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(57)  Included are: a blower motor unit (240) that in-
cludes a blade (230) and a single-phase motor (220) hav-
ing the blade (230) attached to its rotor (221); a substrate
(210) mounted with a motor controller that controls driv-
ing of the single-phase motor (220) and includes an in-
verter that outputs alternating-current power to the sin-
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gle-phase motor (220); and a housing where the blower
motor unit (240) and the substrate (210) are disposed.
The substrate (210) is disposed in a position where the
substrate (210) is cooled down directly or indirectly by
wind that the blower motor unit (240) generates.
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Description
Field
[0001] The present invention relates to an electric

blower that includes a single-phase motor and also re-
lates to a vacuum cleaner and a hand dryer.

Background

[0002] Conventionally,vacuum cleaners and hand dry-
ers are known among examples of an electrical appara-
tus equipped with an electric blower. Such electrical ap-
paratuses are reduced in size in order to improve porta-
bility, operability during use, and others. For example, in
order to achieve a smaller electrical apparatus that
serves as a vacuum cleaner and efficiently cool a con-
troller that controls an electric blower, a technique dis-
closed in Patent Literature 1 is such that substrates for
the controller are disposed in an airflow path inside the
electric blower.

Citation List
Patent Literature

[0003] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2002-21794

Summary
Technical Problems

[0004] Although the configuration described in Patent
Literature 1 shows to efficiently cool down heat-generat-
ing components of the circuitry, there is no mention of
cooling down other components that constitute the prod-
uct, and no other cooling effects are provided.

[0005] Electric blowers installed in stick-shaped vacu-
um cleaners and others are becoming increasingly small-
er in size and lighter in weight in order to improve user-
friendliness. In order to achieve the downsizing, a single-
phase inverter with fewer switching elements is suitable
as an inverter that drives the electric blower. Combined
with the single-phase inverter, a single-phase perma-
nent-magnet motor is suitable for the electric blower.
Meanwhile, the downsized electric blower has a smaller
blade diameter and thus has reduced power. According-
ly, a control method that causes high-speed rotation of
blades is generally adopted to offset a decrease in blade
diameter. This control method uses a position sensor to
determine rotor magnetic pole position, and the control
is performed based on the rotor magnetic pole position.
[0006] Since the position sensor detects the magnetic
pole position by picking up magnetic flux of arotor magnet
in this case, the rotor magnet must be in close proximity
to the position sensor, meaning that a substrate provided
with the position sensor needs to be attached to the mo-
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tor. As the substrate becomes integral with the motor, an
air path of the electric blower is blocked, problematically
causing the product to have increased pressure loss that
translates into decreased aerodynamic power. In addi-
tion, this electric blower problematically has deteriorated
cooling performance for a component that comes after
the substrate in the air path.

[0007] The present invention has been made in view
of the above, and an object of the present invention is to
obtain an electric blower that can efficiently cool down
heat-generating components and can control driving of
a single-phase motor even when the electric blower is
downsized.

Solution to Problems

[0008] To solve the above problems and achieve the
object an electric blower according to the present inven-
tion includes: a blower motor unit including a blade and
a single-phase motor, the blade being attached to a rotor
of the single-phase motor; a substrate mounted with a
motor controller that controls driving of the single-phase
motor, the motor controller including an inverter that out-
puts alternating-current power to the single-phase motor;
and a housing where the blower motor unit and the sub-
strate are disposed. The substrate is disposed in a posi-
tion where the substrate is cooled down directly or indi-
rectly by a wind that the blower motor unit generates.

Advantageous Effect of Invention

[0009] Even when downsized, the electric blower ac-
cording to the present invention can achieve efficient
cooling down of heat-generating components and can
control driving of the single-phase motor.

Brief Description of Drawings
[0010]

FIG. 1 is an external view of an electric blower ac-
cording to a first embodiment.

FIG. 2 is a sectional view of a first example of the
electric blower according to the first embodiment.
FIG. 3is aside view of the first example of the electric
blower according to the first embodiment.

FIG. 4 illustrates a circuit configuration of a motor
controller mounted on a substrate according to the
first embodiment.

FIG. 5illustrates a circuit configuration of an inverter
included in the motor controller according to the first
embodiment.

FIG. 6 is a sectional view of a second example of
the electric blower according to the firstembodiment.
FIG. 7 is a side view of the second example of the
electric blower according to the first embodiment.
FIG. 8 is a sectional view of a third example of the
electric blower according to the first embodiment.
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FIG. 9 is a sectional view of a fourth example of the
electric blower according to the first embodiment.
FIG. 10 is a side view of the fourth example of the
electric blower according to the first embodiment.
FIG. 11 is a sectional view of a first example of an
electric blower according to a second embodiment.
FIG. 12 is a side view of the first example of the
electricblower according to the second embodiment.
FIG. 13 is a sectional view of a second example of
the electric blower according to the second embod-
iment.

FIG. 14 is a side view of the second example of the
electricblower according to the second embodiment.
FIG. 15 is a sectional view of a third example of the
electricblower according to the second embodiment.
FIG. 16 illustrates a configuration example of a vac-
uum cleaner according to a third embodiment that
includes the electric blower.

FIG. 17 illustrates a configuration example of a hand
dryer according to the third embodiment that in-
cludes the electric blower.

Description of Embodiments

[0011] With reference to the drawings, a detailed de-
scription is hereinafter provided of an electric blower, a
vacuum cleaner, and a hand dryer according to embod-
iments of the presentinvention. Itis to be noted that these
embodiments are not restrictive of the present invention.

First Embodiment.

[0012] FIG. 1 is an external view of an electric blower
100 according to the first embodiment of the present in-
vention. The view illustrated by FIG. 1 is defined as a top
view of the electric blower 100 for convenience sake. In
actual use, the electric blower 100 is not limited in orien-
tation. For example, the electric blower 100 can be used
with its bottom side (not illustrated) up. The electric blow-
er 100 includes a tubular housing 200. The electric blower
100 alsoincludes, inside the tubular housing 200, a blow-
er motor unit (not illustrated) and a substrate (not illus-
trated) mounted with a motor controller that controls driv-
ing of a single-phase motor of the blower motor unit. A
concrete description is hereinafter provided of each in-
ternal structure of the electric blower 100 with reference
to a sectional view of the electric blower 100 as taken
along line A-A of FIG. 1 and aright side view of the electric
blower 100 with its side illustrated in FIG. 1 being top.

[0013] FIG. 2 is a sectional view of a first example of
the electric blower 100 according to the first embodiment.
FIG. 3 is a side view of the first example of the electric
blower 100 according to the first embodiment. As de-
scribed above, the electric blower 100 includes the blow-
er motor unit 240 and the substrate 210 inside the tubular
housing 200. The blower motor unit 240 includes blades
230 and the single-phase motor 220. The blades 230 are
attached to a rotor 221 of the single-phase motor 220.
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The substrate 210 is mounted with the motor controller
that controls driving of the single-phase motor 220. The
motor controller includes an inverter that outputs alter-
nating-current power to the single-phase motor 220. The
substrate 210, namely, the motor controller 10 is con-
nected to the single-phase motor 220 by lead wires 211
and 212. The substrate 210 is disposed in the tubular
housing 200 by means of supports 213. The single-phase
motor 220 is disposed in the tubular housing 200 by
means of supports 214. The supports 213 and 214 may
be formed integrally with or separately from the tubular
housing 200. The supports 213 and 214 may be rod-
shaped or planar. The same applies to other supports
below. The substrate 210 is not particularly limited in ori-
entation. The substrate 210 may be disposed so that its
surface, mounted with heat-generating components,
comes into contact with the tubular housing 200 via a
heat sink that is not illustrated. In other words, the tubular
housing 200 may be used as a heat sink.

[0014] FIG. 4 illustrates a circuit configuration of the
motor controller 10 mounted on the substrate 210 ac-
cording to the first embodiment. FIG. 5illustrates a circuit
configuration of the inverter 11 included in the motor con-
troller 10 according to the first embodiment. As illustrated
in FIG. 4, the motor controller 10 is connected to a battery
202 and the single-phase motor 220. The battery 202
supplies direct-current power that drives the electric
blower 100 to the substrate 210, namely, to the motor
controller 10. The motor controller 10 controls operation
of the single-phase motor 220 to rotate the rotor 221 and
the blades 230. The motor controller 10 includes: the
inverter 11; a current detector 20; a voltage detector 21;
an analog-to-digital converter 30, a processor 31, and a
driving signal generator 32.

[0015] The inverter 11 includes switching elements 51
to 54 to convert the direct-current power supplied from
the battery 202 into the alternating-current power and
outputs the alternating-current power to the single-phase
motor 220 for driving the single-phase motor 220. The
currentdetector 20 detects a currentflowing in the single-
phase motor 220. The voltage detector 21 detects a volt-
age of the alternating-current power applied to the single-
phase motor 220. The analog-to-digital converter 30 con-
verts an analog signal indicating the current value de-
tected by the current detector 20 and an analog signal
indicating the voltage value detected by the voltage de-
tector 21 into digital signals.

[0016] Using the digital signals respectively indicating
the current and voltage values obtained from the analog-
to-digital converter 30, the processor 31 performs oper-
ations including estimation of position of the rotor 221 in
the single-phase motor 220 and generates pulse width
modulation (PWM) signals for controlling the operation
of the single-phase motor 220. Any general control meth-
od is usable as a control method by the processor 31.
Examples of the control method that are usable by the
processor 31 include position sensorless vector control,
current control, and power control, among others. By be-
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ing controlled in this way, the single-phase motor 220 of
the electric blower 100 can operate at a rotational speed
of about 100,000 rpm. On the basis of the PWM signals
generated by the processor 31, the driving signal gener-
ator 32 generates driving signals that turn on and off the
switching elements 51 to 54 of the inverter 11 and outputs
the driving signals to the inverter 11.

[0017] Under the control of the motor controller 10, the
electric blower 100 causes the blades 230 to rotate to
draw in air from an inlet port and flow the air toward an
exhaust port of the tubular housing 200. A wind direction,
namely, the air flow is indicated by arrows illustrated in
FIG. 2. In FIG. 2, the wind is shown to flow from left to
right. The same applies to other drawings that follow. As
illustrated, the electric blower 100 has an air path inside
the tubular housing 200.

[0018] In general, a motor controller that uses a posi-
tion sensor to detect rotor position and to control opera-
tion of the single-phase motor, the position sensor needs
to be disposed in the vicinity of the single-phase motor.
To explain using the example of FIG. 2, this means that
the substrate 210 needs to be disposed downwind of the
single-phase motor 220 near the rotor 221. In this case,
the substrate 210 blocks the air path inside the tubular
housing 200.

[0019] By contrast, the motor controller 10 according
to the present embodiment does not include a position
sensor that detects the position of the rotor 221 in the
single-phase motor 220. Therefore, in the tubular hous-
ing 200 of the electric blower 100, the substrate 210
mounted with the motor controller 10 may be disposed
in parallel with the air path of the tubular housing 200,
thatis to say, the direction indicated by the arrows in FIG.
2. Since the substrate 210 mounted with the motor con-
troller 10 is disposed as illustrated in FIG. 2 and does not
block the air path, the electric blower 100 can suppress
the pressure loss in the air path and can improve suction
power. Consequently, suction force of a productthatuses
the electric blower 100 can be improved. In other words,
disposing the substrate 210 along the air path enables
the electric blower 100 to have the reduced pressure loss
inthe air path and higher efficiency. Moreover, the electric
blower 100 is capable of efficiently cooling down the heat-
generating components and other components mounted
on the substrate 210.

[0020] Thus the substrate 210 is disposed, inside the
tubular housing 200, where the substrate 210 is cooled
down directly by the wind that the blower motor unit 240
generates. The substrate 210 disposed inside the tubular
housing 200 has its surface oriented in parallel with the
direction of the wind that the blower motor unit 240 gen-
erates.

[0021] If a motor controller is provided with a position
sensor and a substrate is disposed to block an air path,
when air drawn in by an electric blower has a high mois-
ture content, a greater amount of moisture strikes directly
on the substrate. This raises a concern about ion migra-
tion that during voltage application to the substrate, ion-
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ized metals migrate between electrodes and result in a
short circuit. There is also a concern about short-
circuiting due to accumulation of dust, dirt, and others.
Therefore, a method such as applying a moisture-proof-
ing agent to the substrate or isolating the substrate from
the air path is taken as a measure when the position
sensor is provided; however, either of the methods brings
about an increase in manufacturing costs.

[0022] By contrast, a smaller amount of moisture
strikes directly on the substrate 210 for the motor con-
troller 10 according to the present embodiment, so that
ion migration can be suppressed and usage of moisture-
proofing agentcan be reduced. Since dust, dirt, moisture,
and others do not easily accumulate, a short circuit be-
tween patterns of the motor controller 10 is also prevent-
able. Moreover, compared to when the position sensor
is provided, there is increased flexibility in substrate
placement, which enables the substrate 210 for the motor
controller 10 to be disposed outside the tubular housing
200 as is described later to have improved quality.
[0023] By having no position sensor, the motor con-
troller 10 according to the present embodiment enables
elimination of position sensor attachment from a manu-
facturing process and a step of adjustment based on var-
iations due to the position sensor installation, thus ena-
bling significant reductions in manufacturing costs. In ad-
dition, the motor controller 10 is not affected by aged
deterioration of the position sensor, thus enabling im-
proved product quality.

[0024] Although the electric blower 100 illustrated in
FIGS. 2 and 3 does not include the battery 202, the bat-
tery 202 may be disposed inside the tubular housing 200.
FIG. 6 is a sectional view of a second example of the
electric blower 100 according to the first embodiment.
FIG. 7 is a side view of the second example of the electric
blower 100 according to the first embodiment. This elec-
tric blower 100 also includes the battery 202 that supplies
direct-current power to the substrate 210, namely, the
motor controller 10. The battery 202 is disposed down-
stream of the substrate 210 in the air path inside the
tubular housing 200 and is oriented in parallel with the
direction of wind that the blower motor unit 240 gener-
ates. The substrate 210, namely, the motor controller 10
is connected to the battery 202 by lead wires 215 and
216. The battery 202 is disposed in the tubular housing
200 by means of supports 217. The supports 217 may
be formed integrally with or separately from the tubular
housing 200. The battery 202 may be disposed to contact
the tubular housing 200 via a heat sink that is not illus-
trated. If the heat sink has, for example, a curved surface
that faces the tubular housing 200, the battery 202 can
be in a more close-fitting position with respect to the tu-
bular housing 200.

[0025] In general, power of a product equipped with
the battery 202, such as suction power of a vacuum
cleaner that is described later, is highly dependent on
capacity of the battery 202. Therefore, making the most
of the capacity of the battery 202 is necessary in order
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to obtain maximized power of the product. Since voltage
that is output from the battery 202 is more or less deter-
mined by the battery capacity, increasing current flow is
necessary to increase the power. However, the battery
202 has internal impedance. The battery 202 generates
heat (I2R) due to the current flow, and the heat of the
battery 202 grows as the power of the product is in-
creased. Therefore, a heat dissipating means for the bat-
tery 202 is needed for increasing the power of the prod-
uct.

[0026] Compared with those other heat-generating
components of the electrical apparatus, the battery 202
has arelatively large volume as a heat source. Therefore,
dissipating the heat of the battery 202 takes more time
than times dissipating heat of those other heat-generat-
ing components. The heat-generating components such
as the switching elements 51 to 54 of the inverter 11 of
the motor controller 10 mounted on the substrate 210 are
named as other heat sources. When, for example, power
semiconductor devices of a 5 mmXx6 mm power quad
flat no-lead (PQFN) package are used as the switching
elements 51 to 54, each of the switching elements 51 to
54 occupies a volume of 5 mmx6 mmx1 mm=30 mm3,
On the other hand, when the battery 202 uses six cylin-
drical lithium ion secondary batteries that are each 18
mm in diameter and 65 mm in length, the volume of the
battery 202 is about 100,000 mm3. Thus the battery 202
occupies the large volume compared with those other
heat-generating components, and the time required to
dissipateits heatis longerthantimes required to dissipate
heats of other heat-generating components.

[0027] Conceivably, the heat that the battery 202 gen-
erates could adversely affect other constituent elements
of the electrical apparatus. Accordingly, disposing a heat
insulating member is conceivable for preventing heat
transmission from the battery 202 to the constituent ele-
ments other than the battery 202. Examples of the heat
insulating member include a fibrous heat insulator, a
foamed heat insulator, an aerogel, and a vacuum insu-
lated member, among others. Disposing any one of these
heat insulating members between the battery 202 and
those other constituent elements has disadvantages
such as an increase in the manufacturing costs and an
increase in mass of the electrical apparatus.

[0028] Therefore, inside the tubular housing 200 of the
electric blower 100, the battery 202 is disposed down-
wind, while those constituent elements that are weak to
heat, such as the substrate 210 and the blower motor
unit 240, are disposed upwind as illustrated in FIGS. 6
and 7. In this way, the problem of the heating battery 202
adversely affecting those other constituent elements is
suppressible in the electric blower 100, and the battery
202 itself can be cooled down at the same time. The
electric blower 100 can efficiently cool down the battery
202.

[0029] Although the battery 202 and the substrate 210
are connected by the lead wires 215 and 216 in FIGS. 6
and 7, the battery 202 may be connected directly to the
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substrate 210. FIG. 8 is a sectional view of a third example
of the electric blower 100 according to the first embodi-
ment. A side view of the third example of the electric
blower 100 according to the first embodiment is the same
as FIG. 7. In the third example of the electric blower 100
according to the first embodiment, the battery 202 is con-
nected directly to the substrate 210 by means of, for ex-
ample, terminals or connectors.

[0030] This enables elimination of the lead wires 215
and 216 between the battery 202 and the substrate 210
in the electric blower 100, thus eliminating costs associ-
ated with the lead wires 215 and 216. Moreover, the elec-
tric blower 100 is enabled to have fewer losses because
of no lead wires 215 and 216 and thus has higher effi-
ciency. The electric blower 100 is also enabled to have
reduced interconnection impedance between the battery
202 and the substrate 210, so that voltage ripple, current
ripple, and others of the power supply can be reduced,
and the battery 202 is enabled to have alonger life. When
the substrate 210 of the electric blower 100 is provided
with the heat sink, which is not illustrated, this heat sink
is shared with the battery 202. This enables elimination
of costs associated with another heat sink.

[0031] Elimination of the lead wires 211 and 212 be-
tween the single-phase motor 220 and the substrate 210
is also possible in the electric blower 100. FIG. 9 is a
sectional view of a fourth example of the electric blower
100 according to the first embodiment. FIG. 10 is a side
view of the fourth example of the electric blower 100 ac-
cording to the first embodiment. In the fourth example of
the electric blower 100 according to the firstembodiment,
the single-phase motor 220 is connected directly to the
substrate 210 by means of, for example, terminals or
connectors.

[0032] This enables elimination of the lead wires 211
and 212 between the single-phase motor 220 and the
substrate 210, thus enabling the electric blower 100 to
have fewer losses and higher efficiency. Moreover, the
electric blower 100 is enabled to have reduced pressure
loss in an air path because of no lead wires 211 and 212.
[0033] A description is provided of operation of the
electric blower 100 installed in the vacuum cleaner that
is stick-shaped. As the blower motor unit 240 of the elec-
tric blower 100 is driven, suction force is produced, caus-
ing dust, dirt, and others to be drawn in from a suction
part together with air. The dust and the dirt that have
been drawn in accumulate in a dust receptacle. Since
the inverter 11 enables high-speed rotation of the single-
phase motor 220 of the blower motor unit 240, improved
air blowing efficiency is enabled even when the blades
230 of the blower motor unit 240 are small in diameter.
As a result, the blower motor unit 240 is capable of ob-
taining a large air volume. Even when the blower motor
unit 240 is relatively small in size, the electric blower 100
is capable of providing high suction performance.
[0034] An upper-limit of carrier frequency for efficient
driving of the inverter 11 of the electric blower 100 is, for
example, about 30 kHz. On the other hand, unstable con-
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trol could conceivably occur when a rotational frequency
of the single-phase motor 220 of the blower motor unit
240 is closer to 30 kHz. This problem is avoidable when
poles of the single-phase motor 220 of the electric blower
100 are limited to within four in number.

[0035] In order to have improved operability, the stick-
shaped vacuum cleaner is required to be smaller in size
and lighter in weight. However, when the blades 230 of
the blower motor unit 240 are made smaller, a proper
amount of work required of the vacuum cleaner to be
used is difficult to obtain. In order to ensure the required
amount of work, making the blades 230 of the electric
blower 100 as small as possible to make the electrical
apparatus, namely, the stick-shaped vacuum cleaner
smaller in size and lighter in weight and rotating the
blades 230 at a higher speed are conceivable. However,
rotating the blades 230 of the electric blower 100 at the
higher speed requires generation of greater torque by
the single-phase motor 220.

[0036] As shown by Formula (1) below, the torque T
that the single-phase motor 220 generates when rotating
is determined by product of a torque constant Kt and
motor current la.

T=KtxIa ... (1)

[0037] In order to increase the torque T, reconfiguring
the single-phase motor 220 of the electric blower 100 to
obtain a greater torque constant Kt and increasing the
motor current la are conceivable. In order to increase the
torque constant Kt, conceivable measures for the single-
phase motor 220 include increasing turns of a motor
winding, using stronger magnets, and increasing a thick-
ness of laminations of a stator. However, any of these
measures has disadvantages such as an increase in the
manufacturing costs, an increase in mass of the single-
phase motor 220, and an increase in size of the single-
phase motor 220.

[0038] Accordingly, increasing the motor current la of
the electric blower 100 is a conceivable measure for in-
creasing the torque T. Increasing the motor current la
suppresses the above disadvantages associated with
the reconfiguration of the single-phase motor 220 of the
electric blower 100, such as the increase in the manu-
facturing costs, the increase in the mass, and the size
increase, while enabling the greater torque.

[0039] However, when the motor current la of the elec-
tricblower 100 is increased, parts where the current flows
conceivably generate an increased amount of heat.
Therefore, if the motor current la of the electric blower
100 reaches a certain value or more, using a heat-resist-
ant or flame-retardant material adjacent to those includ-
ing the single-phase motor 220, the battery 202, and the
substrate 210 is a conceivable example of a measure for
preventing damage to the apparatus due to the heat gen-
eration. The electric blower 100 configured in this way
enables improved reliability of the apparatus. Using a
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material of high thermal conductivity, such as metal, ad-
jacent to those including the single-phase motor 220, the
battery 202, and the substrate 210 as in the above-de-
scribed case enables improved heat dissipation for the
heat-generating components including the battery 202.
[0040] The single-phase motor 220 in the blower motor
unit 240 includes the rotor 221 that uses permanent mag-
nets. This enables efficient driving of the single-phase
motor 220 and an energy saving effect. With the current
detector 20 and the voltage detector 21 that are used in
the control of the single-phase motor 220, the controller
10 can control the inverter 11 with high accuracy.
[0041] Using a wide-bandgap semiconductor for the
switching elements 51 to 54 of the inverter 11 leads to
formation of low-loss semiconductor devices, enabling
fewer switching losses and fewer conduction losses. The
reduced losses enable an energy saving effect and op-
eration for a longer time period.

[0042] The switching elements 51 to 54 of the inverter
11 are not limited to MOSFETSs that are made using a
silicon-based material but may be MOSFETs that are
made using the wide-bandgap semiconductor such as
silicon carbide, a gallium nitride material, or diamond. At
least one of the switching element 51, the switching el-
ement 52, the switching element 53, or the switching el-
ement 54 may be made using the wide-bandgap semi-
conductor.

[0043] The wide-bandgap semiconductor generally
has a higher voltage resistance and a higher thermal re-
sistance compared with a silicon semiconductor. There-
fore, with the use of the wide-bandgap semiconductor
for the switching elements 51 to 54, the switching ele-
ments have increased voltage resistance and increased
allowable current density, and a semiconductor module
incorporating the switching elements is enabled to be
smaller in size. The high thermal resistance of the wide-
bandgap semiconductor also enables a smaller-sized
heat sink of simplified heat dissipation structure that dis-
sipates heat that the semiconductor module produces.
Since the wide-bandgap semiconductor is low-loss, the
reduced switching losses and the reduced conduction
losses are enabled. The reduced losses enable the en-
ergy saving effect and the operation for the longer time
period.

[0044] Asdescribed above, the electric blower 100 ac-
cording to the present embodiment includes, inside the
tubular housing 200, the blower motor unit 240 and the
substrate 210 mounted with the motor controller 10. The
substrate 210 is disposed where the substrate 210 is
cooled down by the wind that the blower motor unit 240
generates. Thus the electric blower 100 can efficiently
cooldown the heat-generating components and can con-
trol driving of the single-phase motor 220 even when re-
duced in size.

[0045] Compared with athree-phase motor, the single-
phase motor 220 used in the electric blower 100 can re-
duce the lead wires 211 and 212 between the single-
phase motor 220 and the substrate 210 from three to two
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in number. Compared to when the three-phase motor is
used, the electric blower 100 has the reduced lead wires,
enabling reduced lead wire costs and reduced losses
associated with the lead wires. With reduced substrate
terminal joints, the substrate 210 has a reduced area.
When the motor winding has parallel connection, the lead
wires connecting the single-phase motor 220 and the
substrate 210 are even in number. When the single-
phase motor 220 is connected directly to the substrate
210, the terminals connecting the single-phase motor
220 and the substrate 210 are even in number.

[0046] Inthe presentembodiment, the tubular housing
200, which has a circular section when viewed in its lon-
gitudinal direction, has been described as an example
including the blower motor unit 240 and the substrate
210; however, this housing shape is not limiting. Another
housing that may be used to include the blower motor
unit 240 and the substrate 210 has a section having the
shape of a polygon such as a hexagon or an octagon
when viewed in its longitudinal direction. The same ap-
plies to the following embodiments.

Second Embodiment.

[0047] Inthe firstembodiment, the substrate 210 is dis-
posed inside the tubular housing 200. In a description of
the second embodiment, the substrate 210 is disposed
outside the tubular housing 200.

[0048] FIG. 11 is a sectional view of a first example of
an electric blower 100a according to the second embod-
iment. FIG. 12 is a side view of the first example of the
electric blower 100a according to the second embodi-
ment. The electric blower 100a includes the blower motor
unit 240 inside the tubular housing 200, and the substrate
210 outside the tubular housing 200. The substrate 210,
namely, the motor controller 10 is connected to the single-
phase motor 220 by the lead wires 211 and 212. The
substrate 210 is disposed to have heat-generating com-
ponents 218 in contact with the tubular housing 200. The
heat-generating components 218 are used in the above-
mentioned inverter 11 and are, for example, power sem-
iconductor devices of a PQFN package. The heat-gen-
erating components 218 may be disposed to contact the
tubular housing 200 via a heat sink that is not illustrated.
If the heat sink has, for example, a curved surface that
faces the tubular housing 200, each of the heat-gener-
ating components 218 can be in a more close-fitting po-
sition with respect to the tubular housing 200. The sub-
strate 210 is disposed onto the tubular housing 200 by
means of supports 219. The supports 219 may be formed
integrally with or separately from the tubular housing 200.
[0049] In the electric blower 100a, the tubular housing
200 is used as the heat sink for the heat-generating com-
ponents 218. Since the tubular housing 200 receives in-
ternal wind from the blower motor unit 240, the tubular
housing 200 is capable of lowering its temperature that
has been increased by heat from the heat-generating
components 218.
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[0050] Since the substrate 210 is disposed outside the
tubular housing 200, the electric blower 100a is enabled
to have reduced pressure loss in an air path inside the
tubular housing 200 and higher efficiency. Since dust,
dirt, moisture, and others do not easily accumulate on
the substrate 210 of the electric blower 100a, a short
circuit between patterns is also preventable. Moreover,
the electric blower 100a enables efficient cooling down
of the heat-generating components 218. The substrate
210 is disposed outside the tubular housing 200 in such
aposition that the substrate 210 is cooled down indirectly
by the wind that the blower motor unit 240 generates.
The substrate 210 is disposed outside the tubular hous-
ing 200 in such a manner that the heat-generating com-
ponents 218 mounted on the substrate 210 are directly
or indirectly contact with the tubular housing 200.
[0051] Although the electric blower 100a illustrated in
FIGS. 11 and 12 does not include the battery 202, the
battery 202 may be disposed outside the tubular housing
200. FIG. 13 is a sectional view of a second example of
the electric blower 100a according to the second embod-
iment. FIG. 14 is a side view of the second example of
the electric blower 100a according to the second embod-
iment. This electric blower 100a also includes the battery
202 that supplies direct-current power to the substrate
210, namely, the motor controller 10. The battery 202 is
disposed in such a manner to directly or indirectly contact
with the tubular housing 200 outside the tubular housing
200 and is downstream from the substrate 210 with re-
spectto anair path. The substrate 210, namely, the motor
controller 10 is connected to the battery 202 by the lead
wires 215 and 216. The battery 202 is disposed onto the
tubular housing 200 by means of supports 222. The sup-
ports 222 may be formed integrally with or separately
from the tubular housing 200. The battery 202 may be
disposed to contact the tubular housing 200 via a heat
sink thatis notillustrated. If the heat sink has, forexample,
a curved surface that faces the tubular housing 200, the
battery 202 can be in a more close-fitting position with
respect to the tubular housing 200.

[0052] In the electric blower 100a the tubular housing
200 is used as the heat sink for the battery 202. Since
the tubular housing 200 receives internal wind from the
blower motor unit 240, the tubular housing 200 is capable
of lowering its temperature that has been increased by
heat from the battery 202.

[0053] Since the battery 202 is disposed outside the
tubular housing 200, the electric blower 100a can effi-
ciently cool down the battery 202. Moreover, the electric
blower 100a can reduce the pressure loss in the air path
and can achieve a higher efficiency.

[0054] Although the battery 202 and the substrate 210
are connected by the lead wires 215 and 216 in FIGS.
13 and 14, the battery 202 may be connected directly to
the substrate 210. FIG. 15 is a sectional view of a third
example of the electric blower 100a according to the sec-
ond embodiment. A side view of the third example of the
electric blower 100a according to the second embodi-
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ment is the same as FIG. 14. In the third example of the
electric blower 100a according to the second embodi-
ment, the battery 202 is connected directly to the sub-
strate 210 by means of, for example, terminals or con-
nectors. This enables elimination of the lead wires 215
and 216 between the battery 202 and the substrate 210
in the electric blower 100a, thus eliminating costs asso-
ciated with the lead wires 215 and 216. Moreover, the
electric blower 100a is enabled to have fewer losses be-
cause of no lead wires 215 and 216 and thus has higher
efficiency. The electric blower 100a is also enabled to
have reduced interconnection impedance between the
battery 202 and the substrate 210, so that voltage ripple,
current ripple, and others of the power supply can be
reduced, and the battery 202 is enabled to have a longer
life. When the substrate 210 of the electric blower 100a
is provided with the heat sink, which is not illustrated, this
heat sink is shared with the battery 202. This enables
elimination of costs associated with another heat sink.
[0055] As described above, the electric blower 100a
according to the present embodiment includes: the blow-
er motor unit 240 inside the tubular housing 200; and the
substrate 210 mounted with the motor controller 10 out-
side the tubular housing 200. The substrate 210 is dis-
posed in a position where the substrate 210 is cooled
down by the wind that the blower motor unit 240 gener-
ates. Thus the electric blower 100a can efficiently cool
down the heat-generating components and can control
the driving of the single-phase motor 220 even when re-
duced in size.

Third Embodiment.

[0056] In the third embodiment, a description is provid-
ed of examples of application of the electric blower 100
according to the first embodiment. The examples to de-
scribe use the electric blower 100 according to the first
embodiment; however, the electric blower 100a accord-
ing to the second embodiment is also applicable.
[0057] FIG. 16 illustrates a configuration example of a
vacuum cleaner 61 according to the third embodiment
thatincludes the electric blower 100. The vacuum cleaner
61 includes: the electric blower 100; a dust receptacle
65; a suction body 63; an extension pipe 62; and an op-
erating part 66. A user uses the vacuum cleaner 61 while
holding the operating part 66. As the user turns on a
power switch thatis notillustrated, power is supplied from
the battery 202 to the blower motor unit 240 via the motor
controller 10 of the substrate 210. The blower motor unit
240 of the vacuum cleaner 61 is driven, and accordingly,
dust is sucked up from the suction body 63 into the dust
receptacle 65 through the extension pipe 62.

[0058] The vacuum cleaner 61 is increasingly smaller
in size and lighter in weight, and its power density, which
refers to power per unit volume, has become higher. The
configuration of the electric blower 100 is more suitable
for this product configuration and enables more efficient
cooling down of the heat-generating parts, thus enabling
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the product to be more compact.

[0059] FIG. 17 illustrates a configuration example of a
hand dryer 90 according to the third embodiment that
includes the electric blower 100. The hand dryer 90 in-
cludes: a casing 91; a hand detection sensor 92; a water
receptacle 93; adrain receptacle 94; a cover 96; a sensor
97; an air-intake 98; and the electric blower 100. The
sensor 97 here is either a gyro sensor or a human pres-
ence sensor. When a hand is inserted into a hand inser-
tion part 99 above the water receptacle 93 of the hand
dryer 90, water is blown by air sent from the electric blow-
er 100 and collected in the water receptacle 93, and is
then stored in the drain receptacle 94.

[0060] Due to locational restrictions, the hand dryer 90
is increasingly required to be thinner. The product is also
required to be more compact and easier to install with a
view to general household penetration. Efficient cooling
down of the heat-generating parts is therefore important
in order to further the size reduction. The configuration
of the electric blower 100 is more suitable for this product
configuration and enables more efficient cooling down of
the heat-generating parts, thus enabling the product to
be more compact.

[0061] The examples ofapplication of the electric blow-
er 100 to the vacuum cleaner 61 and the hand dryer 90
have been described above in the present embodiment;
however, the electricblower 100 is applicable to any other
electrical apparatus carrying a motor. Examples of the
electrical apparatus carrying the motor include a canister
vacuum cleaner, an incinerator, a grinder, a dryer, a dust
collector, a printing machine, a cleaning machine, con-
fectionery equipment, a tea manufacturing machine, a
woodworking machine, a plastic extruder, a cardboard
machine, a packaging machine, a hot air generator, OA
equipment, and a motor fan. The motor fan is an air blow-
ing means as used in object transportation, dust suction,
or general ventilation.

[0062] The above configurations illustrated in the em-
bodiments are illustrative of contents of the present in-
vention, can be combined with other techniques that are
publicly known, and can be partly omitted or changed
without departing from the gist of the present invention.

Reference Signs List

[0063] 10 motor controller; 11 inverter; 20 current de-
tector; 21 voltage detector; 30 analog-to-digital convert-
er; 31 processor; 32 driving signal generator; 51 to 54
switching element; 61 vacuum cleaner; 62 extension
pipe; 63 suction body; 65 dust receptacle; 66 operating
part; 90 hand dryer; 91 casing; 92 hand detection sensor;
93 water receptacle; 94 drain receptacle; 96 cover; 97
sensor; 98 air-intake; 99 hand insertion part; 100, 100a
electric blower; 200 tubular housing; 202 battery; 210
substrate; 211, 212, 215, 216 lead wire; 213, 214, 217,
219, 222 support; 218 heat-generating component; 220
single-phase motor; 221 rotor; 230 blade; 240 blower mo-
tor unit.
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Claims

1.

An electric blower comprising:

a blower motor unit including a blade and a sin-
gle-phase motor, the blade being attached to a
rotor of the single-phase motor;

a substrate mounted with a motor controller that
controls driving of the single-phase motor, the
motor controller including an inverter that out-
puts alternating-current power to the single-
phase motor; and

a housing where the blower motor unit and the
substrate are disposed, wherein

the substrate is disposed in a position where the
substrate is cooled down directly or indirectly by
a wind that the blower motor unit generates.

The electric blower according to claim 1, wherein
the substrate is disposed inside the housing and in-
cludes a surface oriented in parallel with a direction
of the wind that the blower motor unit generates.

The electric blower according to claim 2, further com-
prising

a battery that supplies direct-current power to the
motor controller, the battery being disposed down-
stream of the substrate in an air path inside the hous-
ing and being oriented in parallel with the direction
of the wind that the blower motor unit generates.

The electric blower according to claim 2 or 3, wherein
the substrate and the single-phase motor are con-
nected by one of an even number of lead wires and
an even number of terminals.

The electric blower according to claim 1, wherein
the substrate is disposed outside the housing in such
a manner that heat-generating components mount-
ed on the substrate directly or indirectly contact with
the housing.

The electric blower according to claim 5, further com-
prising

a battery that supplies direct-current power to the
motor controller, the battery being disposed in direct
orindirect contact with the housing outside the hous-
ing and being downstream from the substrate with
respect to an air path.

The electric blower according to claim 3 or 6, wherein
the battery and the substrate are connected directly
or by a lead wire.

The electric blower according to any one of claims
1to 7, wherein at least one of a plurality of switching
elements of the inverter is made using a wide-band-
gap semiconductor.
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9.

10.

1.

The electric blower according to claim 8, wherein the
wide-bandgap semiconductor is one of silicon car-
bide, gallium nitride, and diamond.

A vacuum cleaner comprising the electric blower ac-
cording to any one of claims 1 to 9.

A hand dryer comprising the electric blower accord-
ing to any one of claims 1 to 9.
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