[ Name of Docunent] SPECIFICATION [Title of the

I nvention] REFRI GERATOR [ Techni cal Field] [0001]
The present invention relates to refrigerators, and
nore specifically, it relates to the illum nation
within a conmpartnment turned on when a door of the
storage conpartnent of the refrigerator is opened.

[ Background Art] [0002] Conventional 1y,
[Nah%c%%d%%%%ﬂkﬁtﬁ”p§PE€¥§1€Effoﬁ0”“””'y used in
I'l'lTum nating systens for storage conpartnments of

[Titebr b@ertweorm%@&i%mra:g@?ﬁfémﬂ%ﬁets provided in a
d of 0

oor refrigerators; wever, recently, use of

[Tekhght-zeMititding- di odes (referred to as LED bel ow) which
are advant ageous from standpoi nts of heating val ue and
el §otwir¢ power consunption has been proposed.

The present invention relates to refrigerators, and more
specifically, it relates to the illuminationwithina compértment
turnedonwhen adoor of the storage compartment of the refrigerator
is opened.

[Background Art)

[0002]

Conventicnally, 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.

[0003]

However, since LED is small in luminous area and strong in
directivity in comparison with those of incandescent lamp, its
illuminaticnrange 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.

[0004]



[ 0003] However, since LED is small in |um nous
area and strong in directivity in conparison with
those of incandescent lanp, its illumnation range is
small. Hence, for effectively illumnating a | arge
storage conpartnent, it is necessary to provide LEDs
i n nunbers |larger than incandescent | anps. For
ensuring the same illum nance in storage conpart nment
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rear (back side) of the storage conpartient and is
stoPBRYBt@thp r Bndit hnGSES ridtgRly PPGUEeNt (sedf Phtent Dochument

exanpl e). Exanpl es have been al so proposed in that the

1, foruskaabiay. sYEKePlics dakangednsSHERot PabptBEILED that the
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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.

[0006]



[Problens to be Sol ved by the Invention] [0005]

For exanple, in the refrigerator shown in Patent

Docunment 1 nentioned above, the LEDs are directed to

emt light toward the rear of the storage conpartnent.

Thereby, the light fromthe LED can be concentrated in

the storage conpartnent; however, on the other hand,

since the illum nance in the front (adjacent to the
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Also, in the refrigerator shown in Patent Docunent 2

shelgnt i@m&dleab@biér_lﬁélgtm disicoppent raethdntd he ’Elﬂ@ritear side
side of the |oading shelf. On the other hand, since

of the sténayeadesphnthbet rearrsdwteedf dHe b3l @Fethe storage
conpartnent is reduced, the back of the storage

companpaehient dsrdankenedil # Schd Ne dhHighih ithet Betical axial

_optical axial direction with highest intensity is

direpfiowndwibht hegheeoht indgesatyt e kmadtad shethe front edge
Therefore, the reflected Iight fromthe front edge of

of the Japadting Siedif. Theiretfonsi,f i ethe amsf eqrablldmiagron the
arisen that a user feels the glare. [0007] The

fropt eq@@e PhAvERE| bPpaRiBIhebAlfAnde ibntensifisdchapdobl prsblen
and it is an object of the invention to obtain a

has arisger hbet pnusRAt TRR&A &he lamenati on system of a

shﬁﬁﬁgﬁhqonpartnent I's constructed using LEDs with the
S ating value and el ectric power consunpti on,

itI u%!‘%%ese%%i%i?%%g&gi?rggag? %Fgalgagg 1’% fsiocliv%ntslu%h 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]

[o008]

A refrigerator according to the present invention includes
a storage compartment havinga space, which is openable to/closable
f]_:om an exterior space via a door, for accommodating storage goods;
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



[ Means for Solving the Probl ens] [0008] A
refrigerator according to the present invention

i ncl udes a storage conpartnent having a space, which
i's openable to/closable froman exterior space via a
door, for acconmodati ng storage goods; one or a
plurality of |oading shelves for zoning the storage

conpartnent into a plurality of storage spaces in a
um na t hat
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direction a acent to fhe mt fe
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conpart nent , |ch ane para

the b@.a%mgt?f@é legBIEeeHHHE§h Cyl&{ dél beHem \S.rhﬂg 9§%§lstem

| 'um nating syste are directed s

are afgtecebgan it | €kt axhs Hfy lteheof i ght oivmltcta'lnga)glé)d8§ the
defi'ned by the side wall |s |'arger than 60 as well

lightheenighing r@medde dé gihic®m timng didedes 1iin J.tshQ.arger than
optical axial direction is not allowed to directly

60° eatewelhead aadi ng ghelffron] Advani ggesim] 0009) diodes in the

According to the present invention, on the right and
optiaflt axidbdiokctiensison@ge 1 towpdrtonkintecfloreekenphe,loceiding

the refrigerator, the illum nating systenms having a
sheldff.urality of LEDs are provided at positions adjacent

to the front fromthe |oading shelf, and the angle of
[AdVPW¢a®Fﬁﬂcal axis of the |ight en1tted fromthe LEDs

d fined by the side is to be larger than 60 as well as

Oplght fromthe LEDs in the optical axial direction
|s not allowed to directly enter the |oading shelf, so

REcanEng et the PRESSpEi tarenkian: ok ddte di Brt @me left

s not emtted directly to the front edge of the
SId%so%—D%Fha Saomncariscleianpe o e eciongator

ere SERSSEaLSHRLE A s 1121y 4 L0 s
ot pRpSHTEAR WO BT ol BRSSP 80 ane
the EHSlgotS’f t!lﬁec%tpq‘:qdaq ngsfrgf’@hecﬂq(ﬁ% élln.ltl‘_'%gafreoqn 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 1ight 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 visibility 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 Mbde for Carrying Qut the Invention] [0010]
Fi rst Enbodi nent Fig. 1 is a schematic side
sectional view of a refrigerator 1 according to a
first enbodi ment of the present invention. According
to the enbodinent, the refrigerator 1 includes a
plurality of storage conpartnents, such as a
refrigeration conpartnment 2, an interchangeable
(BLAMAIATENY: ok VRUPIAN IR and a
freezing conpartrent” 5, each conpartnent including a
spalamifodr accommodating i nventory goods (foods). The
refrigerator 1 also includes a hinged door 6 (referred
Fidsx aSnsbdioentd bel ow) and a pul l out door 7 so as to
open/ cl ose the space between the inside and the

outwiigle 10f s eashheamrard BeAk. sddiei d1ed I hgeRabiFod refrigerator
conpartnent 2 having the door 6 and | oadi ng shel ves 8

1 awddrdenglessr abed risel embdinesar ,ot hehenyebkeaR iisiviedicion.
limted to this. [0011] As shown in Fig. 1

Acdrerding thethef ramerdiment], hakea redhdtggntattald vl includes a
rectangul ar parall el epi ped shape, in which the front

plugiadd thave hg stee adgeorcomp atefmereds as sachr e pl ardrdgeration
the side rear to the front plane is defined as a rear

compagi@epdsed an thet¢pchangasbbe dompsrivant| @, Fiagvepetable
t he upper side (ceiling side) is defined as the top

conpagiiEeartd 4 héNdo e £ rsiedd nGf [coBp agitihentad t Is@dboroppartment

, | ane, and other two surfaces are defined as_sides
1nc(1eﬁé %t SPaGE SoE AR datdma haveRbat vigoass (freedws. The

t he | eft _
refrigerator 1 alsc includes a hinged door 6 (referred to as a

door 6 below) and a pullout door 7 so as to open/close the space
between the inéide 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 openable/closable with
the door 6, a plurality of |oading shelves 8 are
arranged in parallel with the top plane (bottonplane)
to zone the inside of the refrigeration conpartnent 2
for inproving inventory goods storage efficiency.
Control l'ing neans 100 controls each neans included in

i el gy St (ool e 190
refsﬂﬁteﬁ@t]_t%nf ‘&Smb[a%g%'ﬁ%t bn(gpé%%ﬁi@/ ttzﬂ? glz?f et[ha&sh%\?vd%?r 6,

mpar t nent

a p‘ih%a&@ft&' ger %é&fn&ogﬂ?éifv%rﬁ a%% 'ﬁ%‘@’& IJ.H gégalfel with
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[ lum nating systens 10 having a urality of

coml EB%m%n@Sﬂfcgﬂ“tlm?ﬂqu aheeREO ad BeokER% Pl Afen
Fo emt visible [ight QI%Isuch as M%S$S)|Igh€ ELCh thtggb ¥
Contgels iegn m&end NTO0L WAhtGaItS . cACBONMH NG t Oné€ded in the
enbodi ment, on the inner wall 13, the illumnating
refsyseemtd@ i s detreigediad cénposilindmadhacentmadinlthentrols
front side (toward the door 6) fromthe front edge of
an b 9 gadiviglesheinf a8. i hsuhonat heg werdtieamll Odfoect I minating
the illum nating system 10 is arranged such that the
WltbﬂnrﬁhEtY8§ﬁlgheaEED@ eompelrugedti 2.t he il lumi nating
iten1 O are positioned at substantially internediate
po PPions between the respective two shelves 8 (except
ger nost and | ower nost LEDs) . [0013] Fig. 3
égdr%vﬁfnga drogéngiar <PErﬁhrﬁnr@f@ﬁaﬁé@ttépnswwaétment 2.
he LED 9. shown in F|% LED 9 generally has
As shorBhgndi Jr?em’-r AR $1PRSI9% Peehﬁ“%@lf Wgllieh&be fefrigeration
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I'n Fig. 3, whén the angle e direction of
10 iaXiag rbhded G@f lanﬁgsﬁ’élgn adhecLRPAS 't'PleaEE}Bﬁ)E' %B@l Ytoward

50 is included in the illunmnating range a.
the GRsOf it ifedm the dirbBEtEQFe ObF thife |l'cﬁir&f1negmswe§¢ %r orms for
the LED 9 represents a direction on a plane parall
the tverthiecd batlirg-tsitel f theunllasmiothany sgsspacibi 4 arranged
(this does not define the light in the vertica
suchlthedt tloaplur@Qlidly of the EEDs #ihachddasitenw igsuifnating
the refrigeration conpartnment 2 viewed fromthe upper
systHmAf. 216 pdeddiiohed abewdhs ttdrer idddry Gnterpedvbdedhaditions
the front plane of the refrigeration conpartnent 2. In
betweann thfr Fgepatbive taccshdilngst ® (ekeeptbooth erentos toant Heower
front plane of the refrigeration conpartnment 2, doors
mostgAER® 6B are provided for opening to/closing fromthe
o tside of the space of the refrigeration conpartnent
LL0Hedoors 6A and 6B bei ng



connected to the body of the refrigerator 1 via hinges
(not shown), respectively, as so-called hinged double
doors. The door on the right viewed fromthe front of
the refrigerator 1 is defined herein as the right 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
ar rgnged i Bsi Qﬁfafuﬁrngsbgrfgy?ﬂe{ﬁ?dﬁlmﬂ- PRI NG tics of
system 10 is configured of a printed circuit board 16
thhawme anngl egdwhcal £igcult yid Nl d Reneen1aRdhds strong
plurality of the LEDs 9, in which the printed Circuit
direearidr ik, iih natgrexpesed:imsl dgehbe, r ehel d8mahb®’ intensity
conpartnent 2. According to the enbodi nent, as shown
is iidhedt 4n theliidectionabifngpsyshemakl sl § zapeapgediswahr to
that the angle 0 of the optical axial direction of the
thel EDsniSedefdmedloyiet bg ithrerEwaldl, 23d wiltér gepatthanng0 angle
and furthernore, the light in the direction of optica
froaxitdiel digfectthen B @pitd cadt adiisedl, y thecildenhoos theéensity
| oadi ng shelf 8 (especially on the front edge) . By
is jvecheasi.ngThheidhyghendtiaggeanghawi6d S08ucikngore luminous
. illumnating the whole | oading shelf 8, the
intgaisityap fridet in| une shittiestt ican  bé erbievkdxiist hduts defined
unevenness. Even when increasing the angle ? |larger
hergfznagean §ifada Ve gid undingitd ng reageon growgitealthis does
axis 12 is incident on the |oading shelf 8, it is ]
not fpean fhplh@LEPeCARNSE e & bl%’g t@ ook Oifngh¢ A lmgpating

in the rection of optical axis 12 toward the | oading,
ran?ﬁe?‘?' Sd%} eérl 3 U eR e %B%rtgﬁt §ONOR (gt optical
.the_reflected |ight .does.not _glare on an user he o
axifoTar ¥ GFE0pA R Gngl 609 FatBt P APPERRROREEE 7Y 1S
N r.eterabl e. be 90.0or |ess, becaus the mai.n, .
incgBaBEPL R BRG°1| Pulfnal 10 fide o A Bngereraibtion, the
dirggwahtﬁ?@ﬂegigﬁ& It ted frofit%e kb 836 q%sse%lﬁasr'a Wi tion
of a conventional” refrigerator. 1'n conventiona
on REJIHRS PLFS11 81 NES %H@ 3038 nQf Je AEPSuLPebBCotherwise
inner wall 1s to be 60 or Iess so as to direct the
spebi@hbd N(tHi& 0@bé§ahAX| @ £ fhé 8ehie0om Phnt henl BRI ovardica)
the | oading shelf 8, so that the rear Side of the
direetibgeration conpartnment 2 is liable to be
illumnated with Iight in a concentrated manner.
Théoefote, although the inside of the refrigeration
conpartnent 2 can be brightly illum nated, the |ight
i nNFige 4iirecludds aframingalofaxihe 12 fefi gele tibbs cOmpartment
directly incident on the |oading shelf 8. Thus the
2 viewéecieonl tghtuppamphmnd r ofts edge rafbachadosadi ntpe door 6
shelf 8 is intensively incident on the eyes of users
is pfovided efir ither Atonttplagharef dhe refr iQe rzid ont hempartment
hand, in the refrigerator 1 according to the
2. dmpddigrerefrigeneteonel | aghtrémmgt ed thenemhediEBet9 on the
the direction of optical axis 12 cannot directly enter
fropheelanrliafy tdisert L8 igeKatdoar scupartoeniie2r ef¢ers i @h and 6B
can be si%nificantly reduced. [0016] As
are ggectidech Tapvren i Gide tHe D Jremathe ougsidghef the space
source of the illum nating system 10 has strong _
of e et viggratright COIPAF ANERE &f f BBEi deors| @M AR kF being
range a centered at the optical axis 12 is intensively
emtted. When the angle O of the direction of optica
axis 12 of the LED 9 defined by the inner wall 13 is
changed




herein, the effective illumnating range a al so

changes simul taneously. 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 illumnating range a.

Hereforg, I rovi ded. i nside the ,dopr
COHG_ i's sca?ctﬁé;ﬁ???g)rﬁ ﬁfg%:lé%_tf\fm}%"ﬁeﬁ ght ?%algénggfk Oetd.splown)’
resPdias Jdie; (987s POCKPLod h %o ELY) EANEY CNbna! BAIB the

space for taking 1n/out dri‘nks and Shall artic es, it
right Piekeqale t0e ifkbwr atg tlfé]%rq raRQGKEY 5 1k A '

user's conveni en%ersake. [0817 ¥elra T(i;ﬁ'enflsijdjne tlglgadhereln

as fthlel irgght abok 8AGOEHENGobL dheTDRAUTRAL 13l NC@rt BBor 6B
angle O of the optical axis 12 of the LEDs 9 defined

(ifbyikhentnaen Wal ind8céSshpyperifd; Yr e crlifeddaqr the door
pocket 11 can be included wthin the effective

6) .1 | Thierichats 801 § gngerialdEwt eAsa Avorapgeket TMhaerehkased inside
the inside of the refrigeration conpartnent 2 is

fori stamingt Bdodbi | eThehe ldoeri npadket sEdtean das configured of
illuminated with the light of the LEDs 9. [0018]

a ppsniedcsibedi abimaxd décbading dm diketihicstt enrboditentinted
when the LED 9 capabl e of reducing the heating val ue

thegranend erp bupplety odnsharpEDs® f dn wiriegyhe @riimg eidscircuit
used for illumnation, the illum nating system10 is

boazd, hfigks 9t paRessssingidepihe aisfny gefrattion, EOBperoment 2.
thg,right and left inner walls 13 inside the _ _

Accprainget o tiieneRBABARERENta 2 SBPWRHE Fér i fetheoll lunhrating

s Sgt pﬁéi.tions adj acent to the front side (at the side

YSHEPMhe Hodrt 695D RECRe t Rahdiltk) a8Fder O @ afdre aptheal axial

. ical -djrection, such th t he angl e of e.opti cal
AL CHRR SR PE e W iAdh it Get fes et nkd b Targer
: d nner s _to_be.60. qr.nore nd al.so that .
tha{l@l i gﬁtd ?ﬁ%%é]%ﬂ%%étti%% 13 hg:pf'Pc%Té F§CH3 OFoRE iical
;. ent t I [ | . j Y8 us, e,lLight i
i G O 1B SRR A el P Sk aeht S it opdhhgycher £
8 (e8pkttiad 19 seehkyr tont ont - '
SESI f1 8 gflnd t he glcg}eg?g%?l’nngc;ggsggégiggr#}%gg#gg%gelcﬁrger
tha©neoT i NGt en i sl it i Ay WA I | AT S
conpar t ment 2@ Al so, si nc_eame iﬁ%%n%ﬁ%%%yﬁ%%ﬁl% the
wellsbADanaEsaNDEEn 92 EXEESEH Y §eY abhk bvEAWH Ehbfe Uk enness .
within the refrigeration compartnent 2, the front side
Evenfwlidie irafrdgeigd it conay Bneatger tHat 605, ,the €981 ight
pocket 11 provided in the door 6. can al so be
in tHd uhimatteibn Mehept iaraladdiits aralisi Lhorieati &8 SHS1®Ading
for illumnating the door pocket 11 is unnecessary,
shekbrit,r ilutisngredetrhbleetioodivn priicedsty 860netedPyecting the
. .saving.
light in the direction of optical axis 12 toward the loading shelf

8 directly unless being under situations that the reflected light
does not glare on an user. The upper limit of the angle 6 is not

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



[0019] Second Enbodi nent Fig. 6 is a draw ng

showi ng the rel ationship between an illum nating

system 10 according to a second enbodi nent and a | anp

cover (shade) 15 viewed fromthe upper plane of the

refrigeration conpartnent 2. According to the

enbodi nent, the illum nating system 10 is al so

configured of the printed circuit board 16

a uLgk LLyofithe : di e odj .
e R er e 13, 4 e A SRR L FF R geration
Comgg§tﬁggg adj acent to the front side (toward the door

) fromthe front edge of the |loading shelf 8 so as to

arf@mge]the illum nating system 10 within the recess

13A. Then, the recess 13A is covered with the [anmp

Coves . 15.1 ddomruas plahevi Bvent £ ON cbevaat ibhAt edrtOgerator.

this. The illum nating system 10 may al so be covereéd
In sohhehbeohalpredyegetatwirkhodt nber thegahheer 8€€8he18MDs to
[ 0020] The lanp cover 15 is nolded froma resin

thenimeer aball ahspes epé @° | @astl ewist Bonakheor angecef the 1ight
visible light, and includes claws 14 for integrally
in thiexppgichd dxdiaindnatchgosyst eellED hewatrad tiye flictaiding shelf
the claws 14 into the illum nating system 10. However,
8, sha&Hatkithpe cfeatheiidd ofi hhei ngfsygeemtidni sonpartment 2 is
o limted to the fitting of the claws 14. The | anp cover
liakke pee thy i htimiested|ehthubight5infarcor¢enttahgd manner.
incident light. For |eading the incident light to the
Therqtpre: el WiRuahithe) ippidRer§ dihe gefatvenatdmpacempat tment

2 2, the lens uniit 15A is arranged to have an angle to
Ca{lftgg bright |1|llilgl_1nfa(i}@g1] the 1ight inthedirecticonofoptical

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
refrigeratorlaccordingtothe embodiment, since the lightemitted
from the LEDs 9 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 illuminating system 10 has strong directivity, light within
the effective illuminating range o centered at the optical axis
12 is intensively emitted. When the angle @ of the direction of

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



In the first enbodi ment, by defining the direction of
the LEDs 9 to the positioning of the illum nating
system 10, the blare of the reflected Iight fromthe

| oadi ng shelf 8 iss reduced as well as the illum nation |
of the door pocket 11 is enabled; however, due to the |
reduced occupation of the effective illum nating range

a of the LED 9 in the | oading shelf 8, the rear side
. _the,, refrigeration. rt t. 2 be
resflglPong SIHAAHEN COMATLIBNL 2RYhey ghs0 changes
- ' I,n ' N, the:refrigeratl ;
oinSOUSELADLL", AL LDRSR £ 0 L SF R EEEARALAN e sserators,

sinEBCEﬁQSaggle%"fe‘fﬁE’ obtits1 r%_&ier%f sraphe hesause fhe inner

I ncreas cost. Then, according to the enbodi nent, by

wallisiB9tthee | &P ¢vekskSsRaykngot herbedsvany ti IbMmihdee the
bri ght ness of the whole refrigeration conpartnment 2 is

insh BRI OF &th MrilF i rGasiore eBhbawtakhen?, [P 2pened door 6 is
Fig. 7 includes drawi ngs show ng changes in proceedi ng

outdb f &did eFrek-ttike iighhinbkting t&lyd onwhemhesefgrichethe door
| anp cover 15. As shown in Fig. 7(a), in the lanp

pockeverl proaddedd mgide thiredeobaisedarddiey Lilghminated with
incident on the lens unit 15A is refracted in the |lens

lighhitio Y&Aarkentdat $ihece ¢éhe dfort beckef filgey atviegy convenient
conpartnent 2, which is out of the effective

storhbenspatenfiorahgking is/putudrbmkedanfeseat harthciag, it
ot her hand, the light incident on parts other than the

is |paresf anstl el 500 gddd umibrsitant thae | fostr aiqghtet alt hdwgh neer's
may be refracted in sonme degree dependi ng on the

conyabigBRE 8AKPe, so that the door pocket 11 is
i1 lum nated therewith. \Wereas, when using no |anp
covePlis or a flat | anp cover 17 without the lens unit:.

L5, e CoFt i Bt LB PALg i R fnent,
cind8 A0%iBhs 0 P RS L 2 g ok R o dirines
oy HRSUGE B4 o O b0 hob et shirpdheSpbores 13
can be included within the effective illuminating range a
(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. |

[0018]

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



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 | anp
cover 15 in conparison with the case where the |ight
refifi ddven Ll 8ol thel Qadh f 1baNg
thé}directi%%g%?ggﬁ%gFﬁgégggﬁééﬁfaX|§ﬂ%§§mF%55%T%O%QQlonS
adjd®ntd tinehedes ot awi AES(SHAUNG ilHREoROBHEI @58 6) from the
rel ati onship between the LED 9 and the |anp cover 15.
loadirpprdhiecd & , apecondithe tRriheaeneded®ibn,t BRch that the
positional relationship between the LED 9 and the | anmp
angdeverf hd spalitwilned isudle tdratchieha ilgh@hlerift tielde from LEDs 9
direction of optical axis 12 enters the lens unit 15A
defdmegsbivotlbe dreckt evatllelBens t e 60° t e netej gera@td b that
conpartment 2. \Wen using the |anp cover 15 enpl oyi ng
thet héghéf radtheondiskctien bfhtpbict headiED19, dbbe not enter the
posi tional relationship between the effective
loadingnishetlifing ddage td yof Thhis,LEDeO lagdhtt he thep ddeeerttion of
15 in the front-rear direction is very inportant. Fig.
opPtdca)l anessld ré Eppddds dtis posienbated ddlradtdnshpthe front
between the effective illumnating range a of the LED '
edgg gfidthRelPadpngoverlist andithe g(%a@'é% feed ing e wsers can
b Q%gldi ection of qptical axis 12 of the LED 9 enters '
© L9 G hrs SORME L Rg A i N AR Vi h Hhy WALBARI the FR§KREgpgation

compE et 2t 1l SRenBioFR LRE LaLBRERakA PN SREEeRGUR) L not
L does not ter_the lLens unit. 15A but gaes .
archfifient O0 IS IOl CealE LBRGAY Engnir ettt piiidus the

[ ' L nat | he .inside of .the . A
rettheforich Sl thdiL o 04 AR AR By Betrigeration
i knsl rawngs ' e We! s

o e e S 1 o SPaRbBLrEEe) LR ARI I cpe door
6. caBf hashi ga. j of yhigbt Lefragti - Dot

9 dependgaoﬁI?ﬁgqggE%?ficg%?%ﬁ'o%ﬁtégaﬁgggnggi%m%%kggbtlng
sysBasedoan iNpuhan®r £0¥ethES &homnpbAkELY119(8] uf’xﬁéce_ssary,

sinply increasing the angle of refraction, as shown in
contrgbufihy, tbheneegeAuthiiokness Rfstt Red %@ﬁar?'y tsakdAg.

(light refracting part) of the |Ianmp cover 15 may be

i nteenskd. However, if the resin thickness is

excessively increased, generally sink is liable to be
SecpnddbBokddimenthat the nolding into a desirable nold

profile beconmes difficult. Accordingly, the resin

t hFEtne§siss apdefaerinegd shoovhiencs Upsr esskdl: 1pnéloipbbatwden an
... mm Then, for avoiding the sink, as shown in Fig.
illgpinpating sgstewnl6f acherténg tini & §8Acnmdyembedibent and a

formed to have a saw bl ade shape (having a plurality
lampf coMegnglshadehapds)viewed ofriong thel wpalert ypbane of the

i nclined planes with the sane thickness as that shown
refrigeration gompapiment 2 ¢ | decarsdigiome itheFegbodiapnt, the
... Wth increasing inclination of the inclined plane, the
11l upirat B9 1S GHRER A4S Hefdesq sopddgeaed afttHe palimteshcircuit
b W%ig the inclination of the inclined plane, increasing

canq, Lo apdaRt bal L a¥ odd 1hRd Yabokecordéngéoride pppodiment,

angl e is changed due to the angle of inclination of

the inclined plane . Accordingly, if the section is

mol ded to have necessary inklination of the inclined

pl ane, the lanp cover 15 with the desirable | ens unit



15A can be obtai ned. [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 higher
order (smaller nunber) , it is advantageous . For
exanpl e, the transm ssion factor is advantageous in
the order of an acrylic resin and pol ycarbonate

he b f
on OLG g 1S5, LI ORGS0 (Pl FELLATIA Bacer
I f || I d
L T e

loaBh ?ISrs St 8|p§’<'> éﬁstdé’é e a%?%( ﬂéé"lci 1%113‘&%%%1%?%%@&&1 gl O.O\Iqi thin

acrylonitr e € resi

theBbekkal 1§anstfﬁ@ﬁestrp@f£e£s§ & rl%e gIedoIdlI:I:Iethe lamp

refrigeration conpartment 2, proo j ui ce-proof

coviistshe f1akehelnt ehécﬁ%@ﬁtl&QO@ZI not llmlEé(g tdlthis. The
i ncl udes dramnngs show ng a nounting nethod of the

illuhkb HEkAaY Bgs$¥at e dfy om dhed Qfdﬁegz%rcﬁm“chlthgoiamp cover
exanple, there are a nethod to directly nount the
15 Wlitnoumatbrgisystes t@cesst hgahody of the refrigerator
1 as shown in Fig. 11(a) in that the claws 14 are
prbobaed in the recess 13A, and the illuminating
system 10 is fitted to the claws 14; and a nethod to
nolhe ltdmp cblem fat smgp lsist EnphG pasihediedyi adf ttéwsparent
refrigerator 1 after assenbling the illum nating
at bgasbrwithon the famye coverisi®les 1dlgbwn AndFigcltdegbylaws
. If the illumnating system10 is directly nount ed
14 &pr tinteeeabby 18 ingd hrodiltivgiaa tigiasiveien pObkhaseho by
the LED 9 and the |anmp cover. 15 may be si nlflcantly
fltEIi%%l%I&%dﬂoEU/é‘s tid E£REOUHRY enneyRinaking s Png. However,
th mf may cause concern that the Ilqé% ,of the LED
SRS ?e]cIt]rlIPé“IaIIIltRﬁ AT RP ldhdé BokmjlRéfed to the

ffi h
fltﬁhﬂ%CIFnII%ecgégé ere $+$U%$€%{C£%t : ?Lﬁwﬁ%chdes a
SRR R

|.ac
incRRUEE Al ed e EsRe Bhe AR 1R BeR s re i papation
nd t 0 0 I p i she
compilt At ! E%etﬂé?%ﬁ%i%egﬁ‘%egg fidtaty .%ﬁsﬁ%‘% fcdnale
to tHe 18APrcQ¥ei 13 within the refrigeration conpartnent
2 can be optimally achieved. Therefore, the nethod to
molpd2ihe il lum nating system 10 on the body of the
refrigerator 1 after assenbling the illum nating
syst efhd OF ik  hendodineGty,e byl AelfS nidighehePaet8EARbA. of the
By contrast, when the illumnating system 10 is
LEDsIOras tthy p@seﬁbbﬁgn@r@ﬂ BReiimmamWed t indsyktemS10, the blare
necessary to elimnate the displacenent by the
of wonfrgileattod Thgabl traf vldequaselygathghf g et redilced as
the illum nating system 10 and the | anp cover 15. By
well he Hesehbhindgaitioaushthe omepockbt Wi £ éndiliedy however,
manufacturing the refrigerator 1 can be inproved.
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



| [ 0028] Fig. 12 includes drawi ngs show ng
exanpl es of the shape of the recess 13A on the inner
wal | 13. For exanple, as shown in Fig. 12(a), part of
the light may enter not the lanp cover 15 but the
recess 13A on the inner wall 13 depending on the
arranging direction of the LED 9. Part of the |ight
i ncident on the recess 13A may continue to proceed
¥ ' CEe .| . SS. ' hat
re e e S el SRt PSSy 31 narea.
Fol 882Bknsatingh BcERoNN A ' ) I i
t ens 1ng12§9fg% 6 1 I*?gg?ganégg IItﬁQ%efﬂggs&atlon

emt d fromt Isre on the recess

cordbth frdn PLevErd nighehes f &hleegt 5l 9|hﬂ19§‘bef {H&£H§é@ﬁ2}owever,

entering t he different place in the Tecess 13A, t ,
it aBUhEt Yr e LONC AR atidel REQ f QMY L. eCRSdh 13 dor ding
devi sed, so that the light emtted fromthe LED 9 can
to hthd wnherieddecthyalyided utisge dheed anp HeMely ke lens
In particular, since the light incident on the front
unisi d6AQf thbeb f BEIESSe dSA MahebBhd I € Gtieft 1 ye MRISTRU compartment
perfectly, so that the angle of the recess 13A becones
2 dgrpomranted oritreahwmgeddte domgitgioat hen out si de of the
| a cover 15, without leading it to the recess 13A
Th 22d the door pocket 11 provided in the door 6 in
front of the refrigeration conpartnment 2, so that with
t hdld.ght tovailndesudreiwings |shmpvicoyechdBgaest ientpedareding
. the recess 13A, the door pocket 11 is to be
dinqqtjmmafedha i idith of fdn&ED dhethearmaisinghttheo tsep cover
wasted is | ed qutsi ge the | anp cover 15 due to the
15.anGFeS VR Hat Edifcavéaburimsber iR £9¥eL AS peeesdingato the

even the or_pocket 11 provided on the whol e pl ane of
S Eﬁea% Pait OOHHAHoRP BheakPe UeRf LpBnts yretracted
in 'Itlhleunfenr?st elgﬁiL09§R], 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
on parts other than the lensunit 15A goes substantially straight,
although it may be refracted in some degree depending on the
incident angle, sothat thedoorpocket 1l isilluminatedtherewith.
Whereas, when using no lamp cover 15or 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



As descri bed above, the outside of the effective
illumnating range a of the LED 9 is not entirely
illumnated with the |light but part of the light abuts
the recess 13A even if the recess 13A is inclined.
Hence, it is effective to devise a counterneasure on
the recess 13A for leading the light outside the |anp
cover 15. [0031] Fig. 13 includes draw ngs
. showi ng count er neasures about the reflection in ihe
1.5 2P AIOUSIRE L EGT § h g Ve ghe pdeay 15 pignifiepnrtly reduced
d %ﬁygﬁer asure is not. taken, th; retleq%ion factor af |
e e PRA ugGight TPst VR 1NERG S 1EY BT YRR 3R SHige ton
refl ecti mat eri al Ca d an the front concaye
thr i oA Cfathe it L5 B e Mdtied P hne i i to the
. ef ion factor.. The materjal, of .th ' eflectio
dlf%r%%%’%%ﬂ 1113%??%1: n%ltr%%trJt?%u ar ItyO Itihrﬁ tere%Ige'g:ot{/\l/eOvnerc,c—is'tshe:eg:l by

the *Pogl(};rr{ngése%i Phle '@4&”4@45 %%th}?yl QI 5d; BY; f R mparison
vap eposition of ‘al um num Tor exanple. SO, a
; i avi ; hi,ghsf, ef td Qp o
Wlt?ggﬁiéﬁgﬁ;??%x%héh%? ggﬁﬁybglgggbgﬁg&%ggdﬁgﬁﬁﬁhgnfgyg the

load 8685helF s 4 1h 54 HhAJTRBRSE ontdie JraldieGhi 8priagioixi s 18.
i ncreased due to the high reflection material 13C,

I nfiyevdng the efficiency of the illumnation. [0032]
Fig. 14 is a front view of the refrigeration

COMPR BB wid NeLadings ahouR By P8k Ngidhal @ ltatd onship
wal | inside the refrigeration conpartnent 2, the

betwampltyieduED Ongn @ G hiesl dmp ecret-or 5 suapl yangicol draiaccording
into the refrigeration conpartnment 2. For rapidly
to tWoolembgddimendge theops satdomaddat kdt i onship dostweer kgte LED
11 in front of the refrigeration conpartnment 2, not
9 anghltheprd ampe coyek flacés bbtaahsd snuchheh#t obte siigghofin the
o right and left inner walls 13 of the refrigeration
diregripen fevPticalhaxdigpplly eppenisngbe2benp i bt nk?P i5p as to
Fig. 14. [0033
be ledgto the gear 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. 1In 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

14



Fig. 15 is a drawing of the |lanp cover 15 having the
supply opening 26. As shown in Fig. 15, the supply
openi ng 26 provided on the inner wall 13 is forned
integrally with the lanp cover 15. By the integrally
form ng, the reduction in anount of the material used
for conponents is achieved. Al so, since the nunber of
t he conponents is reduced, nanufacturing cost may al so
p h ene al |y, has .
theb?Ll?W% ESSS‘(?%SA % % %gt%vlg% ﬁn?éh%%r%l% élsdfde of

acteristics |ntha reas

chd M, L o e, | T

ci rg@ssiances as | ow as p055|ble the LED 9 can be
cooled by the cold air fromthe supply opening 26.
[0G34]. 9 inc1@Rekh&rakhREs haGisdh Ak tr‘%@.a't’i@n%hrl%s between

characteristics weak to water, it is preferable

thedighegld ¥ ARMey MRlp &idve SUR) AR e colgh@idefraction. The
circulating within the refrigeration conpartnment 2, on

dedire d£Di @has dirtddie Bso PessilHes débeRdsas shOWhekh fication
Fig. 15, a partition plate 27 is formed on the |anp

of theelei5 hGoitd5Adi Eafd dpetweenahpecsuppl ys EIBUNGH Fig.
26 and the illumnating system 10, so that the space

9(ahaviag sheplyl incratsnggsyheeantlei sfcuefratt ibnomashehown
space where the cold air flows. Even if the cold air

in figm ﬁﬁe)suppbyrepéni hpiz8ndses ofothablensheniED1®A (light
directly, since the air around the illum nating system

refr@qtgn:grmare)mfytb@ouae@ byvenel pawti be cmqleatse®7 However,

being cooled with the cold air, the LED 9 can al so be

if E%%I%F;lnrﬁéuﬁdﬂqﬁﬁ & 9xeeeszvehﬁylmfér¢@$¢ﬂommltw sink
i ggg according to circunstances so as to prevent air

s JhePnat bP Bt BFReISERRI ySope hd- b MAlshing dwitieg 3 Aggirable
i.ns partiti | at e 27. 0

th 35
mola‘é%%%e)ole%%&saaes %bngﬂ‘rl g f&qw@dﬁdteﬁm%ﬁblckness
15 h he |
i3 e PP FRBRT BRare 5orP A odTPE™ ioaveiding
t he _| ht t dt
the Qge 6f he re%rﬁge?gtloﬁﬂgzee h?%ﬁﬁg%a?n ?eﬁéF ﬁﬁns unit
158608, %J’E‘EE MY Afed Lol iy d Lr s, %Tioacg% &e th %l%l?dggtlhggllty

in“blare of users of ere rlger

of i nal) %ageé)hfogofgr % rgﬁgtge?fqmcﬁ 6thq planes

Furt her nor e, bri ght ness rlgera I on
mtﬁom@%tamenthzcgﬁ@sgeag 'EH%QVﬁ%wﬁ‘i%thﬁt td‘(%)nunkerupﬂ‘s time,

the LEDs 9 is not increased, the brightness can
as SHEWOYRG W ! B (BPW.Gast 1n§i‘e£9&ﬂbr§91dlhﬁlalﬁ31% Ll Ehé—@ﬁcl ined

in a desirable shape the illum nating situations of
plahbp tleéragerate pn copartdridnde Ga eRdanded the0036htion
with the inclination of the inclined plane, increasing the
refraction. As described above, the refraction angle is changed
-due tothe angleof inclinationof the inclinedplane. Accordingly,

if the section is molded to have necessary inclination of the

inclined plane, the lamp cover 15 with the desirable lens unit

15



The lanp cover 15 is provided with the claws 14, and
after the illumnating system 10 is directly assenbl ed
on the lanp cover 15, the illum nating system 10 is
assenbled into the recess 13A, so that the | anp cover
15 and the LED 9 can be built according to the
positional relationship established in advance for
illTumnating within the refrigeration conpartnent 2 in
a_desira er. The concave surface angle of the
15Argg§s§elngFgR§§Vised such that the reflected |ight
fr?ﬁhé@? recess 13A enters the inside of the
refrigeration conpartnment 2 via the |anp cover 15, so

that 4t he §&f ki g8 Lal] A FPORAF ?E@{:Ji.%%f@%o*f%esin materials.

efficiently illumnated.” At t _ y increasing
Figl heo 1@fdweCtir@Rshast0bnWd b 4 he obnkefdeetd Ry aboH:] unit
e

mat eri al 13C added especially to the front side of

costase 3 vE3And e f He s DemAfdr i 1ent wikhum fadi e dedn(difaller
achi eved. [0037] Furthernore, by formng the

nunbepp) ¥ tapesd vigh 28gdSlis UMY ryefemsDé dtBelt ta i€ sion factor
refrigeration conpartnment 2 integrally with the [anmp

is acgbregrtalfwoutshen ameuot det dfhen ertrgniial resed ahdrpolycarbonate
conmponents can be reduced. At this time, the LED 9 can

(pobecabol &dnwiet bheé e ichittheaisr ifirdme rhérsypphy iopervmepr tment
26, so that the lum nous intensity of the LED 9 can be

2 nadipe athedged dee by phovihmsniseigarfacton, ptlat endterial
in the |anp cover 15, the LED 9 can be protected from

musgbercarefadly Thetdc EreodiGrerthe othefrikpnde the|unfes cost

. djagranms showi ng an example of a driving circuit. As

1s agiyGwt aig% opiSgln Igebar,d%eftwmﬁgtbﬁ%efrecﬁlna@md a copolymer
i ncandescent | a is perfornmed with a nechani cal ,

restphcrydedd et F@@a?tié?nﬁhﬁ%d%‘%s% e tatRFRgthe resin

matgp{g{fco%fstti %tLeEstgr agf lﬁmee 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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" a semconductor elenent, such as a transistor 20 as a
swtching elenent, as shown in Fig. 16(a). Hence, the
el ectric 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 inexpensive and
have a long life. [0039] Since the relay 19 is a
hani.c c v 4 i i.n S\t Chi: e
A e S o
hetL@REBt anSUEhe APat B ddansi SRl 20 s¢8R; 1944 sp1
eon?of? 33er tﬁes% $iﬁ%ts farhgﬁh%%mgyg +ngéﬁgr§,dﬁgP aced

dueP byt h bt dkF dH ek O fifhg Qg%e]@%é Onfyl @bk PGy S Yy MBRcern

IS repeating the turning on/o at “hi gh fredquency, can

thalte t@asiliynexeguted rAgcor diRgliy, the theckefikkgeiabRtindting
having the LED 9 as a |ight source, the self-diagnosis

ranglf @Bt hed Off tdiedtefy bgeeatie 1eABYUDEL SR eSeAtEE other
with the nunber of flashing times of the LED 9 of the

hanidl, | ini tiag | cigs s wateamd the [00dRinating FyPred 710 el Hdesmbled
drawi ngs showi ng exanpl es of an operation panel 21
on treovamiedooprillici dadvante htepefsiitgeralore ldtienship between
conventional refrigerator, when the controlling neans
. thell®D praowvd dbe Jamp heveeflrd geyatar bdetiegmi Mesmrthiat dikplaced.
~abnornality is occurred in the refrigerator, the .
Accprddagéyni hbd bivht ebddd $EJ Sptageenionr ali¢ dufng unit 15A
crystal display 22 provided on the operation panel 21
undgs topasivipngl nedahionghia ratrbdiphedsinpdwanca . so that
Fig. . 17(b&, t he sel f-diagnosis_ information, such as.
thej dgsdgpdcy ldHminpiapsr Ahypugbefkbsr lapp Feyessdnt Wdthin the
Wi, th nunber of flashing times of LEDs 23. |,
refrigerationcompartment Zcanbeoptimallyachieved. Therefore,
the 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 is rather préferable. By contrast, when
the illuminating system 10 is directlﬁr assembled on the inner
wall 13, it is necessary to eliminate the displacement by the
configuration capable of adequately aligning between the
iliuminating 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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[ 0041] Fig. 18 is a drawi ng show ng an exanpl e
of a flashing of the LED 9. According to the

enbodi ment, in addition to the display on the
operation panel 21 shown in Fig. 17, for exanple, the
self-diagnosis information is represented by flashing
the LED 9. For exanple, for representing "34" by
flashing the LED 9, the controlling nmeans 100 fl ashes

LED 9 [ d f fl ash [ .
buty e EORPRE L 14 PP HIE & DIt b AR oL B9 S bR AT TFing
. _thi [ i ted. [00 . Simlarly, f
atrp it Sphi P PRabEPE o887 et o R heRErRI AN ML ERE difcess
f _ti he LED I f Vhen t !
13Agm?gl ggrétr:lélag?orgoagfcgﬁée%e?ﬁ?%%g%f&?%rrh%‘fjf%%e colgc]f%(?ér)olcr)r% the

reckDg§ {§£’risgjert?l%itogh80frp %@%P%ti Soh&aKad o CRHS f?rﬁ% cover

I'ncrease 1 n the tenperat st orage goods and
_electric power consunption. In cases where the door is
slightly opened when a user thinks that the door is
shpgpoend the door is not perfectly shut because of a
foreign material pinched between the door and the

bodhen} hgsf kRsSRhNEnSEFYG.i $28@bp0 &fd ectdime. ed 0044 from the
As descri bed above, according to the third enbodi nent,

LEDNOt ienkpfhycild bnqwhéd aersisal 1dinsplaay Xdrangkdventiddsd the
23 for displaying abnormal ity provided on the

refbpetati bighpafelon? furbher adrsedingishegii fitetdiis fAace in the
havi ng sufficient brightness for originally

recesbs uhdhattitieg atnlgd er offr t geratncave supdetase ibr@inghthe recess
abnormality is displayed for a user of the

13Arid rdejorsachr sb, tdatt hhe i hehbpyebt tedviron ghet BED 9 can be
abnormality to the user of the refrigerator 1 can be

further edfestiviednebsd paésddsithy 1 aub gogedel pf Inparticular,

. recognition of the user. )
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 outside of
the lamp cover 15, without leading it to the recess 13A. There
is the door pocket 11 provided in the door 6 in front of the
refrigeration compartment 2, so that with the light céming 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 13A, even the door pocket
11 provided on the whole plane of the refrigeration compartment
2 can be efficiently illuminated.

[0030]
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[ 0044] Fourth Enbodi nent As described in the
third enbodi nent, the turning on/off of the LED 9 can
be switched by the transistor 20. Therefore, the
turning on/off can be switched with a further shorter
cycle tine. For exanple, if the turning on/off is
repeated at a frequency of several kHz, a human cannot
vieM/the flashing due to illusion but may recognize

H s e eehe g TLaoH @}%ﬂ?ﬁﬁ'@%ég@%@? Sk Pt baiRbaRating
rantﬁpegab?ég{%?@s%% ngétgf% o Eht AL LiSina e d o ‘e Liant
out BEre6T Phet digh'Ts éilstf REelEy et i %AE%IV%&% 1 g gecess
uAflongfsmgect q{%&gead; 219 FREDGI DI BRE AU | ﬁhmeﬂnﬁssum

VI Sua Um nous 1 ntensity

on ?E@dPQEE CT§ﬂgfngﬁ€a§f?$b@§%g %gﬂé%: cﬁgth% ﬁ%%p cover

I rd enbodi nment IS 1nformation
15.represented by sinply flashing the LED 9; wher eas,
according to the enbodinent, the information is
reppesented by regulating the duty ratio so as to
change the lum nous intensity. [0046]
Fig. 13 includes drawings showing countermeasures about the

reflection in the recess 13A. As showninFig. 13(a}, if a specific
countermeasure is not taken, the reflection factor of the incident
light is reduced. Fig. 13(b) shows a high reflection material
13C added on the front concave surface of the recess 13A for
increasingthelightreflectionfactor. The material of the high
reflection material 13C is not particularly limited; however,
the high reflection material 13C may be formed by the wvapor
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 factor is increased due to the high reflectionmaterial
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
refrigeration compartment 2, the supply opening 26 is formed for

supplying cold air into the refrigeration compartment 2. For
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Fig. 20 is a drawi ng showi ng the rel ati onship between
the self-diagnosis information and the duty ratio

adj ustment. 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 refrigerator maybe astoni shed. However,
as shown in Fig. 20, when the LED 9 is not perfectly

turned off but the | um nous intensit¥ isjﬁr du%ihy ket
rapERhNgedrt SNEhaReEA T ReIPP Rt FRTPPEPIRT RS Yhehe docr pocke
abnormal ity can b? { nforped wi t hout, ast.onj shing

B e e s<Brbaphdy ap the

pack e fEm hbbsd it s FY¥alES e thd wef u%f%%?é’%f? e nmer
t { ! ) .

wa1 S5 B8t Re e S o P i pp e ings

26 %Egipggﬁegn-gngg y of the LED 9 with the adjustnent of
e duty ratio a éorérng to user preference. For

exP@@§§} a user of the refrigerator 1 may set the
| um nous intensity of the LED 9 optionally fromthe

ope{ gt i 0N jRanel ki show tine Fbfip ddve PN IMRGANYhehdsSlipply
can instruct the adjustnent of the brightness of the

opehlhyni dat iNdgd sspeheih 1 g Fars, expapheopMWhepenieg 26 provided
refrigerator 1 is used I1n a bright place, the outside

on th@hingetewsilhesreir fgenstli ontegnpal y menth 2tise idwap cover
the light of the LED 9 is not required so nuch, the

15. | eveltid itrhteedard lght fessniafg,t Hha EBdOcimpnbén| amenst; of the
when the refrigeration conpartnent 2 is necessary to

matbeibliutdd Yorldomporetretds israghiaved). sPdisages fpoed hennunber
order for exanple, the brightness Ievel may be raised,

of ther ebypprboentisr isedediuupd/haraiEGatiur iggegost may also be
consunption. [0048] As described above, L.

supptedfdfing Abse heineer thedddodi srnerabiy hag Fhyprcteristics
em ssion fromthe LED 9, by changing the_| um no

in thalernel £y HICTRS 1D NP R S &t o Ehe bupgnous
it FE 94120 Dl ST 900 9CL . LE 2BIOLTE! LAY EBY Beuncior
1ow9€‘2m§'3%2 Srghgigg&tnéggnfzgg alljs‘f’ ro'ws a%OBB’EQEET%?-tﬁQ%% 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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Fi fth Enbodi nent Fig. 21 is a front view of a
refrigerator 1 according to a fifth enbodinent. In
Fig. 21, like reference nunerals designate |ike
conmponents. conmon to the enbodi nents descri bed above,
and the description is omtted. The refrigerator 1
according to the enbodi nent is provided with door
switches 24A and 24B as detection neans for detecting
- the opening of the right door 6A and the |eft door 6B,
offy xpBctheeFpacpogBere the cqlf aldanpls whéyefakitnghe cold
. out the storage goods stored on the |eft when facin
ain fEom i SBPRIE OPERinget GdQRF CGifpaPiirehipe LED, Siderectly,
. can take out them by opening only the |l eft _door 6B;,.
S in@Reft "eaRiLig SSEPoGHE STOPBANGT e SYAGRR 1Phds, dBptirectly

ly.the right d 6A. 1f i i dely .
o5t BH, L @A TbPIPRE SbIF A1 ORI Br Rpe s L air.
frd t tnent .2 i | | i
the] il BB A 5 et i et oneo e dRathot 1o, BTRER 2 pymay be
. re igl %%Ic%% @Wh .%nLea of atcﬁgrglligl:&tt %grrc% s%%%cte%e J)%fsttcgg&revent
. The opening 7 Ahe*dd6 uring taking SutC Storade

| r.edu . as [ €, S I ' :
= A SRy SO B LB B RRR TRy e et
theo?aEQgt&b%hbl%Q%rz@A and the left door 6B is opened,
it 1s necessary to illumnate within the refrigeration
compagkent 2 by driving the LED 9 of the illum nating
system 10. Accordingly, the door switches 24A and 24B
ar aspae¥tdedeasastoN ddtdidinto The seddfi®ldniiiment, by
nmeans 100 determ nes which of the right door 6A and
thet hambetbveeorn s6Baivi ngpenhed 1 ebasethian 1She sihgndlight emitted
transmtted fromthe door switches 24A and 24B to
froal thw 1Be $ llsmefataaigpdyst énci@ase peefamount of the light
corresponding illum nation. [0051] According to
procleedémgothwend , theherarheidé lodnt hatiefy syt & A0 chmpiargnent
the LED 9 as a light source described in the above ,
2, sgrbbdtngntbeisanmuayed bn the Birs jerbosineRthatvhagedyction
~ right door 6A or_the left door 6B, the wasted electric
in boase ebriwgpt idhthe refpigpuptrsr lsappridigdd luymymation of
exanpl e, storage goods to be taken bg ogenin the |eft
thegdert ekt Bd SrBRed26R1ENED of FUBFRERBOF BT (iR PAL GG neSS
conpartnent. 2 where is within a visjible range whe

WitBIBNEhE ERETIGHA RS CORRTRERY AEbdR BIPTGRE ng BVen
if f:}glgt # hér %oforth%ALEE)geQ S}.Ist %%ttl grnlclrgatslge ,Sghrree'brqeg%teness can
be improved with low cost. By forming the lens unit 15A in a
desirable shape, the illuminating situationsof therefrigeration
compartment 2 can be changéd.

[0036]

The lamp cover 15 is provided with the claws 14, and after
the illuminating system 10 is directly assembled cn the lamp cover

15, the illuminating system 10 is assembled into the recess 13A,
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refrigeration conpartnent 2 is illumnated wthin a
range visible fromthe opened door, the necessary and
enough effect is achieved. [0052] Fig. 22
i ncl udes 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
| eft door 6B is opened, the LEDs 9 of the illum nating
system 10 arranged on the |eft_inner mall 13 are only
s Wﬁ%éﬁi%r%arm/ GO &9t 2ndstBACWAD i h 8. ez?cla)l \%ﬁ&?rqu
the right door_ 6A is qgpened, the
to 'theurﬂ?%%&?h@ngiystr@&@feogﬁmﬁge%sB%bE{DSh%h?@? gﬁP. wgpee  for
wal] | 13 are Fig. .
111954 m5 ¢ g L BOmEREES T Wit abit gaBRaF heRt 2 Ll Adesiranie

| eft door 6Bar eo ened

manggi | ordic 60 &Fraaﬁgéa%ﬁcsoﬁg[feneo i 98@3%5521@ ihgpvised
SU.CI\IN%!h % 19}? e%ige% le.Lcc%f)‘(t @JJ.:?mttW |~JLSedceogls % | tr{q:%tré P{?ed.nm.de

e re r| gerat on rrent can um na

of tﬁ%egngﬁ%iggggggﬁg:’csoénpzén%‘}&ﬁ’{‘h% H‘%h%eféxﬁ?%{%noh i that

ong 1ife, the swfchin
the fr%rfrt é}'é&cﬁf‘/cg atrReechED 2 2R her pas{ ol all@.\'ﬁﬁnated
when t 'um nating systens 10 arranged on the right

At t"f}ﬁ% |t‘ﬂnte ' B?eim\ﬂ@ééﬁ.ﬂ& tHeHREqki-teloyn, rakeotUNell the high
on/ of f, respectlvely, it is not necessary to worry

refPél@&Jiorﬁ hea €881 a Up1 3¢ 0RBdd especitsl Mesw ithed mReMe side of
according to the fifth enbodinent, in the refrigerator

the teba¥kN@A, henhd Fghthdperf f6Aiand e ief4t idoocakBe adieeved.
any one of the right door 6A and the left door 6B is
op 1] for exanple, the LEDs 9 of the illumnating
system 10 arranged on the inner wall 13 adjacent to
t htuoipeeeto deobyaferohhy tthe aepgpby cwemnEnd 8 6ofvy supplying
illum nate the necessary region, so that the excessive
colclagat rtpctlp@weqeftmmtptmn:qn@a;m;ﬂré%@eant@%@ithWJaiich the

el ectric £omer saving refrigerator 1. [0054]
lamp cover 1 the amount of the material used for components

can be reduced. At this time, the LED 9 can be cooled with the
cold air from the supplyopening 26, so that the luminous 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/off of the LED 9 can use
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 Si xth Enbodi nment In the fifth enbodi nent
descri bed above, only the illum nating system 10
corresponding to the opened door in one of the right
door 6A or the left door 6B is turned on; however,
dependi ng on the nounting position and the nounti ng
angle, the illumnating system 10 arranged on the
inner wall 13 opposite to the opened door may also be
ned above, _ since .t
2 SRR TR e suRE RS B e Ao PRg o @ Switehing
I 0 [ e m t,t t he t the
e LRSI | 0Ny g n.st?oq{?o G3€%4 1 (3 }Léarﬁﬂi’o ?cﬁ]e electric

regi on fara sonme extent rather t

voi’ﬁ&éé‘fédr A t% eﬂl%%lylga@ngEHg?%ﬂ&iL%’ﬂ bYcan be reduced

[ 'um nat 'um nation ran

eBRPRLL kbAG | C
o doo%j 6A gnd ltqﬁgelﬁgf]it%d%g&r@%dgr{}§§%%gne?%gggglg%%ponents

fosi@nalidd ans £ esk fmamide Jogre sWirhes 2AA AnhedRnsive

to allow the illum nating system 10 to performthe
and AL @spondmg 14 f4m nation. [0055] Fig, 23
i ncl udes drawi ngs showing the illumnation within the

r ef[ioger]at i on conpartnent 2 with the LED 9 according
to a sixth enbodinent. As shown in Fig. 23(a), when
t hesirefd theorreARyvi 4 20openadnetheniEDs GQowtatbe it has limits
illumnating system 10 arranged on the right inner
in vewltdiBing espaby Bodnethramldynwdrer asf, tameshowhereas the
Fig. 23(b), when the right door 6A is opened, the LEDs
SeﬂgQﬂndLmatqn ledeimearti, ngushseenti® tararerigdt 0@ Oy heahefe turned
|nner wal | 13 are only turned on. Also, as shown in

on/miff oyerchhenpehiBbEn fave anidRvadoor TBArgherehenpefenly the
door 6B are opened, the LEDs 9 of the illum nating
?§}§Ebﬁ§/ far &ﬁgé&SSnf%BFHlPﬁesFgﬁhtwﬁh@hI%ﬁtrQHﬁﬁﬁing the
spectjvely, are turned on, so that

S th
tu%&ge ?%f?ﬁgeraattl%hg]ao@ﬁé‘fr‘i‘}?é‘rﬁyrz Ean e |??%H¥ﬁateé<c?‘3m9d
Acc,Io(%%Ei@gly, in the refrigerator 1 having the LED 9 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 refrigeratof. 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
displayed on a liquid crystal display 22 provided on the operation

panel 21 as shown in Fig. 17(a); alternatively, as shown in Fig.
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As descri bed above, according to the sixth enbodi nent,
in the refrigerator 1 having the right door 6A and the
| eft door 6B, in cases where the |oading shelf 8 is
apart fronthe illum nating system 10 in di stance, for
exanpl e, when any one of the right door 6Aandthe |eft
door 6B is opened, the LEDs 9 of the illum nating
system 10 arranged on the inner wall 13 opposite to

e opene oor are only turned on so as to, on
17(%)Pr ugﬁ%a'i%lqd@mﬁpm%’ongo thé”@SE\él%%FVeOf a
el ectric power cansunption js Suppressed to tain _an_.
tenGeBALITE SUNGTT ot HOPF BT Hed SUAT HUNPgsLY Teaabar tines
of Egﬁgdbgent Fig. 24 includes draw ngs show ng the
irrumnation wwthin the refrigeration conpartnment 2
W BOQE illumnating system 10 (LED 9) according to a
seventh enbodinent. In the fifth and sixth enbodi nents
descri b oye I ' [ r :
prggpdeggo%gb%tﬁyéngbi%ﬁg%gﬁglgg %%?%ﬁggpégt?vg}%éh;ng of

theBaRedi V}Q:c&fafrhgetéﬁ%%]"&nﬁédixﬁ&i ,efihiancEiaEii&{]Eo the display

conmpartnent 2 and the lumnous intensity of the LED 9,

on toe epamakeon Pa¥RIE 20a%8%wd fird h6 d .| | 1M Nald NGk SUSIEM the
10 is provided on any one of the right and left inner

selfablisghdsikhentbehatihr i ger b8 £08RALY NENAsRi K@t WE LED
illum nated. Then, according to the enbodi nent, the

9. iFdvinexraip g, s§st eredfessnPimy i OR4 apy anyasien@f thdeLED 9,
right and left inner walls 13 (in Fig. 24, on the left
theicumdrraoddlingli8g¢ans [1@058] ashes thefLRING thydeet i0és talnel further

LEDs 9 used for the light source of the illum nating
flasphsesdrh foubhdrigias rftegual i lZed adtarat peséddiaf Ohé seconds,
fifth and sixth enbodi nents, in which the illum nating

andsyhiensiqD afFerppeetddd on the right and left inner

wal |l s éﬁ, respectively, since the total em ssion
mabhP44de (total |um nous energy) fromall the LEDs 9

i s_not_ changed, the sufficient em ssion magnitude can -
beséﬁéh?éayfoFOFl%ﬁﬁ?ﬁ@%ﬁﬂthPFhF%etﬁ%OFe?r%@e?%??%ﬁ for a

10n§BRESSFh BoELrBrhrild Bohey Lok Oh B bLRea. mhen che
doox(:’\ntja:)(:)idsi r(r)%netnséd for a long period of time, the cold air cof 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 between the door and the body, the
flashing sign is also effective.

[0043]

As described above, according to the third embodiment, not

onlyby the liquidcrystal display 22 and the LEDs 23 for displaying
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[ 0059] Al'so, in the space within the
refrigeration conpartnent 2, since overlapped portions
of the effective illum nating ranges a of the
respective LEDs 9 are increased, the illum nation
becomes brighter in conparison with the case where the
sane nunber of the LEDs 9 are arranged on the right
and left inner walls 13. Hence, as a result, the sane

A rﬂ“ﬁﬂ'@%ﬁ%é???& B S ST S ST 0 L i

SYSi8{B a [ | eft
the SLis 13, respegi vgﬁggl ergby%%é g%%%sthgoﬁunge%g&Pally

1lltd?tﬁrlagcq5rl h[eo%cﬁr era 1%ngﬁo%ﬁgl 'r%:n%ndﬂ' %W' 9, &S %g‘?forllg\ality

a contro exan‘pl e e nat i ng SySt em
is éﬁé@fﬂg?’@dofbf‘%yugeg of tthléeréfghbei?ggokref s'onﬂﬁétv’ﬁ{é Sppeal

As descri bed above, as long as a range visib

pow*éﬁelfo% dRerabsc ARENEdy Cal 1Y Yiske bl ’Hl'i'ér}?éﬁdld@ﬂartéﬂ"'q can
EDs 9, the necessary and enough illum nating effect

be |1$1dﬂéta%lerdﬁd thie@leRX amRlr@a RN thie ddgrad Rat rB@ognition of
systens 10 are arranged on the right and |eft inner

thewaldesr .13, respectively, any one of the illuninating
systenms 10 is turned on according to the door opened,
t hdosufafli cient illuminating effect and the electric
power saving can be achi eved. For exanple, even when
Fourlyd iEnfogmiimegritng system 10 is arranged only on one
inner wall 13, by the adjustnment of the duty ratio of
t hésLEBs oF ibehe isubbeanhiiald prbgdivendnt tolef éornday ba/off
, achi eved. [0061] On the basis of the signa
of tRgnSADt Pedafripm skt doed kv tlehesr s shnr 24B, Whemefore,
t he controlllng means 100 determnes that both the
they Faﬁplaﬁdomé@f d@ﬂ)‘? §ear5éflc§|§@ﬁ€dw1t:hea Uppethey shorter cycle

allowed to e setting the duty ratjo at

E1me 00k © PR teerln# ﬁbﬁ& %tng %%FSF§P@;§éﬁé’oat f §requency

of FEPERA LU S o FReB et b et FLaEhine Afb.ke Bodpsion

but may recognize the reduced lum:Lnous intensity (brightness).

[0045]

Fig. 19 is a drawing showing the relationship between the
brightness and 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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[ 0062] The brightness of the light emtted from
the LEDs 9 nay also 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
i s 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
rep Eea PRSI nGeFBL A ey Pa: FREST TADOR S0 FRefERge the
lumdoqg o] gsite to the illum nating system 10 i s opened,
T EE 3t Y al lowed to enit light with the
br@gﬂhﬂess corresponding to a duty ratio of about 60%
Al'50, by allow ng the brightness of the light fromthe
L 9 di £ f . : . . : L2
o caiane Drhas pot IR Rl e tiken the

selﬁéiéi é)ch?oéfé’r@x#l?rng@toirorp%%@heBMufperQQ,:{é‘SécfﬂaL%%rgénE he gor

uty tatio, the electric power conSunption can
exarRP) QBe8t:-hd DEaddi §iomdn, ENgsRERWH ARAL A, shecdWnbnges
ratio according to the distance to the illum nating
in bPSHERES behfedHt pufin®-dmundl 80rAengdbBstefle iitensive,
accordance with the area of the necessary illum nation
userfinge thbore exagpletol A63be astonAshdascriidwedvabpves shown
according to the seventh enbodi nent, in the
in Fiefriyer athen kheavEngot he noghpexibert BA tanchéde fefdut the
door 6B, when any one of the right door 6A and the
lumirefus dodrergHi tiys igpgmedpailiy dbapgedt tonchangeddoed ighting
smal l er than that when both the doors are opened so as
patterneghearlene hwa bl tyinarebe froforned wathioyéragtonishing the
conpartment 2 for illumnating the necessary region,
Use€o t hat excessive electric power consunption is
sgﬁﬂfegsed to obtain an el ectric power saving
r ﬁf rator 1. In particular, in the refrigerator 1
the illum nating system 10 arr

o NEXPPERE 8ia W6 (7 SRTRTCRER FLon o0 F B?gget%wﬁ%%osis
ine LTI 1P 980020, 9001 o S EBR OBt ALEESN LY e o
the SUPEE b e A AT A BssA0oblab A, pyapy the
funcccairbrpﬁla?(giggelge 115%%6%]0 select the regulating method of the
luminous intensity' of the LED ¢ with the adjustment of the duty
ratio according to user preference. For example, a user of the
refrigerator 1 may set the luminous intensity of the LED 9
optionally from the operation 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 light enters the

refrigeration compartment 2 so that the light of the LED 9 is
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Ei ght h Enbodi nent Fig. 25 is a plan view of a
refrigeration conpartnent 2 according to an eighth
enbodi ment. In the enbodi nents descri bed above, by
attaching the illum nating system 10 such that the
angle of the optical axis of the LEDs 9 defined by the
inner wall 13 is to be nore than 60 , the optical axis
12 of the LEDs 9 does notdirectlyenter the front
edgeof.t he | oading shelf.8. According to.the
no G R At S5 SRt LRI B6PRG Thet T i B FRS (¥hetRe LED 9
e e NS LECLRER e BRELERL AN R b ISEL b sy
’ t . 1 | t. ti i . _of
to Hie R Gt N AR AT e Gy Uie Bishs P oraer
hath 3 [ h f i
o D) s T R 2 CoPoURe Bt FaRr ok S g of Turther
red8 S didid-Re gatdieremldgridhan 30 , the 1ight
in the optical axial direction can be effectively not
al ljowegjto directly enter the |oading shelf 8. Al so,
by reducing the angle 0 smaller than 30 , during
I lasm dedd igoddeamdwd £ a6 rgengt tontEenganirBntemdodiment,
the reflected light fromthe recess 13A can be used,
dursad hdtgHthemiglsliohakkapaedhi! LBM pathpreiearyiey the luminous
performed w thout unevenness. [0065] Fig. 26
intiendiddeo drtdw AED $houithg thiee adghattimemshiof hdlenvelit t heatio,
LED 9 and the inner wall 13. When the angle 0 of the
notopyi Eakshkng @i/ofHie, LtEe 8bdefrimadd tiyymapeoe nmeffommed widhout
is to be smaller than 30 , the effective illumnating
astogigding @ usepe aBlshowrhé mFty.ca(A)andkhdie tedting for
rear side of the recess 13A provided on the inner wal
userd s CEBVEMHENSE t he enbodi ment has a curved part 13B.
[O 63] As for the light emtted fromthe LED 9
forl084%Apl e, the Iight proceeding in a direction
. ered tg the right of the optical axis 12 directly
Fifﬁt H&EEs ri geration conpartment 2 to illuninate
wi thin e.refrigeratiqn conpart t. 2, as sgpmm in ..
Fi 619260t 150 (REG NAFhaias Ere oG Hrodedidng dipg to
[ L i ere t | ef f the optical 1Sy, 12
afff§“e$%ég?§8¥%. ﬂ%%ﬁgcggy iﬁkﬁ%&éégen eg%ﬁifgisde51gnate

IS Té at t hown

1iEpGhpoffts) EfimhbTEo) Bt Ao Fh ARt Ml (gAY, and
e BEpke{ e 4 S8 e00er R0l e T g0l REELELAY co ene

embb@4aiet i ¢ p4aRNi RACKPER Hb o sk DECHOO™ 49PERE S 4302 8%t ction
illumnate the door pocket 11.
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;

27



[ 0067] In such a manner, the light in the
optical 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 Iight fromthe

| oadi ng shelf 8. The light emtted fromthe LED 9,
including the light directly entering the
refrigeration conpartment 2 and the light reflected
fromthe inner wall 13, is used for |IIun1nat|n9 t he

when &k iget apﬁoﬁp%ﬁﬁéﬂr@@nwzt%alﬂﬁé r dof %&&@? PP only

the il nGESh o ngLF It 6K dét FoHenEaRaress i ipgnount of

ene 58 S@i?’é‘.l;‘eci%%f;s”r%% Tl S
fl d_f

inci vt ot S0 O AT SERe P RPgeE sifipmbtion.

Ther hci)V\E’ otphem_rhI h i ef bg%lfgt;h%e Htaldo%%cgﬁd?ﬁg Qe W+t door

ehti¥ e conc ace ecess 1

6B, 'Hhc‘{]%g%fn{l%cq{ B% %hg:u@é?c?lgrdl%élgoﬁfﬁﬁboﬁutE%’t@f’%@ggcid?ﬁs can

I'on t proceedi ng

be rtaﬁ‘ﬁ@%@ dd 9mé§§%%5%3§é1]9?@ l%%lp%f fe%%tlh\jeﬂlyt ief beekedic power

he mater al e high reffection material 13Cis

coné\%piic’ﬂ)t edriRa t WHERdn dHweserthd trinptbeidoar read 20fd the
al um num by the vapor deposition. [0069] Fig.

lef2 HdOr $BOVE dpvendud 9h o ekl eedé oapiter i al ubdfaaddedtiom the
parts other than the curvedpart 13B of the recess 13A

ref AbgEeat i onednphevaentby dghtvingthedimad®d af tharitl Jomitted ing
curved part 13B proceeds

system 10. Accordingly, the door switches 24A and 24B are provided
as shown in Fig. 21. The controlling means 100 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 toperformcorrespondingillumination.

(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, stcrage 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

28



toward the door pocket 11 of the door opened; if the
reflection factor is excessively increased, the

magni tude of the reflected |light proceeding toward the
front of the refrigeration conpartnment 2 is increased,
rai sing 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

f ' ret Lecty.on .80 t.er
S e e e S e
frdéﬁ‘Ehgec{B%rPéh BP?r‘,: %H’&He%?é%al%%dc? hBuRs Stfenuatedh;eved.

ue to the reflection. ternatively, as shown In Fig.
27(dos2g | anp cover 25maybe provided for attenuating
the light proceeding _toward the door pocket 11 due to
di fFusi on anE) dA8PIdYRwildds Qhowing ti 0.112&iin3elik@efiith the
drawi ngs showi ng the shapes of the recess 13A. In Fig.
LEIZ6, i8t Ehe BYE PTGV &t I6h tdnal Mech P tckdBdihketbi ghé fifth
is allowed to proceed toward the door pocket 11;
embralievalt, . t e shepeinfFighe T @oesmdBdAhadedtdidgr 6B itlshepened,
enbodiment is not limted to the curved part 13B. For
theeX@d € &S Swowt iumikiar iB(systan Ihdrmaigah garthe left
13D form ng one inclination part may be provided; as
inrstrowaliln 1Bi gre28iby, tarpddiral; i kcondtriasi  past sh@@n in Fig.
formng a plurality of inclination parts nay al so be
22 () ovindedh §i0O7rjght dooss Gfesisi begnalbovdheack®Pei Agof the
__to the eighth enbodi nent, the angle of the optica
illaygipatingf sufean gt agwiafged Profhehsighbsiongefvaey 13 are
the inner wall 13 is to be smaller, than 30 , a

Onltk%’éuFP@ﬁtorﬂn PHSWpRF IO 159+ 276 ’awlll%w@tﬂ{;ghe right
doc FESRef HELl eHopR SRR APPSR aIAR O Of b 1 G mat ing
oy RSt LG o e B Eoh PR oBeoAPcte B2 nh 8 wats 13,
et R0 T et B PY, Shal YL A ST Reration
corfgingil 3 B RRnd ] | OO pPOSSE ML i
thel %eﬁ{ii gﬁlt 5 £idi iig{eé $OBM G WY | forRfrii 8, the

t he ected at t urved part 13B is used for

switddHABN &I NG dNE P Un ROEK S TLES O that ROtdet A®rmed, even

inside of the refrigeration conpartnent 2 and the door

wheROgket i 11up2Rakent! é%@ﬂ:@ﬁéeﬂo D Sthgdy AfdnRgriBathhgl 1eft
reflection materi al 3C on the concave surface of the

innke@C®sg 153A3,t hespbluiivaali oaream beeResd 6 PEM M@ ectively,
efficiently. [0072]
it is not necessary to worry about the cost 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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Ni nt h Enbodi nment Fig. 29 includes draw ngs
showi ng the arrangenent of the LEDs 9 within the
refrigeration conpartnment 2 according to a ninth
enbodi nent. I n the enbodi nents descri bed above, the
i1lumnating system 10 having the LEDs 9 as |ight
sources is arranged within the recess 13A forned on
the inner wall 13 of the refrigeration conpartnent 2,

and the printed circuj ard. 16 having .the LEDs.9
arr RdRRoan AP coRSt i bR AT et LHAS Jarp R door are
directigon of the refriggerati.on conpart.me [ .
on L PR PRaPRats dry Tk b LRG| ed sfattrty Pton,
oard.,l6. sh ion Fi.g. 9; ar
S0 1fblfl’J%égcrquteenteffﬁAclaseySSalr rear?glgg talftq Ceégg?}i %9{;?@%#592% le%lua ppré%SSEd
Cole. f i | NG 0.t hin . .
R e e L L L e T T
of;@%gh]zg(a), the vicinity of the center of the
refrigeration conpartnent 2 is illumnated wth the
sixthobtbedihkgd fromtwo LEDs 9 adjacent to each other
in the vertical direction, so that the brightness is

i ngreasgd. £0rthe ohbsdikhend, ddecyisedi tilesvef UPPEy the
and | ower ends of the refrigeration conpartnent 2 are

illivhi bat DAGesy i éh 1heddgdpaidiond tconkel BPefled door in one
respectively, so that the brightness is reduced | ower

- of tH@nright iwod Ganbiytioé tder cerirereB [80Tdined on; Thewever,
according to the enbodi nent, as shown in Fig. 29(b),

dep¢héingndzertiod ndentliERs p@ sdrtiamgeddohhehwouppéngermigle, the
-portion or the Iower end portion of the illuninating )

illgysnening sysianré@sadrangadvent Wpe ioneexaapl el 3 sepposite
that the vicinities of upper and | ower ends of the

to ke roprned i dvrEdtparakgntoe tireednpioyelys pentioned above,

. brightness. On the resjdual other portiaon, the hEDs 9
singed pgﬁd@@qﬁsgagggqqﬁgquﬂ%;y,dependlngcnlt e 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 6B is opened , based on the signal transmitted from
the door switches 24A and 24B to allow the illuminating system
10 £o 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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[ 0075] As descri bed above, according to the
ni nt h enbodi nent, by increasing the nunber of the LEDs
9 arranged on the upper and | ower end portions of the
illumnating system 10, the brightness unevenness in
the vertical direction is inproved to unify the
brightness within the refrigeration conpartnent 2, so
that the inexpensive and efficient refrigerator 1 can
ion of the. Drawn

cherGo7R} S T P P AT SR ARTRY PO g
SR A e R A i o © o
therQHEhQEBQEHRG %@@Q%EFq%ngr%anged 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 left door 6B are opened, the LEDs 2 of the
illuminating systems 10 arranged on both the right and left inner
walls 13, respectively, are turned on, sc that the whole
refrigeration compartment 2 can be illuminated.

[0056]

As described above, according to the sixth embodiment, in
the refrigerator 1 having the right door 6A and the left door
6B, incaseswhere the loadingshelf 8 isapart fromthe illuminating
éystem 10 in distance, for example, when any one of the right
door 6Aand the left door 6B is opened, the LEDs %of 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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[Fig. 3] Fig. 3 is a drawng of general |um nous
characteristics of an LED 9. [Fig. 4] Fig. 4

i ncludes plan views of the refrigeration conpart nent
2. [Fig. 5]Fig. 5 includes plan views of a
conventional refrigerator. [Fig. 6] Fig. 6 is a
drawi ng showi ng the rel ati onship between an
iIIuninating system 10 and a | anp cover 15. [Fig. 7]

on G bt S I i B
B! %9%2%%@2%”%?@{%%%%“& U Mlrep 1git che
11 Bt P o aruantt e Shaped o Aty FRfbeosbe qhone and
lef%ngnhgg %Ig?tcigzrscfggﬂﬂflEggflﬁ%kﬁelgnllgmbﬁr%mEﬁng can
be illuminated. Then, according to the embodiment, the
illuminating system 10 is provided on any ocne of the right and
left inner walls 13 (in Fig. 24, on the left inner wall 13).

[0058]

If the number of the LEDs 9 used for the light source of
the illuminating system 10 herein is equalized to that used in
the fifth and sixth embodiments, inwhich the illuminating systems
10 are provided on the right and left inner walls 13, respectively,
since the total emission magnitude (total luminous eﬁergy) 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 illumination 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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[Fig. 11] Fig. 11 includes draw ngs showi ng a nounting
nmet hod of the illum nating system 10 on the
refrigerator 1. [Fig. 12] Fig. 12 includes draw ngs
show ng exanpl es of the shape of the inner wall 13.
[Fig. 13] Fig. 13 includes draw ngs show ng
count er neasures about the light reflection according
to a second enbodinment. [Fig. 14] Fig. 14 is a front

ill%tp QB.62%y%€£%%9ﬁ5%%Epﬁrggg?génﬁ?Q{EgrhBﬁkgﬂgagﬁﬁt_ﬁnner

wal&l%flé?@e%}%é’@fl@éy}‘avﬁ di\e r%léﬁfyl)ﬁt gﬁ@' RG$8r dfithe LEDs
g. I ncl udes driving circui I agr ans.

9.

[0060]

Fig. 25 is a drawing showing a control example when the
illuminating system 10 is arranged con any one of the right and
left innerwalls13. Asdescribedabove, as longasarangevisible
when a door is opened can only be illuminated with the LEDs 9,
the necessary and enough illuminating effect is obtained. For
example, when the illuminating systems 10 are arranged on the
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
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.

[0061]

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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[Fig. 17] Fig. 17 includes drawi ngs show ng exanpl es
of an operation panel provided on the door of the
refrigerator. [Fig. 18] Fig. 18 is a drawing of a

fl ashing exanpl e of the LED 9. [Fig. 19] Fig. 19 is
a draw ng showi ng the relationship between the

bri ghtness and the |ighting period. [Fig. 20] Fig.
20 is a drawi ng showi ng the rel ati onship between the
sel f-check abnormal information and the duty ratio
adﬂ@gﬁ nt. [Fig. 21] Fig. 21 is a front view of a

EhLIBLELOL A, SR 10,00 B LD EIBHITERL 5 my aise
e AR By et 525, 2 LALL LI SEIALER, pearer
co BRI LA 4 BLLRE LS AN che oo
opposite (farther) to the illuminating system 10 is opened. For
example, when the door adjacent to the illuminating system 10
is opened, the LEDs 9 are allowed to emit light with the brightness
corresponding to a duty ratio of about 40%; when the door opposite
to the illuminating system 10 is opened, the LEDs 9 are allowed
to.emit light with the brightness corresponding to a duty ratio
of about 60%. Also, by allowing the brightness of the light from
the LEDs 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 addition 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.

{o063]

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 1is
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 necessary region,
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[Fig. 24] Fig. 24 includes draw ngs show ng the
illTumnation wthin the refrigeration conpartnent 2
according to a seventh enmbodinent. [Fig. 25] Fig. 25
is a drawi ng showi ng control when the illum nating
system 10 is arranged on one inner wall 13. [Fig. 26]
Fig. 26 is a plan view of a refrigeration conpartnent

2 according to an eighth enbodi nent. [Fig. 27] Fig.
[ ncI udes. .dr aw how n fl.ecti.qn r
so %@cor 5&8551 thlg%%hﬁh By é-nenfum% i %,1% g%%%%%s%ed to

obt%%&li. gﬁl é‘g&étg[é‘%&gesr %%%n%grg?§lag?gﬁgrof t rﬁ] rp%‘i%i%ular,

in the refrigerator 1 having the iliuminating system 10 arranged
on any one of the right and left inner walls 13, by determining
whether the opened door is the door adjacent to the illuminating
system 10 or is the door away from the system, the duty ratio
is changed, so that fine adjustment to keep the illumination
situation constant can be executed.

[0064]
Eighth Embocdiment

Fig. 25 is a plan view of a refrigeration compartment 2
according to an eighth embodiment. 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 LEDs 9 does
notdirectlyenter the front edgeof the loadingshelf 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
wall 13 is to be smaller than 30° . Depending on the shape of
the inner wall 13, when the angle 8 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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[Fig. 29] Fig. 29 includes draw ngs show ng the
arrangenent of the LEDs 9 according to a ninth

enbodi ment. [ Reference Nuneral's] [0077] 1:
refrigerator, 2: refrigeration conpartnent, 3:

i nt erchangeabl e conpartnent, 4: vegetabl e conpartnent,
5: freezing conpartnent, 6: hinged door, 7: pull out

door, 8: loading shelf, 9: LED, 10: iIIuninating
ysgenl 11: door pocket, 12: ical_axis nner
thaged®’, - tysi qge@e%tgnlqas@n%mwagésﬁefrf%f% gw Partment

SRS FOIBLE e, B LT T Bl 19 v

cO
t d .
eorWSﬂhaE%ﬁggbﬁg ai%%emi ?éb;;glé rang? %?orgig without
eration panel, 22: I|qU|d crystal display, 23:
uneXEH&Fﬁﬁl di spl ay LED, 24: door switch, 26: supply

oEEBbEg, 27: partition plate, 100: controlling neans.
[ Narne o Docunent] CLAIMS [Claim 1] A refrigerator

Co%@%tsb@%&mﬂudes drawings showing the relationship 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° , the effective illuminating raﬂge a is to be as shown
in Fig. 26(a). Then, 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 directly enters the refrigeration compartment 2 to
illuminate within the refrigeration compartment 2, as shown in
Fig. 26(b). Onthe other hand, the light proceeding inadirection
veered to the left of the optical axis 12 is reflected at the
recesé 13A, as shown in Fig. 26(c). When the light incident on
partsotherthanthecurvedpart13Bisreflected,thelightenters
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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a storage conpartnent having a space, which is
openabl e to/cl osable froman exterior space via a
door, for acconmodati ng storage goods; one or a
plurality of |oading shelves for zoning the storage
conpartnent into a plurality of storage spaces in a
vertical direction; and an illum nating system
inthat a plurality of light-emtting di odes are
arrﬁﬂg§ﬁ on a side wall of the storage conpartnment in
the vertical direction at positions adjacent to the

doofn fJLPc'ch%a%)%%(P ngv\%g %hgofn iﬂl—lelu%.r'?@q iaﬂg f(tﬂ? of the LED

st orage Cco n on ara

9 cé%sdes ofé}g%épet}lf‘ fheaplyraldiy @fdlf@églfméé'ﬂgat a user

um nating systemare di rected such

t N QplcGalre@tl 819kt HE thohte LB éfddAight
of dtlr}gédes de;b%n%d%ﬁ/qtﬁ% sl,ll&g \?gll IS Iearger tha% 60 as 9

fro@l th@s1588i hh9BhefiFom t henbi ghthemehlikRgqdiredas the LED 9,
the optical axial direction is not allowed to directly

in€ni®ind hechoadi tghshelfredd @i erllering tH¥ refrigeration
refrigerator according to Claim1, further conprising

congpd PR ICOVET ared I Elikg eTh diot f Berl ecipsdceesh ngh«li Ireedt amall 13,
of light emtted fromthe light-emtting di odes and

is haeidngoa 1 Ensnimatifi@rhexpafidiggraniohl conpetiment &nged the
in the storage conpartnent by refracting the |ight

dommpdaice f rbin d iethe ghveendt dpagedi odes.

[0068]

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
added onrthe entire concave surfaceof therecess 13A for increasing
the light reflection factor. By adding the high reflection
material 13C, the light proceeding toward the recess 13A can be
effectively reflected. The material of the high reflection
material 13C isnot limitedparticularly; however, it maybe formed
of aluminum by the wvapor deposition.

[o0069]
Fig. 27(c) shows the high reflection material 13C added on

partsother thanthecurvedpart 13Boftherecess 13A. Asmentioned

above, the light reflected at part of the curved part 13B proceeds
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[Claim3] The refrigerator according to Caim 2,
wherein the | anp cover is arranged such that light in
the optical axial direction enters the lens unit.

[Cai m 4] The refrigerator according to Claim?2
or 3, wherein the |anp cover is provided with a claw
for assenbling the illumnating system [Caimb5] The
refrigerator according to anyone of Clains 1 to 4,

wher ei n
toward the door pocket 11 of the door opened; if the reflection

factor is excessively increased, the magnitude of the reflected
lightproceedingtowardthefrontoftherefrigerationcompartment
2 is increased, raising the possibility that a user of the
refrigerator may feel the blare. Then, the light incident on
parts other than the curved part 13B is reflected at the high
reflection factor so as to enter the refrigeration compartment
2whilethelightincidentonthecurvedpart13Bistobeattenuated
due to the reflection. Alternatively, as shown in Fig. 27(d),
alampcoverZSmaybepfovidedforattenuatingthélightproceeding
_toward the door pocket 11 due to-diffusion and damping.

[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
13E forming a plurality of inclination parts may also be provided.

(o071]

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
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" the plurality of light-emtting diodes are
accommodated within a recess forned on the side wall.
[Cai m 6] The refrigerator according to Caim
5, wherein a reflection material is added on the
entire or part of a concave surface of the recess, and
on a plane parallel to the | oading shelf, instead of
the angle of the optical axis of the light-emtting

di, od defj th i di Il bei I h 0 )
engn B8R nEoph E0E £ s Erdh ot thie catsate! RO Ehabual o firse
th . i t h. t f. f
eI iSO PnE" £ U S5 P PEN A DR i1 2008 S1tl 1ERE o cannot
' [ 144 t t . d .
abds ErS LT Iddde o1 B Wodd 3 Fhsp 00 e B P asrdg ting
tnbithe EODERNG SHTS 358:00nNenEereRs ol G A RIML TG within
refrigerator according to any one o alms 5 to 6,

11m%@§fgﬁae§amﬁgh.é@&%ﬁfﬁﬁ@ﬁt@ﬁteﬁkakhi§‘@gﬂgda%nfBPQjmalight

entire or part of e concave surface of the recess.
prdddediifBltoward thEedc@fdd qenat @a raceq GhRy rle 1aRY @8 ight

of Clainms 1 to 7, further conprising controlling neans

is honodetersl Bhhgrabhor et iyetdt 1d@ compartment 2 while part
of the light reflected at the curved part 13B is used for
illuminating the door pocket 11, so that both the inside of the
refrigeration compartment 2 and the door pocket 11 can be
illuminated. Also, by adding the high reflection material 13C
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 cof the
LEDs 9 within the refrigeration compartment 2 according to a ninth
embodiment. Inthe embodimentsdescribedabove, 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

directionof the printedcircuit board 16. As shown in Fig. 29(a),

the LEDs 9 are fundamentally arranged at equal intervals as equal
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refrigerator, wherein the controlling nmeans flashes
the light-emtting diodes for displaying the
abnormality. [d aim?9] The refrigerator
according to any one of Clainms 1 to 7, further
conprising controlling nmeans for determ ning
operational conditions and abnormality in the
refrigerator, wherein the controlling nmeans
changes the lum nous intensity of t

as o Yor o S pLagRREAEABTo PR EERPordI® UM § | BRE L Jeration

and/ or the ab
compartment » @ normality. [d aim 10]

[0073]

In the case of Fig. 29(a), the vicinity of the center of the
refrigerationcompartment2isjiluminatedwiththeliqhtemitted
from two LEDs 9 adjacent to each other in the vertical direction,
so that the brightness is increased. On the other hand, the
vicinities of upper andlower ends of therefrigerationcompartment
2 are illuminated with the light of only one LED 9, respectively,
s0 that the brightness is reduced lower than in the vicinity of
. the center.

[0074]

Then, according to the embodiment, és 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. Onthe residual other portion, the LEDs 9 are arranged
at equal intervals.

[0075]

As described above, according to the ninth embodiment, 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, sc that the
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The refrigerator according to any one of Clains 1 to
9, wherein the door for opening/closing the storage
conpartnent is to be doubl e doors hinged on both right
and left side walls, respectively, and the
light-emtting diodes of the illum nating system are
arranged on both the right and | eft side walls,
respectively, the light-emtting di odes arranged on
. the si.de wal ' d to. t . n dqor._are t up
incRERVE B SR R R b .
[(Br3EGORALNg 10 30V gnenal pPLaiighsy Lo 9. wherein the
oOr "TOr opening/closing the storage conpartnment is to
be[ggq%qe doors hinged on both right and left side
wall's, Tespectively, and the light-emtting di odes of
(#Dg. | hpummgt.l Ng SyShen@fdnAliangede 0gebotiBnbhe vidhtor a
and left side walls, respectively, the light-emtting
refHi QLS R ANGREQRIiRE Y de Maldr erRRRIIhR A0, the wall
hi nged to the opened door are turned on to emt I|ight.
[FGaioh 18l g. 2 is AhErdef Miger at ragedig@irig ilch abypatement
of Clains 1 to 9, wherein the door for opening/closing
2. the storage conpartnent is to be double doors hinged
on both right and left side walls, respectively, the
[FiggRl- emitt ingsdi adesing dthgehbrabilnatinupsygbbeacapeistics
arranged on at |east one of the side walls, and
of bomLEduL.intensity of the light-emtting diodes is
changed based on the door opened. [C ai ml3

[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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The refrigerator according to any one of Clains 1 to
12, wherein the nunber of the light-emtting di odes
arranged on upper and |ower parts of the illum nating
systemis increased |larger than that on the other
part.

[Fig. 12] Fig. 12 includes drawings showing examples of the
shape of the inner wall 13.

[Fig. 13] Fig. 13 includes drawings showing countermeasures
about the light reflection according to a second embodiment.

[Fig. 14] Fig.l4isafrontviewoftherefrigerationcompartment
2 including a supply opening 26.

[Fig. 15] Fig. 15 is a drawing of the lamp cover 15 having the
supply opening 26.

[Fig. 16] Fig. 16 includes driving circuit diagrams.

[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} Figq. 20 is a drawing showing the relationship between
the sel f-check abnormal informationand the dutyratioadjustment.

[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
within the refrigeration compartment 2 according to a sixth
embodiment.

[Fig. 24] Fig. 24 includes drawings showing the illumination
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within the refrigeration compartment 2 according to a seventh
embodiment.

[Fig. 25] Fig. 25 is a drawing showing control when the
illuminating system 10 is arranged on one inner wall 13.

[Fig. 26) Fig. 26 is a plan view of a refrigeration compartment
2 according to an eighth embodiment.

[Fig. 27] Fig. 27 includes drawings showing light reflection
measures according to the eighth embodiment.

[Fig. 28] Fig. 28 includes drawings showing the shapes of the
recess 13A.

[Fig. 29] Fig. 29 includes drawings showing the arrangement
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 door, 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 inclination part, 14: claw,
15,‘ 17, 25: lamp cover, 15A: lens unit, 16: printed circuit board,
18:originalopticalaxis,l9:relay,20:transistor,Zlfoperation
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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[Name of Document] CLAIMS

[Claim 1]

A refrigerator comprising:

a storage compartment having a space, which is openable
to/closable from an exterior space via a door, for accommodating
storage goods;

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 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 1light emitted from the l1ight-emitting diodes.
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(claim 3]

| The refrigerator according to Claim2, wherein the lamp cover
is arranged such that light in the optical axial direction enters
the lens unit.
[Claim 4]

The refrigerator according to Claim 2 or 3, wherein the lamp
cover is provided with a ¢law for assembling the illuminating
system.

[claim 5]

The refrigerator according to anyone ofClaims 1 to 4, wherein
the plurality of light-emitting diodes are accommodated within
a recess formed on the side wall.

[Claim 6]

The refrigerator according to Claim 5, wherein a reflection material is added on
the entire or part of a concave surface of the recess, and on a plane paraliel to the
loading shelf, instead of the angle 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 diodes defined by the side wall is smaller than 30°, so that the door
opened is illuminated with part of the light reflected at the concave surface of the recess.
[Claim 7]

The refrigerator according to anyoneofClaims 5to 6, wherein
a high reflection material is added on the entire or part of the

concave surface of the recess.

[Claim 8]

TherefrigeratoraccordingtoanyoneofClaimslto7,further
comprising contreolling means for determining abnormality in the
refrigerator,

wherein the controlling means flashes the light-emitting

diodes for displaying the abnormality.
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[Claim 9]

Therefrigeratoraccordingtoanyoneofclaimslto 7, further
comprising controlling means for determining operational
conditions and abnormality in the refrigerator,

whereinthecontrollingmeanschangestheluminousintensity
of the light?emitting diodes for displaying the operational

conditions and/or the abnormality.

[Claim 10]

The refrigerator according to any one of Claims 1 to 9,
wheiein the door for opening/closing the storage compartment is
to be double doors hinged on both right and left side walls,
respectively, and the light-emitting diodes of the iiluminating
system are arranged on both the right and left side walls,
respectively,thelight-emittingdiodesérrangedcn1thesidewall

hinged to the opened door are turned on to emit light.

[Claim 11]

The refrigerator according to any one of Claims 1 to 9,
wherein the door for opening/closing the storage compartment 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,theljght—emittingdiodesarrangedcn1thesidewall,

opposite to the wall hinged to the opened door are turned on to

emit light.
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[Claim 12]

The r‘ef-rigerator according to any one of Claims 1 to 9,
wherein the door for opening/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 side walls, and luminous
intensity of the light-emitting diodes is changed based on the

door copened.

[Claim 13]

The refrigerator according to any one of .Claims 1 to 12,
wherein the number of the light-emitting diodes arranged on upper
and lower paj:ts of the illuminating system is increased larger

than that on the other part.
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