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(54) HEATING COOKER

(57) A heating cooker of the present disclosure in-
cludes a heating chamber, a heating portion, a brushless
motor, a body control circuit, a DC power supply circuit,
a motor control circuit, and a safety device. The brushless
motor is a drive source of a rotary drive mechanism in-
cluded in the heating portion. The body control circuit
outputs a drive signal for the brushless motor. The DC
power supply circuit supplies DC power to the brushless
motor. The motor control circuit controls the driving of
the brushless motor in response to the drive signal. The
safety device is constituted of a wired logic circuit. The
safety device includes: a rotation detection element con-
figured to detect the rotation state of the rotor of the brush-
less motor, and to output a rotation detection signal; and
a switch for blocking a power supply line connected to
the DC power supply circuit. The safety device controls
the switch in response to the rotation detection signal
and drive signal. The present aspect can provide a safe
and reliable heating cooker that uses the brushless motor
as the drive source of the rotary drive mechanism.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a heating
cooker, and more particularly to a safety device for a
rotary drive mechanism included in the heating cooker.

BACKGROUND ART

[0002] Conventionally, a heating cooker including
three functions, namely high-frequency heating, radiant
heating, and convection heating, is known. This type of
heating cooker includes, as a drive source of the rotary
drive mechanism, a motor for a cooling fan for cooling a
heating component, a motor for a circulation fan for con-
vection heating, and a motor for driving a radiation mech-
anism for high-frequency heating.
[0003] As these motors, generally, shaded-pole mo-
tors are used because these motors have simple struc-
tures and are inexpensive. However, the shaded-pole
motors have large and heavy structures although they
have not so large output. The shaded-pole motors are
inefficient and have a low rotation speed. The shaded-
pole motors structurally cannot reverse the direction of
their rotation.
[0004] Instead of a shaded-pole motor, a brushless DC
(direct current) motor (hereinafter referred to as "brush-
less motor") can be employed. The brushless motor has
a small size and a light weight. When the brushless motor
is used, the rotation speed of the motor can be set higher,
and the rotation of the motor can be more easily control-
led. Recently, the cost of the motor also has decreased.
[0005] Thus, when a brushless motor is used as the
drive source of the rotary drive mechanism in a heating
cooker, there are many advantages. Patent Literature 1
discloses a heating cooker using a brushless motor as
the drive source of the rotary drive mechanism.

Citation List

Patent Literature

[0006] PTL 1: Unexamined Japanese Patent Publica-
tion No. 2017-15365

SUMMARY OF THE INVENTION

[0007] An electric apparatus has strict standards that
are set from the viewpoint of safety. For example, some
countries define safety standards demanding that, even
when the rotor of the motor included in the electric ap-
paratus is forcibly stopped, the temperature of the motor
body is kept at a safe temperature.
[0008] The drive control in a brushless motor is per-
formed by computer control. When a brushless motor is
employed as a drive source of a rotary drive mechanism
included in a heating cooker, the following system design

is important:
even if there is any problem in computer control, a serious
situation such as a runaway of the system is not caused.
[0009] The present disclosure provides a heating
cooker that uses a brushless motor as a drive source of
a rotary drive mechanism. In this heating cooker, even
when the rotor of the brushless motor is forcibly stopped,
the temperature of the brushless motor can be kept at a
safe temperature. Thus, the heating cooker is safe and
reliable.
[0010] A heating cooker of a first aspect of the present
disclosure includes a heating chamber, a heating portion,
a brushless motor, a body control circuit, a DC power
supply circuit, a motor control circuit, and a safety device.
[0011] The heating chamber accommodates an object
to be heated. The heating portion heats the object to be
heated in the heating chamber. The brushless motor is
a drive source of a rotary drive mechanism included in
the heating portion. The body control circuit outputs a
drive signal for the brushless motor. The DC power sup-
ply circuit supplies DC power to the brushless motor. The
motor control circuit controls the driving of the brushless
motor in response to the drive signal.
[0012] A wired logic circuit constitutes the safety de-
vice. The safety device includes: a rotation detection el-
ement configured to detect a rotation state of the rotor of
the brushless motor, and to output a rotation detection
signal; and a switch configured to block a power supply
line connected to the DC power supply circuit. The safety
device controls the switch in response to the rotation de-
tection signal and the drive signal.
[0013] In the present aspect, in the heating cooker that
uses the brushless motor as the drive source of the rotary
drive mechanism, even when the rotor of the brushless
motor is forcibly stopped, the safety device certainly
blocks the power supply line connected to the brushless
motor. As a result, the present aspect can provide a safe
and reliable heating cooker capable of keeping the tem-
perature of the brushless motor at a safe temperature.
[0014] A wired logic circuit constitutes the safety device
of the present aspect. Therefore, the safety device of the
present aspect can safely stop the brushless motor even
if a microcomputer runs out of control or a program has
a bug.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

FIG. 1 is a side sectional view of a heating cooker
according to an exemplary embodiment of the
present disclosure.
FIG. 2 is a schematic diagram showing a brushless
motor as a drive source of a rotary drive mechanism
included in the heating cooker of the present exem-
plary embodiment, and showing a circuit for driving
and controlling the brushless motor.
FIG. 3 is a block diagram of a drive circuit for the
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brushless motor as the drive source of the rotary
drive mechanism included in the heating cooker of
the present exemplary embodiment.
FIG. 4 is a block diagram of a safety device included
in the heating cooker of the present exemplary em-
bodiment.
FIG. 5A is a diagram for showing a logic circuit for
achieving the functions of a first and second abnor-
mality detection circuits.
FIG. 5B is a diagram for showing a truth table of the
logic circuit shown in FIG. 5A.

DESCRIPTION OF EMBODIMENT(S)

[0016] A heating cooker of a first aspect of the present
disclosure includes a heating chamber, a heating portion,
a brushless motor, a body control circuit, a DC power
supply circuit, a motor control circuit, and a safety device.
[0017] The heating chamber accommodates an object
to be heated. The heating portion heats the object to be
heated in the heating chamber. The brushless motor is
a drive source of a rotary drive mechanism included in
the heating portion. The body control circuit outputs a
drive signal for the brushless motor. The DC power sup-
ply circuit supplies DC power to the brushless motor. The
motor control circuit controls the driving of the brushless
motor in response to the drive signal.
[0018] A wired logic circuit constitutes the safety de-
vice. The safety device includes: a rotation detection el-
ement configured to detect a rotation state of the rotor of
the brushless motor, and to output a rotation detection
signal; and a switch for blocking a power supply line con-
nected to the DC power supply circuit. The safety device
controls the switch in response to the rotation detection
signal and drive signal.
[0019] In a heating cooker of a second aspect of the
present disclosure, in addition to the first aspect, the safe-
ty device includes a first abnormality detection circuit and
a second abnormality detection circuit. The rotation de-
tection element includes a first rotation detection element
and a second rotation detection element. The switch in-
cludes a first switch and second switch that are connect-
ed to the power supply line in series.
[0020] The first abnormality detection circuit controls
the first switch in response to the drive signal and to a
rotation detection signal output by the first rotation de-
tection element. The second abnormality detection circuit
controls the second switch in response to the drive signal
and to a rotation detection signal output by the second
rotation detection element.
[0021] In a heating cooker of a third aspect of the
present disclosure, in addition to the second aspect,
when the drive signal shows an operation command and
when the rotation detection signal output by the first ro-
tation detection element indicates a stop state of the rotor,
the first abnormality detection circuit controls the first
switch so as to block the power supply line.
[0022] When the drive signal shows an operation com-

mand, and when the rotation detection signal output by
the second rotation detection element indicates a stop
state of the rotor, the second abnormality detection circuit
controls the second switch so as to block the power sup-
ply line.
[0023] In a heating cooker of a fourth aspect of the
present disclosure, in addition to the first aspect, the heat-
ing portion includes a convection heating unit, and the
brushless motor is used as a circulation fan motor for
driving a circulation fan included in the convection heat-
ing unit.
[0024] In a heating cooker of a fifth aspect of the
present disclosure, in addition to the first aspect, the heat-
ing portion includes a high-frequency heating unit, and
the brushless motor is used as a cooling fan motor for
driving a cooling fan included in the high-frequency heat-
ing unit.
[0025] In a heating cooker of a sixth aspect of the
present disclosure, in addition to the first aspect, the heat-
ing portion includes a high-frequency heating unit, and
the brushless motor is used as a drive motor for driving
a radiation mechanism included in the high-frequency
heating unit.
[0026] Hereinafter, the exemplary embodiment of the
present disclosure will be described with reference to the
accompanying drawings.
[0027] Any aspect of the exemplary embodiment is one
specific example of the present disclosure. The numeri-
cal values, shapes, and configurations shown in the ex-
emplary embodiment are examples, and do not restrict
the present disclosure.
[0028] The following exemplary embodiment shows
the configuration:
the safety device of the present disclosure is applied to
the heating cooker that includes a high-frequency heating
function, a radiant heating function, and a convection
heating function.
However, the present disclosure is not restricted to such
a heating cooker.
[0029] FIG. 1 is a side sectional view of heating cooker
1 according to the present exemplary embodiment. As
shown in FIG. 1, heating cooker 1, inside its body, in-
cludes heating chamber 2 having a front opening. Door
3 is disposed in the front opening of heating chamber 2.
Door 3 has a hinge (not shown) in its lower part, and has
handle 3a on its upper part.
[0030] Door 3 includes an operation display unit (not
shown) for setting cooking conditions and displaying the
set cooking conditions. These conditions are a cooking
temperature, a cooking time, and a type of the object to
be heated, for example.
[0031] Heating cooker 1 includes three heating por-
tions, namely grill heater unit 10, high-frequency heating
unit 11, and convection heating unit 12.
[0032] Heating cooker 1 cooks the object to be heated,
using the heating portion directly selected by a user or
using the heating portion selected in accordance with the
cooking conditions set by the user, of the three heating
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portions.
[0033] Grill heater unit 10 includes a plurality of rod-
like grill heaters 4 disposed on the ceiling of heating
chamber 2. Each grill heater 4 is constituted of a sheath
heater, for example.
[0034] High-frequency heating unit 11 includes magn-
etron 5, waveguide 6, and radiation mechanism 9. High-
frequency heating unit 11 supplies a microwave having
been generated by magnetron 5 into heating chamber 2
via waveguide 6 using radiation mechanism 9.
[0035] Radiation mechanism 9 is an antenna disposed
under the bottom surface of heating chamber 2 for radi-
ating the microwave into heating chamber 2. Radiation
mechanism 9 can change the radiation direction of the
microwave with rotating stirrer wing 7.
[0036] Convection heating unit 12 includes convection
heater 13 and circulation fan 14 that are disposed at the
back of heating chamber 2. Convection heating unit 12
sucks the air in heating chamber 2 to heat it, and returns
the heated air into heating chamber 2, thereby circulating
the hot air in heating chamber 2.
[0037] Heating cooker 1 includes circulation fan motor
15, cooling fan motor 16, and stirrer motor 17 as a rotary
drive mechanism. Circulation fan motor 15 drives circu-
lation fan 14. Cooling fan motor 16 drives cooling fan 8
for cooling magnetron 5 or the like. Stirrer motor 17 is a
drive motor for driving stirrer wing 7.
[0038] In the present exemplary embodiment, brush-
less motor 20 (see FIG. 2) is used as circulation fan motor
15, cooling fan motor 16, and stirrer motor 17.
[0039] Hereinafter, the safety device of the rotary drive
mechanism used in heating cooker 1 will be described.
[0040] FIG. 2 is a schematic diagram of brushless mo-
tor 20 as a drive source of a rotary drive mechanism
included in heating cooker 1, and a circuit for controlling
the driving of brushless motor 20. FIG. 3 is a block dia-
gram of a circuit for controlling the driving of brushless
motor 20 as the drive source of the rotary drive mecha-
nism included in heating cooker 1.
[0041] As shown in FIG. 2, brushless motor 20 includes
motor case 26 for accommodating stator 18 and rotor 19.
Motor case 26 rotatably holds rotation shaft 19a of rotor
19 via bearing 27.
[0042] In motor case 26, motor control circuit 25 is dis-
posed adjacently to rotor 19. Motor control circuit 25 in-
cludes a microcomputer, and an inverter constituted of
an insulated gate bipolar transistor (IGBT).
[0043] As shown in FIG. 2 and FIG. 3, DC power supply
circuit 22 converts the alternating-current (AC) power of
commercial power source 21 into DC power. Motor con-
trol circuit 25 receives the converted DC power via the
power supply line having safety device 23. Safety device
23 is disposed outside motor case 26, and is constituted
of a wired logic circuit that does not use program control
by the microcomputer.
[0044] Position detection element 24 is disposed ad-
jacently to rotor 19. Position detection element 24 is con-
stituted of a Hall element, and detects the position of rotor

19.
[0045] Motor control circuit 25 receives position detec-
tion signal P output by position detection element 24, and
transmits feedback signal F based on position detection
signal P to body control circuit 30 of heating cooker 1.
[0046] Body control circuit 30 generates pulse width
modulation (PWM) signal A and rotation direction signal
R on the basis of feedback signal F, and transmits these
signals to motor control circuit 25. PWM signal A is a
signal for controlling the driving of brushless motor 20.
Rotation direction signal R is a signal for specifying the
rotation direction of brushless motor 20.
[0047] Motor control circuit 25 drives brushless motor
20 in response to PWM signal A and rotation direction
signal R, which are transmitted from body control circuit
30.
[0048] Safety device 23 is disposed for forcibly block-
ing the power source in an abnormal condition in which
rotor 19 does not rotate although body control circuit 30
is outputting PWM signal A, for example.
[0049] Specifically, safety device 23 includes safety
circuits 33 and 34 that are connected in series. Motor
control circuit 25 receives the DC power having been
converted by DC power supply circuit 22, via the power
supply line including safety circuits 33 and 34.
[0050] Safety device 23 forcibly blocks the power sup-
ply line when an abnormal condition occurs, using safety
circuits 33 and 34 that operate independently. Safety cir-
cuits 33 and 34 correspond to first and second safety
circuits, respectively.
[0051] Safety device 23 further includes rotation de-
tection element 31 and rotation detection element 32 in
order to detect a rotation abnormality of rotor 19. In order
to detect the rotation of rotor 19, rotation detection ele-
ments 31 and 32 output rotation detection signals to be
detected by a magnetic sensor, an optical sensor, and a
vibration sensor, or the like.
[0052] In the present exemplary embodiment, rotation
detection elements 31 and 32 are Hall elements disposed
adjacently to rotor 19. Rotation detection elements 31
and 32 correspond to first and second rotation detection
elements, respectively.
[0053] Safety circuit 33 receives rotation detection sig-
nal B1 output by rotation detection element 31. Safety
circuit 34 receives rotation detection signal B2 output by
rotation detection element 32.
[0054] FIG. 4 is a block diagram of safety device 23
included in heating cooker 1. As shown in FIG. 4, safety
circuit 33 includes switch 37 and abnormality detection
circuit 35. Abnormality detection circuit 35 receives rota-
tion detection signal B1 and PWM signal A, and controls
switch 37 on the basis of these signals.
[0055] Safety circuit 34 includes switch 38 and abnor-
mality detection circuit 36. Abnormality detection circuit
36 receives rotation detection signal B2 and PWM signal
A, and controls switch 38 on the basis of these signals.
[0056] Switches 37 and 38 are constituted of switching
elements such as IGBTs. Switches 37 and 38 are con-
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nected to the power supply line in series so that, when
at least one switch is blocked, the power supply line is
blocked. Switches 37 and 38 correspond to first and sec-
ond switches, respectively. Abnormality detection cir-
cuits 35 and 36 correspond to first and second abnor-
mality detection circuits, respectively.
[0057] FIG. 5A shows a logic circuit (XNOR gate) for
achieving the functions of abnormality detection circuits
35 and 36. FIG. 5B shows a truth table of the logic circuit
described in FIG. 5A.
[0058] In the truth table of FIG. 5B, "Hi" in PWM signal
A shows an operation command for brushless motor 20.
"Lo" in PWM signal A shows a stop command for brush-
less motor 20.
[0059] "Hi" in rotation detection signals B1 and B2
shows the detection of a rotation state of rotor 19. "Lo"
in rotation detection signals B1 and B2 shows no detec-
tion of the rotation state of rotor 19, namely shows the
detection of the stop state of rotor 19.
[0060] "Hi" in output X in the logic circuit shown in FIG.
5A shows the ON signal for switches 37 and 38, and "Lo"
shows the OFF signal for switches 37 and 38.
[0061] When PWM signal A is "Hi" and rotation detec-
tion signals B1 and B2 are "Lo" as shown in FIG. 5B,
switches 37 and 38 are turned off to block the power
supply line. As a result, when the rotation of rotor 19 is
stopped unintentionally for some reason during the op-
eration of brushless motor 20, safety device 23 blocks
the power supply line to safely stop brushless motor 20.
[0062] The present exemplary embodiment includes
safety circuits 33 and 34, which are disposed on the pow-
er supply line and include switches 37 and 38, respec-
tively. However, the present disclosure is not restricted
to this configuration. The safety device needs to include
at least one safety circuit that has at least one switch that
operates on the basis of the signal from at least one ro-
tation detection element.
[0063] In the present aspect, the heating cooker that
uses the brushless motor as the drive source of the rotary
drive mechanism has the following configuration:
even when the rotor of the brushless motor is forcibly
stopped, the safety device certainly blocks the power
supply line connected to the brushless motor. As a result,
the present aspect can provide a safe and reliable heating
cooker capable of keeping the temperature of the brush-
less motor at a safe temperature.

INDUSTRIAL APPLICABILITY

[0064] As discussed above, the present disclosure can
be applied to a heating cooker.

REFERENCE MARKS IN THE DRAWINGS

[0065]

1 heating cooker
2 heating chamber

3 door
4 grill heater
5 magnetron
6 waveguide
7 stirrer wing
8 cooling fan
9 radiation mechanism
10 grill heater unit
11 high-frequency heating unit
12 convection heating unit
13 convection heater
14 circulation fan
15 circulation fan motor
16 cooling fan motor
17 stirrer motor
18 stator
19 rotor
20 brushless motor
21 commercial power source
22 DC power supply circuit
23 safety device
24 position detection element
25 motor control circuit
30 body control circuit
31, 32 rotation detection element
33, 34 safety circuit
35, 36 abnormality detection circuit
37, 38 switch

Claims

1. A heating cooker comprising:

a heating chamber configured to accommodate
an object to be heated;
a heating portion configured to heat the object
to be heated in the heating chamber;
a brushless motor being a drive source of a ro-
tary drive mechanism included in the heating
portion;
a body control circuit configured to output a drive
signal for the brushless motor;
a direct current (DC) power supply circuit con-
figured to supply a DC power to the brushless
motor;
a motor control circuit configured to control a
driving of the brushless motor in response to the
drive signal; and
a safety device constituted of a wired logic cir-
cuit, the safety device including:

a rotation detection element configured to
detect a rotation state of a rotor of the brush-
less motor, and to output a rotation detec-
tion signal; and
a switch configured to block a power supply
line coupled to the DC power supply circuit,
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wherein the safety device is configured to
control the switch in response to the rotation
detection signal and the drive signal.

2. The heating cooker according to claim 1, wherein

the safety device includes a first abnormality de-
tection circuit and a second abnormality detec-
tion circuit,
the rotation detection element includes a first
rotation detection element and a second rotation
detection element,
the switch includes a first switch and a second
switch, the first switch and the second switch
being coupled to the power supply line in series,
the first abnormality detection circuit is config-
ured to control the first switch in response to the
drive signal and a rotation detection signal, the
rotation detection signal being output by the first
rotation detection element, and
the second abnormality detection circuit is con-
figured to control the second switch in response
to the drive signal and a rotation detection signal,
the rotation detection signal being output by the
second rotation detection element.

3. The heating cooker according to claim 2, wherein

when the drive signal shows an operation com-
mand, and when the rotation detection signal
output by the first rotation detection element in-
dicates a stop state of the rotor, the first abnor-
mality detection circuit controls the first switch
so as to block the power supply line, and
when the drive signal shows an operation com-
mand, and when the rotation detection signal
output by the second rotation detection element
indicates a stop state of the rotor, the second
abnormality detection circuit controls the second
switch so as to block the power supply line.

4. The heating cooker according to claim 1, wherein

the heating portion includes a convection heat-
ing unit, and
the brushless motor is used as a circulation fan
motor for driving a circulation fan included in the
convection heating unit.

5. The heating cooker according to claim 1, wherein

the heating portion includes a high-frequency
heating unit, and
the brushless motor is used as a cooling fan mo-
tor for driving a cooling fan included in the high-
frequency heating unit.

6. The heating cooker according to claim 1, wherein

the heating portion includes a high-frequency
heating unit, and
the brushless motor is used as a drive motor for
driving a radiation mechanism included in the
high-frequency heating unit.
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