[FROST: DETECTI NG DEVI CE [Detai |l ed Description ofthe Invention] 5

TField of the Invention] The present invention relates to a
frost detecting device used in various industrial machines and -
refrigerators. [ Rel ated Art] o Frost on the surface of the
cooling fan of a heat 10 exchanger- i ncorporated into a refrigerator
reduces the cooling efficiency. A continuous operation with the frost

uneconomi cal l'y increases energy consunption, and often causes
failure. In view of this, a frost .detecting nmethod generally
FROST DETECTING DEVICE

[Detailed Description of the Invention]
b [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 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
156 - Dby 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 a
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 theldoor, and the oontent of the
25 refrigerator. Since the actual frosting condition cannot be

detected by the above method, defrosting is performed even



used izncl udes the steps of: switching on and off the conpressor 15 by

detecting the inner tenperature of a refrigerator; cooling for a
predeterm ned period of time using a timer; after the ~cooling is
perfornmed for a predeterm ned period of tineg, ~ switching to a heating
operation to defrost; and, after the defrosting for a predeternined
period of tine, pi ng, the heat i ng oper ati on. Al t hough
the start ofi Ge!?%s&'@&}:m qmdich%l ogditnis not péwrfaimed imedanod, the
frosting condition cannot be controlled, , because it changes dependi ng

on anbi ent teveerfrestind ganditbion. This rupenessariilypdncegasés door, and
the content of the 25 refrigerator. Since the actual frosting condition
cannot be enerwtmsmWMe above net hod, defrosting is perforned even '
| In order. to solve the problems' in the conventienal
5  defrosting method, various frost detecting methods have been
developed. However » they have many drawbacks in pract-ical use,
such as faulty operation and aetectibn inaccuracy. Fig. 6
shows an example of a frost and dew detecting device produced
for a freegzer or refr:lgerator.. Japanese Patent Application
10 Laid-Open No. 2-115678'disclose_s 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 supuly
156 | source.. .One of the thermal sensitiye elements R1 and R2 is
provided w:.th an electric current source which generates heat
in the air so as 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. '
20 The thermal sensitive element that receives current from the
' electric current source is kept at a temperature h:.gher than
that of the other thermal sensitive element that receives
 current :Erem the set electric current source. .
If :Erost or dew forms on the pa:l.r of thermal sensitive
25 "Ielements that are kept at different temperatures, heat

diffusien occurs through the frost or dew on the surface of



isn nan-frosting condition, or it is not performed in an
over-frosting condition. ThIS unnecessarily increases energy
consunpti on. ' . In order to solve the problens in the °
conventi onal 5 defrosting nmethod, various frost detecting nethods have
been devel oped. However, they have many drawbacks in practical use,
such as faulty operation and detection inaccuracy. Fig. 6 shows an
exanpl e of &herthermal sensidciver elegedsyofcthe duighes temperature o &8 cezer
“or refrigerator. Japanese Patent Application 10 Lai d- Open No. 2-115678
di scl oses sthe heasiconductiwitytef @ sglid or liquidmaterial is highexThe
frost and dew detecting device is provided with a pair of thernal
sensitive elthaanthaBRlofinaii’ Fhpotemperatwuxe lof the thermal .sdmsitiviecr nul
sensitive elenent has a current supply 15 source. One of the thernal
sensitive cledement Bs lowef@didue to the heat diffusion, and the
b temperature difference between the two thermal sensitive
elements becomes smaller. The temperai;.ure difference 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 -

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
156 refrigerator has a cc_mpres'or." and a cooling fén-which operate.
" at the same time ina cooling operation. 'f‘ig. 7A shows a frost
| aﬁd dew deteéting device. The frost and dew deteet:lng device
10 is a series circuit made up of thermal sensitive elements
10a and 10b. The output voltage Va of the series circuit is
20 inputted into an amplifier circuit 11, whose 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 compress'or'.repeats an on-off operation so that the inner
25 'teﬁperature becomes constant 'through temperature detection

by a temperatﬁre sensor disposed inside the refrigerator. 1In



-provided with an electric current source which generates heat in the
air so as to cause a tenperature rise, while the other t her mal '
sensitive elenent is provided with a set electric current source
which i's not affected by the tenperature rise. 20 The thermal sensitive
el ement that receives current fromthe el'ectric current source is
kept at a tenperature higher than that of the other thernal

sensitive elgemeralt ase, howeves, a constant operhationt bs sepestedtas C
current source. If frost or dew fornms on the pair of thermnal

sensitive 3Jmdicateddy a tidngecitalteps thie chdiprusyuur. coone aineasftdieat
di ffusi on.occurs through the frost or dew on the surface of
2 the compressor starts operating at time t,, frost starts
| forming on the thermal sensitive elements ‘o:E the evaporator
5 (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 voltage V1 of the
amplifier circuit 2 gradually becomes lower.
" 1f the compressor and i-.he cooling“fan stops operating
10 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 v1l relative to
the temperature dif_:t‘erence bétween' the thermal sensitive
16 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.
20 . Although it '_ol-)erat'es correctly as long as the_cempressor and
" the cooling fan are both in operation, it §tarts a faulty
operation when -the' cchpressor and the cooling fan stop
operating. _ _ "
The prese:ni: invention is aimed at eliminating the above
25 .- problem, and providihé a frost detecting device using a frost

detector which detects the amount of frost from the temperature



the thermal sensitive el enent of the hi gher tenperature, as t he heat
‘conductivity of a solid or liquid material is higher than that of.
air. The tenperature of the thermal sensitive element is lowered due
to the heat diffusion, and the 5 tenperature di fference between the two
thermal sensitive . el enents- becones snmaller. The tenperature
difference is determ ned by an arithnmetic circuit and conpared with a
predet er m ndiffefeneedetieenca détactinptbemal densitdvet element and
~difference is smaller than the reference value, it is judged 10 to be in
a frosting andosipensatiwndtiemal sensitive| Blekeénts to be Sol ved by the
I nventi on] The conventional frost and dew detecting device
‘nounted t 0 Pheé ﬁbsgdﬁaﬂtmgsdebmd)eﬂﬂxeaprés%ﬂwmnve&m alllsy, a
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, i.n Clainm 1, the' present
10 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
16 | 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
cir&uit.for deﬁecting exigtence of frost in accordance with -
. output voltages, from the opetation detééting circuit and the
20  comparator circuit. The amount of frost is detected in
accordance with the output _froﬁ the judging circuit, with the
ope:;ation detect.ing circ_:i:ﬂ: monitoring the operations of the
compressor and the cboliﬁg fan. o
| In accordance with c1aim 2, the present invention
256  provides a frost detecting device which comprises: a frosi:

- detector made up of a detecting thermal sensitive element and



15 refrigerator has a conpressor and a cool i ng fan which operate at
the same tine 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 elenments | 0Oa and | Ob. The out put
"voltage Va of the series circuit is 20 I nputted into an anplifier
circuit 11, whose output voltage V1 is inputted into a conparator
circuit 12. Acompensatéing thermallsempitivemalementsdad amplifierelireaiti ng
circuit 13 is inputted into the conparator circuit 12. As shown in
Fig. 7B, - fortamplifyimg an cutpatt signabnfoih tiperfrcstn detechok;t e i nner |
25 tenperature becones constant through tenperature detection by a
t enper at ur e cemparatbs wivemiitn fotectparidg iagevatput voltage from the
. amplifier circuit with a set level; an operation detecting
5 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 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 synchfonization _
with a delayed pulse generated in accordance with the operation
of the operation detecting circuit, which monitors the
156 operations of the cchpres.so._r and the cooling fan.
In accordance with Claim 3, the bresent 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 émplifying’ an output signal from the frost detector; a.
comparator circuit for ccmpa_ring an output voltage frém the
amplifier circuit with a set level; an operétion detecting
circuit for detéctiﬁg operating conditions of a compressor
and a cooling fan; a delayed pulsé generating circuit which
25 opérates in accordance with ou'l;pﬁt signals from the operation .

detecting circuit when the compressor and the cooling fan are



gener:al use, however, a constant operation is.repeated as i ndicated

by a timing chart of the conpressor. Sone tine after t he conpressor

starts operating at time t[err], frost starts form ng on the thernal
sensitive elenents of the evaporator 5 (cooler) and the frost and dew
detecting device, and the . tenperature differencé between the thernmal
sensitive el enents Rl err] and R2 becones smaller. The output voltage
V[err] of tboth in operdtifons andra Judging eliveniy fovac detectingrfrost

I f the conpressor and the cooling fan stops operating 10 even though

frost has ndn decordameowith @pilse butput ddgnalafrom the delayed pilise he
conpressor and the cooling fan stops operating when t he signal

‘vol t age V[ eigeneratingl ¢ikegitc andhan dutputctoltage from the\¢onfjardtor
conparator 12, the output voltage V1 relative to the tenperature

difference hdveage. t I dellayed peIse iisi generdted theadsorddierititiRdhes
returned to the initial value of tine t[err]. As a result, the signal
vol tage V1 kekpiits froicthé 'opeidion 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

10 has passéd.

[Embodiments of the :Ifnvent:i.on] _
The foilowing is a.description of one embodiment of a
frost detecting device of the present 1nvention, 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 |
d_etecting device comprises a frost detector 1, an amplifier
éiréuit 2 for amplifying an output signal transmitted 'frbm
20 - the fros_t detector 1, é 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
25 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



set l.evel Vr, and a signal voltage V2 is outputted. The conventi onal

detecting device detects frost which has not actually fornmed, and
goes into a defrosting operation. 20 Al though it operates correctly:as

| ong as the conpressor and the cooling fan are both in operation, it
starts a faulty operation when the conpressor and the cooling fan
stop oper ati ng. The present invention is ainmed at .

el i mi nati ng 6t foralletecting frosblimmacvordance with Shéropérakisis ic® device
using a frost detector which detects the amount of frost fromthe

tenper at ur ethe compressor and the cooling fan 4. 4
o Fig. 2A is a perspective view of the frost detector 1,
and Fig. 2B is a sectional view of the frost detectoi: 1 taken
b alﬁng'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 éccammodating these elements. The frost
detector 1 serves as a sensér which determines. the amount of
10 ~ frost from the-poﬁe##i&l_differande,li.é., the iemperature
diffeience, obtained by a circuit formed by the thermal
sensitive elements. .”
As shown in Fig. 2, the container 11 of -i:he frost detector
1 is provided with a partition wall 1la and a cover 14. Hollow
16 portions iza and 12b a:é formed inside the frost.detector 1.
The hollow portion 12a is érovided with openings 13. The
detecting thermal. sensitive element la is disposed inside the
“hollow poition 12a, while £he compensating thermal sensitive
‘element 1b is disposed inside the sealed hollow porﬁ:l.on- 12b.
20 Lead wires 10a and 10b of £h§,detectin§ thermal sensitivé
element la and the compensating tﬁermallsenSitive element ib .
extend outward frém: the cover 14. This front detecting device
is disposed inside a refrigerator. If no frbst forms at the
épenings 13; § temperature aifference is caused between the
25 - detecting thermal sensitive element la and.ﬁhe_compensating

thermal sensitive element 1b, as the air in the refrigerator |



difference between a detecting thermal sensitive el enent and a
conpensating thermal sensitive el enent. ' The frost detecting
device of the present invention al so prevents the possibility of
faulty operation which is caused 5 due to total dependence on the
operations of the conpressor and the cooling fan. [ Means to
~ Sol ve the Probl ens] To achi eve the above object, in Cdaiml,
the present mov@és out\intough thevopenings 13st wmrpg.ﬁjeheoapaﬁilngs
conpri ses: a frost detector made up of a detecting thermal sensitive
el enent  and 13 awepbleckedoby frost, sthes idetectingnthérmad sensitivelifier
circuit for anplifying an output signal fromthe _ frost detector; a
conpar at or @lefent ioranmtharcmmaﬁwtheiﬁal seldirdve’ eDaméne Ja:frpl l f l er,

circuit with a set level; an
are sealed in the hollow portions 12a and 12b, i.e., the
5  resistance of the detecting thema]. 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'
10 between them beccmes zeré. ~The frost detector used i.n. the
| frost detecting device of the presen_t' invention dei:ectﬁ a
.froisting situation from the temperature difference be_tweeﬁ
the two thermal sensitive elements on the princii)le -a's
_described above. |
15 | 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)
20 - wherein the resistance values of the deﬁecting thermal
| sensitive e:_l.ement la and the cémpensati_.ng thermal sensitive
‘element 1b are Ra and Rb, re_spectivelyl. _
If the resistance value Ra of the deﬁecting heat |
'res.ist.ance element decreases as the temperature rises, the

25" - terminal voltage of the compensating thermal sensitive element

1b can be expressed us_ing the_equation' (1) as follows:



operation detecting circuit for detecting operating conditions of a

conpressor_and a cooling fan; and a judging - circuit for detecting

exi stence of frost in accordance with out put vol tages fromthe
operatlon detecting circuit and the 20° conparator circuit. The anpunt of
frost is detected in_ ~ ~ accordance with the output fromthe judging
circuit, with the operation detecting circuit nonitoring the
operations of the ' VaO=TE e R (Wad ~t ACRaYO IRl f ANeec e (2) In

accordance with Claim2, the present invention 25 provi des a frost
det ecti ng device whe::binothel resistaicestalue Rb &ft ¢heotomnpénsaping a
detecting thermal sensitive el enment and _
5 thermal sensitive element 1lb is constant. E is the applied
| voltage, and (Ra - ARa) is the resistance value of the
b detecting thermal sensitive eiement la.
The oui:fut 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. H_ere, a set le_vel_l. (reference_ voltage)
10. Vr from the level setti.ng circuit 8 has already been inputted :
_into the comparator circuit 3, which compares the output
.v61tage V1 with the sét level Vr. If the output voltage V1
becomes -lcwer than the set level Vr, an output voltaéq V2 from
the comparator circuit 3is inéutted into the judging circuit
15 | 6, #nd then ouﬁputted from the judging circuit 6 in
| synchr'onizatioﬁ with an output voltage V3 from the operation
| detecting circuit 5 depending on the bperation of the
compressor 4.. fl.'hus, the amount of frost éan be detected.
| Fig. 3 illustrates another embodiment of the frost
20 | de_tecting aevice of the present invention. The frost
détecting device in this figure comprises a frost detector
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 vbitage _vi from the ampliéfi;er circuit -2 with a set
25 level (refefe_nce voltagé vr) pfedetermined depending on the

amount of frost to be detected, an operation detecting circuit

10



a conpensating thermal sensitive elenment; an anplifier circuit _ for
anplifying an out put signal fromthe frost detector; a conpar at or
circuit for conparing an output voltage fromthe amplifier circuit
with a set level; an operation detecting 5 circuit for detecting
operating conditions of a conpressor and a cooling fan; a del ayed
pul se generating circuit which © operates in accordance wth an out put

“signal froms [forofgetetcting a halt &f ¢thei operation tof adompregdgondand I cui t
for detecting : exi stence of frost in accordance with a pul se out put

signal 10 a focodinge fdal dycd Qelaped gnelss igehediatingt cfpduie Pufort

vol t age. fromthe conparator circuit. The amount of frost is detected

based on thwg@r arrghlmej délayed (depeiiding) ony ther 8itpat i 6f the with

a-del ayed pu se generated in accordance with the operation of the
oper ati on deiperatienC deteéctingheifcuinis prand e juagingoaﬂfaawns £or t he

~conpressor and the cooling fan.
b detecting frost in accordance with the delayed pulse generated
| from the delayed pulse generating circuit 7.
‘The delayed pnlse 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 wnether the output voltage vl' 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 delafed
- 1B 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 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 pnlse .delayed by a predetermined time
(T1) from the start of the operation of the compressor 4 is o
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

11



In accordance with Claim3, the present invention provi des a frost
det ecti ng devi ce which corrprl ses: a frost - detector nmade up of a
detecting thermal sensitive el enent and a conpensating thernal
sensi'tive elenment; an anplifier circuit. 20 for anplifying an output
signal fromthe frost detect or; a conmparator circuit for conparing
an out put voltage fromthe anplifier circuit with a set level; an
operation de4p®iigngdB is an outputi waveforeitlustyabies ofi tige opedations of a
conpr essor and a cooling fan; a del ayed pul se generating circuit
which 26 debectisy iciroadtr Ganﬂ.ng 1o} bsta@uﬁgﬁﬂ\%ﬁm‘gbhﬁrﬁﬁedat I on
detecting circuit when the conpressor and the cooling fan are - _
from the delayed pulse generating circuit 7; Fig. 4D is an
output waveform illustrative of the amplif:.er 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 deteoting device is incorporated into a
refrigerator. The compressor 4 of the refrigerator detects
- 10 the inside temperature and, accordin‘g to the detection results,
'_repeat's on-off operations. When the temperature inside the
refrigerator becomes as low as the p'redetemined temperature,
the compressor 4 stops operating. As shown in Fig, 4B, the
operation detecting circuit 5 outputs a pulse-shaped output
- 16 waveform in synchronization with the on-off operation of the
compressor 4, as shown in Fig. 4aA. !I.‘he 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,, the compressor 4 starts operating. At this point,'
no frost ‘has formed at the openings 13 of the frost detector
i,' and the voltage V1 correspondin'g to the. tenperature
difference between the detecting thermal sensitive element.
26 . 1la and the compensating thermal sensitive element lbis higher

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

- 12



'_both 4 n operation; and a judging circuit for detecting frost I n
accordance with a pul se output signal fromthe del ayed pul se _
generating circuit and an out put voltage fromthe conparator circuit.
A del ayed pulse is generated in accordance with the 5 output fromthe
operation detecting circuit when the conpressor and the cooling fan
.are both in operation. The out put of -the judging circuit is
transnitt edoperating fordheosecond dime (atttimeal &l )y fiost bas started t he
anount- of frost can be detected after a predeterm ned period of tine
10 has paferming at the opénings A8rof the fiost detecton]l. Since the The
followng is a description of one enbodi nent of a frost detecting ,
devi ce of topeningsnl3iaxre:notoblocked atlkhisrpdinie)thet voltagacrbiganyi ng
drawings. Fig. 1 is acircuit ~ diagramillustrating the enbodi nent of
the frost dhtighernthan 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. 4cC. | _ |
When the compressor 4 starts operating for the third time
at time t;,' the openixigs 13 of the frost detector 1 are not
.10 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 output level is reversed to H level at time t;. As shown
_ in Fig. 4F, the ‘output of the -judging circuit 6 is reversed
16 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 of the judging circuit 6 is turned on.
Fig. 5 shows yet another embodiment of the presen£
invention. )
20 - 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.
25 | The frost detecting device shown in Fig. 5 monitors

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

13



‘devige of the present invention. In Fig. 1, the frost : det ecti ng
device conprises a frost detector 1, an anplifier circuit 2 for
anplifying an output signal transmtted from 20 the frost detector

conpar at or

circuit 3 for conparing the output of the anplifier

1, a

circuit 2 with a set |evel (reference voltage) determ ned dependi ng
on the anount of frost, a level setting circuit 8 for generati ng the
indepéndént iy of uabhau;m)e:sumd ithe remaiwimpepmpehentsiareuit 3,
an 25 operation detecting circuit 5 for detecting~a halt of operation
of a conprether samé asciml theg Mmﬂ:ﬂs&opmdgnngigl. r:wl In this

-set | evel

7

10

15

20

25

embodimant, the compressor 4a and the cooling fan 4b are
separately monitored. Only 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 turned on to activate

thé delayed pulse generating circuit 7 to generate a delayed

pulse; The delayed pulse generating circuit 7 outputs a 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 compensating

thermal sénsitive eleinent_ 1b becomes zero, and the voltage

V1 becomes lower than the set level. The output voltage V2

of the comparator circuit 3 is turnedon. ‘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 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 compressor 4a and the cooling. fan 4b are -_-separately

monitored, and the cperation de'tecting circuit 5 output the

signal voltage oniy when the compressor 4a and the cooling:

fan '4b are both in operation. This eliminates the possibility

of faulty operation, and ensures reliable frost detection.

14



6 for, detecting frost in accordance with the operations of t he
conpressor 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 draw ngs,

t he frost detector 1 is made up of a detecting thermal sensitive

el enent ' | a and a conpensating thermal sensitive elenent | b, and a -
contai ner 11 for acconmmodati ng these el enents. The frost detector 1
serves as a sensor which determ nes the anbunt of 10 frost fromthe

potential difeffectscofi the, K Inventionkr at ure di fference, obtained by a
circuit fornmed by the thernmal sensitive el enents. As

shown in Fig. 2, apedésceibedsol fael, the presvntithoention eliminates
provided with a partition wall 1la and a cover 14. Hollow 15  portions

12a and 12b tNecposbiBilityi 6 fawléy Gperdtion’ by i»rovidingTilefﬂsdﬂ ow
portion 12a is provided wth openi ngs 13. The
b detecting device wh;i.ch comprises a frost detector attached
té an evaporator (cooler) inside a réfrigerator_for_: detecting
oper.ating' conditions of the compressor and the céoli.ng fan,
-and a judging cj.rcuit for _deteéting frost from the signal
_ voltages from the célnpressor and tﬁe cooling fan and the output
10 from the frost detector.
- According to the present invention, frosting conciition
~of the evaporator can be accurately detected, and there is
.no longer the néed to 6peréte in a over-frosting condition
or t_b per'fom'defrosting in a non-frosting condition as in
15 - the priof art. Thus, the freezer éan operate at a low enérgy

_‘consumption ratio, and defrosting can also be performed

effectively.

 (Brief Description of the Drawings]
' 20 - Fig. 1 is a circuit diaQra_m showing an embodiment of a
frost detecting ‘device of the present invention.
| Fig. 2A is a peispectifé view'shm&iﬁg a frost detector
| used :I.;: the frost dei:et_:_ti.ng device of the present invention. |
'Fig. 2B is a sectional view of the frost deﬁector taken.'
25 along ‘a line X-X.

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

16



detecting thermal sensitive elenent la is disposed inside the hol | ow
portion 12a, while the conpensating thermal sensitive element |Ib is
di sposed inside the sealed hollow portion 12b. 20 Lead wires 10a and | Ob
of the detecting thermal sensitive el ement |la and the conpensating -
thermal sensitive elenent- Ib extend outward fromthe cover 14. This

front et eet108 # a0, devocrltng HHIRE ol Fhd el B, 10, Lo
I Ay i S R INCEE s WE T REER . S
& operation of t‘he frost detecting device of Fig. 3.
| Fig. 5 is a circuit _di.étgr’aﬁ showing yet another
5 embodiment of a frost detecting device of the present
 invention. ' , |
| Fig. 6 is a circuit diagram showiﬁg an example .of a
conventional frost detecting device. | |
Fig. 7A is a circuit diagram showing another example of
10 a conventional frost detecting dévice. | ' '
Fig. 7B is a timing chart of the conventional frost
detecting device. a
[Refere_qce mm'e:-:als].
1 frost detector
15 1la dei;.ecting"themal"'sensitive element
1b compensating thermal sehsit:lve element
amplifier circuita |
comparatér circuit
_' '-écmpressor (of cooling faﬁ)
20 operation detecting circuit
judging circuit |
delayed pulse generaﬁ:hig circuit

® N oW s W N

level setting circuit.
10a, 10b lead wires _

25  12a, 12b hollow portions

13 openings

- 16



ques~out'through_thé openi ngs 13. However, if the -openings - 13 are

bl ocked by frost, the detecting thernmal sensitive element |a and the
conpensating thernmal sensitive elenent Ib are sealed in the holl ow
portions 12a and 12b, i.e., the 5 resi stance of the detecting thernal
sensitive elenment |a becones equal to that of the conpensating
thermal sensitive el enment | b as the physical conditions of the two

el enents areléd cavier sane. As a result, the termnal voltages of the two
el enents becone the same, and the tenperature difference 10 bet ween t hem
becones zero. The frost detector used in the frost detecting device
of the present invention detécts a frosting situation fromthe

tenperature difference between the two thermal sensitive el enents on
the principle as descri bed above. 15. More specifically, the
detecting thermal sensitive : : : '

17



el ement—ta and the”'"c’b'rﬁ');en‘sati ng tﬁé‘ﬂﬁéHE StlB%EeN el enent | b are

éonnect wpleen a voljt age B ourcel E and a ground. An
out put Imuilm!!r ﬂweexpressed as follows: [err] 20 ~ Wwherein

t he resus ance. vad uas o6f the detecting thermnal sensitive elenment |a
and the conpensating thermal sensitive element | b are Ra and Rb,
respectively. If the resistance value Ra of the detecting heat
resi stance eCBAIMS: decreases as the tenperature rises, the 25 t erm nal
vol tage of the conpensating thernmal sensitive el ement ~ I'b can be
expressed u5| ng the equation (1) as follows: :

9
1. A frost detecting device, comprising:

a frost detector inoluding a detecting thermal
b - 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
10  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 v_olt_ages from the operation detecting

16 oi_rcuit and the comparator circuit.

‘2. A frost deteotiog device, oomprising:
_ a frost detector including a detecting themai
sensitive element and a compensating thermal sensitive
-20 ° 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;
25 . ‘an operation detecting circuit for detectiog operating

conditions of a compressor and a cooling fan;

: * This Sheet Has Been laced




ferrk wherein the resistance value Ro of the conpensating
t her nal m ﬂ b is constant. E is the applied vol t age,
and (Ra - Tmlm Imrl mmﬂ‘ lII stance val ue of the 5 detecting thernal

sensitive el efent s The out put Va of the frost detecting
device is |nputted -into an anplifier circuit 2, where it is _
anplified. The output voltage V1 fromthe anplifier circuit 2 is then

inputted into = a delayedpulse generating ciieceit awisidh loperiatiescfiar ence
voltage) 10 Vr fromthe level setting circuit 8 has already been inputted

into the compeoydanceiwitl andbutptcdigna) Frem tie oparation detectingage V1
~With the set 1evel W. If the output voltage VI becones | ower than

the set |eveirduitgnandtput voltage V2 from the conparator circuit 3
is inputted into the judging circuit 15 6, and then outputted fromthe
judging circuit 6aijudging circuit for detecting existence of frost in
-5 accordance with an pulse output signal :Erom the delayed pulse
generating circu:l.t and an output voltage from the comparator

circuit.

3. A frost detecting _dev:'.ce ,'_coumrising:

10 - a frost detector | including a detecting thermal
sensitive element and a compensating thermal sensitive
element; | | |

an amplifier circuit for amplifying an output signal
from the frost detector; . | | | |

15 . a comparator ci.rcuit for comparing an output voltage
_frcm the amplifier circuit with a set level;

an operation detecting circuit for detecting operating
-conditions of a compressor and a cooling fan;
& delayed pulse generat:lng circuit which operates in
| 20 accordance with an output signal from the operation detecting
circuit when the compressor and the cooling fan are both in
operation, and | | .
a judging circuit for judging existence of frost in
: a'c:c_ordance with a pulse output s_ignal from the de_layed pulse

26 = generating circuit and anoutput voltage from the comparator

circuit. : _ .
Sheet Has Been RTlaced
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synch¢oni zati on with an out put voltage V3 fromthe operation

detecting circuit 5 depending on the operation of the - conpressor 4.
. Thus, the anpbunt of frost can be detected. : Fig. 3 illustrates
anot her enbodi ment of .the frost 20 detecting device of the present

i nventi on.

frost detector

The frost detecting device in this figure conprises a

1, an anplifier circuit 2 for anplifying the output

vol t age- Va of the frost det-epB®TRACTa conparator circuit 3 for
conpari ng . the output voltage V1 fromthe anplifier circuit 2 with a -
set 25 | evel (reference voltage Vr) predeterm ned dependi ng on the

armount  of frost to be detected, an operation detecting circuit

10

10

‘16

20

- A frost detecting device including a frost detector
which detects the amount of frost from the temperature
diffe_rence between a detecting thermal sensitive element and
a cohpensaiing thermal sensitive'elemen£ is provided. The
frost detecting device includes: a frost detéctor 1 made up
of a detecting thermal éensitive élement and a campensatihg
thermal sensitive element; an.aﬁplifier circuit 2 for

'amplifying an output_signal from the frost detector 1; a

' comparator circuit 3 for comparing'an output voitége from the
amplifier circuit 2 with a set level; an operation detecﬁing
circuit .5 for detecting operating conditions of a-comj:ressor-

| and a cooling fan 4; and a judging circuit 6 for detegting
the amount of frost in accordance with output voltages from |
the éperation detecting circuii: 5 and the comparator circuit
3. The 6u1:put from the éomparator circuit 3 is used to detect
the amount of frost only when the compi;essor and the céoling

fan 4 are both in operationm.

20



5 for.»detecting a halt of the operation of a conpressor and a cooling
fan 4, a del ayed pul se generating circuit 7 for generating a pul se
del ayed dependi ng on the out put of the operation detecting circuit 5,
and a judging circuit 6 for 5 detecting frost in accordance with the

del ayed pul se generated fromthe del ayed pul se generating circuit 7.
The del ayed pul se generating circuit 7 generates a del ayed pul se at
intervals of a predetermned tine Tl after t he operation detecting
circuit 5is turned on. The 10 conparator circuit 3 judges whether the
out put voltage V1 of the anplifier circuit 2 is greater than the set
| evel (the anmount of fr§5t). The judging circuit 6 detects frost in
synchroni zation with the outpyt voltage V2 of the conparator circuit
3 and the del ayed pul se genesgted fromthe del ayed
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15 pul se generating circuit 7. Since the conpressor 4 repeats an

on-of f operation, the output voltage of the anplifier circuit 2
Reconmes unstabl e as the evaporator (cooler) is not col d enough ri ght
after operation starts. Because of this, t he del ayed pul se generating
circuit 7 is disposed in a stage 20 right after the operation detecting
circuit 5 for the conpressor 4, so that a pul se del ayed by a
predeterm ned tine (Ti) fromthe start of the operation of the
conpressor 4 is inputted into the judging circuit 6. .

Figs. 4Ato 4F are timng charts illustrating the 25 operation of the
frost detecting device of Fig. 3. Fig. 4A Is a waveformillustrative

of the operation of the conpressor

r1G. 2 A

i2b
120~




4; Fig. 4B i$ an output waveformillustrative of the operation

detecting circuit 5; Fig. 4Cis a pulse waveform generated - fromthe
del ayed pul se generating circuit 7; Fig. 4D is an out put wavef orm
illustrative of the anplifier circuit 2; Fig. 5 4E i s an out put
waveformillustrative of the conparator circuit 3; and Fig. 4F is an
out put waveformillustrative of the judging circuit 6.
This frost detecting device is incorporated into a refrigerator.
The conpressor 4 of the refrigerator detects. 10 the inside tenperature
and, according to the detection results, repeats on-off operations.
When the tenperature inside the refrigerator becones as |ow as the
predet ermi ned tenperature, ‘the conpressor 4 stops operating. As
shown in Fig, 4B, the woperation detecting circuit 5 outputs a
pul se-shaped output 15 wgweformin synchronization with the on-off
operation of the conprepsor 4, as shown in Fig. 4A. The output of
t he operation ﬁi. : '
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detectinng circuit 5 is inputted i nthﬁjﬁ\SﬂgF ')éHé@ %E»ﬁ'\%fe generating
circuit 7, which generates a pul se i ntRE of tinme T1, as shown
in Fig. 4C. The output of the delayed 20 - pulse circuit 7 is then

i nputted into the judging circuit 6. At time t[err], the conpressor 4
starts operating. At this point, no frost has forned at the openings
13 of the frost detector 1, and the voltage VI corresponding to the
t enperature di fference between the detegcting thernal sensitive
el ement 25 la pnd the ¢ rrpensatidg t hermal| sengitive el enent |I_b°°i S
hi gher enouph than the set |evel Vr. \/}V’Ten tje conpmespor 4 SParts
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oberaﬂing for the second tinme (at tinme t[err]), frost has started
formng at the openings 13 of the frost detector 1. Since the

openings 13 are not bl ocked at this point, the voltage V1 is hi gher
than the set level Vr. Wien the signal voltage V3 of 5 the operation
detecting circuit 5 is on, the del ayed pul se generating circuit 7
generates a del ayed pul se as shown in Fig. 4C When t he
conpressor 4 starts operating for the third tine at tinme ts, the
openings 13 of the frost detector,1l are not 10 yet blocked by frost. At
time t[err], however, the openin 13 are bl ocked by frost, and the
out put level of the frost detecto 1 becones | ower than the set |evel
Vr. As shown in Fig. 4E, Bh¢ 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 fromL Ieveﬁi~ = | evel in synchronization with the
del ayed -
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pul se~P1 at finme t[err]. After frost is detected, the out put vol t age

V5 of the judging circuit 6 is turned on. Fig. 5 shows yet
anot her enbodi nent of the present i nvention. 20 In the
previ ous enbodi ment, a conpressor and a cooling fan operate in
accordance wth opening and cl osing of the door, but they do not
necessarily operate at the sane tine. - Accordingly, the conpressor and
the cooling fan operate i ndependently of each other in this
enbodi nent. 25 The frost detecting device showmn in Fig. 5
nonitors operations of a conpressor 4a and a cooling fan 4b which
wor k : 13
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i ndependent |y of each other, and the remaining conponents are t he
sane as in the enbodi nent shown in Fig. 3. In this enbodi nent, the
conpressor 4a and the cooling fan 4b are separately nonitored. Only
when the conpressor 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 t he del ayed pul se generating circuit 7 to generate a
del ayed pul se. The del ayed pul se generating circuit 7 outputs a pul se
vol tage V4. 10 t he amount of frost on the surface of the frost
detector 1 attached to anTevaporator (cooler) increases, the _ openi ngs
13 fornmed on the detecting thermal sensitive el enent | a are bl ocked.
Here, the tenperature difflerence _ bgtween the detecting thernal
sensitive el ement |a and tonpels@ting 15 thernal sensitive el ement

I b becones zero, and the tage

é L1l 12
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Vi bécanes_lomer than the set |evel. The output voltage V2 of the

conparator circuit 3 is turned on. \Wen the pul se signal V4 and the
out put 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. Accordi ngly, in the enbodi nent
shown in Fig. 5, operations of the conpressor 4a and the cooling fan
4b are separately nonitored, and the operation detecting circuit 5
out put the - signal voltage only when the conpressor 4a and'the cooling
25 fan 4b are both in operagion. This elimnates the possibility of
faulty operation, and ensuresyreliable frost detection.
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[Effects of the Invention] ' As described so far, the present

I nvention elimnates the possibility of faulty operation by providing
a frost 5 detecting device which conprises a frost detector attached

to an evaporator (cooler) inside a refrigerator for detecting

operating conditions of the conpressor and the cooling fan, and a
judging circuit for detecting frost fromthe signal vol tages fromthe
conpressor and the cooling fan and the output 10 fromthe frost

det ector. According to the present invention, frosting
condition of the evaporator can be accurately detected, and there is
no [onger the need to operate in a over-frosting condition or to

performdefrosting in a non-frosting condition as in

FIG. 2 A

/
7

120 12b

77/
1a ib




15 4 he pritor art. Thus, the freezer can operate at a | ow energy

consunption ratio, and defrosting can al so be perforned effectively.
[Brief Description of the Drawi ngs] 20 Fig. 1 is a circuit diagram
showi ng an enbodi nent of a frost detecting device of the present
I nventi on. Fig. 2Ais a perspective view show ng a frost
det ect or 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 show ng anot her enbodi nent
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of a frost detecti ng devi ce Ofmls@ﬁeepﬁe%eeenk
fo 4F are tinming charts illustr

detecting device of Fig. 3
show ng yet anot her
I nventi on.

pr esent

an exanple of a
Fig. 7Ais a circuit diagram show ng

conventi onal

of the conventi onal

Nurrer al s]
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oo I

conventi onal

1

frost detecting device.
anot her annple of

Fig. 4A

operation of the frost

eﬂpacegnt i on.

5is acircuit diagram
st detecting device of the

Fig: 6 is a circuit diagram show ng
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15 la = defecting thermal sensitive el enent | b conpensati ng
3

thermal sensitive el enent 2 anplifier circuit
conparator circuit 4 conpressor (or cooling fan) 20 5
operation detecting circuit 6 judging circuit 7 del ayed
pul se generating circuit 8 | evel setting circuit 10a, |0b
lead wires 25 12a, 12b hol | ow porti ons 13 openi ngs
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%?F‘Xﬁ.n ettt t%ﬁ@g@ﬁmg corrgﬁal’sééﬁm hSHRAT
sen5| tiv mlmwlml nylin an ng ci cwt ol detecting

per ati ng «con I OmS pressor and a cooling fan; 0 3 JUNTEGO
arrpl |f|er circuit for anpli fy| ng an output signal fromth¢ {rost detector
only in @p{ Sati ng duration of the cooling fan synchronpusty wth—an
out put éﬁﬁﬁ of said operation detecting circuit a_conpar at or’
circuit for conparing -an out put voI tage fromthe anplifier circuit wth a
set |evel., anA frost detecting devive ngmgm or detecting existence of frost in
accordance with output volt- ages he operation detecting circuit and

the conparator .Cir
i a frost aetector including a detecting thermal sensitive element and a

A7

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;

18
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