
FROST DETECTING DEVICE         [Detailed Description ofthe Invention]  5
[Field of the Invention]             The present invention relates to a
frost detecting       device used in various industrial machines and
refrigerators.       [Related Art]             Frost on the surface of the
cooling fan of a heat  10   exchanger incorporated into a refrigerator
reduces the cooling       efficiency. A continuous operation with the frost
uneconomically increases energy consumption, and often causes
failure. In view of this, a frost detecting method generally 



used includes the steps of: switching on and off the compressor  15   by
detecting the inner temperature of a refrigerator; cooling        for a
predetermined period of time using a timer; after the        cooling is
performed for a predetermined period of time,        switching to a heating
operation to defrost; and, after the        defrosting for a predetermined
period of time, stopping the  20   heating operation.             Although
the start of defrosting can be controlled in       the above method, the
frosting condition cannot be controlled,       because it changes depending
on ambient temperature, humidity,       frequency of opening the door, and
the content of the  25   refrigerator. Since the actual frosting condition
cannot be       detected by the above method, defrosting is performed even



in non-frosting condition, or it is not performed in an
over-frosting condition. This unnecessarily increases        energy
consumption.              In order to solve the problems in the
conventional   5    defrosting method, various frost detecting methods have
been        developed. However, they have many drawbacks in practical use,
such as faulty operation and detection inaccuracy. Fig. 6        shows an
example of a frost and dew detecting device produced        for a freezer
or refrigerator. Japanese Patent Application  10   Laid-Open No. 2-115678
discloses such frost and dew detecting        device.              The
frost and dew detecting device is provided with a        pair of thermal
sensitive elements R1 and R2 adjacent to each        other. Each thermal
sensitive element has a current supply  15   source. One of the thermal
sensitive elements Rl and R2 is 



provided with an electric current source which generates heat        in the
air so as to cause a temperature rise, while the other        thermal
sensitive element is provided with a set electric        current source
which is not affected by the temperature rise.  20   The thermal sensitive
element that receives current from the        electric current source is
kept at a temperature higher than        that of the other thermal
sensitive element that receives        current from the set electric
current source.              If frost or dew forms on the pair of thermal
sensitive  25   elements that are kept at different temperatures, heat
diffusion occurs through the frost or dew on the surface of
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the thermal sensitive element of the higher temperature, as       the heat
conductivity of a solid or liquid material is higher       than that of
air. The temperature of the thermal sensitive       element is lowered due
to the heat diffusion, and the  5   temperature difference between the two
thermal sensitive       elements becomes smaller. The temperature
difference is       determined by an arithmetic circuit and compared with a
predetermined reference value. If the determined temperature
difference is smaller than the reference value, it is judged  10   to be in
a frosting and dewing condition.          [Problems to be Solved by the
Invention]             The conventional frost and dew detecting device
mounted       to a refrigerator has drawbacks as follows. Generally, a  



15   refrigerator has a compressor and a cooling fan which operate       at
the same time in a cooling operation. Fig. 7A shows a frost       and dew
detecting device. The frost and dew detecting device       10 is a series
circuit made up of thermal sensitive elements       l0a and l0b. The output
voltage Va of the series circuit is  20   inputted into an amplifier
circuit 11, whose output voltage       V1 is inputted into a comparator
circuit 12. A reference       voltage Vr outputted from a level setting
circuit 13 is       inputted into the comparator circuit 12. As shown in
Fig. 7B,       the compressor repeats an on-off operation so that the inner
25   temperature becomes constant through temperature detection       by a
temperature sensor disposed inside the refrigerator. In          



general use, however, a constant operation is repeated as       indicated
by a timing chart of the compressor. Some time after       the compressor
starts operating at time t[err], frost starts       forming on the thermal
sensitive elements of the evaporator  5    (cooler) and the frost and dew
detecting device, and the       temperature difference between the thermal
sensitive elements       R[err] and R2 becomes smaller. The output voltage
V[err] of the       amplifier circuit 2 gradually becomes lower.
If the compressor and the cooling fan stops operating  10   even though
frost has not formed enough on the frost detector,        i.e., if the
compressor and the cooling fan stops operating        when the signal
voltage V[err] is still higher than the set level        Vr of the
comparator 12, the output voltage V1 relative to        the temperature
difference between the thermal sensitive  15   elements R1 and R2 is
returned to the initial value of time       t[err]. As a result, the signal
voltage V1 becomes lower than the 



set level Vr, and a signal voltage V2 is outputted. The       conventional
detecting device detects frost which has not       actually formed, and
goes into a defrosting operation.  20   Although it operates correctly as
long as the compressor and        the cooling fan are both in operation, it
starts a faulty        operation when the compressor and the cooling fan
stop        operating.              The present invention is aimed at
eliminating the above  25   problem, and providing a frost detecting device
using a frost       detector which detects the amount of frost from the
temperature                                       4         



difference between a detecting thermal sensitive element and       a
compensating thermal sensitive element.             The frost detecting
device of the present invention also       prevents the possibility of
faulty operation which is caused  5   due to total dependence on the
operations of the compressor       and the cooling fan.         [Means to
Solve the Problems]             To achieve the above object, in Claim 1,
the present  10   invention provides a frost detecting device which
comprises:       a frost detector made up of a detecting thermal sensitive
element and a compensating thermal sensitive element; an       amplifier
circuit for amplifying an output signal from the       frost detector; a
comparator circuit for comparing an output  15   voltage from the amplifier
circuit with a set level; an  



operation detecting circuit for detecting operating       conditions of a
compressor and a cooling fan; and a judging       circuit for detecting
existence of frost in accordance with       output voltages from the
operation detecting circuit and the  20   comparator circuit. The amount of
frost is detected in       accordance with the output from the judging
circuit, with the       operation detecting circuit monitoring the
operations of the       compressor and the cooling fan.             In
accordance with Claim 2, the present invention  25   provides a frost
detecting device which comprises: a frost       detector made up of a
detecting thermal sensitive element and
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a compensating thermal sensitive element; an amplifier circuit        for
amplifying an output signal from the frost detector; a        comparator
circuit for comparing an output voltage from the        amplifier circuit
with a set level; an operation detecting   5    circuit for detecting
operating conditions of a compressor        and a cooling fan; a delayed
pulse generating circuit which        operates in accordance with an output
signal from the operation        detecting circuit; and a judging circuit
for detecting        existence of frost in accordance with a pulse output
signal  10   from the delayed pulse generating circuit and an output
voltage        from the comparator circuit. The amount of frost is detected
based on the output from the judging circuit in synchronization        with
a delayed pulse generated in accordance with the operation        of the
operation detecting circuit, which monitors the  15   operations of the
compressor and the cooling fan. 



In accordance with Claim 3, the present invention        provides a frost
detecting device which comprises: a frost        detector made up of a
detecting thermal sensitive element and        a compensating thermal
sensitive element; an amplifier circuit  20   for amplifying an output
signal from the frost detector; a        comparator circuit for comparing
an output voltage from the        amplifier circuit with a set level; an
operation detecting        circuit for detecting operating conditions of a
compressor        and a cooling fan; a delayed pulse generating circuit
which  26   operates in accordance with output signals from the operation
detecting circuit when the compressor and the cooling fan are           



both in operation; and a judging circuit for detecting frost       in
accordance with a pulse output signal from the delayed pulse
generating circuit and an output voltage from the comparator       circuit.
A delayed pulse is generated in accordance with the  5   output from the
operation detecting circuit when the       compressor and the cooling fan
are both in operation. The       output of the judging circuit is
transmitted in       synchronization with the delayed pulse so that the
amount of       frost can be detected after a predetermined period of time
10   has passed.          [Embodiments of the Invention]             The
following is a description of one embodiment of a       frost detecting
device of the present invention, with  15   reference to the accompanying
drawings.  Fig. 1 is a circuit       diagram illustrating the embodiment of
the frost detecting  



device of the present invention. In Fig. 1, the frost       detecting
device comprises a frost detector 1, an amplifier       circuit 2 for
amplifying an output signal transmitted from  20   the frost detector 1, a
comparator circuit 3 for comparing       the output of the amplifier
circuit 2 with a set level       (reference voltage) determined depending
on the amount of       frost, a level setting circuit 8 for generating the
set level       (reference voltage) supplied to the comparator circuit 3,
an  25   operation detecting circuit 5 for detecting a halt of operation
of a compressor and a cooling fan 4, and a judging circuit
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6 for detecting frost in accordance with the operations of       the
compressor and the cooling fan 4.             Fig. 2A is a perspective view
of the frost detector 1,       and Fig. 2B is a sectional view of the frost
detector 1 taken  5    along the line X-X of Fig. 2A. In these drawings,
the frost       detector 1 is made up of a detecting thermal sensitive
element       la and a compensating thermal sensitive element lb, and a
container 11 for accommodating these elements. The frost       detector 1
serves as a sensor which determines the amount of  10   frost from the
potential difference, i.e., the temperature       difference, obtained by a
circuit formed by the thermal       sensitive elements.             As
shown in Fig. 2, the container 11 of the frost detector        1 is
provided with a partition wall 11a and a cover 14. Hollow  15   portions
12a and 12b are formed inside the frost detector 1.       The hollow
portion 12a is provided with openings 13. The 



detecting thermal sensitive element la is disposed inside the       hollow
portion 12a, while the compensating thermal sensitive       element lb is
disposed inside the sealed hollow portion 12b.  20   Lead wires 10a and l0b
of the detecting thermal sensitive       element la and the compensating
thermal sensitive element lb       extend outward from the cover 14. This
front detecting device       is disposed inside a refrigerator. If no frost
forms at the       openings 13, a temperature difference is caused between
the  25   detecting thermal sensitive element la and the compensating
thermal sensitive element lb, as the air in the refrigerator
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moves out through the openings 13. However, if the openings       13 are
blocked by frost, the detecting thermal sensitive       element la and the
compensating thermal sensitive element lb       are sealed in the hollow
portions 12a and 12b, i.e., the  5   resistance of the detecting thermal
sensitive element la       becomes equal to that of the compensating
thermal sensitive       element lb as the physical conditions of the two
elements are       the same. As a result, the terminal voltages of the two
elements become the same, and the temperature difference  10   between them
becomes zero. The frost detector used in the       frost detecting device
of the present invention detects a       frosting situation from the
temperature difference between       the two thermal sensitive elements on
the principle as       described above.  15        More specifically, the
detecting thermal sensitive  



element la and the compensating thermal sensitive element lb       are
connected in series between a voltage power source E and       a ground. An
output voltage Va can be expressed as follows:   [err] 20        wherein
the resistance values of the detecting thermal       sensitive element la
and the compensating thermal sensitive       element lb are Ra and Rb,
respectively.             If the resistance value Ra of the detecting heat
resistance element decreases as the temperature rises, the  25   terminal
voltage of the compensating thermal sensitive element       lb can be
expressed using the equation (1) as follows:
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[err]            wherein the resistance value Rb of the compensating
thermal sensitive element lb is constant. E is the applied       voltage,
and (Ra - A Ra) is the resistance value of the   5  detecting thermal
sensitive element la.             The output Va of the frost detecting
device is inputted       into an amplifier circuit 2, where it is
amplified. The output       voltage V1 from the amplifier circuit 2 is then
inputted into       a comparator circuit 3. Here, a set level (reference
voltage)  10  Vr from the level setting circuit 8 has already been inputted
into the comparator circuit 3, which compares the output       voltage V1
with the set level Vr. If the output voltage Vl       becomes lower than
the set level Vr, an output voltage V2 from       the comparator circuit 3
is inputted into the judging circuit  15   6, and then outputted from the
judging circuit 6 in 



synchronization with an output voltage V3 from the operation
detecting circuit 5 depending on the operation of the       compressor 4.
Thus, the amount of frost can be detected.             Fig. 3 illustrates
another embodiment of the frost  20   detecting device of the present
invention. The frost       detecting device in this figure comprises a
frost detector       1, an amplifier circuit 2 for amplifying the output
voltage       Va of the frost detector 1, a comparator circuit 3 for
comparing       the output voltage V1 from the amplifier circuit 2 with a
set  25   level (reference voltage Vr) predetermined depending on the
amount of frost to be detected, an operation detecting circuit
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5 for detecting a halt of the operation of a compressor and       a cooling
fan 4, a delayed pulse generating circuit 7 for       generating a pulse
delayed depending on the output of the       operation detecting circuit 5,
and a judging circuit 6 for  5   detecting frost in accordance with the
delayed pulse generated       from the delayed pulse generating circuit 7.
The delayed pulse generating circuit 7 generates a       delayed pulse at
intervals of a predetermined time T1 after       the operation detecting
circuit 5 is turned on. The  10   comparator circuit 3 judges whether the
output voltage V1 of       the amplifier circuit 2 is greater than the set
level (the       amount of frost). The judging circuit 6 detects frost in
synchronization with the output voltage V2 of the comparator       circuit
3 and the delayed pulse generated from the delayed  



15   pulse generating circuit 7. Since the compressor 4 repeats       an
on-off operation, the output voltage of the amplifier       circuit 2
becomes unstable as the evaporator (cooler) is not       cold enough right
after operation starts. Because of this,       the delayed pulse generating
circuit 7 is disposed in a stage  20   right after the operation detecting
circuit 5 for the       compressor 4, so that a pulse delayed by a
predetermined time       (Ti) from the start of the operation of the
compressor 4 is       inputted into the judging circuit 6.
Figs. 4A to 4F are timing charts illustrating the  25   operation of the
frost detecting device of Fig. 3. Fig. 4A       is a waveform illustrative
of the operation of the compressor          



4; Fig. 4B is an output waveform illustrative of the operation
detecting circuit 5; Fig. 4C is a pulse waveform generated        from the
delayed pulse generating circuit 7; Fig. 4D is an        output waveform
illustrative of the amplifier circuit 2; Fig.   5    4E is an output
waveform illustrative of the comparator circuit        3; and Fig. 4F is an
output waveform illustrative of the judging        circuit 6.
This frost detecting device is incorporated into a        refrigerator.
The compressor 4 of the refrigerator detects  10   the inside temperature
and, according to the detection results,        repeats on-off operations.
When the temperature inside the        refrigerator becomes as low as the
predetermined temperature,        the compressor 4 stops operating. As
shown in Fig, 4B, the        operation detecting circuit 5 outputs a
pulse-shaped output  15   waveform in synchronization with the on-off
operation of the        compressor 4, as shown in Fig. 4A. The output of
the operation 



detecting circuit 5 is inputted into the delayed pulse        generating
circuit 7, which generates a pulse at intervals        of time T1, as shown
in Fig. 4C. The output of the delayed  20   pulse circuit 7 is then
inputted into the judging circuit 6.       At time t[err], the compressor 4
starts operating. At this point,       no frost has formed at the openings
13 of the frost detector       1, and the voltage Vl corresponding to the
temperature       difference between the detecting thermal sensitive
element  25    la and the compensating thermal sensitive element lb is
higher        enough than the set level Vr. When the compressor 4 starts
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operating for the second time (at time t[err]), frost has started
forming at the openings 13 of the frost detector 1. Since the
openings 13 are not blocked at this point, the voltage V1 is       higher
than the set level Vr. When the signal voltage V3 of  5   the operation
detecting circuit 5 is on, the delayed pulse       generating circuit 7
generates a delayed pulse as shown in       Fig. 4C.             When the
compressor 4 starts operating for the third time       at time ts, the
openings 13 of the frost detector 1 are not  10   yet blocked by frost. At
time t[err], however, the openings 13       are blocked by frost, and the
output level of the frost detector       1 becomes lower than the set level
Vr. As shown in Fig. 4E,       the output level is reversed to H level at
time t[err]. As shown       in Fig. 4F, the output of the judging circuit 6
is reversed  15   from L level to H level in synchronization with the
delayed  



pulse P1 at time t[err]. After frost is detected, the output       voltage
V5 of the judging circuit 6 is turned on.              Fig. 5 shows yet
another embodiment of the present        invention.  20          In the
previous embodiment, a compressor and a cooling       fan operate in
accordance with opening and closing of the door,       but they do not
necessarily operate at the same time.       Accordingly, the compressor and
the cooling fan operate       independently of each other in this
embodiment.  25          The frost detecting device shown in Fig. 5
monitors       operations of a compressor 4a and a cooling fan 4b which
work                                       13        



independently of each other, and the remaining components are       the
same as in the embodiment shown in Fig. 3. In this       embodiment, the
compressor 4a and the cooling fan 4b are       separately monitored. Only
when the compressor 4a and the  5   cooling fan 4b are both in operation,
is the signal voltage       V3 of the operation detecting circuit 5 turned
on to activate       the delayed pulse generating circuit 7 to generate a
delayed       pulse. The delayed pulse generating circuit 7 outputs a pulse
voltage V4.  10         As the amount of frost on the surface of the frost
detector 1 attached to an evaporator (cooler) increases, the       openings
13 formed on the detecting thermal sensitive element       la are blocked.
Here, the temperature difference between the       detecting thermal
sensitive element la and the compensating  15   thermal sensitive element
lb becomes zero, and the voltage 



Vl becomes lower than the set level. The output voltage V2       of the
comparator circuit 3 is turned on. When the pulse signal       V4 and the
output voltage V2 are on, the output voltage V5       of the judging
circuit 6 is also on, so that the judging circuit  20   6 can detect the
frosting situation of the evaporator.       Accordingly, in the embodiment
shown in Fig. 5, operations       of the compressor 4a and the cooling fan
4b are separately       monitored, and the operation detecting circuit 5
output the       signal voltage only when the compressor 4a and the cooling
25   fan 4b are both in operation. This eliminates the possibility       of
faulty operation, and ensures reliable frost detection.
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[Effects of the Invention]             As described so far, the present
invention eliminates       the possibility of faulty operation by providing
a frost  5   detecting device which comprises a frost detector attached
to an evaporator (cooler) inside a refrigerator for detecting
operating conditions of the compressor and the cooling fan,       and a
judging circuit for detecting frost from the signal       voltages from the
compressor and the cooling fan and the output  10   from the frost
detector.             According to the present invention, frosting
condition       of the evaporator can be accurately detected, and there is
no longer the need to operate in a over-frosting condition       or to
perform defrosting in a non-frosting condition as in  



15   the prior art. Thus, the freezer can operate at a low energy
consumption ratio, and defrosting can also be performed       effectively.
[Brief Description of the Drawings]  20         Fig. 1 is a circuit diagram
showing an embodiment of a       frost detecting device of the present
invention.             Fig. 2A is a perspective view showing a frost
detector       used in the frost detecting device of the present invention.
Fig. 2B is a sectional view of the frost detector taken  25   along a line
X-X.             Fig. 3 is a circuit diagram showing another embodiment
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of a frost detecting device of the present invention.              Fig. 4A
to 4F are timing charts illustrating the        operation of the frost
detecting device of Fig. 3.              Fig. 5 is a circuit diagram
showing yet another   5   embodiment of a frost detecting device of the
present        invention.              Fig. 6 is a circuit diagram showing
an example of a        conventional frost detecting device.
Fig. 7A is a circuit diagram showing another example of  10   a
conventional frost detecting device.              Fig. 7B is a timing chart
of the conventional frost        detecting device.        [Reference
Numerals]        1    frost detector  



15   la   detecting thermal sensitive element        lb   compensating
thermal sensitive element        2    amplifier circuit        3
comparator circuit        4    compressor (or cooling fan)  20   5
operation detecting circuit       6    judging circuit       7    delayed
pulse generating circuit       8    level setting circuit       10a, l0b
lead wires  25   12a, 12b   hollow portions       13   openings
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14   cover                          
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CLAIMS:  1.   A frost detecting device, comprising:        a frost detector
including a detecting thermal sensitive element and a  compensating thermal
sensitive element;        an operation detecting circuit for detecting
operating conditions of a com-  pressor and a cooling fan;         an
amplifier circuit for amplifying an output signal from the frost detector
only in an operating duration of the cooling fan synchronously with an
output  signal of said operation detecting circuit         a comparator
circuit for comparing an output voltage from the amplifier  circuit with a
set level; and        a judging circuit for detecting existence of frost in
accordance with output volt-  ages from the operation detecting circuit and
the comparator circuit.   



2.   A frost detecting device, comprising:       a frost detector including
a detecting thermal sensitive element and a compensat-  ing thermal
sensitive element;        an amplifier circuit for amplifying an output
signal from the frost detector;        a comparator circuit for comparing
an output voltage from the amplifier circuit  with a set level;        an
operation detecting circuit for detecting operating conditions of a
compressor  and a cooling fan;
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