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(57) ABSTRACT 

Device and method are provided for starting a brushless 
rnotor easily enables reliable rnotor starting, and prevents 
overcurrent supply When starting the motor. The permanent 
magnet rotor is ?rstly positioned by supplying current from 
one phase to another phase (or the other tWo phases) before 
starting the motor. The motor is then started by controlling 
the switch-operation of the switching devices of the inverter 
based on output signals from Hall ICs Which detect the pole 
position of the magnet rotor. Thus positioning the rotor 
before starting rnotor ensures output of stable Hall IC 
signals, and enables the brushless motor to be started With 
out affection of electrical noise or the slight moving of the 
magnet rotor. 

‘,1 BRUSHLESS MOTOR 
I" _____________________________________ ""1 
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Fig. 12 
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Fig. 13 
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DEVICE AND METHOD FOR STARTING A 
BRUSHLESS MOTOR 

[0001] This application is based on application No. H10 
158981 ?led in Japan, the contents of Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a device and 
method for starting a brushless rnotor incorporating a mag 
netic ?eld sensor for detecting a pole position of a permanent 
magnet rotor. 

[0004] 2. Description of the Related Art 

[0005] Brushless motors are used Widely in consumer 
appliances and electronics today as a result of demand for 
products With longer service life and high reliability. The air 
conditioner using brushless motors for the compressor motor 
and the fan motor have been developed and cornrnercialiZed. 

[0006] Brushless rnotors used for fan motors in particular 
have a rnagneto-electric conversion device or a magnetic 
?eld sensor such as a Hall IC for detecting the pole position 
of a permanent magnet of the rotor in the motor. The output 
signal from the rnagneto-electric conversion device can then 
be used to detect rotational speed or position of the rotor, or 
control driving signals for on/off operation of sWitching 
devices Within an inverter. 

[0007] A typical method for drive control of a brushless 
motor having rnagneto-electric conversion devices accord 
ing to the related art is described beloW. 

[0008] FIG. 15 shoWs a typical drive device for a brush 
less rnotor. The brushless motor 1 has Hall ICs 1d, 16, and 
1f as rnagneto-electric conversion devices. The Hall ICs 1d, 
16 and 1f output respective signals to a controller 6‘. 

[0009] Drive signals are generated based on the output 
signals from the Hall ICs 1d-1f to control the on/off opera 
tion of sWitching devices 4a-4f in an inverter 4, and are 
output from the controller 6‘. The drive signals control the 
terminal voltages of the brushless motor 1. Current thus 
?oWs to the Windings of the stator 1a, 1b and 1c, and the 
brushless motor 1 turns. 

[0010] The general starting method of a brushless motor 
having a rnagneto-electric conversion device is described 
neXt. 

[0011] For convenience of discussion, it is assumed that 
the Hall ICs 1d, 16 and 1f output “High” When they are near 
to the north pole of a permanent magnet composing a rotor 
1g, and output “LoW” When they are near to the south pole. 
It is also assumed that When the sWitching device 4a, 4b or 
4c on each upper arm of the inverter 4 is on and current ?oWs 
from the stator Winding 1a, lb or 1c to an neutral point, the 
side of the Winding facing to the magnet rotor is north, and 
that When the sWitching device 4d, 46 or 4f on each loWer 
arm is on and current ?oWs from the neutral point to a 
Winding, the side of the Winding facing to the rotor 1g is 
south. 

[0012] When the rotor 1g is positioned relative to the Hall 
ICs 1d-1f as shoWn in FIG. 16, the output signal from Hall 
IC 1a' is LoW, and the output signals from Hall ICs 1e and 
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1f are High. It Will thus be obvious that the position of the 
rotor 1g can be determined based on the output signals from 
the Hall ICs. 

[0013] After the position of the rotor 1g is recogniZed 
based on the Hall IC output signal such that the rotor 1g is 
stopped at the position as shoWn in FIG. 16, the sWitching 
device 4a of the upper arm to U-phase and the sWitching 
device 4f of the loWer arm to W-phase are turned on. As a 
result, the side of the U-phase Winding 1a facing to the rotor 
1g is rnagnetiZed to north, and the side of W-phase Winding 
1c facing to the rotor 1g is rnagnetiZed to south. The U-phase 
Winding 1a and the rotor 1g thus attract, and W-phase 
Winding 1c and the rotor 1g repulse. This alloWs the rotor lg 
to begin to turn. The sWitching devices of the inverter are 
thereafter sWitched alternately on and off based on the output 
signals from the Hall ICs, repeatedly changing the attrac 
tion-repulsion relationship betWeen the Windings and the 
magnet rotor. The brushless motor is thus rotationally driven 
as the magnet rotor chases the alternating rnagnetic ?eld. 

[0014] This conventional control method of the brushless 
motor has the following problem. The output signals from 
the Hall ICs may be inconstant in the case where some of 
Hall ICs are near to the boundary between magnetic poles of 
the rotor 1g, and the rotor 1g trernors due to vibration before 
start. The inconstant signals are applied to a microprocessor 
and used to control driving of sWitching devices. HoWever 
this inconstant signals make it dif?cult for the rnicroproces 
sor to determine Which sWitching devices of the inverter 
should be on, and may obstruct the normal starting process. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is directed to a 
device for starting a brushless rnotor Whereby the brushless 
motor can be easily and reliably started, and an overcurrent 
is not produced When the brushless motor is started. 

[0016] In order to overcome the disadvantages of the prior 
art, a device is provided for starting a brushless motor 
having a plurality of stator Windings forrning predeterrnined 
phases, a rotor With a permanent magnet and a plurality of 
magnetic ?eld sensors for detecting a pole position of the 
rotor. 

[0017] The starting device comprises an inverter and a 
controller. The inverter has a plurality of sWitching elements 
in a bridge connection for supplying current to the brushless 
motor. The controller generates and applies, based on output 
signals from the magnetic ?eld sensors, control signals for 
controlling operation of the sWitching elements of the 
inverter. Before brushless rnotor starting the controller posi 
tions the rotor by supplying current betWeen at least tWo 
phases of the stator Windings, and then outputs the control 
signals based on signals output from the magnetic ?eld 
sensors to start the brushless rnotor. As a result, stable output 
signals can be obtained from the magnetic ?eld sensors 
regardless of the permanent magnet rotor position before 
rnotor starting, and the motor can be reliably started. 

[0018] The controller rnay position the rotor by supplying 
current from one phase to another phase of the stator 
Windings When the level inversion point of signal output 
from each rnagnetic ?eld sensor is Within an electrical angle 
range of :15 degrees to the Zero cross point of the stator 
Winding induced voltage. 
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[0019] Alternately, the controller may position the rotor by 
supplying current from one phase to the other tWo phases of 
the stator Windings When the level inversion point of signal 
output from each magnetic ?eld sensor is Within an electrical 
angle range from +15 degrees to +45 degrees of the Zero 
cross point of the stator Winding induced voltage. This 
makes it possible to limit the maXimum current supply 
required to position the rotor When the permanent magnet 
rotor is slightly turning at the controller’s positioning the 
rotor. 

[0020] Furthermore, the controller may brake the rotor by 
supplying current to the sWitching devices on loWer arms of 
the bridge before positioning the rotor. 

[0021] Furthermore, the controller may detected rotational 
speed of the brushless motor based on the output signals 
from the magnetic ?eld sensors, and brakes the rotor until 
the detected rotational speed is loWer than a predetermined 
level. 

[0022] This invention also provides a method for starting 
a brushless motor having a plurality of stator Windings, a 
rotor With a permanent magnet and a plurality of magnetic 
?eld sensors for detecting a pole position of the rotor, the 
method comprising the steps of positioning the rotor by 
supplying current to stator Windings of predetermined 
phases to set the rotor at a start position Where the signals 
from the magnetic ?eld sensors can be reliably detected, and 
starting the brushless motor. 

[0023] Other objects and attainments together With a fuller 
understanding of the invention Will become apparent and 
appreciated by referring to the folloWing description and 
claims taken in conjunction With the accompanying draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic diagram of a brushless motor 
drive device according to a ?rst embodiment of the present 
invention. 

[0025] FIG. 2 a schematic diagram shoWing the relation 
ship betWeen Hall IC output signals, induced voltages on 
stator Windings, and driving signals for inverter sWitching 
devices in a brushless motor drive device of the ?rst embodi 
ment. 

[0026] FIG. 3 is a How chart of the process before motor 
starting by a brushless motor drive device of the ?rst 
embodiment. 

[0027] FIG. 4 is a table shoWing the relationship betWeen 
Hall IC output signals and the inverter sWitching device to 
be turned on. 

[0028] FIG. 5 is a schematic diagram shoWing the posi 
tion of the rotor inside the motor before rotor positioning in 
the brushless motor drive device of the ?rst embodiment. 

[0029] FIG. 6 is a schematic diagram shoWing the posi 
tion of the rotor inside the motor soon after rotor positioning 
in the brushless motor drive device of the ?rst embodiment. 

[0030] FIG. 7 is a schematic diagram shoWing the posi 
tion of the rotor inside the motor When drive signals are 
applied after rotor positioning in the brushless motor drive 
device of the ?rst embodiment. 
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[0031] FIG. 8 is a schematic diagram of a brushless motor 
drive device according to a second embodiment of the 
present invention. 

[0032] FIG. 9 is a schematic diagram shoWing the rela 
tionship betWeen Hall IC output signals, induced voltages on 
stator Windings, and drive signals for inverter sWitching 
devices in the brushless motor drive device of the second 
embodiment. 

[0033] FIG. 10 is a schematic diagram shoWing the mag 
netiZation states inside the motor before rotor positioning in 
a brushless motor drive device according to a second 
embodiment of the present invention. 

[0034] FIG. 11 is a schematic diagram shoWing the posi 
tion of the rotor inside the motor soon after rotor positioning 
in the brushless motor drive device of the second embodi 
ment. 

[0035] FIG. 12 is a schematic diagram shoWing the posi 
tion of the rotor inside the motor When drive signals are 
applied after rotor positioning in the brushless motor drive 
device of the second embodiment. 

[0036] FIG. 13 is a How chart of the process before motor 
starting by a brushless motor drive device according to a 
third embodiment of the present invention. 

[0037] FIG. 14 is a How chart of the process before motor 
starting by a brushless motor drive device according to a 
fourth embodiment of the present invention. 

[0038] FIG. 15 is a schematic diagram of a brushless 
motor drive device according to the related art. 

[0039] FIG. 16 is a schematic diagram shoWing the posi 
tion of the rotor in a motor to describe detection of the rotor 
position by using Hall ICs. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] The preferred embodiments of a device for driving 
a motor according to the present invention are described 
beloW With reference to the accompanying draWings. The 
each device described beloW provides current to at least tWo 
of stator Windings for predetermined phases before the 
motor starting process, thereby ?rstly positioning a rotor of 
the motor at a reliably detectable position. The device then 
detects the rotor position and begins supplying current to 
start the motor. As a result, the motor can be reliably started 
regardless of Where the permanent magnet rotor is stopped 
before the motor starts. 

Embodiment 1 

[0041] FIG. 1 shoWs a con?guration of a motor drive 
device in a ?rst embodiment according to the invention. As 
shoWn in FIG. 1, this motor drive device comprises a DC 
poWer source 3, an inverter 4 for converting voltage from 
output of the DC poWer source 3 to poWer for driving a 
brushless motor 1, and a controller 6 for controlling opera 
tion of the inverter 4. 

[0042] The brushless motor 1 comprises stator Windings 
1a, 1b and 1c forming U-, V- and W-phases, respectively, 
Hall ICs 1d, 16 and 1f as magnetic ?eld sensors or magneto 
electric conversion devices for detecting each induced volt 
age for U-, V- or W-phase Winding and for passing signals 
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corresponding to the detected voltages, and a rotor 1g 
comprising tWo-poles permanent magnet. 

[0043] The inverter 4 comprises sWitching devices 4a, 4b 
and 4c on upper arms connected to phases U, V and W, and 
sWitching devices 4d, 46 and 4f on loWer arms connected to 
phases U, V, and W. 

[0044] The rotor 1g of the brushless motor 1 of this 
embodiment turns clockwise as seen in FIG. 1. The Hall IC 
1a' is disposed 90 degrees advanced from U-phase Winding 
1a. The Hall ICs 16, 1f are likeWise disposed 90 degrees 
advanced from Windings 1b, 1c, respectively. 

[0045] FIG. 2 shoWs the relationship betWeen induced 
voltages Eu, Ev and EW induced on each phase Winding 1a, 
1b and 1c, the Hall IC output signals Hu, Hv and HW, and 
the signals for driving the sWitching operation of sWitching 
devices 4a-4f in the inverter 4, in the brushless motor 1 
having Hall ICs 1d, 16 and 1f as disposed above. When the 
Hall ICs are advanced 90 degrees relative to each Winding 
as shoWn in FIG. 1, the Hall IC output signals Hu, Hv and 
HW invert at the Zero cross point of induced voltage Eu, Ev 
and EW While the brushless motor 1 is turning. More 
speci?cally, Hall IC output signal inversion occurs at an 
electrical angle of 0 degrees from the Zero cross point of the 
induced voltage for each phase. Brushless motor’s rotation 
is controlled by turning on and off sWitching devices 4a-4f 
according to the output signals from the Hall ICs 1d-1f as 
shoWn in FIG. 2. 

[0046] FIG. 3 is a How chart for control of the start of 
brushless motor according to the embodiment. This start 
process is performed by the controller 6 shoWn in FIG. 1. 

[0047] Before the brushless motor is started, the controller 
6 ?rst positions the magnet rotor 1g of the brushless motor 
1 at a start position suitable for detecting rotor position 
(S11). Positioning the rotor 1g at the start position is 
accomplished by supplying current through a pair of Wind 
ings corresponding to predetermined phases of the motor 1. 
That is, the rotor 1g is set at the start position by supplying 
current from one of Windings 1a-1c to the other one of 
Windings 1a-1c. This is hereafter referred to as “one to one 
phase current supply.” 

[0048] The controller 6 then inputs the output signals from 
each of the Hall ICs 1d-1f (S12), and stores the input signals 
as DATA1 to a predetermined area in memory (S13). The 
controller 6 then again inputs the output signals from the 
Hall ICs 1d-1f (S14), and stores the input signals as DATA2 
to a predetermined area in memory (S15). It is then deter 
mined Whether or not the signals DATA1 and DATA2 input 
in steps S12 and S14 are the same (S16). Inputting the Hall 
IC signals tWice or multiple times is because of avoiding 
possible noise affection to improve reliability. When the 
signals do not match, the procedure loops back to step S11, 
and repeats. When the signals match, the position of the 
permanent magnet rotor 1g is determined or detected based 
on the stored signals (DATA1 and DATA2) (S17), and 
sWitching operation of the sWitching devices 4a-4f of the 
inverter 4 is then started based on the determined position 

(S18). 
[0049] The controller 6 determines Which sWitching 
devices begin sWitching based on the position detection 
signals from the Hall ICs 1d-1f. FIG. 4 shoWs a table 
providing information by Which the sWitching devices are 

Feb. 21, 2002 

determined to be sWitched based on the position detection 
signals from the Hall ICs. For example, When the signals 
output from the Hall ICs Hu, Hv and HW are Low, High and 
LoW, respectively, after the initial positioning, the upper arm 
of U-phase (that is, sWitching device 4a) and the loWer arm 
of V-phase (that is, sWitching device 46) are turned on. 

[0050] The brushless motor drive device according to this 
embodiment thus initially positions the permanent magnet 
rotor by means of the “one to one phase current supply” 
before starting the motor, thereby moving the motor to a 
position Where the position of the magnet rotor 1g can be 
reliably detected. 

[0051] For example, When the magnet rotor 1g is posi 
tioned as shoWn in FIG. 5 immediately before starting, the 
controller 6 cannot detect or determine the position of the 
rotor 1g because the output signal of Hall IC 16 can be either 
of High and LoW, that is, not be ?xed. Therefore, the magnet 
rotor 1g is positioned by applying one-to-one phase current 
supply to sWitch on the upper arm of U-phase and the loWer 
arm of V-phase. This magnetiZes the U-phase Winding 1a on 
the magnet rotor side to north, and the V-phase Winding 1b 
on the magnet rotor side to south, positioning the magnet 
rotor 1g as shoWn in FIG. 6. The output signals of Hall IC 
1d and Hall IC 16 are therefore stably LoW, and the output 
signal of Hall IC 1f is stably High. The V-phase upper arm 
and W-phase loWer arm are turned on based on the position 
detection signals from the Hall ICs 1d-1f and the table 
shoWn in FIG. 4 for the Hall IC output states. This causes 
repulsion betWeen the north pole of V-phase Winding 1b and 
the north pole of the magnet rotor, and attraction betWeen the 
south pole of the W-phase Winding 1c and the north pole of 
the magnet rotor 1g. The magnet rotor 1g thus begins turning 
as shoWn in FIG. 7. While the U-phase upper arm and 
V-phase loWer arm are on for positioning the rotor in this 
exemplary embodiment, positioning can be accomplished by 
similarly turning on the upper and loWer arms for any other 
phases. 

[0052] As described above, a brushless motor drive device 
according to this preferred embodiment supplies current to 
a single phase before the brushless motor starting so as to 
position the brushless motor to a position Where the position 
of the magnet rotor can be reliably detected. This therefore 
ensures the reliable start of the brushless motor irrespective 
of the position at Which the permanent magnet rotor is 
stopped before setting of the start position. 

[0053] While this preferred embodiment of the invention 
has been described With each Hall IC disposed 90 degrees to 
the Winding of the corresponding phase, output signals from 
the Hall ICs can be reliably detected by applying the one to 
one phase current supply positioning method insofar as the 
Hall ICs are positioned 90:15 degrees of the corresponding 
Windings. That is, When the Hall ICs are disposed at 105 
degrees (=90+15 degrees) to the respective Windings, each 
Hall IC output signal invert at an electrical angle of —15 
degrees from the Zero cross point of induced voltage on the 
Winding. When the Hall ICs are disposed at 75 degrees 
(=90-15 degrees) to the respective Windings, each Hall IC 
output signals invert at an electrical angle of +15 degrees 
from the Zero cross point of induced voltage on the Winding. 
Therefore, the motor can be positioned by means of the one 
to one phase current supply so that the Hall IC output signals 
stabiliZe, even if the Hall IC output signals invert in an 
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electrical angle range of :15 degrees from the Zero cross 
point of the Winding induced voltage. 

Embodiment 2 

[0054] FIG. 8 shows a brushless motor drive device 
according to a second embodiment of the present invention. 
The brushless motor drive device according to this embodi 
ment differs from that of the ?rst in the relative positions of 
the Hall ICs 1d, 16 and 1f and Windings 1a, 1band 1c. That 
is, the magnet rotor 1g turns clockWise as shoWn in FIG. 8, 
and the Hall IC 1a' is disposed 60 degrees in advance of 
U-phase Winding 1a. Hall ICs 1e and 1f are likeWise 
disposed 60 degrees in advance of Windings 1band 1c. 

[0055] In the ?rst embodiment, the magnet rotor 1g is 
positioned by the one to one phase current supply, and one 
of boundaries of magnet poles of the rotor 1g moves to a 
position 60 degrees from one of Windings (as shoWn in FIG. 
6). In this embodiment, hoWever, When the one to one phase 
current supply method is applied to the brushless motor 
drive device, one pole boundary of the magnet rotor 1g also 
positioned at one of the Hall ICs 1d-1f, and thus the Hall IC 
output signals cannot be recogniZed. Therefore, the brush 
less motor drive device of this embodiment energiZes stator 
Windings by supplying current from one phase to the other 
tWo phases (one to tWo phase current supply), Which is 
described more fully beloW, so that the position of the 
permanent magnet rotor 1g can be reliably detected. 

[0056] As shoWn in FIG. 9, the Hall IC output signals in 
a brushless motor 1‘ of the present embodiment invert at a 
+30 degree electrical angle from the Zero cross point of the 
induced voltage of each phase When the motor is turning. 
After initial rotor positioning, this exemplary brushless 
motor drive device can rotationally drive the brushless 
motor 1‘ by simply turning on the sWitching devices selected 
from the table shoWn in FIG. 4 based on the Hall IC output 
signal. 

[0057] For eXample, When the magnet rotor 1g is posi 
tioned as shoWn in FIG. 10 before the motor 1‘ is started, the 
Hall IC 16 is positioned in a pole boundary of the magnet 
rotor 1g. The output signal therefrom is therefore unstable 
and the controller 6 cannot determine Whether the signal is 
High or LoW. Current is therefore supplied to turn on the 
upper arm of U-phase and the loWer arms of V- and 
W-phases. This method of supplying current is herein 
referred to as “one to tWo phase current supply”. By thus 
supplying current, the U-phase Winding 1a on the side of the 
magnet rotor 1g is magnetiZed as a north pole, the V-phase 
Winding 1b on the side of the magnet rotor 1g is magnetiZed 
as south pole, and the W-phase Winding 1c on side of the 
magnet rotor 1g is magnetiZed as south pole, as shoWn in 
FIG. 11. Then, the magnet rotor 1g moves to a position as 
shoWn in this ?gure. Hall ICs 1d and 16 thus output stably 
LoW, Hall IC 1f outputs stably high, and these output signals 
can be detected. The V-phase upper arm and W-phase loWer 
arm are turned on based on the output signals from the Hall 
ICs 1d-1f With reference to the table in FIG. 4. This occurs 
north-north repulsion betWeen V-phase Winding 1b and the 
magnet rotor 1g, and north-south attraction betWeen 
W-phase Winding 1c and the magnet rotor 1g. This causes 
the magnet rotor lg to begin turning as shoWn in FIG. 12. 
It Will be obvious to those skilled in the art that While the 
U-phase upper arm and V- and W-phase loWer arms are 
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turned on for positioning the rotor in this embodiment, 
positioning can be accomplished by similarly turning arms 
on in other phase combinations. 

[0058] Even if the Hall IC output signals remain unstable 
after positioning by means of the one to one phase current 
supply, the one to tWo phase current supply can provide a 
stable signal to move the rotor to a position Whereat Hall IC 
output stabiliZes, thereby enabling reliable motor starting. 

[0059] This preferred embodiment of the invention has 
been described With the Hall ICs disposed 60 degrees to the 
Winding of the corresponding phase. HoWever, output sig 
nals from the Hall ICs can be reliably detected in the one to 
tWo phase current supply positioning manner insofar as the 
Hall ICs are positioned Within :15 degrees of this 60 degree 
position. That is, the motor can be positioned by means of 
the one to tWo phase current supply so that the Hall IC output 
signals stabiliZe insofar as the Hall IC output signals invert 
in electrical angle range from +15 to +45 degrees With 
reference to the Zero cross point of the Winding induced 
voltage. 

Embodiment 3 

[0060] Abrushless motor drive device according to a third 
embodiment of the present invention brakes the magnet 
rotor by turning on sWitching devices of loWer arms before 
positioning the rotor by means of the one to one phase 
current supply or the one to tWo phase current supply. FIG. 
13 is a How chart of the starting process of the brushless 
motor drive device of this embodiment. 

[0061] Referring to FIG. 13, this starting process starts by 
braking the magnet rotor 1g by turning on sWitching devices 
of loWer arms Which are connected to loW voltage side 
(S21). The magnet rotor 1g is then positioned by the one to 
one phase current supply or the one to tWo phase current 
supply (S22). The controller 6 then inputs the output signals 
from each of the Hall ICs 1d-1f (S23), and stores the signals 
as DATA1 to a predetermined area in memory (S24). The 
controller 6 then again inputs the output signals from Hall 
ICs 1d-1f (S25), and stores the signals as DATA2 to a 
predetermined area in memory (S26). It is determined 
Whether or not the signals (DATA1 and DATA2) stored in 
steps S24 and S26 are the same (S27). When the signals do 
not match, the procedure loops back to step S23, and repeats. 
When the signals match, the position of the rotor 1g is 
determined based on the stored signals (DATA1 and 
DATA2) (S28), and sWitching the sWitching devices 4a-4f of 
the inverter 4 is then started according to the determined 
position (S29). 
[0062] By thus braking the magnet rotor 1g before rotor 
positioning, the brushless motor drive device according to 
this embodiment can prevent an overcurrent from ?oWing as 
a result of the one to one phase current supply or the one to 
tWo phase current supply, even if the rotor is slightly turning 
by Wind etc. before the motor is started. 

Embodiment 4 

[0063] A brushless motor drive device according to a 
fourth embodiment of the present invention detects the 
rotational speed of a brushless motor (rotor) before rotor 
positioning in the starting process. When the brushless 
motor is determined to be turning based on the detected 
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rotational speed, the magnet rotor 1g is braked until the 
rotational speed falls beloW a predetermined threshold level. 

[0064] FIG. 14 is a How chart of the starting process of the 
brushless motor drive device according to this fourth 
embodiment. 

[0065] Referring to FIG. 14, the controller 6 ?rst turns on 
sWitching devices on loWer arms of the bridge to brake the 
magnet rotor 1g (S31), and then detects or calculates the 
rotational speed of the magnet rotor 1g based on the output 
signals from the Hall ICs 1d-1f (S32). It is determined 
Whether or not the detected rotational speed is not less than 
a predetermined value (for example, 1000 rpm) (S33). When 
the detected rotational speed is equal or more to the prede 
termined threshold speed (1000 rpm), the starting process 
loops back to step S31. Steps S31 to S33 thereafter repeat 
until the rotational speed drops beloW the predetermined 
threshold speed. 

[0066] When the detected rotational speed is beloW the 
threshold speed, the controller 6 positions the magnet rotor 
1g at a position ensuring detection of the rotor position by 
the one to one phase current supply or the one to tWo phase 
current supply (S34). The controller 6 then inputs the output 
signals from each of the Hall ICs 1d-1f to detect the position 
of the magnet rotor 1g, and begins sWitching the inverter 
sWitching devices (S35-S41) in a same manner as described 
in FIG. 3 or FIG. 13 to start the motor. 

[0067] As described above, the brushless motor drive 
device according to this preferred embodiment brakes the 
magnet rotor 1g until the rotational speed of the rotor 1g falls 
beloW a prede?ned threshold level When the brushless motor 
is detected to be turning With the speed exceeding the 
threshold level before starting the motor. Thus current can be 
limited beloW a predetermined level When positioning the 
rotor 1g by means of the one to one phase current supply or 
the one to tWo phase current supply. The current used for 
rotor positioning can thus be regulated. 

[0068] For example, When the brushless motor drive 
device is used in the fan motor of the outdoor unit of an air 
conditioning system and Wind causes the fan associated With 
the fan motor to turn, the maximum current ?oWing during 
positioning by means of the one to one phase current supply 
or the one to tWo phase current supply can be limited. This 
provides greater ?exibility in product design for selecting 
the sWitching devices of the inverter. 

[0069] It Will also be obvious to those skilled in the art that 
While the present invention has for simplicity been described 
using the magnet rotor With tWo poles, the same operation 
and advantages can be achieved by the magnet rotor With 
four or more poles. 

[0070] Although the present invention has been described 
in connection With the preferred embodiments thereof With 
reference to the accompanying draWings, it is to be noted 
that various changes and modi?cations Will be apparent to 
those skilled in the art. Such changes and modi?cations are 
to be understood as included Within the scope of the present 
invention as de?ned by the appended claims, unless they 
depart therefrom. 

What is claimed is: 
1. A device for starting a brushless motor having a 

plurality of stator Windings forming predetermined phases, 
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a rotor With a permanent magnet and a plurality of magnetic 
?eld sensors for detecting a pole position of the rotor, the 
device comprising: 

an inverter having a plurality of sWitching elements in a 
bridge connection for supplying current to the brushless 
motor; and 

a controller for generating and outputting, based on sig 
nals output from the magnetic ?eld sensors, control 
signals for controlling sWitching operation of the 
sWitching elements of the inverter, 

Whereby the controller positions the rotor by supplying 
current at least betWeen tWo phases of the stator Wind 
ings, and afterWard outputs the control signals based on 
the output signals from the magnetic ?eld sensors so as 
to start the brushless motor. 

2. The device according to claim 1, Wherein the controller 
positions the rotor by supplying current from one phase to 
another phase of the stator Windings When the level inver 
sion point of signal output from each magnetic ?eld sensor 
is Within an electrical angle range of +15 degrees to the Zero 
cross point of induced voltage on the stator Winding. 

3. The device according to claim 1, Wherein the controller 
positions the rotor by supplying current from one phase to 
the other tWo phases of the stator Windings When the level 
inversion point of signal output from each magnetic ?eld 
sensor is Within an electrical angle range from +15 degrees 
to +45 degrees of the Zero cross point of induced voltage on 
the stator Winding. 

4. The device according to claim 1, Wherein the controller 
brakes the rotor by supplying current to the sWitching 
devices on loWer arms of the bridge before positioning the 
rotor. 

5. The device according to claim 4, Wherein the controller 
detects rotational speed of the brushless motor based on the 
output signals from the magnetic ?eld sensors, and brakes 
the rotor until the detected rotational speed is loWer than a 
predetermined level. 

6. A method for starting a brushless motor having a 
plurality of stator Windings forming predetermined phases, 
a rotor With a permanent magnet and a plurality of magnetic 
?eld sensors for detecting a pole position of the rotor, the 
method comprising the steps of: 

positioning the rotor by supplying current to at least 
betWeen tWo phases of the stator Windings to set the 
rotor at a start position Where the signals from the 
magnetic ?eld sensors can be reliably detected; and 

starting the brushless motor. 
7. The method according to claim 6, Wherein the posi 

tioning step comprises the step of supplying current from 
one phase to another phase of stator Windings of the motor 
When the level inversion point of signal output from each 
magnetic ?eld sensor is Within an electrical angle range of 
:15 degrees to the Zero cross point of induced voltage on the 
stator Winding. 

8. The method according to claim 6, Wherein the posi 
tioning step comprises the step of supplying current from 
one phase to the other tWo phases of stator Windings of the 
motor When the level inversion point of signal output from 
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each magnetic ?eld sensor is Within an electrical angle range 
from +15 degrees to +45 degrees of the Zero cross point of 
induced voltage on the stator Winding. 

9. The method according to claim 6, further comprising 
the step of braking the rotor by supplying current to the 
sWitching devices on loWer arrns before positioning the 
rotor. 
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10. The method according to claim 9, further comprising 
the step of detecting rotational speed of the brushless rnotor 
based on the output signals from the magnetic ?eld sensors, 
and Wherein the rotor is being braked until the detected 
rotational speed is loWer than a predetermined level. 

* * * * * 


