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FROST DETECTING DEVICE

[Detailed Description of the Invention]
[Field of the Invention])

- The present invention relates to a frost detecting

device used in various industrial machines and r'efrigerators,’

[Related Art]

Frost on the surface of the cooling fan of a heat
exchanger incorporated intoa 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
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 |

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

refrigerator. Since the actual frosting condition cannot be

detected by the above method, defrosting is performed even



10

156

20

25

in non-frosting condition s or it is not performed in an
over-frosting condition. This u_ni:ecessarily increases
energy consmption. |

In ofder to solve the problems' in the convéntional
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 freegzer or refrigerator.. Japanese Patent Appllicaticn
Laid-Open No. 2-115678'di§closes such frost and dew detecting
device. _

The frost and dew detecting device is provided with a
pair of thermal sensitive elements R1 and R2 adj'acent to each
other. Each thermal sensitive element has a current supi:ly
.sour_ce.. .one of the thermal sensitive elements Rl and R2 is
provided w:.th an electric current source which generates heat
in the air so #s to cause a temperature rise, while the other
thermal sensiti.ve' -element is provided with a set electric
current source which is not affected .by the temperature rise. '

The thermal sensitive element. that receives current from iihe

' e_lectric' current source is kept at a temperature highef than

that of the other thermal sensitive element thgt' receives

' current from the set electric current source.

If frost or dew forms on the pa:l.'r of thermal sensitive

“elements that are kept at differemt 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

temperatufe difference between the two thermal sensitive
elements becomes smaller. The temperai;.ure d.{f-ference is |

determined by an arithmetic circuit and compared with a

_ prédei:emined reference value. If the determined temperature

difference is smaller than the reference value, it is judged -

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
refrigerator has a cc_mpres'or." and a cooling fén-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

10a and 10b. The output voltage Va of the series circuit is
inputted iﬂto an amplifier circuit 11, witosé output voltage
V1l is inputted into a comparator circuit 12. A reference
vblt_age Vr outputted from a level setting circuit 13 is -

1#put‘ted in_to.tlhe comparator cifcuit 12. As- shown in f'ig. 7B,

the compressor repeats an on-off operation so that the inner

'teinperatt_nra becomes constant 'through temperature detection

by a temperatﬁre sensor disposed inside the refrigerator. 1In
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general ,'use, however, a constant operation is repeated as
indicated by a timing chart of the coméréssor. Some time after
the compressor starts operating at time t,, frost starts
forming on the thermal sensitive elements ‘o:E. the evapoiator
(cooier) and the frost and. dew- detecting c_ievice, and the
temperaturé difference between the thermal sensitive elements

Rl and R2 becomes smaller. The output voltége V1l of the

amplifier circuit 2 gradually becomes lower.

" 1f the compressor and the cooling“fan stops operating
even though. frost has not formed enéugh on tﬁg frost detector,
i.e., if the compressor and the éooling fan stops operating .
when iihe signal voltage V1 is still higher than the set level

"Vr of the comparator 12, the -ou't-.put voltage V1 relative to

the temperature difference bétween' the thermal sensitive
elements Rl and R2 is returned to the initial value of time
t,. As aresult, the 'signal voltage V1 becomes ioﬂer than the
set level Vr, and a ;s:lgnall voltage V2 is outputted. The
conventional detecting. device '.detects f;'c_ist which has not
actually formed, and goeé into a defrosting operation.
Although it '_ol-)erat'es correctly as long as the_cempressor and
the cooling fan are both in operatiom, it §tarts a faulty

operation when  the cchpressor and the cooling fan stop

operating.

The present invention is aimed at eliminating the above
problem, and providihg a frost detecting device using a frost

detector which detects the amount of frost from the temperature
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difference between a detecting thermal sensitive element and
a compensating thermal sensitive element.

' The frost detecting dévice_ of the present invention also
prevents the possibility of faulty operai:ion which is c;aused'

due to total dependenc_e on the operations of the compressor

and the cooling fan.

[Means to Solve the Problems)

To achieve the above object, i.n Clainm 1, the' present
invention provides a frost detecting device which comprises:
a frost detector l_nade‘ up of a déteéting thermal sensitive
element and a compensating thermal sensitive element; an
amplifiér 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
ope_ration detecting circuit for detecting operating
conditions of a coﬁp_réssor_ and a cooling fan; and a judging

circuit for detecting exigtence of frost in accordance with -

. output voltages, from the opetation detééting circuit and the

ccmparétor circuit. The amount of frost is detected in

accordance with the output from the judging circuit, with the .

ope:;ation detecting circ_:i:ﬂ: monitoring the operations of the

'écmpressof and the cooling fan.

In accordance with c1aim 2, the present invention

provides a frost detecting device which comprises: a frosi:

- 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

ci;cuit for detecting operating conditio_ns of a ccmpréssor

and a cooling_ fan; a delayed pulse generating _.circu.:lt which

operates in accordance with an cutput signal from the operation

detecting circuit ;' and .a jﬁdging circuit for detéc_ting

existence of frost in accordance with a pulse output signai
from the delayed pulse _generating. circuit and an output voltage
from the coﬁparator circuit. The amount of frost is détected
based on tﬁe output from the judging circuit in synchfonization _
with a delayed pulse generated in accordance with the operation
of the operation detecting circuit, which monitors the
operations of the cchpres.so._r 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 cii'cuit
for émplifying’ an output signal from the frost detector; a.
comparator circuit for ccmpa_ring an output voltage frém the
amplifier"qircuit with a set level; an operétion detecting
cir;'cui;t for dete;ctiﬁg operating conditions of a compressor
and a cooling fan; a delayed pulsé .generating_' circuit which
opérates in accordance w:lt'-h outlput.signals- from the operétion :

detecting circuit when the compressor and the cooling fan are
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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 ffgm the comparator
circuit. A delayed pulse is generated in accordance with the

output from the operation detecting circuit when the

compressor and the ?:dol—ing 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

has passéd.

[Embodiments of the :Ifnvent:i.on] _

The foilowing is a description of one embodiment of a
frost detecting device of the present inventipn, with
:Eeference to the aecompanjing drawings. Fig. 1 is a circuit
diagram :lliustrating the embodiment of the frost detecting
device of the present invention. In Fig. 1, the frost | _
d_etecting device comprises a frost detector 1, an amplifier

éiréuit 2 for amplifying an output signal transmitted from

- 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) sﬁpplie@i to the comparator circuit 3, an
operation deteéting circuit 5. for dei:ectin'g a hait of opei:ation

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. |

o Fig. 2A is a perspective view of the frost detector 1,
and ng. 2B is a sectional view of the frost detector 1 taken
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 1b, and a
container 11 for eccomodating these elements. The frost
detector 1 serves as a sensor which determines the amount of
frost from the potent:l.al difference . i.e., the temperature
d:.fference, obtained by a circuit formed by the ‘thermal
sensitive elements. .. |

As shown in Fig. 2, the container 11 of -the frost detector

1lis provided with a part:l.tion wall lla and a cover 14. Hollow
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 1b is disposed inside the sealed hollow port:l.on- 12b.

Lead wires 10a and 10b of the detecting thermal sensitive
element la and the compensating thermal seneiti,ve element 1b

extend outward from the cover 14. This front detecting device

is disposed inside a refrigerator. 1If _'no frost forms at the . :

openings 13 ,'_-ja temperature difference is caused between the

- detecting thermal sensitive element la and the compensating

thermal sensitive element 1b, 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 se_xisitive element 1b

are sealed in the hollow portions 12a and 12b, i.e., the

' resistance of the detecting thenﬁal sensitive element 1la

becomes equal to that of the ccmpensaﬁing thermal sensitive
element 1b as the physical conditidxi of the tﬁo. elements are
the s'ani_e. As a resulﬁ, the terminal -Volﬁages of the two
eleméni-.s become thé_.same,' and the temperature difference'
between them becomes zeré. ~The frost detector used i.n. the

frost detecting device of the presen_t' invention detects a

frosting situation from the temperature difference between

the two thermal sensitive elements on the principle as

- descexribed ébove .

More specifically, the detecting thermal sensitive
elemeht la and the co‘nipensating thermal sensit:lvé element 1b
are connected-in. series hétween a voltage power. source E and
a groi_md. An output voltage Va can be expfessed as follows:

Va = E *Rb/(Ra + Rb)  ———mmmmm 1)
- wherein the resistance values of the deﬁect:lng thermal

sensitive element la and the cémpensati_.ng thermal sensitive

‘element 1b are Ra and Rb, re_spectivelyl.

If the resistance value Ra of the detecting heat

resistance element decreases as the temperature rises, the

terminal voltage of the compensating thermal sensitive element

1b can be expressed us_ing the_equation' (1) as follows:
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'Va = E*Rb/[(Ra - Ana) + Rb] e (2)
wherein the resistance value Rb of the compensating

thermal sensitive element 1b is constant. E is the applied

voltage, and (Ra - A Ra) is the resistance value of the

detecting thermal sensitive element 1la.

The output Va of the frost detecting device is inputted

‘intoan 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 le_vel_l. (reference_ voltage)

Vr from the level setti.ng circuit 8 has already been inputted

_into the comparator circuit 3, which compares the output

voltage V1 with the sét level Vr. If the output voltage V1

becomes lower than the set level Vr, an output voltaéq V2 from

the comparator circuit 3 is inputted into the judging circuit

6, and then ouﬁputted 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 éan be detected.
| Fig. 3 illustrates another embodiment of the frost
de_tecting aevice of the present invention. The frost
detecting device in this figure comprises a frost c_letector '
1, an mpligier circu’ii: 2 for amplifying thé output Qo;.tage-
Va of the frost detector 1 » & comparator circuit 3 for comparing

the output voltage V1 from the amplifier circuit 2 with a set

level (refefe_nce volta'gé vr) pfedetermined depending on the

amount of frost to be detected, an operation detecting circuit

10
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5 for detecting a halt of the operation of a compressor and

a cooling fan 4, a deiayed 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

detecting frost in accorc_ianée with the delayéd pulse generated

from the deiaired pulse generating circuit 7.

‘The delayed -pt_llse generating circuit 7 generates a

‘delayed pulse at intervals of a predetermined time T1 after

;ihé 6peration detecting circuit 5 is turned on. The
comparator circuit 3 judges wﬁéther the output voltage v1' of
the amplifier circuit 2 is greater than the set level (the
amqunt. of frost). The judging circuit 6 detects frost in

synchronization with the output voltage V2 of the compara{-.or

" circuit 3 and the delayed pulse generated from the delafed

pulse generating circuit 7. Since the compressor 4 r_epeats
an. on-off operation, the output voltage of the amplifier

circuit 2 becomes unstable as the evaporator (cooler) is mot
cold enough x..'ight.after operation starts. Because of this,
the delayed-pulsé generating circuit 7 is disposed in a siage
right after the opefati.on detecting circuit § for the |
coupressor 4 , 8o that a pulse .delayed by a predetermined time
('.El-). from the stirﬁ of thé .operat:lon of .the compressor 4 is
inputted into th; judging circuit 6. -

Figs. 4A to 4F are timing charts 'ill‘ustrating_ the

operation.of the frost detecting device of Fig. 3. Fig. 4A

is a waveform illustrative of the opérai:iox_x of the ccmpressér

11
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4; Fig. 4B is an output waveform illustrative of the operation
d_etecting' circuit 5; Fig. 4c is a pulse waveform generated
from the delayed pulse generating circuit 7; Fig. 4D is an
outpﬁt waveform illustrative of the aﬁplifier circuit 2; Fig.
4E is an output waveform i_llustrative of the comparator circuit

3; and Fig. 4F is an output waveform illustrative of the judg:lhg '

" circuit 6.

This frost deteéting device is incorporated into a

refri'gerato;_. The compressor 4 of the refrigerator detects

the inside temperature and, accordin‘g to the detection results,

'_repeat's on-off operations. When the tempéra_ture inside the

refrigerator becomes as low as the p'redetem:l.hed temperature,
the compressor 4 stops 6perati_ng. As shown in Fig, 4B, the
operation detecting ciréuit 5 outputs a pulse-shaped output
waveform in synchronization with the on-off opérat-ion of the
Compréssér 4, as shown in Fig. 4A. The output of thé operation
.detecting. circuiﬁ 5 is inputted into thé delayed pulse
generating_ci.rcuit 7, which genei'ai:es a pulse at intervals
of time T1 ,' as shown in Fig. 4C. The output of tﬁe delayed
pﬁlse éircuit 7 is then inputted into the judging circuit 6.
At time f,, the compressor 4 étarts operating. At this point,'
no frost ‘has formed at the openings 13 of the frost detector
i,' and thé voltage V1 corresjionding to the. £enperatufe
differen.ce between the detecting thermal sensitive ele_ment.
la and thé compensating iﬁhémal sensitije elemezﬁ: lbis higher

enough than the set level Vr. When the compressor 4 starts

- 12



10

16

20

25

operating for the second time (at time t,), frost has started

forming at the openings 13 of the frost detector 1. Since the
openi.n'g. 13 are not blockgd at this point, the voltage V1 is
higher than the set level Vr. When the sig‘nal voltage V3 of
the §peration _detecting circuit 5 is on, the delayed pulse
generating circuit 7 generates a delayed pulse as shown in
Fig. 4cC. | _ | |

When the campressor 4 starts operating for the third time
at time t;, the openixigs :.|.3. of the frost detedto;: 1 are not

yet blocked by frost. At time t,, 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 outpui:_level is reversed to H level at time t,. As 'shovw-n |
in Fig. 4F, the ‘output of the -judging circuit 6 is reversed
from L level to H level in synchronization with the del_afed
pulse Pl at time t,. After frost is detected, the ouéput
voltage V5 bf the judging circuit 6 is turned on;

Fig. 5 shows yet another embodiment of the presen£
invention. | .

In the previous embodiment, é compressor and a cooling

- fan'op_erate in accordance with opening and cloéing of thedoor,

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.

The frost detecting device shown in Fig. 5 monitors N

" operatioris of a compressor 4a and a cooling fan 4b which work

13
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independently of each other, and the remaining components are
the same as in the embodiment shown in Fig; 3. In this
émbodimeni:, the compreSéor 4a and the cooling fan 4$ are
sgparatély monitored. Orily when the compressor 4a and the
cooling fan 4b are both in operation, is the signal ﬁ:_ltage
V3 of the operation detecting circuit 5 £urn9d on to activate
thé delaged pul#e generating circuit 7 to generate a delayed
pulse; The delayed pulse generating c_ircui.t 7 outputsla pulse
voltage V4. |

As the amount of frost on the surface of the frost
dei:ectorll attached to an .evaporator (cooler) increases, the

opgn:_l.ngé 13 formed on the detecting thermal sensitive element -

1a are blocked. nge, the temperatu:e difference between the

detecting thermal sensitive element la and the compenséting.
thermal sénsitive eleinent_ 1b becomes zero, and the voltage
V1 becomes- lowér than the set level. Tﬁe output voltage V2

of the caiparator circuit 3 is turned on. ‘When the puls'e.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 c:l.rcuit'

-6 can detect the frosting situation of the evaporator. -

Accordingly, in the embodiment show'n in Fig. 5, operai:ions
of the Ecmp_re"ssor 4a and t—ﬁé j cooling. fan 4b are -_-separa_tely
monitored, and the operétioh &eﬁécting circuii 5 o‘_ﬁtput the
signal voitage'_ oniy when the comprgésor- 4a and the,' cooling-
fan '4b are both in operatién.. This eliminates the possibili‘ty

of faulty operation, and ensures reliable frost detection.

14
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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
detecting device ﬁh;i.ch comprises a frost detecﬁor attached
té an evaporator (cooler) inside a réfrigerator_for_: detecting

opeiating conditions of the compressor and the cooling fan,

-and a judging cj.rcuit for _deteéting frost from the signal

voltages from the célnpressor and the cooling fan and the output
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 6perate in a over-frosting condition

or t_b perfom'defrosting in a non-frosting condition as in

- the prior art. Thus, tlie freezer can operate at a low energy

_‘consumption ratio, and defrosting can also be performed

effectively.

- [Brief Descriptibn of the Drawings]

Fig. 1 is a circuit diaQra_m showing an embodiment of a
frost detecting ‘device of the present invention.

‘Fig. 2A is a perspective view'shm&iﬁg a frost detector

| used in the frost dei:et_:_ti.ng device of the present invention.

'Fig. 2B is a sectional view of the frost detector taken.'
along ‘a line X-X.

F_i.g',.' 3 is a circuit diagram showing another embodiment

16
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of a frost deteci:i’ng 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 _di.étgr’aﬁ showing yet another

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
a conventional frost detecting dévice. | ' '

Fig. 7B is a timing chart of the conventional frost
detecting device. a

[Reference Numerals]

1 frost detector

1a dei;.ecting' ‘thermal sensitive element

1b compensating thermal sehsit:lve element
amplifier circuita |
comparatér circuit

_' '-écmpressor (of cooling fai'x)

_ operation detecting circuit
judging circuit |
delayed pulse generaﬁ:hig circuit
level setting 'cirdit : |

iOa, 10b 1lead w':!.'res' _

12a, 12b hollow porl:.ions'

13 openings

- 16
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THIS SHEET HAS BEEN
REPLACED

1. ‘A frost detecting device, compriSingz

a frost detector inoluding a detecting thermal

- sensitive element and a compensating thermal sensitive

element ; _

an ampliﬂef circuit for amplifying an output signal
from the frost detectof;

a comparator circuit for comparing an output voltage
from the amplifiei.' circuit with a set level;

an operation detecting circuit for detecting operating

. cond:lt:.ons of a compressor and a cooling fan; and

a judging c:i.rcuit for detecting existence of frost in
a_coord_ance with output voltages from the operation detecting

oi_rcuit and the comparator circuit.

‘2. A frost detecting device, comprising:

_ a frost detector including a detecting thermal
sensitive element and a compensating thermal sensitive
element;

"an amplifier circuit for amplifying an output s:i.gnal

- from the frost detector,

a comparator circuit for comparing an output voltage

: 'frem the amplifier circuit with a set level;

‘an operation detecting circuit for detecting operating

conditions of a compressor and a cooling fan;

: * This Sheet Has Been laced
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a delayed pulse generating circuit 'which operates in
accerdance with an output signal from the operation detecting
circuit, and ' |

" a judging c:.rcuit for detecting existence of frost in
accordance with an pulse output signal :Erom the delayed pulse
generating circu:l.t and an eutput voltage from the comparator

circuit.

3. A frost detecting _dev:'.ee ,'_cemrisiqg:

a frost detector ineluding a detecting i':hemal
sensitive element and a ceﬁpenéating thermal sensitive
element; |

en amplifier circuit for emplifying an output signa_l
from the frost detector; . | | |

a ccmparator circuit for comparing an eutput voltage
_frcm t_he amplifier_ circuit with a set level;

an operation detecting circuit f_er detecting operaﬁing

. conditions of a coméreseor' and a cooling fan;

‘a delayed puise' generating eitcuit which operates in
_aeeordance with an output signal | from the :oi:eretion detecting
cireﬁii: when the compressor and the cooling fan are both in
operation; and | | o

a judging circuit for judging existence of frost in

: a'c:c_ordance with a pulse output s_ignal from the de_layed pulee

generating circuit and an'o'ui':'pu:h voltage from the comparator

circuit. '- : 3 -
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