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CONTROL APPARATUS OF BRUSHLESS MOTOR 
AND MACHINE AND APPARATUS USING 

BRUSHLESS MOTOR 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of US. application Ser. No. 
09/273,984, ?led Mar. 22, 1999, the subject matter of Which 
is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a control apparatus 
for a brushless motor and to a machine and apparatus using 
a brushless motor. The invention relates in particular to a 
control apparatus for controlling the speed of rotation of a 
brushless motor to a desired speed. This control apparatus 
may be used in an air conditioner for performing air con 
ditioning in a room by controlling a brushless motor for 
driving a compressor and a bloWer in the air conditioner, a 
refrigerator for carrying out refrigeration by controlling a 
brushless motor for driving a compressor and a bloWer in the 
refrigerator, and a Washing machine for carrying out the 
Washing of clothes by controlling a brushless motor for 
driving an agitator and a spinning basket in the Washing 
machine. 

[0003] A brushless motor in Which a permanent magnet 
rotor and a stator Winding are combined typically is 
employed in an air conditioner, a refrigerator and a Washing 
machine, etc. from an aspect of ease of maintenance. 

[0004] In a drive control of the above stated brushless 
motor, it is necessary to carry out control in close relation 
ship With the magnetic pole position of the rotor and the 
position of the stator Winding to Which electric poWer is 
supplied. To detect the magnetic pole position of the rotor, 
Without use of a rotor position detection sensor, such as a 
Hall element etc, a sensorless position detection system is 
employed using a counter electromotive voltage, Which is 
induced in the stator Winding according to a mutual opera 
tion With the magnetic pole of the rotor, alloWing the 
magnetic pole position of the rotor to be detected. 

[0005] As a brushless drive apparatus in Which the above 
stated rotor position detection system is employed, for 
eXample, there is a brushless motor drive apparatus 
described in Japanese application patent laid-open publica 
tion No. Hei 7-147793. In this brushless motor drive appa 
ratus, a direct current voltage, Which is outputted from a 
direct current poWer supply, is supplied to a stator Winding 
of a brushless motor through an inverter circuit. A terminal 
voltage detection means produces a detection voltage by 
voltage dividing the terminal voltage of the stator Winding of 
the brushless motor, and the detection voltage is inputted to 
a comparison circuit. The comparison circuit outputs a phase 
signal by comparing the detection voltage With a standard 
voltage. 
[0006] And, on the basis of a pulse Width modulation 
(PWM) signal PS generated from a pulse Width modulation 
(PWM) signal generation circuit, a control apparatus gen 
erates a latch timing signal LS according to a latch signal 
generation circuit to perform a latch operation after a timing 
in Which the above stated PWM signal PS changes from an 
“on” condition to an “off” condition. Even When an oscil 
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lation is generated in the terminal voltage of the stator 
Winding, Without being affected by such oscillation, the 
phase signal from the comparison circuit is latched in a latch 
circuit and the position detection signal can be obtained. 

SUMMARY OF THE INVNTION 

[0007] In the above stated conventional brushless motor 
drive apparatus, an output signal from the latch circuit is 
delayed With time from the phase signal Which is outputted 
from the comparison circuit and, accordingly, the detection 
position of the rotor magnetic pole Which is obtained 
becomes displaced Widely from the actual position of the 
magnetic pole of the rotor. 

[0008] As stated above, When the detection timing of the 
position detection signal deviates Widely, the commutation 
(electric supply) phase of the stator Winding current of the 
brushless motor is delayed, resulting in an increase in 
current delays, and the current rises up immediately prior to 
a change-over of the Winding current. This places an 
increased burden on the drive circuit due to a loWering of the 
operating efficiency and a sharp rise-up by the current, With 
a result that an increase of the current capacity of the circuit 
elements is necessary, Which results in an increase in the 
manufacturing cost. Or, during the latch timing, the noises 
overlap With the output signal of the comparison circuit due 
to the disturbance noises, and, When a phase signal Which 
deviates Widely in position from an original position detec 
tion signal is latched, the brushless motor can not be driven 
normally, resulting in a problem in Which the brushless 
motor vibrates or stops. 

[0009] Further, in the above stated conventional brushless 
motor drive apparatus, since the latch operation is carried 
out after the timing in Which the PWM signal PS changes 
from the “on” condition to the “off” condition, When the 
conduction ratio during PWM control is 100%, there is an 
problem in that a gate signal of the latch circuit can not be 
de?ned or the gate signal in the conduction ratio at 100% of 
PWM control etc. can not be de?ned. 

[0010] An object of the present invention is to provide a 
control apparatus for a brushless motor Wherein the mag 
netic pole position detection accuracy of a rotor in the 
brushless motor can be heightened and an accurate control 
can be carried out. 

[0011] Another object of the present invention is to pro 
vide a control apparatus for a brushless motor Wherein the 
position detection error due to noises can be reduced. 

[0012] A further object of the present invention is to 
provide a control apparatus for a brushless motor Wherein an 
electric supply error operation due to noises can be reduced. 

[0013] A still further object of the present invention is to 
provide a control apparatus for a brushless motor Wherein 
the control range can be enlarged. 

[0014] A further object of the present invention is to 
provide a control apparatus for a brushless motor Wherein 
the operation of a brushless motor can be controlled by an 
efficiency importance characteristic or can be controlled by 
a high speed importance characteristic. 

[0015] Yet another object of the present invention is to 
provide a control apparatus for a brushless motor Wherein a 
Wide control range can be attained. 
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[0016] Still another object of the present invention is to 
provide a control apparatus for a brushless motor Wherein, 
When the period of return ?oW current after an electric 
supply change-over is very long Without stopping the brush 
less motor, a good control can be carried out. 

[0017] A further object of the present invention is to 
provide a machine and apparatus, in Which a brushless motor 
controlled as stated above becomes a poWer source, in 
particular, for an apparatus such as an air conditioner, a 
refrigerator, or a Washing machine. 

[0018] One feature according to the present invention 
resides in the fact that in a control apparatus for use in a 
brushless motor in Which, by detecting a position of a 
magnetic pole of a rotor according to a terminal voltage of 
a stator Winding of a respective phase, an electric supply to 
the stator Winding is controlled, and an “on” period and an 
“off” period of the PWM signal is extracted in accordance 
With a comparison result information signal in Which a 
detection voltage in response to the terminal voltage is 
compared With a standard voltage. 

[0019] Another feature according to the present invention 
resides in the fact that, during the “on” period of the PWM 
signal, extracted according to the terminal voltage of the 
stator Winding, the above stated comparison result informa 
tion signal, Which is output as a phase signal as it is during 
the “off” period by holding an immediately prior comparison 
result information signal, is output as a phase signal. 

[0020] Another feature according to the present invention 
resides in the fact that the position of the rotor is detected in 
accordance With a pattern of the comparison result informa 
tion signal of the stator Winding of plural phases. 

[0021] A further feature according to the present invention 
resides in the fact that an electric supply pattern to the stator 
Winding is determined in accordance With a pattern of the 
comparison result information signal of the stator Winding of 
plural phases. 
[0022] Another feature according to the present invention 
resides in the fact that the period in Which a return ?oW 
current ?oWs after an electric supply change-over is detected 
in accordance With a pattern of the comparison result 
information signal of the stator Winding of plural phases. 

[0023] Still another feature according to the present inven 
tion resides in the fact that after the vanishing of a return 
?oW current after an electric supply change-over, a process 
ing for reneWing a phase signal pattern for a correlation for 
position detection is carried out. 

[0024] Another feature according to the present invention 
resides in the fact that after an electric supply change-over 
and a predetermined time lapse, a processing for reneWing 
a phase signal pattern for a correlation for position detection 
is carried out. 

[0025] Another feature according to the present invention 
resides in the fact that a rotor position is detected, in 
accordance With a pattern of the comparison result informa 
tion signal and according to electric supply phase informa 
tion stored in a memory or a phase control command from 
an outside source, and a change-over of an electric supply 
phase is carried out. 

[0026] Another feature according to the present invention 
resides in the fact that in a PWM control area, a phase 
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control having an operation ef?ciency importance is carried 
out and in a high rotation importance area a control for 
proceeding an electric supply phase is carried out. 

[0027] Afurther feature according to the present invention 
resides in the fact that, in an air conditioner, a refrigerator 
and a Washing machine, the brushless motor controlled by 
the above stated control apparatus is used as a driving 
source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram shoWing a brushless 
motor drive apparatus representing one embodiment accord 
ing to the present invention; 

[0029] FIG. 2A is a schematic circuit diagram shoWing a 
gate signal preparation circuit in the brushless motor drive 
apparatus according to the present invention, as shoWn in 
FIG. 1; 

[0030] FIG. 2B is a schematic circuit diagram shoWing a 
gate signal preparation circuit in the brushless motor drive 
apparatus according to the present invention, as shoWn in 
FIG. 1; 

[0031] FIG. 2C is a schematic circuit diagram shoWing a 
gate signal preparation circuit in the brushless motor drive 
apparatus according to the present invention, as shoWn in 
FIG. 1; 

[0032] FIG. 3 is a signal Waveform diagram relating to a 
position detection circuit in the brushless motor drive appa 
ratus according to the present invention, as shoWn in FIG. 
1; 

[0033] FIG. 4 is a processing ?oW chart shoWing the 
operation of a control circuit in the brushless motor drive 
apparatus according to the present invention, as shoWn in 
FIG. 1; 

[0034] FIG. 5 is a signal Waveform diagram in PWM 
(pulse Width modulation) control having a conduction ratio 
less than 100% relating to the position detection circuit in 
the brushless motor drive apparatus according to the present 
invention, as shoWn in FIG. 1; 

[0035] FIG. 6 is a signal Waveform diagram in PWM 
control having a conduction ratio of 100% and PAM (pulse 
amplitude modulation) control relating to the position detec 
tion circuit in the brushless motor drive apparatus according 
to the present invention, as shoWn in FIG. 1; 

[0036] FIG. 7 is a signal Waveform diagram for a long 
period in Which a return ?oW current ?oWs after an electric 
supply current change-over according to the present inven 
tion; 

[0037] FIG. 8 is an operation efficiency characteristic 
diagram for the brushless motor according to the present 
invention; and 

[0038] FIG. 9 is a speed characteristic diagram for the 
brushless motor according to the present invention. 

DESCRIPTION OF THE INVENTION 

[0039] Hereinafter, the embodiments of a control appara 
tus for use in a brushless motor, and a machine and apparatus 
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using the brushless motor, Which is driven and controlled by 
the control apparatus, Will be explained With reference to 
from FIG. 1 to FIG. 9. 

[0040] FIG. 1 is a block diagram shoWing a brushless 
motor drive apparatus representing one embodiment accord 
ing to the present invention. This brushless motor drive 
apparatus comprises an alternating current (AC) poWer 
supply 1, a rectifying circuit 2, a smoothing circuit 3, an 
inverter circuit 4, a brushless motor 5, a control circuit 6, a 
driver 7, a terminal voltage detector 8, and a phase signal 
generation circuit 9. 

[0041] The rectifying circuit 2 recti?es an alternating 
current (AC) from the alternating current (AC) poWer supply 
1, and the smoothing circuit 3 smooths the recti?ed output 
voltage and generates a direct current (DC) voltage. The 
inverter circuit 4 converts the direct current (DC) voltage to 
an alternating current (AC) voltage having an optimum 
pulse Width and supplies it to a stator Winding of the 
brushless motor 5, and then the brushless motor 5 is rotated. 
The control circuit 6 (one chip microprocessor or a hybrid 
IC) carries out a control processing for control of the above 
stated brushless motor 5 in response to a speed command 
signal SV, and the driver 7 drives the inverter circuit 4 in 
accordance With the output of the control circuit 6. 

[0042] In accordance With a detection voltage 8a, Which is 
obtained from the terminal voltage detector 8 in response to 
a terminal voltage (=a counter electromotive force) of a 
respective phase of the stator Winding of the brushless motor 
5, the phase signal generation circuit 9 generates a phase 
signal 9a Which represents information as to the position of 
a magnetic pole of the rotor of the brushless motor 5 and 
supplies this phase signal 9a to the control circuit 6. 

[0043] The phase signal generation circuit 9, basically, is 
a circuit in Which, When a PWM signal is in an “on” 
condition, a comparison result information signal 10b from 
a comparison circuit 10, Which is responsive to the detection 
voltage 8a corresponding to the terminal voltage of the 
respective phase of the brushless motor 5, is outputted as the 
phase signal 9a, and When PWM signal changes to the “off” 
condition, the previous level of the comparison result infor 
mation signal 10b is held and output as the phase signal 9a. 

[0044] The phase signal generation circuit 9 comprises the 
comparison circuit 10 for comparing the detection voltage 
8a, Which corresponds to the terminal voltage of a respective 
phase of the stator Winding of the brushless motor 5, With a 
standard voltage; a delay circuit 11 for delaying the com 
parison result information signal 10b of the respective phase 
Which is outputted from the comparison circuit 10; a selec 
tion holding circuit 12 for outputting the generated phase 
signal 9a, according to an output signal 11a from the delay 
circuit 11, to the above stated control circuit 6; and a gate 
signal preparation circuit 13 for producing a gate signal 13a 
for controlling the operation characteristic of the selection 
holding circuit 12 in accordance With the comparison result 
information signal 10a Which is outputted from the above 
stated comparison circuit 10. 

[0045] The above stated comparison circuit 10 is a circuit 
in Which the detection voltage 8a, in response to the terminal 
voltage of a respective phase of the stator Winding of the 
brushless motor 5, is compared With a standard voltage, and 
the comparison result information signals 10a and 10b are 
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output for each of the respective phases. Herein, the standard 
voltage used in the comparison is a voltage of 1/zof a neutral 
point voltage of the stator Winding of the brushless motor 5 
or the direct current (DC) voltage Which is outputted from 
the smoothing circuit 3. 

[0046] The gate signal preparation circuit 13 eXtracts an 
“on” period or an “off” period of the PWM control according 
to a logical processing in accordance With the comparison 
result information signal 10a Which is outputted from the 
comparison circuit 10. And, for control of the selection 
holding circuit 12, the gate signal preparation circuit 13 has 
a function of outputting the gate signal 13a for selecting 
Whether a phase signal 9a re?ecting the level of the com 
parison result information signal 10b at this time is to be 
outputted, or Whether the signal level Which appears before 
the PWM signal changes to the “off” condition is to be held 
as the phase signal 9a to be outputted. When the voltage 
level of the detection voltage 8a is at a level in Which a 
general logic circuit is processed, the gate signal 13a can be 
obtained directly from this detection voltage 8a. 

[0047] The above stated delay circuit 11 is a functional 
means for delaying the comparison result information signal 
10b of the respective phase Which is outputted from the 
comparison circuit 10 to adjust the operation timing When 
the signal is selected and held in the selection holding circuit 
12. Since this delay circuit 11 adjusts the timing of the signal 
11a Which is inputted to the selection holding circuit 12 and 
the operation (the gate signal 13a) of the selection holding 
circuit 12, and taking into consideration the circuit constant 
of the comparison circuit 10 and the gate signal preparation 
circuit 13, it is possible to omit the delay circuit 11 by 
adjusting the comparison result information signal 10b and 
the gate signal 13a. 

[0048] According to the gate signal 13a, Which is output 
from the gate signal preparation circuit 13, the selection 
holding circuit 12 functionally operates to output the respec 
tive output signal 11a from the delay circuit 11 as the 
respective phase signal 9a as it is, When the gate signal 13a 
is high, and, When the gate signal 13a is loW, operates to 
output as the phase signal 9a the same signal level as Was 
output before the gate signal 13a Went loW. 

[0049] Each of FIG. 2A, FIG. 2B and FIG. 2C is a block 
diagram shoWing a respective eXample of the above stated 
gate signal preparation circuit 13. The illustrated gate signal 
preparation circuit 13 is constituted by a combination of 
logic elements. The comparison result information signal 
10a is inputted as Vu, Vv and VW, and the logic processing 
result (an output X) of the logic formula (formula 1) is 
outputted as the gate signal 13a. Accordingly, When the 
logic circuit satis?es the formula 1, even if it has another 
construction, it can be used similarly. 

[0050] FIG. 3 shoWs the Waveform of signals in the 
control circuit 6 and the phase signal generation circuit 9. In 
FIG. 3, Waveform (a) shoWs the PWM signal Which is 
outputted from the control circuit 6. In relation to this, 
Waveform (b) of FIG. 3 is a detection voltage Waveform of 
the terminal voltage of the stator Winding of the brushless 
motor 5 shoWing an affect of the driver 7 and the inverter 
circuit 4 at a respective raise-up of the Waveform after a 
delay of tdON and at a respective falling-doWn of the 
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Waveform at a delay of tdOFF. Waveform (c) of FIG. 3 
shows the comparison result information signals 10a and 
10b Which are outputted from the comparison circuit 10. 
Waveform (d) of FIG. 3 is the gate signal 13a Which is 
produced by the gate signal preparation circuit 13 in 
response to the comparison result information signal 10a. 

[0051] In the selection holding circuit 12, as shoWn in 
Waveform (e) of FIG. 3, in response to the gate signal 13a, 
When the gate signal 13a is at a high level, the output signal 
11a of the delay circuit 11 is selected, and When the gate 
signal 13a is at a loW level, the phase signal 9a retains the 
signal level Which it had immediately before the signal 13a 
Went loW. 

[0052] FIG. 4 shoWs one eXample of the processing 
performed by the control circuit 6 in response to the phase 
signal 9a. A processing 41 is a main processing for motor 
control, including a speed control etc. of the brushless motor 
5. Aprocessing 42 is a signal processing With respect to rotor 
position detection, and a processing 43 is a drive processing 
for determining a sWitching operation of the inverter circuit 
4 according to the rotor position, Which is determined by the 
processing 42. A processing 44 is a processing for clearing 
a preparation ?ag relating to the drive processing on the 
basis of the position detection processing; and a processing 
45 is a processing for clearing a coincidence ?ag Which 
indicates tWo occurrences of a coincidence detection of a 

phase signal pattern. Herein, the drive processing performed 
by the processing 43 is a processing Which occurs after a 
predetermined time lapse, Which is adjusted by the phase 
correction to enable the electric supply change-over. 

[0053] The processing 42 is a processing in Which, by 
periodically reading the phase signal 9a, and on the basis 
this phase single 9a, the rotor position is detected (deter 
mined). In the detection of the position of this rotor, since the 
phase signal 9a presents a predetermined signal pattern, a 
pattern of the phase signal 9a is detected by correlation With 
a predetermined signal pattern. 

[0054] Aprocessing step 42a is a count processing step to 
manage the signal processing relating to the rotor position 
detection of hoW times a processing is carried out during the 
electric angle of 30 degrees, during the electric angle of 60 
degrees, during the electric angle 120 degrees, during the 
electric angle of 360 degrees, and during the mechanical 
angle of 360 degrees, etc. Further, the processing 42a is a 
count processing Which is carried out after the lapse of a 
predetermined time. 

[0055] A processing step 42b is a read-in processing step 
for reading in the phase signal 9a of the respective phase. At 
this time, in accordance With the timing at Which the phase 
signal 9a has been read in, the level of the signal, such as the 
high level or the loW level, from the control circuit 6 is 
effective to con?rm the operation of the control apparatus. 

[0056] Aprocessing step 42c is a processing step in Which, 
after the electric supply change-over, it is determined 
Whether a predetermined time has lapsed or not, Which 
judgment is obtained according to a count value produced by 
an interior timer or the above stated processing 42a, etc. 

[0057] A processing step 42a' is a branch processing in 
Which it is determined Whether a predetermined signal 
pattern necessary for the neXt electric supply control pro 
cessing is set or not. 
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[0058] A processing step 426 is a processing step for 
reneWal and setting of the predetermined signal pattern 
necessary for the neXt electric supply processing, When, in 
the above stated processing step 42d, it is determined that a 
predetermined signal pattern necessary for the neXt electric 
supply processing is not set. The processing step 426 
involves setting a preparation ?ag in Which the reneWal of 
the predetermined signal pattern is expressed. A processing 
step 42f involves a processing for clearing the ?ag Which is 
used for the judgment in Which it is determined Whether or 
not the position signal pattern occurs for a ?rst time. 

[0059] In a processing step 42h, the pattern of the respec 
tive phase signal 9a, Which is read in at the processing step 
42b, is correlated With a predetermined signal pattern Which 
is determined by the rotor position. 

[0060] In a processing step 42i, When the signal patterns 
are coincident, the processing proceeds to the processing 
step 42k, but When the signal patterns are not coincident, the 
processing jumps to the processing step 42j. 

[0061] The processing step 42j carries out a processing in 
Which the ?ag, Which is used to indicate Whether coinci 
dence has occurred tWo times or not, is cleared. 

[0062] The processing step 42k is a branch processing in 
Which it is determined Whether coincidence has occurred 
tWo times or not. A processing step 42l is a processing in 
Which, When the coincident ?ag is in the “off” condition and 
the signal pattern is coincident, then the coincident ?ag is set 
to the “on” condition. A processing step 42m is a branch 
processing in Which it is determined Whether the predeter 
mined signal pattern necessary for the neXt electric supply 
control processing is set or not. 

[0063] A processing step 42n involves a processing in 
Which the predetermined signal pattern necessary for the 
neXt electric supply control processing is reneWed and set, 
When, in the above stated processing step 42m, it is judged 
that the predetermined signal pattern necessary for the neXt 
time electric supply control processing is not set. Aprocess 
ing step 420 involves a processing in Which a preparation 
?ag for indicating the reneWal of the predetermined signal 
pattern is set, and a processing step 42p involves a process 
ing for clearing the ?ag Which is used When it is judged 
Whether the coincident signal pattern occurs for the ?rst time 
or not. In other Words, after the predetermined signal pattern 
is reneWed in the processing step 426 or the processing step 
4211, When the signal pattern of the phase signal 9a Which is 
read in the processing step 42b has produced coincidence 
tWo times, at this rotation position a suitable electric supply 
pattern is determined, and then the drive processing 43 is 
carried out. 

[0064] Herein, since the steps from the processing step 
42d to the processing step 42g are of the same rank as the 
steps from the processing step 4211 to the processing step 
42p, by forming a sub-routine, an increase in program 
complexity can be restrained to a minimum, and, at the same 
time, When the return ?oW period after the electric supply 
changeover is long, the brushless motor 5 can be controlled 
effectively. 

[0065] FIG. 5 shoWs the detection signal 8a indicative of 
the terminal voltage of the respective phase (U, V, W phase) 
of the stator Winding, the PWM signal, the comparison result 
information signal of the respective phase Which is outputted 
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from the comparison circuit, the information signal pattern 
of the PWM signal during the “on” condition, Which is read 
in the control circuit 6, and the position detection informa 
tion Which is recognized in the interior portion of the control 
circuit 6 for the brushless motor 5 in PWM control With a 
conduction ratio of less than 100%. 

[0066] Referring to FIG. 5, in a case Where the control 
processing using the algorithm shoWn in FIG. 4 is carried 
out, as shoWn at t1 and t3, immediately after the change-over 
of the electric supply pattern, When the phase signal Which 
is equal to t2 and t4 appears, error judgment can be pre 
vented, and also, Without the affect of the return flow current 
which flows immediately after the change-over of the elec 
tric supply pattern, a good phase signal can be obtained 
effectively, With the result that the change-over of the 
electric supply can be carried out effectively. 

[0067] Further, in the processing step 426 and the process 
ing step 4211, as explained With reference to FIG. 4, after the 
reneWal of the signal pattern, as shoWn in Waveform (b) of 
FIG. 3, When the detection signal oscillates at the vicinity of 
the standard point, the signal response to the oscillation is 
outputted, as shoWn in Waveform (c) of FIG. 3. From the 
processing 41, the processing transfers to the periodic pro 
cessing 42, and the processing step 42b is carried out With 
the timing ta shoWn in Waveform (e) of FIG. 3. The 
correlation of the signal patterns is carried out in the 
processing step 42h, and, according to the pattern coinci 
dence in the processing step 42i, the processing proceeds to 
the processing step 42k. At this time, during the present 
electric supply period, since there is a ?rst time pattern 
coincidence and the coincidence ?ag is in the “off” condi 
tion, the processing branches from the processing 42k to the 
processing step 42l. After that, the processing step 42b is 
carried out again With the timing tb shoWn in Waveform (e) 
of FIG. 3, and after the processing step 42h is carried out, 
in the processing step 42i, since the signal pattern does not 
coincide, the processing branches to the processing step 42 j, 
and the coincidence ?ag is cleared. The processing then 
returns to main processing 41. 

[0068] Further, When the processing transfers from the 
above stated processing 41 to the periodic processing 42, the 
processing step 42b is carried out at the timing of tc shoWn 
in Waveform (e) of FIG. 3, similar to the above, as far as the 
processing step 42l is carried out. At the timing td shoWn in 
Waveform (e) of FIG. 3, the processing from the processing 
step 42b to the processing step 42k is carried out since the 
coincidence ?ag is in the “on” condition. The processing 
proceeds through the processing 42m to the processing 43, 
and, as a result, the drive processing suited for the rotor 
position is carried out. 

[0069] When the phase signal generation circuit 9 and the 
above stated position detection algorithm are employed, 
even When pulse shape noises are generated, the rotor 
position can be detected properly, and, as a result, it is 
possible to carry out good motor control. Further, in this 
embodiment according to the present invention, as a condi 
tion for carrying out drive processing, tWo occurrences of 
pattern coincidence of the phase signal 9a are employed, 
hoWever, it is effective to employ detection of coincidence 
more than tWo times, and also it is effective to omit this 
requirement by restraining the noises and the oscillations 
Which appear in the terminal voltage of the stator Winding of 
the brushless motor 5. 
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[0070] FIG. 6 shoWs a part of one phase of the detection 
voltage 8a of the terminal voltage of the stator Winding of 
the brushless motor 5, the comparison result information 
signals 10a and 10b Which are outputted from the compari 
son circuit 10, the gate signal 13a Which is outputted from 
the gate signal preparation circuit 13 and the phase signal 9a 
Which is outputted from the selection holding circuit 12, in 
PWM control With a conduction ratio of 100% or in PAM 
(Pulse Amplitude Modulation) control. 

[0071] In a case Where this phase signal generation circuit 
9 is employed, When the PWM signal is in the “on” 
condition, the comparison result information signal 10b is 
re?ected to the phase signal 9a as it is, and When the PWM 
signal is in the “off” condition, the signal level Which occurs 
immediately before the “off” condition is held, so that 
regardless of Whether the chopping operation in the PWM 
control is carried out or not, a similar phase signal 9a can be 
obtained, With the result that it is possible to carry out a good 
motor control in PAM control. 

[0072] Further, in this embodiment according to the 
present invention, even With a construction in Which an 
output voltage variable type rectifying circuit 2 is employed, 
since the standard voltage of the comparison circuit 10 is 
varied in response to the present output voltage, PWM 
control and PAM control, or the change-over control of 
PWM/PAM, an equal phase signal can be obtained and good 
motor control can be realiZed. 

[0073] FIG. 7 shoWs the detection voltage 8a of the 
terminal voltage of the stator Winding of the brushless motor 
5, the comparison result information signal Which is output 
ted from the comparison circuit, and part of one phase of the 
position detection information in the interior portion of the 
control circuit 6, in PWM control With a conduction ratio of 
100% or PAM control, When the period in Which return flow 
current flows after the electric supply change-over is long. 

[0074] Since the processing step 426 is provided to judge 
the predetermined time lapse after the electric supply 
change-over, When the period in Which the return flow 
current flows after the electric supply change-over is long 
and the information signal does not vary in the vicinity of the 
standard point, as shoWn in FIG. 6, the signal pattern is 
altered. Accordingly, the brushless motor 5 does not stop and 
good motor control can be obtained. 

[0075] And, When the phase signal generation circuit 9 as 
described above is used, since the “on” period and the “off” 
period of the PWM signal are eXtracted from the voltage (the 
terminal voltage) Which is applied actually to the stator 
Winding of the brushless motor 5, it is unnecessary to carry 
out an operation for timing adjustment and correction from 
the outside and, even When the circuit constant etc. for 
determining the delay time varies, it is possible to generate 
a phase signal for carrying out a superior rotation position 
detection processing. 

[0076] Incidentally, betWeen the PWM signal Which is 
generated in the control circuit 6 and the voltage Which is 
applied actually to the stator Winding of the brushless motor 
5, since a delay occurs due to operation delay, When in the 
control circuit 6 the rotor position can be detected accurately 
from the motor terminal voltage in response to the PWM 
signal, it is necessary to carry out a timing adjustment 
betWeen them. 
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[0077] As the control circuit 6 detects (judges) the rotor 
position in accordance With the pattern of the phase signal in 
response to the terminal voltage (the detection voltage) of 
the stator Winding of the respective phase of the stator 
Winding at some time (timing), erroneous detection due to 
the noises can be reduced. 

[0078] Further, in this control circuit 6, since the neXt 
electric supply pattern is determined according to this rotor 
position and the present electric supply pattern according to 
the stator Winding, it is possible to reduce erroneous opera 
tion due to the noises. 

[0079] In the rotation position detected according to the 
edge interruption processing used in the conventional con 
trol apparatus, to avoid erroneous operation due to a spike 
voltage Which is generated immediately after the commu 
tation, it is necessary to provide a phase signal read-on 
inhibiting section. HoWever, according to the present inven 
tion, it is unnecessary to provide such a phase signal read-on 
inhibiting section, since, by measuring the period of the 
spike voltage, the time (the timing for vanishing the return 
flow current) in Which the return flow voltage ?oWs can be 
assumed, and by utiliZing this to achieve phase control, Wide 
control can be realiZed. 

[0080] Since the operation efficiency of the brushless 
motor 5, as shoWn in FIG. 8, changes according to the 
electric supply phase to the counter electromotive force, the 
electric supply phase is a very important factor. Accordingly, 
to effect the highest efficiency during motor starting, using 
the information Which is stored in a RAM and ROM in 
advance, the electric supply phase is controlled, With the 
result that the brushless motor 5 can be operated With the 
high efficiency. 

[0081] Further, When the electric supply phase is con 
trolled from the outside at the user side, the brushless motor 
5 can be operated by an electric supply phase Which is suited 
for the motor. The control terminals for the outside control 
can use an A/D conversion terminal, a communication use 

terminal and an input port etc. 

[0082] In the speed control in the brushless motor 5, in 
PWM control in Which the terminal voltage Which is sup 
plied to the stator Winding is controlled by pulse Width 
control, When the conduction ratio reaches the maXimum 
value (100%), it can not carry out control for heightening the 
rotation speed more than the maXimum value. Further, in 
PAM control for carrying out speed control by controlling 
the magnitude of the terminal voltage Which is supplied to 
the stator Winding, When the terminal voltage reaches the 
maXimum value, it can not carry out the control for increas 
ing the rotation speed beyond the maXimum value. HoWever, 
as shoWn in FIG. 9, at a condition in Which, by maintaining 
the terminal voltage at the same value Which is supplied to 
the stator Winding, the electric supply phase is varied, and, 
accordingly, the rotation speed can be varied. And, the 
control of the electric supply phase can be realiZed by 
employing the phase signal. 

[0083] Accordingly, in addition to PWM control of the 
stator Winding current of the brushless motor and/or PAM 
control, the electric supply phase is carried out, and the 
rotation speed of the brushless motor can be controlled 
Widely. For eXample, in PWM control, under the condition 
Where the conduction ratio does not reach the maXimum 
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value, or under the condition Where in PAM control the 
supply voltage does not reach the maXimum value, the 
control under the electric supply phase in Which the effi 
ciency of the motor becomes maXimum and after the con 
duction ratio or the supply voltage has reached maXimum 
value, the control is carried out to proceed the electric supply 
phase from the maximum efficiency point, and in common 
it carries out the operation control characteristic as the 
efficiency importance. Under the condition Where the high 
rotation is necessary, it can proceed the electric supply phase 
and the operation control characteristic having the high 
speed characteristic importance. 

[0084] In the above stated control apparatus, this control 
apparatus is constituted by a hybrid IC to Which the control 
circuit 6 and the phase signal generation circuit 9 are united 
and an intelligent type poWer module to Which the control 
circuit 6 and the phase signal generation circuit 9 are united, 
the number of components can be reduced. As a result, a 
control apparatus Which is able to be handled easily can be 
obtained. 

[0085] In a heat pump system for an air conditioner, since 
the cooling and Warming output is varied by the rotation 
speed of a compressor, as stated above, in addition to PWM 
control and/or PAM control, by using a brushless motor 
Which is controlled under the electric supply phase as the 
drive source of the above stated compressor and/or the 
bloWer, an air conditioner having a high cooling and Warm 
ing ability can be realiZed. Further, in the ordinary operation 
area, an operation control having ef?ciency importance is 
carried out. With the result that an energy saving type air 
conditioner can be attained. 

[0086] Similarly to above, since the brushless motor con 
trolled by using this control apparatus is used as the drive 
source of the compressor and/or the bloWer of a refrigerator, 
a refrigerator having a superior refrigeration ability can be 
realiZed. 

[0087] Further, When in a Washing machine, the brushless 
motor for rotating the agitator and the spinning basket is 
constituted as the poWer source and is controlled using this 
control apparatus, similar to the Washing machine, a superior 
control characteristic can be obtained. In particular, it is 
effective to realiZe an energy saving and high speed spin 
mng. 

[0088] In addition to the above, When the phase signal 
generation circuit according to the present invention is 
employed, since the use of the electrolyte capacitor having 
the large capacity becomes unnecessary, and since the 
apparatus has the function for holding the signal level, even 
a loW cost microprocessor having the sloW processing speed 
can be used in the control apparatus, making it is possible to 
accurately carry out the detection processing for detecting 
the position of the rotor of the brushless motor. Further, 
since the inverter control circuit and the drive circuit are 
formed integrally, a compact siZe and loW cost inverter 
control circuit can be realiZed. Since the air conditioner, the 
refrigerator and the Washing machine employ the above 
stated control apparatus, a compact siZe, loW cost, making 
having a superior control characteristic can be realiZed. 

[0089] According to the present invention, in the brushless 
motor, the magnetic pole position detection accuracy of the 
rotor is high and an accurate control can be attained. 
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[0090] Further, position detection error and electric supply 
error due to noises can be reduced, and, as a result, the 
control range can be enlarged. 

[0091] Further, since the brushless motor is operation 
controlled With an efficiency importance characteristic, or 
the operation control is carried out With a high speed 
importance characteristic, the brushless motor can be con 
trolled over a large range. 

[0092] Further, by use of the brushless motor to be con 
trolled by the above stated control apparatus as a driving 
source, an air conditioner having a high performance, a 
refrigerator having a high performance and a Washing 
machine having the high performance can be realiZed. 

[0093] To Sum up, according to one of the features of the 
present invention, the phase signal generation circuit 9 is 
constituted using the comparison circuit 10, the delay circuit 
11, the gate signal preparation circuit 13, and the selection 
signal holding circuit 12; and, the phase signal generated by 
this phase signal generation circuit 9 is pattern recogniZed 
by the control circuit 6, and the position of the rotor is 
detected. Therefore, PWM control for the Whole area, PAM 
control, and the changeover of PWM/PAM control can be 
carried out. 

What is claimed is: 
1. Apparatus including a control apparatus for use in a 

brushless motor comprising: voltage detection means for 
generating a detection voltage in response to a terminal 
voltage of plural phases of a stator Winding of the brushless 
motor, standard voltage generation means for generating a 
standard voltage, comparison means for outputting a com 
parison result information signal by comparing said detec 
tion voltage and said standard voltage, control means for 
detecting a rotation position of a rotor of the brushless motor 
according to said comparison result information signal 
Which is outputted from said comparison means and for 
outputting an electric supply control signal, and output 
means for supplying electric poWer to said stator Winding 
according to said electric supply control signal, 

Wherein said control means detects a position of said rotor 
according to a pattern of plural phase comparison result 
information signals, 

Wherein the brushless motor forms a part of at least one 
of a compressor and a bloWer of the apparatus Which is 
one of (a) an air conditioner, (b) a refrigerator and (c) 
a Washing machine, and 

Wherein said control means at least one of (a) extracts an 
“on” period or an “off” period of a PWM (pulse Width 
modulation) signal according to said comparison 
results information signal (b) detects a position of said 
rotor according to a pattern of plural phase comparison 
result information signals, (c) determines a pattern of 
electric supply to said stator Winding according to a 
pattern of plural phase comparison result information 
signals, (d) detects a period in Which a return current 
flows after an electric supply changeover according to 
a pattern of said comparison result information signal, 
(e) detects a rotor position according to a pattern of said 
comparison result information signal and changes over 
an electric supply phase according to electric supply 
information Which is stored in a memory, (e) detects a 
rotor position according to a pattern of said comparison 
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result information signal and changes over an electric 
supply phase according to a phase control command 
from an outside source, and carries out a phase 
control in an operation ef?ciency importance in a PWM 
control area and carries out control for proceeding an 
electric phase in a high rotation importance control 
area. 

2. Apparatus according to claim 1, Wherein said control 
means is constituted by one of a microprocessor having 
plural input and output ports and a hybrid IC having plural 
input and output ports. 

3. Apparatus according to claim 1, Wherein said control 
means outputs said electric supply control signal Which is 
for said stator Winding in response to said rotation position. 

4. Apparatus according to claim 1, Wherein said control 
means uses one of an A/D (analog/digital) conversion ter 
minal, a communication use terminal and an input port as a 
terminal for inputting said phase control command from said 
outside source. 

5. Apparatus according to claim 2, Wherein said control 
means outputs said electric supply control signal Which is 
for said stator Winding in response to said rotation position. 

6. Apparatus including a control apparatus for use in a 
brushless motor comprising: voltage detection means for 
generating a detection voltage in response to a terminal 
voltage of plural phases of a stator Winding of the brushless 
motor, standard voltage generation means for generating a 
standard voltage, comparison means for outputting a com 
parison result information signal by comparing said detec 
tion voltage and said standard voltage, control means for 
detecting a rotation position of a rotor of the brushless motor 
according to said comparison result information signal 
Which is outputted from said comparison means and for 
outputting an electric supply control signal, and output 
means for supplying electric poWer to said stator Winding 
according to said electric supply control signal, 

Wherein said control means detects a position of said rotor 
according to a pattern of plural phase comparison result 
information signals, selection holding means for select 
ing Whether said comparison result information signal 
from said comparison means is to be output from a 
phase signal or Whether a previous level of said com 
parison result information signal is to be output as a 
phase signal, 

Wherein said selection holding means at least one of (a) 
operates to output, When a PWM (pulse Width modu 
lation) signal is in an “on” condition, said comparison 
information signal from said comparison means as said 
phase signal as it is, and, When said PWM signal 
changes to an “off” condition, continues to output the 
level of the condition comparison result information 
signal Which occurred immediately before the “off” 
condition as said phase signal, and 

Wherein the brushless motor forms a part of at least one 
of a compressor and a bloWer of the apparatus Which is 
one of (a) an air conditioner, (b) a refrigerator and (c) 
a Washing machine. 

7. Apparatus according to claim 6, Wherein said control 
means is constituted by one of a microprocessor having 
plural input and output ports and a hybrid IC having plural 
input and output ports. 
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8. Apparatus according to claim 6, wherein said control 
means outputs said electric supply control signal Which is 
for said stator Winding in response to said rotation position. 

9. Apparatus according to claim 6, further comprising a 
rectifying circuit for converting an alternating current poWer 
source voltage to a direct current voltage, an inverter circuit 
for converting said direct current voltage to an alternating 
current voltage and for supplying said alternating current 
voltage to said brushless motor, and a control circuit for 
controlling said inverter circuit. 

10. Apparatus according to claim 6, further comprising a 
converter circuit having a rectifying circuit for converting an 
alternating current poWer source voltage to a direct current 
voltage and a chopper circuit for controlling the level of said 
direct current voltage, an inverter circuit for converting said 
direct current voltage Which is received from said inverter 
circuit to an alternating current voltage and for supplying 
said alternating current voltage to said brushless motor, a 
converter control circuit for controlling a sWitching opera 
tion of said inverter circuit, an inverter control circuit for 
driving said brushless motor by controlling a sWitching 
operation of said inverter circuit, and a control circuit for 
controlling said converter control circuit and said inverter 
control circuit. 

11. Apparatus including a control apparatus for use in a 
brushless motor comprising: voltage detection means for 
generating a detection voltage in response to a terminal 
voltage of plural phases of a stator Winding of the brushless 
motor, standard voltage generation means for generating a 
standard voltage, comparison means for outputting a com 
parison result information signal by comparing said detec 
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tion voltage and said standard voltage, control means for 
detecting a rotation position of a rotor of the brushless motor 
according to a pattern of a phase signal by obtaining said 
phase signal according to said comparison result information 
signal Which is outputted from said comparison means and 
for outputting an electric supply control signal, and output 
means for supplying electric poWer to said stator Winding 
according to said electric supply control signal, 

Wherein after a return current after an electric supply 
change-over vanishes, a processing is carried out for 
reneWing a phase signal pattern Which is correlated to 
carry out a position detection, and 

Wherein the brushless motor forms a part of at least one 
of a compressor and a bloWer of the apparatus Which is 
one of (a) an air conditioner, (b) a refrigerator and (c) 
a Washing machine. 

12. Apparatus according to claim 11, Wherein said control 
means is constituted by one of a microprocessor having 
plural input and output ports and a hybrid IC having plural 
input and output ports. 

13. Apparatus according to claim 11, Wherein said control 
means outputs said electric supply control signal Which is 
for said stator Winding in response to said rotation position. 

14. In a brushless motor system having a brushless motor 
and a control apparatus for controlling the brushless motor, 
said control apparatus detects a rotor position of said brush 
less motor in response to the voltage of a stator Winding of 
said brushless motor. 


