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@ Microwave oven’s door opening and closing detection apparatus using photo-dstecting sensor.

@ The invention relates to a microwave oven’'s door opening and closing detection apparatus using a
photo-detecting sensor in order to detect a defect of a mechanical switch. It comprises a mechanical
switch (20) for controlling a magnetron, a lever (5) actuated by a hook (2) attached to the door of the
oven, a photo-detecting sensor (30) operating according to the lever (5) and a microprocessor receiving
the output signals of the photo-detecting sensor (30) as well as the mechanical switch (20) and
processing them for controfling the microwave oven by applying power to a fransformer. It detects the
state of the door by using the photo-detecting sensor (30) as well as the mechanical switch (20) and

controls the microwave oven according to the state of the door by using the mounted microprocessor.
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MICROWAVE OVEN’S DOOR OPENING AND CLOSING DETECTION APPARATUS USING
PHOTO-DETECTING SENSOR

The invention relates to an apparatus for detect-
ing whether microwave oven'’s door is open or closed,
particularly to an apparatus for detecting a defect of a
mechanical switch by using a photo-detecting sensor.

When a human body is exposed to microwaves
generated at a microwave oven, the human body is
seriously hurt. For example, if the human eye is exp-
osed to microwaves, they can cause cataract.

In order to eliminate such a danger generated by
exposing human body to microwaves, the conven-
tional microwave oven uses a mechanical switch so
that the range or oven operates only when its door is
completely closed and microwaves do not leak.

However, because of mechanical abrasion due to
extended use over along period of time, the mechani-
cal switch is quite in a state in which malfunction is
possible. Therefore, the microwave oven may operate
with its door not completely closed, so that it is poss-
ible that microwaves leak. Opening and closing of the
microwave oven’s door is detected by a microproces-
sor, which controls operation of the microwave oven
according to the detected state, to prevent leakage of
microwaves.

US-A-4 638 137 discloses such an apparatus as
a typical example thereof. in such an apparatus the
cooking time is input through keyboard, and, if the
microwave oven’s door is closed, a door key gives a
pushing force to one part of a slide plate. A stop plate
which is an integral part of a cooking start button pre-
vents the slide plate from moving. However, if the
cooking start button is pushed, the stop plate moves
forward, so that the slide plate moves in the door key
pushing direction and a heat start switch is closed. At
this time, a switch connecting primary winding of a
transformer to a power line is closed, and another
switch moving together with said switch is closed, so
that a signal informing that the heat start switch is
closed is sent to a microprocessor. The microproces-
sor having received said signal energizes relay wind-
ings via a converter, such that a relay switch is closed
and the primary winding of the transformer is connec-
ted with the power line. Therefore, power is applied to
the primary winding through a switch moving together
with the door, that is to say, when door is closed it is
closed and when door is open it is open, thereby a
magnetron operates and microwaves are generated.

Although a microprocessor understands opening
and closing of the door through the mechanical switch
which detects the state of the door and sends a signal
corresponding to the state of door to the microproces-
sor, when the mechanical switch malfunctions, it is
possible for the microprocessor to misunderstand the
state of door.

Accordingly, itis the object of the invention to pro-
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vide an apparatus which can prevent leakage of
microwaves in case the mechanical switch is defect.

The invention resides in an apparatus of the kind
referred to in claim 1.

The invention resides further in an apparatus of
the kind referred to in claim 5.

Particular embodiments of the invention are set
out in the dependent claims.

The invention will now be described by way of
example with reference to the accompanying draw-
ings, in which :

Fig. 1 shows a microwave oven’s door opening

and closing detecting apparatus in which a pho-

to-detecting sensor is mounted according to the
invention,

Fig. 2 shows a flow chart showing method of the

invention which controls operation of the micro-

wave oven according to state of its door by using

a photo-detecting sensor.

Fig. 1 represents a schematic view showing an
essential part of the apparatus according to the inven-
tion. As shown therein, a door 1 is hinged to the main
body of a microwave oven. A door hook 2 is attached
to the door 1. The door hook 2 can be moved into the
inside of a latch apparatus B-B’ through an opening
provided in the latch apparatus B-B’. An elastic end of
an operating plate 4 is fixed to the latch apparatus B-
B’ and the other end of the operating plate not fixed
to the latch apparatus B-B’ is forced to move by the
door hook 2, so that afirst microswitch 10 is turned on.
Because the first microswitch 10 connects power to
the primary winding of a transformer, when the door
hook 2 pushes the operating plate 4 with the door 1
closed the transformer is connected to power.

Also, the distorted end of the door hook 2 pushes
downward a lever 5 with the door hook 2 gone into the
inside of the latch apparatus. When the lever 5 is
pushed downward, the second microswitch 20 con-
nected to the microprocessor is turned on.

A photo-detecting sensor. 30 is mounted in front
of the second microswitch 20. The photo-detecting
sensor 30 comprises a light emitting element and a
light receiving element. When the lever 5 is pushed
downward the end of the lever 5 is inserted into the
photo-detecting sensor 30. The photo-detecting sen-
sor 30 is electrically connected to the microprocessor.
When the lever 5 is inserted into the photo-detecting
sensor 30, it sends an “off*-signal to the microproces-
sor, and, when the lever § is not inserted into the pho-
to-detecting sensor 30, it sends an "on"-signal to the
microprocessor.

Fig. 2 is a flow chart showing the operation of the
microprocessor according to the invention.

When power is applied to the microwave oven
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according to the invention, the microprocessor is
ready to detect the state of the door (processing block
100). When the door hook 2 is inserted into the inside
of the latch apparatus B-B’, not only the end of the
door hook 2 pushes the operating plate 4 in the direc-
tion of advancing the door hook 2 but also the distor-
ted end of the door hook 2 pushes downward the lever
5. At this time, the second microswitch 20 is turned on
with the lever 5 pushed downward. The first micros-
witch 10 is interposed between the primary winding of
the transformer and the power line. When the operat-
ing plate 4 is pushed with the door 1 closed, the first
microswitch 10 is turned on and, therefore, it connects
the primary winding of the transformer to the power
line. The second microswitch 20 is connected to the
microprocessor. When the second microswitch 20 is
turned on by the door hook 2, an "on" signal is sentto
the microprocessor, so that the microprocessor
decides that door 1 is normally closed (processing
block 200). When the door 1 is nommally closed, the
microprocessor inquires whether or not the photo-
detecting sensor 30 is turned on and decides the state
of the photo-detecting sensor 30 at processing block
300. That is to say, when the lever 5 is inserted into
the photo-detecting sensor 30, it sends an "off" signal
to the microprocessor and when the lever 5 is not
inserted into the photo-detecting sensor 30, it sends
an "on" signal to the microprocessor. Therefore, the
microprocessor decides the state of the door 1 once
more. When the photo-detecting sensor 30 is turned
off, the magnefron is driven during a period of time set
by means of the keyboard (not shown), so that the
microwave oven cooks food in its cooking chamber
(processing block 800). When the photo-detecting
sensor 30 is turned on, the microprocessor displays
an error on a display board (processing black 400),
and it performs the next operation (processing block
700). Here, the position of the photo-detecting sensor
30 which is turned on and off by the lever 5 can be
adjusted up and down in arange to detectthat an alien
substance interposes between the door 1 and the
opening of the cooking chamber. When the door 1 is
abnomally closed, that is to say, when the second
microswitch 20 is turned off, the microprocessor
inquires whether or not the photo-detecting sensor 30
is tumed on and decides the state of it at processing
block 500. In case the photo-detecting sensor 30 is
turned off, the microprocessor displays an error on the
display board at processing block 400 and performs
the next operation (processing block 700). In case the
photo-detecting sensor 30 is turned on, the microp-
rocessor performs the next operation (for example,
stand by) at processing block 600.

In another embodiment of the invention, an
apparatus according to the invention comprises a
photo-detecting sensor and others without a mechani-
cal switch. In this case, said lever 5 is substituted for
a lever mounted in the latch apparatus instead of the
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lever of the microswitch. We have the advantage that
the number of elements is reduced and the working
process is simple.

As described above, the invention detects the
state of the door by using the mechanical switch and
the photo-detecting sensor in order to prevent leak-
age of microwaves from the microwave oven, and it
detects a defect of the mechanical switch, displays
the state of door and gives alamm according to state
of door.

Claims

1. An apparatus for detecting the opening or closing
state of a door of a microwave oven, comprising:
— at least one switch means (20) for control-
ling the magnetron of the microwave oven,
said switch means comprising lever means (5)
actuated by a hook (2) attached to the door (1)
of the oven and
— a microprocessor receiving an output signal
of said switch means (20) and processing it for
controlling the microwave oven by applying
power to a transformer thereof, characterized
by
photo-detecting means (30) operating accord-
ing to said lever means (5) and the output sig-
nal of which is additionally received from the
microprocessor.

2. The apparatus according to claim 1, wherein said
lever means (5) is inserted into said photo-detect-
ing means (30) by the hook (2) and forces said
photo-detecting means (30) to be turned on or off
when the door (1) is closed.

3. The apparatus according to claim 1 or 2, wherein
said photo-detecting means (30) comprises a
light emitting element and a light receiving ele-
ment.

4. The apparatus according to any of the claims 1 to
3, wherein the position of the photo-detecting
means (30) is adjustable.

5. An microwave oven’s door opening and closing
detection apparatus confrolling the microwave
oven by detecting the state of the door according
to the operation of the hook at time the microwave
oven's door is closed, comprising :

— at least one lever means (5) actuated by a
hook (2) attached to the door (1) of the oven,
- at least one photo-detecting means (30)
operating according said lever means (5), and
— a microprocessor receiving an output signal
of said photo-detecting means (30) and pro-
cessing it for controlling the microwave oven



5 EP 0 436 486 A1

by applying power to a transformer thereof.

6. The apparatus according to claim 5, wherein said
lever means (5) is inserted into said photo-detect-
ing means (30) by the hook (2) and forces said &
photo-detecting means (30) to be turned on or off
when the door (1) is closed.

7. The apparatus according to claim 5 or 6, wherein
said photo-detecting means (30) comprises a 10
light emitting element and a light receiving ele-
ment.
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