2257267 CONTROL DEVI CE FOR A REFRI GERATOR The presént invention is rel ated

to a control device 5 for a refrigerator. In a conventional refrigerator
~when a conpressor is driven, a tinmer is simultaneously en&dp7247to count
an operation period of the conpressor. Wen the operation period has
reached a certain value, defrosting is nade 10 (Japanese Unexam ned Utility
Model Publication No. 192377/1983). Another conventional refrigerator has
“been proposed as shown in Figure 36 (Japanese Unexam ned Utility Mdel
Publ i cati on No. 106875/1989). In Figure 36, reference 15 nuneral 101

desi gnates- a conpressor. Reference nuneral 102 designates a fan. Reference
nunmer al 105 designates a frozen food conpartnent. Reference nuneral 103

" designates a tenperature sensor (hereinbelow, referred to as the frozen
food conpartnment therm ster) for detecting 20 a tenperature in the frozen
food conpartnent 105. - 2 - Reference nuneral 129 designates a power
circuit. Reference nuneral 109 designates a control unit. Reference nuner@rl
131 designates a drive circuit. The control unit 109 detects a signal fro
the frozen food 5 conpartnment 103.to control the drive circuit 131, thereby
driving and stopping the conpressor 101. The fan 102 is
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CONTROL DEVICE FOR A'REFRIGERAIOR )
The present invention is related to a control device
5 for a refrigerator. _:

In a conventional refrigerator; when a compressor is C:
d:iQen, a timer is simultaneously energized to count an
operatioh period of the compressor. When the operation
period has reached a certain vaiue, defrosting is made

10 (Japanese Unexamined Utility Model Publication No.
192377/1983). a - . | ¢

| Another conventional'reﬁrigerator has been proposed

as shown in Figure 36 (Japanese Unexamined Utility Model
Publication No. 106875/1989). In Figure 36, re#erence

15 numeral 101 designates a compresébr. ‘'Reference numeral
102 designates a fan. Reference numeral 105 designates a
frozeﬁ food compartment. Reference numeral 103
designates a tempefature sensor (hereinbelow, referred to
as the frozen food compartment thermister) for detecting

20 a temperature in the frozen food compartment 105.



driven in synchronization with the conpressor 101. Because the conventi onal
refrigerator control is nmade as stated above, when the conpressor has been
totally 10 driven for a certain period, defrosting starts irrespectively of
service conditions of the refrigerator. As a result, defrosting starts even
when the refrigerator is frequently op€n3df It creates a problemin that
stored food is adversely affected in terns of 15 tenperature. The

convent i onal Reflerienoentnumeral rb29 ndésighatesha pewelruigiveudft s he fan
constant irrespectively of service conditions of the refrigerator. .Because
the fan has Reference numexal i bid cdesighatesr aquentyodf umiccJ s 20
relatively low, a refrigerating capacity is used nore than necessary even
when the ref Referenae nmerak W13k desigrates. al driveacdsonifrobl®hein t hat
t he amount of power, used is adversely affected. It is an object of the
present i nve@OR&FOlo Wit A0S detraks A obignal Srem $her Srazem finod r ol
deviee for a refrigerator, wherein defrosting_can be ,made whil e

cor r esporfli n&ol‘@a&%ﬂ?é’ﬁgelq% tQ qontr b thei Qﬁgvﬁf cigeult 33dof hhpuebyr,

w t hout adverse effect on the tenpgrature of food gtored in the ]
refri ger at or 3fp¥ing &ﬁﬁ%ﬁﬁ°&ﬁﬁ¥§nt ??Epﬁ$%§gﬁt16ivenﬂhﬁ1ﬁﬁ§|%Qinkﬁea
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Because the conventional refrigeraﬁor control is made
v as stated above, when the compressor has been totally.
10 | driven for a certain period, defrosting starts
irrespectively of service conditions of the refrigerator.
As a result, defrosting starts even when the refrigerator
L | is frequently opened. It creates a problem in that
stored food is adversely affected in terms of
15 temperature.
The conventional refrigerator control maintains the
revolution of the fan constant irrespectively of éervice
(s conditions of the refrigetator. Because the fan has a
constant revolution even when frequency of use is
20 relatively low, a refrigerating capacity is used more
than necessary even when the refrigerating capacity is in
execess. It creates a problem in that the amount of
power used is adversely affected.
It is an object of the;present invention to solve
25 these problems, and to provide a control device for a
refrigerator wherein defrosting can be made while

corresponding to a change in service conditions of the



change in service conditions of the refrigerator, of mnimzing power used,
and of realising | ow noise operation. According to a first-aspect of the
present invention, there is provided agcontrol device for a refrigerator
havi ng a conpressor and an evaporator, a fan for forcibly circulating

cool ed air _producedq _ by the evagporator and a doo conpri sing: neans for
det er mi ni Ts§18erALoR, Fathoutadsyerse; Q e&mmﬂ%%ﬁémmms the | ast
defrosting.operation; nmeans for counting the nunmber of openings of the
door, ned%gl °Heternining'the frequency of opening and cl osing the door
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accor dan idd loW fi ; ~control rule for defrosting the evaporator.
According to a second aspect of the present invention, there is provided a

control devi ceAtsurding t6 hfirgakpeco of the \predgntinvartiongtiesy is provided £achpl at or, a
fan for forcibly circulating cooled air produced by the evaporator, and a

door, congeviceifona refiigerator having a eomprassor andantevaporatopca fanifogfordibly of t he
conpressor since the |ast defrosting operation; nmeans for counting the

number of citquiating geoled airprotsed byrthesvaponatarqand ardaoir; epmprising: equency of
openi ng and cl osi n%the door based on the counted nunber of openings of tRQg
door and for tmesnsior deteanining thetotal operating timepfshe compresson sineethedasty over a
repeating,cycle of tinme periods; 4
deffosting operation;
" means for counting the number of openings of the door;
means for determining the ﬁ-equehcy of opening and closing the door based on
the counted number of openings of the door and for thereby determining the variation u )
of the said frequency over a repeating cycle of time periods;
means for selecting a defrosting timing based on a said period, after a-
predetermined compressor operating time, in which the door opening frequency has
previously been determined to be low; and
- means for controlling defrosting based on the selected defrosting timing, in
accordance with a predefined control rule for defrosting the evaporator. - -

According to a second aspect of the present invention, there is provided a

ate

control device for a refrigerator having a compressor and an evaporator, a fan for
forcibly circulating cooled air produced by the evaporator, and a door; comprising:

means for determining the total operating time of the compressor since the last
defrosting operation;

meaﬁs for counting the number of openings of the door;

means for determining the frequency of opening and closing the door based on
tﬁe counted number of openings of the door and for thereby determining the variation
of the said frequency over a repeating cycle of time periods;



e

means for determning, for each said period, an operation factor based on
the total conpressor operating tinme in said period since the |ast
defrosting operation; nmeans for estimating a nmaxi mum perm ssi bl e operating
ti me based on the operation fact ors means for selecting a defrosting

timng hased on _a sa eriod ter a red erm ned, ressor operating
time and bef or e AN kq‘féﬁf g %‘L ‘h a%ed OB thé e door
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cont rol Y’?&%P lJ’s.EfrI gerator having a conpressor and an evaporator, a
fan for for y circll ating cool ed air produced by the evaporator, and a

door; conpri si NGneatl® e@ﬁng"@ ?gﬁgg-:gsw q Ngherla0si Ng of the
door’k/means for counting the nunbe?lﬁ% openi ngs o?ﬁ ﬁﬂﬂdg’or nmeans for

det er m ni NgrédefermifRd tAfpressor ﬂ&&b@ﬁd&ﬁ@nﬂﬁﬁrpemﬁﬁﬂleon the
count ed nurber of openings of the oor and for thereby determ ning the

variati on @petakifig Siftieflin whigh eivaloop vpéning frequenty hes previbaslpbedn deterptifiddrds; and

means for determ ning the rate of revolution for the fan in each said
peri od bas®dlow; drde stored frequencies, the determ nation being nade in
accordance with a predefined control rule. According to a fourth aspect of

the present i nveneansfor controlling defsossingdasedoontha selected defrastingdiming, in

ref\ugerator havi ng a conpressor and an_evaporator, a fan for forcibly
ci rcul at i ndceerdance with a predafined control nule foy delsosting the evaporteroor . conpri si ng:
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frequency QY&hafing EBSI&d hif grc?dﬁ%c?b}p{heteb%r&% |38 % dodF- bomprising;
U detection means for detecting opening and closing of the door; means for counting the
mmber of openings of the door;
means for determining the frequency of opening and closing the door based on
the counted number of openings of the door and for thereby determining the variation
of the said frequency over a repeating cycle of time periods; and
s means for determining the rate of revolution for the fan in each said period
based on the stored frequencies, the determination being made in accordance with a
predefined control rule. '
According to a fourth aspect of the present invention, there is provided a .
control device for a refrigerator having a compressor and an evaporator, a fan for
forcibly circulating cooled air produced by the evaporator, and a door; comprising;
detection means for detecting opening and closing of the door; means for
oountihg the number of openings of the door; -
* means for determining the frequency of opening and closing the door based on
the counted number of openings of the door and for thereby determining the variation
of the said frequency over a repeating cycle of time periods; and



5 nmeans for selecting a sub-cooling timng based on a said period

i medi ately before the period determ ned to have the hi ghest door opening
frequency. According to a fifth aspegt of the present invention, there is
provi ded a control device for a refrigerator having a conpressor and an

gz:gg;:tgi aﬁlf{%ﬁlﬂ%’or IL%rm b%é_m icul ati ngﬁrgol eCI fﬁ: E r.oduced by t he

o det 2%%%@3%%%@?%%@%&?@%5%%@@ {Geof b hSaienaL. ' ‘a“e'f rosting
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with pregdefibdfy aTemysrady fb‘édn@ﬂés e bRy 1 O

selecting a concl usion part I'n ac orggnce wth™a pré%fﬁ ne corf}{rol rule

for def r gikilftthg codlaair Prod bﬂgaoi'iiér&i@ﬂﬁéoﬁ% gﬁﬁg%at the concl usion
an

part based on the conclusion part t he grades;’ r produci ng a/

final concl usinfandfor deteprfiinirigethe edtaldpesatitipiing of e EofpaéSor stce td st | N0 2

final control value for defrosting based on the produced value. In

accor dandefrosting opesatibny st aspect of the control device, tining wherein the
door is opened and cl osed in | ow frequency can be selected to defrost the
evapor at or, t meanhfpr determigingthe timerfoewbichabe door hasbeercipsedat ur e of food
stored in the refrigerator. In accordance with the second aspect of the
control devi c@, eﬁ@ﬂﬂ@ﬁﬁgf‘?ﬂﬁemor is carried out based on the
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and the door closing time in accordance with predefined membership functions for a
fuzzy control,
means for selecting a conclusion part in accordance with a predefined control
rule for defrosting; ) | | Ul
means for calculating the grades selected at the conclusion part based on the |
conclusion part and the grades;
means for producing a final conclusion based on the sélected grades; and
means for detecting a final control value for defrosting based on the produced
value. : o i
In accordance with the first aspect of the control device, timing wherein the
door is opened and closed in low frequency can be selected to defrost the evaporator,
thereby having no adverse effect to the temperature of food stored in the refrigerator.
In accordance with the second aspect of the control device, defrosting the
evaporator is carried out based on the operation factor of the compressor and the
frequency of opening and closing the door in accordance with the control rule, thereby
having no adverse effect to food stored in the refrigerator.
In accordance with the third aspect of the control device, the revolution of the
fan is controlled based. on the frequency of opening and closing the door in accordance

with the control rule to minimize power used, and to realise a low noise operation.



havi ng no adverse effect to

food stored in the refrigerator. In accordance

with the third aspect of the control device, the revolution of the fan is
control | ed based on the frequency of gpenlng and closing the door in

accordance with the contro

wule to mninmze power ;uged, and to realise a

| ow noi se operation. 6 In accordance with the fifth aspect of the

control device, Inmecordancetwithithedifihoaspedt oflthe comtyol device, theooptrating pépiod

cl osi ng perlod are represented by m nute nuneric val ues indicative of
grades, andftthecempressosdangtheideorlosing periodoase eenrssentedbyminute numericont r ol

rul e are obtai ned_ by maki
rul e. Fi nalvelpes indicstive Ofaﬂg
respective control rules to

t he operatlon in accordance with the control
lested gradesiit sel ect ed grades of the
carry out defrosting, 5 thereby realizing

defrosting w thout having no adverse effect to the tenperature of food

stored in tferefrryerator.
the \eritire structure 10 of

MO TgS. rrour e LS a schenatrc v ew of
the refrigerator control device accordifig to a

first enbodiment of the present invention; Figure 2 is a circuit g agram of
the refrigerator control device of the first enbodi ment; Figure is a
bl ock diagram of the refrigerator 15 control device of the fiyst

enbodi nent ;

.b::




Figure 4 is a flow chart of the refrigerator control device of the first
enbodi nent; Figure 5 is a flow chart of the refrigerator control device of
the first enbodi ment; 20 Figure 6 is a block diagram of the
refrigerator control device according Loza second enbodi nent of the present
invention; Figure 7 is a flow chart of e refrigerator control device of
the second enbodi nent ure 8 is flow chart of the refrigerator
contr ol de@h@ecepct]#él?@cmterﬁfg(ﬁ%rﬁon@%r?éube|%l’e ¢bbauondr byf the

refrlgerator ontr deV|ce of the second enpodi nent; Figure 10 is a

fI ow char t ™8k Pﬁe BSf Eééﬂ Yﬁtﬁhﬁh§e€eﬂﬁrékb§@ﬂﬁbnt
Figure 11 | ock a the refri ator 5 cont Vi ce accordlng
to a thi rdbéﬁﬁagymaﬁt g&%%}hg“g%ﬂ é’%‘i to rehege EchgagFP&ﬁschart

yre 13 is a
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the third gppgdieB! the temperature of food stored in the
refrigerator.
In drawings:
Figure 1 is a schematic Qiew of the entire structure QQ
1d of the refrigerator control device accordihg to a first
embodiment of the present inventibn;- : |
Figure 2 is a circuit diagram of the refrigerator
control device of the first embodiment; . o ‘;9 .
Figure 3 is a block diagram of the refrigerator
15 control device of the first .embodiment;
Figure 4 is a flow chart of the refrigerator control
device of the first embodiment;
Figure S is a flpw chart of the refrigerator control .
device of the first embodiment;
20 FPigure 6 is a block diagram of the refrigerator .
control device according to a second embodiment of the
'present invention;
Figure 7 is a flow chart of the refrigerator control
device of the second embodiment;
25 - Figure 8 is a flow chart.of the refrigeraﬁor control
device of the second embodiment;

Figure 9 is a flow chart of the refrigerator. control



15 Figure 16 is a flow chart of the refrigerator control device
according to a fourth enbodi nent of the present invention; Figure 17 is a
schematic view of the entire structure of the refrigerator control device
according to a fifth 20 enbodi nent of the @resent invention; Figure 18 is a
circuit diagramof the refrigerator controf device ‘of the fifth enbodi nent;
Fi.gure 19 is a bl ock diagran1of the refrigerator control device of the
fifth enmbodi rdevicesof thersggoad @mbodimenty chart of the refrigerator
control device of the fifth enbodinment;. Figure 21 is a flow chart of the
refrigerator contFégure &by ilge aiflaw ¢harth efvbhe neefrigegateorozantnok| ow
chart of the‘%sfri erator control_ device according to a sixth enbodi nent of
[

t he present ¥ige AL the second;gmbofimenty schemmtic view showi ng a
pr edef i ned Operatéon rrangir Jnt rifa’.gqerat or EO trol deyice of the sixth
enbadi nent; Fi gur&*g¥resit 48R - SHaGAR 2 i€%?af% rigRTASPIevi ce

"CaT) ouchdrenrot deF LR alEbkaing, ko B e Sunadiient o5 Ehéll oni
enbodi nment cﬁp}égég{efggénkggggtion; _
Figure 12 is a flow chart of the refrigerator control
device of the third embodiment;
Y, ' Fiéute 13 is a flow chart of the refrigerator contrél
10 device of the third embodiment; |
Figure 14 is a flow chart of the refrigerator control
device of the third embodiment;
W, "Figure 15 is a flow chart of the refrigerator control
device of the third embodiment; |
15 Figure 16 is a flow chart of the refrigerator control
device according to a fourth embodiment of the present
invention; _
Figure 17 is a schematic view of the entire structure
of the refrigerator control device according to a fifth
20 embodiment of the present invention;
Figure 18 is a circuit diagram of the refrigerator
control device of the fifth embodiment;
Figure 19 is a block diagram of the refrigerator
control device of the fifth embodiment;
25 Figure 20 is a flow chart of the refrigerator control
device of the fifth embodiment;

- FPigure 21 is a flow chart of the refrigerator control



Figure 26 is a time chart to explain subcooling in 15 the refrigerator.
control -device of the eighth enbodinent; Figure 27 is a schematic view of
the entire structure of the refrigerator control device according to a

ni nt h enbodi nent of the present inventio Figure 28 is a circuit diagram
showi ng the control 20 neans of the ninth enbodinent; Figure 29 is a flow
chart showi_ng ,the control_decisi on geans of the ninth enbodi ment; Figure 30
is a di agr 8vdeeniafy theflEeh erbadimeRs:t o cal cul ate grades based on.- a
deor closing perjod in 25 accgrdance with _the ninth enbodi-nment; Figure 31

i s a di agram-off ¥BHR 24 18 1AnELP¥nChaTt 9f c he: s efrdgerator comtrolnt ed

operation Beriod of a _, 10 conpress ordance with the ninth

. in a
embodi nent 9eFLEE @osprding f£o aﬁl}’é%V\F’F\BoggﬂFPSI of tBe PresaRtc| usi on
parts in agccordance with the ninth enbodinment; Figure 33 is a diagramto
seek sel ectBYCR*2®Rs at the 5 conclusion parts based on goodness of fit to

o odhee ot FAGHAETER 4 ) $eEeRbEiR FIROARRNL R W bR R e O
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the sixth_embadiment;-

Figure 24 is a flow chart of the refrigerator control
device according to a seventh embodiment of the present ;)

10 invention;

Figure 25 is a flow chart of the refrigerator control
device according to an eighth embodiment of the present
invention; ' : o ;’ '

Figure 26 is a time chart to explain subcooling in

15 the refrigerator control device of the eighth embodiment;

Figure 27 is a schematic view of the entire structure
of the refrigerator control device according to a ninth
embodiment of the present invention;

_Figu:e.28 is a-circuit.diagram showing the control
20 means of the ninth embodiment;
. Pigure 29 is a flow chart showing the control
"decision means of the ninth embodiment;

Figure 30 is a diagram showing membership functions

to calculate grades based on-a door closing period in
25 accordance with the ninth eﬁbodiment:
Figure 31 is a diagiam_of membership functions to

calculate grades. based on counted operation period of a



structure of a conventional refrigerator control device. Preferred

enbodi nents of the present invention will be described with reference to
t he drawi ngs. 15 EMBODI MENT 1 Now, a first enbodinent of the present
invention will be explained, referring to{fgures 1 through 5. In Figure

1, there is shown a schemati ¢ view showing the entire structure of the
refri.gerator according to the 20 first enbodi nent of the present

i nvention. RORDRessonuieraccordancenwish theomindds embadistentonpr esses a
refrigerant and circulates it. Reference nuneral 2 designates an evaporat or
whi ch evapor at es Figuref32gis oAt dirgram showing qontrolesruies cand f an

whi ch 25 circul ates cool ed air, produced by the evaporator 2. Reference

nuneral 5 deSoRkusion Rartg cin:acgordapse; with the ninmthyembodimerts a

part of the cool ed, aif_tp arefrigerating conpartnent_4. Reference
nuneral 6 desi gnot *QULe %géﬂggﬁgn§°a%&e&| salechad gradesat the

conf\Lel the amount of the cooled air to the refrigerati conpartnent 4.
mof o enced nu g Lusion, Barks 1asdd (on  gopRns s, oot hhnite SANGL FORR
formed on the evaporajor 2. fe ce. N r esi.gnates an. F thermni ster
whi ch det ect ¢ &% ‘Eﬁe"fﬁ‘aﬁ?o‘?ﬁﬂ%ﬁ&@%@&ﬁmﬁent 8. Reference
| 10 desi ' kch R t i he 10
e e a0 e A Ao A KD Gl SR o S A b Toh "
in acco_:dance with the ninth embodiment; -

i\ Figure 35 is a diagram to determine a final control
10 value; and ; |
Figure 36 is a schematic diagram of the entire
structure of a conventional refrigerator control device.
K,2 ' Preferred embodiments of the present invention will
be described with reference to the drawings.
15 EMBODIMENT 1
‘Now, a first embodiment of the present invention will
be explained, referring to Figures 1 through 5. In -
v Figure 1, there is shown a schematic view showing the
entire structure of the refrigerator according to the
20 first embodiment of the present invention. Reference
numeral 1 designates a compressor which compresses a
refiigerant and circulates it. Reference numeral 2
designates an evaporator which evaporates the -
refrigerant. Reference numeral 3 designates a fan which
25 circulates cooled air produced by the evapotator 2.
Reference numeral 5 designates a refrigerating.

compartment air path which directs a part of the cooled



desi gnates a door detector which detects opening and cl osing a door.

Ref erence nuneral 12 designates an outside air therm ster which detects an
anbi ent tenperature of the refrigerator. Reference nuneral 13 15 '
designates a DEF therm ster which detecﬂi a tenperature of the evaporator 2
to finish defrosting. Reference nuneral 14 designates a control unit which
controls the operation of the refrigerator. - The control unit 14 includes a
control ciaiauito & refir tgeratingncompadtmentod 20 Refferendd. nuieral t he
contents of the control circuit 15 will be explained, referring to Figure
2. I n Fi gr deBignates a cdampen whichsopens @nd $1loses:cthel aiv tpath9, and
a third switch 20 as neans to turn on and off a power source 17 for the

el ectri cals & eentmal the (amopathofothe: woodeshais tia dtheind the third
swtch are contacts to turn on and off the conpressor | the fan 3, the
danper 6, I&fFigeratdng eompartment 4, | Beferencs numemake?  contacts are
driven by ;a first COildfl a second coil 22, and third coil 23, : o
respecdi véepignates a defrosting hgates whigh melits)frosk formedt 24, a
second drivi circuit 25 and a fhird driving circyit,  26. Wiich driving 5
iroutt 1 O the SHAPIRETRE of 1y ROEBFERCR SRR S AeR oAt e ean e o
defrostin the third.coil | s,.energized by the. third drivi cjrcuit 26
to turn o%’hﬁﬁmﬁ*ﬁq’d %’i‘&h@?ﬁ"%wﬂr PEPEIALUTE M &, rf%%%"éource 17

to the delidparithdlit'd Réfef@ild Althe?S’ 19 dldignates an R
thermister which detects a temperature in the QJ
10 réfrigerating cémpartment 4. Reference numeral 11
designates a door detector which detects opening and
closing a door. Reference numeral 12 designates an .
outside air thermister which detects an ambient’ <
tempetatuie of the refrigerator. Reference numeral 13.
15 designates a DEF thermister .which detects a temperature
of the evaporator 2 to finish defrosting. Reference
numeral 14 designates a control unit which controls the
operation of the refrigerator. The control unit 14 ‘)
includes a control circuit 15 and control manner decision
20 means 16. Next, the contents of the control circuit 15
will be-explained, referring to Figure 2. In Figure 2,
there are shown a first switch 18, a second switch 19,
and a third switch 20 as means to turn on and off a power
source- 17 - for the electricélwparts. The first switch,
25 the second switch and the third switch are contacts to
turn on and off the compressor 1, the fan 3, the damper

6, and the defrosting heater 7, respectively. : These: -



10 (timing to start defrosting is determined by the control manner
deci sion nmeans 16). The m croconputer 27 receives inputs fromthe
respective thermsters 9, 10, 12 and 13, and the door detector '11.

Ref erence nuneral s 28 through 31 designate|flojential dividing resisters
whi ch share 15 voltages with the thermi sterS, respgttively. Now, the
structure of control manner decision neans for defrosting wll be

expl ai ned, rIMRtRGESare doiven byospLisesr anidr 21 m@ wecond cookli 23,
means 32 counts_a ratipg_period of the_conpressor, and door detection
20 neans 33Qﬂgéa?ggahﬁPﬂérZShe‘GSEF°¢§VGﬂ§hedﬂheﬁﬂn€°¥%ﬁlaﬁ%uts a signal
i ndi cati ve of the pgeahﬁg of Ehe dor, i,nto t.he cantrol manner deci sion
nmeans to obt HFMPEFEZR raofirgknArd vdne. ciEicwi & %4 i hisecrnd driviag
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that the toral | chd Hugr Sl B8 PEERRDIENw RHE ARG 2aofs Ui ch have
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N . 17 to the defrosting heater 7 to carry out defrosting

10 (timing to start defrosting is determined by the control
manner decision means 16). . The microcomputer 27 receives
inputs from the respéctive thermisters 9} 10, 12 and 13,
\;j and the door detector 1l. Reference numerals 28 through
31 designate potential dividing resisters which share
15 voltages with the thermisters, respectively.
Now, the structure of control manner decision means
for defrosting will be explained, referring to Figure 3,
Compressor operating period cognting means 32 counts an
operating period of the compressor, and door detection
20 means 33 detects whether the door is opened or not, and
inputs a signal indicative of the opening of the door
into the control manner decision means to obtain the
number of opening or closing the door in each time unit.
In addition, door opening frequency-calculation means 34
25 calculates frequencies of opening or closing the door in
the respective time units, based on the counted number in

the~respective-time-units,-and;holds values indicative of



according to the magni tudes of the conpared frequencies, 10 thereby
determning in which tine unit defrosting is carried out. In accordance
with a predefined defrosting control rule, defrosting control val ue
determ nati on neans 37 selects timng n defrosting should be started,
and carries out ultimate determ nation out the 15 control and start of
defrosting. Now, calculation of a frequency of opening or closing the door,
and renewdthefcalcwlatedcfriequengiesi.n @ dhe qtiiex rhandi owbef|-onchar t
shown in Figure.4. At Step 38, the nunber [err] of opening or closing the
door is 2(FORRYRSIBRX e@??ﬁ%&@ﬁ Periodndeterminatdon meansbisi ned by
dividing 24 hours. In each 24 hours, _the nunber [err] of opening, or closing
t he door |4F%1¥?$retm?tuﬂ§ tosals éPP@G*‘a&%M%@E@#WG dPeEiPds

equation t d the nunber of ot cl osi t he door. on the |l atest 25
day in ea(ﬂf't CRIPRI 3BAr n'éﬁgg6a*’ﬁ§eli? ?ﬁec}%&s heerr] At Step 39,

door abe RARS Ve%é’%&n?%éé Q0 cRe e 30 bt o, ket o HS rshnedte ™
SHEDY AN Aok DAy e .
accept abl & dj dF: {4 'Medfh CY6 "AYGpREEE e Frtidubhdils PLELHR! ' ON as
respective time units-to seek the order of priority
according to the magnitudes of the compared ffequencies, ;;

10 thereby detgrmining-in.whidh time unit defrostiné is
carried out. In accordance with a predefined defrosting
‘control rule, defrosting control value determination
means 37 selects timing when defrosting should be - ' Q)'
started, and carries out ultimate determination about the

15 control and start of defrosting.

Now, calculation of a frequency of opening or closing
the door, and renewal of it will be described in detail,
referring to a flowchart shown in Figure 4. At Step 38,
the number x17of opening or closing the door is-

20 calculated in each time unit T (Hr) which is obtained.by
dividing 24 hours. Iﬁ each 24 hours, the number x; of
opening or closing the door in each time unit is
transferred according to-the_follow;ng-equation to . add
-the number of opening or ciosing the door on the latest

25 day in each time unit to a mean value in the past m days: .

Xy==(8;/m)+x;

At Step-39,-va1nes-indicative-of-thenfrequencies~(si)



stated above. At Step 40, all the tine units are conpared in terns of the
magni t udes of the frequencies of opening 10 ~or closing the door. At Step
41, a bl ock having the | owest frequency i el ected. At Step 42, the block
selected at Step 41 is finaILy¢deternined7&E atinme unit to carry out

it

defrosting. As explained, in @cordance w the fi#st 15 enbodinent, a
ue .one day is

vari abl e pattern_of .the door, openi orsclosing fre cies

hel d whil e b8FnSPEGIEE, AT @aa%%g}f L se2d %ﬁgtﬁ%“ ¥ anﬁFgPé G FDn the

door openi ng QL ¢l Qsi fr ies in the past several days, and when it

Is a tine unFﬁehgsﬁigagﬁ@'%ﬁﬁiﬁiockw 20 opening or closing frequency,

defrosting can be caér_i_ x(ég:‘.r?lg %&itq.aﬁ.n \{%sgfeé.f efél(éo stored food. In
ato

order 'to see how t he ¥ etdri r 1S used, ere 1s provi déd the detector

whi ch detects the o ' épf'ng of the door to count the nunber of
opening or closing t g-&gb?ﬁ:g t)ﬁ the other hand, there is provided a

counter 50 count plalfa rPYHRE D ‘i’figﬁﬁ?(]i%s ik %0%agﬁhﬂ§ngogr tiiﬂ%et %itday ' n

respecti ve bl ocks which dre obt I vi di ng ours of- one

such a vay 3g1bek0th Badths ot defrdstinGwibiq defrone; gy adedptabiid'c

In such a manner). Th a for one day dre acclu e seve ays (m
days: for exgimecuRidaywhichn@ave beletd sEautted BYctRe 2p£EBURPEIdndals? and

the data newy counted for the |latest day are obtained to be held as the
door openi ngstated above. At Step 40, all the time units are compared
A in terms of the magnitudes of the frequehcies of opening

10 or closing the door. At Step 41, a block having the

. lowest frequency is selected. At Step 42, the block
selected at Step 41 is finally determined as a time unit
to carry out defrosting.
| -As explained, in accordance with the fitst

15 embodiment, a variable pattern of the door opening or -
closing frequencies in one day is held while being
constantly refreshed based on the accumulated data on the
door opening or closing frequencies in the past several
days, and when it is a time unit having the lowest door

20 opening or closing frequency, defrosting can be carried
out to avoid an adverse effect to stored food. 1In order
to see how the refrigerator is used, there is provided
the detector which detects the opening or closing of the
door to count the number of opening or closing the door.

25' On the othef hand, there is provided a counter to count
the numbers of opening or closing the door in the

respective blocks which are obtained by dividing 24 hours



closing pattern in one day (the nunber of opening or closing the door in
each bl ock of 2 hours). Based on the held door. opening or closing pattern,
it is determined 10 which bl ock has the | owest nunmber of opening or
closing the door in one day. Wen that gégck cones, defrosting is carried
out. It usually takes 30-40 mnutes to c | ete defrosting. In that manner,
igerator .is rarel

defrostin n be al s carried out when the refr 15

opened, BBORURMFET A8 Oh A ol ek Sk 7 damorihbeon

ot o MR A S o b ot

the oper gt P%gt;: Epgr#rg(?%(ﬁ %aygoa?r"? eé%‘gﬁqukggaﬁgﬁfef’&’#mﬁ% sf'lg&?lhe

N LI W
= nd | ' "% 'ndita 5T the open

i s operfed or not, a inputs a signa trve o ing of the

door nfo yaeestnay JFYIUBLAENEE €0 BEASIHOAMLRE] ddfr ra;smﬂnpg% openi ng

or closing the time unit. I'n addition, conpressor 0O I on

L act or Oﬁalt %gbstih@n pRAST A idkls ddly 5( eRe' AhinBer’ 8¢ Yperifpdy i me unit
closing the door in each block of 2 hours).  Based on the
. held.dobr 6pening or closing pattern, it is determined ;J
10 which block has the lowest.numbe: of‘opeping or closing
the door in one day. When that block comes, defrosting
is carried out. It usually takes 30~40 minutes to

complete defrosting. 1In that manner, defrosting can be

always carried out when the refrigerator is rarely ~
15 opened.
EMBODIMENT 2
Next, a second embodiment of the present invention
will be described in detail, referring to Figures 6-10. :;

Now, the structure of control manner decision means 16

20 for defrosting will be explained,.refefting to Figure 6.
Compressor operating period counting means . 32 couats the
operating period of .a compressor l. 'Means 43 for..
counting the operating period of the compressor
accumulates the operating period of the compressor in

25 each. time unit block which is. obtained by dividing 24
hours into time unites. Door detection means 33 detects

whether the door is opened or not, and inputs a signal



conpressor operating period accunul ated in each tine unit and hol ds a val ue
I ndi cative of the found operation factor. Further, door opening or closing
frequency cal cul ati on nmeans 34 cal cul ates frequencies of opening or 10
closing the door in the respective tine unté's, based on the counted nunber
in the respective tine units;?and hol ds val ues indi:cative of the cal cul ated
frequencies. On the other hand, when conpressor operating period

det er mi nati oinddgative off dshe opening oficthet dbokedgtb the oritrol
operating periods of the conpressor 1 which have been counted by the
conpressor opshaerndesdsion mmans rkp nektais2thesnumbelredfa operdaigron ned |
time period, neans 45 for_presumng a range wherein defrosting is
accept abl e pFéoging she goamiin reach tLirecunitef r 88t additdomy acceptabl e.
This presunption is nade, in accordance wth a_ predefined control rule,
based on t heCONPrEsEex PReratisn factorpalewtationamransnd4dufindsiam is

foundsby the conpressor operat,ion factor cal cul ati on_means 44. Defrosting
time uni 5 sePPRFASACR:£ASLOF ddinRach time unit basedcpPasthe the respective
time units whi ch have been presuned eing in the_defrosting acceptable
ange. and SGORBTEREOS GRRTREING FHeRiod ALAURRLALSA ! Ku Ragh: s dnitor

e corpar odhCRNTAE' 5> vallis’ SRALBLENE kA BGH, Shazauii, U1 ook
control Ul CeadEbEos! FSHAY, Hool? diSediihy Ol "B bOInG"RPEqRLnRY ot o
if' calculation means 34 calculates frequencies of opening or
10 closiﬁg the door iﬁ the respective time units, based on
the counted number in the respective time units, and
holds values indicative of the calculated frequencies.
(L On the other hand, when compreséor operating period
determination means 35 determines that the total length
15 of the operéting periods of -the compressor 1 which have
been counted by the compressor operating period counting
means 32 has reached a predetermined time period, means
&; . 45 for presuming a range wherein defrosting is acceptable
presumes a time unit range wherein defrosting is -
20 acceptable. This presumption is made, in accordance with
a predefined control rule, based on the operation factor
of the compressor in each time unit which is found by the
compressor operation factor calculation means 44.
Defrosting time unit'selecéioh means 36 compares the
25 frequencies in the respective: time units which have been
presumed as being in the defrosting acceptable range, and

seeks the order of priority according to the magnitudes



5 defrosting should be started, and carries out ultimte determ nation
about the control and start of defrosting. Now, calculation of a frequency
of opening or closing the door, and renewal of it will be described in
detail, referring to Figure 7. At Step 3372the nunber [err] of 10 opening
or closing the door is calculated in each time unit T (H) which is _
obt ai ned by dividing 24 hours. In each 24 hours,the nunber [err] of opening
or cl osi ngofh¢héowoniparst [ftequeneiésj sthenebfeetermindng rih twhidte
foll owi ng equation to add the nunber of opening or 15 closing the door in
each unit time umithdlogk-defirgsting ieacavaied ontt.he Imasicoormiamee [err]
= [err] At Step 39, values indicative of the frequencies ([err]) of opening
or closi ngwikb @opresdefined defresbing ngonbrod rule.f defawstingjuati on:
[err]=[err] (The initial value of [err] is 0. _i:l-n, n=24/T) Now, _
cal cul at i ofoBtrode vdaiendeserminakion meansodyr sedectsatdming wmhernt it
will be degcribed.,in 25 detail, referring to Figure 8. At Step 46, an o/
oper at iSng fefregting shauld,be sharked, and garrigscoutnudddmatiere unit T
(Hr) which_is obtained by dividi.ng 24 hours. Ln_ each 24 hours, the
oper ati ng ﬂﬁEPSHtiPéré]q%% t"'r'?é CRREreL and starkc9fadefr@stding t he
foll ow ng equatjon to ad thf opgéatigg- eriod ig_each time unit on the
| atest day -Now, calculation of a --e&uency of opening or closing
the door, and renewa; of it will be described in detail, B
referring to Figure 7. At Step 38, the number x; of A
10 opening or closing the door is calculated in each time
unit T (Hr) which is obtained by dividing 24 hours. 1In
each 24 hours, the number x; of opening or closing the
door in each time unit is transferred-acco:ding’to the ;Q )
following equation to add the number of opening or
15 <closing the door in each unit time on the latest day to a
mean value in the past m days:
’ xi=-(Si'/m)+xi
‘At Step 39, values indicative of the frequencies (S;) :;
of opening or closing the door are renewed according to
20 the following equation:
S;=8;+x; (The initial value of S; is 0.
Now, calculation of the operation factor of the - °
compressor, and renewal of it will be described in
25 detail, referring to Figure 8. At Step 46, an operating
period t; of the compressor is calculated in each time

unit T (Hr) which is obtained by dividing 24 hours. 1In



t'o a mean value in the past mdays: 5 [err] =[err] At Step 47,
val ues indicative of the operati.on factor [err] are renewed according to
the follow ng equation: [err]=[efr] (The initial value of [err] is O.

i:l-n, n=24/T) 10 - Referring to a floyyhart shown in Figure 9, how to
presune a tinme unit range to‘be able to accept defrosting based on the
operation factors found as stated above will be described in detail. At

Step 48, it ieachkt24nhoutdswhéheeoperatisg /pemriog it S iof edch dpmatungt
periods of 15 the conpressor has reached a predeterm ned value [err], or
not. If affirimttreansfasredogeeordiogedss the faddowingiagquatien ober addon
factor in each tinme unit found as stated above is added fromthat of the .
current tine the operatingr Perdodcin wash kdme i taan tthe latestiedayt is
20 determned at step 50_whether a value found by the addition has been in
the defrosti kP & BeR bYG’lPﬁnng kber pass m@ayssat Step 51, a time unit
rangefromthe time ynit gﬂ n._a,value found by the addition has reached the
predet er P ned value,%aﬁat '2“9?ﬁ& unit when the 25 defrosting acceptable

Fange. Reterring AE BFSR 8710vafieR dMUEALAYR Of (¥hE CRFTAtion| ERRLEs
carry out defg OStifd | fedd $8L68A1hG9B°ERR BTHy Whdadidfe v of
R;=R;+t; (The initial value of R; is O.
— i:l-n, n=24/T)

10 Refertigg to a flowchart shown in FPigure 9, how to
presume a time unit range to be able to accept defrosting
based on the operation factors found as stated above will

U be described in detail. At Step 48, it is determined
whether the total length S of the operating periods of

15 the compressor has reached a predetermined value S,;, or
not. If affirmative, the program proceeds to Step 49,
where the operation factor in each time unit found as

Y stated above is added from that of the current time unit
one after another. Whenever such addition is made, it is

20 determined at step 50 whether a value found by the -
addition has been in the defrosting acceptable range S,,
or not. At Step 51, a time unit range from the time unit
when a value found by the addition has reached the
predetermined value, and the:.time unit when the

25 defrosting acceptable range -has been exceeded is selected
as a defrosting acceptable time unit range.

Referring to Figure 10, how to determine a time unit



the presunption as stated above will be described in detail. At Step 40,
all the time unit blocks in the 5 defrosting acceptabl e range are conpared
in ternms of the magnitudes of the frequengi es of opening or closing the
door. At Step 41, a block having the Ioﬁéft frequency is selected. At Step
42, the block selected at Step 41 is finally determned as a tine unit to
carry out 10 defrosting. As explained, in accordance with the second
enbodi nent bleckartiquigar 1int1@wk ndefrestingoinothe defmostiing ng frequenci es
in one day is held while being constantly refreshed based on the _
accunul at edcgeRtahie Hime ugbt ranensi vhich baye heen &flerted by the past
several days, and changes in the o era&ion factors of the conpressor are

al so held PERAPLIIN A dtatpenabare ¥l b desgrhrd b peri od of
Li i ng whoRSHM Laoc (A SR BeraE TERROEHDE BALENOIARKS Sat ihas 1 bached
2 O oo o1 e AL A 8. Ao OBk ) bRpRLRRL Y AR AL hg 1N
Deteen | "RgBRA A 4 Ehed ctag bECoBdnBielE SRR ST L
210, 100, TRGBL"] B S 1P, £ G166k 880iod endl tShest Baldndy 4™ Y
selected. At Step 42, the block selected at Step 41 is
finally determined as a time unit to carry out ;J
10 defrosting.
- - As explained, in accordance with the second
embodiment, a variable pattern of the door opening or
closing frequencies in one day is held while being .;) :
constantly refreshed based on the accumulated data on the
15 door opening or closing frequencies in the past several
days, and changes in the operation factors of the
compressor are also held while being refreshed. When the
accumulated operating pgriod of the comptessor has-
reached a predetermined first time (e.g. 8 hours), a
20 timing: when the accumﬁlated operating period of the .
compressor has reached a predetermined second time (e.g.
16 hours) is presumed based on the held operation
factors. Defrosting is carried out in the time unit .
which is between the predetermined first time and the
25 predetermined second time, and which has the lowest
frequency of opening or closing the door, thereby :

avoiding an adverse effect to stored food. The first



carried out after the tine. The second tine s a tinme when it is necessary
to conplete defrosting to prevent refrigeration performance from
deteriorating. 1In order 5 to see howthe refrigerator is used, there is
provi ded the detector which detects the oggzgng or closing of the door to
count the nunber of opening or closing th or. On the other hand, there

i s-provided a counter to count the nunbers of opening or closing the door
inthe 10 rdaiRRtigatimeswhenchtais sgvisadlerthat defxpsuinguis of one
day in such a way, as to ggé_brocks of 2-hours. In additjon, the operating
period of thé’%’i%;ﬁis%‘b‘?#'_tiﬁuﬁ’f‘ﬁdtiﬂeeacﬁ'hﬁl &acqnehEine s R bHBeday are

ever Al days AR TR APCRSEATY) £ GRRRIRER APTIORILAA §HPERVEREI ar oo
2o SRR oo kO B P T bt
oper at L orb1 adiormesh (ks ERefiner SEHE " bp By ke AN P Aot ook o
2 1ouS) U e tele ALY Shedles ORETDRUA Y S Ria b ETBAE"T
a5 | 2oellar 6 Squn {e SunblE" S etdfrcs LB GREala dr 02
another. A blgcknih &Sthér e, Ohétr@elisbyrdv¥iled a counter to count
I\ the numﬁérs of opening or closing the door in the
10 respective blocks which are obtained by dividing 24 hours
of one day in such a way as to get blocks of 2 hours. 1In
addition, the operating period of the compressor is
U counted in each block (The data for one day are'obtained_
in such a manner). The data for one day are accumulated
15 for several days (m days: e.g. 8 days), and weighted -
means of the accumulated data and the data newly counted
for the latest day are obtained to be held as the door
v opening or closing pattern in one day (the number of
opening or closing the door in each block of 2 hours),
20 and the compressor operation factor pattern in one day
(the operating period in each block of 2 hours). When
the total length of the operating periods of the
compressor has the predetermined first time, e.g. 8 hours
(The block in that time is called "a first block".), the
25 operatioh factors (the operating periods) in the
respective blocks which are after that time are added one

after another.. A block where a value obtained by such



addition has reached the predeterm ned second tine, e.g. 16 hours is called’
"a second bl ock". Based on the held door opening or closing pattern, it is
det ermi ned whi ch bl ock between the first block and the second bl ock has 5
the | owest frequency of opening or closi??.the door in one day. Wen that

bl ock cones, defrosting is carried out. t hat manner, even if the
refrigerator has a | ow operation factor, defrosting can be carried out when
it is the addinion ihdasireachedcthefprgdetesminedr secondl timeanarg.

EMBODI MENT 3 Next, a third enbodi nent of the present invention will be
descri bed ¢ fours is éﬂ#?@g"ﬂosﬁ—'gﬁﬂe_bl?EkES. Remed ga sheyheld of
control manner decision neans 16 15 for defrosting wll be explained,

referring G9OF QRERING QBHHIRLLRY BREFEIPNg Bedfodetarmined whieh 32
he oper at PRGAoBEIRESR Shee ARt CBLOPR BBAERS: S650RE SJOK AP per | ods
of the co esgor 1.in 20 each ti uni t _bl ock i ¢h is.obtained by N,
di vi di iy Eiiﬁoi%aﬁ &’E?WW@% .°%B$‘nge?€cf": 8&_1R§a_§§‘%é’a°&ét'é&s whet her
e door | ae@P BTl R SO0k OB S0k AR X5 Hardigenem 0 O
omL S o PR 1 ML, SvDe, LB MR soekAHt e ey essor
time unit Raged i actor, defrosting can be carried out when it
is the optimum timing and the refrigerator is rarely ;J
10 opened.
EMBODIMENT 3
Next, a third embodiment'bf the present invention
will be described in detail, referring to Figures 11-15. \) )
Now, the structure of control manner decision means 16
15 for defrosting will be explained, referring to Figure 11.
Compressor operating period counting means 32 counts the
. operating period of a compressor 1. Means 43 for
accumulating the.éperating periodé of the compressor - :}
accumulates the operating periods of the compressor.l.in'
20 each time unit block which is obtained by dividing 24
hours into time unites.  Door detection means 33 detects
whether the door is opened or not, and inputs a signal
indicative of the opening of the door into the control
manner decision means to obtain the number of opening or
25 closing the door in each time. unit. 1In addition, .
compressor operation factor calculation means 44 finds an

operation factor in each time unit based on the



conpressor operating period adcunulaféd in éach time unit. and holds a val ue

I ndi cative of the found operation factor. Further, door opening or closing

frequency cal cul ati on neans 34 cal cul ates frequencies of opening or 5

closing the door in the respective tinme uni4,, based on the counted numnber

in the respective tinme units, and hol ds valTes indicative of the cal cul ated
frequencies. On the other ‘hand, when conpressor operating period

det er ni nat i orcoRPr@sSer deperating pextiodhacaumilatedtin i@achftime unit

operating periods of the conpressor 1 which have been counted by the

conpressor opxidtholdpcai valvesuindigatise of? the feundcperationt er ni ned
time period, neans 45 fo;gﬁpesuning a range wherein defrosting is :

accept abl e prEackRE. a Furthesit dpasgoPmdng o1 Glaming frequencyccept abl e.

This presunption is npde, in accardance w.th alpredefiped control rule,

based on the ulabion means B4; caloylates; frequengies ok operingier s

fourid by the conpyessor operation, factor calcul ati,on neans 44. Defrosting

et t Soc CABARS -Ehn 8RE SRy hES reepeRs 1Y deid Akt en BaERT clPect e

time units i,ch have, been esupged,as heing in.the defrosfing acceptable

range, and s€ ??%P%ﬁﬁe?u@%eﬁrﬂ rFﬁf éaaﬁ%ﬁﬁﬁy% e tLE@é of the
conpared fre | €544 r et I QeN@ N I I 1. | or
defrosting i g&%é |‘g%l%€$ fﬁﬁigggg&?a&?g% %ﬁihaaépﬁd%g#%%%%é?bst i ng
control rule, St ing.. C ol u [pa) .ﬂH} 1 _ ects

timng when c%??%g?iélgﬂgﬁouggabew}s‘?gr t%ggl,%tr%r??dc}gid I'es ou{E Lﬁ%ﬁ% e

I\ determination means 35 determines that the total length
10 of the operating periods of the compressor 1 which have
been counted by the compressor operating period counting
means 32 has reached a predetermined time period, means
W, 45 for presuming a range wherein defrosting is acceptable
presumes a time unit range wherein defrosting is

15 acceptable. This presumption is made, in accordance with
a predefined control rule, based on the operation factor
of the compressor in each time unit which 'is found by the
compressor operation factor calculation means 44.

Defrosting time unit selection means 36 compares the.

20 frequencies in the respective time units which have been =
presumed as being in the defrosting acceptable range, and
seeks the order of priority according to the magnitudes
of the compared frequencies, thereby determining in which
time unit block defrosting is carried out. In accordance

25 with a predefined defrosting-control rule, defrosting
control value determination means 37 'selects timing when

defrosting should be started, and carries out-ultimate



23 determ nation about the control and start of defrosting. Now,

cal cul ation of a frequency of opening or closing the door, and renewal of

it will be described in detail, referring to a flowhart shown in Figure
12. At Step 38, 5 the nunber [err] of op&i3hg or closing the door is
calculated in each time unit T (Er) which Ts obtained by dividing 24 hours.
I n each 24 hours, the nunber xi of opening or closing the door in each tine
unit is trdekesminationabont tthe wéoqab:pgvmng staxti of defrastingi he
nunber of. opening or closjing, the door in each. tinme unit on the |atest day
to a mean val ué"‘%ﬁ' (FRIGBLAL PR 9L a sfregugney ofyopeningliemtieles bagt he

accor di ng. 58 OdRy [ EARHAL |6 Lt c¥ETL( Ber deprRabed i kAt of
R i
20! Vbt ol Al 5 S ot S0 R0 GRS bbpgyfert o0 Lert] o
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operating pRYidng RAHoUIS™ WH lefilh 198 h8hES! €AY hGmBeT®Y] W@ Ue N the
opening or closing the door in each time unit is
transferred according to.the following equation to add | ;J
10 the number of opening or closing the.dbor in each time
unit.on.theﬁlatest.day to a mean value in the past m
days:
x;=~(8y/m)+xy _ : ‘ e ;J .
At Step 39, values indicative of the frequencies (S;)
15 of opening or closing the door are renewed according to
the following equation:
8;=8;+x; (The initial value of Si is O«
i:l-n, n=24/T)
- Now, caleulation of the operation factor of the :
20 compressor, and renewal of it will be described in
detail, referring to a flowchart shown in Figure 13. At
Step 46, an operating period t; of the compressor is
calculated in each time unit T (Hr) which is obtained by
dividing 24 hours. In each 24 hours, the operating
25 period t; in each time unit is transferred according to
the following equation to add the operating period .in

each time unit. on the latest day to -a mean value in the



past mdays: [err] =[err] At Step 47,.vaIUes I ndi cative of the operation

factor [err] are renewed according to the followi ng equation: - 5
[err]=[err] (The initial value of [err] is Q.,i:1-n, n=24/T) Referring to a
fl omchart shown in Figure 14, how to presu time unit range to be able

to accept defrosting based on the operation factors found as stated above

wll 10 be descrkbed in detail. At Step 48, it is determ ned whether the

total |ength Ba8E Bn8a¥Sdr ating periods of the compressor has reachied a

predet erm ned val ue [err],., O t. If affirmative, the program proceeds to
(Badmdhio

Step 49, where the opt At ‘in each time unit found as 15 stated

b i dded f f LDOE: yni f her..
Whenever such addfih SeRs Suadaltéd it edFHELbs; tBelprss e daatar ue
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nSE’.”\.détVSt op By hEb PeHEReBraRkRaLAE ¥ (I | AL BSTERS Coufpb OBt L
f b dditi d ] | pe, d the ti
uﬁr? vvhgnt#]ﬁeade:‘-r1)2'?}"(*::—3ts %egg?g‘%l té'l;&rq'atﬁ'grya:l ﬁ}d@it?égkﬁf]e%ge%%e%?ir]s seFec!treTg as
a defrosting accept al:ilaq.t,{,lr)r:a,,g{a}.ﬂ ange. Referring to Figure 15, how to

oc

determne a time unit 25 to carry out defrosting in the defrosting
acceptabl e tine UReFer2i®y W @ MlBwdRfiFt SEhewhCinPFiglie 14, how to
presume a time unit range to be able to accept defrosting
_g;» based on the operation factors found as stated above will
10 Dbe described in detail. At Step 48, it is determined
| whether the total length S of the operating periods of
| the'compressor has reached a predetermined value S,, or

not. If affirmative, the program proceeds to Step 49,

~ where the operation factor in each time unit found as
15 stated above is added from that of the current time unit
one after another. Whenever such addition is made, it is
determined at step 50 whether a value found by the
'&J' addition has been in the defrosting acceptable range Sz,_'

or not. At Step 51, a time unit range from the time unit
20 when a value found by the addition has reached the ..

predetermined value, and the time unit when the . ...

‘defrosting acceptable range has been exceeded is selected

as a defrosting acceptable time unit range.

Referring to Figure 15, .how to determine a time .unit

25 block to cérry out defrosting in the defrosting |

acceptable time unit range which has been selected by tle

presumption as stated above will be described in detail.



presunption as stated above w |l be described in detail. 25 At Step 40,
-all the tinme unit blocks in the defrosting acceptable range are conpared in
terns of the magnitudes of the frequencigs,of opening or closing the door.
At Step 41, a block having the | owest ffﬁéﬁency is selected. 5 At Step 43,
It is determ ned whether the block immedi ately after the sel ected bl ock has

b e it e i
is finall ya@%ﬁnﬁle% é%“'iétugﬁé ﬁﬂ‘ul‘gafgﬁc&?‘r }e&fs £ e i"?fbg.“%“%%l ai ned,
openi ng o 8 dathg 1 FEatinl facBE OpRRhg, Ge Tl WY Bl , ol S0

Closi ng 11 SN oTES S FRR Map R TERAYGRSE Tuihchead MR Do
factors of_é,;{ues, MF5SPE P edetermifkd Whdthdieive MAlgdshed. Wen t he \J

accunul%te operating period of the conpressor has 2 reached a

predet er ni rl‘iﬁlédiﬁel%r@féér Othé 5eveeteddblodk'had¢hd hﬁg?]ge?ﬂsml at ed

operating period of the conpressor has reached a predeterm econd tine
(e.g. 16 h@adegudrcy d@iftongdabhstleoblbbRshebd oA .at iTe fFFGirMativesf rosting

is carried out in the tinme unit .
a block which is located immediately before the block
selecte& at Step 41 is selected at Step 44. At Step 42, ;Q
10 the block selected at step'41 or 44 is f%nally determined
as a time unit to carry out defrosting. '
. As explained, in accordance with the third .

embodiment, a variable pattern of the door opening or

closing frequencies in one day is held while being
15 constantly refreshed based on the accumulated data on the.
door opening or closing frequencies in the past several
days, and changes in the operation factors of the
combtessor are also held while being refreshed; When the ;;

accumulated operating period of the compressor has

20 reached a predetermined first time (e.g. 8 hours), a.
timing when the accumulated operating period of the
compressor has reached a predetermined second time (e.g.
16 hours) is presumed based on the held operation.
factors. . Defrosting is carried out in the time unit

25 which is between the predetexﬁined first time and the
predetermined second time, and which has the lowest .

frequency of opening or closing the door. If the. time



Z5 which is between the predetermned first tine and the predeterm ned
second tinme, and which has the | owest frequency of opening or closing the
door. If the tine unit imedi ately afterézzg selected time unit with the -
| owest frequency has the highest frequency g the held frequencies,
defrosting in the tinme unit with the | owest frequency is evaded, and

: ?Lé"ghif ¢ gém! 3 pl‘@#&%é@i#ﬁ%%ﬂiﬂ?ﬁ?t HhE: 5%%5&%%}@%%&3;&’%&2 Bect o
or ovi ded e dRVBATEAIRTeY Hht EpRChibHRRE, Trphelil prini¥ Ridere,
count ‘the nurylechlent PCULE: Gkt EAGOLATLE® LIBY urdl WIRPWIRL J8fke |

there is pro coun NUNMbEr'S of ~openihg of closl

d inth Q%ggag DCGdFadbgch L Alsh by gdidgledi 4 .

o(rjlgr__diatg [ nesLCh wad;ﬁagi ?o ge?ﬁ%fco%ﬁgegghgahgggf Bilsglc\aéﬁlt%faoioﬁl?ﬁie“ Stt?é
\ati ng &5 Rele e I FSreo0y ' i% _ t

for one ey aransaifie ARESIRLEEyPbarsr COLelthel LM L e @

accunul ated f qoy@aMeBledlfetfoyd N eli¢feby- SvolddayShn aebertidimbora of

the accunul ated data and the ‘data newy counted for the latest day are 20
obtai ned to bgtlled Fodde dnProrderi 8 Séechow thePdefrigdratyye may (the

nunber of opening or closing the door in each block of 2 hours), and the
conpr essor opesed,OortHerd ds pideided ntheeddtectole whichnideteaty ithbe
\ opening or closing of the door to count the number of-
10 opening or closing the door. On the other hand,. there is
provided a counter to count the numbers of opening or
closing the door in the respective blocks.which are

obtained by dividing 24 hours of one day in such a way as

~ to get blocks of 2 hours. In addition, the operating
15 period of the compressor is .counted in each block (The
data for one day are obtained in suqh a manner). The
data for one day are accumulated for several days (m
v days: e.g. 8 days), and weighted means of the accumulated

‘data and the data newly counted for the latest day are

20 obtained to be held as the door opening or closing
pattern in one day (the number of opening or closing the
door. in each block of 2 hours), and the compressor
operation factor pattern in one day (the operating period
in each block of 2 hours). .When the total length of the

25 operating periods of the compressor has the.pxedetérmined
first time, e.g. 8 hours (The block. in. that time is

called "a first.biock“.), the operation factors (the .



in each bl ock of 2 hours). Wien the total length of the 25 operating
peri ods of the conpressor has the predetermned first tinme, e.g. 8 hours
(The block in that tinme is called "a flag bl ock".)’, the operation factors
(the operating periods) in the respedije blocks which are after that
time are added one after another. A block where a value obtained by such
addltlon has reached the predeterm ned second tine, e.g. 16 hours i's called
"a 5 secon@PBrating merieds) tir the drespecsive blowks:Wsichy axetern, it
is determ ned which block between_the first block and the second bl ock has
the | ovest afFegushal dimganepdded euengitps apsother.ond dubock n
addi tion, e nunber .of openin r. cl osi door .in the block 10
i medi at el VRSFFeP vadus (9%3" '??fi)tth% 89 PEBE&QS‘@n@Fﬁ Feaghed khend if
that bl ock _ha st fr defro t|n is garried out when the
bl ock i mBFﬁag&f B'B'F’%:i 'Bft}cﬁ“%ﬂ tHe ghe UES; A8y Gddded oies. I n mt
manner,_ even if .t Wig atof has, .a p ratlon 15 factor, defrostisg
can be Sar PEEQN gupﬁ\ﬁﬁg‘n %&‘b&i‘?ﬁﬁ#ﬁ RYT PPENIRG OF ([GOSARS i s
rarely opep rther R % t when e efrlgerator
i s frequenngtﬁggd H&e&? g&?ﬁéﬁ%déq éﬁfh h;éxﬁng §F§ed§q<§ﬁ T§% stored
food. 20 d n h ention
will be descgpglvgul-&n%ygte )gﬁcoq’r&e%i:ér‘%kngﬁ)g gu?"e’ggf%. %ﬁg q%%?{gy OrE/
opening or closing the door in one day. In addition, the
number of opening or closing'the door in the block ;)
10 immediately after the block with the lowest frequency is
checked, and if that block has the highest frequency,
defrosting is carried out when the blbck immediately
before the block with the lowest frequency comes. In ;) .
that manner, even if the refrigerator has a low operation
1s factor, defrosting can be carried out when it is the
optimum timing and the refrigerator is rarely opened.
Further, there is no possibility that when the
refrigerator is frequently used, heat dne to defrosting
has an adverse effect to stored food.
20 EMBODIMENT 4
‘Next, a fourth embodiment of the present invention
will be described in detail, referring to Figures 16. At
Step 40,-&11 the time unit blocks in the defrosting ..
acceptable range are compared in terms of -the magnitudes
25 of the frequencies of opening or closing the door. At
Step 41, a block having the lowest frequency is selected,

and at Step 45, a block having the second lowest. .



Step 40, all the tinme unit blocks in the deffosting'acceptable'range are
conpared in terns of the nagnitudes 25 of the frequencies of opening or
closing the door. At Step 41, a block having the | owest frequency is
selected, and at Step 45, a block having tB® second | owest. frequency is
sel ected as a second candidate. At Step 43, it is determ ned whether the
bl ock imedi ately after the bl ock selected at Step 41 has the highest
frequency anoifgesfuendy i eddécted nms . al seabhdr candidatehe :HtoStemisd, 5
has been sel ected as. the second candidated at Step 45 is selected at Step
46. In that nidtnds detedmingd whethensthechlockeimpadintelgp after theis
finally determned at Step 42 as a tinme unit to carry out defrosting. As
expl ai ned, i nbdeockr gelectad rat (Rtepuél hhas thehbdghest, fxeguengy anengern
of the door opening or closing frequencies in one day is held while being
constantly re@dds eagksn ahaekcunif saEfinmakive,t thedbdockahich or
clos\ag frequencies in-the past several days, and_changes in the operation
factors ofsthdass beesnselegted as fhe serandncprdidaked: at: Sheny 45 Wen
the total length of the accunul ated operatjng periods of the conpressor has
reached a pre88lechked @l §tap tqaﬁns (Eg)g h%thgﬁg‘}??:'atp?np cn#piqle hag o
| engt h of the_ operatin eriods, of t conpressoL., has.reached g
predet_erm'nedbfGn §Sﬁéiﬂj_rﬁ§(§fi? _ ﬂﬁgpé)i?sgbpﬁi&XE etermingd @k hel d
operation faCtS?:re%‘ FEILY ihd Y LS dcgi’éy' ButN8ekk8Bting.

— As explained, in accordance with the fourth -

10 embodiment, a variable pattérn of the door opening or
closing frequencies in one day is held while being
constantly refreshed based on the accumulated data on the.

W, door opening or closing frequencies in the past several
days, and changes in the operation factors of the

15 compressor are also-held while being refreshed. When the
total length of the accumulated operating periods of the
compressor has reached a predetermined first time (e.g. 8

s . hours), a timing when the total length of the operating
periods of the compressor has reached a predetermined

‘20 second time (e.g. 16 hours) is presumed based on the held
operation factors. Defrosting is carried out in the time
unit which is between the predetermined first time and
the predetermined second time, and which has the lowest
frequency of opening or closing the door. If the time

25 ﬁnit"immediately aftét the selected time unit with the
lowest frequency has the highest frequency among the held

frequencies, defrosting in the time unit with the lowest



unit which is between the predetermned first time and the predeterm ned
second time, and which has the | owest frequency of openi‘hg or closing the
door. If the tinme 25 wunit imediately after the selected tine unit with
the | owest frequency has the highest f,ggiency anong the held frequenci es,
defrosting in the time unit with the lo 29 frequency is evaded, and
defrosting is carried out in the tine unit with the second | owest
frequency, £reanepgYaisi evades) anddefrestingt dsscarsdedoomt Iin dhrr to
see how the refrigerator is used, there is provided a 5 detector which

det ect s t hEiBBeHPAY U#tbl&QQK§QH°Q4MJQHE#ttgréﬂuﬁpcﬂhehhﬁﬁﬁhycﬁ openi ng
or cl osing theggoor On the other_hand, there i.s_prqvided a counter to

count the AVRHELEIoAN, &%refcﬁ%'s’? kP t Bkoued: £rR t'heIPeﬂ?@&r\kobl ocks
get bl ocksSER BOHosRE, TefriaRkatam 14 sther GhPRY B8 POBvIRethe 2%?2523
o HabaSteh ik, SRkl e A o8 1OHR . e ek
o8, % ek BB R hRReRRT Hoekiind e ST g A e o
AR AV I B SH Bl SOF2,
in one daynghBErs of opening or closing the door in the respective
blocks which are obtained by dividing 24 hours of one day _;}
.10 in such a way as to'get blocks of 2 hours. 1In addition, |
the operating period of the compfessor is counted in each
block (The data for one day are obtained in such a
manner). The data for one day are accumulated for . ;J'
several days (m days: e.g. 8 days), and weighted means of
15 the accumulated data and the data newly counted for the
latest day are obtained to be held as the door opening or
closing pattern in one day (the number of opening or
closing the door in each block of 2 hours), and the -
compreésor operation factor pattern in one day (the
20 operating period in each block of 2 hours). When the
total length of the operating periods of the compressor
has the predetermined first time, e.g. 8 hours (The block
in that time is called “a first block".), the operation
'factors-(tye operating periods) in the respective blocks
25 which are after .that time are added one after another. A
‘block where a value-obtaingd by such addition has reached

the predetermined second time, e.g. 16 hours is called "a



20 operating period in each block of 2 hours). Wen the total |ength of
the operating periods of the conpressor has the predeternmined first tineg,
e.g. 8 hours (The block in that tine i's called "a first block".), the
operation factors (the operating periods) i%6the respective blocks 25
which are after that tinme are added one after another. A block where a
val ue obtai ned by such addition has reached the predeterm ned second tine,
e.g. 16 hours second |bltock” . Baseddon cbe' helghsdabmopeémingl drdedosing
opening or closing pattern, it is determ ned. which bl'ock between the first
bl ock and t he pakkerR bl bt kisdetarminnds whiclhy bdask detweenngher £dksti ng
the door in one day. In addition, the 5 nunmber of opening or closing the
door in the bldaeck Andi the| geeendr blipekphas the Ravwest ofrequeneyuoficy s
checked, and if that bl ock has the highest frequency, defrosting is carried
out when the IAR/ALRA tOF {PLOSERGNERLOHPOr AN Aleh GAYonekh 4ﬂd%gh9nwa#h§z

everhdf the 10 refrigerator, has a | Qw qperation factor, defrostjng can be
carri ed ou® witipker {Of QRERING OF, Fgﬁﬁ’r Ga vt %@‘?’ef’r’\" deheblock rarely

opened.  FUr N lundd I Ced s §ReRE°EhE! bbb Wn ki Sl PER3A5Ey' S cq
|00, VPO VN 0 and, L4 LT BOUEI W ] A0 e B4R "1
defrosting is carried out when the block with the second
I\ lowest freqﬁency comes. In that manner, even if the
10 refrigerator has a low operation factor, defrosting can
be carried out when it is the optimum timing and the
refrigerator is rarely opened. Further, there is no
U possibility that when the refrigerator is frequently
used, heat due to defrosting has an adverse effect to
'15 stored £food.
EMBODIMENT 5
Next, a fifth embodiment of the present invention
will be described. Referring not to Figure 17, there is
shown a schematic diagram showing the entire sttuéture of
20 the refrigerator according to the fifth embodiment. A
refrigerant is cdmpressed and circulated by a compressor
1; There are provided an evaporator 2 which evaporates
the refrigerant, a fan 3 which circulates cooled air
produced by: the evaporator 2, a frozen food compartment
25 thermister 9 which detects a-temperature in a frozen food
compartment~8,.and'a control unit 14 which controls: the

operation of the refrigerator. ' The control unit 14



shown a schematic di agram showi ng the entire structure of 20 the
refrigerator according to the fifth enbodinent. A refrigerant is
conpressed and circul ated by a conpressor 1. There are provi ded an
evaporator 2 which evaporates the refrig nt, a fan 3 which circul ates
cool ed air produced by the evaporator 2, rozen food conpartnent 25
therm ster 9 which detects a tenperature in a frozen food conpartnent 8,
and a cont rebmpriises) cdritiok aneams s15handpeontrol mhnhes Geidigdesmt or. The
control -unit 14 conprises control means 15 and control manner .deci sion
means 16. N8@anshd6eontNaws thie t¢entents odf nthescéfitrbll meande 3G Wil i n,
referring to Figure 18. As shown in Figure 18, the control neans 15
i ncl udes 5 bg dpperibgd dngrefrrringctmdFignrenl89 as neans for turning
on and off a power source, 17 for electrical parts. These switches are to
turn on and of PS8t BB EIGuLe 18, ; bher gantrolcneansi 15 \inciudes e
driven by a cgil 21 an oil 22. Energization to these coils 10 "is e
by mean$ ofa'agH’FEt salll%\ﬁ%hgl'%ﬁ'&‘ﬁiq 8ec switeR 19 ag; mgassr €oirt 26. In
addition, there.are 8rovi%d§%€ g)hot ocoupl er 47 _agd capacities 48 and 49
whi ch cont r ot BHB9 80 18 (BVEL Boure 17 far eheesrigalphot ocoupl er
47 is made .+ QY of second drivi circutt 25. __Wiich one of the
first driyi‘%’_’&grcﬁﬁ%ﬁ %‘ﬁe""?ﬁ%_ Q¥ TRER PR ARI BESnBARhe third
driving cirgdhhr&8s8804! Andf MY dl s respectively, and are driven
by a coil 21 and a coil 22. Energizétion to these coils ~
10 is made by means of a first driving circuit 24 and a
third driving circuit 26. |
In addition, there are provided a photocoupler 47,
and capacities 48 and 49 which control the revolution of \; '
the fan 3. Energization to the photocoupler 47 is made
15 | by means of a second driving circuit 25. Which one of
the first driving circuit 24, the second driving circuit
25 and the third driving circuit 26 should be energized
is determined by a microcomputer 27. This determination Q;
. is made by the control manner decision means 16. The |
20 mictocomputet 27 has the thermister 9 and a door detector
11 as inputs. Reference numeral 29 designates a
potential  dividing resistor which shares a voltage with
the thermister.
- Next, the contents of the control manner decision
25 means 16 for the revolution -of the fan 3 will be-
described, referring to a control block diagram shown in

Figure 19. Door opening input means 50 detects whether a



i's determined by a microconputer 27. This determination is made by the
control manner decision neans 16. The 20 m croconputer 27 has the - '
therm ster 9 and a door detector 11 as inputs. Reference nuneral 29°
designates a potential dividing resistor 'Th shares a voltage with the
therm ster. Next, the contents of the control nanner decision 25 nmeans 16
for the revolution of the fan 3 will be described, referring to a control
bl ock d|agrankxhnwmflhh€|gefeig&rabomrﬁqxnpequrmtﬂnmbansDéﬁrdepenﬁng
whet her a door of the refrigerator is opened or 1i6t. Door - openi ng or
closing frequshoslosingi figequeancyscounddng neans Sl suses|asniinpati ae of
the opening of the door to count the nunber of opening the door in each
time unit. DovkgmabptRdhgativel ofi fher cppndng En%l dogrntoscounhsthet | y
renews the nunmber of opening the doqr in each tinme unit to hold new data on
the opening diumbrr Rk openingctbeudoes ddatieaqh time unbt dctBe@Fnes the
revolution of the fan 3 b sef on_t he frequenc each time unit in 10
accor dancE wiBeBiRG REfFHRE1RG gtegggpc(i} ‘éﬁﬂ%ﬁ?%allﬁ 32 censtantlianner

deci sion neans 16 for, the r VO|U%IOH of, th fan 3 W be desgri bed,

referring to EeR8HRy "clh%lr’lm@ Bhn°f nOPERINg 59F°t?tt+’§ed\éPéFm ned
hether e e indTaRedciats, B B5h Bl quez,trh”%:a%qrep%@aﬁz?gna.s
' revolution decision means 53 determines the revolution of
Yot the fan 3_baéed on the frequency in each time unit in
' 10 accordance with a predefined rule.
Next, the contents of the control manner decision
means=161for the revblution of the fan 3 will be
W, - described, referring to a flow chart shown in Figure 20.
At Step 54, it is determined whether the door is opened
15 or not, and if affirmative, a signal indicative of the
opening of the door is inputted. At Step 55, signals
indicative of the opening of the door inputted at Step 54
are used as input, and the numbers of opening the door in
the respective time units'which are obtained by dividing
20 24 hours are counted. At Step 56, the numbers of opening:
the door in the respective time units for a certain
period are calculated to constantly hold new data on the
numbers of opening the door for that certain period. At
Step 57, the revolution of the fan 3 is determined based
25 on the door opening or closing frequency in the
respective time units in accordance with the predefined

rules



i ndi cative of the opening of the door inputted at Step 54 are used as -~

I nput, and the nunbers of opening the door in the réspective tine units

whi ch are obtained by dividing 20 24 hours are counted. At Step 56, the.

nunbers of opening the door in the respecB’ye tine units for a certain

period are calculated to constantly hold néw data on the nunbers of opening

the door for that certain _period. At Step 57, .the revolution of the fan 3

i s deternined bHewd galenlatdogo@f dihenikxequenrcysefigopeningnoy in the

respective tine,units in accordance with the predefined rule. Now, -

cal cul ati orfP8ing theqdersy apdosenewnloof | ikiwill Hee jdescr tbedr dneval of

it wll be eSC{%bed %n ditail, referring to Fiqgure 21. At Step 58, the

nunber [er r4etRLbpeFeREES nSrSQiﬁgﬂﬁmsiiin iRt 2teR | 3B edthe pumber (e

unit T (Hr)_ whigch is obtained,by.dividing 24 hours.. In each 24 hours, the

nunber X oft GHemmEnERe CPBCPRGE LR’ bBE Yobr ddh etrilaked & eaph1 orred

accordipg t e | aw equation t dd t nu r. of opeping or cl osNgg

t he doof i n&@i\%huéf#m&mgg)oﬂﬁf‘hé I"&tg’&%wr?&ya%im i&l%&“?ﬁ% he

past m dayss | u il J\e ofet f.r equenci.es .er;ﬂ of

openi ng or SIC'} égs?";‘ée?%gﬂ%}é?' a?ger gﬁé‘\%ﬁ%& é‘_éc_g’lfdio RS oF fq}tQQ?f[/&% hg

ﬁg;i;%?n?zﬁ%or in each®tihel Ghit (INeraldidtred ded¥aif) do'nd- !N
following equation to add the number of opening or

closing the door in each time unit on the latest day to'a -;)
10 mean value in the past m days:
Xy==(8Sy/m)+x;
At Step 59, values indicative of the frequencies S,
of opening or closing the door are renewed according to i
the following equation:
15 8;=8;+x; (The initial value of s; is O.
i:l-n, n=24/T)

- In accordance with priorities of the door opening or
-closing frequencies found at Step 59, the revolution of o
the fan is increased at a high priority, and the

20 revolution is decreased at a low priority.
EMBODIMENT 6
Now, a sixth embodiment of the present invention will
be described in detail, referring to Figures 22 and 23.
In Figure 22, how to select .a timing to carry out.
25 defrosting based on .a defrosting acceptable range and
door opening or closing frequencies numerically .

represented will be described in detail. At Step 60, the



I'n accordance with priorities of the door opening or closing frequencies,
found at Step. 59, the revolution.of the fan is increased at a high

priority, and the 20 revolutton is decrea t a low priority. EVMBODI MENT
6 Now, a sixth enbodi ment of the present tion wll be described in
detail, referring to Figures 22 and 23. In F| gure 22, how to select a

timng to carry out 25 def rosting based, on a defrostlng accept abl e range
and door openfagnd udq%qu-%mwmfcapspmeppéssﬁp@dm lghehe
described in detail,. At Step the . nmagnjtudes of the frequencies of
openi ng or cIQQPHglphéthGFﬁH?QQk¥?eﬁ&%ﬁ Retiape EﬂPPa£P§°co#§aﬁ9£P/“
Step 61, the t § are qrdered fro 62, .the data
o) ordered i 56 éonﬁ?‘ Elm RRLkS AXE c%‘ién?ﬁ;e% Eﬁe’@ bF@ éﬁrm At Stg '
case, |s | e o the aorder of. a i_ng.i.S not
accept abI e, 2 gbﬁ g?t an %ﬁ&ﬁj o‘f?f@d"ngﬁ gtﬁbfg'ﬁ ﬁ&k Bgtllﬁ‘@ dat a
is Made. At S r o) en; clos 0
frequenci ?’s [ %gﬁﬁg%Pgé%ef%r&? r;é‘t %iﬂég éﬁggbal' iﬁdgﬁiogggé &an‘,‘é‘ewi th
t he follomnng t .@n i p e [err]:
function of [gfe'raFillbQ a ‘Hﬁd&&[ err: % nedé%&qug %aHB{: Eécebﬁgﬁhe

i.e. defrosting should be avoided, and combination of the

data is made.

s At Step 63, the order of the door opening or closiné
10 frequencies in the respective time units are calculated
in accordance with the following equation, using
predefined optimum parameters:

M=F(I;, Iyr cerlyr oer I;5)

o
F(I;, I3s «¢r I3s +os I;,): function of I,-I,,
15 I,~I,,: combined data
At step 64, the data obtained at Step 63 are
calculated in accordance with the following equation,
W using predefined optimum parameters, and data for the

respective time units are obtained:
20 0,=F(My, My, oo Mys oor My5)
G(M;, My, oor My, .., M;,): function of M,-M,;,
" At Step 65, a block to carry out defrosting is
selected based on the results obtained by the
calculations stated above.
25 Referring now to Figure-23, the contents of the
calculations will be described. The calculations

comprise hierarchically related Steps (intermediate



At Step 64, the data obtained at Step.63 are cal culated in accordance w'th
the foll owi ng equation, using predefined opti num paranmeters, and data for
the respective tine units are obtai ned: 20 [err] [err]: function
of [err] At Step 65, a block to carry ouBSlefrosting is sel ected based on
the results obtained by the cal cul ati ons Stated above. 25 Referring
now to Figure 23, the contents of the calculations will be described. The
cal cul at i oRPSidrkan @andiautpehi pesiien)at edtsfdrst, the malicukation
position and. output p03|t|on At first, the calculation at the

i nt er medi a ‘#e@'zeeaBoﬂin@WslsuBﬁﬁg &s ifigdloyvshasing derr]

ordered at Ste 6 err err] 10 [err err err
[err] 15 @%Mﬂ yIJ.'ﬂn %Id@tﬂ%é ﬁﬁ[w %’E L@zbtt put [ pos} t |[ on ? s[ nad]e
as follows, using gs i?Pi‘lﬁx{: 5,95 "it,+&h Wyq, ateet

5 - Iu'qu,u)"'Ixz'wzu,n)))

(>

I;3°Wa(2,11)1112°Wa(2,12)))

10 . | _
Myy=1/(1+EXP(I;Wy(y;,1)+Ia°Wa(qy,)Feet
131°Wa011,11) 122" W2(11,12)))
My;=1/(1+EXP(I;Wa(12,1)*12 Wa(12,2)%e oo+
131°W(12,11)*112°W2(12,12)))

15 Subsequently, the calculation at the output position
is made as follows, using as inputs the data at the
intermediate position:

0y =My ~Wy(1,1) M2 Wy(y, 2y e e My ~Wiy, 02y M2 Wy (3,12 v
Oz=My *Wy(3,1)Ma Wygy 2)%e e eMyg Wy 01 )15 Wy (319
20 e

011°M; °*Wy11,1) M2 Wy 33,2yt ot
Mu‘wx(u,11)"’"12."'1(11,12)-
25 012=M; *Wy (12,1) M2 Wy (127, 2y *- oo *
| My Wi(12,21)"M12°%1(12,12)
- A block which has a positive wvalue at the final
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intermedi ate position: [err] [err] 20 [err] [err] 25 [err] [err] A block
whi ch has a positive value at the final output is selected as a block to
carry out defrosting. This selection is nmade at Step 65. In the equations
descri bed above, [err] and [err] are optiny@paraneters by means of which
the input positionis 5 related to the output position, and which are
preset values (data tuned in advance in such a way to select the optinum
bl ock finally)outputhis seketted asse bllowk tc cdwry cutodefrvbeingn the
internediate position is single and includes 12 units. The internediate
position is ndthi® selectiont §sbmadiengite Stepl 65 nlmbthe oéquationan the

I nternmedi ate position is not limted. EVMBODI MENT 7 Now, a seventh

enbodi ment of degcpibednaboneenWypryw,ilihe andd¥yheds, y-ghpraragopbimugur e
24. How to select 15 a timng to reduce the revolutlon of a fan based on
door openi ng (ﬂam#ﬂﬁsfbﬁqGEﬁBFe?fnU#éﬁhcrﬂh%/ inpntpesition is

N\
5 related to the output position, and which are preset

values (data tuned in advance in such a way to select the
optimum block finally). 1In this specific case, there is
shown a model wherein the intermediate position is single
. and includes 12 units. The intermediate position is ﬁot
10 limited to be single, and the number of units in the
intermediate position is not limited.
EMBODIMENT 7
S Now, a seventh embodiment of the present invention
will be described, referring to Figure 24. How to select
15 a timing to reduce the revolution of a fan based on door
opening or closing frequenciés numerically represented
will be described in detail, referring to Figure 24. .At
Step 71, the magnitudes of the frequencies of opening or
‘closing the door in the respeétive time units are
20 compared. At step 72, the door opening or closing
frequencies in the respective time units are ordered from
"0" to "11". At Step 73, the order of the door opening
or closing frequencies in the respective time units are
calculated in accordance with the following equation,
25 using predefined optimum parameters:
Mi=F(Iys Ipr eoeIgr oor I3p)

F(Ily Izy cey II' eey Ilz): function of 11—112



will be described in detail, referring to Figure 24, At Step 71, the
magni t udes of the frequenC|es of opening or closing the door in the
respective tine units are 20 conpar ed. Step 72, the door opening or
closing frequencies in the respective tﬁ;e units are ordered from"0" to
"11". At Step 73, the order of the door opening or closing frequencies in
t he respectlve tlne units are calculated in accordance with the follow ng
equat i on, 25 rﬁ}:?? cltxs i el data nebtainednatebtey §3 adeerr]: function
of [err] 74, the data obtajned at Step 73 are calculated in .
accordanceqﬁLHQ ed N ARSRFIANES Wi u%hﬁgfﬁngU#FBequﬁﬁiﬂmﬂ
paraneters, gnd thqﬁ% ni the respectlve tinme unlts are obtained: 5

[err] [err 83N AH rQQ “WﬁRﬁFQQFt%ﬁﬁroéR §heodata dme then at a

| ow speed |s sel ted hase he results und by the cal cul ations stated
above. TheX& féiqﬁa L%ﬁ&“%ﬁe sinmlar to those of the

S5 aghaa @%3&2@&&3& el genbod rent of “Lhe present
det er m ne a time LJ@m ck .t.o' Ch?”y..O,UtMn%C%rlélgi_érp of M,-M,,
At Step 75, a block to rotate the fan at a low speed
is selected based on the results found by the
calculatipns stated above. The contents of the _ ;b
.10 calculations are similar to those of the sixth
embodiment. |
EMBODIMENT 8
Now, an eighth embodiment of the present invention i;}’
will be described, referring to Figures 25 and 26. How
15 to determine a time unit block to carry out subcooling in
a frozen food compartment will be described in detail,
referring to Figure 25. At Step 80, the magnitudes of
the frequencies of opening or closing the door in the
respective time units are compared. A time unit block
20 which has the highest frequency is selected at step 81.
-Finally, at Step 82, the block which is located
immediately before the block selected at Step 81 is
determined as a time unit block to carry out subcooling.
'Subcooling is made in such a.manner that the OFF .
25 temperature of a compressor.l and a fan 3 is made lower
than that at a normal time in the determined block to

decrease the temperature in a refrigerator, thereby
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a frozen food conpartnment will :be described in detail, referring to Figure
25. At Step 80, the magnitudes of the frequencies of opening or closing the
door in the respective tine units are conpared. A tine unit block 20 which
has the highest frequency is selected at St&f81. Finally, at Step 82, the
bl ock which is |located i Mmedi ately before the block selected at Step 81 is
determned as a tine unit block to carry out subcoolin Subcooling.is made
in such a. manPSeveRsdngh&hertempenatnne ofiratored fo r&gomr 1 and a fan 3
is made | ower than that at a nornal tine in_the determ ned block to
decrease the 4BR5EASIRG> |PQ1 rQRﬁﬂ%uQﬂndthEFGb?ONPr$F§9§niIﬁ?ﬁtﬁhe
tenperature of, stqred f r,om i eaS|n On the other hand, the
conpressor 1 ZA% Bh@aﬂé 3 ] é%ﬁa%PcE?FbPﬂ ber e8EE¥o O ry out

simlar subcoolln perati o 5 ENBODINENT 9 Now, a ninth enbodi nent of the
present |nvenF?8ﬁqﬁF “S aéﬂQIﬂﬂf T4t¥ring to Figures 27-35. In Figure

o %@%&W?mh'ecn?h?ﬁri? embodi ment . Ref e ence nuneral 1
Ref er ence: numer al "ed Sl SHBUGETC S Chich-EhERsT ipEeneieh Win
refrigerant . Bl Egeggg%ggg[rgfe%ﬂ%a YRR demayssD CihoHighee 399 e
there is shown a schematic diagram showing the entire
N\ structure of the refrigerator according to the ninth
10 embodiment. Reference numeral 1 designates a compressor .
which comprésses and circulates a refrigerant. Reference
numeral 2 designates an evaporator which evaporates the
W, reffigerant. Reference numeral 3 designates a fan which
circulates cooled air produced by the evaporator 2.
15 Reference numeral 5 designates an air path for directing
a part of the cooled air to a refrigerating compartment
4. Reference numeral 6 designates a damper which opens
K,: and closes the air path 5 to control the amount of the
cooled air to the refrigerating compartment 4. Reference
20 numeral 7 designates a defrosting heater which melts
frost formed on the evaporator 2. Reference numeral 9
designates an F thermister which detects a temperature in
a frozen food compartment 8. Reference numeral 10
designates an R thermister which detects a temperature in
25 the refrigerating compartmené 4. Reference numeral 11
designates a door detector which detects whether a door

of the refrigerator is opened or not. Reference numeral



.15 Reference nuneral 5 designates an air path for directing a part of fthe
cooled air to a refrigerating conpartnent 4. Reference nuneral 6 desi-gnates
a danper whi ch opens and cl oses the air&@ﬁth 5 to control the anopunt of the
cooled air to the refrigerating conpart t 4. Reference 20 nuneral 7
designates a defrosting heater which nelts frost fornmed on the evaporator
2. Reference nuneral 9 designates an F therm ster which detects a
t enper at urb2i degignates AvoQULSHGE @idhitiermisternwbicbndetlect® @rsi gnat es
an R therm ster which detects a tenperature in 25 the refrigerating
conpar t ner@mlienkctemperatire afiound dhe frREvigerater.dcRefesense ch
det ect s whet her g goor of, the refrigerator is opened, or not. Reference
nuneral - huBegald; L3 Aesignates i PER thermigter whichnhdgtessss aan anbi ent
tenmperaturge around the refrigerator. Reference nuneral 13 designates a DEF
horm ot or CHRPRFABBEBCPE KheoRIRRATALSI, S (1R COBDLPERACBrostioap ote
defrostinq$ Ref erence _nu ﬁgl 14idesi nates_ a c%airol,unit,mhich cont ha# s
the op@ratT9® eﬁ?nFﬁenP@PFng ¢ GESIGRALRR & FAEERL: wRiEeWhiFhcont r ol .
means 15 ( o} | Si ans 6. Next, the contents.of the
controllnaéhggﬁiéﬁ#Pgﬁgggg?ggﬁbeggn$%E%E%é%fQ%F$$%ﬁfeaﬁé.w&ﬁc i d8re 28,
there are L 8ede 3af $.0SASWkiGN %ﬂﬂf ' ; nd _a third switch
20 whi ch a‘?‘seﬂ%%gﬁgtégr b? u%ﬁ?‘\%bg'nméﬁg sgfﬁe a poméegr“%%{]:} géa%'}gfor t he
el ectri calgp@{sfon THEARsS Vet Ches
Next, the contents of the control means 15 will o/
10 described, referring to Figure 28. 1In Figure 28, there
are provided a first switch 18, a second switch 19 and a
third switch 20 which are means for turning on and off a
power source 17 for the electrical parts. These switches \)-
are contacts which turn on and off the compressor 1, the
15 fan 3, the damper 6 and the defrosting heater 7,
respectively. The contacts 18, 19 and 20 are driven by a
first coil 21, a second coil 22 and a third coil 23,
respectively. Energization to the coils is made by means ;J
of a first driving circuit 24, a second driving circuit
20 25 and a third driving eircuit 26. A microcomputer 27
determines which one of the driving circuits should be
energized.
In the case of defrosting, the third coil 23 is
energized by the third driving circuit 26, and the third
25 switch 20 turns on the power-.source 17 to feed power to -
the defrosting heater 7, thereby carrying out defrosting.

(Determination of timing to carry out defrosting is made



dre contacts which turn on and.off the conpressor 1, the 15 fan 3, the
danper 6 and the .defrosting heater 7, respectively. The contacts 18, 19
and 20 are driven by a first coil 21, a second coil 22 and a third coil 283,
respectively. Energization to the coils is q%ﬁp by neans of a first driving
circuit 24, a second driving circuit 20 25 @aMd a third driving circuit 26.
A m croconputer 27 determ nes which one of the driving circuits should be
energi zed. |n bynetheseontrdif mannery dedisiidn means.|163) | sSTleeer gi zed by the
third driving circuit 26, and the third 25 switch 20 turns on the power
source 17 to freixreecomputert 37 tabr ddve thermisters 9 hel®pyl2aandi b3, out
defrosting. (Determnation of timng to carry out defrosting is nade by
the control mandrthecdeoondetestorsll aphdnputscoRrferende eumenals
thermsters 9, 10, 12 and 13, and the door detector 11 as inputs.

Ref er ence num=8t3l designategpetentdadndiniding renistorswhichhsbares
shares' 5 voltages with the therm sters. Next, the contents of the contro
manner decBsi ofPHeagRs 1¥ith, ther tbermi®tR/ra. be described, referring to

fo i mput a oi gnal NAEeabRBoCOPESBLe It g EOnkRPT AIPTERE 4HELGH8R 1o
closed 12 coUStha o Pad CaBb IR byl e s BT S 15k
Figure 29. At Step 32, the state of a door of the
N\ refrigerator is detected to input a signal indicative of
10 the state, and how long the door is closed is counied. A
value obtained by the count is stored as a door closing
period. At Step 33, the total length of the operating
U periods of the compressor 1 is counted. Such two kinds .
of data have their respective grades numerically
15 represented by use of fuzzy control membership functions
predefined as shown in Figures 30 and 31 (Step 34), and
conclusion parts are selected in accordance with control
L rules shown in Figure 32 (Step.35). Subsequently, at
Step. 36, the grades selected at the conclusion parts are
20 calculated based on goodness of fit to the condition
parts of the rules as shown in Figure 33. The greatest
one among the numerical values indicative of the grades
seleqted at the respective rules in the same conclusion
is selected to produce a final conclusion as shown in
25 Pigure 34 (Step 37). Based.on the selected”value, a
final control value is found as the center of gravity in

an area as shown in Figure 35 (Step 38), and it is



periods of the conpressor 1 is counted. Such two kinds of data have théir
respective grades nunerically 15 represented by use of fuzzy control
menber ship functions predefined as shown in Figures 30 and 31 (Step 34),
and conclusion parts are selected in accﬂyr[dance with control rules shown in
Figure 32 (Step 35). Subsequently, at Step 36, the grades selected at the
conclusion parts are 20 cal cul ated based on goodness of fit to the

condi ti on pheterminédcbased@sons thieofound Dot BIalile wliegest one anong
the nunerical values indicative of the grades selected at the respective
rules in thiefrostingcshoudd be sercdeddout wrodigts, a Fhdwgh Fone! tReon as
shown in 25 Figure 34 (Step 37). Based on the selected value, a final
control valnintls émbodiment htheefiinalotogtadl waluerisrfound bdoe@ i n
Figure 35 (Step 38), and it is determ ned based on the found control

val ue whet sy the reentey efiogravbbycinr tbe axeay the .cofitwah,valuéhe ninth
enbodi ment the final control value is found based on the center of graviiy
in the Sresan the kound| by swebgbtednaveragentchmake ghtsddnidler age to make a
simlar control. CLAI M5: 1. A control device for a refrigerator
having a c&fRtEE@r and an evaporator, a



-~

fan for forcibly circulatipg cooled air produced by the evaporator and a
door, conprising: neans for determning the total operating tinme .of the
conpressor since the |ast defrosting operation; neans for counting the
nunber of openings of the door, neans for determ ning the frequency of
openi ng and cl osing the door based on the nted nunber of openings of the
door and for thereby determning the varigtfon of the said frequency over a
repeati ng Eﬁé#@k'f time periods;- neans for selecting a defrosting timng
based on a %Lﬂiod, after a predeterm ned conpressor operating tine, in

whi ch t he door eni ng ,f requency.has . pr.eviousl y been deierm ned to -be | ow,
and neans ﬂor c W"?Fﬁ‘ﬂ 'Fﬁﬁ%ﬁ“‘%M%ﬁW?&féﬁW&&??&ﬁ?m

vapor at or HIOF TSt kel BB B pifeleS Bl WX clibroriag #3008 L oo cosor
and an evaggﬁl?ﬁ% a fan for forcibly circulating cooled air produced by
t he &waporat of, d a door, conprising: neans for determning the total

operating tinme g{eﬁﬁuﬁﬁ,&ggw%ﬂp ﬁé0%3r£%W%m%; means
afiB

for counting the openi ngs of the~ door, nmeans tor determning the
frequency dJbfy cl osing the door based on the counted nunber of
openi ngs of the door and for thereby determ ning the variation of the said

frequency over meafi9foricotgtingthe aumbert of 6penings ofithe dsogns for det-erni ni ng,
for each said period, an operation factor based on the total conpressor

operating tine imeansfot determimingsthe frequéreylof opening and tlosing theadoarbasedon C L
M S * means for estimating a maxi num perm ssi ble operating tinme based
on t he opetths ¢onntedzsumbes of openings of the door and for thereby determining the variation
of the said frequency over a repeating cycle of time periods;
means for selecting a defrosting timing based on a said period, after a
predetermined compressor operating time, in which the door opening frequency has
U previously been determined to be low; and
means for controlling defrosting based on the selected defrosting timing, in
accordance with a predefined control rule for defrosting the evaporator.

2. Acontrol device for a refrigerator having a compressor and an evaporator, a
o fan for forcibly circulating cooled air produced by the evaporator, and a door;

comprising: means for determining the total operating time of the corﬁpressor since
the last defrosting operation;

means for counting the number of openings of the door;

means for determining the frequency of opening and closing the door based on
the counted number of openings of the door and for thereby determining the variation
of the said frequency over a repeating cycle of time periods;

means for determining, for each said period, an operation factor based on the
total compressor operating time in said period since the last defrosting operation;

* C L M .S *



means for selecting a defrosting timng based on a said period, after a
predeterm ned conpressor operating-tinme and before sai d maxi mum permi ssi bl e
operating tine, in which the door opening frequency has previously been
determined to be low, and means for controlling defrosting based on the

sel ected defrosting timng, in accordan th a predefined control rule
for defrosting the evaporator. 3. A confrol device for a refrigerator,

as claimed in claim2, in which the neans_for selectin defrostlng time are
operative to mhn@mﬁ@swmm@n\cm mmmg t he said
period of |ow dgor opening frequency has the hi ghest door openlng

f r equencperation fagtoryiat case, to select as the period in which defrosting is

h d d d h d I d
i equency. t4en1°eansf SISO s oRAY Bns Yaled P g s ool i e (ol ai m
et or i NSt ﬁ?ﬁéﬂ%&’%ﬂ S5 M R e SRR V2, 1 | o
d t hat
case, 't coRd %@FOQ&W%%W%%WQ ©peri od

in whichyd m%vq%@r openi ng frequency has been determined to be the second
| owest . g control device for a refrigerator having a conpressor and

an eVaporat0rme&n§ﬁ9¢5ﬂfolﬁﬁ&éﬂ%sﬁn§b&§dd'6ﬁth@@dé&@dﬁ$‘é§hﬁg%ﬁi&f gpd by the

evaporator, and a door, conpri sing; detection
means f ojcodpdance with Wmalmwmgde&ommpmns for counting the
nunber of openings ofthe door; neans for determning the frequency of
openi ng and cl osing the door based on the counted nunber of openings of the

door and for thereby determ ni ng the variation of the said frequency over a
repeat i nd. cyclecantrol fenicesfor a seftigeratns, as claimed in claim 2, in which the means -

“for selecting defrosting time are operative to determine whether the period immediately

following the said period of low door opening frequency has the highest door opening
frequency,andinthatcase,toselectasthepeﬁodinwhichdeﬁ'osﬁngistooccur,the N
period immediately preceding the said period of low door frequency.

4. A control device for a refrigerator, as claimed in claim 2, in which the means

for selecting defrosting time are operative to determine whether the period immediately

following the said period of low door opening frequency has the highest door opening U
[frequency, and in that case, to select as the period in which defrosting is to occur, the

beriod in which the door opening ﬁ'equéncy has been determined to be the second

lowest.

5. A control device for a refrigerator having a compressor and an evaporator, a
fan for forcibly circulating cooled air produced by the evaporator, and a door;
comprising;

AR ) O



means 'f or det'ermining the rate. of revolution for the fan in each said
peri od based on the stored frequencies, the determ nation being nade in

accordance with a predefined control rule: 6. A control device for a
refrigerator having a conpressor and an evaporator, a fan for forcibly
circulating cooled air produced by the ev tor, and a door; conprising;

det ection neans for- detecting opening and cl osing of the door, means for

counting the nunber of_ openiags of, the door, ng for detgerm nipg fhe

f requency %ﬁ%wsafﬁﬂﬂﬁt g-Rpening and OS%@%EOMMWW of
openi ngs of_ t or_and r $hereby determning the variation of the said
frequency M%gfmFﬂ 8‘&#@95 of tinme periods; and neans for selecting a
sub-cooling tim _ . ' | 0d d ' t | od
determined to hé’&/%n? @%ﬁﬁ‘é@%@ﬁeﬁ@%@%ﬁ%%ﬁ%@?ﬂgm&%ﬁzﬁe I.

For oLl y o et be GFofiil oF (3P 0G50 Tor ARfeo QefRi RN banion™" ' "
conpri si NY:of MRS _ I 3 st B evdle bt ad.gaatime of the. . _
conpr essor osfi nce t{ﬁgﬁ?{wﬂ%@ﬁg%{%@gﬂﬁ’?ﬁ%’% C L M S *
means for det er rthédng fortdeferininily fheratélifeviitforlfop the Haf iP&RA stiipeAsd 2

defrosting heater for the evaporator; .neans for obtaining nunerical values
i ndi cat i ve basedosreiie stopéd fréquencies, 2he d¢teiminmticiibeiigd madein'accordandeowith 48 i n
accordance with predefined nenbership functions for a fuzzy control; neans
for sel ect ipnefefinedcantrol rdle part i n accordance with a predefined control

N\

6. A control device for a refrigerator having a compressor and an evaporator, a
fan for forcibly circulating cooled air produced by the evaporator, and a door;
comprising; |
N\ detection means for detecting opening and closing of the door; means for -
counting the number of openings of the door;
means for determining the frequency of opening and closing the door based on .

the counted number of openings of the door and for thereby determining the variation
of the said frequency over a repeating cycle of time periods; and

L means for selecting a sub-cooling timing based on a said period immediately

| before the period determined to have the highest door opening frequency. |

7. A control device for a refrigerator having a compressor and an evaporator, a
fan for forcibly circulating cool_ed air produced by the evaporator and a door;
comprising: ‘

means for determining the total operating time of the compressor since the last:

)

defrosting operation;

46
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rule for defrosting; neans for calculating the grades selected at the
concl usion part based on the conclusion part and the grades; neans for
produci ng a final conclusion based o he sel ected grades; and neans for
detecting a final control value for rosting based on the produced val ue.

W th T of er enclBets 1o deiPraniss the e Frgupic e dcr ot esh e 11 ?od‘iécrkf’éﬂre
il:?guf ed 27"t of ifosfty h@t&”@iﬁﬁ?ﬁ% 7w ngs. 24 F' gures 25 and 20, of

: means for obtaxmng numerical values indicative of grades of the operating time
and the door closing time in accordance with predefined membership functions for a
fuzzy control; - '. _

means for selecting a conclusion part in accordance with a predeﬁned control
rule for defrosting;

means for calculating the grades selected at the conclusion part based on the
conclusion part and the grades;

means for producing a final conclusion based on the selected grades; and v/

means for detecting a final control value for defrosting based on the produced
value. | |

8. Control means for a refrigerator, substantially as herein described with "N
reference to Figures 1 to 5, Figures 6 to 10, Figures 11 to 15, Figure 16, Figures 17 to

21, Figures 22 and 23, Figure 24, Figures 25 and 26, or Figures 27 to 35 of the

accompanying drawings.
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