference to Figs. 5A through 5D, 6A

through 6C and 7A through 7D. Figs. 53 through 5D show

signals at several portions when the motor operation is

15 switched from the synchronous operation to the position

sensing operation by the voltage difference signal level

deciding section 41 based on the level detection signal

from the level detector 34. Figs. 6A through 6C show

signals at several portions when the motor operation is

20 switched frofn the synéhronoué operation to the position

' sensing operation by the mode comparing -section 42 based on

.the position signal from the rotational-position sensor 3

and the inverter mode of the inverter mode selector 53.

Figs. 7A through 7D show signals at several portions when

25 the motor operation is switched from the synchronous



di odes are connected in an inverse-parallel connection formacross the
collectors and the emtters of the transistors 20a through 20f. 5

Further, as shown in Fig. 2, the mcroconputer 4 includes: a voltage

di fference signal |evel deciding section 41 which receives a |eve

. detection signal fromthe | evel detector 34 (shown in Fig. 1) and deci des
whet her or not the level of the voltage difference signal [err] is not 10
smal l er than a specified value; a node conparing section 42 which receives
- a position signal from the rotational- position sensor 3 (shown in Fig.
1) and serves as position signal node-cd@paring neans for conparing the
position signal with an inverter node described hereinafter; a 15

position sensing operation switching section 43 which serves as
operation switching means for outputting a position sensing operation

swi tching signal based on a decision result fromthe voltage difference

signal |evel dREFRRECREP &Rl POfHd Lot IRFIRDOPRERFLORr Bih the MRldags:

Vol T age commart L SRaReand P qlENEh CBgia0e S ar 4t 1] nbbpgipde
receiving an i ooy, of,an XA Sr0al, 2PBLALEON, ST oAl RARSH Q0cLOR;48C Sk
from the level detector 34 and the position signal from the

5 rotational-position sensor 3.

In Figs. S5A through 5D, the 1level detection
signal (shown in Fig. 5B) changes from H-level to L-level
in the place of the pogition signal number (shown in Fig.
54) 5 to sﬁitch the motor operation to the position sensing

10 operation in a place where the position signal number
changes from 5 to 0. That 4is, the operation switching
switch SW-is switched to the position sensing operation by
the position sensing operation switching section 43, and
thereafter the phase correction timer T2 is started at

15 every point where the position sigﬁal number changes (shown
in'Fig. 5C) . Then, the interrupt signal IRQ2 is outputted
every time the counting of the phase correction timer T2 is
completed, and the inverter mode (shown in Fig. 5D) of the
inverter mode selector 53 ié advanced by one step.

20 In Figs. 6A through 6C, assuming that the
position signal has H-level in the place of the signal
number (shown in Fig. 6A) 2 at the point where the inverter
mode (shown in Fig. 6C) selected by the inverter mode
selector 53 changes from [2] to [3], the position signal in

25 the place of the position signal number 3 comes to have L=



the voltage difference signal |evel deciding section 41 and 25 t he
conparison result fromthe node conparing section 42; - 32 - and a
waveformtinmer T1 which receives the frequency command signal fromthe V/F
pattern setting section 44 and outputs an interrupt signal IRQL. The V/F
pattern setting section 44 and the waveform tinmer T1 constitute a5
synchronous operation control section 51 which serves as synchronous

operation control neans. Further, the voltage difference signal |evel

deci ding section 41 and the |level detector 34 constitute |evel decision
means. The node conparing section-421 rcl udes a nunber counting section
42a 10 and a count nunber deciding section 42b. The m croconputer 4

further includes: a phase correction tiner T2 to which the position
signal fromthe rotational-position sensor 3 (shownin Fig. 1) is inputted_

R R A W RS RO 1

slgnal and neafgégs[ghngg %%Iqes Thus, when a condition that the position

signal has H-level when the inverter mode is at an odd

number and a condition that the position signal has L-level

5 when the inverter mode is at an even number continue four

times, it is decided that the switching condition is

satisfied. - Then the operation switching switch SW is

switched to the position sensing operation side by the

position sensing operation switghing section 43 at the

10 point where the position signal number changes from 5 to O,

and the phase correction timer T2 is started at every péint

where the position signal number changes (shown in Fig.

6B) . That is, the.motor operation is switched from the

synchronous operation to tﬁe. position sensing operation

15 " upon deciding that the position signal and the inverter

mode have a specified relation, and the position sensing

operation can be achieved based on a stable position

signal. Then,'the interrupt signal IRQ2 is outputted every

time the counting of the phase correction timer T2 is

20 completed, and the inverter mode (shown in Fig. 6C) of the
inverter mode selector 53 is advanced by one step.

In Figs. 7A through 7D, it is decided that the

level detection signal (shown in Fig. 7B) changes from H-

level to L-level at the time point of the position signal

25 number (shown in Fig. 7A) 1 in the voltage difference



concerning a cycle of the voltage pattern of the armature coils la, 1b and
1lc; a position signal cycle cal cul ator 45 which receives the neasured tiner
val ues fromthe cycle 20 measuring timer T3 and cal cul ates.the cycle of
the voltage pattern of the armature coils la, 1b and 1c ffomthe timer

val ues, and outputs a cycle signal representing the cycle; a tinmer val ue
cal cul at or 46 which receives the cycle signal fromthe position signa
cycle cal cul ator 45 and an 25 external phase anobunt command signal,
calculates a tiner - 33 value corresponding to a phase anount fromthe
cycle, and outputs a tiner value settrng2signal to the phase correction
timer T2; a speed cal cul ator 47 which receives the cycle signal fromthe
position signal cycle calculator 5 45, cal culates a rotation speed, and
outputs a current-time speed signal; and a speed controller 48 which
receives the current-tjnme speed sjgnal fromthe speed cal cul ator 47 and an

external speedtFFhnd & ghaldecitingd it F8CE18MN oftage cHA®RANd &t gridie mode

phase cor recti gn L1 e T2, £ be,cyg! e

assuming that the position signal has
H-level in the place of the signal number (shown in Fig.

73A) 2 at the point where the inverter mode (shown in Fig.

5 7D) selected by the inverter mode selector 53 changes from
[2] to [3], the position signal in the place of the
poéition signal number 3 comes to have L-level at the éoint

where the inverter mode next changes from [3] to [4].

Thus, when a condition that the positidp signal has H-level

10 - when the ihverter mode is at an odd number and a condition
that the position signal has L-levellwhen the inverter méde

is at an even number continue four times, it is decided

that the switching condition 1is satisfied. Then the
position sensing operation switching section 43 switches

15 the operation switching switch SW to the position sensing
operation side at the point' where the position signal
number changes from 5 to 0, and thereafter the phase
correction timer T2 is started at every point whexre the
pésition signal number changes (shown in Fig. 7C). Then,

20 the interrupt signal IRQ2 is outputted evéry time the
counting of the phase correction timer T2 is completed, and

the inverter mode (shown in Fig. 7D) of the inverter mode
selector 53 is advanced by one step. In Figs. 6A through

6C and Figs. 7A through 7D, it is decided that the

25 switching condition is satisfied when the condition of the



10 measuring tinmer T3, the position signal cycle cal culator 45, the
ti-mer val ue cal cul ator 46, the speed calculator 47 and the speed controller
48 constitute a position sensing operation control section 52 which serves
as position sensing operation control neans. 15 “se The
m=croconputer 4 further includes: an inverter node sel ector 53 which
receives the interrupt signal IRQL fromthe waveformtinmer Tl via an
operation switching swtch SW and outputs a voltage pattern; and a PWV
section 54 which receives the voltage pattern fromthe inverter 20 node .
sel ector 53, receives the voltage commard® signal fromthe V/IF pattern
setting section 44 via the operation switching swtch SW and outputs a
switching signal. Fig. 3 shows a circuit diagramof the |evel detector 34,
in which an integral signal from the 25 integrator 32 of the
rotational -posjtion _sensor - i,nputted, to an inverted ifﬁﬁ%

3 1s - 34
termnal of anfa V?}iéPfIEBlﬁVﬁia‘V%s?%?opoﬁ&Flgﬁj?*ﬂ?i&oﬁﬁ&téﬂBe?s

connected to % imes at the point where the inverter mode changes from the

odd number to the even number or vice versa. However, the
number of continuity is of course ﬁot limited to the above-
5 mentioned number.

Operation of the microcomputer 4 in the stage of
starting " of the brushless DC motor shown in Figs. 7A
through 7D will be described below according to flowcharts
of Figs. 8, 9 and 10. It is to be noted that the operation

10 switching switch SW is selected to the synchronous
operation side prior to .starting, where the interrupt
signal IRQ1 of the waveform timer Tl is inputted to the
inverter mode selector 53, and the voltage'command signal
of the V/F pattern setting section 44 is inputted to the

15 PWM section 54.

First, when the operation signal is inputted
externally to the V/F pattern setting section 44 of the
microcomputer 4, the V/F pattern setting section 44 outputs
the frequency command signal to start the waveform timer

20 T1. When the counting of the waveform timer T1 is
" completed, the_interrupt signal IRQ1 is outputted from the
waveform timer T1, and an interrupt handling 1 is executed

at inﬁervals of occurrence of the interrupt signal IRQ1l of

the waveform timer T1.



non-inverted input termnal of the anplifier 1C3. Further, a diode [err] is
connected across an output termnal and the 5 I nverted input term nal

of the anplifier 1C3 with an anode thereof positioned side the output
termnal. Aresistor ‘[err] and a diode D2 are connected i.n" series fromthe
non- inverted input term nal side across the output term nal and the
Inverted input termnal of the anplifier [|C3. The 10 cat hode si de of
the diode D2 is connected to the output termnal of the anplifier 1C3. The
connecti-on point of the resistor [err] and the diode D2 connected in series
I's connected to a non-inverted input tedd ral of an anplifier 1C4 via a

resistor [err]. Further, a resistor R7 is connected 15 across an end
of the resistor R4 opposite from the anplifier 1C3 and the inverted
input termnal of the anplifier |CA4. The ground GN\D i s connected to a
non- inverted input term nal of the anplifier 1C4, while a resistor [err]

i s connected across the THOBrt &8 Fafut Bveifi A8 degided shether qi pat the
term nal of thgranplifie I e output terminal,  of the a ier |1 C4

is connected t %ﬂ??ﬂQ%r%gd%%ﬁpdﬁigﬁﬁﬁQHQUFQuEi %ﬁpQ?EPqﬁCF e%%%e to a
(e 2o e opll ko8 S2RE! L 2ol SO SOHRE 2L 058 GEHeAM e
frequency has been accelerated to the specified value, the
5 program flow proceeds to step S1i1l. When it is decided
that the frequency has not been accelerated to the
specified wvalue, the- program flow proceeds to step S113.
Then, at step 8113, V/F pattern data (for the voltage
command signal and the frequency .cpmmand signal)
10 preparatorily stored in a table are read, and the program
flow.proceeds to step S102. At step S111, it is decided
whether or not an external interrupt is enabled. When it
is decided that the external interrupt is not enabled, the
program flow proceeds to step S114 to enable the extermal
15 interrupt at step S114, and the program flow proceeds to
step S112. When the externai interrupt is enabled at step
S111, the program flow proceeds to step S112. When the
external interrupt is enabled at step S114, an interrupt
handling 2 as described hereinafter is executed every time
20 the position signal rises or falls.

Then, at step S112, it is decided whether or not
the level detection signal from the level detector 34 is at
L-level, That is, it is decided whether or not the
position signal of the rotational-position sensor 3 is

25 stable. When it is decided that the level detectiqn signal



25 G\D is connected to a non-inverted input term nal of the - 35 -
cenparator IC5 via a resistor [err], while a power source [err] is
connected to the non-inverted input termnal of the conparator IC5 via a
resistor [err]. The resistors [err] through [err], the di-ede [err] and
[err], 5 and the anplifiers IC3 and IC4 constitute a full-wave
rectifier circuit 15 which serves as rectifying neans. The resistor [err]
and the capacitor [err] constitute a snbothing circuit 16 which serves as
snoot hing neans. The resistors [err] and [err], and the conparator 1C5
constitute a conparator 10 circui t~- B85 which serves as snoot hed si gnal
conparing neans. In the above-nentioned brushless DC notor system when the
operation switching switch SWis selected to the position sensing operation
side and the nDtor is driven in accordance with the position signal, as '
shown in Figs. and 4C, induced voltages Eu, Ev and Ew of | th

U-phase, V-pha%@ é\‘fd IW%T':‘&%E Bt tHHERr Falar e LG | ‘?%Fa‘?b £44Y Hq%?éi
trapezoi dal WaggfeBr ré%.l\nghwﬁg}llet%hasfe {fgeg 1on signal is not at L-

level, the program flow proceeds to step S116. Then, the
voltage command is changed at step S116 to lower the

5 inverter output voltage, and the program flow proceeds to
step S102.

Then, at step S115, it is decided whether or not
the position signal and the inverter mode have a specified_
relation. That is, as shown in Figs. 7A-7D, it is decided

10 whether or not the position signal is at H-level at the
point where the inverter mode changes to an odd number
(e.g., from 2 to 3, or from 4 to 5), or the position signal
is at L-level at the point where the inverter mode changes
to an even number (e.g., from 3 to 4, or from 5 to 0)._

15 When the position signal and the inverter mode have the
specified relation at step S115, the program flow proceeds
to step S117. When the position signal and the inverter
mode do not have the specified relation at step S115, the
program flow proceeds to step S118. Then, the voltage

20 command ié changed at step 8118 to lower the inverter
output voltage, and the 'program flow proceeds to step S102.

Then, at step 8117, the nurﬁber of continuously
repeated events in which the inverter mode corresponds to
the H- and L-levels of the position signal is counted in

25 the number counting section 42a of the mode comparing



interval s of 120 degrees. Then, the differential anmplifier 31 of the
rotati onal -position sensor 3 outputs a voltage 20 di fference signal
[err] representing the voltage difference between the voltage VM at the
neutral point of the resistor circuit 2 inputted to the non-inverted input
termnal of the anplifier IClL and the voltage [err] at the neutral point of
the armature coils la, 1b and 1c inputted to the 25 i nverted 1 nput
terminal of the anplifier ICL via the - 36 - resistor [err]. Then,
upon receiving the voltage difference signal [err] from the
differential anplifier 31, the integé&toer 32 integrates the voltage
difference signal [err] to output an integral signal [err] (shown in Fig.
4D). The 5 integral signal [err] has an approxinmate sine waveform
having a frequency three tinmes as great as the rotational frequency.

Then, the zero-crossing conparator 33 conpares the integral _signal [err]
i nputted to th%eﬁBthnaérﬂ%ﬁ deptde t hather Qﬁdr§ﬁ%éﬁeﬁgﬁﬁéf96 t&@@hﬁFt

ground G\D 10, ; o SONNECLED ! 2otMEME 1RY 1RUL LNl de oG Wl
42b of the mode comparing section 42. That is, as shown in
Figs. 7A-7D, it is decided whether or not the events
5 satisfying of the condition that the position signal is at
H-level at the point where the inverter mode changes to an
odd number (e.g., from 2 to 3, or from 4 to 5) and the
position signal is at L-level at the point where .the
inverter mode changes to an even number (e.g., from 3 to 4,
10 - or from 5 to 0) have been counted continuously specified
number of times (four time in Figs. 7A through 7D). When
it is decided that the specified number of times has been
counted aﬁ step S117, the program flow proceeds to step
8119 to issue a switching-to-position-sensing-operation
15 request, and the prograﬁ flow proceeds to step S102. When
it is decided that the specified number of times has not
been counted at step S117, the program flow proceeds to

step 8102. |
Then, a voltage command signal is outputted based
20 on the wvoltage command at step S5102. Then, the program
" flow proceeds to step S103 to calculate .a timer wvalue of
the waveform timer T1 according to a frequency command set
in the V/F pattern setting.section 44, i.e., the frequency
data stored preparatorily in the table. Then, the program

25 flow proceeds to step S104 to set in the waveform timer T1



position signal (shown in Fig. 4E). Meanwhile, the integral signal [err] is
Il nputted to the inverted input termnal of the anplifier IC3 of the |evel

detector 34 vi
rectification

a the resistor R4, subjected to full- 15 ~wave ‘
in the full-wave rectifier circuit 15 of the level detector

34, and thereafter outputs a signal representing a full-wave-rectified
waveform (shown in Fig. 4G fromthe output termnal of the anplifier |C4.
Then, the signal representing the full-wave-rectified waveformis 20

snoothed in
and the capaci

the smoothing circuit 16 conposed of the resistor [err]
tor C2, and a snoot hed si gfial- representing the snoot hed

waveform (shown in Fig. 4H) is inputted to the inverted input term nal of

t he conparator |C5. Then, the snoothed signal 1is conpared with a
25 reference voltage [err] set by the resistors [err] and [err]. \Wen
- 37 - the sm thed Si n S a voltage hquer t han the reference voltﬁgf
[err], an out ptReoft1H 1r‘%rto‘? bigaied SR eISId} e@i%n &Y

(shown in Fig.

10

15

20

wavgform éléé% ' éegﬁe interrupt handling 1 ends. .

Then, the operation switching switch SW 1is
switched to the position sensing operation side in response
to the switching-to—position-sensing—opefation request
issued at step S119 of the interrupt handling 1, and the
interrupt handling 2 shown in Fig. 9 is executed every time
the position signal inputted to an external interrupt
terminal of the microcomputer 4 rises or falls.

First, in Fig. 9, it is decided whether or not
the switching—to—position—éensing-operation request is
present at step S121. When the switching-to-position-
sensing-operation request is present, the program £low
proceeds -to step S131. When the .switching—to—position—
sensing-operation request is not present, the program flow
proceeds to step 8122. Then, at step 8131, the phase
correction timer value for the phase correction timer T2 is
calculated based on the external phase amount command
éignal in the timer value calculator 46. Then, the program
flow proceeds to step S132 to set in the phase correction
timer T2 the timer value obtained at step S131. Then, the
phase correction timer T2 is_started at step 8133, and the
program flow proceeds to step S134 to stop the waveform

timer Tl of the synchronous operation .control section 51.



Then, the position signal fromthe zero-crossing 5 comparator 33 is
I nputted to the cycle neasuring tinmer T3, and the cycle neasuring tinmer T3
nmeasures an interval froma leading edge to a trailing edge of the position
signal and an interval froma trailing edge to a |eading-gedge of the
position signal, and outputs each neasured tiner value. 10 Upon
receiving a signal representing the timer value fromthe cycle neasuring
timer T3, the position signal cycle cal culator 45 obtains the cycle of the
position signal. That is, the interval fromthe trailing edge to the
| eadi ng edge and the interval fromthe WM€adi ng edge to the trailing 15
edge respectively correspond to 60 degrees, and therefore, by multiplying
the tinmer value of each neasured interval by six, a tiner value
corresponding to one cycle of the voltage pattern is obtained. Then, upon
receiving a cycle signal _representing_20 the cycle fromthe position
signal cycle cal cul at or EBeBndthRe a6 ME2PHANY drHURE T3ndenFtampesd at
the tinmer val ue caI%ﬂ} tor@%ﬁ Oﬂtputs a tiqﬁg val ue sst si gnal . zgpq?
receiving the BFRr S2rue EPGnRTAGEGH thefY | REPCFEFREe %l REPRt 51246, O
t he phase corr %io tinmgr, T2 neasures a ti.nme interval fromthe
position si gnafg % g: G‘TEJ\}\I}&% yﬁZue of‘ 2l:5ne cycle” measuring timer T3.
Then, the program flow proceeds to step S124 to start the
5 cycle measuring timer T3. Then, at step S125, the position
signal cycle calculator 45 calculates the cycle of the
position signal from the timer value of the cycle measurihg
timer T3. Then, at step 8126, the speed calculator 47
calculates a rotation speed of the motor based on the cycle
10 of the position signal obtained at step S125.

Then, the program flow proceeds to step S127 to
decide whether or not the switching-to-position-sensing-
operation request 1is present. When the switching-to-
position-sensing-operation request is present, the program

15 flow proceeds to step S128 to effect speed control based on
the external speed command signal and output a voltage
command signal, and the interrupt handling 2 ends. When
the switching-to-position-sensing-operation request is not
present at step S127, the interrupt handling 2 ends.

20 When the counting of the phase correction timer
T2 started in the interrupt handling 2 is completed, the
phase correction timer T2 outputs the interrupt signal IRQ2

to execute an interrupt handling 3 as shown in Fig. 10

every time the interrupt signal IRQ2 is generated.



- 38 - voltage pattern is switched. That is, when the counting is

conpl eted, the phase correction timer T2 outputs an interrupt signal | RQ@®
to the inverter node selector 53, and the inverter node selector 53 outputs
a phase-corrected 5 ° vol tage pattern signal (shown in-Figs. 4J through
43) to the PWM section 54. Then, the PWM section 54 outputs a sw tching
signal to the base drive circuit 5 shown in Fig. 1. When t he base drive
circuit 5 outputs a commutation control signal to the inverter section 20,
the transistors 10 20a through 20f of the inverter section 20 are each
turned on and off. It is to be noted #%at- the position signal nunbers 0
through 5 shown in Fig. 4F are assigned to each cycle of the position
signal for the sake of sinplicity of explanation. In regard to an

i nverter-node as shown in 15 Fig. 4P, nunbers 0 through 5 are assigned

so that they correspond to the volta attern signals shown_ in Figs. 4J
through 40 In the tine o?h§FarHFﬁg-o%ﬁFﬁe 5§E§hl§ unpeng  of tﬁe phase

correction timer T2 is completed to output the interrupt
signal IRQ2, the interrupt handling 3 starts. The inverter
mode selector 53 advances the inverter mode by one step'at

5 step S141, and outputs a voltage pattern at step S142 to
end the interrupt handling 3. |

Thus, as shown in Fig. 11, in the synchronous
operation in the stage of starting, the inverter output
voltage and the inverter frequency are gradually increased

10 according to a specified approximate linear pattern based
on the voltage and the frequency data stored preparatorily'
in the table to accelerate the rotor 10. After the rotor
10 is accelerated to a specified number of revolutions per
minute, it is decided whether or not the voltage difference

15 signal is stable by the 1level detector 34, the wvoltage
difference signal level deciding section 41, and the mode
comparing section 42. When the voltage difference signal
is stable,.thé position senSing operation switching section
43 switches the motor operation from the synchronous

20 operation to the position sensing operation.

Further, as shown in Fig. 12, after.the rotor 10
is accelerated to the specified number of revolutions per
minute in the synchronous operation in the stage of
starting, it 1is decided whether or not the wvoltage

25 difference signal is stable by the level detector 34, the



notor, the operation switching swwtch SWis switched to the 20 _
synchronous' operation side, when the voltage and the frequency of
the inverter output are increased in a specified pattern by the synchronous
operation control section 51. Wen the integral signal foomthe integrator
32 of the rotational-position sensor 3 is greater than a 25 specified
val ue, and the position signal of the rotational - - 39 - position sensor
3 and the inverter node of the inverter node sel ector 53 have a specified
rel ati on by the operations of the |evel detector 34, the voltage difference
signal |evel deciding section 41 and th&0nwde conparing 5 section 42,
the position sensing operation swtching section 43 switches the
operation switching switch SWfromthe synchronous operation side to the
position sensing operation side. The switching fromthe synchronous

operation 10 executed by the sypchrongus operatjon control, section 51
of the mcroco‘ﬁw]tﬁ%ge4dt1%fte¥f§nﬁﬁsi topkensivRg RFHIIR Reckion 41, and

the mode comparing section 42. When the-voltage difference

signal is wunstable, the V/F pattern setting section 44

gradually lowers .the inverter output voltage until the

5 voltage difference signal is stabilized. When the voltage

difference signal is stabilized, the position sensing

operation switching section 43 switches the motor operation

from the synchronous operation to the position sensing

operation. Although the inverter output after the

10 acceleration is stopped has a constant frequency in Fig.
12, the frequency may be increased or decreased.

Consequently, the synchronous operation control

section 51 lowers the inverter output voltage until the

position sensing operation according to the position signal

15 from the rotational-position sensor 3 is enabled after the

rotor 10 1is accelerated by the synchronous operation

control section 51 in the stage of starting. Therefore,

. the motor 'operation can be surely switched from the

synchronous operation to the position sensing operation

20 even if the range in which the voltage difference signal is

stabilized varies depending on the magnitude of the load

and the fluctuation of the power voltage in the stage of

starting. |
Further, the V/F pattern setting section 44

25 lowers the inverter output voltage until the voltage



be described with reference to Figs. 5A through 5D, 6A through 6C and 7A
‘through 7D. Figs. 5A through 5D show signals at several portions when the
notor operation is 15 switched fromthe synchronous operation to the
position sensing operation by the voltage difference signal |evel deciding
section 41 based on the |level detection signal fromthe | evel detector 34.
Figs. 6A through 6C show signals at several portions when the notor
operation is 20 switched fromthe synchronous operation to the positi.on
sensing operation by the node conparing section 42 based on the position
signal fromthe rotational-position. se®dor- 3 and the inverter node of the
I nverter node selector 53. Figs. 7A through 7D show signals at severa
portions when 25 the notor operation is switched from the

synchr onous - 40 - operation to the position sensing operation by the

vol tage o it sugg shanal devsly dghdinaeseilon dlopnd.t e nade ompar g

and the pOS|t|01[11 SI\%rfl.atagfer Og]ltfgerence between the neutral point of the

armature coils la, 1lb and 1lc and the neutral point of the

resistor circuit 2 is not smaller than a specified wvalue

5 and the mode comparing section 42 decides that the position

signal and the inverter output have a specified relation.

When the position. signal from the rotational-position

sensor 3 1is stabilized, the position sensing operation

switching section 43 decides that the position sensing

10 -.operation can be effected{ and surely switches the motor

operation from the synchronous operation to the position

sensing operation. Therefore, the motor operation can be

surely switched from the synchronous operation to the

position sensing operation even if the chéracteristic of

15 the wvoltage difference signal varies depending on a

variation of the load and the fluctuation of the power
voltage.

" Furthermore, when an average value of the

integral signal from the integrator 32 of the rotational-

20 position sensor 3 exceeds the . reference value Eq

corresponding to the aforementioned specified value by the

operations of the full-wave rectifier circuit 15, smoothing

circuit 16, and comparator circuit 17 of the level detector

34, the voltage difference signal level deciding section 41

25 can decide that the voltage difference is not smaller than



5 rotational -position sensor 3. In Figs. 5A through 5D, the |evel
detection signal (shown in Fig. 5B) changes fromHIlevel to L-level in the
place of the position signal number (shown.in Fig. 5A) 5 to switch the

not or operation to the position senS|ng 10 operation-.in a place

where the position signal nunber changes from5 to O. That is, the
operation switching swwtch SWis switched to the position sensing operation
by the position sensing operation switching section 43, and thereafter the
phase correction tinmer T2 is started at 15 every point where the
position signal number changes (shown-i 2Fi-g. 5C). Then, the interrupt
signal IRQ2 is outputted every time the counting of the phase correction
timer T2 is conpleted, and the inverter node (shown in Fig. 5D) of the

i nverter node selector 53 is advanced by one step. 20

Figs. 6A thro osi tion, _signal Iev in

the place of tFESSPERELEIBRDIA bmovitd vy, EBR) PoSir Ipfe i6PA
i nverter node hown . selected by.the_ inverter node selector 53
changes fron1[é$ t8°%§??etﬁéfgS%?F?8nS§$aﬁ£ l?nSE b flz?ﬁe pl ace of the
position signal sQHSH&rEﬁbSQEEEnEP have L- -
Fig. 13 shows a construction of a brushless DC
5 motor system according to a second embodiment of the
present invention. The present embodiment has the same
construction as that of the first embodiment, and therefore
no description is provided therefor except for a level
detector 35 and a microcomputer 14.
10 Further, Fig. 14 shows a construction of the
microcomputer 14 includiné: a level detector control
section 60 which receives a position signal from a
rotational-position sensor 3 (shown in Fig. 13) and a level
detection signal from the level detector 35 (shown in Fig.
is 13), and outputs a reset signal; a voltage difference
signal level deciding section 61 which receives a signal
representing a level decision flag from the level detector
control section 60, and decides whether or not the level of
the voltage difference signal Vy, is not smaller than a
20 specified value; a mode comparing section 62 which receives
‘the position signal and serves as position signal mode
comparing means for comparing the position signal with an
inverter mode; a position sensing operation switching
section 63 which serves as an operation switching means for

25 outputting a position sensing operation switching signal



- 41 - level at the point where the inverter node next changes from|[3] to
[4. Thus, when a condition that the position signal has H | evel when the
i nverter node is at an odd nunber and a condition that the position signal
has L-level 5 when the inverter node is at an even nunber continue four
times, it is decided that the switching condition is satisfied. Then
the operation switching switch SW is switched to the position sensing
operation side by the position sensing operation switching section 43 at
the 10 poi nt where the position signal nunber changes from5 to 0, and
t he phase correction timer T2 is started3at- every point where the position
si gnal nunber changes (shown in Fig. 6B). That is, the notor operation is
switched fromthe synchronous operation to the. position sensing
operation 15 upon deciding that the position signal and the inverter

achi eved bascdBSHCH sPRbIe (BELALR SFORBFC AIGM EHE | MeLrrdp: & EraretRy
I's outputted e¥‘f£;¥ma5.i n.l?e\;ehl.e 88%9&'11018 %fecttri%nphg‘f a8y 'S C%L)%Ba&iigggq Trzeéglt
| from the mode comparing section 62; a V/F pattern setting
section 64 which outputs a voltage command signal and a

5 frequency command signal for starting upon receiving an
input of an external operation signal based on the decision

result from the voltage difference signal level decid’ing

section 61 and the comparison result from the mode

comparing section 62; and a waveform timer T4 which

10 receives the frequency command signal from the V/F pattern
setting section 64 and outputs an interrupt signal IRQ3.

The V/F pattern setting section 64 and the waveform timer

T4 constitute a synchronous operation control section 55

which serves as synchronous operation control means.

15 Further, the level detector control section 60, the voltage
difference signal level deciding sectidn 61 and the level

detector 35 constitute level decision means. The voltage
difference signal level deciding section 61 includes a

number counting section 6la which serves as number counting

20 means and a count number deciding section 61b which serves

as count value decision means. The mode comparing section

62 includes a number counting section 62a and a count

number deciding section 62b. It is to be noted that the
microcomputer 14 has the same construction as that of the

25 microcomputer 4 of the first embodiment - except for the



20 conplefed, and the inverter node (shown in Fig. 6C) of the inverter
nede sel ector 53 is advanced by one step. In Figs. 7A through 7D, it is
deci ded that the | evel detection signal (shown in Fig. 7B) changes from H

level to L-level at the time point of the position signal.25 nunber
(showmmn in Fig. 7A) 1 in the voltage difference - 42 - signal leve
deciding section 41. Then, in the node conparing section 42,

assum ng that the position signal has Hlevel in the place of the signa
nunber (shown in Fig. 7A) 2 at- the point where the inverter node (shown in
Fig. 5 7D) selected by the inverter S4pde sel ector 53 changes from [ 2]
to [3], the position signal in the place of the position signal nunber 3
comes to have L-level at the point where the inverter node next changes
from[3] to [4]. Thus, when a condition that the position signal has

H 1l evel 10 the inverter node is at odd nynber and a ond| '
that the p05|t?ﬁﬂchaﬂaPsha§¥FHQEﬁ9n\Mﬁﬁp?ﬁ i nFEFEEP O RP i s Ebe %ﬁ%éh

number cont i nu&ett_gclzjvgo}:l ré%%trorl Isec ei%lnd éjo, the voltage difference signal

level deciding section 61, the mode comparing section 62,

and the position sensing operation switching section 63.

5 Therefore, the same components are denoted by the same
reference numerals, and no description 1s provided
therefor.

Fig. 15 shows é circuit diagram of the 1level

detector 35, in which the integral signal JVj,dt from the

10  integrator 32 of the rotational-position sensor 3 is
inputted to a non-inverted input terminal of a comparator

IC1l1l via a resistor R,,, a power source -V, is connected to

an inverted input terminal of the comparator ICll via a
resistor Réz, and a power source +V., 1is éonnected to the

15 inverted input terminal of the comparator ICll wvia a
resistor R,;. Meanwhile, the integral signal [V, dt from

the integrator 32 of the rotational-position sensor 3 is
inputted to an invertéd input terminal of a comparator IC12

via a resistor R,,, the power.source -Voc is connected to a

20 non-inverted input terminal of thé comparator ICl2 via a
resistor R,g;, and the power source +V., is connected to the
non-inverted iﬁput terminal of the comparator ICl2 wvia a
resistor R,,. Then, output terminélé of the comparator ICll

and IC12 are respectively connected to input terminals of

25 an OR-circuit OR1l, and an output terminal of the OR-circuit



that the switching condition is satisfied. Then the position
sensing operation switching section 43 switches 15 t he operation
switching switch SWto the position sensing operation side at the point
where the position si'gnal nunber changes from5 to O, and.thereafter the
phrase correction tinmer T2 is started at every point where the position

si gnal nunber changes (shown in Fig. 70). Then, 20 the interrupt
signal IR is outputted every tinme the counti ng of the phase
correction tinmer T2 is conpleted, and the inverter node (shown in Fig. 7D)
of the inverter node selector 53 is adv&®¥ed by one step. In Figs. 6A

t hrough 6C and Figs. 7A through 7D, it is decided that the 25 swi tching
condition is satisfied when the condition of the - 43 - Hlevel or

L-1evel of the position signal continues four tinmes at the point where the

i nverter npde changes fromth odd nu t,o the even nynber_ or_vicge rsa
However, the nﬁﬁie SOFOE‘BEFFE g’?’ E‘odf‘?é‘tn&emﬁ’ﬁ &L dheé die

menti oned nunbgibp FF1l. A power source Vp, is connected to an input
terminal D and an input terminal PR of the D-flip-flop FF1,
and a level detection signal is outputted from an output
5 terminal Q of the D-flip-flop FFl. Further, a reset signal
from the microcomputer 14 shown in Fig. 13 is inputted to
~an input terminal R of the D-flip-flop FF1. The resistors
R,; through R, and the comparator ICll and ICl2 constitute
a comparator cifcuit 18 which serves as exemplified voltage
10 - difference signal comparing means.

When the brushless DC motor is driven in
accordance with position sensing, as shown in Figs. 16A
through 16b, the integral signal fdet (shown in Fig. 163)
from the ihtegratof 32 of the rotational-position sensor 3

15 is inputted to the non-inverted input terminal of the
comparator ICll via the resistor R,,, and inputted to the
inverted input terminal of the comparator ICl2 of the level
detector 35 fria the resistor R,,. Then, the comparator ICll
compares the integral signal fVMth with a reference wvalue

20 E, set by the resistors R,, and R,,. When the integral
signal JVjdt is greater fhan the reference value E,, the
output comes to have H-level. When the integral signal
Jyndt is smaller than the reference value E;, the output
comes to have L-level. Meanwhile, the comparatqr Iciz

25 compares the integral signal IVMth with a reference value



Qperation of the mcroconputer 4 in the stage of starting of the
br-ushless DC nmotor shown in Figs. 7A through 7D will be described

bel ow according to flowharts of Figs. 8 9 and 10. It is to be noted that
t he operation 10 switching switch SW is selected-.to the
synchronous operation side prior to starting, where the interrupt signal

| RQL of the waveformtinmer Tl is inputted to the inverter node sel ector 53,
and the voltage command signal of the V/IF pattern setting section 44 is

i nputted to the 15 PWM section 54. First, when the operation signal is
I nputted externally to the V/F pattern $#&t4i ng section 44 of the

m croconputer 4, the V/F pattern setting section 44 outputs the frequency
command signal to start the waveformtiner 20 - TI1. When the
counting of the waveform timer T1 is conpleted, the interrupt signal

IRQL is outputted fromthe waveformtinmer_ T1, apd_an interrupt handlin
i s executed at EiantS&tvgi’X d:fh%CEG?F‘EHEESOfRZSh@r?‘cﬂt Bes upt Vél'il%althleRdimb?gq’E#e

wavefornltlnersléhal Jvpdt is smaller than the reference value E,, the

output comes fo have H-level. When the integral signal
_ﬁhmdt is greater than the reference wvalue E,, the output
5 comes to have L-level. When either of the outputs of the
comparator ICll and ICl2 comes to have H-level, the output
(shown in Fig. 16C) of the OR-circuit OR1l comes to have H-
level. When the output of the OR-circuit OR1 comes to have
H-level, the H—level is inputted to the clock input
10 terminal CLK of the D-flip-flop FF1l, and the D-flip-flop
FF1 is set in accordance wifh the rise from the L-level to
H-level, and a level detection signal (shown in Fig. 16D)
from the output terminal Q rises from L-level fo H-level.
Then, upon receiving the level detection signal
15 at H-level from the level detector 35, the level detector
control section 60 of the microcomputer 14 outputs a reset
signal (L-level) in accordance with the rise or fall of the
next position signal (shown in Fig. 16B). Then, upon.
receiving the reset signal from the level detector control
20 section 60, the D-flip-flop FFl1 is reset, and the level
‘detection signal (shown in Fig. 16D) outputted from the
- output terminai Q of the D-flip-flop FF1 comes to have L-
level.
Thus, the level detector 35 compares the integral

25 signal JVudt from the integrator 32 of the rotational-



- 44 - Then, in Fig. 8, it is decided whether or not the frequency of the

i tverter output has been accelerated to a specified value at step S101.
When it is decided that the frequency has been accelerated to the specified
value, the 5 program fl ow proceeds to step S111. Waen it is decided
that the frequency has not been accelerated to the specified value, the
program fl ow proceeds to step S113. Then, at step S113, V/F pattern data
(for the voltage comand si gnal and t he frequency comand

signal) 10 preparatorily stored in a table are read, and the program

fl ow proceeds to step S102. At stepSBIf1-it is decided whether or not an
external interrupt is enabl ed. When it is decided that the external
interrupt is not enabled, the programflow proceeds to step S114 to enable
the external 15 interrupt at step S114, and the progran1f|om1proceeds

t t S112 th t t t .St S111

by oot am 11 ow pPORSEACH: Feiaer o1 SeH \hBh Shshhterh terateReeyvaiues 8y
bl ed at st 114, ' t ft

executed everys ﬁnézzogﬂd'gﬁé“y%s? BUitLrs elclbaramn e et el 1o

step S112, it is dec'dedOﬁQEEEQBnOBanhe microcomputer 14 in the stage of

starting'will be described below according to flowcharts of

5 Figs. 17, 18, and 19. It is.to be noted that the operatioﬁ

switching switch SW is selected to the synchronous

bperation side prior to starting, where the interrupt

signal IRQ3 of the waveform timer T4 is inputted to the

inverter mode selector 53, and the voltage command signal

10 of the V/F pattern setting section 64 is inputted to the
PWM section 54.

First, when an operation signal is inpgtted
externally to the microcomputer 14, the V/F pattern setting
sectién 64 outputs a frequency command signal to start the

15 waveform timer T4. When the counting of the waveform timer
T4 is completed, the intérrupt signal IRQ3 is outputted
from the waveform timer T4, and an interrupt handling 11 is
executed at intervals of occurrenée of the interrupt signal
IRQ3.

20 In.'Fig. 17, it is decided whether or not the.
frequency has been increased to a specified wvalue at step
S201. When it is decided that the frequency has been
increased to the specified value, the program flow proceeds
to step S211. When it is decided that the frequency has

25 not been increased to the specified value, the program flow



the |l evel detection signal fromthe | evel detector 34 is at L-Ilevel.

That is, it 1is decided whether or not the position signal of the
rotational -position sensor 3 is 25 stable. Wen it is decided that the
| evel detection signal - 45 - is at L-level at step S112, the program
flow proceeds to step S115. When the | evel detection signal is not at L-

| evel , the program fl ow proceeds to step S116. Then, the voltage command
is changed at step S116 to lower the 5 i nverter output voltage, and the
program fl ow proceeds to step S102. Then, at step S115, it is decided

whet her or not the position signal and-ﬂﬁb-1nverter node have a specified
relation. That is, as shown in Figs. 7A-7D, it is decided 10 whet her or
not the position signal is at Hlevel at the point where the inverter node
changes to an odd nunmber (e.g., from2 to 3, or from4 to 5), or the

position signal is at L-I|evel p0| ere th nv ter Iode ch nges
to an even nunBEPCESEES t°fF5ﬁP3§t 63 m3tt & %ﬁf’ §213 aft

data (for the voltage command signal and the frequency

command signal) preparatorily stored in a té.ble are read,

and the -program flow proceeds to step S202. Then, at step

5 8211, it is decided whether or not an external interrupt is

enabled. When it is decided that the external interrupt is

not enabled, the program flow proceeds to step S214 to

enable the external interrupt. When the external interrupt

is enabled at step S211, the program flow proceeds to step

10 S212. When the external interrupt is enabled at step S214,

an interrupt handling 2 as described hereinafter is
executed every time the position signal rises or falls.

Then, at step 8212, it is decided whether or not

the level decision flag has been set a specified number or

15 more times. That is, the number counting section 6la of

the voltage differencé signal level deciding section 61

counts the numbér of times of 'continuously gsetting the

level deciéion flag in the level detector control section

60, and the count number deciding section '61b decides

20 whether or not the gspecified number of times has been

counted. When the number of times of setting of the level

decision flag is not smaller than a specified number of

times at step S212, the program flow proceeds to step S8215.

When the number of times of setting of the level decision

25 flag is smaller than the specified number of times, the



15 When the position signal and the inverter node have the specified
relation at step S115, the program fl ow proceeds to step S117. When t he
position signal and the inverter node do not have the specified relation at
step S115, the programfl ow proceeds to step S118. Then,  the voltage 20
command s changed at step S118 to |lower thé inverter output voltage,
and the program flow proceeds to step S102. Then, at step S117, the nunber
of continuously repeated events in which the inverter node corresponds to
the H and L-levels of the position signal is counted in 25 t he nunber
counting section 42a of the node- &paring - 46 - section 42 to
deci de whet her or not a specified nunber of tines has been counted in the
count nunber deciding section 42b of the node conparing section 42. That
is, as shown in Figs. 7A-7D, it is decided whether or not the events 5

sat1sfying of Hhsceandition Lhaldne vest thom Shanal 1ottt Byl gly e,
or from4 to SEo%Rgn&hgs changed to lower the inverter output voltage at
step S216, and the program flow proceeds to step 8202;
Then, at step S215, it is decided whether or not
5 the position signal and the inverter mode have a specified
relation. That is, as shown in Figs. 7A.through 7D of the
first'embodiment, it is decided whether or not the position
signal is at H-level at the point where the inverter mode
changes to an odd number, and the position signal is at L-
10 - level at the point where the inverter mode changes to an
even number. When the position signal and the inverter
mode have the spegcified relation at step S215, the program
flow procéeds to step S217. When the position signal and
the inverter mode do not have the specified relation, the
15 'program flow proceeds to step S218.
Then, at step S217, the number of continuous
iteration events in which the inverter mode corresponds the
H- and L-levels of the position signal is counted by the
number counting section 62a of the mode comparing section
20 62, and the count number deciding section ézb of the mode
comparing section 62 deéides whether or not a specified
number of timeé has been counted. That is, as shown in
Figs. 7A through 7D of the first embodiment, it is decided
whether or not the events of satisfaction of the condition

25 that the position signal is at H-level at the point where



position signal is at L-tevel at the point where the inverter node changes
to an even nunber (e.g., from3 to 4, 10 or from5 to 0) have been
counted continuously specified nunber of times (four tine in Figs. 7A
through 7D). When it is decided that the specified nunber of tines has
been counted at step S117, the program fl ow proceeds to step S119 to issue
a smﬁtching-to-position-sen5|ng operation 15 request, and the program
fl ow proceeds to step S102. Wien it is decided that the specified nunber
of times has not been counted at step S117, the programfl ow proceeds to
step S102. Then, a voltage command si gn&0 i~s out putted based 20 on the
vol tage command at step S102. Then, the program fl ow proceeds to step
S103 to calculate a tinmer value of the waveformtinmer Tl according to a
frequency command set in the V/F pattern setting section 44, i.e., the

[ eauency dat a5 0f B sRpang! hteolet IS LH0LR0 AhERe (I LB Y vo
3, or from 4 to 5) and the position signal is at L-level at
the point where the inverter mode changes to an even number
(e.g., from 3 to 4, or from 5 to 0) has been counted

5 continuously specified number of times (four time in Figs.
7A through 7D). When it is decided that the specified
number of times has been counted at step S217, the program
flow procéeds to step 8219 to issue a switching-to-
position-sensing-operation request, and the program £flow

10 proceeds to step S202. When it is decided that the
specified number of times .has not been counted at step
S217, the program flow proéeeds to step S202.
Then, a voltage command signal is outputted based
on the voltage command at step S202. Then, the program
15 flow proceeds to step 8203 to calculate a ﬁimer value of
the waveform timer T4 according to a frequency command set
in the V/F pattern setting section 64, i.e., the frequency
data stored preparatorily in the table. Then, the program
flow proceeds to step S204 to set in the waveform timer T4
20 . the timer wvalue obtained at step 8203 and start the
waveform timer T4, and the interrupt handling 11 ends.
Then; the operation switching switch SW 1is
switched to the position sensing operation side in response
to the switching-ﬁo—position—sensing—operation request

25 issued at step S219 of the interrupt handling 11, and the



the tinmer value obtained at step S103 and start the waveformtiner T1, and
the interrupt handling 1 ends. Then, the operation swtching swtch SWis
switched to the position sensing operation side in response 5 to t he
sSwWi t chi ng-t o- posi ti on-sensi ng-operation request issued-at step S119 of
the interrupt handling 1, and the interrupt handling 2 showmn in Fig. 9 is
executed every tine the position signal inputted to an external interrupt

term nal of the mcroconputer 4 rises or falls. 10 First,

in Fig. 9, it is decided whether or not the

swi t chi ng-t o- posi ti on-sensi ng- oper ati onél request: Is present at step
S121. When the switching-to-position- sensing-operation request is
present, the programflow proceeds to step S131. When t he

swi t chi ng-to-position- 15 sensi ng-operation request is not present, the

fl d tep .S122 Then, . at_st 131, th h
Cor Pt i on ti MEPCORTWRE| BRI thaks EBPPBeorF 19 nooT A8 < cEaPubRa: dyery

based on the e%#ﬁ%ﬂ?h?Egggftﬁgﬁungﬁgﬂnﬁﬁggﬁkgagggggggh%xi%ﬁ%%gg%ﬂ%gqﬁﬁt

cal cul at or 46. program WP t o st
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' First, in Fig. 18, it is decided whether or not
5 the switching-to-position-sensing-operation request is
present at step 8S221. When the switching-to-position-
sensing-operation request is not present, the program flow
proceeds to step S231, and then the level detector control
section 60 decides the level of the level detection signal
10 from the level detector 35. When the level detection
signal is at H-level at step 8231, the program flow
proceeds to step S241 to set the level decision flag, and
then proceeds ﬁo step 8S232. When the 1level detection
signal is not at H-level at step 8231, the program flow
15 proceeds to step S242 to reset the level decision flag, and
then proceeds to step 8232. The number counting section

61la of the voltage difference signal level deciding section

61 counts the number of times of continuous setting of the
level decision flag in the level detector control section

20 60. The level decision flag is reset in the initial state.
Then, at step 8232, the 1level detector control

section 60 outputs a reset signal. When an L-level reset

signal is inputted to the input terminal.R of the D-flip-

flop FF1, the D-flip-flop FFl1 is reset to make the level

25 detection signal from the output terminal Q have L-level.



program fl ow proceeds to step S134 to stop the waveformtiner T1 of the
synchronous operation control section 51. - 48 Then, the cycle neasuring
timer T3 is stopped at step S122, and the program fl ow proceeds to step
S123 to read the tiner value of the cycle neasuring tiner..T3. Then, the
priogram fl ow proceeds to step S124 to start the 5 cycl e neasuring tinmer
T3. Then, at step S125, the position signal cycle cal cul ator 45 cal cul ates
the cycle of the position signal fromthe tinmer value of the cycle
measuring timer T3. Then, at step S126, the speed cal cul ator 47

cal cul ates a rotation speed of the noto®2ased on the cycle 10 - of the
position signal obtained at step S125. Then, the program fl ow proceeds to
step S127 to deci de whether or not the sw tching-to-position-sensing-
operation request s present. When the swtching-to-

post L on- sens g operat | Bierediesl ol St e PLOSA e cullSitog
conmand SignaltgngoggEggk—%eﬁgkkaggperation request is present at step
S222. When it is decided that the switching-to-position-
sensing-operation request 1is present, the program flow

5 proceeds to step S233. When it is decided that the
switching-to-position-sensing-operation request is not

present, the program flow proceeds to step S223. Then, at

step S233, the phase correction timer wvalue for the phase

correction timer T2 is calculated based on- the external

10 phase amount command in the timer wvalue calculator 46.

Then, the program flow proceeds to step S234 to set in the

phase correction timer T2 the phase correction timer wvalue

obtained at step S233. Then, the phase correction timer T2

is started at step S235, and the program flow proceeds to

15 step S236 to stop the waveform timer T4, and then proceeds

to step S223.

Then, the cycle measuring timer T3 is stopped at
step 8223,.and the program flow proceeds to step S224 to
read the timer value of the cycle measuring timer T3.

20 Then, the program flow proceeds to step S225 to start the
cycle measuring timer T3. Then, at step S226, the position
signal cycle éalculator 45 calculates the cycle of the
position signal from the timer value of the cycle measuring

timer T3. Then, at step 8227, the speed calculator 47



command signal, and the interrupt handling 2 ends. When t he

sw t chi ng-t o- position-sensing-operation request is not present at step
S127, the interrupt handling 2 ends. 20 When the counting of .
t he phase correction'timer T2 started in the interrupt handling 2 is

conpl eted, the phase-correction tinmer T2 outputs the interrupt signal |RQ
to execute an interrupt handling 3 as shown in Fig. 10 every tinme the
interrupt signal IR@ is generated. - 49 - That is, when the
-counting of the phase correction tinmer T2 is conpleted to output the
interrupt signal IRQ, the interrupt hafdling 3 starts. The inverter node
sel ector 53 advances the inverter node by one step at 5 step S141, and
outputs a voltage pattern at step S142 to end the interrupt handling 3.
Thus, as shown in Fig. 11, in the synchronous operation in the st age of

3 STy o RSB0 B PAOSPEEE LIS B PRERICEE i e
pattern based of the position signal obtained at step S226.
Then, the program flow proceeds to step S228 to
decide whether or not the switching-to-position-sensing-
5 . operation request is present. When it is decided that the
switching-to-position-sensing-operation request is present,
the program flow proceeds to step 8237 to effect speed |
control based on the speed command signal and output a
voltage command signal, and the interrupt handling 12 ends.
10 - When it is decided that the switching-to-position-sensing-
operation request 1is not present at step S228, the
interrupt handling 12 ends.
When the counting of the phase correction timer
T2 started in the interrupt handling 12 is completed, the
15 phase correction timer T2 outputs the interrupt signal IRQ2
to execute an interrupt handling 13 as shown in Fig. 19
every time the interrupt signal IRQ2 is generated.
That is, when the counting of the phase
correction timer T2 is completed to output the interrupt
20 signal 1IRQ2, the dinterrupt handling 13 starts. The
inverter mode selector 53 advances the inverter mode by oﬁe
step at step 5251, and outputs a vo;tage pattern at step
S252 to end the interrupt handling 13.
Thus, in. the synchronous operation in the stage

25 of starting, the level detector control section 60 and the



on the voltage and the frequency data stored preparatorily in the table to
accelerate the rotor 10. After the rotor 10 is accelerated to a specified
nunber of revolutions per mnute, it is decided whether or not the voltage
di fference 15 signal is stable by the 1level detector.34, the voltage
difference signal |evel deciding section 41, and the node conparing section
42. \Wen the voltage difference signal is stable, the position sensing
operation switching section 43 switches the notor operation fromthe
synchronous 20 operation to the position sensing operation. Further, as
shown in Fig. 12, after the rotor 10 i-sééccelerated to the specified nunber
of revolutions per mnute in the synchronous operation in the stage of
starting, it is decided whether or not the voltage 25 di fference si gnal
is stable by the | evel detector 34, the - 50 - voltage difference signal

Loy Ehon e bk et ee 2k, SRS, SR e P R hag h el e
whether or not the above-mentioned voltage difference is
not smaller than a specified wvalue ~based on the level
detection signal of the level detector 35, so that they can

5 decide whether or not the position signal based on the
voltage difference is stable. Therefore, the present
. brushless DC motor system is able to decide whether or not
the position sensing operation based on the position signal
can be effected in the stage of starting, and is able to
10 surely switch the motor operation from the synchronous
operation to the position sénsing operation in the stage of
starting. Furthermore, tﬁe decision is made every half
wave of the integral signal from the integrator 32 of the
rotational—position.sensor 3, and therefore a response time
15 for switching the motor operation from the synchronous
operation to the position sensing operation can be made
fast.

(Third Embodiment)
Fig. 20 shows a circuit diagram of a level
20 detector of a brushless DC motor system according to a
"third embodiment of the present invention. The present
embodiment haé the same construction as that of the
brushless DC motor system of the second embodiment except
for the level detector, and therefore no description is

25 provided therefor.



gradually lowers the inverter output voltage until the 5 vol t age
di.fference signal is stabilized. Wen the voltage difference signal is
stabilized, the position sensing operation swtching section 43 switches
the notor operation fromthe synchronous operation to the.position senS|ng
operation. Although the inverter output after the 10

accel eration is stopped has a constant frequency in Fig. 12, the frequency
may be increased or decreased. Consequently, the synchronous operation
control section 51 lowers the inverter output voltage until the position
sensi ng operation according to the posi®Sor signal 15 fromthe
rotational -position sensor 3 is enabled after the rotor 10 is accel erated
by the synchronous operation control section 51 in the stage of starting.
Therefore, the notor operation can be surely smﬁtched fromthe synchronous

whi ch he vol tage. i erBReETEEh DrPeéatg'r" o e SERGBAp AT of Vel
I C € voltage di er a Nz \Y 0]

t ude of fl uctuat f th |t t
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inverter outpyt ;ualtagy ddti) 1}108::1;&8' tl%%t terminal of an amplifier
IC13 via a resistor R;,, and the ground GND is connected to

5 a non-inverted input terminal of the amplifier IC13.
-Across an output terminal and the inverted input terminal

of the amplifier IC13 are connected a diode D; with its

anode put on the output terminal side, and a series circuit
composed of a resistor R;, and a diode D, connected in

10 series from the inverted input terminal side. 'The cathode
side of the diode D, is connected to the output terminal of

the amplifier IC13. The connection point of the resistor

R3;, and the diode D, connected in series is connected to an
inverted input terminal of an amplifier ICl4 via a resistor

15 R33. Further, a resistor R,, is connected across an end of
the resistor R;, opposite from the amplifier IC13 and the
inverted input terminal of the amplifier ICl14. The ground

GND is connected to a non-inverted input terminal of the
amplifier ICl4, while a resistor Rs;s is connected across the

20 inverted input terminal and the output terminal of the
amplifier IC14. The output terminal of the amplifier IC14

is connected .to a non-inverted input terminal of a
comparator ICl5 via a resistor Rgg. The ground GND is
connected to an inverted input terminal of the éomparator

25 ICi5 via a resistor R;,;, while a power source +V,. is



- 51 - difference signal |evel deciding section 41 decides that the voltage
di.fference between the neutral point of the armature coils la, |Ib and 1lc
and the neutral point of the resistor circuit 2 is not snaller than a
specified value 5 - and the node conparing section 42 decides that the
position signal and the inverter output have a specified relation. Wen

the position signal from the rotational-position sensor 3 is
stabilized, the position sensing operation switching section 43 decides
that the position sensing 10 operation can be effected, and surely
switches the notor operation fromthe -sy®échr onous operation to the position
sensi ng operation. Therefore, the notor operation can be surely sw tched
fromthe synchronous operation to the position sensing operation even if
the characteristic of 15 the voltage difference signal varies
depending on a variation of the |oad and the fluctuation of the power

vol t age. Furth@PﬁB?EFe@héﬁ dN&VARRE-A 1RPYE FREMInal of the comparator

IC15 via a resistor R;g.. Then, an output terminal of the
comparator ICl5 is connected to a clock input terminal CLK
of a D-flip-flop FF2. A power source Vo, is connected to an
5 input terminal D and an input terminal PR of the D—flip—
flop FF2, and a level detection signal is outputted from an
output terminal Q of the D-flip-flop FF2. Further, the
reset signal from the level detector control section 60 of
the microcomputer 14 shown in Fig. 13 1is connected to an
10 input terminal R of the D-flip-flop FF2. The resistors Ry,
and R;g and the cbmparator IC15 constitute a comparator
circuit 19 which serves as exemplified voltage difference
gsignal comparing means. |
When the brushless DC motor is driven in
15 accordance with. the position signal, as shown in Figs. 21A
through 21E, the integral signal thth (shown in Fig. 21A4)
from the integrator 32 of the rotational-position sensor 3
is inputted to the inverted input terminal of the amplifier
IC13 of the level detector 36 via the resistor R;,. Then,
20 the integral signal IVMth is subjected to full-wave
rectification by a full-wave rectifier composed of the
resistors Ra, .through Ri;, the diodes D and D, and the
amplifier IC13 and ICl4 to have a full-wave-rectified
waveform (shown in Fig. 21C). Thereafter, the comparator

25 IC15 compares the full-wave-rectified waveform with a



integral signal fromthe integrator 32 of the rotational- 20 position
sensor 3 exceeds the reference value [err] corresponding to the

af orenenti oned specified value by the operations of the full-wave rectifier
circuit 15, snoothing circuit 16, and conparator circuit 17 of the |evel
~detector 34, the voltage difference signal |evel deciding section 41 25
can decide that the voltage difference is not smaller than - 52 - the
speci fied value, and that the position signal based on the voltage
difference signal is stabilized. (Second Enbodi nent) Fig. 13 shows a
construction of a brushless DC 5 motéok - system according to a
second enbodinent of the present invention. The present enbodi nent has
t he sanme construction as that of the first enbodi nent, and therefore no
description is provided therefor except for a |level detector 35 and a

m cr oconput er Fur i her

construction %gfefl"%gcﬁi SRS 7St 4 Yngﬁdgﬁ&isﬁ%&/?ﬁ\f&r@t%ﬁ'con‘?]?%"ll
the full-wave-rectified waveform is greater than the
reference value E,;, the output of the comparator ICl5 comes

to have H-level. When the full-wave-rectified waveform is
5 smaller than the reference value E;, the output of the
comparator ICl5 comes to have L-level. When the output
signal (shown in Fig. .21D) of the comparator ICl5 comes to
have H-level, the H-level is inputted to the clock input
terminai CLK of the D-flip-flop FF2, and the D-flip-flop
10 - FF2 is set in aécordance with the rise from the L-level to
H-level, and the level detection sigﬁal of H-level (shown

in Fig. 21E) from . the output terminal Q is outputted.

Then, upon receiving the level detection signal
at H-level from the level detector 36, the level detector
15 control section 60 of the microcomputer 14 shown in Fig. 14
outputs a reset signal (L-level) in' accordance with the
rise or fall of the next position signal (shown in Fig.
21B). Then, upon receiving the reset signal from the level
detector control section 60, the D-flip-flop FF2 is reset,
20 and a level detection signal (shown in Fig. 21E) outputted
from the output terminal Q comes to have L-level. Thus,
the level deteétor 36 compares the integral signal JVy,dt
from the integrator 32 of the rotational-position sensor 3
with the specified reference value E; every half-wave, and

25 outputs the level detection signal.



section 60 which receives a position signal froma rotational -position
sensor 3 (shown in Fig. 13) and a | evel detection signal fromthe |evel
detector 35 (shown in Fig. 15 13), and outputs a reset signal; a
voltage difference signal |evel deciding section 61 which receives a
sisgnal representing a level decision flag fromthe | evel detector contro
section 60, and deci des whether or not the |evel of the voltage difference
signal [err] is not smaller than a 20 speci fied value; a node conparing
section 62 which receives the position signal and serves as position signal
node conparing nmeans for conparing the @B8si-ti on signal with an inverter
node; a position sensing operation switching section 63 which serves as an
operation switching nmeans for 25 outputting a position sensing
operation sw tching signal - 53 - based on a decision result fromthe
vol tage difference signal_ |evel deciding section 61 and a conparison result
fromthe node conparing SBEEiodPeXhey GYRCBAPREHA SBOLAYdFecit ofbes sHASH

outputs a Vgl tggesggmﬁg,sit%galle%ne adetector control section 60 and the
voltage difference_ signal level deciding section 61 decide
whether or not the above-mentioned voltag'e difference is
5 not smaller than a specified value based on the level
detection signal of the level detector 36, so that they can
decide whether or not the position  signal based on the
" voltage difference signal 1is stable. Therefore, the
present brushless DC motor system i.s able to decide whether
10 or not the position éensing opération based on the posgition
signal from the integrator‘ 32 of the rotational-pogition
sensor 3 can be effected in the stage of starting, and is
able to surely switch the motor operation from the
synchronous operation to the position sensing operation.
15 Furthermore, the decigion is made every half wave of the
integral signal, and therefore a response time for
switching the motor operation frofn the synchronous
operation to the position sensing operation can be made
fast.

20 (Fourth Embodiment)
Fig. 22 shows a circuit diagram of a level
detector of a. brushless DC motor system according to a
fourth embodiment of the present invention. The present
embodiment has the same construction as that of the

25 brushless DC motor system of the first embodiment except



5 frequency conmmand signal for starting upon receiving an input of an
external operation signal based on the decision result fromthe voltage
difference signal |evel deciding section 61 and the conparison result from
t he node conparing section 62;; and a waveformtinmer T4 which 10

récei ves the frequency connand signal fromthe V/IF pattern setting section
64 and outputs an interrupt signal IR@. The V/F pattern setting section 64
and the waveformtiner T4 constitute a synchronous operation control
section 55 which serves as synchronous operation control neans. 15

Further, the level detector control sectPon 60, the voltage difference
signal level deciding section 61 and the |evel detector 35 constitute |evel
-deci si on neans. The voltage difference signal |evel deciding section 61

i ncl udes a nunber counting section 6la whi ch serves as nunber counting 20
means and a cgynt n nber agbsectlon Géb whi ch serves as count val ue

deci si on meanst®%he® delﬁg eCkefi ofinB2 Pncméﬁégcgmﬁﬁﬁﬁér desrmiRgd

secti on 62a and a:ungg Punbgé e0éd|n9 sectio g . k t.o be not%pd
that the m cr otonpuUter-S4' had ¢ hethehe %Bﬁst?ﬁct GHCALP HSP oﬂsth@Pﬂyl e
m croconputer 4 of ¢he first enbodi nent except for the

| As shown in Fig. 22, the integral signal Iﬁhwdt

5 from the integrator 32 of the rotational-position sensor 3

is inputted to an inverted input terminal of an amplifier

ICl6, and a non-inverted input terminal of the amplifier

IC16 is connected to the ground GND via a resistor Ry,- An

output terminal and the non-inverted input_terminal of the

10 amplifier IC16 are connected to each other via a resistor

Rys- The resistors R,, and R,, and the amplifier IC1l6

constitute a level detector 37 which serves as a hysteresis
comparator having é hysteresis characteristic.

Fig. 23 shows a construction of a microcomputer

15 24 including: a level decision flag setting section 100

~which receives the position signal from the rotational-

position sensor 3 and the level detection signal from the

level detector 37 (shown in Fig. 22); a voltage difference

signal level deciding section 101 which receives a éignal

20 represenping a level decision flag from the level decision

flag setting section 100, and decides whether or not the

level of the Qoltage difference signal Vy is not smaller

thén a specified value; a mode comparing section 102 which

receives the position signal and serves as position signal

25 mode comparing means for comparing the position signal with



- 54 - synchronous operation control section 55, the |level detector
control section 60, the voltage difference signal |evel deciding section
61, the node conparing section 62, and the position sensing operation

sw tching section 63. 5 Therefore, the sane conponents are denoted
by the sane reference nunerals, and no description I's provided
therefor. Fig. 15 shows a circuit diagramof the | evel detector 35, in
which.the integral signal [err] fromthe 10 integrator 32 of the

rotational-position sensor 3 is inputted to a non-inverted input _

terminal of a conparator ICl1l via a resi’Stor [err], a power source [err] is
connected to an inverted input termnal of the conparator ICl1l via a

resi stor R22,- and a power source [err] is connected to the 15 i nverted

input termnal of the conmparator [Cl1 via a resistor [err].

Meanwhi l e, the int, |, Si | . f the int t 32 of . .
ro?gt i l)ngl - posf ‘:agr%erg’(ra‘?%:stoq% gg‘iaoéiei[‘ﬁ[)%]t t‘@éc n% §er?"\lpnﬁ\’f§3‘[ggdg%ﬁﬁﬁ98t ei&fné’fhlocfh a

o pal ator | Clg, ¥ 8 3,588b81PLoh®hibnal NEyRILCLoRBUL TG4l fleths', S LUUSELL
cycle signal representing the cycle of the position signal
from the position signal cycle calculator 45, and compares

5 a value of the cycle of the position signal with a vaiue
corresponding to a cycle of e position signal based 01.1 the
frequency of the inverter output; a position sensing
operation. switching section 104 which serves as operation
switching means for outputting a position sensing operation

10 switching signal based on a decision result from the
voltage difference signal level deciding section 101, a
comparison result from the mode comparing section 102 and a
comparison result from the cycle comparing section 103; a
V/F pattern setting section 105 for outputting a wvoltage

15 command signal and a frequency command signal for starting
based on the decision result from the wvoltage difference
signal level deciding' section 101, the comparison result
from the mode comparing section 102 and the comparison
result from the cycle comparing section 103 upon receiving

20 an input of an external operation signal; and a waveform
timer T4 which receives the frequency command signal from
the V/F pattern setting section 105, and outputs an
interrupt signal IRQ3. The V/F pattern setting section 105
and the waveform timer T4 constitute a synchronous

25 operation control section 56 which serves as synchronous



20 non-inverted input termnal of the conparator 1Cl2 via a resistor
[err], and the power source [err] is connected to the non-inverted input
t&rminal of the conparator 1Cl2 via a resistor R26. Then, output termnals
of the comparator 1Cl1l and 1 Cl2 are respectively connected to input

term nals of 25 an OR-circuit ORL, and an output term nal of the
OR-circuit - 55 - OR1 is connected to a clock input termnal CLK of a
D-flip- flop FFL. A power source [err] is connected to an input term nal

D and an input termnal PR of the D-flip-flop FF1l, and a | evel detection
signal is outputted froman output 5 - 7ltermnal Q of the D-flip-flop FFL1.
Further, a reset signal fromthe m croconputer 14 shown in Fig. 13 is
inputted to an input terminal Rof the D-flip-flop FF1l. The resistors
[err] through [err] and the conparator |ICl1l and IC12 constitute a

conparator circuit 18 which, secrves as exe I |ed v qﬂ$ %% difference
si gnal conpar i TRETREHE GRERTP er%¥H§hles ﬁﬁtor Yendehestesr drce

W th position %?nsiggelaaeégglonl@lFlgsetélng section 100 and the voltage
difference signal 1level deciding section 101 constitute
level decision means. Further, the wvoltage difference

5 signal 1level deciding section 101 includes a number

counting section 10la and a count number deciding section

101b, while the mode comparing section 102 includes a

" number counting section 102a and a count number deciding
section 102b.

10 - The frequency command signal from the V/F pattern
setting section 105 is inputted to the cycle coﬁparing
section 103. The frequency command signal is a signal
representing a timer value to be set in the waveform timer
T4, and is set as a value corresponding to the cycle of the

15 position signal based on the frequency of the inverter
output. That ig, because.the timer value to be set in the
wa&eform timer T4 is a wvalue corresponding to a frequency
six times as high as the frequency of the inverter output,
a value corresponding to the cycle of the position signal

20 can be obtained based on the timer wvalue. Although the
value corresponding to the cycle of the position signal is
obtained from the timer value to be set in the waveform
timer.T4, it can be obtained based on the frequency of the

inverter output of the V/F pattern setting section 105.



t hrough 16D, the integral signal [err] (shown in Fig. 16A) fromthe

i ntegrator 32 of the rotational -position sensor 3 15 Is inputted to
the non-inverted input terminal of the conparator ICl1 via the _
resistor R21, and inputted to the inverted input termnal..of the conparator
| €12 of the level detector 35 via the resistor R24. Then, the conparator

| C11 conpares the integral signal [err] with a reference val ue 20 [err]
set by the resistors [err] and [err]. When the integral signal [err] is
greater than the reference value [err], the output conmes to have H | evel
When the integral signal [err] is smal-l &2 than the reference value [err],

the output cones to have L-I|evel. Meanwhi |l e, the conparator [|Cl2 25
conpares the integral signal [err] with a reference val ue - 56 - E2 set
by the resistors [err] and [err]. When the integral signal [err] is

smal l er than the reference value [err], the output conmes to, have H I evel,
Wien the integral signal WieRr] the grleBighlesmn PRe MItGTencksvaPFdvesr r]in

the output 5 copes to have L- o i
P accordance w1gﬁ thel%%%Ht1ogh%Qg%%&h%%éﬁtﬂé“iﬂ¥gé¥gf éggﬁae

Jvyydt (shown in Fig. 24A) from the integrator 32 of the
rotétional-position sensor 3 1s stable, as shown in Figs.

5 24A through 24F, fhe output terminal of the amplifier ICl6
comes to have L-level when the integral signal J[Vydt
inputted to the inverted input terminal of the amplifier

IC16 of the level detector 37 exceeds a reference value E,,

and the output terminal of the amplifier IC16 comes to have

10 H-level when the integral signal becomes smaller than a
reference value Eg. That is, the level detection signai

(shown in Fig. 24C) of the level detector 37 becomes a

gsignal having a varied phase and same cycle with respect to

the position signal (shown in Fig. 24B). In contrast to

15 the above, when the integral signal J[Vydt is unstable as
shown in Fig. 24D where the integral signal fVMth does
neither exceed the reference value E, nor become smaller

than the reference value E;, the level detection signal

(shown in Fig. 24F) has a lower frequency and a varied duty

20 ratio with respect to the position signal (shown in Fig.
'24E). That is, the unstable state of the integral signal
appears as variétions of the frequency and the duty ratio

of the level detection signal, and with this wvariation, the
stability or instability of the position signal can be

25 detected based on the integral signal.



conmparator 1Cl1 and I C12 cones to have H|evel, the output (shown in Fig.
16C) of the OR-circuit ORL conmes to have H |evel. Wen the output of the
OR-circuit ORL cones to have Hlevel, the Hlevel is inputted to the clock
i nput 10 termnal CLK of the D-flip-flop FFl1, and the D-flip-flop FF1l
is set in accordance with the rise fromthe L-level to Hlevel, and a |evel
detection signal (shown in Fig. 16D) fromthe output termnal Qrises from
L-level to Hlevel. Then, upon receiving the |level detection signal 15 .

at Hlevel fromthe |evel detector 35, the |evel detector control section
60 of the mcroconputer 14 outputs a re§8ét -signal (L-level) in accordance
with the rise or fall of the next position signal (shown in Fig. 16B).
Then, upon receiving the reset signal fromthe | evel detector control 20
section 60, the D-flip-flop FF1 is reset, and the |level detection signal
~(shown in Fig. 16D) outputted fromthe out ut, term nal Qégf t he Dfllp flop
" FF1 comes to have L- | evRPrCRAts, 3Fie 9 d& eE'iLSf"‘ - 352 n"f)%ﬁies

_integral 25 1n§e89§i [g&&hairoWhgtlnt(eﬂrator f the t)atlforg%ltl the
| integrator 32 of the rotational-position sensor 3 is
stable, and an absoclute value of a difference between the

5 timer value of the cycle measuring tiﬁer T3 (shown in Fig.
25C) and the timer value of the waveform timer T4 (shown in

Fig. 25D) becdmes smaller than a specified wvalue, the
.position sensing operation can be effected based on the
position signal (shown in Fig. 25B). In contrast to the

1d above, when the integral signal thth is unstable as shown
in Fig. 25E, and the absolute value of the 'difference
between the timer value of the cycle measuring timer T3

(shown in Fig. 25G) and thé timer wvalue of the waveform

timer T4 (shown in Fig. 25H) exceeds the specified wvalue,

15 the position sensing operation cannot be effected based on
the position signal (shown in Fig. 25F). The timer wvalue

of the cycle measuring timer T3 is expressed by a cycle

signal representing the cycle of the position signal from

the position signal cycle calculator 45, and the timer

20 value of the waveform timer T4 1is expressed by the
frequency command signal from the V/F batﬁern setting
section 105. | Then, based on the cycle signal and the
frequency command signal, the cycle comparing section 103
decides whether or not the absolute value of the difference

25 between the timer value of the cycle measuring timer T3 and



- 57 - position sensor 3 with the specified reference values [err] and
[err], and outputs the | evel detection signal. Operation of the

m croconputer 14 in the stage of starting will be described bel ow accordi ng
to flowmcharts of 5 -~ Figs. 17, 18, and 19. It is to be.noted that the
operation swtching switch SWis selected to the synchronous operation side
prior to starting, where the interrupt signal IR@ of the waveformtiner T4
is inputted to the inverter node sel ector 53, and the voltage command
signal 10 of the VIF pattern setting section 64 is inputted to the PW
section 54. First, when an.operation si@gdal- is inputted externally to the
m croconputer 14, the V/F pattern setting section 64 outputs a frequency
command signal .to start the 15 waveformtinmer T4. Wien the counting of
the waveformtiner T4 is conpleted, the interrupt signal IR is outputted
fromthe waveformtiner T4, and an interrupt handljng 11 is, executed at

interval s of otR%r FdMeF ofalhe Oft rPpia¥rdRam |HREr 24 is not greatey

Flo- 17, Tt LR.gegi ded vheLler plonot the

Operation of the microcomputer 24 in the stage of

sfarting will be described below according to flowcharts of

5 Figs. 26, 27 and 28. It is to be noted that the operation

switching switch SW 1is selected to the synchronous

operation side prior to starting, where the interrupt

-signal‘IRQ3 of the waveform timer T4 is inputted to the

inverter mode selector 53, and the voltage command signal

10 of the V/F pattern setting section 105 is inputted to the
PWM séction 54.

First, when an operation signal 'is inputted
externally to the microcomputer 24, the V/F pattern setting
section 105 outputs the frequency command signal to start

15 the waveform timer T4. When the counting of the waveform
timer T4 is completed, the interrupt signal IRQ3 is
outputted from the waveform timer T4, and an interrupt
handling 21 is executed at intervals of occurrence of the
interrupt signal IRQ3.

20 | In Fig. 26, it is decided whether or not the
frequency has been increaéed to a specified wvalue at step
S301. When it is decided that the frequency has been
increased to the specified value, the program flow proceeds
to step S311. When it is decided that the frequency has

25 not been increased to the specified value, the program flow



frequency has been increased to a specified value at step S201. VWhen it

I s decided that the frequency has been increased to the specified val ue,
the program fl ow proceeds to step S211. When it is decided that the
frequency has 25 ‘'not been increased to the specified value, the program
fl-ow - 58 - proceeds to step S213. Then, at -step S213, V/F pattern
data (for the voltage command signal and the frequency command signal)
preparatorily stored in a table are read, and the programfl ow proceeds to
step S202. Then, at step 5 S211, it is decided whether or not an
external interrupt is enabled. Wen it~ i% decided that the external
Interrupt is not enabled, the program fl ow proceeds to step S214 to enabl e
the external interrupt. Wen the external interrupt is enabled at step

- S211, the program flow proceeds to step 10 S212. \Wen the external

describod | herBEREFEER 53 BBRUCEI Bver e The 3661 (901 1 JAN1 FRSEETRr
falls. .Then, a&at?gep(fsgllz’tﬂet kr%lqg%iedegowg}lgersiogrnar10t and the frequency
command signal) preparatorily stored in a table are read,
.and the program flow proceeds to step S302.
5 Then, at step S$311, it is decided whether or not
an external interrupt is enabled. When it is decided that
‘the external interrupt is not enabled, the program flow
proceeds to step S314 to enable the external interrupt, and
the program flow proceeds to step S312. When the external

10 - interrupt is enabled at step 8311, the program £flow
proceeds to step S312. When the external interrupt is
eﬁabled at .step S314, an interrupt handling 22 as described
hereinaftef is executed every time the position signal
rises or falls.

15 | Then, at step 8312, it is decided whether or not
the absolute value of the difference between the waveform
timer value set in the waveform timer T4 and the cycle of
the position signal is not greater than a specified value.
That is, it is decided in the cycle comparing section 103

20 whether or not the absolute value of the difference between
the waveform timer wvalue that is the frequency command
signal from ﬁhe V/F pattern setting section 105 and
corresponds to the cycle of the position signal based on
the frequency of the iﬁverter output and the wvalue of the

25 cycle of the position signal based on the cycle signal from



the | evel decision flag has been set a specified nunber or 15 nor e
tknes. That is, the nunber counting section 6la of the voltage difference
signal |evel deciding section 61 counts the nunber of tinmes of
continuously setting the level decision flag in the |evel detector control
section 60, and the count nunber deciding section 61b deci des 20

whet her or not the specified nunber of tines has been counted. Wen the
nunber of tinmes of setting of the level decision flag is not smaller than a
speci fied nunber of tinmes at step S212, the programfl ow proceeds to step
S215. When the nunber of tines of settifig of the | evel decision 25 flag
Is smaller than the specified nunber of tines, the - 59 - programfl ow
proceeds to step S216. Then, the voltage comand is changed to | ower the
i nverter output voltage at step S216, and the progranlfIOM/proceeds to step
S202. Then, at step S215, it eci ded wheth or not 5 t he position
signal and t hetf$v ??éFlﬂBdélﬂﬁé SYSpEcFPRiLEY P§P§tﬁ§nlsTm&F G eat e HARP

In Figs. 7A throughSEEEQEieQ value. When it is decided that the

difference between the waveform timer value and the cycle
of the position signal is not greater than the sgpecified
5 value, the program flow proceeds to step S315. When it is
decided that the difference between the waveform timer
value and the cycle of the position signal exceeds the
specified wvalue, the program flow proceeds to step S316 to
change the voltage command and lower the inverter'output
10 voltage, and the program flow proceeds to step S302.

Then, at step S31$, it is decided whether or not
the level decision flag has been set a specified number or
more times. That is, the number counting section 10la of
the voltage difference signal level 'deciding section 101

15 counts the number of times of continuous setting of the
level de01s1on flag in the 1level decision flag setting
section 100, and the count number deciding section 101b
decides whether or not the specified number of times has
been counted. When the number of times of settiﬁg of the

20 level decision flag is not smaller than a specified number
‘of times, it is decided that the ievel deteétion signal has
a specified paﬁtern, and the program flow proceeds to step
S317. When the number of times of setting of the level
decision flag is smaller than the specified number of

25 times, the program flow proceeds to step S318. Then, the



first enbodinment, it is decided whether or not the position signal is at

H-l evel at the point where the inverter node changes to an odd nunber, and
the position signal is at L- 10 | evel at the point where the inverter
node changes to an even nunber. When the position signal and the inverter
node have the specified relation at step S215, the program fl ow proceeds to
step S217. \When the position signal and the inverter node do not have the
specified relation, the 15 program fl ow proceeds to step S218. Then, at
step S217, the nunber of continuous iteration events in which the inverter
node corresponds the H and L-1evels of 7he position signal is counted by

t he nunber counting section 62a of the node conparing section 20 62,
and the count nunber deciding section 62b of the node conparing section 62
deci des whether or not a specified nunber of tines has been counted. That

325, Shown L0 FLgg ThLLouoh TDichthe (Lt sl erboduent L L e dod
posi tion Signa¢oi§a§é EE'SKSL %51%?ea88iQheW%%%%ram flow proceeds to step
| S302.

Then, at step 8317, it is decided whether or not

5 the position signal and the inverter modé have.a specified
.relation. That is, as shown in Figs. 7A through 7D of the

first embodiment, it is decided whether or not the position

signal is at H-level at the point where the inverter mode

changes to an odd number, and the position signal is at L-

10 level at the point where the inverter mode changes to an
even number. When the position signal and the inverter

mode have  the specified relation at step S317, the program

flow proceeds to step S319. When the position signal and

the inverter ﬁode do not have the specified relation, the

15 program flow proceeds to step 8320. Then, the wvoltage
command is changed to lower the invertef output voltage at

step S320, and the program flow proceeds to step S302.

Then, at step 8319, the number of continuously

repeated events in which the inverter mode corresponds .to

20 the H- and L-levels of the position signal is counted in
the number counting section 102a of the mode comparing

section 102, aﬁd the count number deciding section 102b of

the mode comparing section 102 decides whether or not a

specified number of times has been counted. - That is, as

25 shown in Figs. 7A through 7D of the first embodiment, it is



- 60 - the inverter node changes to an odd nunber (e.g., from2 to 3, or
from4 to 5) and the.position signal is at L-level at the point where the

i nverter node changes to an even nunber (e.g., from3 to 4, or from5 to 0)
has been counted 5 - continuously specified nunber of tinmes (four tine in
Fi-gs. 7A through 7D). When it is decided that the specified nunber of

ti mes has been counted at step S217, the program fl ow proceeds to step S219
to issue a switching-to- position-sensing-operation request, and the
program fl ow 10 proceeds to step S202. Wen it is decided

that the specified nunber of tinmes has78ot been counted 'at step S217, the
program fl ow proceeds to step S202. Then, a voltage command signal is

out putted based on the voltage command at step S202. Then, the program 15
flow proceeds to step S203 to calculate a tinmer value of the waveformti mer

" T4 according tg a, frequency command set. in the V/F pattern setting sectjon
64, i.e., the g#%ﬂ%%ﬁcyﬁﬁﬁﬁﬁrSfﬁﬁéﬂﬁbﬁgﬁ%r%Y%???ysﬁﬁlﬁ%glFﬁng? é%ﬂéit%QRE

program fl ow procee to st.ep S204. to set _in, .t waveformiimer T4 20

the timer 'vaif]ﬁ%tg aipr?égd‘ecléﬁn LR L 0933t My LS%=Ar 12t ¢ HBS wROEPS MG fer

T4, and the inéﬁgrfRGePéggl&Bgeléhgﬂgés to.an odd number (e.g., from 2 to

3, or from 4 to 5) and the position signal is at L-level at
5 the_point where the inverter mode changes to an even number'
(e.g., from 3 to 4, or from 5 to 0) has been counted
continuously specified number of times. When it is decided
that the specified number of times has been counted at step
8319, the program flow proceeds to step 8321 to issue a
10 switching—to—position—sensing-operation request, and the
program flow proceeds to step S302. When it is decided
that the specified number of times has not been counted at
step 8319, the program flbw proceeds to step S302.
Then, a voltage command signal is outputted based
15 on the voltage command at step S302. Then, the program
flow proceeds to step S303 to calculate a timer value of
the waveform timer T4 according to a frequency coﬁmand set
in the V/F pattern setting section 104, i.e., the frequency
data storéd preparatorily in the table. Then, the program
20 flow proceeds to step S304 to set in the waveform timer T4
the timer wvalue obtained- at step 8363 and start the
waveform timer.T4, the interrupt handling 21 ends.
Then, the operation switching switch SW is
switched to the position sensing operation side in response

25 to the switching-to-position-sensing-operation request



Then, the operation swtching swwtch SWis swtched to the position sensing
operation side in response to t he

swi t chi ng-t o- posi ti on-sensi ng-operation request 25 i ssued at step
S219 of the interrupt handling 11, and the - 61 - interrupt handling 12
shown in Fig. 18 is executed every tinme the position signal inputted to the
external interrupt termnal of the mcroconputer 14 rises or falls. First,

in Fig. 18, it is decided whether or not 5 t he
sSwWi t chi ng-t o- posi ti on-sensi ng-operation request is present at step
S221. Wien the switching-to-positi @8 -sensing-operation request is not

present, the program flow proceeds to step S231, and then the |evel
detector control section 60 decides the level of the |evel detection signal
10 from the level detector 35. v%en the Ievel detection si gnal

o ek oo e (AL BRI WS AL 2 o e

| evel det ect i:l?ljl.'tesli:‘ pat ha t:|.nagt ﬁl eﬁownatlnStEPg.Szi% J{sbee ecg{:ag] fevery
time the position signal inputted to an external interrupt
terminal of the microcomputer 24 rises or falls.

5 First, in Fig. 27, it is decided whether or not
the switching-to-position-sensing-operation request is
present at step 8331. When the switching-to-position-
sensing-operation request is not present, the program flow
proceeds to step S341, and then the level decision flag

10 setting section 100 decides whether or not the position
signal from the rotational-position sensor 3 rises. When
it is decided that the position signal rises at step S341,
the prograﬁ flow proceeds to step S351. When it is decided
that the position signal does not rise, the program flow

15 - proceeds to step 8352. Then, at step 8351, the Ilevel
decision flag setting section 100 decides whether or not
the level detection signal from the level detector 37 is at
H-level. When it is decided that the level detection
signal is at H-level, the program flow proceeds to step

20 S353 to set the level decision flag. When it is decided
that the level detection signal is not at H-level at step
S$351, the program fiow proceeds to step S354 to reset the
level decision flag.

When the program flow proceeds to step S352, the

25 level decision flag setting section 100 decides whether or



15 proceeds to step S242 to reset the level decision flag, and then
proceeds to step S232. The nunber counting section 6la of the voltage

di fference signal |evel deciding section 61 counts the nunber of tines of
continuous setting of the level decision flag in the | evel detector control
section 20 60. The level decision flag is reset in the initial state.
Then, at step S232; the |evel detector control section 60 outputs a reset
si gnal . When an L-level reset signal is inputted to the input termnal R
of the D-flip- flop FF1, the D-flip-flop FFl is reset to nmake the level 25
detection signal fromthe output term-n&0 @ have L-Ilevel. - - 62 - Then,
it is decided whether or not the switching- to-position-sensing-operation
request is present at step S222. When it is decided that the

swi t chi ng-to- position- sensing operation request Is present, the program
flow 5 proceeds [ Is  decided that the

swi t chi ng-t o- ﬁ%%FtFBﬁsﬁﬁ%ﬁ#mﬂﬁﬁﬁﬁ%&?%n51gpéaué§9m the lgyel,deteqton ny/

progranlfIOM/p{gcggdi_i &ep %%en 1tTQ%ndec1ded that the level detection

signal is at L-level, the program flow proceeds to step

S355 to set the level decision flag. When it is decided

5 that the level detection signal is not at L-level at step

S352, the program flow proceeds to step S356 to reset the

level decision flag. The number counting section 10la of

the voltage difference signal level deciding section 101

counts the number of times of continuously setting the

10 level decision flag in the 1level decision flag setting

section 100. The level decision flag is reset in the
initial state.

Then, it is decided whether or not the switching-

to-position-sensing-operation request  is present at step

15 S332. When it is decided that the switching-to-position-

sensing-operation request is present, the program flow

proceeds to step S342. When it is decided that the

switching-to-position-sensing-operation request is ﬁqt

present, the program flow proceeds to step S333. Then, at

20 step S342, the phase correction timer value for the phase

correction timer T2 is calculated based on the external

phase amount eommand in the timer wvalue calculator 46.

Then, the program flow proceeds to step S343 to set in the

phase correction timer T2 the phase correction timer value

25 obtained at step S342. Then, the phase correction timer T2



step S233, the phase correction tiner value for the phase correction tiner
T2 is calcul ated based on the external 10 phase anount conmand in the
timer value calculator 46. Then, the programflow proceeds to step S234 to
set in the phase correction tinmer T2 the phase correction tiner val ue
obtained at step S233. Then, the phase correction tinmer T2 is started at
step S235, and the program fl ow proceeds to 15 step S236 to stop the
waveformtinmer T4, and then proceeds to step S223. Then, the cycle
measuring tinmer T3 is stopped at step S223, and the program fl ow proceeds
to step S224 to read the tiner value of8Lhe cycle neasuring timer T3. 20
Then, the program flow proceeds to step S225 to start the cycle neasuring
timer T3. Then, at step S226, the position signal cycle calculator 45
calculates the cycle of the position signal fromthe timer value of the

cyele measurl L OB TS o WS offa %t SRASERL S SPopfhcL eubaLal 10
step S345 to stop the waveform timer T4, and then proceeds
to step S333.

Then, the cycle measuring timer T3 is stopped at
5 step S333, and the program flow proceeds to step S334 to
read the timér value of the cycle measuring timer T3.
Then, the program flow proceeds to step S335 to start the
-cycle measuring timer T3. Then, at step S336, the position
signal cycle calculator 45 calculates the cycle of the
10 position signal from the timer value of the cycle measuring
timer T3. Then, at step 8337, the speed calculator 47
calculates a rotation speed of the motor based on the cycle

of the position signal obtained at step S336.
Theh, the program flow proceeds to stép S338 to
i5 decide whether or not the switching-to-position-sensing-
operation request is present. When it is decided that the
switching-to-position-sensing-operation request is present,
the program flow proceeds to step 8346 to effect speed
control based on the speed command signal and output . a
20 voltage command signal, and the interrupt handliné 22 ends.
When it is decided that the switching-to-position-sensing-
operation reqﬁest is not present at step 8338, the

interrupt handling 22 ends.

When the counting of the phase correction timer

25 T2 started in the interrupt handling 22 is completed, the



of the position signal obtained at step S226. Then, the program fl ow
proceeds to step S228 to deci de whether or not the

swi t chi ng-to-position-sensing- 5 operation request is present. Wen it
i s decided that the sw tching-to-position-sensing-operati.on request is
present, the programflow proceeds to step S237 to effect speed control
based on the speed.command signal and output a voltage command signal, and
the interrupt handling 12 ends. 10 When it is decided that the

swi t chi ng-to-position-sensing- operation request is not present at step
S228, the interrupt handling 12 ends. -Waegn-t he counting of the phase
correction tinmer T2 started in the interrupt handling 12 is conpleted, the
15 phase correction-timer T2 outputs the interrupt signal IR@ to
execute an interrupt handling 13 as shown in Fig. 19 every tinme the
interrupt signal IRQ is generated That is, when the counting _of the
phase correct | FRES nEPTFOCELOR oRPIEY d2t BUERIBE thRe InsEEFPREt Signal IRQ2
signal IR, _the interrupt, handli start The inverter node

sel ector 53 advAnE¥EHHE i eF‘PEFrﬁBngtRFWe’-rQ eﬁ attSt 8 0‘595]?-“ aRgg: 28
out puts a volta‘geer)paéttﬁé 8L 1€ rl§252 stfgr?a fﬁ&l:{lst eg;ern 19} acrpdl ing 13.

That is, when the counting of the phase
5 correction timer T2 is completed to output the interrupt
signal 1IRQ2, the interrupt handling 23 starts. The
inverter mode selector 53 advances the inverter mode by éne
step at step S361, and outputs a voltage pattern at step

8362 to end the interrupt handling 23.

10 Thus, by the operations of the voltage difference
signal level deciding section 101, the mode comparing
section 102, and the cycle comparing sgction 103, it can be
decided whether or not the position sensing operation based
on the position signal from the rotational-position sensor

15 3 can be effected even when the cha.racteristic of the
voltage difference signal varies due to the variation of
the load and the fluctuation of the power voltage in the
stage of starting, thereby surely switching the motor
operation from the synchronous operation to the position

20 sensing operation.

Furthermore, when the level detection signal
obtained by comparing in the level detector 37 the integral
signal J[Vidt from the integrator 32 of the rotational-
position sensor 3 with the reférence values E, and E; based

25 on the hysteresis characteristic has a specified pattern,



Thus, in. the synchronous operation in the stage 25 of starting, the

| evel detector control section 60 and the - 64 - voltage difference
signal |evel deciding section 61 decide whether or not the above-nentioned
voltage difference is not smaller than a specified val ue .based on the | evel

detection signal of the level detector 35, so that they can 5 deci de
whet her or not the position signal based on the voltage difference is
st abl e. Therefore, the present brushless DC notor systemis able to

deci de whet her or not the position sensing operation based on the position
signal can be effected in the stage of &Barting, and is able to 10

surely switch the notor operation from the synchronous operation to
the position sensing operation in the stage of starting. Furt her nore,

the decision is made every half wave of the integral signal fromthe

I ntegrator 32 pof the r tational-posi%ﬁon sensor and therefore a response

time 15 fort SRR chshg 9eigetht brabpeFae oﬁog’ff:?%‘?n hefersnesir crivpudiot
-operation to tshnef\a ésli.'t'it%%nsegﬁien%po ceirPi:[ei nvg ﬂet.)e rTq‘?leé\refore, the 1level
decision means can be simply constituted by the 1level
detector 37 using neither a full-wave rectifier nor a
5 plurality of comparator.
(Fifth Embodiment)

‘Fig. 29 shows a circuit diagram of a rotational-
position sensor of a brushless DC motor system according to
a fifth embodiment of the present invention. The present
10 embodiment has the same construction as that of the
brushless DC motor system of the first embodiment having no
level detector, except for the rotational-position sensor
and a micrécomputer described hereinafter, and therefore no

description is provided therefor.
15 As shown in Fig. 29, a rotational-position sensor
110 includes a differential amplifier 31 and an integrator
32 which serve as voltage difference detecting means and
integration means, respectively, of the rotational-position
~sensor 3 of the first embodiment shown in Fig. 1, and a
20 hysteresis comparator 38. The hystefesis comparator 38 is
comprised of an amplifier ICl7 having its inverted input
terminal connected to the integral signal J[Vjy,dt from the
integrator 32, a resistor Ry, which connects a non-inverted

input terminal of the amplifier IC17 to the ground GND, and



fast. (Third Enbodi nent) Fig. 20 shows a circuit diagramof a |level 20
detector of a brushless DC notor systemaccording to a third enbodi nent of
the present invention. The present enbodi ment has the sanme construction
as that of the brushiess DC notor system of the second enbodi nent except
for the | evel detector, and therefore no description is 25 provi ded

t herefor. - 65 - As shown in Fig. 20, the integral signal [err] fromthe
integrator 32 of the rotational -position sensor 3 is inputted to an
inverted input termnal of an anplifier 1Cl3 via a resistor R31, and the
ground GND is connected to 5 a nonBénverted input termnal of the
anplifier [Cl3. Across an output termnal and the inverted input term nal
of the anplifier 1Cl3 are connected a diode D3 with its anode put on the
output termnal side, and a'series circuit conposed of a resistor R32 and a

i D4 conn .0 . .
di ode co qgt%%51stor_R45 which connects together an output terminal

and the non-inverted input terminal of the amplifier IC17.

The hysteresis comparator 38 has a hysteresis
characteristic.
5 Fig. 30 shows a construction of a microcomputer

120 including: a mode comparing section 111 which is
connected to the ‘'"position signal + level detection
signal", and serves as position signal mode comparing means
for comparing the ‘"position signal + level detection
10 signal” with the inverter mode; a cycle comparing section
112 which receives the cyclé signal representing the cycle
of the position signal from the position signal cycle
calculator 45 and serves as position signal cycle comparing
means for comparing a value of the cycle of the position
15 signal with a wvalue corresponding to the cycle of  the
position signal based on the- frequency of the inverter
output; a position sensing operation switching seétion 113
which outputs a position sensing operation switching signal
based on a comparison result from the mode comparing
20 section 111 and a comparison result from the cycle
‘comparing section 112; a V/F pattern setting section 114
which outputs é voltage command signal and the frequency
command signal for starting upon receiving an input of an
external operation signal based on the comparison result

25 from the mode comparing section 111 and the comparison



10 series fromthe inverted input term nal side. The cathode side of
the diode D4 is connected to the output termnal of the anplifier |C13.

The .connection point of the resistor R32 and the di ode D4 connected in
series is connected to an inverted input termnal of an anplifier ICl4 via
a-resistor 15 [err]. Further, a resistor R34 is connected across an end
of the resistor R31 opposite fromthe anplifier 1Cl3 and the inverted input
terminal of the anplifier ICl4. The ground G\D is connected to a
non-inverted input termnal of the anplifier 1Cl4, while a resistor [err]

I s connected across the 20 I nverted8bnput termnal and the output
termnal of the anplifier 1Cl4. The output termnal of the anplifier |1Cl4
is connected to a non-inverted input termnal of a conparator ICl5 via a
‘resistor [err]. The ground G\ND is connected to an inverted input termnal
of the conparator 25 | C15 via, a resistor R37, while a power source
[err] is BEu %oﬁﬁ@et*éhetw%% FRAPRAY AT ARGELPRr ALRAl 2B ghwaveform

conpar at or IC15 Vi a or rr The an out put tern1 h
P timer %4 1c réc Jes t e frequencg comman s1gnai %rom

the V/F pattern setting section 114 and outputs an
interrupt signal IRQ3. The V/F pattern setting section 114
5. and the waveform timer T4 constitufe a synchronous
operation control section 57 as synchronous operation
control means. The mode comparing section 111 includes a
counting section 1lla and a count deciding section 111b.

It is to be noted that the frequency command

10 signal from the V/F pattern setting section 114 is input to
the cycle comparing section 112. The £frequency command
signal is-a signal representing a timer wvalue to be set in
the waveform timer T4, and a value corresponding to the
cycle of the position signal based on the frequency of the

15 inverter output is obtained from the frequency command
signal.

The brushless DC motor is driven in accordance
with the position signal. In this case that the integral
signal fVMth (shown in Fig. 31A) from the integrator 32 -of

20 the rotational-position sensor 110 is stable, the .output
terminal of-the amplifier IC17 comes to have L-level when
the integral signal inputted to the inverted input terminal
of the amplifier IC17 of the hysteresis comparator 38
exceeds a reference value E;. When the integral signal

25 becomes smaller than a reference value E,, the output



conparator 1C1l5 is connected to a clock input termnal CLK of a D-flip-flop
FF2. A power source VDD is connected to an 5 I nput termnal D and an
input termnal PR of the D-flip- flop FF2, and a | evel detection signal is
outputted froman output termnal Q of the D-flip-flop FR2. Further, the
reset signal fromthe | evel detector control section 60 of the

m croconputer 14 shown in Fig. 13 is connected to an 10 | nput term nal
R of the D-flip-flop FF2. The resistors R37 and R38 and t he conpar at or

| C15 constitute a conparator circuit 19 which serves as exenplified voltage
di fference signal conparing neans. When86he brushl ess DC notor i-s driven in
15 accordance with. the position signal, as shown in Figs. 21A through
21E, the integral signal [err] (shown in Fig. 21A) fromthe integrator 32
of the rotational-position sensor 3 is inputted to the inverted input
termnal of t ector 36 via. the resistor

[err]. Then, éfm@ﬁ%#é%ﬁ Int%%r gfﬁm}-’ gﬁlﬁg\’r/”a fgﬁ] comes g i e Ve 1Ho'1.eve1°

[l vave ECULERt EbY L pURYOLREL ! S SO oSH T, LUBOLER' Shas

: gehgggp a fullegyred et LigAg) Yl R (8802818 Fedgndd® - (sndlif’ 28" ¥,

' 31B) based on the reference values E; and E;. In contrast

5 to the above, when the integral signal thth is unstable as

shown in Fig. 31C where it does neither exceed the

reference value E; nor become sﬁaller than the reference

value E;, the "position signal + level detection signal"

(shown in Fig. 31D) has a lower frequency and a varied duty

10 ratio relative to the "position signal + level detection

signal" in Fig. 31B. That is, the unstable state of the

integral signal appears as variations of the frequency and

the duty ratio’of the l"pos:ltion signal + level detection

signal", and with this variation, the stability and

15 instability of the position signal based on the integral
signal can be detected.

Operation of the microcomputer 120 in the stage
of starting will be described below according to flowcharts
of Figs. 32, 33 and 34. It is to be noted that, priqr to

20 starting, the operation switching switch SW is set to ﬁhe
‘synchronous operation side, wherein the interrupt signél
IRQ3 of the waveform timer T4 is inputted to the inverter
mode selector 53, and the voltage command signal of the V/F
pattern setting section 114 is inputted to the PWM section

25 54.



25 | C15 conpares the full-wave-rectified waveform wth a - 67

-sreference value E3 set by the resistors [err] and [err]. Wen the

full -wave-rectified waveformis greater than the reference value [err], the
out put of the conparator |ICl5 cones to have Hlevel. Wen the

full -wave-rectified waveformis 5 smal | er than the reference val ue
[err], the output of the conparator ICl5 cones to have L-I|evel. When t he

out put signal (shown in Fig. 21D) of the conparator |Cl5 conmes to have
Hlevel, the Hlevel is inputted to the clock input terminal CLK of the
D-flip-flop FF2, and the D-flip-flop ¥087 - FF2 is set in accordance with
the rise fromthe L-level to Hlevel, and the | evel detection signal of

H |l evel (shown in Fig. 21E) fromthe output termnal Qis outputted. Then,
upon receiving the | evel detection signal at Hlevel fromthe |evel
detector 36, the level detector 15 control section 60 of the |

mi croconputer 14 shown iTE¥Fly: 1Whemt pdPs GPPEIELCE| gRAPNAL- | dFe| Jinpytted

accordance with the rjse or fa of the next position sigpal (shown in Fig.
externaify to LLe m&crocompuger 120, %Re %/F patterngJ

setting section 114 outputs the frequency command signal to

start the waveform timer T4. When the counting of the

5 waveform timer T4 is completed, the interrupt signal IRQ3
is outputted from the waveform timer T4, and an interrupt
handling 31 is executed at intervals of occurrence of the

interrupt signal IRQ3.

Referring to Fig. 32, it is decided whether or

10 not the frequency has been increased to a specified wvalue
due to the acceleration at step S401. When it is decided

that the frequency has been increased to the specified

value, the.program flow proceeds to étep S411. -When it is
decided that the frequency has not been accelerated to the

15 specified value, the program £flow proceeds to step S413.
Then, at step S413, V/F pattérn data (for the voltage
command signal and the frequency command signal) previously
stored in a table are read, and the program flow proceeds

to stép S402. Then, at step S411, it is decided whether or

20 not an external interrupt is enabled. When it is decided
that the external interrupt is not enabled, the program

flow proceeds to step S414 to enable the external
interrupt, and the program flow proceeds to step S412.

When the external interrupt is enabled at step S411, the

25 program flow proceeds to step 8S412. When the external



21B). Then, upon receiving the reset signal fromthe | evel detector contro
section 60, the D-flip-flop FF2 is reset, 20 and a |l evel detection
signal (shown in Fig. 21E) outputted fromthe output termnal Q comes to
have L-1evel. Thus,; the |l evel detector 36 conpares the.integral signal
[err] fromthe integrator 32 of the rotational-position sensor 3 with the
specified reference value E3 every hal f-wave, and 25 out puts the | evel
detection signal. - 68 - Thus, in the synchronous operation in the stage
of starting, the level detector control section 60 and the voltage

di fference signal |evel deciding sectiro886% deci de whether or not the
above-nentioned voltage difference is 5 not snmaller than a specified
val ue based on the Ilevel detection signal of the | evel detector 36, so
that they can deci de whether or not the position signal based on the

vol tage difference :sigpal I

brushl ess DC HU?%ﬁr§§%?eﬁ?iEnégiga:%Edgéﬁﬁeséﬂg;ﬁg%r%@te&g%@&rﬁég‘ g 32

posi_tion sensiglg %esrc%tiiboera bﬁ%%%ronié hee eocstiééc?nevery time the position
signal rises or falls.

Then, at step S412, it is decided whether or not

5. the difference between the waveform timer wvalue and the

cycle of the position signal is not -greater than a

specified wvalue. That is, it 1is decided in the cycle

comparing section 112 whether or not the absolute value of

the difference between the timer value that 1is the

10 frequency command signal from the V/F pattern setting

| section 114 and correspondé to the cycle of the position

signal based on the frequency of the inverter output and

the value of the cycle of the position signal based on the

cycle signal from the position signal cycle calculator 45

15 is not greater than the specified value. When it 1is

decided that the difference between the waveform timer

value énd'the cycle of the position signal is not greater

than the specified value, the program flow proceeds to step

S416. When it is decided that the difference between the

20 waveform timer wvalue and the cycle of the position signal

is greater than the specified wvalue, the program flow

proceeds to step S415 to change the voltage command and

lower the inverter output voltage, and the program flow

proceeds to step S402.



signal fromthe integrator 32 of the rotational-position sensor 3 can be
ef.fected in the stage of starting, and is able to surely switch the notor
operation fromthe synchronous operation to the position sensing operation.

15 Furthernore, the decision is nade every half wave .of the integral
si\gnal, and therefore a response tinme for switching the notor
operation from the synchronous operation to the position sensing
operation can be made fast. 20 (Fourth Enbodinent) Fig. 22 shows a
circuit diagram of a level detector of a brushless DC notor system
according to a fourth enbodi nent of the8present invention. The present
enbodi nent has the sane construction as that of the 25 brushl ess DC
not or system of the first enbodi ment except - 69 - for the level

detector and a m croconputer described hereinafter, and therefore no

description is provided therefor. L . :
- Then, at step 8416, it is decided whether or not

the position signal and the inverter mode have a specified
relation. That is, as shown in Figs. 7A through 7D of the
first embodiment, it is decided whether or not the position
5 signal is at.H—level at the point where the inverter mode
changes to an odd number, and the position signal is at L-
level at the point where the inverter mode changes to an
even number. When the pésition signal and the inverter
mode have the specified relation at step S416, the program

10 flow proceeds to step S417. When the position signal and
the inverter mode do not have the specified relation, the
program flow proceeds to step S418 to change the voltage
command and lower- the inverter output voltage, and the
program flow proceeds to step S402.

15 Then, at step S417, the counting section 1lla of
the modé comparing section 111 -counts the number of
céntinuously' repeated events in which the inverter mode
corresponds to the H- and L-levels of the position signal
and then the count deciding section 111b of the mode

20 comparing section 111 decides whether or not a specified
number of times has been counted. That is, as showﬁ in
Figs. 7A through 7D of the first embodiment, it is decided
Qhether_ or not events satisfying the condition that the
position signal is at H-level at the point where the

25 inverter mode éhanges to an odd number (e.g., from 2 to 3,



As shown in Fig. 22, the integral signal [err] 5 fromthe integrator 32
ot the rotational-position sensor 3 is inputted to an inverted i nput
termnal of an anplifier 1Cl6, and a non-inverted input term nal of the
anplifier 1Cl6 is connected to the ground GND via a resistor R41. An out put
termnal and the non-inverted input termnal of the 10 anplifier 1C16
are connected to each other via a resistor [err]. The resistors [err] and
[err] and the anplifier I1Cl6 constitute a | evel detector 37 which serves as
a hysteresis conparator having a hysteresis characteristic. Fig. 23 shows a
construction of a m croconputer 15 - 2@ Fncluding: a level decision flag
setting section 100 which receives the position signal fromthe rotational -
position sensor 3 and the | evel detection signal fromthe | evel detector 37
(shown in Fig. 22); a voltage difference signal |evel deciding section 101
whi ch receives a ignal 20 representing, a,level decision flag fromthe
| evel decisiorP¥| gﬁ Qe 4Ry SkcfPgn theD, Papit ¥R Bégndhetiferator Lindevehe at

| evel of the vqgltage, difference signal [err] i.s not smaller than a

speci f1ed val (e Pt WakEa Fhe SOCerber 1hets PRnGERcFGoah RESHoHRET -
signal and seryes_ as | tipon_sjgpal 25 e.conmparin ans faor
conparing t he geo. 1] olr%%glhgn%l t\% tﬂ’ oY fromrmjd £&°PA hi%e ™8 ' ounted

continuously specified number of times. When it is decided
5 ﬁhat the specified number of times has been counted at step
S417, the program flow proceeds to step S419 to issue a
switching-to-position-sensing-operation request, and the
program flow proceeds to step S402. When it 1is decided
that the specifiea number of times has not been counted at

10 - step S417, the program flow.procéeds to step S402.

Then, a voltage command signal is outputted based
on the voltage command at step S402. Then, the program
flow proceeds to step S403 to calculate a timer value of
the waveform timer T4 according to a frequency command set

15 in the V/F pattern setting section 114, i.e., the frequency
data stored preparatorily in the table. Then, the program
flow proceeds to step S404 to set in the waveform timer T4
the timer- value obtained at step S403 and start the
waveform timer T4, and fhe interrupt handling 31 ends.

20 : Then, the operation switching switch SW is
switched to the position sensing operation side in response
to the switching-to-position-sensing-operation request
issued at step S419 of the interrupt handling 31, and the

interrupt handling 32 shown in Fig. 33 is executed every



- 70 - the inverter node; a cycle conparing section 103 which serves as
position signal cycle conparing neans, receives a cycle signal representing
the cycle of the position signal fromthe position signal cycle cal cul ator
45, and conpares 5 - a value of the cycle of the positi.on signal with a
val ue corresponding to a cycle of a position signal based on the frequency
of the inverter output; a position sensing operation switching section 104
whi ch serves as operation switching nmeans for outputting a position sensing
operation 10 switching signal based on a decision result from
the voltage difference signal |evel decPding section 101, a conparison
result fromthe node conparing section 102 and a conparison result fromthe
cycl e conparing section 103; a V/IF pattern setting section 105 for
outputting a voltage 15 command signal and a frequency command si gnal

for starting based on the degision result fromjihe voltage difference
si gnal IeveI(ﬂ&W%iEBGSBEFFBHOTOPFQFWZ CoHiSshnE? 3B EXEPERALhd NRSFEUPT

comparing Sectﬂéghfég %QP éﬁgaéfé égéﬁgﬁker 120 rises and falls.

First, in Fig. 33, it is decided whether or not
the  sewitching-to-position-sensing-operation request is
5 present at step 8421. When it is decided that the
switching—to—posi;ion—sensing—operation request is present,
the program flow proceeds to step S431. When it is decided.
that the switching-to-position-sensing-operation request is
not present, the program flow proceeds to step S422. Then,
10 - at step 8431, the phase correction timer value for the
phase correction timer T2 is calculated based on the
external phase amount command in the timer wvalue calculator
46. Then, the program flow proceeds to step S432 to set in
the phase correction timer T2 the phase correction timer
15 value obtained at step S431. Then, the phase correction
timer T2 1is started at step 8433, and - the program flow
proceeds to step 8434 to stop the waveform timer T4, and

then proceeds to step S422.
Then, the cycle measuring timer T3.is stopped at
20 step S422, and the program flow proceeds to step S423 to
read the time; value of the cycle measuring timer T3.
Then, the program flow proceeds to step S424 to start the
cycle measuring timer T3. Then, at step S425, the position
signal cycle calculator 45 calculates the cycle of the

25 position signal from the timer value of the cycle measuring



result fromthe cycle conparing section 103 upon receiving 20 an i nput
of an external operation signal; and a waveformtiner T4 which receives the
frequency command signal fromthe V/F pattern setting section 105, and
outputs an interrupt signal IR@B. The V/IF pattern setting section 105 and

t he waveformtiner T4 constitute a synchronous 25 operation control
“section 56 which serves as synchronous - 71 - operation control neans.
Further, the level detector 37, the |level decision flag setting section 100
and the voltage difference signal |evel deciding section 101 constitute

| evel decision neans. Further, theS%ottage difference 5 si gnal

| evel deciding section 101 includes a nunber counting section 10la
and a count nunber deciding section 101lb, while the node conparing section
102 includes a nunber counting section 102a and a count nunber deci di ng
section 102b. 10 he fre uenciéconnand signal fromthe VIE

pattmw1sett|ﬁj@ﬁ&tpan 10@@@9%rﬁ%tﬁ&? oSthe: cydi% EBREdriFRlculator 47

calculates a rotation speed of the motor based on the cycle
of the position signal obtained at step S425.
Then, the program flow proceeds to step 8427 to
5 decide whether or not the switching-to-position-sensing-
operation regquest is present. When it is ‘decided that the
switching-to-position-sensing-operation request is present,
the program £flow proceeds to step S435 to effect speed
control based on the speed command signal and output a
10 voltage command signal, and the interrupt handling 32 ends.
When it is decided that thé switching-to-position-sensing- .
operation reguest is not present at step S427, ‘the
interrupt handling.32 ends.
When the counting of the phase correction timer
15 T2 started in the interrupt handling 32 ié completed, the
phase correction timer T2 outputs the interrupt signal IRQ2
and an interfupt handling - 33 shown in Fig. 34 is executed
every time the interrupt signal IRQ2 is generated.
That is, when the phase correction timer T2
20 completes the counting and outputs the interrupt signal
IRQ2, the interrupt handling 33 starts. The inverter mode
selector 53 advances the inverter mode by one step at step
S441, and outputs a voltage pattern at step S442 to end the

interrupt handling 33.



section 103. The frequency command signal is a signal representing a
ti-mer value to be set in the waveformtiner T4, and is set as a val ue
corresponding to the cycle of the 15 position signal based on the
frequency of the inverter output.. That is, because the.tiner value to be
sét in the waveformtiner T4 is a value corresponding to a frequency six
tinmes as high as the frequency of the inverter output, a val ue
corresponding to the cycle of the position signal 20 can be obt ai ned
based on the tinmer val ue. Al t hough the val ue corresponding to the cycle
of the position signal is obtained frenP8he tiner value to be set in the
waveformtiner T4, it can be obtained based on the frequency of the

i nverter output of the V/F pattern setting section 105. - 72 - Wen the
brushl ess DC notor is driven in accordance with the position signal and the
integral signal [err] (shown in Fjig. 24A) fromthe integrator 32 of the
rotational - position sensdf §e?§r§Pgﬁ|éP°a§:sH6mm bysterRsis compagatek, dfyh

24F, the outpq;ftgﬁglggka Eo%g -%ggkkgbgrgé%g%r 110 detects the position

signal, and compares the integral signal fVMth from the
integrator 32 with the reference values Eg; and E, based on
5 the hysteresis characteristic of the hysteresis comparator
38 so as to output the "position signal + level detection
signal". When the absolute value of the difference between
the value of the c¢ycle of the "position signal + levél
detection signal" (value based on the cycle'signal from the
10 position signal cycle calculator 45) and the value
corresponding to the cycle of the position signal based on
the frequency of the inverter output (value to be set in
the waveform timer T4) is not greater than a specified
value, it is decided that the voltage difference signal Vyy
15 is not smaller than a specified wvalue and thus it is
decided that the position signal based on the voltage
difference signal Vyy is stable. Furthermore,' gsince the
rotational-position sensor 110 1is provided with the
hysteresis comparator 38 having the function of the level
20 detector of the aforemeﬂtioned first, second, third and
fourth embodiments, there is no need to provide another

level detector, allowing a cost reduction to be achieved.
The voltage pattern switching system of the
armature coils 1a, 1b and 1ic is implemented by the 180°

25_ energizing system in the first, second, third, fourth and



comes to have L-level when the integral signal [err] inputted to the
i averted input termnal of the anplifier 1Cl6 of the |evel detector 37
exceeds a reference value [err], and the output termnal of the anplifier
| C16 conmes to have 10 H | evel when the integral signal becones snaller
than a reference value [err]. That is, the level detection signal (shown in
Fig. 24C) of the level detector 37 becones a signal having a varied phase
and sane cycle with respect to the position signal (shown in Fig. 24B).
In contrast to 15 t he above, when the integral signal [err] is unstable
as shown in Fig. 24D where the integral 9¢i gnal [err] does neither exceed
the reference value E4 nor becone snaller than the reference value [err],
the | evel detection signal (shown in Fig. 24F) has a | ower frequency and a
varied duty 20 ratio with respect to the position signal (shown in
Fig. 24FE). Tgﬁé IS, hﬁ,unstabl e state of the integral signal appears, as
vari ations of t?r@ﬂ%@ LPCRRE - t hdINAYLT at F° oL hRIP ePBL TRERe AW iThing
signal, and with this vari ¢ stabhility or instability of the

& - be

ti . th
posi tion si gnat® cdi e ]2‘§"J"atel gé;[oect 8§ ba883 ofYERE™! nt 3fal1Gi gray .

energizing system of 120° to 180°.
Furthermore, in the above embodiments, by using
5 the cycle measuring timer T3 and the position signal cycle
calculator 45 as the means for measuring the cycle of the
position signal, and the time (60 degrees in phase angle)
from a leading edge_to a trailing edge or from a trailing
edge to a leading edge of the position signal is counted so
10 as to measure the cycle of the voltage pattern from the
timer value. However, the present invention is not limited
to this, and it is acceptable to measure a time (120
degrees in phase angle) from a leading edge to the next
leading edge or from a trailing edge.to the next trailing
15 edge of the position signal so as to measure the cycle of

the voltage pattern.

Furthermore, in the above embodiments the
microcomputers 4, 14, 24 and 120 are used, however, an
equivalent construction may be implemented by a logic

20 circuit or the like instead of each of the microcomputers.

Furthermore, in the aﬁove embodiments, the
synchronous operation for increasing the voltage and
frequency of the inverter output of the inverter section 20
in the stage of starting is effected according to a linear

25 pattern as shown in Figs. 11 and 12. Alternatively, the



- 73 - Further, as shown in Figs. 25A-25H, when the integral signal [err]
(shown in Fig. 25A) from the integrator 32 of the rotational -positi-on
sensor 3 is stable, and an absolute value of a difference between the 5
timer value of the cycle nmeasuring tinmer T3 (shown in Fig. 25C) and the
ti-mer value of the waveformtinmer T4 (shown in Fig. 25D) becones snaller
than a specified value, the position sensing operation can be effected
based on the position signal (shown in Fig. 25B). In contrast to the 10
above, when the integral signal [err] is unstable as shown in Fig. 25E and
t he absol ute value of the difference be®seen the tinmer value of the cycle
nmeasuring tiner T3 (shown in Fig. 25G and the tiner value of the waveform
timer T4 (shown in Fig. 25H) exceeds the specified value, 15 t he
position sensing operation cannot be effected based on the position signal

(shown in Fig. 25F). The tinmer value of the cycle nmeasuring tiner T3 is
expressed by aveltfeesigndl fepresBAYi ngft hheycRavertere QQ%HﬁQN1mﬁXﬁuhe
fromthe positjon signal cycle. calculator 45, and the tinmer 20 val u

of the \A/avef’()??ﬁ”e"[’g?r%r acﬁ?railgg &rassugveppatfgrn.  Furthermore, the

voltage and the frequency of the inverter output may be
constant. Furthermore, either of the voltage and the

5 frequency of the inverter output may be increased, and the
other may be constant.

Furthermore, in the above embodiments, each of
the V/F pattern setting sections 44, 64, 105 and 114 uses
the V/F pattern data preparatorily stored in the table.

10 - However, the V/F pattern data may be calculated each time
according to an operation expression.

Furthermore, in the above embodiments, the
inverter voltage is lowered until it is decided that the
voltage difference signal is stabilized. However, it is

15 acceptable to iﬁcrease the frequency so that a ratio V/F of
the voltage V to the frequency F of the inverter oufput is
reduced, i.e., with the inverter. voltage constant.
Furthermore, it is also acceptable to lower the voltage and
increase the frequency.

20 . Furthermore, upon receiving the integral signal
from the integrator 32 of the rotationél—position sensor 3,
each of the level detectors 34, 35 and 36 outputs a level
detection signal. However, the level decision means may
decide whether or not the voltage difference between the

25 neutral point of the armature coils and the neutral point



frequency command signal fromthe V/IF pattern setting section 105. Then,
based on the cycle signal and the frequency command signal, the cycle
conparing section 103 deci des whether or not the absolute val ue of -the

di fference 25 between the tinmer value of the cycle neasuring tinmer T3
and - 74 the timer value of the waveformtinmer T4 is not greater than a
specified value. Operation of the mcroconputer 24 in the stage of starting
wi |l be described bel ow according to flowharts of 5 Figs. 26, 27 and
28. It is to be noted that the operation switching swwtch SWis selected
to the synchronous operation side prior %o -starting, where the interrupt
signal IRQB of the waveformtiner T4 is inputted to the inverter node

sel ector 53, and the voltage command signal 10 of the VIF pattern
setting section 105 is inputted to the PW section 54. First, when an

operation signal iilingutted externally to the mcroconputer 24, the V/F
pattern settin@f the Fresistor circuit is not smaller than a specified

-value. '
Furthermore, inl the first embodiment, it is
compared whether or not coincidence of the point of change
5 of the inverter mode and the H- and L-levels of the
position signal continuously occurs, in the mode comparing
gection 42 which serves as position signal modé comparing
means for comparing the position signal of the rotational-
position sensor 3 with the inverter mode of the inverter

10 mode selector 53. However, the position signal comparing
means is not limited to ﬁhis, and it is acceptable to
compare whether or not the difference between the point of
change of the inverter mode and the point of change of the
position signal is within a specified range.

15 - Furthermore, the full-wave rectifier circuit 15
is used as a rectifying means in the first embodiment.
However, the rectifying means is not limited to this, and
it is acceptable to use a half-wave rectifier circuit.

Furthermore, the full-wave rectifier circuit 15

20 - serving as rectifying means, the smoothing circuit 16
'serxrving as smqothiﬁg means.and the comparator circuit 17
serving as smoothed signal comparing means are used in the
first embodiment. The present invention is not limited to
this, and it is acceptable to constitute the rectifying

25 means, the smoothing means and the smoothed signal



section 105 oufputs the frequency conmmand signal to start 15 t he
waveformtinmer T4. Wen the counting of the waveformtiner T4 is
conpleted, the interrupt signal IR@B is outputted fromthe waveformti nmer
T4, and an interrupt "handling 21 is executed at intervals.of occurrence of
the interrupt signal |IR@. 20 In Fig. 26, it is decided
whet her or not.the frequency has been increased to a specified val ue at
step S301. When it is decided that the frequency has been increased to

t he specified value, the programflow proceeds to step S311. When it is
deci ded that the frequency has 25 -N®7 been increased to the specified
val ue, the programfl ow - 75 - proceeds to step S313. Then, at step

S313, V/IF pattern data (for the voltage command signal and the frequency
command signal) preparatorily stored in a table are read, and the program
flow proceeds to step S302. 5 ., Then, at, step S311, it is

deci ded mhetheFOUPaﬁnganW§&¥ﬁnabﬂlﬂ%wrQ®91F§1en£ﬂ4291WMenSPPJ?§tdedﬂ§éd

that aforementioned integral signal to an anélog—to—digital
conversion = process, and thereafter obtain the level
detection signal through a digital calculation.

5 Furthermore, in the second and third embodiments,
it is decided whether or not the integral signal J[Vydt
exceeds thé reference values E,, E, or the reference Qalﬁe
E; every half wave of the integral signal fVMth. However,
it is acceptable to subject the integral signal - to half-

10 wave rectification and decide whether or not only the half
wave of the half-wave vrectified integral signal is
exceeding - the reference value E;. Otherwise, it is.
acceptable to provide either one of the reference values E;
and E, and decide whether or not the integral signal fﬁhth

15 is exceeding the reference value E; or E,.

Furthermore, in the second and thira embodiments,
the level decision flag is set in the level detector
control section 60 based on the level detection signal from _
each of the comparator circuits 18 and 19 which serve -as

20 the voltage difference signal comparing means, and the
counting sectiqn 61la of the voltage difference signal level
deciding section 61 counts the number of continuously
repeated events in which the level decision flag is set.
However, the present invention is not limited to this, and

25 the level decision means may decide that the voltage



the external interrupt is not enabled, the programflow proceeds to step
S314 to enable the external interrupt, and the program flow proceeds to
step S312. Wen the external 10 interrupt is enabled at step S311,
the program flow proceeds to step S312. When the external interrupt is
enrabl ed at step S314, an interrupt "handling 22 as described hereinafter is
executed every time the position signal rises or falls. 15

Then, at step S312, it is decided whether or not the absol ute value of the
di fference between the waveformtiner value set in the waveformtiner T4
and the cycle of the position signal is98ot greater than a specified val ue.
That is, it is decided in the cycle conparing section 103 20 whet her or
not the absolute value of the difference between the waveformti ner val ue
that is the frequency comand signal fromthe V/F pattern setting section
105 and corres gs to the cycle of the position signal based on the

frequency of t TRRERr L8utIntht %WEF%%% thPBe PSRRI Dipd  valye| whep (the
pOS.ItIOI’] S| gnap!u gesegzlglght he Ci!ﬁleef%e%uaencgr“)@ the output signal of the

voltage difference signal comparing means has a specified
pattern.

5 Furthermore, the integrator 32 is implemented by
an integrator comprised of a capacitor and a resistor.
However; it is acceptable to ‘use an integrator constituting
a first order lag circuit using an operational amplifier
and amplify the integral signal. In this case, the

10 integral signal is sufficiently amplified, and therefore an
amount of tolerance to noise is increased advantageously.

Furthermore, in the rotational-position sensor 3,
the differential amplifier 31 is arranged in the first
stage and the integra;or- 32 is arranged in the second

15 stage. However, the above-mentioned construction is not
limitative, and it is acceptable to arrange the integrator
32 in the first stage and arrange differential amplifier 31
in the secend'stage. When an operational amplifier is used
for the integratdr 32 in the first stage, the differential
20 amplifier 31 will not be necessary.

Furthermore, the differential amplifier 31 is
implemented by a non-inverted amplifier circuit for the
sake of simplification of the circuit, and the voltage at
the neutral point of the resistor circuit 2 connected in a

25 three-phase star configuration is inputted to the non-



- 76 - the position signal cycle calculator 45 is not greater than the

specified value. Wen it is decided that the difference between
the waveformtiner value and the cycle of the position signal is not
greater than the specified 5 val ue, the program fl ow .proceeds to step

S315. Wien it is decided that the difference between the waveformtimer

val ue and the cycle of the position signal exceeds the specified value, the
program fl ow proceeds to step S316 to change the voltage command and | ower
the inverter output 10 vol tage, and the program fl ow proceeds to step
S302. Then, at step S315, it is decided9®het her or not the | evel decision
flag has been set a specified nunber or nore tines. That is, the nunber
counting section 10l1a of the voltage difference signal |evel deciding
section 101 15 counts the nunber of tinmes of continuous setting of the
| evel decision,flag in the |evel decision flag setting section 100, and

t he count nunbb?vﬂgE?ﬁi APPYECEPERLEB1hOFe EPged Cih e MFd% thfo e & R9¥1ted

nunber of tinmes_h been counted., Wien the_nunber_of tines of setting of
the 20 1 evef BBE ARIRGIEE FRiT8: lanal i atthahCa EEy 49 cBSHURLAE dihe

times, 1t 1s dgcldsq &RB' 'HBWLGYE, 98'98'L20e3td83k 3% input the voltage
Vy at the neutral point of the armature coils la, 1lb and 1lc

5 and the voltage Vy at the neutral point of the resistor
circuit 2 connected in a three-phase star configuration to

a differential input subtrécting circuit, using the emitter

side of the transistors 204, 20e and 20f of the inverter

section 20 made to serve as the ground GND.

10 INDUSTRIAL APPLICABILITY

The brushless DC motors according to the present
invention are suited for use in household electrical
appliances such as inverter air conditioners and other air

conditioners, electric washers, and vacuum cleaners.



a specified pattern, and the program fl ow proceeds to step S317. When t he
nunber ot—$+ﬂm%—ﬁ+~seTTTTET?ﬁ the level decision flag is smaller than

the specified times, the programflow proceeds to step
S318. Themm“m\ ﬂ ‘! voI t age commnd i's changed to lower the inverter
out put vol and the program fl ow proceeds to step S302.

Then, at step 8317 it is deC|ded whet her or not 5 t he position signal
~and the inverter mode have a specified relation. That is, as shown in Figs.
7A through 7D of the first enbodinment, it is decided whether or not the
position signal is at H1level at the-paont -where the inverter node changes
to an odd nunber, and the position signal is at L- 10 | evel at the
poi nt where the inverter node changes to an even nunber. When t he
position signal and the inverter node have the specified relation at step
S317, the pro-ran1f|om1proceeds to step S319. When t he position signal
and the i nver YEAL I CIAIMED I8se t-he specified relation, the

1. A brushless DC motor system including a rotor
(10) having a multipolar magnet, a stator (1) having
armature coils (la, 1b, lc).connected in a three-phase star
5 configuration, a resistor circuit (2) connected in a three-
phase star configuration in parallel with the armature
coils (1&, 1ib, 1c¢), a rotational-position sensing means (3)
which detects a rotational position of the rotor (10)
relative to the stator (1) based on alvoltage difference
10 between a neutral point of the armature coils (la, 1b, 1c)’
and a neutral point of the resistor circuit (2) to output a
position signal, and an inverter section (20)- which
switches a voltage péttern of the armature coils (1a, 1b,
l1c) based on the position signal from the rotational-
15 position sensing means (3), the brushless DC motof system
comprising:

éyhchronous operation control means (51, 55, 56,
57) for outputting a voltage and a frequency of an inverter
output of the inverter éection (20) bésed on a specified

20 ~ pattern in a stage of starting;
position sensing operation control means (52) for
controlling the inverter output of the inverter section
(20) based on the position signal from the rotational-

position sensing means (3);



15 program fl ow proceeds to step S320. Then, the voltage command is
changed to |l ower the inverter output voltage at step S320, and the program

.flom/proceeds—to“srep“8302‘—Tﬁ“h at step S319, the nunmber of continuously

r epeat ed even verter node corresponds to 20 the H and
L:-1 evel s of t !'I Iﬂ “ I's counted in the nunber counting section

102a of the armng;sec i on 102, and the count nunber deciding
section 102b of the node conparing section 102 deci des whether or not a
speci fied nunber of times has been counted. That is, as 25 shown in
Figs. 7A through 7D of the first enbodil®dnt-, it is - 78 - decided

whet her or not the events satisfying the condition that the position signal
is at Hlevel at the point where the inverter node changes to an odd nunber
(e.g., from2 to 3, or from4 to 5) and the position signal is at L-leve

at 5 t he point where_the jnverter node changes to an even nunber (e.g.,
from3 to 4, or from5 t@ﬁ@ysm Be@msc o iR e dA@GHEI R o SRS CiTY edRunBer

of times. Wien it,.is decided
position sen31ng operation which uses the position signal

from the rotational-position sensing means (3) can be

effected when the inverter section (20) is in a state of

5 synchronous operation by the eynchronous operation control
means (51, 55, 56, 57); and

operation switching means (43, 63, 104, 113)

which switches control means of the inverter section (20)

from the synchronous operation control means (51, 55, 56,

10 - 57) to fhe position sensing operation control means (52)

~when the decision means decides that the position sensing

operation can be effected.

2. The brushless DC motor system according to Claim
1, wherein the voltage and the frequency of the inverter
15 output of the inverter section (20) is outputted based on
the specified pattern by the synchronous operation control
means (51, 55, 56, 57), and when the decision means decides
that the position sensing oﬁeration cannot be effected
after the specified pattern is outputted, the synchronous
20 operation control means (51, 55, 56, 57) reduces a ratio
V/F of the voltage V to the frequency F of the inverter
output of the inverter section (20) wuntil the decision
means decides that the position sensing operation based on

the position signal'can be effected.



that the specified nunber of tines has been counted at step S319, the
program fl ow proceeds to step S321 to issue a 10 '

Sw t chi ng-t o- position-sensing-operati on request, and the programfl ow
proceeds to step it is'decided that the specified nunber of
tirmes has not bee uﬂ@ ﬂ"- 18319, t he program fl ow proceeds to step
S302. Then, a vol tagecc f¥al is outputted based 15 on the
vol tage conmand at step S302. Then, the program fl ow proceeds to step
S303 to calculate a tinmer value of the waveformtinmer T4 according to a
frequency command set in the V/F patterld®2setting section 104, i.e., the
frequency data stored preparatorily in the table. Then, the program 20
flow proceeds to step S304 to set in the waveformtiner T4 the tinmer
value obtained at step S303 and start the waveformtimer T4, the
interrupt handling 21 ends. Then, the operation switching swtch SWis |
switched to t Re po;ition?ﬁﬁnﬁ?&ﬁhﬁﬁﬁ%ﬂ Grmetefe FYSFRBpRfAserging tor glaimpe
smntchlngfto-q33|abgg%3§p8£gg-08gégéigg mééhLKﬁgbmpriééga.ievel decision
means (34, 35, 36, 37, 41, 60, 61, 100, 101) for deciding
whether or not the voltage difference between the neutral
5 point of the armature coils (1la, 1b, 1lc¢) and the neutral
point of the resistor circuit (2) is not smaller than a
specified value, and operates, when the level decision
means (34, 35, 36, 37, 41, 60, 61, 100, 101) decides that

the voltage difference is not smaller than the specified

10 value, to decide that the position sensing operation can be
effected.
4. The brushless DC motor sgystem according to Claim

3, wherein the level decision means (34, 41) comprises:
rectifying means (15) for rectifying a  signal representing
15 the voltage difference between the neutral point of the
armature coils (1a, 1b, 1lc¢) and the neutral point of the
resistor circuit (2); smoothing means (16) for smoothing a
rectified signal from the rectifying means (15); and
smoothed signal comparing means (17) for comparing a
20 ‘smoothed signa; from the smoothing means (16) with a
specified reference value (E;), and operates, when the
smoothed signal comparing'means (17) compares the smoothed
signal from the smoothing means (16) with the reference

value (E;) and consequently the smoothed sinal exceeds the



| ssued at step S321 of the interrupt handling 21, and the interrupt
handling 22 shown in Fig. 27 is executed every tinme the position signal
inputted to an"EXTE?HET‘LﬁTETrUpt—{erninaI of the mcroconputer 24 rises or

falls. Fig. 27, it is decided whether or not the
smntchlng t o- posJu"lH‘HE Hﬂ Q ration request IS present at step
S331. When the *swftchi ng- (sO- s tion- sensing-operation request is not
present, the program flow proceeds' to step S341, and then the |evel
decision flag 10 setting section 100 deci des whether or not the
position signal fromthe rotational - posig3 on sensor 3 rises. Wen it is
deci ded that the position signal rises at step S341, the programfl ow
proceeds to step S351. Wien it is decided that the position signal does not
rise, the programflow 15 proceeds to step S352. Then, at step S351,
the | evel decision flag setting _section_100 deci des whether or not the

| evel detectlcﬁ?@#{ﬁﬁ@efY%%ﬂ%hZEbbvetodéﬁéé@Grtbati§h§tVHl¢@@ﬂ diffegmnce
it is decided ,that the IeveI detection sjgnal is at H1level, the program
fl ow proceeds 1% RepmRiler whan the wReqHeled Ve Ui si on flag When it
I's decided that the | evel detection signal is not at Hlevel at step S351,
the program fl ow proceeds to step S354 to reset the

5. The brushless DC motor system according to Claim

3, wherein the 1level decision means (35, 36, 60, 61)

5 comprises voltage difference signal comparing means (18,
19) for comparing the signal representing the voltage
difference between the neutral point of the armature coils

(1a, 1b, 1c5 andlthe neutral point of the ﬁesistor circuit

(2) with specified reference values (E;, E,, E;), and

10 operates, when an output signal of the voltage difference
signal comparing means (18, 19).obtained by comparing the
voltage difference signal with the reference values (E,, E,,

E;) by the voltage difference signal comparing means (18,

19). has a specified pattern, to .decide that the voltage

15 difference is not smaller than the specified value.

6. The brushless DC motor system according to Claim

3, wherein the level decision- means (37, 100, 101)
operates, when an output signal of a hysteresis comparator

(37) obtained Iby comparing the signal representing the

20 voltage difference between the neutral point of the
armature coils (la,. 1b, 1c) and the neutral.point of the
resistor circuit (2) with specified reference values (Eg,

Eg) based on a hysteresis characteristic of the hystéresis




| evel decision flag. Wen the program flow proceeds to step S352, the 25

| evel decision flag setting section 100 deci des whet her or - 80 - not
the | evel detection S|gnal fromthe l-evel detector 37 is at L-level. Wen
it is decided that the eve et ec signal is-at L-level, the program

flkow proceeds to ste | evel decision flag. When it is
deci ded 5 t hat tm I ggﬂuﬂt n signal is not at L-level at step

S352, the program fl oW proceeds t0 step S356 to reset the | evel decision

flag. The nunber counting section 10la of the voltage difference signal

| evel deciding section 101 counts the ri#her of times of continuously
setting the 10 1 evel decision flag in the |evel decision flag setting
section 100. The |l evel decision flag is reset in the initial state. Then,

it is decided whet her or not the smﬁtching- t 0- posi tion-sensi ng-operation

request is present at steP S332. When it is decided that the '
swi t chi ng- t o- YRR 37) has a specified pattern, to decide that the

voltage difference is not smaller than the specified value.

7. The brushless DC motor system according to Claim

1, wherein the decision means comprises position signal

5 mode comparing means (42, 62, 102, 111) for comparing the
position signal from the rotational-position sensing means

(3) with the inverter output of the inverter section (20)

for deciding whether or not the position signal and the
inverter output have a specified rela;ion, and operates,

10 when the position signal mode comparing means (42, 62, 102,
111) compares the position signal With the inverter output

and consequently the position signél and the inverter
output have the specified relation, to decide that the

position sensing operation can be effected.

15 8. The brushless DC motor system according to Claim
1, wherein the decision means comprises position signal
cycle comparing means (103, 112) for comparing aﬁ absolute

- value of a difference between a value of a cycle of the
position signal and a value corresponding to .a cycle of a

20 ' position signal based on a frequency of the inverter outpﬁt
with a specified value for deciding whether or not the
absolute value is not greater than the specified value, and

operates, when the position signal cycle comparing means



sensi ng-operation request is present, the programflow proceeds to step
S342. Wen it is decided that the

swi t chi ng-t o- pesiti ation request S not present, the
progranlfIOM/proceeds to ste 8333 Then, at 20 step S342, the phase
cerrection tlner ﬂ uﬂ ﬂﬂﬂ ase correction tinmer T2 is cal cul ated
based on the ext t coomand in the tinmer value cal cul ator
46. Then, the program IOM/proceeds to step S343 to set in the phase
correction tinmer T2 the phase correction tiner value 25 obt ai ned at
step S342. Then, the phase correctionitdsmer T2 - 81 - is started at

step S344, and the program fl ow proceeds to step S345 to stop the waveform
timer T4, and then proceeds to step S333. Then, the cycle neasuring tiner
T3 is stopped at 5 step S333, and the program flow proceeds to step
S334 to read the tinmer value of the cycle neasuring tinmer T3.. Then, the

program fl ow prdedsiia) st@§°$§§§t(¥hﬁ§utthﬁe apepdugas aAlNe t i afr

Then, at ste 3 t he position
péié%%rencepietween the value of the cycle of the position

signal and the value corresponding to the cycle of the
position signal based on the frequency of the inverter
5 output is not greater than the specified value, to decide

that the position sensing operation can be effected.

9. The brushless DC motor system according to Claim
8, wherein the rotational-position sensing means (110)
comprises: voltage difference detecting means (31) for
10 detecting the voltage difference between the neutral point
of the armature coils (la, 1b, 1lc) and the neutral point of
the resistor circuit (2) to output a voltage difference
signal; integration means (32) for integrating the wvoltage
difference signal f;om the voltage difference detecting
15 means (31) to output an integral signal; and a hysteresis
comparator (38) which has a hysteresis characteristic and
compares the integral signal from the integration means
(32) with specified reference values (Eg;, E;) to output the

position signal.

20 10. The brushless DC motor system according to Claim
1, wherein the decision means comprises at least two of:
level decision means (34, 35, 36, 37, 41, 60, 61,

100, 101) for deciding whether or not the voltage



signal cycle calculator 45 calculates the cycle of the 10 posi tion
skgnal fromthe ti of the cycle measuring timer T3. Then, at
step S337, the speﬁiﬂialculator 47 Cal cul ates a rotation speed of t he

mot or based on t he ”ﬁﬂuﬂuﬂ tion signal obtained at step S336.
Then, the programf mﬂmtep S338 to 15 deci de whet her or

not the swtching-to- p05|t|6n §ensi ng- operation request is present. \Wen
it.is decided that the switching-to-position-sensing-operation request is
present, the programflow proceeds to step S346 to effect speed control
based on the speed command signal and awgut a 20 vol t age conmand
signal, and the interrupt handling 22 ends. Wien it is decided that the
swi t chi ng-to-position-sensing- operation request is not present at step
S338, the interrupt handling 22 ends. Wen the counting of the phase
correction tlner 25 T2 started in the interrupt handling 22 is

conpl eted, th&iffergpce bptweenokhecreykrelmdoint QA pute aFBatWrer £Qids

signal | R

(la, 1b, 1c) and the neutral point of the resistor circuit
(2) is not smaller than a specified vaiue, and operating,
upon deciding that the voltage difference is not smaller
5 than the specified wvalue, to make the decision means decide.
that the position sensing operation can be effected;
position signal mode comparing means (42, 62,
102, '111) for comparing the position signal from the
rotational-position sensing means (3) with the inverter
10 output of the inverter section (20) for deciding whether or
not the position signal and the inverter output have a
specifiea_relation, and operating, when the position signal
and the inverter output have the specified relation, to
make the decision means decide that the position sensing
15 operation can be effected; and
position signal cycle comparing means (103, 112)
for comparing an absolute value of a difference between a
value of a cycle of the position signal and a value
corresponding to a cycle of a position signal based on a
20 frequency of the inverter output with a specified wvalue,
‘and operating,lwhen the absolute wvalue of the difference
between the wvalue of the cycle of the besition signal and
the value corresponding to the cycle of the position signal
based on the frequency of the inverter output is not

25 greater than the specified wvalue, to make the decision



to execute an interrupt handling 23 as shown in Fig. 28 every tine the

i pterrupt signal IRQ2 is generated. That is, when the counting of the
phase 5 correcti imer T2 is conpleted to output the interrupt signal -
|RQQ2, the interru ' ﬂ starts. The inverter node sel ector
53 advances the mv@(“lmwmwwng u step at step S361, and outputs a

vol tage pattern at siepcS362 %0 send the interrupt handling 23. 10

Thus, by the operations of the voltage difference signal |evel deciding
section 101, the node conparing section 102, and the cycle conparing
section 103, it can be deci ded whet her 1@7 nrot the position sensing :
operation based on the position signal fromthe rotational -position senso
15 3 can be effected even when the characteristic of the voltage

di fference signal varies due to the variation of the |oad and the
fluctuation of the power voltage in the stage of starting, thereby surely
swi t chi ng t he HaRs 6g6idei drhat ofhehePeghehPn ASNSIRST aPPelatborhecan be
position 20 sensing operation. -Furthernore, when the | evel detection
si gnal obt ai n&f aring in the |level detector 37 the integral signal
[err] fromthe integrator 32 of the rotational-

11. The brushless DC motor system according to Claim

2, wherein the decision means comprises level decision

5 means (34, 35, 36, 37, 41, 60, 61, 100, 101) for deciding
whether or not the voltage difference between the neutral

point of the armature coils (la, 1b, 1c) and the neutral

point of the resistor circuit (2) is not smaller than a
specified value, and operates, when the level decision

10 means (34, 35, 36, 37, 41, 60, 61, 100, 101l) decides that
the voltage difference is not smaller than the specified

value, to decide that the position sensing operation can be

effected.
12. The brushless DC motor system according to Claim
15 2, wherein the decision means comprises position signal

mode comparing means (42, 62, 102, 111) for comparing the
position signal from the rotationél—position sensing means
(3) with the inverter output of the inverter section (20)
for deciaing whether or not the position signal and the
20 inverter output have a specified relation; and operates,
when the position signal mode comparing means (42, 62, 102,
111) compares the position signal with the inverter output

and consequently the position signal and the inverter



position sensor 3 mnth the reference values [err] and [err] based 25 on
the hysteresis charac s a speC|f|ed pattern, - 83 - it can be
deci ded that the voIt ference is not smaller than the specified

val ue. Ther ef or e, @p%@w ﬂﬂlu n nmeans can be sinply constituted by
the | evel detector 37U ﬂwpfull-mave rectifier nor a 5

plurality of conparator. (Flft% Enbadi nent) Fig. 29 shows a circuit diagram
of a rotational- position sensor of a brushless DC notor system accordi ng
to a fifth enbodi nent of the present invention, The present 10

enbodi nent has the sanme construct+a@p8as that of the brushless DC
not or system of the first enbodi nent having no | evel detector, except for
the rotational -position sensor and a m croconput er described hereinafter,
and therefore no description is provided therefor. 15 ' As
shown in Fig. 29, a rotational-position sensor 110 includes a _differential
amplifier 31 aﬁafht%yﬁt ﬁ{aé@,altg,e specified relation, to decide that the

position sensing operation can be effected.

13. The brushless DC motor system according to Claim

2, wherein the decision means comprises position signal

5. cycle comparing means (103, 112) for comparing an absolute
value of a difference between a value of a cycle of the
position signal and a value corresponding to a cycle of a
position signal based on. a frequency of the inverter output

with a specified wvalue for deciding whether or not the

10 absolute value is not greater than the specified value, and
operates, when the position signal cycle comparing means

(103, 112) decides that the absolute value of the
difference between the value of the cycle of the position

signal and the value corresponding to the cycle of the

15 position signal based on the frequency of the inverter
output is not greater than the specified value, to decide

that the position sensing operation can be effected.

14. The brushless DC motor system according to Claim
2, wherein theldecision_means comprises at least twb of:

20 level decision means (34, 35, 36, 37, 41, 60, 61,
100, 101) for deciding whether or not the voltage
difference between the neutral point of the armature coils

(1a, 1b, 1c) and the neutral point of the resistor circuit



32 which serve as voltage difference detecting neans and integrati on neans,
respectively, of the rotational-position sensor 3 of the first enbodi nent
shown in Fig. 1, and a 20 __ _hysteresis canparator 38. The hysteresis
conparator 38 TS conprised of an anplifier ICl7 having its inverted input

t ermi nal connect !“M‘“ﬂmﬁl signal [err] fromthe integrator 32, a
resi stor R44 Wni\ ‘“Bm K8h-i nverted input termnal of the anplifier
| C17 to the grountd GND* afld * - 84 - a resistor. [err] which connects
toget her an output term nal and the non-inverted input term nal of -the
anplifier ICl7. The hysteresis conanat-or 38 has a hysteresis

characteristic. 5 _ Fig. 30 shows a construction of a
m croconputer 120 including: a node conparing section 111 which is
connected to the "position signal + |evel detection signal”, and serves as

position signal node conparing neans for conparing the "position signal +
| evel detectiofRhois no§ grealtley t khanea Mraqidiafhdealiecyand oprrating.
section upon deciding that the voltage difference is not smaller
than the specified value, to make the decision means decide
that the position sénsing operation can be effected;

5 position signal mode comparing means (42, 62,
102, 111) for comparing the position signal from the
rotational-position sensing means (3) with the inverter
output of the inverter section (20) for deciding whether or
not the position signal and the inverter output have a
10 = specified relation, and operating, when the position signal
and the inverter output have the specified relation, to
make the decision means decide that the position sensing

operation can be effécted; and |
position signal cycle comparing means (103, 112)
15 for comparing an absolute value of a difference between a
value of a cycle of the poéition signal and a value
corresponding to a cycle of a position signal based on a
frequency of the -inverter output with a épecified value,
and operating, when the absolute value oflthe difference
20 between the value of the cycle of the position signal and
the value corrgsponding to the cycle of the position signal
based on the frequency of Ehe inverter output is not
greater than the specified value, to make the decision

means decide that the position sensing operation can be

25 effected.



112 which receives the cycle signal representing the cycle of the position
. sizgnal fromthe position signal cycle cal culator 45 and serves as position
si.gnal cycle conparing neans for conparing a value of the cycle of the
position 15 signal wth a value corresponding to the cycle of the
position signal based on the frequency of the inverter output; a position
sensi ng operation switching section 113 which outputs a position sensing
operation switching signal based on a conparison result fromthe node
conparing 20 section 111 and a conparison result from the cycle
conparing section 112; a V/F pattern sellPng section 114 which outputs a
vol t age conmmand signal and the frequency conmand signal for starting upon
receiving an input of an external operation signal based on the conparison

result 25 fromthe node conparing section 111 and the conparison -
85 - result fron1the cycle co section 112; and a waveformtiner T4
whi ch recei ves=&H 26 QERLHE DLISCRUSUREN | fronlthe VI F pattern setting

section 114 and out puts an

In a state of synchronous operation in which a
voltage and a frequency of an inverter output are increased
in a stage of starting, when it is decided that a voltage

5 difference signal is not at a specified level by a voltage
difference signal level deciding section (41) or when a
comparison result in a mode comparing section (42)
signifies that a position signal and an inverter mode do
not have a specified relation, a V/F_ pattern setting

10 section (44) outputs a voltége command signal for lowering
the inverter output voltage to a PWM section (54).
Meanwhile, when it is decided that the voltage difference
signal is at the specified level by the voltage difference
signal level deciding section (41) andlwhen the position
15 signal and the inverter mode have the specified relation
upon receiving a decision signal from the voltage
difference signal level deciding section (41) and a signai
representing the comparison result from the mode_comparing
section (42), a position sensing operation éwitching
20 "section (43) switches an operation switching switch SW from.
a synchronous operation side to a position sensing

operation side.

. Yoot {.4:-'



I nterrupt signal I1R@. . The V/F pattern setting section 114 5 and the
waveform tinmer T4 constitute a synchronous-operation control section
57 as synchronous operation control neans. The node conparing section 111
i ncl udes a counting section 111a and a count deciding section 111b. It is
to be noted that the frequency command 10 signal fromthe V/IF pattern

- setting section 114 is input to the cycle conparing section 112. The
frequency command signal is a signal representing.a tinmer value to be set
in.the waveformtiner T4, and a val ue corresponding to the cycle of the

position signal based on the frequency of the 15 I nverter output is
obtained from the frequency commuand signal. The brushl ess DC notor is
driven in accordance with the position signal. In this case g€hat the

integral signal [err] (shown in Fig. 31A) fromthe integrator 3Zcof 20

the rotational -position sensor 110 is stable, thegoutput ter §ﬁ of the
anmplifier I1CL7 comes to have L-1level when the ijtegral signal nnutted to
the inverted input term nal of the anpllf+{ﬁ-+ - eﬁnihe-hys
conparator 38 exceeds a reference value [prr].
25 becomes smaller than a referenCEr varFue Terrr
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- 86 - termnal of the anplifier 1C1l7 comes to have H | evel. Then, the
rotational -position sensor 110 outputs the "position signal + |evel
detection signal"™ (shown in Fig. 31B) based on the reference values [err]
and [err]. In contrast 5 to the above, when the integral signal [err]
is unstable as shown in Fig. 31C where it does neither exceed the reference
val ue E6 nor become snaller than the refecrence val ue [erxz ], the "position
signal + level detection signal" (showi B Fig. 31D ha,'g___.ﬁl ower frequency
and a varied dut yvlo ratgo relativegtBthe "positio Dgnal B+ Bvel
detection signal "\in Fig. 3§B. . That is-,mt he unstable ai Re ofhtgeg
I ntegral signal appear s variations of Jthe frequency a t he guﬁyaratio
of the "position skgnhal % Ie?eﬂ detectior] signal", and YT WhEs—

variation, the ([stabilit 15 ____lnstabLlity of t position 1;igna|
based on the int ggal Si tedted. ;Qperation of the
m croconputer 12q inthe ting will beYescriped bel ow
accordi ng to®f | ojchasts. : - | .
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of Figs. 32, 33 and 34. It is to be noted that, prior to 20 starting,
the operation switching swtch SWis set to the synchronous operation side,
wherein the interrupt signal R of the waveformtinmer T4 is inputted to
the inverter node selector 53, and the voltage command signal of the V/IF
pattern setting section 114 is inputted to the PW section 25 54. -
87 - First, when an operation signal is inputted externally to the

m croconputer 120, the V/F pattern setting section 114 outputs the
frequency command signal to start the waveformtimer T4. When t he
counting of the 5 waveformtinmer T4 is conpleted, the interrupt signal
ITR@ is outputted fromthe waveformtimer T4, and an interrupt handling 31
is executed at intervals of occurrence of the interrupt signal |RG.
Referring to Fig. 32, it is decided whether or 10 not the frequency has
been increased to a specified value due to the acceleration at step S401.

~Wien it is decided

Fig.3

v &

q:_ 1c5 \ Level

Ryg  Detection
; Signal
GND !




that the frequency has been increased to the specified value, the program
fl ow proceeds to step S411. Wien it is decided that the frequency has not
‘been accelerated to the 15 speci fied value, the programflow proceeds
‘to step S413. Then, at step S413, V/F pattern data (for the voltage conmmand °
isignal and the frequency command signal) previously storedin a table are
‘read, and the program flow proceeds to step S402. Then, at step S411, it is
deci ded whet her or 20 not an external interrupt is enabl ed. When it

i s decided that the external interrupt is not enabled, the programfl ow
proceeds to step S414 to enable the external interrupt, and the program

fl ow proceeds to step S412. When the external interrupt is enabled at step
S411, the 25 . gzgian1flow1proceeds.to step $S412. When t he external

Rig.
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Then, at step 15“, | gﬁsvggc %eﬂ \Wwheg het 0 Y 1 1 N Y 1
ﬁfg_4B V-Phase v A N A Py
Induction Voltage E, ! &+ o N—7 VT Ne——
Fig.4C  wrhase A L NG L LATTTNG
- ' t 1 1 t ] i H ] 1 ] ] U
Induction Voltage Eyy \—""—,/ A~ \'—:——,] '~ N

F Ig4E Position Signal

Fig.4F§3ﬂL‘;’; Signal 7513250123450

H Full-Wave :
F Ig 4 Rectified :
. Waveform :
Fiq.4H smoothed I S A A T BN S N N 42
g Waveorm [~ 1§ ! L 1 1 ' 1 1 0 & gt
Fiq.4] Level Detection : @ @ ' | ‘ ' i ¢ i i i°0:
g ,Signal:::::::::\::::
' I' l. |I ll l' ll I' lI Il IE |! I' l.
Flg 4J Transistor: ‘ : E E : E E : EL—I'_eveI S
. o0al ! L T L T
: Trangistor| { + 1t o+ bob L4
Fig.dK ™5l 1 [ 1 C )
. T 't 1 [] : : ] 1 1 ] |. ! 1 1 1 1
Fig4L — ™oopp [ L ] b
Flg 4 M Transistor bl et 0 b ety
: oef 4+ [+ 1+ [+
Fig.aN Tesserf i T
j Transistor ———— | | F———— 1 1
Fig.40 20t ——— T T
I 1 1 ] 1 1 1 3 ] |} 1] ] ] ]
Fig.4P Imventer i {2[3[4(5[0]1[2[3[4[5[0]1




5 the difference between the waveformtiner value and the cycle of
the position signal is not greater than a specified value. That
is, it is decided in the cycle conparing section 112 whether or not .the
absol ute value of the difference between the tinmer value that is the 10
frequency command “signal from the V/F pattern setting section 114
and corresponds to the cycle of the position signal based on the frequency

+of the inverter output and the value of the cycle of the position signal

based on the
i S not

greater

fromthe
speci fi

cycle signal
than the

posi tion sign
ed val ue.
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- 89 - Then, at step S416, it is decided whether or not the position signal
and the inverter node have a specified relation. That is, as shown in Figs.
7A through 7D of the first enbodinent, it is decided whether or not the
position 5 signal is at Hlevel at the point where the inverter node
changes to an odd nunber, and the position signal is at L- level at the
point where the inverter node changes to an even nuf —— n the
position signal and the inverter node have the specifépd:gel ion at step
S416, the program 10 flow proceeds to step S417.| € Wi@n tjhe position
signal and the inverter nmode do not have the specifileg reRatipn, the
program fl ow proceeds to step S418 to change the voIF§gg<Do nd and | ower
the inverter output voltage, and the program fl ow grpcdedsitp step S402.
15 Then, at step S417, the counting s4cC ign% glﬂa of the node
conparing section 111 counts the nunber of contin S y}rgp ed events in
whi ch the inverter node corresponds L& the H and L-jl®vel® af}| t he position
signal and then the count deciding segffion IIID of tnhe node Z '
conparing section 111 deci des whet her> speci fi ed

’i
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nunber of tines has been counted. That is, as shown in Figs. 7A through
7D of the first enbodinent, it is decided whether or not events satisfying
the condition that the position signal is at Hlevel at the point where the
25 i nverter node changes to an odd nunber (e.g., from2 to 3, - 90 -
~or from4 to 5) and the position signal is at L-level at the point where
the inverter node changes to an even nunber (e.g., from3 to 4, or from5
to 0) have been counted continuously specified nunber of tines. Wen it is
deci ded 5 that the specified nunber of tinmes has been counted at step
S417, the program flow proceeds to step S419 to issue a .

SwW t chi ng-t o- posi ti on-sensi ng-operation request, and the programflow
proceeds to step S402. MWhen it is 1Eiggﬁgbthat t he specified nunber of

ti mes has not been counted at 10 S 17, the program fl ow proceeds
to step S402. Then, a voltage command signal is outputted based on the

vol tage command at step S402. Then, the program fl ow proceeds to step

S403 to Ca'@”lrﬂéﬁuﬁt tHﬁﬁﬂliHQ‘] Qﬂof
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the waveformtiner T4 according to a frequency command set 15 in the
VIF pattern setting section 114, i.e., the frequency data stored
preparatorily in the table. Then, the programfl ow proceeds to step S404 to
set in the waveformtiner T4 the timer value obtained at step S403 and
start the waveformtimer T4, and the interrupt handling 31 ends. 20

Then, the operation switching swtch SW is switched to the position
sensing operation side in response to t he _

sSwWi t chi ng-t o- posi ti on-sensi ng-operation request issued at step S419 of
the interrupt handling 31, and the interrupt handling 32 shown in Fig. 33
is executed every - 91 - tine the position signal inputted to an
external interrupt term nal of the mcroconmputer 120 rises and falls.
First, in Fig. 33, it is decided whether or not the

SwWi t chi ng-t o- posi ti on-sensi ng-operation request is 5 present at

step $421. Wen it is decidgﬁ:-thai t he
swi t chi ng-t o- posi ti on-sensi ng- oper |IQ?. ‘)est is present, the program
flow proceeds to step S431. Wen it I'S decided

(Interrupt Handling 3)-
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S141 Mode by One Step

Output Voltage
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that the sw tching-to-position-sensing-operation request is not present,
the program fl ow proceeds to step S422. Then, 10 at step $431, the
phase correction tinmer value for the phase correction tinmer T2 is
cal cul at ed based on the external phase anmbunt command in the tinmer val ue
cal cul ator 46. Then, the program fl ow proceeds to step S432 to set in the
phase correction tiner T2 the phase correction tiner 15 - value obtained
at step S431. Then, the phase correction timer T2 is started at step
S433, and the programfl ow proceeds to step S434 to stop the waveform
timer T4, and then proceeds to step S422. Then, the cycle nmeasuring tiner
T3 is stopped at 20 S S422, and the programfl ow proceeds to step
S423 to read the tinmer v fffme cycle nmeasuring timer T3. Then, the
program fl ow proceeds to st S424 to start the cycle measuring tiner T3.
Then, at step S425, the position signal cycle calculator 45 cal cul ates the
cycle of the 25 position,signal fromthe tinmer value of the cycle

measuring - 92 - . A inverter Output
(V) (F) - Voltage '

Inverter  Inverter

Output Frequency | Inverter Frequency

Voltage !
:
. . >
! Time (sec)
Switching to Position
Sensing Operation
Fig.12
Inverter Output Voltage
(v) e i

Inverter Inverter | Inverter

Output Frequency | Frequency
| Voltage

— >
. Time (sec)
Switching to Position

Sensing Operation

Acceleration Stop



timer T3.  Then,

rotation speed of the notor
obtai ned at .step S425. Then,

deci de whet her
request

or

IS present.

at step S426, the speed calculator 47 calcul ates a

not
When it

sSwW t chi ng-t o- posi ti on-sensi ng-operati on request

fl ow proceeds to step S435 to effect speed control

command si gnal and
i nterrupt handling

sSwW t chi ng-t o- posi ti on-sensi ng-

step $427,
correction tinmer
conpl et ed,

15

out put a 10
32 ends. Wen it

operation
the interrupt handling 32 ends. Wen the counti g
T2 started in the interrupt handling#
t he phase correction tinmer T2 outputshe inter

and an interrupt handling 33 shown in Fig. 34y

i nterrupt signal
timer T2 20

| RQZ,
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S441, and outputs a voltage pattern at step S442 to end the interrupt-
handl i ng 33. - 93 - As described above, the hysteresis conparator 38 of
the rotational -position sensor 110 detects the position signal, and
conpares the integral signal [err] fromthe integrator 32 with the

ref erence values E6 and E7 based on 5 the hysteresis characteristic of
the hysteresis conparator 38 so as to output the "poanon S|gnal + | evel
detection signal". Wen the absol ute valg@ f th,_e ig @S @t ween the
val ue of the cycle of the "position sign# EI- | evy d@ tﬁ;o:ﬁ &o9wla '@val ue
based on the cycl e i gnal fromthe 10 o siti@ mid R

cal cul ator 45) an the val ue correspg\ I ng to f
si gnal - based on thedé‘ f—the m“wcwc"ﬁuu% @l sEt—i n

requency of

t he waveformti ner .-r)+s ret—gieater—thana—speeiH
that the vol tage dilf r1—18 1 a
speci fi ed val ue amd h SEVENE d.ajl ed [hat [}t opUb' ion dignal b3sed on
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© ' Y 8 c
'5\_/1&':1,\1:! o | ! — ' |82 S
'S [ - 'E: 1 O T DC“G
c_Ooll8s8 as,-g ' 8(1:
DO O+ 1 1 | ==
—|52 5|2 E8 281 12 Pl~9
Ol S| o S @
zo—m o =4 I E— RSP IR
o 8L -1 !
DDT e -1 i
ng ' = 24 1 t o — b
° a o <& B | 1| @ - Q i
il || T ER O ET W | E]
— (7 - !
S on S82| oS 19\ - K '
S © ||[g=P|:|E_ 0| 5 fe— 21 | =
R So|'|0F oS = 1| ©
n coOoc|!'|D yo1lo 3 =
c NS 2|2 E ¢l e 2| 1| D
= 120 gG|'|s - ! e 8 1| D
= ] @ 2= e e '
£Ew £ o =) 1 1O 8 =| ;| o
_:C [1] n_ U) 1 ] ] g 1 c
O &5 o ! 1 1| @ 5 o | ©
15 @ =o' NS Sl | E
g. (¢ o 1 8
O [0 ! D |le 1
i BN 3 3 | E
T m 1 3
-- s =3 r-): o |~ 'l o
o ie) @ 1 < - i £
- ] s g?} ! o i <
X o] D rem—-a I E i
w (0] q- H q,
- > ! = 1 b4
- —— [ ¥ 1 g 1 o]
' = = . 1 ;:5 ¥ B
-—— = 1< T ! D = o | .
- o <S Q€ —1— © = |
) § Lo 1 - 5 g,.g 1
E °° 1 O O o= [\1] 1
/o] c = OSlet © 3 c
= O% "Ta Q 0 O
< Om Lol ] i c N O 1
w0 c‘b‘ .CE) |CDO © E o |1
& g8 L °L° 586 -
1 L
£ e iF o/ |2 G1
> ¢ | PO - 1
c
5§29 )
—— v P
En ©
2 e 5 N/
ool
ﬂ.U)O

Fig.14

Speed
Command
Signal



difference signal [err] is stable. =~ Furthernore, since the

rotational -position sensor 110 is provided with the hysteresis conparator
38 having the function of the |level 20 . detector of the aforenentioned
. first, second, third and fourth enbodi nents, there is no need to provide
~another level detector, allowing a cost reduction to be achieved. The

vol tage pattern switching systemof the armature coils la, Ib and 1c is

i npl enented by the [err] 25 energi zing systemin the first, second,
third, fourth and - 94 - fifth enbodi nents. However, the voltage
pattern switching is not limted to the [err] system and it may be a
energi zing systemof [err] to [err]. Furthernore, in the above enbodi nents,
by using 5 the cycle neasuring tiner T3 and the position signal cycle
cal culator 45 as the means for neasuring the cycle of the position signal,
and the tinme (60 degrees in phase aFTg ffeﬁ'na | eadi ng edge to a trailing
edge or froma trailing edge to a | aJ 9] ge of the position signal is
counted so ' _

Integral
Signal

Level
—-—> Detection
Signal

Fmm e m e e e m .- ——————— - -



10 as to neasure the cycle of the voltage pattern fromthe tiner val ue.
However, the present invention is not limted to this, and it is acceptable
to measure a tine (120 degrees in phase angle) froma | eading edge to the

- next leading edge or froma trailing edge to the next trailing 15 edge
of the position signal so as to neasure the cycle of the voltage pattern.
Furt her nor e, in the above enbodi nent s the m croconputers 4, 14, 24
and 120 are used, however, @&n i val ent construction may be inpl enented by
a logic 20 circuit or the |J ke instead of ;each;of the m croconputers.
Furt her nor e, in the abg :¥§ﬁﬁﬁaﬁ§ﬁ """ &Ee Eynchr onous operation for
I ncreasing the voltage and | er out put of the inverter
section 20 in the stage of bdfacgtording to a linear 25
pattern as shown in Figs. lilely, the - 95 - voltage
and frequency of the invertg |IcCfeaged according to a curve
pattern. Furt hernore, the

S
| o
D2
75
- %
[77]
[0
o
— |
[} _— (o]
: - —
=
- » 30 ]
5 & 2e 0O
s = Qa TE
> o S 3O

Fig.16B
Fig.16C
Fig.16D



vol tage and the frequency of the inverter output may be constant.
Furthernore, either of the voltage and the 5 frequency of the

i nverter output may be increased, and the other nay be constant.
Furthernore, in the above enbodi nents, each of ‘the V/F pattern setting
sections 44, 64, 105 and 114 uses the V/IF pattern data preparatorily stored

in the table. 10 However, the V/F pattern datamay = Tpnl cul ated each
tinme according to an operation expression. Furtherppre,.2 ip the above
enbodi nment s; the inverter voltage is lowered untjE it® s fecided that the
voltage difference signal is stabilized. However|§ iltg_s_lS :
acceptable to increase the frequency so that a rategg of | the voltage V
to the frequency F of the inverter output is red = oW, with the
inverter voltage constant. Furthernore, it is kg &8 hble to | over
the voltage and i ncrease the frequency. 20 o 22 S Fprthernore,
upon receiving the integral signal om the integrpoL $2cm t he
rotational -position sensor 3, each the Tevel detectors 34, (85—apd 36
outputs a | evel detection signal. —]the | evel decisi|dh npans may
deci de whether or not the voltage dif[{@rense between the %
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25 neutral point of the armature coils and the neutral
of the resistor circuit

96 -

Furt her nore,

not coi nci dence of the

the H and L-levels

i n the node conparing section

mode conparing neans for conparing the

i Ot:d@i’ﬁwnsor 3 with the inverter node

of the inverter 10 node sel ect - wever, the position signal
—S—HRot—i-t and it is acceptable to conpare

conpar i ng ARans ot—=teeNto this,
whet her o( E'EttefEU@ M@n@et ween the point of change of the inverter
node and. the point of _change of the position signal is within a specified

poi nt -
‘is not smaller than a specified val ue.
in the first enbodinment, it is conpared whether or
poi nt of change 5 of the inverter node and
of the position signal continuously occurs,
42 whi ch serves as position signal
position signal of the rotational-

range. 15 Is Switching-t@re, [the full-wave rectifier circuit 15 is
used as a rectiﬁ??"g Rositicn-iSensing{ i r 5t enbodi ment. However, the rectifying
means is not |i ed@,geﬁdﬁoﬁ, Regliest
Present? NO VES
Is Level gzﬂ_e -
: Detection et Lev
S231 Signal at Decision Flag
H-Level NO
Ouiput Reset
5232 Signal _
— | Reset Level
Is Switching-to- YES S242| pecision Flag
go2o [Position-Sensing-
Operation Request
?
Present? Calculate Phase Correction
Timer Value from Phase |[|S233
goo3 |Stop Cycle Amount Command
Measuring Timer
Set Phase Correction
Read Cycle Timer \/alugr in Phase S234
S224 |Measuring Timer Value | |Correction Timer
: Start Phase
Start Cycle Correction Timer S235
S225 | Measuring Timer
- Stop Waveform Timer [S236
Calculate Position
S226 |signal Cycle
Calculate Motor Rotation
S227 |Speed from Cycle
Calculation Result
— YES 5237
Is Switching-to-
Position-Sensing- Effect Speed Control Based
S228 i on Speed Command and
Operation Request P
Present? Output Voltage Command

( Return )




it is acceptable to use a half-wave rectifier circuit. Furthernore, the
full-wave rectifier circuit 15 20 - serving as rectifying neans, the
snoothing circuit 16 serving as snoothing means and the conparat or
circuit 17 serving as snoothed signal conparing neans are used in the first
enbodi nment . The present invention is not limted to this, and it is
acceptable to.constitute the rectifying 25 = neans, the snoothing
nmeans and the snoothed signal - 97 - conparing mneans by a
digital «circuit, subject the aforementioned integral signal to an

anal og-to-digital conversion process, and thereafter obtain the

| evel detection signal through a digital calculation. 5

Furthernore, in the second and third enbodi ments, it is decided whether or
not the integral signal [err] exceeds the reference values [err] or the
reference value E3 every half wave of the integral signal [err]. However,
it is acceptable to subject the integral signal to half- 10 wave
rectification and deci de whether or not only the half

Fig.19

( Interrupt Handling 13 )

Advance Inverter
S251 Mode by One Step

Output Voltage
Pattern

( Return )

S252




wave of the half-wave rectified integral signal is exceeding the

reference value [err]. Oherwise, it 1is acceptable to provide either:
one of the reference values [err] and E2 and deci de whet her or -not the
integral signal [err] 15 i s exceeding the reference value [err] or

[err]. Furthernore, in the second and third enbodi ments, the | evel decision
flag is set in the |level detector control section 60 based on the |evel
detection signal fromeach of the conparator circuits 18 and 19 which serve
as 20 the voltage difference signal conparing neans, and the
counting section 6la of the voltage difference signal |evel deciding
section 61 counts the nunber of continuously repeated events in which the

| evel decision flag is set. However, the prgsehiminvention is not limted.
to this, and 25 - the |evep ®decision ngn Smay decide that the

vol t age - 98 - difference $s§-not smal | er 4 gy a specified val ue when the
pul se width or the frequency Bftht he out put si ghal of the voltage difference
signal conparing nmeans has a specified ? '

\-36
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ig.



pattern. 5 Furthernore, the integrator 32 is inplenmented by
an integrator conprised of a capacitor and a resistor. However, it is
acceptable to use an integratorf constituting a first order lag circuit
using an operational anplifier and anplify the integral signal. In
this case, the 10 ~ integral signal is sufficiently anplified, and
therefore an anobunt of tolerance to noise is increased advantageously.
Furthernore, in the rotational-position sensor 3, the differenti al
anplifier 31 is arranged in the first stgj® and the integrator 32 is
arranged in the second 15 _Stage. ove-nenti oned
construction is not limt e, 4nd |i | arrange the
integrator 32 in the first\gtage]and Hal amnplifier 31 in
t he second stage. Wen an opésation for the integrator

32 in the first stage, the d er ent r 31 will not be
necessary. Furthernore, theldiTTqrential  AeHFi s inplenented by a
non-inverted anplifier ci it fqr t Lidcation of the
circuit, and the voltage at PReg neut sistor circuit 2

connected in a 25 t hree-| Is inputted to

t he non-

JANYA WA

©
o - c
> ¥
7]
== L el
[¢}]
N
£
o
B T _ s
c @© o g B
Q :;_ oD 2
an 0] BTN 9
— >0 s ()
ko] c tﬁ'g © —
> 8 S5@ 65 02
- a e OO0 -Hw

Fig.21A
F)'g,21 B
Fig.21C
Fig.21D
Fig.21E



- 99 - inverted input terminal of the ICl, using the neutral point of the
armature coils la, Ib and 1c nade to serve as the ground G\ND. However, it
is acceptable to input the voltage VN at the neutral point of the armature
coils la, Ib and 1c 5 and the voltage [err] at the neutral point of the
resistor circuit 2 connected in a three-phase star configuration to a
differential input subtracting circuit, using the emtter side of the
transi stors 20d, 20e and 20f of the inverter section 20 made to serve as

t he ground G\D. 10 | NDUSTRI AL APPLI CABI LI TY The brushl ess DC notors
according to the present invention are suited for use in househol d

el ectrical appliances such as inverter air conditioners and other air
conditioners, electric washers, and vacuum cl eaners. - 100 -

Fig.22
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WHAT IS CLAIMED | S: 1. A brushl ess DC notor systemincluding a rotor
(10) having a nultipolar magnet, a stator (1) having armature coils (Ila,

1b, 1c) connected in a three-phase star 5 configuration, a resistor
circuit (2) connected in a three- phase star. configuration in parallel with
the armature coils (la, Ib, 1c), a rotational-position sensing neans (3)
whi ch detects a rotational position of therotor (10) eelative to the
stator (1) based on a voltage difference -ﬁ)ﬁ betwge-g & ne%wl @ W of
the armature coils (Ia | b,Q1c) and a neut® & point g%& Sigt& gigcuit
(2) to output a pog sﬁénal and. aig gnvidter— Eeaxlo azg i ch
swi tches a vol tage &\at@rn the armat ur &coil s (Ia, basa.dEopqzt he

position signal fromth& retptieral—i5 BesiA (3),

HUQI”LIUII 9 IIDI IIU

the brushl ess DC rmbor—systef-conpi-sthreg—s rol
means (51, 55,56, 5H—+ ' 81
i nverter outp@g off | (Vert ¢rovsectl (20
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(20) based on the position signal fromthe rotational- position sensing
means (3); - 101 - decision neans for deciding whether or not a position
sensi ng operation which uses the position signal fromthe

rotational -position sensing nmeans (3) can be effected when the inverter
section (20) is in a state of 5 synchronous operation by the-
synchronous operation control neans (51, 55, 56, 57); and operation
switching nmeans (43, 63, 104, 113) which switches control neans of the
i nverter section (20) &romthe synchronous opergligg control neans (51, 55,

56, 10 57) to thelpodHtion pensijng operati an cantrol Jmeanp (52) when
t he deci si on neans deqi eis that{the position sengi ng opefati oh can be
effected. 2. Thej br ushl e$s tor systef_hccordiing thyCaim 1,
wherein the voltage the freguency lof the ipggrter}l1s 3Jtput of the
I nverter section (20) - 10dt-put4-ed- ed on th ped_JémLpﬂL rn by the
synchronous operation|c r ol : D':"
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means (51, 55, 56, 57), and when the decision neans decides that the
position sensing operation cannot be effected after the specified pattern

i s outputted, the synchronous 20 ~operation control nmeans (51, 55, 56,
57) reduces a ratio VIF of the voltage V to the frequency F of the inverter
out put of the inverter section (20) until the decision neans deci des that
the position sensing operation based on the position signal can be

ef f ect ed. - 102 - 3. ' " The brushl ess DC notor system according to
Claim1l, wherein the decision nepnsycopprises |evel decisjonineans (34, 35,
36, 37, 41, 60, 61, 100, 101) fO( deci i ng whet hey or not|th¢ vgltage

di fference between the nputral 5 pgi nt of thelarmajuce ilq (la, |Db,
1c) and the neutral pg::°iﬁ fhel| regi sjor circuj i s|no® srpaller than
5 \

a specified value, an per atles, | when gthe | evel i pn freaps (34, 35, 36,
37, 41, 60, 61, 100, l0N<gIecrdep tpat [the vol t agddrfiergmcg i § not
smal | er than the specifigd)10 val ug¢, to decid¢/that the it i

sensi ng operation can Efi -~ --
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“effected. 4. ' The brushl ess DC notor system according to Caim 3,
wherein the | evel decision neans (34, 41) conprises: rectifying nmeans (15)
for rectifying a signal representing 15 the vol tage di fference between
the neutral point of the armature coils (la, 1b, 1c) and the neutral point
of the resistor circuit (2); snmoothing neans (16) for snmoothing a rectified.
signal fromthe rectifying neans (15); and snoot he srgaal | conparing
means (17) for conparing a 20¢ snoot hed |sidnal £on the
smoothing neans (16) with a ssgcifi_ed r ef nce fal ul [efr] a8
oper at es, when the snoot hed signa ns ('57), &)rrpar ed £he
snoot hed signal from the snoot hing ' t Qf er ence gaéue

D3 - peker gnce

[err] and consequently the snoot hggl edis 1@ = .7
value [err], to decide that the vg; cN| & @0’5 gﬂil&rdﬁag t he
speci fied val ue. 5. The brgs rpV e Gorebng €02d ai m
3, wherein the | evel decision meacgs 61)2 S| P 583
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5 conprises voltage di fference signal

conparing neans (18, 19) for
conparing the signal

representing the voltage difference between the

neutral point of the armature coils (la, Ib, 1c) and the neutral point of
the resistor circuit (2) with specified reference values [err], and 10
oper ates, when an output signal of the voltage difference signal conparing

nmeans (18, 19) obtained by conparing the i fference signal wth the

a
reference(aJ_ues_[_eLL]_B.)_%he vol tagﬁg 2206 si gnal conparing neans
(18, 19) HaslnterrgptiHardlingi22on, to decide™that the vol tage 15

( Return )

difference 1s not smaller than the specified value. 6. The brushl ess
DC notor system accotldi Bwitchiqjdom 3, [ wherein the Ilevel decision nmeans
(37, 100, 101@@8 PbStion'8ensitg-ouput signal of a hysteresis corrparator
(37) obtained b fq P Pé’tlélji]eh%h B repr esenting the 20 vol t age
difference between rﬂ oi of the armature coils (la, 1b,
1c) and the neutral the resis pcrrcurYES(@ﬂgvlth specified
reference values [e r] [err]. based on ITRESL TS =i 1!| t Q383 the
i s Leve
hyst eresi s S341 Position Datection I:S)et_l__evelFl
g:g;,? Signal at )ecision Flag
: H-Level?
NO N(I: t Level
eset Leve
5354 Decision Flag
YES s355
yes S392|1s Level [ Ser Level
Is Switching-to- Sie nal ";r; Decision Flag
g332 | Position-Sensing- L-Eevel’?
Operation Request - _NO
Present? Reset Level
S356 Decision Flag
5333 Stop Cycle .
Measuring Timer Calculate Phase Correction
. Timer Value from Phase |S342
Read Cycle Amount Command
S334 Measuring Timer Value -
Set Phase Correction
Timer Value in Phase S343
Start Cycle . .
S335 Measuri¥1 g Timer Correction Timer
Start Phase
Calculate Position Correction Timer S344
S336 Signal Cycle _
' Stop Waveform Timer |S345
Calculate Motor Rotation - '
S337|Speed from Cycle
Calculation Result
YES |
T S346
Is Switching-to-
Position-Sensing- Effect Speed Conirol Based
S338 Operation Request on Speed Command and
Present? Output - Voltage Command




- 104 - conparator (37) has a specified pattern, to decide that the voltage

difference is not smaller than the specified value. 7. The brushl ess
- DC notor systemaccording to Claim1, wherein the decision means conprises
position signal 5 node conparing nmeans (42, 62, 102, 111) for conparing

the position signal fromthe rotational-position sensing neans (3) with the
inverter output of the inverter section (20) for deciding whether or not
the position signal and the inverter output have a specified relation, and
operates, 10 when the position signal node conparing neans (42, 62,

102, 111) conpares gﬁigzo {;on signal with the inverter output and
consequently the posi gnal and the inverter output have the specified
relation, to decide that the position sensing operation can be effected. 15
8. The brushl es - ording to Caim1l, wherein the
deci si on neans conprisz;ﬁ§QGQHi a§ﬂ5ﬂai2§§cle conparing neans (103, 112)
for conparing an absolute value qf a difference between a value of a cycle
of the position signal and a val ye corresponding to a cycle of a 20

position signal based on a frﬁguemmwgﬁcéhﬁveﬂéprter output with a
specified val ue for decidindS atﬁﬁbdserOEnkﬁ%nep

S362 | Output Voltage
~ | Pattern

( Return )
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absol ute value is not greater than the specified val ue,
105 -

t he position signal
that the absolute
. cycle of the positi
t he position signal

cycl e conpari ng neans
the difference between the val ue of the
and the value corresponding to the cycle of

val ue
on signal

based on the frequency of the inverter 5

of

(103,

and oper at es,
deci des

112)

out put

when

I S

not greater than the specified value, to gecide that the gosiid on sensing

operation can be effected. 9. The 8rgshl ess DCJﬂaEUi§. w®m
according to Claimg wherein the rotatioffaf position sl_g%g nsw &l
conprises: voltage fference detecting ga@;s (31) for o = & ecH @3 he
vol tage difference bgtween the neutral paDrit of the ar ure Coi svgg b,
1c) and the neutral poi ' ' ' Ehﬁb

di fference signal; |,

di fference signal f vol t age di ffrer dat ecting 15 (31)
to output an integriag ISi | ; and a hystergsis cpnﬁaﬂgtor ( as a
hysteresis charact g3Lstic™ ahd il ! '
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conpares the integral signal fromthe integration neans (32) with specified
reference values (E6, E7) to output the position signal. 20 - 10.

. The brushl ess DC notor systemaccording to Claim1l, wherein the decision
means conprises at |east two of: |evel decision neans (34, 35, 36, 37, 41,
60, 61, 100, 101) for deciding whether or not the voltage - 106
- difference between the neutral point of the armature coils (la, I|b, 1c)
and the neutral point of the resistor circuit (2) is not snallér than a
speci fied val ue, and operabin upon deciding thgy thke voltage difference

is not smaller 5 t harttk h&¥spegi fi ed val ue, tw néke the deci sion neans
deci de that the position $e qing peration can be ﬁfectpd; position

signal node conparing neahs 62, 102, 111} fior cp aring the
position signal fromthe i position se ng nmeahy (3) with the
inverter 10 out put of er section +Eern ci di ng whet her or

not the position signal fiverter out put
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specified rel ation, and operating, when the position signal and the

I nverter output have the specified relation, to nake the decision neans

. decide that the position sensing 15 ~operation can be effected; and
position signal cycle conparing neans (103, 112) for conparing an absol ute
val ue of a difference between a value of a cycle of the position signal and

a value corresponding to a cycle of a position sign‘%—bai;d on a 20
frequency of the inverter output with a specified vhl.ue, @and|operati ng,
when the absol ute value of the difference between t1§?va@@e ?f the cycle of
t he position signal -and the val ue corresponding to Q; cyrl efof the
position signal based on the frequency of the inver o puf is not 25
greater than the specified value, to nmake the decis'gg o4 |107 - neans
deci de that the position sensing operation can be® $Y &I.g 11. The
brushl ess DC notor system according to Caim 2, V\Aﬁ(% q.t%egdeci si on neans:
conprises | evel decision 29&,’3; -
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5 nmeans (34, 35, 36, 37, 41, 60, 61, 100, 101) for decidi ng whether or
not the voltage difference between the neutral point of the armature coils
(la, I'b, 1c) and the neutral point of the resistor circuit (2) is not
smal l er than a specified value, and operates, when the |evel decision 10
neans (34, 35, 36, 37, 41, 60, 61, 100, 101) decides that the voltage

difference is not snaller than the specified deci de that the
position se ﬁﬂgguppqqghdn ny C3) be effected. g? E;éfThe brushl ess DC
not or _syst enra o—ttarm 15 wher¥® n t he deci sion neans.

conpri ses. p05|t|on silgna | ans (42, 62, 102, 111) for
conparing the positi( i onal - posi tion sensing neans
(3) V\nththelnﬁér section (20) for deC|d|ng
whet her or not t i( pCal uléféwfgl tid
specified relation, F; l g{?gl O%Em%ééng
means (42, 62, 102, | , posi ti ;\“W T, 1
out put and consesngg Q‘top C Erijeq. +H-oR—S+ Uu @@Ei'
Measunng Timer Set Phase Correction
Timer Value in Phase S432
S423 Read Cycle ' Correction Timer
' Measuring Timer Value -
Start Phase 5433
Sapq4|Start Cycle Correction Timer
Measuring Timer. .
S4o5 | Calculate Position Stop Waveform Timer |S434
Signal Cycle '
Calculate Motor Rotation
S426 Speed from Cycle
| Calculation Result
| YES
S427 | Is Switching-to- :
Position-Sensing- Effect Speed Control Based :
Operation Request on Speed Command and |S435
Present? Output Voltage Command

Fig.34

(Interrupt Handling 33)

Advance Inverter

S441 Mode by One Step

Output Voltage
Pattern

( Return )
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- 108 - output have the specified relation, to decide that the position

sensi ng operation can be effected. 13. The brushl ess DC nptor system
according to Claim?2, wherein the decision neans conprises position signal
5 cycl e conparing nmeans (103, 112) for conparing an absolute value of a

di fference between a value of a cycle of the position signal and a val ue
corresponding to a cycle of a position signal based on a frequency of the
i nverter output with a specified value for deciding whether or not the 10
absolute value is not greater than the specified value, and operates, when
the position signal cycle conparing nmeans (103, 112) decides that the
absolute value of the difference between the value of the cycle of the
position signal and the val ue corresponding to the cycle of the 15
position signal based on the frequency of the inverter output is not
greater than the specified value, to 'ggzshat t he position sensing
operation can be effected. 14. . hl ess DC nptor system
according to Claim?2, wherein the deci sion neans conprises at |east two of:

20 | evel decision neans (34, 35, 36, 37, 41, 60, 61, 100,
101) for deciding whether or not the voltage
77 80¢c '
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di fference between the neutral point of the armature coils (la, |Ib, 1c) and
the neutral point of the resistor circuit - - 109 - (2) is not smaller
t han a specified value, and operating, upon deciding that the voltage
difference is not smaller than the specified value, to nmake the deci sion
means deci de that the position sensing operation can be effécted; 5
position signal node conparing neans (42, 62, 102, 111) for conparing
the position signal fromthe rotational -position sensing neans (3) with the
inverter output of the inverter section (20) for deciding whether or not
the position signal and the inverter output have a 10 specified
rel ati on, and operating, when the position signal and the inverter out put
have the specified relation, to mF@e&ﬁcl si on neans decide that the
posi ti on sensing operati-on can be fl # and position signal cycle.
conparing neans (103, 112) 15 for conparing an absol ute value of a
difference between a value of a cycle of the position signal and a
val ue :

A

(V)

Inverter

Output

Voltage

—>>
inverter Frequency (Hz)
Fig.37
inverter
QOutput_Voltage ,
(V) (F) Inverter

Inverter Inverter
Output Frequency
Voltage

Frequency

e . e

—>
Time (sec)

1
Switching to Position
Sensing Operation



corresponding to a cycle of a position signal based on a frequency of the
I nverter output with a specified value, and operating, when the absol ute
val ue of the difference 20 bet ween the val ue of the cycle of the
position signal and the val ue corresponding to the cycle of the position
signal based on the frequency of the inverter output is not greater than
the specified value, to make the decision neans decide that the position

sensi ng operation can be 25 eff7&Led.
1g9.38
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