" [ Nane of Docunent] SPECIFICATION [Title of the
I nvention] REFRI GERATOR [Technical Field] [0001] The
present invention relates to refrigerators, and nore
specifically, it relates to the illumnation within a
conpartnment turned on when a door of the storage
conpartnent of the refrigerator is opened.

[ Background Art] [0002] Conventionally, incandescent
| anps_have been, commonly used in illum nating systens
[N3mp of drogjanet aﬁ?ﬁ@ﬁ?ﬁcaﬂlp@frlgerators and storage

door pockets provided in _a door of refrigerators;

REXAV-I=x 4 ChecBh 3t iee SEFRIGRRAGARt ti ng- di odes

[T(referred fo %f LED bel ow) whi ch are advant ageous
%& s of heating value and electric power

cogﬁﬂﬂyglon has been proposed. [0003] However, since
mal | in Iuninous area and strong in

e (eSS T VRS Toit 18 vt = A gy and moze
' Il
eyl FELakE it o@%% o téﬁéﬁ?nﬁnfﬂbir IHEF GfEitnent

tufﬁ@@ob@&ﬁﬁﬁ§588gkn¥@H@étoﬁ ge%Qﬁlr&Q91&ﬁg%éeggrefrlgerator

'um nance I n storage conpartment as S
lSl scent |anmps, the nanufacturlng cost tends to

i ncrease. [0004] 1
[Background Art]

[0002]

Conventionally, incandescent lamps have been commonly used
inilluminating systems for storage compartments of refrigerators
and storage door pockets provided in a door of refrigerators;
however, recently, use of light-emitting~-diodes (referred to as
LED below) which are advantageous from standpoints of heating
value and electric power consumption has been proposed.

tooo3]

However, since LED is small in luminous area and strong in
directivity in comparison with those of incandescent lamp, its
illuminationrange issmall. Hence, foreffectivelyilluminating
a large storage compartment, it is necessary to provide LEDs in
numbers larger than incandescent lamps. For ensuring the same
illuminance in storage compartment as that of incandescent lamps,
the manufacturing cost tends to increase.
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Then, for conpensating the small |um nous area and the
strong directivity, exanples have been proposed in
that an illumnating systemusing LEDs is directed
toward the rear (back side) of the storage
conpartnent and is nmounted at a tilt (see Patent
Docunent 1, for exanple). Exanples have been al so
proposed in that the illumnating systemis arranged
such that the LED Iight in the optical axia
di rigcdri ,0ho emtcarpe ristae ifnrcotite efaadlllowdineg ssinedd anfl thehetrong
storage conpartnment so as to intensively illumnate
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[Disclosure of the Invention] -
[Problems to be Solved by the Invention]

(0005]

For example, in the refrigerator shown in Patent Document
1 mentioned above, the LEDs are directed to emit light toward
the rear of the storage compartment. Thereby, the light from
the LED can be concentrated in the storage compartment; however,
on the other hand, since the illuminance in the front (adjacent
to the door) of the storage compartment is reduced, there has
been a problem that a storing pocket provided in the door cannot

be sufficiently illuminated.
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" Also, in the refrigerator shown in Patent Docunent 2

nmentioned above, light is concentrated in the front
side of the |oading shelf. On the other hand, since
the illum nance in the rear side of the storage

conpartnment is reduced, the back of the storage
conpartnent is darkened. Also, the light in the
optical axial direction with highest intensity is
emtted to the front edge of the |oading shelf. ,
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the | oading shelf is intensified, and a problem has _
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Into a plurality storage spaces In a vertica

di rieeid7gn; and an illum nating systemin that a

plurality of light-emtting diodes are arranged on a

Si dghvplrle s@intt RAvEh®H38Chad been made to solve such problems

and it is an object of the invention to obtain a refrigerator
in that when an illumination system of a storage compartment is
constructed using LEDs with.the small heating value and electric
power consumption, the whole storage compartment can be
efficiently illuminated with the LED light.
[Means for Solving the Problems]

[0008]

A refrigerator according to the present invention includes
a storage compartment havinga space, which isopenableto/closable
f;mnanexteriorspaceviaacbor,foraccommodatingstoragegoods;
one or a plurality of loading shelves for zoning the storage
compartment into a plurality of storage spaces in a vertical
direction; and an illuminating system in that a plurality of

light-emitting diodes are arranged on a side wall of the storage



conpartment in the vertical direction at positions
adj acent to the door fromthe | oading shelf for
illumnating the storage conpartnent, in which on a
pl ane parallel to the |oading shelf, the plurality of
light-emtting diodes of the illum nating system are
directed such that an angle of an optical axis of the
light-emtting di odes defined by the side wall is
| arger than 60 as well as the light fromthe

conlpagitiweerti tihi hjedvedescah diweciojpin cdl pasiidliodsr adf foant to
is not allowed to directly enter the |oading shelf.
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h.§g§uring the high visibility within the storage

She mpartment.' Also, the LEDs of the illum nating

e not directed toward the rear of the
[Adg%ﬁkggg%gonpartnent, so that the door pocket of the

doqiyglpegated in the front can be illumnated. 4

According to the present invention, on the right and left
sidesof the storage compartment, for example, of therefrigerator,
the illuminating systems having a plurality of LEDs are provided
at positions adjacent to the front from the loading shelf, and
the angle of the optical axis of the light emitted from the LEDs
defined by the side is to be larger than 60° as well as the light
from the LEDs in the optical axial direction is not allowed to
directly enter the loading shelf, so that the light in the optical
axial direction of the LEDs is not emitted directly to the front
edge of the loading shelf and the glare feeling of a user can
be reduced, ensuring the high wvisibility within the storage
compartment.  Also, the LEDs of the illuminating system are not
directed toward the rear of the storage compartment, so that the

door pocket of the door located in the front can be illuminated.




" [Best Mode for Carrying Qut the Invention] [0010]
First Enbodinent Fig. 1 is a schenmatic side sectiona
view of a refrigerator 1 according to a first
enbodi nent of the present invention. According to the
enbodi nent, the refrigerator 1 includes a plurality
of storage conpartnents, such as a refrigeration
conpartnent 2, an interchangeabl e conpartnent 3, a
veget abl e conpartment 4, and a freezi conpart ment

[Bast dbade cimpadramening | (et u@P?lgI%V%rp%\Wn}qor
acc nanFting i nventory goods (foods) . The
ref FiGetator 1 al so includes a hinged door 6 (referred
.to as a door 6 below) and a pullout door 7 so as to
FippeniRpodtnehe space between the inside and the
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refrigerator 1 also includes a hinged door 6 (referred to as a
door 6 below) and a pullout docor 7 so as to open/close the space
between the inside and the outside of each compartment. The
refrigeration compartment 2 having the door 6 and loading shelves
8 will be described below; however, the invention is not limited
to this.

[0011]

As shown in Fig. 1 herein, the refrigerator 1 has a
substantially rectangular parallelepiped shape, in which the
front side having the door is defined as a front plane and the
side rear to the front plane is defined as a rear plane based
on the installationdirection. InFig. 1, the upper side (ceiling
side) is defined as the top plane and the lower side (floor side)
as the bottom plane, and other two surfaces are defined as sides

(the left surface viewed from the front is defined as the left




side and the right surface as right side, herein) In
the refrigeration conpartnent 2 openabl e/ cl osabl e
with the door 6, a plurality of |oading shelves 8 are
arranged in parallel with the top plane (bottonpl ane)
to zone the inside of the refrigeration conpartnent 2
for inproving inventory goods storage efficiency.
Controlling neans 100 controls each neans included in

the refrigerator 1. Herein, the control |ingneans 100
sideiamhy caet nalght asutfErd psovidad isiden iHdnemimatidgy the
system 10 for illumnating wthin the refrigeration

refoonparatent @n:00i2ht Bi gpeRabdedciopatleiveviiofthiehdcor 6,
refrigeration conpartnent 2. As shown in Fig. 2, on
a pdivded idfy tfe loadénowahkluvest Bearefatiggarasd dn parallel with
conpartnent 2 (referred to as inner walls 13 bel ow), .
the hep pillangnibrdtioge sgsebie zrmantive Agsadplofriats £§fstgerRation
LEDs 9 as |ight sources are provided, the LED 9 being
conpRIdmantyiZs £pr el i gHEingG deNende rihge@ds isfieradsue hL ¢ Ragncy -
users can see inventory goods. According to the ,
Cordrfisoldi ieht e8RSt HP Y nReRthetf £3Ch Hee3ls uAnRatFRg 10 the
system, 10 _is arranged at a _position adjacent to the
refigiRT Mol ¢t dvehrtd 1 WS HBBF 16} L-POMEARE SR eHeoBFroLs
l.oadi ng ,shelf 8. . for .the vertical direction .
2n 10 PYBERTRAER Y st Te Rl A5, St S0 ERet Aad Sppmating
. plurality of the LEDs 9 jncl in the illumnating
W sylspf gcrﬁelor%%rrel oS %%%e%omﬁa%%‘g%ﬂa%‘i ally internediate
poqkkjgﬂs bet ween the respective two shelves 8
(exce&t upper nost and | ower nost LEDs). [0013] 6

Fig. 2 is a front view of the refrigeration compartment 2.
As shown in Fig. 2, on sides of the inner wall of the refrigerafion
compartment 2 (referred to as inner walls 13 below), the
illuminating systems 10 having a plurality of the LEDs ¢ as light
sources are provided, the LED 9 being to emit visible light, such
aswhite light, such that users can see inventorygoods. According
to the embodiment, on the inner wéll 13, the illuminating system
10 is arranged at a position adjacent to the front side (toward
the door 6) from the front edge of the ioading shelf 8. As for
the vertical direction, the illuminating system 10 is arranged
such that the plurality of the LEDS 9 included in the illuminating
system 10 are positioned at substantially intermediate positions
between the respective two shelves 8 (except upper most and lower
most LEDs) .
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" Fig. 3is a drawing of general |um nous
characteristics of the LED 9. As shown in Fig. 3, the
LED 9 generally has strong directivity in |ight
emtting. Hence, the lum nous intensity is highest in
a direction of optical axis 12 perpendicular to the
| um nescent plane of the LED 9, and with separating
angle fromthe direction of optical axis 12, the
lum nous intensity is reduced. The illum_nating range
wi thL$0% éF avkeving sdugenphgénsitiness hargGiqHetics of
direction of optical axis 12 is defined herein as an
theliEdetd -vePs| BhfTRat it ¥ ante 2] H%vgerge“tef?aslld’o@@S strong
not nean that the LED 9 cannot_emt qQ out of
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6A and 6B are provided for opening to/closing from

raride cout sidery§. thewhpacehe afnglne ofethiegef pétoton of optical
conpartment 2, the doors 6A and 6B being 7

axis 12 is defined as 0° , the range in approximately + 50° 1is
included in the illuminating range a. In the description, the
directionof thelight emitted fromthe LED 9 representsadirection
on a planerparallel to the loading shelf 8 unless otherwise
specified (this doces not define the light in the vertical
direction).
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Fig. 4 includes drawings of the refrigeration compartment
2 viewed from the upper plane. As described above, the door 6
is provided on the front plane of the refrigeration compartment
2. 1In the refrigerator 1 according to the embodiment, on the

front plane of the refrigeration compartment 2, doors 6A and 6B

are provided for opening to/closing from the outside of the space

of the refrigeration compartment 2, the doors 6A and 6B being




connected to the body of the refrigerator 1 via hinges
(not shown) , respectively, as so-called hinged
doubl e doors. The door on the right viewed -fromthe
front of the refrigerator 1 is defined herein as the
ri ght door 6A, the door on the left as the |left door
6B (if distinction is unnecessary, they are described
as the door 6) . The door 6 is provided with a door
pocket 11 arranged inside for storing foods. The
connéaigdabi e bydyen e ire fodgkirgtoed. via hd ngreisnfrert shown) ,
circuit board 16 having an electrical circuit printed
redrheriebve bnd ax pbucalieg iongatedpEDse dlodms whifbk ddwer on the
printed circuit board 16 is not exposed inside the ,
riglef viigerest fom ebafaanient the rofadaadiatgnt bisqefined herein
enbodi nent, as shown in Fig. 4, the illumnating
as g i A0 i rPdngédesdentt pat thpel efiglas Gher lefE door 6B
_optical axial A direction of the LEDs 9 defined by the
(i fHert g ions iiss URRPGEF SarHant BOY ae fARSHdMfst &5 the door
light in the directjon of optical axis 12 of the LED .
6) g i%gen%?oai@ éétmow@?faé«mt%oﬁ ¥ P&&ﬁfﬁﬁgﬁsﬁarfﬂnggb inside
especi al | n the frant edge), . By increasing the
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is not limted;, however, it is preferable to be 90 or
dite@essiobesfiude: I8Ds 9 defined by the inner wall 13 is larger
than 60° and furthermore, the light in the direction of optical
axis 12 of the LED 9 is not directly incident on the loading shelf
8 (especiallyon the front edge). By increasingthe angle® larger
than 60° , during illuminating the whole loading shelf 8, the
well-balanced illumination can be achieved without unevenness.
Even when increasing the angle 8 larger than 60° , if the light
in the direction of optical axis 12 is incident on the lcading
shelf 8, it is preferable to give priority to not directing the
light in the direction of optical axis 12 toward the locading shelf
8 directly unless being under situations that the reflected light

does not glare on an user. The upper limit of the angle 9 is not

limited; however, it is preferable to be 90° or less, because




“the main object is to illum nate inside the
refrigeration conpartnent 2. [00151 Fig. 5 includes

pl an views of a conventional refrigerator. 1In
conventional refrigerators, since the angle of the
LEDs to the inner wall is to be 600 or less so as to

direct the light 1in the optical axial direction of

the LED toward the | oading shelf 8, so that the rear

side of the refrigeration conmpartnment 2 is Iliable to
thepemabhumiacdd Wbt Ko | ghtuhibnateodosideat @k maedgigeration

Therefore al though the inside of the refrigeration
comp@RFara - 2 can be brightly illum nated, the |ight

|rect|on of optical axis 12 of the LEDs 9 is
dlf&%&fﬁ i ncident on the |oading shelf 8. Thus the
refl ected Ilght fromthe front edge of the |oading
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Thér'?etf%l% Vah¥hetight ede Mienud ke %ﬂ@'ﬁeﬁrﬁeﬂi@l&& I@eipa@®* ment
of opt|cal axi's 12 of the LED 9 defined by the inner

2 cd@bk pi3 gt changedifated, the llght: inthedirectionofoptical
axis 12 of the LEDs 9 is directly incident on the loading shelf
8. Thus the reflected light from the front edge of the loading
shelf 8 is intensively incident on the eyes of users of the
refrigerator to glare on them. On the other hand, in the
refrigerator 1l according tothe embodiment, since the lightemitted
from the LEDs 2 in the direction of optical axis 12 cannot directly
enter the loading shelf 8, the glare due to the reflection can
be significantly reduced.

[0016]

As described above, Since the LED 9 that is a light source
of the illumina.ting system 10 has strongdirectivity, light within
the effective illuminating range o centered at the optical axis

12 is intensively emitted. When the angle 0 of the direction of

optical axis 12 of the LED 9 defined by the inner wall 13 is changed




herein, the effective illumnating range a al so
changes sinultaneously. As shown in Fig. 5, in
conventional refrigerators, since the angle of the
optical axis 12 of the LED 9 to the inner wall is to
be 60 or less so as to intensively illumnate the ,
inside of the refrigeration conpartnent 2, the opened
door 6 is out of the effective illum nating range a.
Therefore, the door pocket 11 provided inside the
hexir, 6 the sedifeeity viel | Ukinairdtingh rdngmht ¢ oaBeo changes
~darkened. Since the door pocket 11 is a very ,
simphvaramly st deatevsphe E1fed tidkepigvenl bRra HEpAKEIgRatOTS,
~small articles, it is preferable to illumnate the
sinpprthsoarglel1aifiore gdi'anl agaveh? efcdheakED 7 o0 Ee inner
.. The-Ti;-"inpdie refrigerator 1,accordin% to.the,
wakhplotitheme ©0si nee t#%S atfyld® &vintResgyeildal laxpdngse the
., of the LEDs 9' defined, by the inner wall, 13 is t e .
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coé i Serdck | fiskgle the 10

(0073 . x5

Theﬁ%*in;%Hg'refrigeraﬁor 1 according to the embodiment,
since the angle. 0 of the optical axis 12 of the LEDS 9\&éfined
by the inner wall 13 is to be 60° or more, the door pocket 11
can be included within the effective illuminating randge o
(extension range). Therefore, the inside of the refrigeration
compartment 2 is illuminated while the door pocket 11 can be
illuminated with the light of the LEDs 9. |

[0618]

As described above, according to the first embodiment, when
the LED 9 capable of reducing the heating value and electric power
consumption for energy saving is used for illumination, the
illuminating system 10 is arranged by juxtaposing a plurality

of the LEDs 9 on the right and left inner walls 13 inside the

10




"refrigeration conpartnent 2 of the refrigerator |and
at positions adjacent to the front side (at the side
of the door 6) fromthe |oading shelf 8 and in the
vertical direction, such that the angle of the
optical axis 12 of the light emtted fromLEDs 9
defined by the inner wall 13 is to be 60 or nore, and
also that the light in the direction of optical axis
12 does not enter the |oading shelf 8 directly. Thus,
refhd¢r Yhton FopRe rdimeattd on tofe robrigearatoa & af posd tions
LEDs 9 is not emtted directly to the front edge of
ad13eodd fqsHerrtgsafg (e Yiard deslli Ajeofoasebls famm the
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optEModiLERL 1 Fig: By @rlf%f\'}ﬂgﬂ: ShoW o9 &irl'eecr%lf/otb the front

rel ati onshi p between an um natI1 ng syste

ed@C &F iRy 1badangecnnd regbodinent gngd-& f%@.t"ﬁﬁéd:%\fe'hsers can

(shade) 15 viewed fromthe upper plane o

be tefiibgar ald A iGAPREHERIM v2s i FECOF Jii8nti@ the refrigeration

enbodi ment, the illumnating system 10 is al so
conganftingarrted of Alllke, prsiimiced thier AUilimibeaitgléy@rdna10 is not
plurality of the LEDs 9. According to the enbodi nent,
arrglhged to excessively tilt toward the rear within the
refrigeration compartment 2, the front side of the refrigeration
compartment 2, that is, the door pocket 11 provided in the door
6. can also be illuminated. Hence, an additional illuminating
system for illuminating the door pocket 11 is unnecessary,
contributing to the reduction in cost and energy saving.
[0019]
Second Embodiment
Fig. 6 is a drawing showing the relationship between an
illuminating system 10 according to a second embodiment and a
lamp cover (shade) 15 viewed from the upper plane of the
refrigeration compartment 2. According to the embodiment, the

illuminating system 10 is alsc configured of the printed circuit

boardléandapluralityof the LEDs 9. Accordingtothe embodiment,
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on the inner wall 13, a recess 13A is forned at a
position adjacent to the front side (toward the door
6) fromthe front edge of the |I|oading shelf 8 so as
to arrange the illumnating system10 within the
recess 13A. Then, the recess 13A is covered with the
| anp cover 15. However, the invention is not limted
to this. The illumnating system 10 nay al so be
covered with the lanmp cover 15 without form ng the
on fhedsser3mall00P0p refasd AP icbfermed dtsamsisddd oy afi acent
resin materi al &ransparent at least wthin the range
to ghevifspbtesifdghttoviard ithel dees @) fmom thefpyont edge of the
integrally fixing the illum pating system 10 thereto . .
logging phel i BReAT LaVEr TBNIShEB et hel Y iniah Mt FHgT8Psiemt thin
10. However, the fixing of the illum nating system 10
the IG5 ilfft-ed TREN hERSTTRERRY bi2 thie AVAREH Witihehe lamp
| anp cover 15 partly includes a. |en nit 15A for. .
coqe Py | B e o™l AR tRaP feadPhy (RS S AnEPGhis - The
.4 1ght to the rear (the back side) of the refrigeration
113 e 6,49 BRY BRFe he e Bnad il N Ee Rover
“an .angl.e - t9 the inner | [0021] In the first
15 gprfbtglcfg‘{rir:enﬁcfrq%lyn eq‘rllenirnegc% e % I'fection of the LEDs 9

to [torb%ogositioni ng of the illum nating system 10, the
blare of the reflected Iight fromthe | oading shelf 8

iS’ILl'Fedﬂﬁﬁﬂ_c%sveﬁgEng_ %lctf@difrlo%%tsiiﬁ'}n edd g?gﬁsparent

pocket 11"is en owever, due to the reduce
at AGGURALIien ief thierghfect kvl 1M NRfHNG ah@Nd8c18dek claws

the LED 9 in the |oading shelf 8, the rear side of the

14 ¥2r integrally fixing the illuminating system 10 thereto by
fitting the claws 14 into the illuminating system 10. However,
the fixing of the illuminating system 10 is not limited té the
fitting of the claws 14. The lamp cover 15 partly includes a
lens unit 15A for refracting incident light. Fér leading the
incident light to the rear (the back side) of the refrigeration
compartment 2, the lens unit 15A is arranged to haﬁe an angle
to the inner wall 13.

[0021]

In the first embodiment, by defining the direction of the
LEDs 9 to the positioning of the illuminating system 10, the blare
of the reflected light from the locading shelf 8 is reduced as
weLlastheilluminatimnofthedoofpocket11isenabled;however,

due to the reduced occupation of the effective illuminating range

o of the LED 9 in the loading shelf 8, the rear side of the

12




‘refrigeration conpartnment 2 may be insufficiently

illumnated. For conpensating the reduction in

brightness in the refrigeration conpartnent 2, the

nunber of the LEDs 9 may be increased; however, it is

not preferable because of increased cost. Then,

according to the enbodi nent, by using the | anp cover

15 having the lens unit 15A, the brightness of the

whol e refrigeration conpartnment 2 is inproved with
reffswoiesst ioonepgnratinent 2 06a2be Fhguffithehtidlgsilluminated.

draw ngs show ng changes in proceeding direction of
Fogreong ghtatoing ﬁgeL@@Wﬂ@hins}ﬁmyﬂmﬂfﬂh@ thevesfrideration

As shown in Fig. 7 (a), in the lanp cover 15 according
CopparhBeng myo dhrerinb ¢ he Tl tmLEPACY dentboincheaseds however,
.unit 15A is refracted in the lens unit 15A, so that
L ne aPr%feFﬁJel?é?%?églé?eapifo%mm%@tqm- 2Th@hi cgarding

60 # ofﬂ%h .effectjve illumpating range a, is |

OiE Gnf ?§6m€ﬁ reRirt HSied ERe beherceupd, LpHeaTigmethe lens
L NC] t th t.h t I .unit 15A

wny B ts Py GbERegRt oF 1% RBGOR FELRhgobRts ehradies tnent
k . di t i nci.dent | e,

2 H Rt PR o e EEP 52% S PP RaE Lo her o th.

Wier ggsy1 when using no | anp cover 15 or a flat Ianp
cover 17 without the lens unit 15A, as shown in Fig.

G Phighhe s |ttt 9985206 2Alihobd MBS proceeding

direction of an original optica

digécthen! bghtnef 118t LEP Oné effRcd 2??&%‘5{’&]‘%2'{% ﬁlga\{rﬁf cover

15 proceeds toward the |oading sh (
15bl are sthvem 1A Fh@. di(e@otih neidenss Obviha d LahbrHRAY to the

t he | oading shelf 8 13

embodiment, the light incident on the lens unit 15A is refracted
in the lens unit 154, so that the rear of the refrigeration
compartment 2, which is out of the effective illuminating range
o, isilluminated therewith. Ontheother hand, the light incident
onparts other than the lens unit 15A goes substantially straight,
although it may be refracted in some degree depending on the
incident angle, sothat thedoorpocket11isilluminated therewith.
Whereas, when using no lamp cover 15 or a flat lamp cover 17 without
the lens unit 15A, as shown in Fig. 7(b), the light of the LED
goes straight in the direction of an original optical axis 18.

[0023]

Part of the light of the LED 9 refracted by the lamp cover
15 proceeds toward the loading shelf 8. Hence, the blare due

to the direct incidence of the light upon the loading shelf 8

13




IS an anxious matter. However, the blare is
significantly reduced due to the attenuation in
| um nous intensity during transm ssion through the
| anp cover 15 and the |ight dispersion due to the
difference in light direction due to the refraction
caused by the roughness of the surfaces of the |lanp
cover 15 in conparison wth the case where the |ight
of the LED 9 directly enters the |oading shelf 8
is st engithe nditrtect.i oHowever| giedblaopt Lealiganifd ce®tly reduced
[00241 Fig. 8 includes draw ngs show ng the positiona
duer &b dthieoathepuabéoneian 1thanpED i gk it e diadpygcotarsmisss ion
In particular, according to the enbodinent, the
thrposint ithsall amel geivensAbpapdt Weenl it LEsrorghentdige to the
~lanmp cover 15 is obtained such that the light in the
difdierescieonnofl 1gpti daregkiieniduenter heneefenstipmntcasped by
so as to be led to the rear side of the refriﬁggation

thec‘éﬁﬁgpfl?éﬁto@.th\%éﬁrf%ﬁﬁgof K& éﬁﬁpc‘b‘?/‘é?r 15 & Gk gt Son
.th f ti f_the |ight f the LED 9, t
withoEPET BRAF YOPERT GRS rH 1P Detodn & HEPePTRLERGELY enters the
i um [ . the LED d the, | .
Loz nERRLE Y A LB o F oS P s Bl 18.
Fi$oo§ﬁﬁ) shows the appropriate positiona
rel-ationshi p between the effective illum nating range

a %flgfgf%hlggugﬁg'%am%éswov?% Ehé%ioéir{:itolﬁ%tzl roézf'z?ﬁleonship

thel rection of optic axi' s

betkERn ShERES § shkeLhée Q%m%né$v%15'$53. 0 {0 rihe a9 according
led'to e t he

intensity light 1s to t rear side of

to EBEr EEBHALMEAL COMRAIEIBIN i dha OF1R® i RlsheD BaRdeehNthe LED
the case shown in Fig. 8(b), the light does not enter

9 a?ﬁe;ch@ﬁampi EodOA DEIti gaast Sihst anidhalthy tsthal ghghtson the
direc?:ion of optical axis 12 entefs the lens unit 15A so as to
be led to the rear side of the refrigeration compartment 2. When
using the lamp cover 15 employing the refraction of the light
"of the LED 9, the positional relationship between the effective
illuminating range a of the LED 9 and the lamp cover 15 in the
front-rear direction is very important. Fig. 8(a) shows the
appropriate positional relationship between the effective
illuminating range o of the LED 9 and the lamp cover 15. In that
case, the light in the direction of optical axis 12 of the LED
9 enters the lens unit 15A so that the high intensity light is
led to the rear side of the refrigeration compartment 2. On the

other hand, in the case shown in Fig. 8{(b), the light does not

enter the lens unit 15A but goes substantially straight, so that
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the light to be used for effectively illumnating the
inside of the refrigeration conpartnent 2 is wasted.
[0025] Fig. 9 includes drawi ngs show ng the
rel ati onship between the shape of the |anp cover 15
and the light refraction. The degree of |ight
refraction of the LED 9 depends on the specification
of the lens unit 15A. Based on the |anp cover 15 shown
in Fig. 9(a), for sinply increasing the angle of
theel i gt i on beagsshofar ¢RL Gl vel )il iurd nadding the inside of
t hi ckness of the lens unit 15A (light refracting
thﬁaFﬁfréﬂeﬁﬁélpénﬁo@@@éﬁmﬁatnﬁylﬁewaﬁéﬁdased However ,
ihe resin thickness is excessively increased,
gen 5 sink is liable to be produced, so that the
ding infto a desirable nold profile becones

i tf1-801 oL et 5 9 SeH A% knEKBLAT paship between
d b d t 4 Th f
it %%%Soft ReSSI Ak 2 B RonT PhAFFOS o1pT Enb setirgn The
to.h
dedegBitahE ah éreﬁi&Pﬁnga%ﬁﬁﬁ%%%gfg%f>$|t5a%3?%fflflcatwn
ofsgﬁﬁe % éqlnftor Ppg Ba Bl Hr hat gh%rrlt nccovnedé%l ngjm in Fig.

e sane t 'tknéss “4ds

9(@’ tﬂhs éi %fgén)g‘{bt%n%ﬂ:ég n??ﬂg) %M‘éﬂ ¥ i‘%tshown

i'nclinatio e ang e 0

inl 99}30'6@@6) ' Stl;ié?d:ﬁe | ncﬁl ‘gnéféaéf%e"‘iéﬁst\ﬂ%% 158 (light

I NC |nat|on ane, 1 ncreasing t

rekehEa¢hhhr Hsodesed 1hed @@@é’@ 15t Rey kRf EﬁEEEQBeé?ﬁl Kowever,

is changed due to -the angle of inclination of
ifited imed olkaneknAeeor diditdssivdlf e csRelsiee) §en8PhUEY sink

to have necessary inclination of the inclined plane,
ist heabaepte aveprkddwddd) tshe thesi tabl Roll@dfiguithto desirable
mold profile becomes difficult. Accordingly, the resin thickness
is preferred to be suppressed up to about 4 mm. Then, for'avoiding
the sink, as shown in Fig. 9(c), the section of the lens unit
15Amay also be formed to have a saw-blade shape (having aplurality
of triangular shapes) for forming a plurality of inclined planes
with the same thickness as that shown in Fig. 9(b). At this time,
as shown in Fig. 9(d), with increasing inclination of the inclined
plane, the angle of light incidence is reduced in the relation
with the inclination of the inclined plane, increasing the
refraction. As described above, the refraction angle is changed
due tothe angleof inclinationof theinclinedplane. Accordingly,

if the section is molded to have necessary inclination of the

inclined plane, the lamp cover 15 with the desirable lens unit
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15A can be obtained. [0026] Fig. 10 is a table
showi ng characteristics of resinmaterials. Fig. 10
shows transm ssion factors and the rank order about
unit cost of five kinds of resin material. Wth
hi gher order (smaller nunber), it is advantageous.
For exanple, the transm ssion factor is advantageous
in the order of an acrylic resin and pol ycarbonate
(polyca). Since the brightness in the refrigeration
157c grgratiemerittaizeday be changed due to the transmi ssion
factor, the material nust be carefully selected. On
t hd082%dr hand, the unit cost is advantageous in the
order of a polystyrene resin and a copolyner resin of
acrili%ont Q £ B HNeP Shg¥ ERg CPASAFESK AT L1SFRder e Pesehials.
materi al constitutes part of the inner wall of the

Fig-ofPj gpvs itdRNSEdMFatmEAEtor sind sh6oFapkprder about unit
j.ui ce-proof nust_be taken into account, 00%5} Fi.g.

Cosf OF i AR PEP i RGS LEHBME Py &' ot gL HRE ot St é%%aller

nunlger Lt R E S S REO et Rk SE 0TI F oGy T Tgn Eactor

is byypME AL VRS Teia s e R 2L 5 1B pojgearbonate
1 i i h

(ol yREY . o Bl RED LG 4D Bl PEESR chilber Bl bV omparcnent
h L.l ) ] 0 t ‘

2 e PhlaheUle tBorne! [UThORLE0I0RYSRED Phe thibterial

- mudt PEMNAING 19V Hea@Ee 0N bRechanpPrLo¥ehada, 3he SRR cost

in Fig. 11(b) . If the illum nating system10 is
is v 2etdyed®s in the order of apolystyrene resin and a copolymer

resin of acrylonitrile and styrene (AS resin). Since the resin
material constitutes part of the inner wall of the refrigeration
compartment 2, oil-proof and juice-proof must be taken into
account.

[0027]

Fig. 11 includes drawings showing a mounting method of the
illuminating system 10 on the refrigerator 1. For example, there
are a method to directly mount the illuminating system 10 on the
body of the refrigerator 1 as shown in Fig. 11(a) in that the
claws 14 are provided in the recess 13A, and the illuminating
system 10 is fitted to the claws 14; and a method to mount the
illuminating system 10 on the body of the refrigerator 1 after

assembling the illuminating system 10 on the lamp cover 15 as

shown in Fig. 11(b). If the illuminating system 10 is directly
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"mounted on the recess 13A, the positional relationship
between the LED 9 and the | anp cover 15 may be
significantly displaced due to the unevenness during
assenbling. That may cause concern that the |ight of

the LED 9 within the effective illumnating range a
may not efficiently enter the lens unit 15A. On the
other hand, in the case where the illum nating system

10 is assenbled on_the |anmp cover 15 in advance, the
mOReq i Ghding dleseissndRRp bt vkenit1eral BB g timnaltie between
| a cover 15 may not be sjgnificantly displaced.
theddh & ﬁ’é’ﬂ/t hendarpgrever %ﬁénﬂz@eg semlefm@nttlwew@ﬁéaced
under the, positional relatlonsh

du%giaﬁ FsHeav it adav NG @SSP L e EégFr%@y cause concern
thalrtlelf ggflaq}?tgntig %m% O\E{f ro%!tsf, V#&Hl;}fn tﬁﬁél\l}'lé&atlng
ra“ie?‘ giog efﬁ%b%%@%@ﬂ%@% berATGe At B o f Py the other
ha@cfsefﬁ%agcggs éy@egaet 'lﬁqumtg%"hén%s?m R0 1AM el eq

cover erable
on ?llﬁ%grg}nB%d‘;& %yﬂl gglvégrc]'gz§é§&§i91§%$g$glgﬁsﬂbﬁbetween

thddi.BplAsRABMHe PYnb @ veGODE LQUr At B'% %%er?z%gtls{/ dls%laced

adequately aligning between'the

Accdr @ty ifhe tllrémllgﬁ ¥ebflene BED @CQ%SSHPL.& Nghe i TbSUGHIE 152

manner, the yield during manufacturing the

undeaf thgQ;roailﬂ:rlonlalcﬁéll@Elbﬂ@lﬁﬂp’%‘itaﬂ&(i%ﬁﬂed Ph@dvhéce, so that
i ncl udes drawi ngs showi ng exanpl es of the shape of

thet hie siaceb si 3o tike itneugalthel 3anpokotamlsewidsin the
shown in Fig. 12(a), part of the light may enter not

refirhgdmtp govenpdbtiidnt 2 canbe optimally achieved. Therefore,
the method to mount the illuminating system 10 on the bedy of
the refrigerator 1 after assembling the illuminating system 10
on the lamp cover 15 is rather préferable. By contrast, when
the illuminating system 10 is directly assembled on the inner
wall 13, it is necessary to eliminate the displacement by the
configuration capable of adequately aligning between the
illuminating system 10 and the lamp cover 15. By the assembling
in such a manner, the yield during manufacturing the refrigerator
1 can be improved.

[0028]

Fig. 12 includes drawings showing examples of the shape of

the recess 13A on the inner wall 13. For example, as shown in

Fig. 12(a), part of the light may enter not the lamp cover 15
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but the recess 13A on the inner wall 13 dependi ng on
the arranging direction of the LED 9. Part of the
light incident on the recess 13A may continue to
proceed toward the different place in the recess 13A
so that the light may not cone out of the |anp cover
15. [0029] Then, as shown in Fig. 12(b), the |ight
emtted fromthe LED 9 is reflected on the recess
13A, and for preventing the reflected light from
buf wheheecens éBitngn tthe dnhéemexitl pB alpdamiimgeontdeegsranging
13A, the angle of the concave surface form ng the
direckebsn of3phesLERVi.seBarsof hhe tight iight.demitt eredhfer sATess
the LED 9 can be further effectively |ed outside the
132 apay coverims: HQ1HﬁﬂQQQﬂﬂQﬂwam%ﬂﬁ@Edﬂﬁéeﬂﬁgﬁtplace in the
incident on the front side of the recess 13A may
rege ey uert| yowasabdlpelfiedt paysee keme ﬁ@ta%@%flafn@ecover
recess 13A becones inportant for leading the light to
5the outside of the [anp cover 15, wthout |eading it
he r.ecess 13A. There is the door pocket 11
pro [H%@ in the door 6 in front of the refrigeration

the a%ft?rpne%%vé?ﬁg ot Jg%“t telf%: (R tﬁé%hi&gﬁ 89288 Fron the
el f ER R tRe Srofrd 5 Cbe uhat ea rd ab Brbyppsing the
reff'ee é@&'ﬁﬁ%?l\éggrélﬁ ﬁ.ﬁxgtﬁe()r 'ég%e?gglgetﬁ)é dl@}%r%(ﬁtﬁcgygci in the

ace F'ecess t he "door poc
r d (0] I f f [
ol BTOHSEAORLIE S OO kPR LB 138 ocons

1348 s devised, so that the light emitted from the LED 9 can be
further effectively led outside the lamp cover 15. Inparticular,
since the light incident on the front side of the recess 13A may
be frequently wasted perfectly, so that the angle of the recess
13A becomes important for leading the light to the cutside of
the lamp cover 15, without leading it to the recess 13A. There
is the door pocket 11 provided in the decor 6 in front of the
refrigeration compartment 2, so that with the light cdming out
of the lamp cover 15 not entering the recess 13A, the door pocket
11 is to be illuminated. In such a manner, when the light to
be wasted is led outside the lamp cover 15 due to the angle of
the concave surface formed in the recess 134, even the door pocket
11 provided on the whole plane of the refrigeration compartment
2 can be efficiently illuminated.

[0030]
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" As descri bed above, the outside of the ef f ective
illTumnating range a of the LED 9 is not entirely
illTumnated with the light but part of the |ight
abuts the recess 13A even if the recess 13A
isinclined. Hence, it is effective to devise a
counterneasure on the recess 13A for |eading the
light outside the |anp cover 15. [0031] Fig. 13
i ncl udes draw ngs show ng count ermeasures about the
r efAedeisen ibadihe ieecelss olBAL das stivawaffacFige i13 urnat ing
if a specific counterneasure is not taken, the

rangs |ecth Ghef ABPo? iof Ndte entdirédnt 111ighnatedretitcehe 1ight
Fig. 13(b) shows a high reflection material 13C added
bu‘brPftlH‘e FF orfte corely 8T ddee dfeqeis rldfesyerBA f gihe recess
increasing the light reflection factor. The materi al
L3R sipe ldinget - ¢ Eepgee .%lﬁﬁﬁéraparwg@e daving a counterneasure
ﬁg{tlcularl I|n1tef howeve the high reflection
On fdt%er %ﬂesté%a;ﬁo FBrARE B?ethég%pa#t%%dsfﬁ ilgrpfrover
al um num for exanple Al so, an adhesive tape having
the high reflection material 13C forned on its one
S|d§):ﬂﬁy al so be bonded on the recess 13A In such a
er the reflection factor IS increased due to the

ef L gfrlllgef‘x]ic#ﬂ{l?] ?la'wiaL!n Wi{%Sg’;‘]l'ﬁ%én%%Sffes about the

f
o180l L0810 ARG 2 o i
codﬁéﬂn@iﬂf@ﬂs%@&k@ﬁnkh% réfﬁ&%faEE RIJYOtRE ihSident

formed for supplying cold air into the re rlgeratlon
lii B iRNicedt. FOig.193(b) shows a high reflection material

15

13C added on the front concave surface of the recess 13A for
increasing the light reflection factor. Thematerial of the high
reflection material 13C is not particularly limited; however,
the high reflection material 13C may be formed by the vapor
deposition of aluminum, for example. Also, an adhesive tape
having the high reflection material 13C formed on its one side
may also be bonded on the recess 13A. In such a manner, the
reflection factoris increaseddue to the highreflectionmaterial
13C, improving the efficiency of the illumination.

[0032]

Fig. 14 is a front view of the refrigeration compartment
2 including a supply opening 26. On the wall inside the
refrigeraticn compartment 2, the supply opening 26 is formed for

supplying cold air into the refrigeration compartment 2. For
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rapi dly cooling storage goods accommobdated in the door
pocket 11 in front of the refrigeration conpartnent
2, not only on the back face, but also on the front
side of right and left inner walls 13 of the
refrigeration conpartnent 2, the supply openings 26
are formed in Fig. 14. [0033] Fig. 15 is a draw ng of
the | anp cover 15 having the supply opening 26. As
shown in Fig. 15, the supply opening 26 provided on
raptilsd vi moerl iwal Istb3aice Boermsdacapagedbbgdwinhthéeddanprocket
cover 15. By the integrally formng, the reduction in
11 anofmenbfof Hee metferiiggiragded fonpasimenerd s nog only on the
achi eved. Al so, since the nunber of the conponents is
backedaced, bvdnaflact on fgecdsenfayidpsofbeioipprdsseft inner
Al'so, since the LED 9 generally has characteristics )
walil§ {RAT Whehr pAET 8857 REOR SIRTEISHTESE of + tHe SEBPSY Phenings
lum nous intensity is reduced, it is preferable to
26 @& tHee™MeED 18 dnder 190wt enperat ure circunstances as
Iongﬁ ﬁ?ssible; the LED 9 can be cooled by the cold
air Gth t he supply opening 26. [0034] On the other
hand, since the LED 9 has_characteristi Kk
Lo Fs DRSPERE 811 G AR o abpl 3 Adi g $Re supply
t 0 Lr-cLr athng. ..t hi n. t ~
ooeffh 38, Rt 3t pEkt LT e kb idrl g 2 proviced
[ hgn, is [ 5.1 81 P iyl
on ARSIl Tty 120 tHARUR, RSl L ovi EPERG Lpl cover
15.i°|f lﬁybﬁﬁéﬁfﬂtéal@aﬁy?pfé(n@ﬂ?@} NgHe 28 ARG i€ in amount of the

iIl'um nating System 10, so that the space having the
matddid R3LHNGD S¥6hBPhdAtES £HEhidPed. Also, since the number

of the components is reduced, manufacturing cost may also be

suppressed. Also, since the LED 9 generally has characteristics
in that with increasing temperature of the LED ¢, the luminous
intensity is reduced, it is prgferable to use the LED 92 under
low-—témperature circumstances as low as possible; the LED 9 can
be cooled by the cold air from the supply opening 26.

[0034]

On the other hand, since the LED 9 has characteristics weak
to water, it is preferable to directly apply wet air, such as
the cold air circulating within the refrigeration compartment
2, on the LED 9 as little as possible. Then, as shown in Fig.
15, apartitionplate 27 is formed on the lamp cover 15 for dividing
off between the supply openings 26 and the illuminating system

10, so that the space having the illuminating system 10 is cut
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off fromthe space where the cold air flows. Even if
the cold air fromthe supply opening 26 does not abut
the LED 9 directly, since the air around the
illumnating system10 is indirectly cooled by the
partition plate 27 being cooled wth the cold air,
the LED 9 can al so be cooled. The partition plate 27
may be reinforced with a tape according to
ci rcunstances so as to prevent air and water of the
Of%ufmﬂrry tgesibeg 2@heremtheonbhd &htoflows de Evdre if the cold
partition plate 27. [0035] As described above,
aindeendihg 3upRhe cnsrony 8hbddeaemt appt the 1B dovectly,
15 having the lens unit 15A, the light emtted from
Slrt% fLIED g4 @reamhdted ild WHerdssw e tarodidt i6f irfdrectly
roceedi ng toward the rear side of the
CO%%% Pgefaﬁw%bw therte 22 babng mpoliad whshshhe spld air,
as in the first enbodi nent, the reduction in blare of
th%s‘e@% %fC%xhea%%?rPaeFa%?di ahget RRrFEFdannBtp6R &f may be
th 11 can be achi eved. Fuyrthernore, the
sarbeR BT EAPR A0 PO JRrs Refie B eavent
ved ven i.f .the nunber f the Ds 9 i.s .no
alﬁﬁ@ﬁgﬁég Re 7 IS 2B A8 O P bV et ith o mside

or NGt lens unit 15A in a deS|rabIe
théﬁ?ﬁrtfﬁﬁgn unlﬁgflng situations of the

refmy oggnation conpartnent 2 can be changed. [0036]
The Ianp cover 15 is provided with the claws 14, and

90 e kAL N SR AG Laeth ek kgainent, by
theS My drS 195 3hRd that Q ke ur84e3$a13Ahe?light emitted
from the LED 9 is refracted to increase the amount of the light
proceeding toward the rear side of the refrigeration compartment
2, so that in the same way as in the first embodiment, the reduction
in blare of users of the refrigerator 1 and the illuﬁlination of
the door pocket 11 can be achieved. Furthermore, the brightness
within the refrigeration compartment 2 can be improved. Even
if the number of the LEDs 9 is not increased, the brightness can
be improved with low cost. By forming the lens unit 15A in a
desirable shape, the illuminating situationsof therefrigeration
compartment 2 can be changed.

[0036]

The lamp cover 15 is provided with the claws 14, and after

the illuminating system 10 is directly assembled on the lamp cover

15, the illuminating system 10 is assembled into the recess 134,
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so that the lanp cover 15 and the LED 9 can be built
according to the positional relationship established
in advance for illumnating within the refrigeration
conpartnent 2 ina desirable nmanner. The concave
surface angle of the recess 13A is devised such that
the reflected Iight fromthe recess 13A enters the
inside of the refrigeration conpartnent 2 via the
| anp cover 15, so that the refrigeration conpartnent
so Zhain tiee dfafriccicevielry 16| Andi tla¢ €D Atcainhibe buléf bygcording
increasing the reflection factor with the high
tor éhkecpéont ratelk i akla8Coaddéd espedilaldhed oinhedvagnte for
side of the recessl13A thefurther efficient
iliwmimd hend ohtban the wehi laceth t 1 qroo3Tha Fureker roredepyrable
formng the supply opening 26 for supplying cold air
maRRe¥ he TNef ﬁpgéﬁérﬁ oA PP At HenPI2that eeFess \ 34 dF dhpEised
cover the anount of the material used for
suq:lbgg@

ﬁé?h%reggﬁcﬁédrléﬁﬁ@e’@fomﬁh?meé“reﬁ%ﬂﬁﬁé%ﬂ*}@ inside
can be cooled with the cold air, fromthe sup
of 6|5’€nF ‘ﬁ&r »gerabl PALACTIRE UMERthE ULl AR8NSFTY COSFrt h%f ISepthat
h Rt 137 SeCPRRAT EBOE 450 THD S Upe LinfRated.
t t.ed f t d t. .
ac Pt D Lt R e e, raf 86k ﬁﬁPre'P%#%P i %&e high
reﬁé&%’ién éspl%wlll.j’b F'cgiedl%%g)ecz.éﬂ%. lﬂrmtﬂg EQ{JBU de of
anp 1 r

I hcandescen S pe a necnani ca

théé%?%?%g qg%{“ﬁiehig% gh%]g%%%é?egiﬁ‘iﬁ&%ﬁinaﬂ‘an‘d&%é‘Qchleved.

[0037]

Furthermore, by forming the supply opening 26 for supplying
cold air to the refrigeration compartment 2 integrally with the
lamp cover 15, the amount of the material used for components
can be reduced. At this time, the LED 9 can be cocoled with the
cold air from the supply opening 26, so that the luminéus intensity
of the LED 9 can be maintained. Also, by providing the partition
plate 27 in the lamp cover 15, the LED 9 can be protected from
water.

[0038]

Third Embodiment

Fig. 16 includes diagrams showing an example of a driving

circuit. As shown in Fig. 16(b), the turning on/off of an

incandescent lamp is performed with a mechanical contact, such

as a relay 19, whereas, the turning on/cff of the LED 9 can use
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" a sem conductor elenent, such as a transistor 20 as a
swtching elenent, as shown in Fig. 16(a). Hence, the
electric voltage/current for emtting (driving) the
LED 9 can be reduced in conparison with the
i ncandescent | anp. The driving conponents .for
turning on/off of the LED 9 are conparatively
i nexpensive and have a long life. [0039] Since the
relay 19 is a nechanical contact, it has limts in

a %@Aﬁ\%m%cfs%@iwtduﬁaﬁheammﬁmr@ﬂsmqméo aher sas tching
the sem conductor elenent, such _as the transistor 20,
elemenbe t&F nethOWh/ off dvier- t Héde) i ni theries, andieawayectric
Therefore, not _only the tyrning op/off, but also
VOH%%«’ na3a f%.@éﬁhtslrﬁrgegeawhgg?@e #hPnga o ffeduced
can be easily executed.

at h f .
ln&@@é’ﬁ 1&5513“ uﬁ tyﬁﬁell}%l}qeg%r%foiarﬂp havilifydf hEipEgogpesents

of i e?%t%refcifﬁa@?e 5 T Lo SR AN S pensive

i mes, of the LED 9 of the illumnating
anéj@ %Oi T%Oﬁb% "Fig. 17 includes draw ngs show ng
exa of an operation panel 21 provided on the

door of ‘the refrigerator. In a conventiona

refglger aUpL SN 1he CONLEOhLE PO, A0S J00. A ‘fut‘ésd%‘imts

in the refrigerator determ nes

in OWPE&EQnJ;nster ehtl gﬁ{r%'tkﬁr Jf i a(?ft EE_H}:‘Q?d gEE&ras the

code is displayed on a l1qui dis
se @n ek On dikenfer alil-@nasPanel: r2h 8% t?ﬁo‘?@ ' @aﬁ:'}:% turned

17(a); alternatlvely, as shown in Fig.

on/off over these limits far and away. Therefore, not only the
turning on/off, but also flashing sign, which is repeating the
turning on/off at high frequency, can be easily executed.
Accordingly, in the refrigerator 1 having the i.ED 2 as a light
source, the self-diagnosis information of the refrigerator 1 may
be represented with the number of flashing times of the LED 9
of the illuminating system 10.

[0040]

Fig. 17 includes drawings showing examples of an operation
panel 21 provided on the door of the refrigeratdr. In a
conventional refrigerator, when the controlling means 100
provided in the refrigerator determines that the abnormality is
occurred in the refrigerator, the predetermined error code is

displayedon a liquid crystal display 22 provided on the operation

panel 21 as shown in Fig. 17(a); alternatively, as shown in Fig.

23




17(b), the self-diagnosis information, such as
i naccuracy of a tenperature sensor, is represented
wi th nunmber of flashing tinmes of LEDs 23. [0041]
Fig. 18 is a drawi ng showi ng an exanple of a flashing
of the LED 9. According to the enbodi nent, in
addition to the display on the operation panel 21
shown in Fig. 17, for exanple, the self-diagnosis
i nformation is represented by flashing the LED 9. For
17 BRanphe, skef-déponsenti hyfoBaat bynf | sisth rap tineddED gy of 2
the controlling neans 100 flashes the LED 9 three _
tenpeeat ane stisoler 1s epdeesnted sukh mumbemptarl dghinngimes
a bl ank period of 0.5 seconds, and this signis
of rféated: [0042] Sinilarly, for informng that the
doolf 6@95 opened for a long period of tine, the LED 9
may U be flashed. When the door 6 is opened for a

| ong. perjod, of tine,. the cold air of the ,
r et HGor bl i Gh T SRAHEBRICN NG [f0aREdT RS Sifng flashing of

end EEERSe Do Len DL LML 0031 U292, 99005 208 L o o
on! 81 LOBLY,SRSDECAINED Byl A PEDES AODOL LT g5, e
soff ARSI ML gl N IR RRLd B J0S0aA g oo
o S LA oA ngl P AURERhe o .
thd EPBt23119hgHHPYDOF1a%hes the LED 9 three times and further
flashes it four times after filling a blank period of 0.5 seconds,
and this sign is repeated.

[0042]

Similarly, for inforﬁing that the door 6 is opened for a
long period of time, the LED 9 may also be flashed. When the
door 6 is opened for a long period of time, the cold air of the
refrigeration compartment 2 is leaked, causing increase in the
temperature of storage goods and the electric power consumption.
In cases where the door is slightly opened when a user thinks
that the door'is shut; and the door is not perfectly shut because
of a foreign material pinched bet'ween the door énd the body, the
flashing sign is also effective.

[0043]

As described above, according to the third embodiment, not

onlybythe liquidcrystal display 22 and the LEDs 23 for displaying
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1

"abnormality provided on the operation panel 21, but

al so by using the LEDs 9 having sufficient brightness

for originally illumnating the refrigeration

conpartment 2, the abnormality is displayed for a

user of the refrigerator 1, so that the appeal power

for the abnormality to the user of the refrigerator 1

can be increased, thereby increasing the degree of

recogELglon of the user. [0044] Fourth Enbodi ment As
abRRERF bed TP TS RPr th 2 PBSER AP, PUReL drnPRl adficoby using

LED 9 can be s ched by the transistor 20

th%hef*ggﬁ 9 BHE R ntth Vﬁﬂowf%?‘f A HEEIR § cHAF witih e nally

Bttt r?%*f%%%s?ta:stc%rﬁ@i@a&"%w o Salgrmaics

B NI A L e
1 Wi

ol B DS 40 152, BB EDPPR 10 con

be PEALPLa A, SBH er ﬁ:greééﬁn#h@% q%ﬁ%ﬁ%|%f @%é%H%;ﬁ%%n of

IS proportlona tothe rate ng perio
théhgsypit tinme (cycle) (referred to as the duty ratio

bel ow). Hence, for exanple, by gradually changing the

dutfooadjo, the visual effect that the | um nous

intensity mght be gradually changed can be obtai ned.
Folctlr Binbgdifehbe third enbodi nent, the self-diagnosis

information is represented by sinply flashing the LED

9; hbedessrilaedormitige tthihe edmdlingt,, e turning on/off
_ information is 25

of the LED 9 can be switched by the transistor 20. Therefore,
the turning on/off can be sw;tched with a further shorter cycle
time. For example, ifthe turningon/offisrepeatedata frequency
of several kHz, a human cannot view the flashing due to illusion
but may recognize the reduced luminous intensity (brightness).

[0045]

Fig., 19 is a drawing showing the relationship between the
brightnessvand the lighting period. As shown in Fig. 19, the
degree of brightness is proportional to the rate of the lighting
period to the unit time (cycle) (referred to as the duty ratio
below) . Hence, for example, by gradually changing the dutyratio,
the visual effect that the luminous intensity might be gradually
changed can be obtained. According to the third embodiment, the

self-diagnosis information is represented by simply flashing the

LED 9; whereas, according to the embodiment, the information is
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represented by regulating the duty ratio so as to
change the Ilumnous intensity. [0046] Fig. 20 is a
drawi ng showi ng the rel ationship between the
sel f-diagnosis information and the duty ratio
adj ustnment. For exanple, when the LED 9 is sinply
flashed on and off, since changes in brightness
bet ween turning-on and turning-off are intensive,
users of the refr| rator may be astoni shed. However,
repgesehdGRA bvh oyl N BB G $hats et fdmande the
turned off but the Iun1nous intensity is gradually
uméﬁ@#&eé“ﬂ@néﬁéﬁge the lighting pattern, the
28 glty can be informed w thout astonishing the
q? 047] An exanple of the representation of the

h f
fﬁbﬁlﬁghé PR eh ety °%?aéthafaéi§§a%£%ﬂz>?geamn the
' h b d bed t
sl i 3ghoR s o e BERRRLSS canfuife shllSh moi it e TBReREC
exakn#fed e111 @B%nﬁé‘.lﬂ ¥ OJ ‘a“ﬁé #%Qa%h\/gdt gn Iill% gf‘f u%&%e P nges

rati’o accor user pre erence.

o BB o) LB Sk e,
use@Beh atin Ranelydh 370 i e |l Gorlien ) V"ﬁb%@vegrheas shown

user can |nstruct t he adjustnent of the brightness of

in FE? bl upheat tng mtgemslgot%er%éamyetumga &P€ but the
rlgerator 1 is used in a bright place, the outside

lunlinghl entensitheisefdd@er B idan@wabt BRBhgé SRethBjhting
the light of the LED 9 is 26

pattern, the abnormality can be informed without astonishing the

user.

[0047]

An example of the representation of the self-diagnosis
information by the regulation of the luminous intensity due to
the adjustment of the duty ratio has been described. Also, the
function may also be used to select the regulating method of the
luminous intensity.of the LED 2 with the édjustment of the duty
ratio according to user preference. For example, a user of the
refrigerator 1 may set the luminous intensity of the LED ¢
optionally from the cperation panel 21 shown in Fig. 17, on which
the user can instruct the adjustment of the brightness of the
illuminating system 10. For example, when the refrigerator 1

is used in a bright place, the outside 1light enters the

refrigeration compartment 2 so that the light of the LED 9 is
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" not required so nuch, the |evel of the brightness of

the LED 9 nmy be | owered; when the refrigeration
conpartnent 2 is necessary to be brightly illum nated
for putting storage goods in order for exanple, the
bri ght ness | evel may be raised, thereby further
reduci ng the electric power consunption. [0048] As
descri bed above, according to the fourth enbodi nent,
during,light em ssion fromthe LED 9, by changi ng the

not yrfdskieed St Ensingy the LREeLEDL othe tihr t et nef st ivgiite LED 9
of the duty ratio, not by flashing on/off, the

ma&@ﬁo%%ﬁ%%f WEE Nlen$ FESHAEE raiti RBUEOTRET BReEhi2nks Aecessary

ser. Also, the user can change the setting for :

o RerPE Eonben EHER DT RhdIeT BT H MEnSdaTRsR doogls dp order
is_a front view of a refrigerator 1 according to_ a

for ppd R R ro L 136 5 LIFL TRK S SREFBRce: plfyrther
esignate |jke components. conmmon to the enbodi nents

re%%%%??ﬁ%%ea%%%%fr%ﬁuPOW?ﬁe?ﬁﬂﬁﬁ@?ﬁ%QﬂTi s ontted. The
refﬁhgﬁgator 1 according to the enbodinent is
pYOVIdeJ wi th door swi tches 24A and 24B as detection

ti h ' t i .
oo A5 PR EGL R0 o 086RA 5 Lo DRET EHNE LRO2 A nent,
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only the left door 6B; 27

not by flashing on/off, the abnormality may be informed without
astonishing a user. Also, the user can change the setting for
user's convenience,

[0049]
Fifth Embodiment

Fig. 21 is a front view of a refrigerator 1 according to
a fifth embodiment. InFig. 21, likereference numerals designate
like components. common to the embodiments described above, and
the description is omitted. The refrigerator 1 according to the
embodiment is provided with door switches 24A and 24B as detection
means for detecting the opening of the right door 6A and the left
door 6B, respectively.

[0050]

For example, when taking out the storage goods stored on

the left when facing the front of the refrigeration compartment

2, a user can take out them by opening only the left door 6B;
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when taking out foods stored on the right, the user

may open only the right door 6A. If the door is

wi del y opened, the amount of the cold air |eaked from

the refrigeration conpartnment 2 is increased, |eading

to the increase in electric power consunption. Then,

by opening any one of the right door 6A and the |eft

door 6B, the opening of the door during taking out

storage goods can be reduced as snall as possible,
whenupkessy agtfiidad=e seébeetiror gheveightpornsiempseomaiflogen only

when any one of the right door 6A and the Ileft door
théRiightogevedsAi.t 16 teceewar yst eidée]l vmpeted witilei amphat of

refrigeration conpartnent 2 by driving the LED 9 of
the hecldl| siknderigd dysmerplk). recrioretiaigion cdmpaidgrent 2 is
_ switches 24A and 24B are provided_ as shown in Fig.
ingreaspR, é6AtiBplinEhadars cEGG tHeEerRitieS RIMSFhCOBFUFRELON -

right door 6A and the left door 6B is opened, based _on
Thathe byl GRENINGaABHI PRRP T 1d1R EHeIdoBPOsWA ks thgalgad door

24B to allow the il]Jumnating system 10 tq perform

B¢ 5% SpERAPHgOE | FRAMGRRTE GNT INP08BEI AR AN aSs PRreds can

di , he illum [ 10 i na.

e SRELIED st LA 00T B4 LML o

o G dor - WK RGP Ch5oP eBiot heThaergqt ot A8 che
' pt | ' f L

leL‘eé %i%torl:! %Bpfg\%)gne%%l?isu i te%é)g}edessga% £ Pjéiolﬂgjfena%%lzqelr?kﬁf the

suppressed. rexdnp or age goods

re %%f&cbﬁ?érgﬂgﬁt @%%Jf\p%%ﬂé EE‘.D%f e h?ﬁﬁm?ﬁating

he Igerat on COlTpar. ere1s wt |na
sydt&h Bbe Zangeii When eRedrt Rerdres 24Ny baki Nk provided

storage goods by opening the right door 6A, the
as SHouat ifnFi$. the SanB.cdienesl1idy mBans2B800 determines which
of the right door 6A and the left door 6B is opened, based on
the signal transmitted from the door switches 24A and 24B to allow
the illuminating system 10 toperformcorresponding illumination.
(0051])
According to the embodiment, when the illuminating system
10 having the LED 9 as a rlight source described in the above
embodiments is mounted on a refrigerator 1A having the right door
6A or the left door 6B, the wasted electric power consumption
is to be further suppressed. For example, storage goods to be
taken by opening the left door 6B may be stored on the left of
the refrigeration compartment 2 where is within a visible range

when opening the door. When taking storage goods by opening the

right door 6A, the situation is the same. Hence, if the
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"refrigeration conpartnment 2 is illumnated within a

range visible fromthe opened door, the necessary and
enough effect is achieved. [0052] Fig. 22 includes
drawi ngs showing the illumnation with the LED 9 in
the refrigeration conpartnment 2 according to the fifth
enbodi nent. As shown in Fig. 22(a), when the left door
6B is opened, the LEDs 9 of the illumnating system
10 arranged on the left inner wall 13 are only turned

rebpt Ipya Ebpik CQFPa rdfesond si il Fiminaed b thihenrehee visible
ri%ht door 6A is opened, the LEDs 9 of the ‘

Erom Lhsi FRET QG d9psr srha begeesagoRsherReghi gffeGthasrachieved.
malf 13 .are only turned on. Also, as shown in Fig. 22
(c),OQQﬁJW both the right door 6Aand the |eft door 6B

o PRISt LSLEE 8 00 e LUMAZinG Srerm 19, o
e OB LA DEC. O S 1, SIEOLE o e 11cen
eniEELANES 000G FAGE WAL, S8 SO PLOT s,
end TS U f PLLERS oD 30,087 TR RIED L e
ind&f tyalnner yal %ﬁlg%ufﬁé@e&&)‘ ¥R Yonfh8stur Q@dsﬁégézﬂj;n Fig.

respectively, s not necessary to worry abou

st [ 3l deser ided; ab cc ' h
Zzg?ftﬁﬂgﬁ%oggﬁekggﬁ?n the(?gf%?ggﬁgpgg'lqﬁgiF%%ﬁfhg Bf the

ilnighia oy SA e thedilgdoon 6B, rYH8R 8MYePNBaP 13 are
the right door 6A and the left door 6B is opened, for

onkxanphed éhe [FHRD,9aefsHdven iinl B Datd (@Y, SysdeWotd 28e right
door 6Aand the left door éBareopened, the LEDs 9ofthe illuminating
systems 10 arranged on both the right and left inne: walls 13,
respectively, are turned on, so that the whole refrigeration
compartment 2 canbe illuminated. As mentioned above, since with
the semiconductor element inexpensive and with long life, the
switching for turning on/off the LED 9 can be performed, even
when the illuminating systems 10 arranged on the right'and left
inner walls 13, respectively, are turned on/off, respectively,
it is not necessary to worry about the dost up .

[0053]

As described above, according to the fifth embodiment, in
the refrigerator 1 having the right door 6A and the left door

6B, when any one of the right door 6A and the left door 6B is

opened, for example, the LEDs 9 of the illuminating system 10
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arranged on the inner wall 13 adjacent to the opened
door are only turned on so as to only illum nate the
necessary region, so that the excessive electric
power consunption is suppressed to obtain an electric
power saving refrigerator 1. [0054] Sixth Enbodi nent
In the fifth enbodi nent described above, only the
illum nating system 10 corresponding to the opened
door in one of the right door 6A or the |left door 6B
ariandad med Wre iowsverll dépexddiangnentth&hroopenag door are
position and the nounting angle, the illum nating
onlgy stuEmerd iy ranged ton only ilAREminalte tBeopposisearyt segion,
t he opened door may al so be turned on. As nentioned
&3é%@ﬁethes?ﬁ@ésﬁhéeL%iﬁgthh%ZEQWQﬁuquﬁQﬂﬁﬁhﬂntys suppressed
dependi ng on the nmounting position, in some cases,
to é?ﬁttﬁltrhgal"t Hel 83 GhtC tRPWeHe Sinch TedrawiRr 2 done
extgpt rrat her than to the vicinity may nore w dely and
|C|ently illumnate the illum nation range.

Sl}itﬁbiwt Hinor b :alngg Tha T eft Oggiﬁeég'h.”isoﬁ‘é'néﬂ o
o b b S RS B bek mabPRE o opay, the
lu@%lnoag%{gnoﬁwaee@ne §OE££32000b 0L LU A0 0055) i1 one

raw ow n I on

of veﬁhteh&gghkhsoaef EA 98f %egrgogenaasin@@t %t‘MrInI%dt gﬁ; LEDwQver,

accordrng to a sixth I ment own 1 n

de;t?eﬁ{é:ﬁii)rﬁ WeRneNRoLRE § n§0965 s B8 oh SapPaIRSA motul?x% ﬁﬁEDﬁn%l%f the

‘ um nati ng system 10 arranged on
illuminating system 10 arranged on the inner wall 13 opposite

to the opened dcor may also be turned on. As mentioned above,
since the LED 9 has strong directivity, depending on the mounting
position, in some cases, emitting the light to the region faraway
to some extent rather than to the vicinity may more widely and
more efficiently illuminate the illumination range. Then, the
controlling means 100 determines which of the right door 6A and
the left door éB is cpened , based on the signal transmitted from
the door switches 24A and 24B to allow the illuminating system
10 to perform the corresponding illumination.

[0055]

Fig, 23 includes drawings showing the illumination within
the refrigeration compartment 2 with the LED 9 according to a
sixth embodiment. As shown in Fig. 23(a), when the left door 6B

is opened, the LEDs 9 of the illuminating system 10 arranged on
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"the right inner wall 13 are only turned on; by

contrast, as shown in Fig. 23(b), when the right door

6A is opened, the LEDs 9 of the illumnating system

10 arranged on the left inner wall 13 are only turned

on. Also, as shown in Fig. 23(c), when both the right

door 6A and the |eft door 6B are opened, the LEDs 9 of

the illumnating systens 10 arranged on both the

right and left inner walls 13, respectively, are
the yriwdd onnesova hhtl X heewol e turskd ger dty opntrast, as shown
. conpartnent 2 can be illum nated. [0056] As described
inghbye, 2 dddor #heg toet KegbExdaosnbdd} prevRenédy e LEDs 9 of

refrlgerator 1 having the right door 6A and the |eft
th%loblf upHatingagestehele aHENRAINY Wil el .@%mall 13

the illumnating system 10 in dista ?

ar% &1TRFEN Ciny fotie® ofdt RECHPghR Fh%orz%& an‘dh?‘ﬁéDOth the

| eft door 6B is opened, the LEDs 9 of the |IIun1nat|ng
rl%@%tdéiﬂrl@Aa?Panlég ]oerfdtt rnﬁ@ralé\%lqp%%pﬁéjﬁ 3 of the

lli ﬁjg?e% d or a&géﬁ%q’%& o@b%gﬁg'fsl{ﬂho%%%dyleft inner
I dt
waf%?cesl%l Veree eg Jggm%r%ontsﬁll%mr%?% I(j:r%? o%%f%sstehe whole

n‘an Wwer “savi ng

ref*ﬁl“%%ﬁ%@”%ﬁﬁ%rﬁ%%ﬁrﬁ. Ul shisegd; 2 oo

dgent 2 with the illum nating system 10 (LED 9)
accordlng to a seventh enbodinent. In the fifth and

si xid qeymodidenin,wesaki-bed 1 aoys. tltlgesii’&}yr@n&ﬁ}dl%nt, in
systens 10 are prOV|ded on both-side inner wal
theé espeeidaed dor Dependimg thdl right door 6A and the left door
6B, incaseswhere the locadingshelf8isapart fromtheilluminating
system 10 in distance, for example, when any one of the right
door 6Aand the left door 6B is opened, the LEDs 9of the illuminating
system 10 arranged on the inner wall 13 opposite to the opened
door are only turned on so as to only illuminate the necessary
region, so that the excessive electric power consumption is
suppressed to obtain an electric power saving refrigerator 1.
(0057]
Seventh Embodiment
Fig. 24 includes drawings showing the illumination within
the refrigeration compartment 2 with the illuminating system 10
(LED 9) according to a seventh embodiment. In the fifth and sixth

embodiments described above, the illuminating systems 10 are

provided on both-side inner walls 13, respectively. Depending
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on the volune of the refrigeration conpartnment 2 and
the lumnous intensity of the LED 9, for exanple, in

some cases, if the illumnating system 10 is provided
on any one of the right and left inner walls 13, the
whol e refrigeration conpartment 2 can be illum nated.
Then, according to the enbodinent, the illum nating

system 10 is provided on any one of the right and
left inner walls 13 (in Fig. 24, on the left inner
on wakl vdB)me off00B8|r dffr itdeer artliinecomgfa t treeiEDsa®d udedl imi nous

~ the light source of the illumnnating system 10 herein
lnﬁ%n&h@al®§edh80hﬂﬂn9mmﬁmkiaxamMEefiﬁnhsame:ﬂaads, if the
enbodi nents, in which the illum nating systens 10 are

llkﬂmﬂn&k&ﬁqnﬁﬁﬂﬂ@nrﬂ@hﬂSaQQOVeﬁedummeﬂawwﬂﬂasofsthe right and
respectively, since the total em ssion magnitude

lefh girdey M’ﬁllﬁéué3en*éh@y"7h¢lf%rﬁeféﬂgetrﬁetl@@woglplagtﬁ\@ﬂt 2 can
changed, the sufficient em ssion nmagni tude . can be

be eﬁsl&ﬁié@n@&eq -1 1 ufihfdti n@SGPERLAIL hied r e geplerdament, the

conpart nent being iin noway .inferior to the
i 3
[

1 TR i G Sictbr 3§ DEBVLABS 4 (A0 Ao P ﬁhe right and
mbodi t 59 th e W thin
Le ARt 413 Khi cohpddt it 247 SPnEBCovettappedr wall 13).

por&i of the effective illumnnating ranges a of
the resgective LEDs 9 are increased, the illumnation

TR T YRR o e o
thd RSl hRteh, 9LL8:3% (UERL AR PR poea in
theotithg alﬂ'é@lx?tﬂ BmbBARAELESN i &l@lét@%h@"ﬁﬂﬂl‘?ﬁﬁ:f sPétems
10 are provided on the right and left innerwalls 13, respectively,
since the total emission magnitude (total luminous energy) from
all the LEDs 9 is not changed, the sufficient emission magnitude
can be ensured for illuminating within the refrigeration
compartment 2beinginnowayinferiortotheilluminationaccording
to the fifth and sixth embodiments.

[0059]

Also, in the space within the refrigeration compartment 2,
since overlapped portions of the effective illuminating ranges
o of the respective LEDs 9 are increased, the il1lumination becomes
brighter in comparison with the case where the same number of
the LEDs 9 are arranged on the right and left inner walls 13.

Hence, as a result, the same brightness is obtained with smaller

number of the LEDs 9 in comparison with the case where the
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“illumnating systens 10 are arranged on the right and
left inner walls 13, respectively, thereby reducing
the nunber of the LEDs 9. [0060] Fig. 25 is a
drawi ng showi ng a control exanple when the
i1lumnating system 10 is arranged on any one of the
right and left inner walls 13. As descri bed above, as
|l ong as a range visible when a door is opened can

. nIX be.illumnated with the LEDs 9, the necessary
llgHH Eﬁgaﬁﬁ FYFLERRAN RGCIF RIS BbEREeghiFgnd 1eft inner

a e, when the ill i nati ng systens 10 are arranged
Wagﬁsrﬁ% LS I E et i&}eﬁﬁ Y gﬁﬂﬁgl&%,tf}%%qrvafyghe LEDs
g any one of the illumnating systens 10 is turned on

‘according to the door opened, the sufficient
illﬁgﬁggiing effect and the electric power saving can
chre

be a ed. For exanple, even when the illum nating
Sys L re onl n one jnner.wall 13, b
Ther S8 Eenih, MRS IS P Re N Bl fthen che

asi s of the nsm t

lefPenehery s1M 4 ¢hes ALAAsARA 4B, Jhen, & hgngo éﬁéb{g@g&msible

means 100 determines that both the right “and [
whéQ0s Sddd€ iapenRthed RArl BB yInar €1 alhoMeeeliovi €N the LEDs 9,
light by setting the duty ratio at 100% Wen
thdeatetds s ng addanouyd doohnisi@peRcdrrber exaspt£indde For
LEDs 9 nmay be allowed to emt light with brightness
examp I es pelneh nphé ol Bl wiyat il OsPétemboll Harddhnged on the

il%%@%%?@“&l%%se@ | Vgl £ tar%fafng%dngﬁlagpgeoﬁgh. g\é’g e%orni]ght and

right and left inner walls 13, respectively, any one of the
illuminating systems 10 is turned on according to the door opened,
the sufficient illuminating effect and the electric power saving 7
can be achieved. For example, even when the illuminating system
10 is arranged only on one inner wall 13, by the adjustment of
the duty ratio of the LEDs 9, the substantially equivalent effect
can be achieved.

[o061]

On the basis of the signal transmitted from the door switches
24A and 24B, when the controlling means 100 determines that both
the right and left doors are opened, the LEDs 9 are allowed to
emit light by setting the duty ratio at 100%. When determining
that one door is opened, for example, the LEDs 9 may be allowed
to emit light with brightness corresponding to a duty ratio of

about 50%.
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[0062] The brightness of the light emtted fromthe
LEDs 9 may al so be allowed to differ between a case
where the door adjacent (nearer) to the illumnating
system 10 i s opened and a case where the door
opposite (farther) to the illumnating system 10 is
opened. For exanple, when the door adjacent to the
illumnating system 10 is opened, the LEDs 9 are
allowed to emt light with the brightness
corf@seonding to a duty ratio of about 40% when the
door opposite to the illumnating system10 is
opeTied brilygh Hrfedss 9fartee Alilbawesini t bed@firbnl tigbtLBANst B itdyealso
bri ghtness corresponding to a duty ratio of about
be 60%owAkistay dby £ ak bewiveg ntzhea be ivletreess dbot kel jkicght: (nearer)
from the LEDs 9to differ, the illum nation situation
tordne heé lkephatdogsswtem d Ot he amfrddgendtd easconparensm door
2 visible fromthe door opened. By the adjustnent of
opphel tat fardties) thehel éddnminpsies scorsumbt Lorrrsede For
suppressed. In addition to the adjustnment of the duty
eXampi®r ackdn dihg dert RO ieEhde tihe Hd juningitdag system 10
system 10, the duty ratio na¥PaIsp be adj ust ed

: in .
is geesrdantiee WEOS © pRE At Coriidebbgly th the brightness
illumnation range, for, eé&%e. #E;Q%%L A%hde cri bed Lt
COLRRPRONALEB I AGTHY TRk &Fet P bibodi eth FRS ¢Phapposite
refri.,gerat.or /1 having the.right doo gﬁ gt left .
to it T iatr g Ve 0L (16 SRGIRCdBAE BRDANd Tife o1 10ved
| eft, daor ,6B.i ned., the duty rati N duc .
€0 AT A Al Rl TR BRUAEST et dsar e et gily ratio
of %%Otl& %ggul a]%f?cg,h%lp_%xiQg%ﬂﬁ(ﬁscﬁeo%rﬁﬁﬁtnégg rdtgﬁﬁétifght from
conpar t nent or rlI'Tum nat ng the necessary reglon,
th84LEDs 9 to differ, the illumination situation may be kept
constant in the refrigeration compartment 2 visible from the door
opened. By the adjustment of the duty ratio, the electric power
consumption can be suppressed. In additicn to the adjustment
of the duty ratio according to the distance to the illuminating
system 10, the duty ratio may also be adjusted in accordance with
the area of the necessary illumination range, for example.

[0063]

As described above, according to the seventh embodiment,
in the refrigerator 1 having the right door 6A and the left door
6B, when any one of the right door 6A and the left door 6B is
opened, the duty ration is reduced smaller than that when both

the doors are opened so as to regulate the brightness for the

refrigeration compartment 2 for illuminating the necessaryregion,
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* s0 that excessive electric power consunption is
suppressed to obtain an electric power saving
refrigerator 1. In particular, in the refrigerator 1
having the illum nating system 10 arranged on any one
of the right and left inner walls 13, by determ ning
whet her the opened door is the door adjacent to the
illTumnating system 10 or is the door away fromthe
system the duty ratio is changed, so that fine
50 adjarst et s s vk expedtiel ¢ |pame natdrosumst taratiomsuppressed to
constant can be executed. [00641 Ei ghth Enbodi nent
obfayn &b eilecirgicancveevwe afing refftiigierattioonl conpamardnitcular,
2 according to an eighth enmbodinment. In the
lnéﬁﬁbﬁ?ﬁﬁﬁ9§réé§érlE@Wlnﬂbéb@llﬂpmﬂﬁ%kﬁﬂhQYﬁﬁ@m]i)arranged
il lumnating system 10 such that the angle of the
Oncﬂﬂﬁ%ﬂﬂe ingh@fr%%%tEFE%JQ”HéﬂPﬁéé U?lﬂﬁelﬁrwhﬁ dgfigrmining
is.to be nore than 600 , the optical axis 12 of

whfi%e{ﬁlﬁae 998859 ‘:‘ﬂ%{f if F@@gﬂgmélﬁdéj,acf]qpé: fr:TEOEIi;e éd]dém?fnatlng

he | A

Y3l O i L %?ﬁ:%?arﬁf e %ei'hse elﬂﬂe' T SiioFatio
2 [ »

5 rarFoat Al ARG adei A CySTemrLo® SoaPt Adtfed g et ion

Sl{dﬁ?{ L %Og%lgggtogaﬁhgeo%gé%@{ gxi's 12 of the LEDs.9

I nneéer TS to be smaller than
3000¢ pendlng on the shape of the inner wall 13,
mhen t € angle e of the optical axis 12 of the LEDs 9

EidiSt] eRSodphdes smaller than 30 , the light in the
optical axial direction can beef fectiveiy not allowed

to gigectbyisent prahheikpadisng S:*é@rflg%raﬂl%‘?x Mpartment 2

reducing the angle 6 smaller
according to an eighth embodlment. In the embodiments described
above, by attaching the illuminating system 10 such that the angle
of the optical axis ¢of the LEDs 9 defined by the inner wall 13
is to be more than 60° , the optical axis 12 of the LED.s 9 does
notdirectlyenter the front edgeof the locadingshelf 8. According
to the embodiment, for not allowing the light of the LEDs 9 in
the direction of optical axis 12 to directly enter the loading
shelf 8, the illuminating system 10 is attached such that the
angle of the optical axis 12 of the LEDs 9 defined by the inner
wéll 13 is to be smaller than 30° . Depending on the shape of
the inner wall 13, when the angle ® of the optical axis 12 of
the LEDs 9 is to be rather smaller than 30° , the light in the

optical axial directioncanbe effectivelynot allowed todirectly

enter the loading shelf 8. Also, by reducing the angle 6 smaller
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than30c ,during illum nating thewhole refrigeration
conpartnent 2, the reflected Iight fromthe recess
13A can be used, so that the well -bal anced
illum nation can be perfornmed w thout unevenness.
[0065] Fig. 26 includes draw ngs show ng the
relati onship between the LED 9 and the inner wall 13.
When the angle 6 of the optical axis of the LED 9
defined by the inner wall 13 is to be smaller than 30
thanBhe efihednipué liuninmtiatitie wenberafrsgevabionsogpewtiment
in Fig. 26(a). Then, the rear side of the recess 13A
2, privyimddd egred Ré ghiinéromathe I3 cscoddiPnganobe hesed, so that
enbodi mrent has a curved part 13B. [0066] As for the
Chei gielbrbaiancdd om Y han UED o0 f srarexdipl @erifivgmeld ghil thout
proceeding in a direction veered to the right of the
ungpepeafsS- axis 12 directly enters the refrigeration
conpartnment 2 to illumnate within the refrigeration
coggEQ nt 2, as shown in Fig. 26 (b) . On the other
eeding in a directi veer

hand, the light pro 0 d t
t hefd’r @f [b%fm{%%‘dgﬁtﬁ?%%%’l% $HPYing FRf) %%taéﬂlcﬁ’tse‘}%%etween

nf T aent Or L pATe oAl 1 Han "CRE EOF VBL papt© 9B gptical
sx[ULSHERALE LA LIS (8149808 B
end P Se SR PoL e, 8 ORI IR 0081 co OEHE s
inPeLket26dd.. 38hen, the rear side of the recess 13A provided
on the inner wall 13 according to the embodiment has a curved
part 13B.

[0066]

‘ As for the light emitted from the LED 9, for example, the
light proceeding in a direction veered to the right of the optical
axis 12 direétly enters the refrigeration compartment 2 to
illuminate within the refrigeration compartment 2, as shown in
Fig. 26(b). On the other hand, the light proceeding inadirection
veered to the left of the optical axis 12 is reflected at the
recesé 134, as shown in Fig. 26(c). When the light incident on
parts other than the curved part 13B is reflected, the light enters
within the refrigeration compartment 2.. The light reflected at
the curved part 13B proceeds in the direction toward the door

pocket 11 of the door opened so as to illuminate the door pocket

11.
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[0067] In such a manner, the light in the optica
axis of the LED 9 does not enter the | oading shelf 8
directly, so that a user of the refrigerator 1 cannot
feel blare of the reflected light fromthe |oading
shelf 8. The light emtted fromthe LED 9, i ncluding
the light directly entering the refrigeration
compartnment 2 and the |light reflected fromthe inner
wal |l 13,. is used for illumnating the refrigeration
nb%@@ﬁ%nt 2 and the door pocket 11 of the door 6
opened [0068] Fig. 27 includes draw ngs show ng
| i ghlt $&th @tﬂiaéﬂl%aéibﬁe%lghh meth%@@s%@%aaééo@ﬁu%e LED
to the eighth enbodjne in Fig.

27
2 dpeh BRY %%F@¥c9b%rl%@@&ﬁﬂeﬁh%ﬁﬁmﬁ 4%ﬂ§ﬁﬁli¢m§Q|Eﬂﬂt a user
reflect;d fromthe inner wall 13.is to _be attenuated,
Oh¥REe Hand GERGoFE] Bhews ®hethf giptlected light
f t t de th nt
frérﬁr’ra%ei%?d?ﬁae%ée&;s Tanlfsr TeﬁEwes&LEge‘ Gt REOR Ghe LED O,
fI t f ddi t he .hi fl ect
inf EpafRy “Bae b ?r%«%%%éeﬁrhtgém%ﬂfeﬁe%cr@sgseratmn
cor?gﬁ%g f:) ffegllll Vfl hff elg%%fégged ]]e e“la}llner v&aq% 13,

eCtI on mat er I S Nnot
| ol ey T o e LRl g s
do@fggoéfétefileﬁ Eﬁée&b§£ §3§%@Hg&d on parts other

than the curvedpart 13B o e recess 13A. As
menfageseld above, the light reflected at part of the
curved part 13B proceeds 37

Fig. 27 includes drawings showing light reflection measures
in the recess 13A.according to the eighth embodiment. As shown
in Fig. 27(a), when any particular measure is not taken, the light
reflected from the inner wall 13 is to be attenuated. On the
other hand, Fig. 27(b) shows the high reflection material 13C
addedon the entire concave surfaceof the recess 13A for increasing
the light reflection factor. By adding the high reflection
material 13C, the light proceeding toward the recess 13A can be
effectivel-y reflected. The material of the high reflection
material 13Cisnot limitedparticularly; however, it maybe formed
of aluminum by the wvapor deposition.

[0069]

Fig. 27(c) shows the high reflection material 13C added on
parfsotherthanthecurvedpart13Boftherecessl3Ad Asmentioned

above, the light reflected at part of the curved part 13B proceeds
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toward the door pocket 11 of the door opened; if the
reflection factor is excessively increased, the
magni tude of the reflected 1ight proceeding toward
the front- of the refrigeration conpartnent 2 is
increased, raising the possibility that a user of the
refrigerator may feel the blare. Then, the |ight
incident on parts other than the curved part 13B is
reflected at the high reflection factor so as to
towi®rtHehdobef pbgreati b ft ahpadboeniper?edhiilfe thererefgttion
i ncident on the curved part 13B is to be attenuated
facuer tie theessfvetyi omred 4@t nathievebynibsdshmivihienrFiEgected
27(d), a lanp cover 25 maybe provided for attenuatin%
lighieptbghedpngdeedimng he f owat d ftihe dobr L perekieion ¢cogpartment
to diffusion and danping. [0070] Fig. 28 includes
2 tsawhogsaskow ngitHeshdpespossihbliecesbat13auggr of the
Fig. 26, etc., by providing the curved part 13B, the
refn*igmratso%lmm«eﬁeeeﬁ Hroddar & ondhgnt hEhgodi IpSckBELIgent on

however, the shape of the recess 13A according t

pariholiHentthan fde yrHak®ad tiee dar \?éélﬁéltﬁdléé?tf‘-‘gfhigh
re £hE5 DT ity Gife TnePi FALTRFEDAE eyt BE-RigrPaBaiDas tment
2R BT R B b B AT Ehab o | B dpe s tpgnuated
g R Rodd Srer L h SRR E B he Bttt et 11 (@
1Bl % P A LSO S Y bEoccing

nner mal _ es _ and
] tovléél%ttll[l@ dder optdedl AXigud 2 d safefudl d:0veth timping.
Irectly enterr 38
[0070]

Fig. 28 includes drawings showing the shapes of the recess
13A. In Fig. 26, etc., by providing the curved part 13B, the
light is allowed to proceed toward the door pocket 11; however,
the shape of the recess 13A according to the embodiment is not
limited to the curved part 13B. For example, as shown in Fig.
28(a), an inclination part 13D forming one inclination part may
‘be provided; as shown in Fig. 28(b), a plural inclination part
13FE forming a plurality of inclination parts may also be provided.

[0071]

As described above, according to the eighth embodiment, the
angle of the optical axis 12 of the light emitted from the LEDs
9 defined by the inner wall 13 is to be smaller than 30° , and

the light in the optical axis 12 is not allowed to directly enter

38




"the | oading shelf 8, so that in the sane way as that
inthe first enbodinent, the light in the optica
axis 12 of the LEDs 9 cannot abut the front edge of
the |l oading shelf 8 directly, alleviating the blare
feeling of a user and ensuring high visibility within
the refrigeration conpartnment 2. At this tinme, as for
the light proceeding toward the recess 13A, part of
the reflected light is allowed to enter the
theelpégeratslonl Ténpaotitent 12 whelsmpamay af theet lirghhe first
reflected at the curved part 13B is used for
emppPgREnSt | e tiHahdodn Pozkettithl spithl ofothetlids 9 cannot
inside of the refrigeration conpartnent 2 and t he
abysorhpdaieatt edgeant Bare Lppdingasteril £ A dorebyladdd hpviating
the_high reflection material 13C on the concave
theptake et rdcesysesmand wasuning hachonieahl lbey within
Eerf rned nore efficiently. [0072] N nth Enbodi ment

?%Hfa%scwtﬁwtsﬁow% GHe ﬁﬁmﬁnﬁm‘—rﬂr ghe light

LEDs. 9 within the refrigeration co art ment
praeesiﬂa?ﬁgt%aad HReh P SehEs0t AEnibarh ¢ hebantbet hessed ight

d_ab the i ti t 10 h .

i e e A i Lo e APPar LRHSRERRRA PG e part

f gt || .
Ofr ?fg%ﬁéﬁfo%égggﬁ%artgghl ergﬁgv?ﬁeﬁ§%H“{§FC%FC&%Qd for
il?&ﬂiga%g g 5%%1; ?l Qt@l'gatt_r}a t%o th]e %Hslde of the

arrange e ver ditectl on

ref?iééggfﬁého%&mﬂe’?ﬁm Zahﬁ @edégg6p%gé ttﬁdifalcan be

direction of the printed CIFCUIt oar

i1F8in20éd) . atdws, |b'§yD%d%11@1rgetEHnH?&B"ﬁnféﬁlé’c@féﬁ%@elafal 13C

equal intervals as "equal
on the concave surface of the recess -13A, the illumination can

be performed more efficiently.

[0072]
Ninth Embodiment

Fig. 29 includes drawings showing the arrangement of the
LEDs 9 within the refrigeration compartment 2 according to a ninth
embodiment. Intheembodimentsdescribedabove, theilluminating
system 10 having the LEDs 9 as light sources is arranged within
the recess 13A formed on the inner wall 13 of the refrigeration
compartment 2, and the printed circuit board 16 having the LEDs
9 mounted thereon is arranged such that the vertical direction
of the refrigeration compartment 2 is to be the longitudinal
direction of the printed circuit board 16. As shown in Fig. 29(a),

the LEDs 9 are fundamentally arranged at equal intervals as equal
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as possible for illumnating within the whol e

refrigeration conpartnent 2. [0073] In the case of
Fig. 29(a), the vicinity of the center of the
refrigeration conpartnment 2 is illumnated with the

light emitted fromtwo LEDs 9 adjacent to each other
in the vertical direction, so that the brightness is
increased. On the other hand, the vicinities of upper
and | ower ends of the refrigeration conpartnment 2 are
as | pbysipatedow N 1tine natghly ofi iy e WP1 &, refrigeration
respectively, so that the brightness is reduced | ower
conigwantment he. vicinity of .the center. [0074] Then
according to the enbodi nent, as shown in Fig. 29(b),
t he[aniier of the LEDs 9 arranged on the upper end
portion or the lower end portion of the illum nating
syshrermhtOcaseiaft Fégsed (a)o hhveviwopifprofexhaptentepof the
that the vicinities of upper and |ower ends of the
refretgé yet ket canperpachiveht s 2 ldiuamingiesyedth ghe 1ight emitted
bri ghtness. On the residual other portion, the LEDs 9
from éwer FRRgSladaaceqtalo ieqchr YBRer irobhs|vensi Gfdset Fpegion:
above, according to the ninth enbodi nent, b

S0 i Her bashRgPERENRERESr 16t Y aaEsst -9 %{}r%_e%t*&%fthendr the
1 4BREL, 200 Louel o0 ROLLI 9, o, L1 L LU IBUL Mt
2 LR b TR By D A0 L DTS5 8bb0 ey,
so that the brightness is reduced lower than in the vicinity of
. the center.

[0074]

Then, according to the embodiment, as shown in Fig. 29(b),
the number of the LEDs 9 arranged on the upper end portion or
the lower end portion of the illuminating system 10 is increased
to have two, for example, so that the vicinities of upper and
lower ends of the refrigeration compartment 2 are improved in
brightness. Ontheresidual otherportion, the LEDs 9 are arranged
at equal intervals.

[0075]

As described above, according to the ninth embédiment, by
increasing the number of the LEDs 9 arranged on the upper and
lower end portions of the illuminating system 10, the brightness
unevenness in the vertical direction is improved to unify the

brightness within the refrigeration compartment 2, so that the
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"i nexpensive and efficient refrigerator 1 can be

obtained. [Brief Description of the Drawi ngs] [007 6]

[Fig. 1] Fig. 1 is a schematic side sectional view of

a refrigerator 1 according to a first enbodi nent.

[Fig. 2] Fig. 2 is a front view of a refrigeration

conpartnent 2. [Fig. 3] Fig. 3 is a draw ng of

general |um nous characteristics of an LED 9. [Fig.

4] Fig. 4 includes plan views of the refrigeration
inewppastimentnd. efFigiebt Eefrigeratdudéscphaheviengingd.

a conventional refrigerator. [Fig. 6] Fig. 6 is a
{Bﬂi@ﬁﬁhgsshbmth@nt©% tle¢ abt onshdpl bet ween  an

il ailng system 10 and a | anp cover 15. [Fig. 7]

Fi gl 0975 cl udes drawi ngs showi ng changes in the |ight

f the fED 9 when using the |anp cover [Fig. 8]
ncFides ldrigwi dg§ CERBAL A ﬁH@%ﬂﬁﬁQ?%ﬁﬁﬁl view of a

relatlonshl between the LED 9 and the | anp cover 15.
refﬁﬁgerQFOFig 2gCPheiDdesOdraiihgs SHBMHGeRe

Iatl ns bet ween t he shape_of t cover

LR 34t 2 oF rEOoT TIPRIEE S1BALE gETRpLPY Gprbartment

table showi ng characteristics of resin materials.
[Fig 11] Fig. 11 includes draw ngs show ng a nounting

#rlgerd{ taeg &¥QJ¥H&89§§¥ fgm}ngﬁohgcharacterlstlcs

of an LED 9.

2.

[Fig. 4] Fig. 4 includes plan views of the refrigeration
compartment 2.

[Fig. 5] Fig. 5 includes plan views of a conventional
refrigerator.

[Fig. 6] Fig. 6 is a drawing showing the relationship between
an illuminating system 10 and a lamp cover 15.

[Fig. 7] Fig. 7 includes drawings showing changes in the light
of the LED 9 when using the lamp cover 15.

[Fig. 8] Fig. 8 includes drawings showing the positional
relationship between the LED 9 and the lamp cover 15.

[Fig. 9] Fig. 9 includes drawings showing the relationship
between the shape of the lamp cover 15 and the light refraction.
[Fig. 10] Fig. 10 is a table showing characteristics of resin
materials.

[Fig. 11] Fig. 11 includes drawings showing a mounting method

of the illuminating system 10 on the refrigerator 1.
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[Fig. 121 Fig. 12 includes drawi ngs show ng exanpl es

of the shape of the inner wall 13. [Fig. 13] Fig. 13

i ncl udes drawi ngs showi ng count erneasures about the

l'ight reflection according to a second enbodi nment .

[Fig. 14] Fig. 14 is a frontviewdf the refrigeration

conpartnent 2 including a supply opening 26. [Fig.

15] Fig. 15 is a drawing of the lanp cover 15 having

the supply opening 26. [Fig. 161 Fig. 16 includes

[driigvi nglci reyi t1 i Bt aies [drdvi b dhic@iinl/ elkagbudesof the

draw ngs show ng exanpl es of an operation pane
sh@sovbtethenihher doorl of3the refrigerator. [Fig. 181

Fig. 18 is a drawing of a flashing exanple of the LED

[@ig.Fiig] 191gFip3 itf-liwles dirawingsskomiigot heuntermeasures
~relationship between the brightness and the |ighting
abpetiode [Frgt 2&fiécpgicROadcsoadit@awin sthowmy drfediment.

rel ati onship between the self-check abnorma

[ififoorivdk | Gngardd the fdohy wiawiof tog usEnegerat fFhgompaftment

Fig. 21 is a front view of a refrigerator 1A according
2 irpchudihghaepber] eeieeni®y g2622] Fig. 22 includes

draw n showing the illumnation wth the LEDs 9 in

[Fhg -r égii et ilg'nl%oarﬁiénafﬂﬁc@ﬁft 0% therilgmppgpvergl> gving the

i ncl udes drawi ngs showing the illumnation wthin the
SURREY | BRPREFBn<Bonpart nent 2 according to a sixth

[ Hg&gi ?Lgi figﬁ1ﬁg%;€a§é4§§i${§%L%%?Eé?f”@i%ﬁ%ams.

[Fig. 17] Fig. 17 includes drawings showing examples of an
operation panel provided on the door of the refrigerator.

[Fig. 18] Fig. 18 is a drawing of a flashing example of the
LED 9,

[Fig. 19] Fig. 19 is a drawing showing the relationship between
the brightness and the lighting period.

[Fig. 20] Fig.ZOiseadrawingshowingtherelationshipbetween
theself—checkabnormalinformationandthedutyratioadjustment.

[Fig. 21] Fig. 21 is a front view of a refrigerator 1A according
to a fifth embodiment.

[Fig. 22] Fig. 22 includes drawings showing the illumination
with the LEDs 9 in the refrigeration compartment 2.

[Fig. 23] Fig. 23 includes drawings showing the illumination
wiﬁhin the refrigeration compartment 2 according to a sixth
embodiment.

[Fig. 24] Fig. 24 includes drawings showing the illumination
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"wWthin the refrigeration conpartnent 2 according to a
seventh enbodinment. [Fig. 251 Fig. 25 is a draw ng
showi ng control when the illumnating system10 is
arranged on one inner wall 13. [Fig. 26] Fig. 26 is a
plan view of a refrigeration conpartnment 2 according
to an eighth enbodinent. [Fig. 271 Fig. 27 includes
dramﬁngs showi ng | i ght reflection nmeasur es accor di ng

%B E elg %h,enboglnent g 28] Fig. 28 includes
WiGPAR RoW HGTERACRhapBEAaH m?ﬂ*é 2r%‘é‘é@§d&3%\ Lp R gseventh
m%Qh 29 includes draw ngs show ng the arrangenent

POLRE LEDs 9 according to a ninth enbodlnent

ef 0077 fr t
ot aﬁ#eﬁt iy UL shen e
11GGRALLIEN o, 4 KCOR! 8 ¢ coMtl e B4 freerlg o,

fﬁ;d' Q%]Sh:elé.lg% 1%% 1%19 e! X %11 Q%tl ng é%ﬁfm cox%partment

oor pocket opti aX|s,

2 3@@0589§§Sto| éﬁ e.&!g{{‘eﬂ RAbbalRSH Pl gh reflection

mat eri al , Ination part, 13E plura

[Fl ] @@Q'Oﬁ1@3r27 iHE1 WA rallngl’s 8@185af§%ﬁgvfgflectlon

l ens unit, 16: printed circat oar

me@éugéﬁabcéﬁkﬂﬁﬁ 8Xi hel8igheha¥mpdQigkh@nsi stor, 21:
operation pane 22: I|qU|d crystal display, 23:

[#tirar aell di sp) @)8 LEB1udés dﬂ@ﬁ[n%ﬁ“ d1edvirdd: tlfé"@ﬁ'a}Ses of the

openi ng, 27: partition plate, control ling neans.
red8ss 13A.

[Fig. 29] Fig. 29 includes drawings showing the arrahgement
of the LEDs 9 according to a ninth embodiment.
[Reference Numerals]

[0077]

l: refrigerator, 2: refrigerationcompartment, 3: interchangeable
compartment, 4: vegetable compartment, 5: freezing compartment,
6: hinged door, 7: pull out docr, 8: loading shelf, 9: LED, 10:
illuminating system, 11: door pocket, 12: optical axis, 13: inner
wall, 13A: recess, 13B: curvedpart, 13C: highreflectionmaterial,
13D: inclination part, 13E: plural inclinatiop part, 14: claw,
15,17,25:lampcnver,15A:lensunit,16:printedcircuitboard,
lS:originalopticalaxis,19:relay,ZO:transistor,21:operation
panel, 22: liquid crystal display, 23: abnormal display LED, 24:
door switch, 26: supply opening, 27: partition plate, 106:

controlling means.
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[Caim1l] A refrigerator conprising: a storage tfa}—c)egg
conpartnent having a space, which is openable
to/closable froman exterior space via a door, for
accommodating storage goods; one or a plurality of
| oadi ng shel ves for zoning the storage conpartnent
into a plurality of storage spaces in a vertica
direction; and an illumnating systemin that a
(Nggneyraf | RgcwhentlghCL&MMSt i ng  di odes are arranged on a
si de Il of the storage conpartnent in the vertica
[Ckaimecti on at positions adjacent to the door from the
| oadi ng_shelf for illumnating the storage
conpaF ¢ heh?er HFR¥ eFHBR1 81 PFane parallel to the
Ioading shel f, the EIuraIity{ of light-emtting diodes
of FhRLPFRYS AP RY-BGRE PR BERY o7 r B2 eqr €hitehthaitorgnable

ngle o n optical, axjs of the light-emtting di odes .
tog%??%ﬁi%ff o QRELGhT PT iSPACK Bt @ RRRTE0BP AR GRImoge ting
tthe light ., fromthe [ight-emtting diodes in the
s %ﬁﬁ?%a °9%§F4al direction is not allowed to directly

he | di hel_f [ 21 _Th fri
O ASTHLNCHRICE KRy R LT A
cof A (9,100 218 0eedlnp Aoeetl OB alol O, voreicar

dit&asi i typdor expanding an illuminating range in the
st orage conpart nent

an illuminating system in that aplurality of light-emitting
diodes are arranged on a side wall of the storage compartment
in the vertical direction at positions adjacent to the door from
the loading shelf for illuminating the storage compartment,

whereinonaplaneparallel tothe loadingshelf, theplurality
of light-emitting diodes of the illuminating system are directed
such that an angle of an optical axis of the light-emitting diodes
defined by the side wall is larger than 60° as well as the light
from the light-emitting diodes in the optical axial direction
is not allowed to directly enter the loading shelf.
[Claim 2] ‘

The refrigerator according to Claim 1, further comprising
a lamp cover arranged to face a proceeding direction of light
emitted from the light-emitting diodes and having a lens unit

for expanding an illuminating range in the storage compartment

by refracting the light emitted from the llight—emitting diodes.
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by refracting the light emtted fromthe
light-emtting diodes. 44 [Claim3] The refrigerator
according to Claim?2, wherein the |anp cover is
arranged such that light in the optical axial
direction enters the lens unit. [Caim4] The
refrigerator according to Claim2 or 3, wherein the
lanp cover is provided with a claw for assenbling the
illumnating system [Caimb5] The refrigerator
[CladmoBdi ng to any one of Claims 1 to 4, wherein the
plurality of light-emtting di odes are accommvpdated
wi tThienr e Br t eeessof ecaeddongttineCsatie 2wafher¢im fhamlegp cover
~ The refrigerator according to Claim5, wherein on a
is pramege@d4syual shatol iFE A gPrSAeRL, axFat dddestiopesnters
angle of the optical axis of the light-emtting
thediledess Ydefli-ned by the side wall being |arger than 60
, .the,plurality of light-emtting di odes accommobdat ed
[Clpdm Ad recess are directed such that the angle of the

e TR R E AL L R
codk Sl BB 0004, 10 A0, Crpl . 8o BL Byl 1 R ing
SYSE%HHninated wth part of the light reflected at a

concave surface of the recess.

[claim 5]

Therefrigerator according toanyoneofClaims 1 to 4, wherein
the plurality of light-emitting diodes are accommcdated within
a recess formed on the side wall.
[claim 6]

| The refrigerator according to Claim 5, wherein on a plane

parallel to the loading shelf, instead of the éngle of the optical
axis of the light-emitting diodes defined by the side wall being
larger than 60° , the plurality of light-emitting diodes
accommodated in the recess are directed such that the angle of
the optical axis of the light-emitting dicdes defined by the side
wall is smaller than 30°
[Claim 7]

The refrigerator accordingtoClaim5or 6, wherein the recess
is formed such that the door opened is illuminated with part of

the light reflected at a concave surface of the recess.

[c1aim 8]

45




"[Claim8] 45 There frigerator according to anyone of
Clains 5to 7, wherein a.high reflection material is
added on the entire or part of the concave surface of
the recess. [ aim9] The refrigerator according to
any one of Clainms 1 to 8, further conprising
controlling nmeans for determ ning abnormality in the
refrigerator, wherein the controlling neans flashes
the light-emtting diodes for displaying the
abnbhewkiftry gefr@tairmdd]rdine tefnygereat HClacomerdimg, twherein
any one of Clains 1 to 8, further conprising
a ot weifiliesg ivwans t ol adet erardsichgnopke atritoied or part of the
conditions and abnormality in the refrigerator,
conpeyei ALt haceont rohei ngceeans changes the | uninous
intensjty of the light-emtting diodes for displaying
[Chaygn rational conditions and/or the abnormality.
[Cla|n1|I] The refrigerator according to_any one of
O alme rrftrdasatofiecquiinetaasy T o bpeaiRg/ it 8i ﬁfglrther
t he, storage conpartnent is_ to, he double doors hin
Co%rb%’c%gﬁg Ogﬁd“}geF‘tea%dEO%qtsemWé‘&eépP%Wll ¥oin the

re% t emtting diodes of the illumnating system
$%g%§ ged on both the right and left side walls,

ESPEELAYE e LGN (TS 00 H0HSS, AR O cing
dléﬁbgnkérléggﬁlaylng the abnormality.
[Claim 10]

The refrigerator according toanyoneof Claims 1 to 8, further
comprising controlling means for determining operational
conditions and abnormality in the réfrigerator,

whereinthecontrollingmeanschangestheluminousintensity
of the light?emitting diodes for displaying the operational
conditions and/or the abnormality.

[Claim 11]

The refrigerator according to any one of Claims 1l.to 10,
whefein the door for opening/closing the storage éompartment is
to be double doors hinged on both right and left side walls,
respectively, and the light-emitting diodes of the illuminating
system are arranged on both the right and left side walls,
respectively,thelight—emittingdiodesérrangaﬂonthesidewall
hinged to the opened door are turﬁed on to emit light.

[Claim 12]
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[Claim12] 46 The refrigerator according to any one of
Clains 1 to 10, wherein the door for opening/closing
the storage conpartnent is to be double doors hinged
on both right and left side walls, respectively, and
the light-emtting diodes of the illumnating system
are arranged on both the right and left side walls,
respectively, the light-emtting di odes arranged on
the side wall. opposite to the wall hinged to the
opehled vebriderator necconding femiany iqgie of Alaims13] to 10,
The refrigerator accordiqg to any one of Clains 1 to .
whapeinHeg diogrt Rer dowrn s/ @penint tecost ayaghecstrdgeent is
conpartnent is. to be doubl e doors hinged on both
tohyhiowhte| épersi ybnged| an by pekghtveiyd }ekt side walls,
Iightfenitting diodes of the illum nating systemare
re3RFahgBal ¥n 3t tosst Lone ol t hingiddedRsl P§, thpd L luninating
| um nous intensity of the [ight-emtting diodes is
SYShahgeHS bASEERBRT L #e DAdor LhpOREEnT (23 by 4415 valls,
refrigerator . according to any one of Clains, 1 tg 13
reqiier b e L e Tanbhy bTot et 1 ALo8RT @Ry 4R baRg he Side wall
e n_u I nd _l,ower _.parts of the illuninati
r G PERT e PRI e gorS hEbBnde BBrimt BDHAS B e
enP@r 1 gh :
[Claim 13]

The refrigerator according to any one of Claims 1 to 10,
wherein the door for cpening/closing the storage compartment is
to be double doors hinged on both right and left side walls,
respectively, the light-emitting diodes of the illuminating
system are arranged on at least one of the sidewalls, and luminous _
intensity of the light-emitting diodes is changed based on the
door opened.

[Claim 14]

The refrigerator according to any one of'Claims 1 to 13,
wherein the number of the light-emitting diodes arranged on upper
and lower parts of the illuminating system is increased larger

than that on the other part.
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