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(57) ABSTRACT 

For detecting commutation timing of an inverter when 
operating a DC brushleSS motor under a starting thereof or 
a light load condition, with certainty, a micro-computer 
generates driving Signals So as to drive Switching elements 
of the inverter by PWM signals of those driving signals, in 
a predetermined order by every turn-on interval, thereby 
Supplying driving current to the DC brushleSS motor, 
wherein a timing for exchange between the turn-on intervals 
(i.e., the commutation timing) is detected by detection of 
level of magnetic pole position detecting Signals upon a 
basis of the PWM signals. Here, the minimum ON time of 
the PWM signals is set at a time being detectable in the level 
of the magnetic pole position detecting Signals, however the 
frequency of the PWM signals is lowered when the DC 
brushleSS motor is operated in Starting or under a light load 
condition, so as to make duty ratio of the PWM signals fit 
to the operation in the starting or under the light load 
condition, thereby enabling to ensure the minimum ON time 
of the PWM signals. 

4 Claims, 6 Drawing Sheets 
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DC CURRENT BRUSHLESS MOTOR 
DRIVINGAPPARATUS AND AIR 

CONDITIONER WITH USING THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a DC current brushless 
motor driver apparatus using an inverter therein, and in 
particular, it relates to a DC current brushless motor driver 
apparatus and an air driven thereby, wherein a relative 
position (hereinafter, being called by “magnetic pole 
position') between armature windings (stator windings) and 
Stator windings is detected by a Velocity or Speed electro 
motive force which is induced acroSS the Stator windings, So 
as to control a revolution number thereof. 

2. Description of Prior Art 
AS a conventional example of a DC brushleSS motor 

driving apparatus is described, for example in Japanese 
Patent Publication No. Sho 59-36519 (1984), wherein con 
trol of a revolution number thereof is conducted by detecting 
magnetic pole positions of a rotor, i.e., the relative positions 
between the magnetic rotor (herein after, being called only 
by a “rotor”) and stator windings due to the velocity elec 
tromotive force (induction voltages) which is induced across 
the stator windings of the DC brushless motor. 

In this, converting the induction Voltages of three phases 
generated acroSS the Stator windings into three triangle-like 
Signals, each having a positional relationship of around 90 
to each the induction Voltage, those three triangle-like Sig 
nals are conducted into resistors which are connected in a 
Star-connection, So as to make comparisons between the 
voltage at a neutral point of the Star-connection and those of 
the three triangle-like Signals by comparators. And, a group 
of Semiconductor Switching elements, contracting an 
inverter there with, are controlled corresponding to pulse 
Signals obtained from those comparators, thereby rotating 
the DC brushless motor. 

In the DC brushless motor according to this conventional 
art, the triangle-like Signals, each having the phase differ 
ence of around 90 to the each terminal voltage across each 
of the Stator windings, are obtained by passing the terminal 
Voltages of the Stator windings through primary filters, 
however in this instance, the transfer function of the primary 
filters must be set so that the phase difference of around 90 
can be maintained within a predetermined range of a basic 
frequency of the induction voltages (being in relation with 
the revolution number of the motor). Also, when noises or 
the like, having frequencies being higher than the basic 
frequency of the induction Voltages, cannot removed Suffi 
ciently therefrom by means of the primary filters, and then 
if it is impossible to obtain the triangle-like Signal having 
Smooth wave-form therewith, there are further added low 
pass filters So as to remove the high frequency Signals, Such 
as the noises or the like therefrom. 

From the above pulse Signals obtained in this manner, the 
relative position between the rotor and the Stator windings 
are assumed or obtained, thereby it is possible to perform the 
control of rotation speed of the DC brushless motor depend 
ing upon a result of that assumption. 
By the way, in the DC brushless motor driving apparatus 

according to the conventional technology mentioned above, 
the primary filters are used for the purpose of obtaining the 
triangle-like Signals, each having a relationship in the phase 
of around 90 to each of the induction voltages. Each of 
those filters, however, has a frequency characteristic that, 
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2 
when the basic frequency of the induction Voltage as an 
input signal becomes low, the phase difference from the 
triangle-like Signal which is obtained by this filter comes to 
be large. For the purpose of driving the DC brushless motor 
under a stable condition with good efficiency, there is a 
necessity that the frequency characteristic must be set, So 
that the phase difference of around 90 is maintained within 
the predetermined range of the basic frequency of the 
induction Voltages, however for example, in a case where 
the range of the basic frequency of the induction Voltages is 
desirous to be extended or expanded (i.e., a variable range 
of revolution number of the DC brushless motor is desirous 
to be extended or expanded), there is a problem that it is 
impossible to maintain the phase difference between the 
induction voltage and the triangle-like Signal at around 90, 
depending upon the frequency characteristic of the filters. 

Also, the terminal voltage of the DC brushless motor, as 
is shown in FIG. 2 of the Japanese Patent Publication No. 
Sho 59-36519 (1984), comes to be such that a spike wave 
form is Superposed upon a trapezoidal wave-form. And, the 
noises or the like, having the frequencies being higher than 
the basic frequencies of those Spike wave-form and the 
induction Voltage, cannot be removed Sufficiently by means 
of the primary filters, and it is impossible to assume or obtain 
the relative position between the rotor and the stator wind 
ings with accuracy, if the triangle-like Signal is not Smooth 
in the wave-form thereof, then the low pass filter is added 
further more, at an output Stage of the above-mentioned 
comparator for comparing the triangle-like Signal and a 
reference Signal, thereby to remove the high frequency 
Signals, Such as the noises or the like. 

However, it is enough to make the time constant of the 
filter large for the purpose of Smoothing the wave-form of 
the triangle-like Signal, but it causes time delay in the Signal, 
therefore there is an upper limit in Setting of the time 
constant of the filters. By the way, in the DC brushless 
motor, the wave-form of the Spike Voltage is changed 
depending upon a load of the motor, but there is the upper 
limit in Setting the time constant of the filters, then there is 
a problem that it is impossible to maintain the phase differ 
ence between the induction Voltage and the triangle-like 
Signal at 90, Since the phase of the triangle-like Signal is 
fluctuated in an appearance thereof due to change in the 
wave-form of the triangle-like Signal. 

In this manner, when the filters are used for the purpose 
of assuming or obtaining the relative position between the 
rotor and the Stator windings, the accuracy in assuming the 
relative relationship between the rotor and the stator wind 
ings is decreased down due to the limits in the frequency 
characteristic and in Setting of the time constant of the filters, 
in particular when driving the DC brushless motor in a wide 
range of the revolution number, or when operating it under 
a load condition of wide range, therefore it is difficult to 
drive the DC brushless motor under the stable condition with 
good efficiency. 

SUMMARY OF THE INVENTION 

An object according to the present invention is, for 
dissolving Such the problems mentioned in the above, to 
provide a DC brushleSS motor driving apparatus and an air 
conditioner driven thereby, being able to drive the DC 
brushleSS motor under Stable condition with good efficiency, 
even in a case of driving the DC brushless motor in a wide 
range of the revolution number, or in a case of driving it 
under a wide range of the load condition. 

Another object according to the present invention is, for 
dissolving Such the problems mentioned in the above, to 
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provide a DC brushleSS motor driving apparatus and an air 
conditioner driven thereby, being able to detect the commu 
tation timings of a group of Semiconductor Switching ele 
ments of an inverter with certainty, when Starting the DC 
brushleSS motor or operating it under a light load condition, 
thereby enabling a stable operation control thereof. 

According to the present invention, for accomplishing the 
object mentioned above, in a DC brushless motor driving 
apparatus is provided a rotor magnetic pole position detect 
ing circuit for generating magnetic pole position detecting 
Signals for respective phases, by comparing three-phase 
induction Voltages generated acroSS the Stator windings to a 
DC power Source Voltage of the inverter, in which a plurality 
of Semiconductor Switching elements are constructed in a 
Star-connection, or to a reference Voltage of a predetermined 
Voltage obtained from a neutral point of Said Stator windings, 
wherein a timing for changing over a turn-on interval is 
obtained by referring to the magnetic pole position detecting 
Signals with respect to any one of the Stator windings which 
is not turned-on, thereby rotating the rotor. 

Also, according to the present invention, the driving 
portion does not refer to Said magnetic pole position detect 
ing Signal during a time when flywheel current flows 
through the flywheel diode. 

Further, according to the present invention, the levels of 
the magnetic pole position detecting Signals obtained from 
the above rotor magnetic pole position detecting circuit are 
detected Sequentially, thereby to obtain the timing for chang 
ing from a changing time point of the level to a next turn-on 
interval. 

Further, according to the present invention, for accom 
plishing the object mentioned above, there is provided 
means for making a frequency of PWM signals of inverter 
driving Signals variable, thereby enabling to make the fre 
quency of the PWM signals different, between when starting 
or driving the DC brushless under a light load and when 
driving a normal stable condition. 

Also, according to the present invention, Such the means 
is so constructed that the frequency of the PWM signals is 
exchanged when an ON of the PWM signal comes to be 
equal to a predetermined time which is Set in advance. 

Further, according to the present invention, the means 
mentioned above is So constructed that, detecting a DC 
power Source Voltage of the inverter, the frequency of the 
PWM Signals is exchanged depending upon a result of the 
detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit construction diagram for Showing a first 
embodiment of a DC brushleSS motor driving apparatus and 
an air conditioner with using thereof, according to the preset 
invention; 

FIGS. 2(a) to (c) are timing charts for showing the Signal 
or Voltage at each part shown in the FIG. 1, in each turn-on 
interval; 

FIG. 3 shows a relationship in timing between the driving 
Signal of the inverter and the magnetic pole position detect 
ing signal in the turn-on intervals (1) and (2) shown in the 
FIGS. 2(a) to (c); 

FIGS. 4(a) and (b) are views for explaining the minimum 
ON time of the PWM signal of the driving signal for the 
inverter, which is produced in a micro-computer; 

FIGS. 5(a) to (c) are views for showing exchange in the 
frequency of the PWM signal of the driving signals for the 
inverter, in the first embodiment shown in the FIG. 1; and 
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4 
FIG. 6 is a circuit construction diagram for showing a 

second embodiment of the DC brushless motor driving 
apparatus and the air conditioner with using thereof, accord 
ing to the preset invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments according to the present inven 
tion will be fully explained by referring to the attached 
drawings. 

FIG. 1 shows a circuit diagram of a first embodiment of 
a direct current (DC) brushless motor driver apparatus 
according to the present invention, wherein a reference 
numeral 1 indicates a micro-computer, 2a position detector 
circuit of rotor magnetic poles, 3a rotor, 4a and 4b detection 
resistors of a reference voltage, 5a-5f flywheel or return 
current diodes, 6a-6f Semiconductor Switching elements, 
7a-7c stator windings, 8a–8c comparators, 9a–9a pull-up 
resistors; 10a–10f detecting resistors of a motor terminal 
voltage, 11 an inverter, and 12 a DC brushless motor. 

In the same figure, the inverter 11 is constructed with the 
Semiconductor Switching elements 6a-6f being in a bridge 
connection and the flywheel diodes 5a-5f which are con 
nected in parallel there with, and to this inverter 11 is applied 
a DC power source voltage Vd. Also, the rotor 3 and the 
stator windings 7a-7c construct the DC brushless motor 12, 
and to each of the stator windings 7a-7c in the respective 
phases of the DC brushless motor 12 is supplied a driving 
current at a predetermined timing from the inverter 11 which 
is driven by driving signals U+, U-, V+, V-, and W+, W 
from the micro-computer 1. Here, the driving Signal U+ 
drives the semiconductor Switching element 6a ON/OFF, 
and hereinafter, the driving Signal U- drives the Semicon 
ductor Switching element 6d into ON/OFF, the driving signal 
V+ drives the semiconductor Switching element 6b ON/OFF, 
the driving Signal V- the Semiconductor Switching element 
6e ON/OFF, the driving signal W+ the semiconductor 
Switching element 6c ON/OFF, and the driving signal W 
the semiconductor Switching element 6f ON/OFF, respec 
tively. 
The position detector circuit 2 of rotor magnetic poles is 

constructed with the comparators 8a–8c, the pull-up resis 
tors 9a–9a and the detecting resistors 10a–10f for the motor 
terminal voltages Vu, Vv and Vw, and it detects the voltages 
Vu, Vv and Vw at the respective terminals of the DC 
brushleSS motor 12, thereby producing position detection 
Signals U, V and W corresponding to them respectively, to 
be Supplied to the micro-computer 1. In this rotor magnetic 
pole position detector circuit 2, the motor terminal Voltage 
Vu generated at the terminal of the Stator winding 7a is 
detected by the detecting resistors 10a and 10b and is 
Supplied to the comparator 8a, the motor terminal Voltage 
VV generated at the terminal of the stator winding 7b is 
detected by the detector resistors 10c and 10d and is supplied 
to the comparator 8b, and the motor terminal voltage Vw 
generated at the terminal of the Stator winding 7c is detected 
by the detector resistors 10e and 10f and is supplied to the 
comparator 8c. Also to those compartorS 8a–8c are Supplied 
a reference voltage Vd/2, that is a half (%) of the DC power 
Voltage Vd, which is detected by the detecting resistors 4a 
and 4b, thereby being compared with the detected motor 
terminal voltages Vu, Vv and Vw, respectively. 
The respective comparison results are obtained as the 

position detection Signals U, V and W, each having a high or 
low level, by the pull-up resistors 9a, 9b and 9c which are 
connected to the output terminals of the comparators 8a–8c, 
thereby to be Supplied to the micro-computer 1. 
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However, in an air conditioner, the DC brushless motor 12 
functions as a driving motor of a compressor in a refriger 
ating cycle thereof, though not shown in the figure. 
The micro-computer 1 produces the driving Signals U+, 

U-, V+, V-, and W+, W- for the inverter 11 from those 
position detection signals U, V and W, and the waveforms of 
those are shown in FIG. 2(a). In the FIG. 2, the turn-on or 
energized time periods or intervals of the DC brushless 
motor 12 are indicated by (1), (2), (3), (4), (5), (6). . . . The 
Semiconductor elements 6a-6c at a + power terminal Side in 
the inverter 11 are collectivly called as an upper arm, while 
the Semiconductor elements 6d-6f at a - power terminal as 
an lower arm, and here it is assumed that the chopping can 
be performed by the semiconductor elements of both the 
upper and lower arms, and that the chopping is performed in 
a time Sequence, i.e., the Semiconductor Switches 6e, 6a, 6f, 
6b, 6d and 6c, and this Sequence is repeated. The Switching 
element by which the chopping was performed is kept in the 
ON State during the next turn-on period, and further, after 
keeping the state of OFF for four (4) turn-on periods, it is 
driven to perform the chopping. Accordingly, the driving 
signals U+, U-, V+, V- and W+, W- are changed, as shown 
in the FIG. 2(a), with progress on the turn-on time period. 

However, a duty ratio of this chopping (accordingly, the 
ON period in each cycle of the chopping of the driving 
signals U+, U-, V+, V- and W+, W-) is variable, and by 
controlling this duty ratio, the revolution number of the DC 
brushless motor 12 is controlled. 

While the inverter 11 is driven in this manner, the turn-on 
phase of the DC brushless motor 12 is changed one by one. 
Here, the stator winding 7a is in the U phase, the stator 
winding 7b in the V phase, and the stator winding 7c in the 
W phase. In the example shown in the FIG. 2(a), for 
example in the turn-on period (1), the Semiconductor Switch 
ing elements 6c and 6e are driven by the driving signals W+ 
and V-, then the driving current flows through the Stator 
windings 7c and 7b, therefore the turn-on phases of the DC 
brushless motor 12 are V and W. In the same manner, in the 
turn-on period (2), Since the Semiconductor Switching ele 
ments 6a and 6e are driven by the driving Signals U+ and 
V-, then the turn-on phases of the DC brushless motor 12 
are U and V, . . . , and in the turn-on period (6), Since the 
Semiconductor Switching elements 6a and 6e are driven by 
the W+ and U-, then the turn-on phases of the DC brushless 
motor 12 are W and U. After completing this in the turn-on 
period (6), it turns back to the turn-on period (1) again, and 
this is repeated thereafter. 
AS is mentioned in the above, when the driving Signals 

U+, U-, V+, V- and W+, W- are supplied to the semicon 
ductor Switching elements 6a, 6d, 6b, 6e, 6c and 6f, 
respectively, the terminal Voltages at the respective phases of 
the motor are indicated by the voltages Vu, Vv and Vw, as 
indicated in FIG. 2(b). 

Namely, in the turn-on period (1), the turn-on phases are 
the V and W phases, then the semiconductor Switching 
element 6e performs the chopping by the driving Signal V-, 
while the semiconductor element 6c is kept in the ON state 
by the driving signal W+ at a constant level, therefore the 
driving current flows from the Semiconductor Switching 
element 6c through the stator windings 7c and 7b into the 
Semiconductor Switching element 6e, however the Semicon 
ductor Switching elements 6a and 6f are kept in the OFF 
State, then no driving current is Supplied into the Stator 
winding 7a. Thereby, the U phase is in non-turn-on (or 
non-energized) State, and the motor terminal Voltage of this 
non-turn-on phase U, as shown in the FIG.2(b), comes to be 
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6 
in Such a form that, upon the induction Voltage, increasing 
upgradually as the rotating rotor 3 comes close to the Stator 
winding 7a, is Superposed the Voltage due to the driving 
current flowing through the stator windings 7c and 7b in an 
intermittent waveform. 

On the contrary, Since the Semiconductor Switching ele 
ment 6c is kept in the ON state by the driving signal W+, the 
motor terminal voltage Vw in the phase W of the turn-on 
state, as shown in the FIG. 2(b), comes to be the voltage 
being equal to the DC power Source Voltage Vd, while Since 
the Semiconductor Switching element 6e performs the chop 
ping by the driving Signal V-, the motor terminal Voltage VV 
in the phase V of the turn-on state, as shown in the FIG.2(b), 
comes to be Zero (0) when the Semiconductor Switching 
element 6e is in the ON state, and Vd when the semicon 
ductor Switching element 6e is in the OFF state, thereby 
coming to a pulse-like Voltage being reverse to the driving 
Signal V- in the phase and having the amplitude Vd. 

Also, the motor terminal Voltage Vu is the Voltage at a 
point where the Stator windings 7a-7c are connected to one 
another to the induction Voltage of the Stator winding 7a 
(i.e., a neutral point of the Stator windings), i.e., the Voltages 
of the value Vd/2 are Superposed thereupon, therefore the 
intermittent waveform of this motor terminal voltage Vu 
comes to be in the same phase as the motor terminal Voltage 
VV, therefore it is reverse to the driving signal V- in the 
phase. 

Those motor terminal voltages Vu, Vv and Vw are 
detected by the detecting resistors 10a and 10b, the detecting 
resistors 10c and 10d, and the detecting resistors 10e and 
10f, respectively, and are compared with the reference 
voltage Vd/2 by the comparators 8a, 8b and 8c. From the 
comparators 8b, as shown in FIG. 2(c) can be obtained the 
magnetic pole position detecting Signal V of the rotor 3, 
being intermittent at the same phase to the motor terminal 
voltage VV, while from the comparator 8c, as shown in FIG. 
2(c), can be obtained the magnetic pole position detecting 
Signal Whaving a constant amplitude as Same as the motor 
terminal Voltage Vw. Also, the induction Voltage of the 
motor terminal voltage Vu shown in the FIG. 2(b) rises up 
the value almost linearly from Zero (0) to Vd, in the turn-on 
period (1). Because of this, if comparing this motor terminal 
voltage Vu with the reference voltage Vd/2 by the compara 
tor 8a, there can be obtained the magnetic pole position 
detecting Signal U, which is intermittent at the same phase 
as the motor terminal voltage Vu in the first half period T1 
in this turn-on interval (1), while being kept at the constant 
amplitude being Same to this intermittent wave in the Second 
or latter half period T2. 

In this manner, the magnetic pole position detecting 
signals U, V and W in the turn-on interval (1) are obtained, 
and within the micro-computer 1, the magnetic pole position 
of the rotor 3 is detected from those and one of the driving 
signals U+, U-, V+, V- and W+, W-, which is generated at 
that time and to be chopped, thereby detecting the timing for 
changing into the driving Signals U+, U-, V+, V- and W+, 
W-in the next turn-on interval (2), however those will be 
explained by referring to FIG. 3. Here, in the FIG. 3, the 
timing relationships between the driving Signals U+, U-, 
V+, V- and W+, W- and the magnetic pole position 
detecting signals U, V and W, within the turn-on intervals (1) 
and (2), are shown, with the time being extended. 

In the same figure, when considering on the turn-on 
interval (1), a boundary between the period Tb and the 
period Tc is a middle point of the turn-on interval (1), 
therefore T1=Ta+Tb and T2=Tc. Also, the period Ta is a first 
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one cycle of the driving Signal V- in the period T1, and is 
a period where a Spike Voltage which will be mentioned later 
is generated. 
AS mentioned in the above, the relationship between the 

driving Signal V- and the magnetic pole position detecting 
Signal U is in reverse to each other in the period Tb, and in 
the period Tc, the magnetic pole position detection signal U 
is kept at the high level. Then, now assuming that the high 
level is indicated by “1” and the low level by “0”, the level 
of the magnetic pole position detecting Signal U at the timing 
of “1” of the driving signal V- is as follows: 

“0” in the period Tb, “1” in the period Tc 
Accordingly, when detecting the level of the magnetic pole 
position detecting Signal U at the timing of “1” of the driving 
Signal V- one by one, it is possible to consider that the time 
point when this detection level is turned from “0” to “1” is 
the time point when it is shifted from the period Tb to the 
period Tc. From this, it is clear that the middle point of the 
turn-on interval (1), i.e., the magnetic pole of the rotor 
reaches to a Specific position with respect to, for example, 
the Stator winding 7a. In this manner, it is possible to detect 
the relationship in relative positions between the rotor and 
the Stator windings. 
And, for example, counting up the number of pulses of the 

driving signal V- from a preset value (for example, Zero 
(0)), from a starting time position of the turn-on interval (1), 
and initiating a count down when the level of the magnetic 
pole position detecting signal U is reversed from “1” to “1”, 
from the number being counted up until that time point, it 
can be said that the time period Tc passes through when it 
is counted down to the original preset value, therefore that 
time point is Set to be as an initial time point of the next 
turn-on interval. 

In the manner mentioned above, it is possible to detect the 
time point for changing from the turn-on interval (1) to the 
turn-on interval (2), and the driving signals U+, U-, V+, V 
and W+, W- are changed as shown in the FIG. 2(a). 
The above was explanation given on the detection of the 

magnetic pole position of the rotor 3 in the turn-on interval 
(1), however next, expiation will be given on detection of the 
magnetic pole position of the rotor 3 in the turn-on interval 
(2). 

In the turn-on interval (2), in the FIG. 1, as mentioned in 
the above, the turn-on phases are U and V, and as shown in 
the FIG. 2(a), the semiconductor Switching element 6a 
performs the chopping by the driving Signal U+ while the 
Semiconductor Switching element 6e is kept in the ON State 
by the driving Signal V-, and the remaining Semiconductor 
Switching elements 6b, 6c, 6d and 6f are kept in the OFF 
state. Therefore, in the DC brushless motor 12, the driving 
current to be chopped flows from the Semiconductor Switch 
ing element 6a through the stator windings 7a and 7b to the 
Semiconductor Switching element 6e, thereby generating the 
induction Voltage acroSS the Stator winding 7c. 

In this instance, the motor terminal voltage Vu in the U 
phase of the DC brushless motor 12, as shown in the FIG. 
2(b), is the pulse voltage, being same to the driving signal 
U+ in the phase and having the amplitude of Vd, while the 
motor terminal voltage Vv in the V phase of the DC 
brushleSS motor 12, Since the Semiconductor Switching 
element 6e is kept in the ON state, as shown in the FIG.2(b), 
is kept to be zero (0). On the contrary, with respect to the 
stator winding 7c is shifted the magnetic pole of the rotor 3 
to be far therefrom, the induction Voltage generated acroSS 
the stator winding 7c decreases down linearly from the value 
of about Vd/2, therefore the motor terminal voltage Vw, as 
shown in the FIG. 2(b), comes to be the Voltage Superposing 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
upon this the Voltage at the neutral point N of the Stator 
windings 7a and 7b, i.e., the pulse Voltage having the 
amplitude Vd/2 and being synchronized with the motor 
terminal Voltage Vu in the phase thereof. 

Then, when the motor terminal voltages Vu, Vv and Vw 
are Supplied to the rotor magnetic pole position detecting 
circuit 2, those are compared with the reference Voltage of 
Vd/2 by the comparators 8a, 8b and 8c, respectively, thereby 
as shown in the FIG. 2(c), obtaining the pulse-like magnetic 
pole position detecting Signal U being Synchronized with the 
driving Signal U+ in the phase, the magnetic pole position 
detecting Signal V at the level “0”, and the magnetic pole 
position detecting Signal W which is in the pulse-like 
waveform and Synchronized with the driving Signal U+ in 
the phase, in the first half period T1 of the turn-on interval 
(2) and is at the level “0” in the second half period T2. Those 
are Supplied to the micro-computer 1. 

Next, by referring to the FIG. 3, explanation will be given 
on the magnetic pole position detection of the rotor 3 from 
those magnetic pole position detecting Signals U, V and W 
in the turn-on interval (2). 

In the same figure, also within the turn-on interval (2), 
there is the first half period T1 having a period Ta and a 
period Tb, and the second half period T2 is indicated by a 
period Tc. This period Ta, being Same in the case of the 
previous turn-on interval (1), indicates the period of the first 
one cycle of the driving Signal U+ in the turn-on interval (2) 
where the Spike Voltage is generated. 

Here, considering on the relationship between the driving 
Signal U+ and the magnetic pole position detecting Signal W, 
in the periodTb, the magnetic pole position detecting Signal 
W is also “1” when the driving signal U+ is “1”, and in the 
period Tc, the magnetic pole position detecting Signal W is 
“0” when the driving signal U+ is “1”. Accordingly, detect 
ing the level of the magnetic pole position detecting Signal 
W at every time point when the driving signal U+ is at “1”, 
it is becomes clear that it comes to the middle point of the 
turn-on interval, i.e., the magnetic pole of the rotor 3 reaches 
to a specific position, for example, with respect to the Stator 
winding 7a, when this level is turned over from “1” to “0”. 
In this manner, it is possible to detect the relative position 
relationship between the rotor and the Stator windings. 

Then, for example, counting up the pulse number of the 
driving Signal U+ from the Starting time point of the turn-on 
interval (2), it is changed to be counted down when the 
detection level of the above is turned over from “1” to “0”, 
and then it is possible to Set the time point when that count 
value comes back to the original preset value, as the time 
point for changing from the turn-on interval (2) into the 
turn-on interval (3). 

Hereinafter, also utilizing the turn-on intervals (3), (4), (5) 
and (6) and the induction voltages across the non-energized 
Stator winding(s) of the non-turn-on phases, it is possible to 
detect the position of the magnetic poles of the rotor 3, 
thereby detecting the time point for changing over the 
turn-on interval. And the turn-on intervals (1)–(8) are 
repeated. 

In this case, as is apparent from the FIGS. 2(a) and (c), it 
is possible to detect the middle points of the turn-on 
intervals, in particular, in the turn-on interval (3) is reversed 
the detection level of the magnetic pole position detecting 
signal V from “0” to “1”, in the turn-on interval (4) the 
detection level of the magnetic pole position detecting Signal 
U from “1” to “1”, in the turn-on interval (5) the detection 
level of the magnetic pole position detecting Signal W from 
“0” to “1”, and in the turn-on interval (6) the detection level 
of the magnetic pole position detecting Signal V from “1” to 
“0”, etc. 
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In the magnetic pole detection method mentioned above, 
the magnetic pole position detecting Signals U, V and W, 
including the induction Voltages, in every other turn-on 
intervals (1), (3) and (5), and the driving signals V-, W- and 
U- for chopping are same in the relationship of the wave 
forms thereof, and the time point for changing into the next 
turn-on interval is determined at the time point when the 
detection level of the magnetic pole position detecting Signal 
due to such the driving signal is changed from “0” to “1” 
(i.e., being in the same pattern changing from “0” to “1”) in 
every case, while the magnetic pole position detecting 
Signals U, V and W, including the induction Voltages, in the 
other every other turn-on intervals (2), (4) and (6), and the 
driving Signals U+, V+ and W+ for chopping are same in the 
relationship of the waveforms thereof, and the time point for 
changing into the next turn-on interval is determined at the 
time point when the detection level of the magnetic pole 
position detecting Signal due to Such the driving Signal is 
changed from “1” to “0” (i.e., being the same pattern 
changing from “1” to “0”) in every case. 
On the contrary to this, by using all of the magnetic pole 

position detecting Signals U, V and W, the patterns are made 
different for each of the six (6) turn-on intervals (1) to (6), 
thereby it is possible to determine which one be the next 
turn-on interval among the turn-on intervals (1)–(6), 
uniquely. 

Namely, in the FIG. 3, assuming that it is now in the 
turn-on interval (1), the magnetic pole position detecting 
signal U is “0” at the time point when the driving signal V 
is “1” in the period Tb, while the magnetic pole position 
detecting Signal V is “0” and the magnetic pole position 
detecting Signal W is “1”. Here, assuming that a pattern 
consisting of the levels of the magnetic pole position detect 
ing signals U, V and W at the time point when the driving 
signal V- is at “1” is (U.V.W), then that patter in this 
instance is (0,0,1). The pattern in the period Tc of the turn-on 
interval (1) is, in the same manner, (1,0,1) from the FIG. 3. 
Accordingly, by detecting the change from the (0,0,1) to 
(1,0,1), it is possible to detect the time point for changing 
into the next turn-on interval. 

Hereinafter also in the same manner, the changes in the 
pattern in the turn-on intervals (1)–(6) are as shown in a 
Table 1 below. 

TABLE 1. 

Turn-On Interval 

(1) 

Pattern Change 

(0,0,1) -> (1,0,1) 
(2) (1,0,1) -> (1,0,0) 
(3) (1,0,0) -> (1,1,0) 
(4) (1,1,0) -> (0,1,0) 
(5) (0,1,0) -> (0,1,1) 
(6) (0,1,1) -> (0,0,1) 

In the FIG. 1, within the micro-computer 1 is stored an 
information indicating the above patterns and the order of 
the changes, being inherent to the turn-on intervals (1)–(6) 
respectively, and it detects the levels of the magnetic pole 
position detecting Signals U, V and W which are Supplied 
from the rotor magnetic pole position detecting circuit 2 in 
the manner mentioned above, thereby ensuring in which one 
of them lies the turn-on interval at present, as well as 
determining which one be the next turn-on interval. When 
detecting the changes in patterns mentioned above, the 
interval is changed into the next turn-on interval, which is 
determined at the time point mentioned above, measured 
from this time point. 

In this manner, by utilizing the pattern (U.V.W) of the 
detection levels of the magnetic pole position detecting 
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10 
signals U, V and W of three phases in each of the turn-on 
intervals, it is Superior in noise durability thereof, comparing 
to the case of using the detection level of the one phase 
among the magnetic pole position detecting Signals U, V and 
W in each of the turn-on intervals, which was explained 
previously. 

However, in the example mentioned above, the turn-on 
intervals can be made T1=T2 in the FIGS. 2 and 3, however 
not being restricted only to this, it also may be possible that 
T2=CT1 (however, 0<C.<1). Namely, by making T2<T1, the 
timing of change into the next turn-on interval is advanced 
earlier than that in the case which was explained in the 
above, and with doing So, there may be a case where an 
efficiency of the motor can be increased up. 
By the way, for the purpose of conducting Such the 

accurate detection of the magnetic pole positions as men 
tioned above, it is necessary, in the FIG. 1, to take an effect 
of the flywheel or return current flowing through the inverter 
11 into the consideration. In a predetermined time period just 
after the change, when changing into the next turn-on 
interval, the flywheel current flows in any one of the 
flywheel diodes 5a-5f, and the diodes through which the 
flywheel current flows are turned into the conductive state. 
And, in a case when the flywheel current flows through 

the flywheel diodes 5a, 5b and 5c of the upper arm, the spike 
Voltage having an amplitude almost equal to the DC power 
Source Voltage Vd appears as the motor terminal Voltages 
Vu, Vv and VW in the route of flow of the flywheel current. 
In the FIG. 2(b), those Spike Voltages are indicated as the 
portion at the voltage Vd on the motor terminal voltage Vu 
in a starting portion of the turn-on interval (1), on which is 
treated hatching, as the portion at the Voltage Vd on the 
motor terminal voltage Vv in a starting portion of the turn-on 
interval (3), on which is treated hatching, and as the portion 
at the voltage Vd on the motor terminal voltage Vw in a 
Starting portion of the turn-on interval (5), on which is 
treated hatching, respectively. Also, in a case when the 
flywheel current flows through the flywheel diodes 5d., 5e 
and 5f of the lower arm, the Spike Voltage having an 
amplitude almost equal to Zero (0) appears as the motor 
terminal voltages Vu, Vv and VW in the route of flow of the 
flywheel current. In the FIG. 2(b), those spike voltages are 
indicated as the portion at the Voltage 0 on the motor 
terminal Voltage Vu in a starting portion of the turn-on 
interval (2), on which is treated hatching, as the portion at 
the Voltage 0 on the motor terminal Voltage VV in a starting 
portion of the turn-on interval (4), on which is treated 
hatching, and as the portion at the Voltage Vd on the motor 
terminal Voltage Vw in a starting portion of the turn-on 
interval (6), on which is treated hatching, respectively. 

However, in the FIG. 3, that the first half portion in the 
period Ta on the magnetic pole position detecting Signal U 
is “1”, in the turn-on interval (1), is due to the Spike Voltage 
occurring on the motor terminal Voltage Vu in the turn-on 
interval (1) shown in the FIG. 2(b), and that the second or 
latter half portion in the period Ta on the magnetic pole 
position detecting signal Wis “0”, in the turn-on interval (2), 
is due to the Spike Voltage occurring on the motor terminal 
voltage Vw in the turn-on interval (2) shown in the FIG.2(b) 

With Such the Spike Voltages on the magnetic pole posi 
tion detecting Signals U, V and W, as is apparent from the 
FIG. 3, the level in the first half period Ta within the turn-on 
interval is made to be same to the level in the second half 
period Tc in the same turn-on interval. Therefore, in each the 
turn-on interval, when trying to determine the timing to 
change into the next turn-on interval by detecting the level 
of the magnetic pole position detecting Signal in the period 



US 6,396,225 B1 
11 

Tc, this level appears at first in the turn-on interval due to 
that Spike Voltage, therefore the Starting time point of this 
turn-on interval which is changed over is decided to be as the 
detecting position of the magnetic poles, erroneously. AS a 
result of this, the time point to change into the next turn-on 
interval is decided from this time point, therefore decreasing 
down an accuracy in detection of the position of the mag 
netic poles. This is also true, as was mentioned in the above, 
in a method for detecting the same magnetic pole positions 
by using the pattern (U.V.W) of the detection levels of the 
three (3) magnetic pole position detecting signals U, V and 
W, and for example, as is indicated in the FIG. 3, the pattern 
in the period Tacomes to be equal to the pattern in the period 
Tc, in each of the turn-on intervals. Accordingly, also in this 
case, when trying to detect the time point when the pattern 
is to be changed in the period Tc, the Starting time point of 
the turn-on interval is erroneously decided to be that time 
point. 

Therefore, for enabling to detect the level of the magnetic 
pole position detecting Signal without an ill influence of the 
Spike Voltages, it is So arranged that the level of the magnetic 
pole position detecting Signals cannot be detected in the first 
cycle of the driving Signal. 

The above was the basic operation of the first embodi 
ment. 

However, the micro-computer 1 needs a predetermined 
time period, from the time when outputting the driving 
signals for the inverter 11 until the time when being able to 
detect the levels of the output pulse Signals from the com 
parators of the rotor magnetic pole position detecting circuit. 
For example, explaining on the example of the turn-on 
interval (1) shown in the FIG. 3, the micro-computer 1, as 
shown in FIG. 4(a), detects the level of the magnetic pole 
position detecting Signal U which is outputted from the 
comparator 8a upon the basis of a rise-up edge of this pulse 
when outputting one pulse of the driving Signal V-, however 
the detection timing to of this level is delayed by a prede 
trmined time T from the rise-up edge of the pulse of the 
driving Signal V-. Such the time T is, for example, around 
13 usec (hereinafter, T=13 usec). Further, AT means a 
transmission delay of the magnetic pole position detecting 
Signal U. 

By the way, a duty ratio when chopping by the driving 
signals U+, U-, V+, V- and W+, W- (accordingly, the ON 
time when chopping) is variable (accordingly, they are 
PWM (Pulse Width Modulation) signals when chopping by 
the driving signals U+, U-, V+, V- and W+, W-, therefore 
those signals when chopping are called by the PWM signals, 
hereinafter), and by changing it, it is possible to perform the 
control on revolution number of the DC brushless motor 12, 
wherein the Smaller the revolution number, the Smaller the 
duty ratio, i.e., the ON time when chopping (namely, of the 
PWM signal) comes to be short. And, when the pulse width 
of the PWM signal of the driving signal V- is shorter than 
the time T from the rise-up edge of the mentioned above 
until the timing to of the level detection, the pulse width of 
the magnetic pole position detecting Signal U also comes to 
be equal to the pulse width of this PWM signal, i.e., a short 
one, therefore, as shown in FIG. 4(b), it is impossible to 
detect the level of the magnetic pole position detecting 
Signal U, with an accuracy. 

For prevention from this, the pulse widths of the PWM 
signals of the driving signals U+, U-, V+, V- and W+, W 
should be greater than the T=13 usec. 

However, if a lower limit is provided on the ON time of 
the PWM signal, it is impossible to set the duty ratio of the 
PWM signal corresponding to this, in a case when the DC 
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12 
brushless motor 12 rotates at a low revolution number, Such 
as in a starting operation thereof or in an operating under a 
light load. 
According to the first embodiment of the present 

invention, for dissolving Such problem, while Setting the 
lower limit on the ON time for the PWM signal, the 
frequency of the PWM signal is so exchanged that the duty 
ratio of the PWM signal is set corresponding thereto, even 
when the DC brushless motor 12 rotates at the low revolu 
tion number, Such as, in the Starting operation thereof or in 
the operation under a light load. 

Hereinafter, explanation will be given on the exchange of 
the frequency of the PWM signals in this first embodiment, 
however the minimum ON time of the driving signals U+, 
U-, V+, V- and W+, W-, which are outputted from the 
micro-computer 1, comes to be 13 usec, by taking proceSS 
ing time of the micro-computer 1 into the consideration, as 
was mentioned in the above. 

First, by referring to FIG. 5, explanation will be given on 
an operation from the time when the DC brushless motor 12 
is started to rotate until the time when it is under a normal 
Stable operating condition thereof. 
Now, assuming that the frequency of the PWM signals of 

the driving signals U+, U-, V+, V- and W+, W- when the 
DC brushless motor 12 is in the normal stable operation is 
at 3.3 kHz, the micro-computer 1 sets the frequency of the 
PWM signal to be a half (%) of 3.3 kHz, i.e., at 1.65 kHz, 
as shown in FIG. 5(a), thereby setting the ON time of the 
PWM signal to be about 13 usec. The duty ratio in this 
instance is Smaller than that in a case where the frequency 
of the PWM signals when being driven in the normal stable 
operation is 3.3 kHz and the ON time is 13 usec. Thereby, 
the DC brushless motor 12 is started in more Smooth than 
when the frequency of the PWM signal is at 3.3 kHz and the 
ON time is 13 usec. 

After this starting operation, the micro-computer 1 always 
watches this ON time of the produced PWM signals, and the 
duty ratio of the PWM Signals is increased up accompanying 
with the increase of the revolution number of the DC 
brushless motor 12, while the ON time thereof comes to be 
longer, gradually. And, the micro-computer 1, as shown in 
FIG. 5(b), when detecting that the ON time of this PWM 
Signal comes to be two (2) times long as the ON time when 
Starting, namely when detecting that it is around 13x2=26 
tiSec, then it eXchange the frequency of the PWM Signals 
into 3.3 kHZ being two times large as that, while keeping the 
duty ratio of the PWM signals at that time. Thereby, as 
shown in FIG. 5(c), the ON time at this instance comes to be 
around 13 usec. After that, this PWM signals of 3.3 kHz 
becomes large in the duty ratio thereof, accompanying with 
the increase of the revolution number of the DC brushless 
motor 12, therefore the ON time becomes long. 

In this manner, it is possible to maintain the minimum ON 
time for enabling to detect the level of the magnetic pole 
position detecting Signals, correctly, as the ON time of the 
PWM signals, when the DC brushless motor 12 is started, 
and it is also possible to set the duty ratio to be sufficiently 
low. Also, it is Same to the above even in the normal stable 
operation, and further it increase the frequency of the PWM 
Signals up, therefore it is always possible for the DC 
brushless motor 12 to detect the level of the magnetic pole 
position detecting Signals, correctly, from the Starting 
thereof. Then, the detection on commutation timing comes 
to be certain, thereby enabling a stable control of revolution 
number thereof, and in the normal stable operation, the 
frequency of the PWM signals is increased up, thereby 
enabling a Smooth rotation depending upon the load of the 
DC brushless motor 12. 
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Also, when the frequency of the PWM signals is changed 
from the condition shown in the FIG. 5(b) to that shown in 
the FIG. 5(c), there is no change in the duty ratio thereof, 
therefore an averaged value of the driving current, being 
Supplied from the Semiconductor Switching elements 6a-6f 5 
of the inverter 11 into the DC brushless motor 12, does not 
change, accordingly, no abnormal rotation occurs in the DC 
brushless motor 12 when the frequency of the PWM signal 
is exchanged. 

Further, when the operation comes under the light load 
condition, also the revolution number of the DC brushless 
motor 12 is decreased down, and accompanying therewith, 
the duty ratio of the PWM signals comes to be small, thereby 
shortening the ON time of the PWM signals. And, as shown 
in the FIG. 5(c), when the ON time of the PWM signals 
comes to be around 13 uSec and the revolution number is 
decreased down furthermore, the frequency of the PWM 
signals is reduced from 3.3 kHz down to 1.65 kHz while 
keeping the duty ratio at that time. Accordingly, the ON time 
of the PWM signals comes to be 26 usec, thereby further 
enabling to reduce the revolution number of the DC brush 
less motor 12 until this On time comes to be 13 usec. In this 
case, there can be obtained the effect being Same to that 
mentioned in the above. 

Next, explanation will be given on a Second embodiment 
according to the present invention. 

FIG. 6 is a circuit diagram for showing a Second embodi 
ment of the DC bruchless motor driving apparatus and the 
air conditioner with using thereof, according to the present 
invention, wherein a reference numeral 13 indicates a DC 
Voltage detector, and the elements corresponding to those 
shown in the FIG. 1 are attached with the same reference 
numerals, So as to omitted duplication of the explanation 
thereof. 

In the air conditioner, it is general to use different com 
mercial AC power sources, such as 100 V and 200 V, as the 
commercial AC power Source therefor. Then, in this Second 
embodiment, as shown in the FIG. 6, it is so constructed that 
the DC voltage detector 13 is added to the construction 
shown in the FIG. 1, wherein the DC power source voltage 
Vd of the inverter 11 is detected by this DC voltage detector 
13, thereby to determine a kind of the commercial AC power 
Source (for example, the commercial AC power Source of 
100 V or the commercial AC power source of 200 V) not 
shown in the figure, under which the micro-computer 1 is 
operated, upon the basis of the detection of an output 
thereof, and upon a result of this determination, the fre 
quency of the PWM signals is made to be different depend 
ing upon when the DC brushless motor 12 is started and 
when it is operated under a light load condition. The 
construction and the operation other than that mentioned 
above are same to those of the first embodiment shown in the 
FIG. 1. 
By the way, in a case where the commercial AC power 

Source of high Voltage, Such as of 200 V, is used as the 
commercial AC power Source thereof, the DC power Source 
Voltage Vd is produced by full-wave rectifying and Smooth 
ing of the AC voltage of the commercial AC power Source, 
therefore the DC power Source Voltage comes to be nearly 
equal to 200xV 2=283 V, being about two (2) times large 
as using the commercial AC power source of 100 V, there 
fore the current flows through the respective Semiconductor 
Switching elements 6a-6f of the inverter 11, being larger 
than that flowing when using or applying the commercial 
AC power source of 100 V. Then, even when using the 
commercial AC power source of 200V, if the lower limit of 
the ON time for the PWM signals of the driving signals U+, 
U-, V+, V- and W+, W- is set at 13 usec, the current, being 
larger than that flowing when using the commercial AD 
power source of 100 V, flows when starting the DC brushless 
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motor 12 and/or when operating it under the light load 
condition. Of course, the ON time of the PWM signal can be 
made small if removing this lower limit, however if so, there 
can occur a case where the levels of the magnetic pole 
position detecting Signals U, V and W cannot be detected 
from such the PWM signals. 

According to this Second embodiment, for dissolving Such 
the problem, while setting the lower limit of the ON time of 
the PWM signal as mentioned above, it is aimed to reduce 
the driving current flowing when starting the DC brushless 
motor 12 and/or when operating it under the light load 
condition, and it is achieved by the frequency of the PWM 
Signals. Here, as an example thereof, it is assumed that the 
commercial AC power source is of either one of 100 V and 
2OO V. 

Then, in the FIG. 6, when the power source Switch not 
shown in the figure is turned ON, the DC voltage detector 13 
detects the DC power source voltage Vd of the inverter 11, 
and from the detection output, the micro-computer 1 decides 
whether the commercial AC power Source not shown in the 
figure is of 100 V or 200 V. Here, as was mentioned in the 
above, in the case where the commercial AC power Source 
of 100 V is used or applied to, the DC power source voltage 
Vd is about 140 V, while it is about 280 V in the case where 
the commercial AC power source is of 200 V, therefore it is 
possible to decide which kind of the commercial AC power 
Source is used or applied to, from the detection of the output 
of the DC voltage detector 13, by setting a level for decision 
to be 200 V, for example. 
And, the micro-computer 1 Sets the frequency of the 

PWM signals of the produced driving signals U+, U-, V+, 
V- and W+, W- for the inverter 11 at a predetermined 
frequency (here, it is set at 3.3 kHz, as was mentioned in the 
above) when it decides that the commercial AC power 
Source used is that of 100 V from the detection output of the 
DC voltage detector 13, thereby starting the DC brushless 
motor 12. However, also in this instance, the minimum ON 
time of those PWM signals is set at a length, with which the 
level of the position detecting signals U, V and W can be 
detected with certainty, upon the basis of the driving Signals 
U+, U-, V+, V- and W+, W- (here, it is set at 13 usec, as 
was mentioned above). 

Also, the micro-computer 1, when deciding that the 
commercial AC power Source used or applied to is that of 
200 V from the detection output of the DC voltage detector 
13, sets the frequency of the PWM signals of the produced 
driving signals U+, U-, V+, V- and W+, W-, at 1.65 kHz, 
being equal a half (%) of the predetermined frequency (i.e., 
3.3 kHz), thereby to start the DC brushless motor 12 
therewith. Also, in this instance, the minimum ON time of 
those PWM signals is set at 13 usec. 

In this manner, by setting the frequency of the PWM 
signals when starting the DC brushless motor 12 at a half (%) 
of the predetermined frequency (=3.3 kHz) mentioned 
above, it is possible to reduce the driving current Supplied to 
the DC brushless motor 12 when starting it, down to a half 
(%) thereof, comparing to the predetermined frequency in 
the construction, thereby enabling to prevent from failure of 
changing from a Synchronized Starting into an operation 
with detecting the position thereof, and prevent from Sounds 
due to excessiveness in the Start torque and the increase of 
vibration thereof. 

After that, the revolution number of the DC brushless 
motor 12 is increased up, and accompanying therewith, the 
ON time of the PWM signals is also increased up, however 
when this ON time reaches to a predetermined value (26 
Aisec, for example, but it may be larger than that), the 
frequency of the PWM signals is exchanged into the pre 
determined frequency (=3.3 kHz) mentioned above while 
keeping the duty ratio at that time. Thereby, it is possible to 
obtain a drive of the DC brushless motor 12 with Smooth 
rotation thereof. 
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The operation of Setting up Such the frequency, in the case 
where the commercial AC power source of 200 V is used or 
applyied to, is equal to that shown in the FIG. 5 for the 
previous first embodiment. Also, in the operation under the 
light load condition in the case of using the commercial AC 
voltage source of 200 V, the frequency of the PWM signals 
is made a half (%) of the predetermined frequency, in the 
SC C. 

AS is mentioned in the above, in this embodiment, it is 
possible to reduce the driving current when Starting the DC 
brushless motor 12 under the condition where the commer 
cial AC power Source of the high Voltage is used or applied 
to, and it is also possible to obtain the rotation of the DC 
brushless motor 12 with Smoothness under the normal stable 
operation thereof. 

In Such the Second embodiment, it is assumed that the 
commercial AC power Source used or applied to is either one 
of 100 V and 200 V, however according to the present 
invention, not restricting only to this, but it is also same 
when using the kinds of the commercial AC power Sources 
having different voltages more than three (3), and the 
frequencies of the PWM signals at the starting for each of 
them may be set at, depending upon the relationships of 
those commercial AC power Sources. Further, for the pur 
pose of detecting the levels of the position detecting Signals 
U, V and W upon the driving signals U+, U-, V+, V- and 
W+, W-, with certainty, the minimum ON time of the PWM 
Signals should not restricted only to 13 uSec mentioned 
above, but it may be set at any value arbitrarily, depending 
upon the processing time by the micro-computer 1. 

Also, in the respective embodiments mentioned in the 
above, the frequency of the PWM signals is changeable in 
two steps, however it may be possible to be changeable in 
three Steps or more. For example, in the case of being 
changed in two steps, if the frequency in the starting of the 
DC brushless motor 12 is set at 1.65 kHz and that it is at 3.3 
kHz under the normal operation condition thereof, the 
minimum ON time of the PWM signals is set at 13 psec, and 
when the ON time of the PWM signals comes to be 20 usec 
after the Starting thereof, the frequency is changed to be 
about 2.56 kHz while maintaining the duty ratio by the 
construction. Thereby, the ON time of the PWM signals 
comes to be the minimum one, i.e. 13 uSec. After that, the 
revolution number of the DC brushless motor is increased up 
while setting the frequency of the PWM Singals at 2.56 kHz 
by the construction, and when the ON time of the PWM 
Signals comes to be about 16.8 pSec, the frequency of the 
PWM signals is set at 3.3 kHz while maintaining the duty 
ration at that time. Thereby, the ON time of the PWM signals 
comes to be about 13 usec. 

Further, in the embodiments mentioned above, it is so 
constructed that the reference voltage Vd/2 of the rotor 
magnetic pole position detector circuit 2 is obtained from the 
detector resistors 4a and 4b, however in the place thereof, it 
may be possible to obtain it from the neutral point N of the 
stator windings 7a-7c of the DC brushless motor 12 by 
using a predetermined detector resistors. 
AS was mentioned in the above, according to the present 

invention, even in the Starting and the operation under the 
light load condition of the DC brushless motor, by reducing 
the frequency of the PWM signals driving the inverter, it is 
possible to make the ON time of the PWM signals ensuring 
the time length for detecting the magnetic pole positions of 
the brushless motor with certainty upon the basis of said 
PWM signals, thereby enabling to detect the commutation 
timing with certainty, So as to obtain a stable control of the 
DC brushless motor. 
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Also, according to the present invention, even if the DC 

power Source Voltage of the inverter is different from, Since 
it is possible to reduce the driving current when Starting the 
DC brushleSS motor and/or operating it under the light load 
condition by a simple method, Such as of reducing down the 
frequency of the PWM signals for driving the inverter, 
therefore it is possible to prevent from the failure in 
eXchange from the Synchronizing Starting into the operation 
with detecting position due to the excessiveness in the 
Starting torque, from the Sounds due to the excessiveness in 
the Starting torque, and from the increase of vibrations 
thereof, and further it is also possible to detect the commu 
tation timing of the inverter with certainty, thereby enabling 
the stable control of the DC brushless motor, as well as the 
Stable driving responding to a wide range of input power 
Source Voltage and a wide range of the load thereof. 

Furthermore, according to the air conditioner according to 
the present invention, by decreasing down the frequency of 
the PWM signals when being started, it is possible to reduce 
the power Source current and leakage current in the Starting 
operation thereof, as well as to enable the Stable driving, 
responding to the wide range of input power Source Voltage 
and the wide range of the load thereof. 
What is claimed is: 
1. A DC brushleSS motor driving apparatus, comprising: a 

driver portion for generating inverter driving Signals, an 
inverter being connected with Six Semiconductor Switching 
elements in a three phase bridge, and for producing motor 
driving Signals to be Supplied to the Stator windings of the 
DC brushless motor by driving said semiconductor Switch 
ing elements with Said inverter driving Signals, and a plu 
rality of comparators, each for comparing a motor terminal 
Voltage acroSS each phase of the Stator windings of Said DC 
brushleSS motor to a reference Voltage of a DC power Source 
voltage of said inverter, wherein Said inverter driving Signals 
include a PWM signal which is used to control any one of 
Said Semiconductor Switching elements of Said inverter to 
chop the motor driving Signals in each turn-on interval of 
said DC brushless motor, and said driver portion detects 
levels of position detecting Signals which are outputted from 
Said comparators upon basis of timings of Said inverter 
driving Signals, thereby Setting commutation timings for 
eXchanging the turn-on intervals of Said DC brushleSS motor 
depending upon the detection result thereof, wherein, there 
is further provided means for making a frequency of Said 
PWM signals variable. 

2. A DC brushleSS motor driving apparatus, as defined in 
the claim 1, wherein Said means for making the frequency of 
said PWM signals variable exchanges the frequency of said 
PWM signals when ON time of said PWM signals of said 
inverter driving Signals comes to be equal to a predeter 
mined time which is determined in advance. 

3. A DC brushleSS motor driving apparatus, as defined in 
the claim 2, wherein Said means for making the frequency of 
said PWM signals variable comprises: 

a first means for detecting the DC power Source Voltage 
of Said inverter, and 

a Second means for exchanging the frequency of Said 
PWM signals of said inverter driving signals depending 
upon a result of detection by Said first means. 

4. An air conditioner, wherein a DC brushless motor 
equipped with the DC brushleSS motor driving apparatus, as 
defined in any one of the claims 1 to 3, is applied as an 
electric motor for use in driving a compressor. 
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