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(54) Microwave oven fault alarm

(57) A microwave oven includes a
plurality of magnetrons for cooking
purposes. When at least one mag-
netron is placed in the fault condi-
tion, an indication lamp is enabled
to display the fault condition. When
the cooking operation is interrupted
by opening the oven door all mag-
netrons are de-energised and an er-
roneous fault indication could arise.
To prevent this, the indication lamp
is held in its former state. That is,
when the oven door is opened un-
der the normal operation mode, the
indication lamp is never enabled.
When the oven door is opened un-
der the condition where at least one
magnetron is placed in the fault
condition, the indication lamp is
continuously enabled to continu-
ously display the fault condition.

nformal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
Magnetron fault alarm in a microwave oven

BACKGROUND AND SUMMARY OF THE IN-
VENTION

The present invention relates to a microwave
oven including a plurality of magnetrons and,
more particularly, to a fault condition alarm
system for indicating an alarm condition when
at least one magnetron is placed in a fault
condition.

There is a microwave oven which includes a
plurality of magnetrons for cooking purposes.
Now assume that the microwave oven in-
cludes n-number of magnetrons, each magne-
tron developing microwave energy of A watts.
In such a microwave oven, if one magnetron
is placed in a fault condition and does not
operate, the total output energy becomes

(n—1)
X A (watts).

n

Accordingly, the cooking operation is not per-
formed in a desired manner.

Accordingly, an object of the present inven-
tion is to provide an alarm system for indicat-
ing magnetron fault condition in a microwave
oven including a plurality of magnetrons.

Another object of the present invention is to
stabilize an operation mode of a microwave
oven including a plurality of magnetrons.

Other objects and further scope of applica-
bility of the present invention will become
apparent from the detailed description given
hereinafter. It should be understood, however,
that the detailed description and specific ex-
amples, while indicating preferred embodi-
ments of the invention, are given by way of
illustration only, since various changes and
modifications within the spirit and scope of
the invention will become apparent to those
skilled in the art from this detailed description.

To achieve the above objects, pursuant to
an embodiment of the present invention, a
control system is provided for activating an
alarm lamp when at least one magnetron is
placed in a fault condition. The fault condition
alarm display is continuously maintained even
when a cooking operation is completed,
whereby the operator can lengthen the cook-
ing period of the next cooking operation.

In such an alarm system, there is a possibil-
ity that the control system erroneously detects
the fault condition when an oven door is
opened while the cooking operation is per-
formed even though the magnetrons are in
the normal operation modes. The above-men-
tioned erroneous detection is caused by a time
delay between the opening-of the oven door
and the switching off of a door switch. The
present control system includes a logic circuit
for detecting the actual fault condition.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be better under-

stood from the detailed description given

hereinbelow and the accompanying drawings

70 which are given by way of illustration only,
and thus are not limitative of the present
invention and wherein:

Figure 1 is a schematic circuit diagram of
an embodiment of a microwave oven of the

75 present invention including two magnetrons,
wherein an oven door is closed; from diodes
included in magnetron power supply circuits
for the two magnetrons of Fig. 1 in the
normal operation mode;

80 Figure 3 is a time chart showing an ideal
relationship between the oven door condition
and switching operations of various switches
included in the microwave oven of Fig. 1;

Figure 4 is a time chart showing a relation-

85 ship of various signals occurring within the
microwave oven of Fig. 1 in an exemplified
operation;

Figure 5 is a block diagram of a magnetron
fault condition determination circuit included

90 in the microwave oven of Fig. 1;

Figure 6 is a truth table of the magnetron
fault condition determination circuit of Fig. 5
when two magnetrons are employed; and
Figure 7 is a time chart showing the fault
95 condition determination operation of the mag-
" netron fault condition determination system of
the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-

. 100 MENTS

A microwave oven of the present invention
is supplied with power from an A.C. power
source 10 (ex, A.C. 100V 50/60 Hz). A pair

_ of power supply lines 2 and 14, and another

105 pair of power supply lines 16 and 18 are
connected to the A.C. power source 10. A
first interlock switch 20 is connected to the
power supply line 12, and the opposite side
of the first interlock switch 20 is connected to

110 the power supply line 14 via a monitor switch
22.

A series circuit including a second interlock
switch 24, a relay switch 26 and a cook relay
28 is disposed between the pair of power

115 supply lines 12 and 14. The relay switch 26
is controlled by a cook start relay 30, and the
cook relay 28 controls another relay switch
32.

A control circuit block 34 is supplied with

120 power from a power source transformer 36 of
which the primary winding is connected to the
pair of power supply lines 16 and 18. The
control circuit block 34 includes a timer cir-
cuit for determining a cooking time period, an

125 output energy variation circuit for intermit-
tently energizing two magnetrons 38 and 40,
thereby selecting the output energy between
0% and 100%, and a magnetron fault condi-
tion determination circuit. The control circuit

130 block 34 is implemented by a central proces-
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sor unit M 58840 manufactued by Mitsubishi
Electric Corporation.

A cook start manual switch 42 is associated
with the control circuit block 34 to instruct
the initiation of the cooking operation. When
the cook start manual switch 42 is actuated,
the cook start relay 30 functions to close the
relay switch 26. Then, the cook relay 28 is
operated to close the relay switch 32. A door
switch 44 is associated with an oven door so
that the door switch 44 is closed when the
oven’door is closed and is opened when the
oven door is opened. Various circuits included
in the control circuit block 34 are enabled
only when the door switch 44 is in the closed
state.

An indication lamp 46 (or a light emitting
diode) is connected to the magnetron fault
condition determination circuit in order to dis-
play a fault condition when at least one of the
magnetrons 38 and 40 is placed in a fault
condition. A buzzer can be employed instead
of the indication lamp 46 for audibly alarming
the magnetron fault condition.

A heater transformer 48 is connected be-

tween the pair of power supply lines 12 and - - -

14, which supplies predetermined voltages to
heaters included in the magnetrons 38 and
40. A high voltage transformér 50 is con-
nected between the pair of power supply lines
12 and 14 for activating the first magnetron
38. As is well known, a series circuit of a high
voltage capacitor 52 and a high voltage diode
54 is connected to the secondary winding of
the high voltage transformer 50 to establish
the half-wave voltage doubler rectifying cir-
cuit. Another high voltage transformer 56, a
high voltage capacitor 58 and a high voltage
diode 60 are provided for activating the sec-
ond magnetron 40.

A resistor 62 is connected to the high
voltage diode 54, the node thereof developing
a diode current signal MGF, which is applied
to the control circuit block 34 for detection
purposes. Another resistor 64 is connected to
the high voltage diode 80 for developing a
diode current signal MGF, indicating the oper-
ation mode of the second magnetron 40.
When the two magnetrons 38 and 40 are in
the normal operation modes, the diode cur-
rent signals MGF, and MGF, show waveforms
as shown in Fig. 2.

The above-mentioned first interlock switch
20, the second interlock switch 24, the moni-
tor switch 22 and the door switch 44 are
associated with the open/close movement of
the oven door. Fig. 3 shows an ideal relation-
ship between the oven door condition and the
switching operations of the first interiock
switch 20, the monitor switch 22, the second
interlock switch 24 and the door switch 44,

However, there is a possibility that the door
switch 44 is held in the closed condition for a
while even though the first interlock switch
20 is opened when the oven door is opened

while the cooking operation is performed as
shown in the time chart of Fig. 4. This time
delay is mainly caused by an inaccurate ad-
justment of the switches, but such a time

70 delay is almost inevitable. More specifically, if
the operator desires to interrupt the cooking
operation, the operator opens the oven door
even though the cooking operation is actually
performed. The first interlock switch 20 is

75 switched off to terminate the microwave gen-
eration. In response thereto, the current sig-
nals MF, and MF, disappear. At this moment,
if the door switch 44 is still held in the closed
condition, the control circuit block 34 is held

80 in the operative condition and, therefore,
there is a possibility that the magnetron fault
condition determination circuit will errone-
ously detect the fault condition of the magne-
trons 38 and 40.

85 To eliminate the above-mentioned errone-
ous operation, the magnetron fault condition
determination circuit of the present invention
is constructed as shown in Fig. 5, which is
suited for the microwave oven including the n-

90 number magnetrons.

The magnetron fault condition determina-
tion circuit comprises an NOR gate 70 receiv-
ing diode current detection signals MGF,
through MGF,, and an NAND gate 72 receiv-

95 ing the diode current detection signals MGF,
through MGF,. Output signals of the NOR
gate 70 and the NAND gate 72 are applied to
a latch (flip-flop) 74 comprising NAND gates
76 and 78. The Q output of the flip-flop 74,

100 which is derived from the NAND gate 76, is

applied to one input terminal of an AND gate
80. The other input terminal of the AND gate
80 receives the ON/OFF signal derived from
the door switch 44. An output signal of the

105 AND gate 80 is supplied to the base electrode

of a switching transistor 82. The collector
electrode of the switching transistor 82 is -
connected to the D.C. power source 84
through a resistor 86 and the indication lamp

110 46. The ON/OFF signal derived from the door

switch 44 bears the high level when the door
switch 44 is ON, and bears the low level
when the door switch 44 is OFF.

Fig. 6 shows a truth table of the magnetron

115 fault condition determination circuit when two

magnetrons are employed. In the truth table
of Fig. 6, “"H"" represents the high level, and
"L represents the low level. )
The condition 1 shows an operation mode
120 where the magnetrons 38 and 40 (Fig. 1) are
in the normal operation modes. The diode
current detection signals MGF, and MGF,
bear the high level and, therefore, the Q
output of the latch 74 bears the low level.
125 Thus, the output signal of the AND gate 80
bears the low level not to enable the indica-
tion lamp 46. The disabling of the indication
lamp 46 displays the normal cooking opera-
tion. When the magnetron 40 is placed in the
130 fault condition (condition 2), or when the
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magnetron 38 is placed in the fault condition
(condition 3), the Q output of the latch 74
bears the high level to enable the indication
tamp 46. When both of the magnetrons 38
and 40 are placed in the fault condition
(condition 4), the Q output of the latch 74
maintains the former state (represented by Q)
and, therefore, the display condition of the
indication lamp 46 never changes. Thus, the
magnetron fault condition determination cir-
cuit of the present invention enables the indi-
cation lamp 46 when at least one magnetron
is placed in the fault condition.

Fig. 7 shows the fault condition determina-

tion operation in an exemplified cooking oper-

ation. The determination is based on the truth
table shown in Fig. 6. The conditions (D
through correspond to the conditions 1
through 8 shown in Fig. 6.

The period A (condition (§) ) shows a condi-
tion where the oven door is opened to prepare
the cooking, wherein the indication lamp 46
is not enabled. The period B shows a condi-

tion where the oven door is closed but the

cook start manual switch 42 has not been
actuated. The determination logic is placed in
the condition @) and, therefore, the indication
lamp 46 holds the former state, namely, OFF.
The period C shows the normal operation
mode, wherein both of the magnetrons 38
and 40 are placed in the normal operation
modes. When the magnetron 38 is placed in
the fault condition at the period D, the deter-
mination logic becomes the condition (3 to
enable the indication lamp 46. Under these
conditions, when the magnetron 40 is further
placed in the fault condition (period E), the
determination logic becomes the condition @
to hold the former state. Thus, the indication
lamp 46 is held in the enabled state.

The period G shows the normal operation
mode, wherein the indication lamp 46 is not
enabled. Under these conditions, when the
oven door is opened to interrupt the cooking
operation, the magnetron energization is sud-
denly terminated but the door switch 44 is
still held in the ON state (period H). The
determination logic becomes the condition (@
to maintain the former state. Therefore, the
indication lamp 46 is not enabled. If the
cooking operation is interrupted by opening
the oven door under the condition where the
microwave oven is in the period F, the deter-
mination output maintains the output of the
condition (3 . Therefore, the indication lamp
46 is continuously enabled to continuously
indicate the fault condition.

The invention being thus described, it will
be obvious that the same may be varied in
many ways. Such variations are not to be
regarded as a departure from the spirit and
scope of the invention, and all such modifica-
tions are intended to be included within the
scope of the following claims.

CLAIMS
1. A fault condition alarm system in a
microwave oven which includes a plurality of
magnetrons and a plurality of detection means
70 associated with each of said plurality of mag-
netrons for developing a detection signal
when the magnetron is placed in a fault
condition, said fault condition alarm system
comprising:
first determination means for developing a
first determination signal when said detection
signal is not developed from any of said
plurality of detection means, and developing a
second determination signal when at least one
80 detection signal is developed from one of said
plurality of detection means; second determi-
nation means for developing a control signal
when said second determination signal is de-
veloped under the condition where a door
85 switch associated with an oven door is closed;
and display means responsive to said control
signal derived from said second determination
means.

2. The fault condition alarm system of

90 claim 1, wherein said second determination
means comprises AND gate means for receiv-
ing said first and second determination signals
derived from said first determination means
and a door switch signal derived from said

95 door switch.

3. The fault condition alarm system of
claim 1 or 2, wherein said first determination
means develops the same determination sig-
nal as the former state when the detection

100 signal is developed from the entire of said
plurality of detection means.

4. The fault condition alarm system of
claim 1 or 2, wherein said second determina-
tion means maintains the same state as the

105 former condition for a period at which the
door switch operation is delayed.

5. A fault condition alarm system for a
microwave oven, substantially as herein de-
scribed with reference to the accompanying

110 drawings.

6. A microwave oven having a plurality of
magnetrons, a plurality of detection means
each associated with a respective one of said
magnetrons for providing a detection signal

115 when the respective magnetron is faulty, and
an alarm system operable to provide a fault
indication in response to a door of the oven
being closed and any one of said detection
means providing a signal indicating a faulty

120 magnetron.

75
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