APPARATUS FOR STORI NG GOODS BACKGROUND OF THE | NVENTION Thi s invention
relates.to i nproved apparatus for storing goods, or a storage apparatus

that can conveniently 5 Leceive and store various goods and allow
pi cki ng out any desired onesout‘of the stored goeds.: Referring to Figures
5 and 6 of the acconpanyi ng draw ngs, th_esle illustrate a known typical

st of'age apparatus conprising a plurality of rows of inmmovable 10

mul t¥- 1 ayer racks B, and C, _ .§19Fc§h N de( ically arranged
on-storey unit racks A and a _ ween a pair of
oppositely arranged racks, or g i G 7 Py hori zontal Iy back
and forth along the directions rndlcate € double-poi nted 15 arrow

E, vertically up and dowhial 9ngehbeofli +8EhLEBStbNSnERLEEabYpbABatus Ffor
doubl e-pointed arrow F and transversally along the direction 1ndicated by

the arrow G or gtokriingr §66d69 60!d etfordtR: @RS atiu® elatNcanpadhréhiaht IRCk
or load it with given goods. Such storage apparatus is normally 20
housed i85 a burédetige and istolrencardaisedjondst ankdra¥bmk prdkiihagosy saayn
Figures 7 and 8 of the acconpanyi ng draw ngs show anot her known typi cal

st orage appar atdesirelll edea oukt ofl theosépyedagkodgstem It al so conpri ses
multi-layer racks I, 25 each of which has a nunber of vertically
arranged one-story unit Refrsrind tanFiguxee hoandoftafl fhel angompanpings
i ndi cated by the arrows K, K on the floor J of the apparatus until a
particul ar racRravinges atdreseopsiktustrate a known typical storage

apparatus comprising a plurality of rows of immovable

O

10 multi-layer racks B, and C, each having a number of
vertically arranged on-storey unit racks A, and a stacker
crane D movable between a pair of oppositely arranged
racks, or racks B and C for example, horizontally back and
- forth along the directions indicated by the double-pointed

15 arrow E, vertically up and down along the directions
indicated by the double-pointed arrow F and traﬁsversally
along the direction indicated by the arrow G or H in order
to collect the goods stored in a particular rack or load it

U with given goods. Such storage appératus is normally
. 20 housed in a building and is hence called a stacker-rack -
building system. -

Figures 7 and 8 of the accompanying drawings show
another known typical storage apparatus called a multiple
rotary rack system. It also comprises multi-layer racks I,

25 each of which has a numbér of vertically arranged one-story
unit racks and can rotate horizontally glong the paths
indicated by the arrows K, K on the floor J of the

apparatus until a particular rack arrives and stops at



-2- unloading point L, where the goods stored in the rack are coll ected,
and then it noves further to | oading point M where given goods are put,
into the rack for storage. The storage apparatus of figures 7 and 8 nay be-

5 so nodified that the rack units N, 0, of the rack can rotate
I ndependently from each other or the [ac s of the apparatus may rotate not
hori zontal | y but vertlcally However , t'or age apparatus as shown |n

Figures 5 an‘glg?g\l/ §e§8 edvﬁ’?ér%”%edrfo\@d?k% % d‘g gﬁépgég 8&8 wi tﬁj

Q need to B it requires adarge

a drive mechan SHARO Arld adleViConG000CELRInLY %Cmegcgag;%ggoﬂs@n& of

chains that can €easify go out of order when any of the

i rreversi b'eéhé&engfﬁfeﬂ gB%aseyter pat ihebCehe raldkNEBr stéFAgeAPParatus 15
requires frequen time-consunmng servicing and nalntenance :

Apparatus as illustratgd bBoEbgérﬁﬁpaﬁ@Ei§3dﬁ3ﬂigﬁ%@ﬁ”ﬁaﬂﬁ&u§ iyt Bat 't x
consunes enornous power as a heavy nulti-layer rack is rotated for

oper asi on i Soagwidified®Othat the headk auhdelss Nesori hefl sheveradid eaherring
to the apparatus of Figures 5 and 6. Additionally, any of the above '
descri bed knotvatappadapesndentiyr ifyeom eeachinbeherobr mhealtacksreobethe and
therefore is not suited for use in a dust-free clean room 25

In view of appamsbue indynrotatd pobbhewszohtaddyebutoverticeddys facilities
of the type under consideration, it is therefore-an object of the invention
to provide storage appavaves. tﬁaﬁt@ﬁﬁﬁﬁléEEaﬁﬂFysaaﬁeG ewg in Figures

5 and 6 is accompanled by such drawbacks that dead spaces -

Y

e

10 P, Q, need to be provided and 1t requires a large stacker
crane equippea-.wi-th a drive .me'chanism_. and a lift device
connected to'éaéh other by .means of chains that can easily
~go out of order when any of the chains aré irreversibly

elongated by external force. . ‘Hence, such apparatus

15 requires frequent and time-consuming servicing and
maintenance.

Apparatus as.illustratédﬁin_Figures:7-and 8 is
- disadvantageous ‘in that it ‘consumes - enormous power as a
heavy mult-i'-l'ayei"rack is rot_atéd- fof:.op'e_nratic)'n in addition \J
20 to the drawbacks described ' above 1n referring to the .
apparatus of Figures 5 and 6. | | -
Additionally, any of the above described known
apparatus 'édmprise- a number of rhovabl.e_- members and
therefore is not suited for use in a dust-free clean ‘room_.” '
25. s ~_  In view of the above. identified problema offf
ccnveritional storage ~facilities of ..the' ‘type under
consideration, it is therefore an 6bjectfof the invenaion'

to provide storage apparatus that comprises only a reduced .



-3- nunber of novable conponents and hence is free from dinensional
di sorder,s such that it affords easy mmi ntenance and reduced time for the
operation of storing and collecting goods without requiring a | arge space
and, at 5 the sane time,; it can be installed, -i-f- appropriate, in a
dust free cl ean room because ‘its novabl e cquonents ‘can be seal ed wi t hout
difficulty. SUMVARY OF THE | NVENTI ON 10 Accor di ng to a first

aspect of ‘the pyeatl oge the,RoYe olsSiohes 2oVl Pravi diag

ro1n
apparatus for storing goods CGNpri orac anged ver tica and”al ong

first and Secoggméﬁgﬁ Eﬁugﬁégggefé sﬁ?gé%ﬁggzﬁ?%k%b%ggléésk'ﬂg§npéh9ﬂce

symetrically: |spose I ng/ un I ng nmeans avi ng an arm

the said | oadi ggaunkaadicad MeaRe b NEHE! eShbO@i &9 USP WoEsHiAS and
supported at its base and the said | oadi ng/unloadi ng nmeans bei ng rotatabl e

around a centr go?fiebbengePYddds UrBthdithebeqhiieisgi 8 aAaPgeeidithd®Vaid e at
upwardly and downwardly along the said columm, and 20 radi al | y back

and forsh, tbBhe samd arimdiei g canvbél an@uhwaredu,yjifo apmsdmei stk 0nén 0&
‘the racks. According to a second aspect of the invention, the apparatus may
addi ti onal congunsstefreekslernamgen bechusel Lysamdvabdagcompofients can be
semcircular line to forma 25 first semcircular nulti-Ilayer rack-row
havi ng ends; raeadedr wahhoutvdififdgulyyand al ong the second semicircul ar
line to forma second semicircular nulti-Ilayer rack-row having ends; racks
arranged vertically and along straight lines to

i SUMMARY OF THE INVENTION
. \_/"l

10 According to a first aspect of the invention, the
above object is achieved by.providing apparatus for storing
goods comprising, racks arranged vertically and along first
and second semicircular lines, the said semicircular lines
being symmetrically disposed; and loading/unloading meéns

i5 having an arm, the said loading/unloading means being
mounted on a column which is supported at its base and the
said loading/unloading means being rotatable around a
centre of the semicircular lines, the said arm being

kqf -+ movable upwardly and downwardly along the said coiumn, and

20 . radially back and forth, the said arm being movable

outwardly to a selected one of the racks. s
‘According to a second aspect of the invention,
the apparatus may additional comprise racks arranged
vertically and along the first semicircular line to form a °
25 first semicircular multi-layer rack-row having ends; racks
arranged vertically and along the second semicircular line
to form a second semicircular multi-layer-rack-row having '

ends; racks arranged vertically and along straight lines to



-4- form straight nmulti-layer rack-rows; in which the ends of the first
semcircular rmulti-layer rack row are continued to the ends of the second
semcircular nmulti-layer rack row through the straight rmulti-I|ayer ,
rack-rows; and the said 5 | oadi ng/ unl oadi ng nmeans is guided to nove by
rails arranged between a centre of curvature of the first semicircular |ine
and a centre of curvature of the second*semi circular line. According to a

hird f th
along Lho EPFR b '&“g it Adver JRAS R, 15 LRI dd ?4-|ya§‘er
rack-row hgw“nggfts &&walbgn@iéfnﬂe%af;%ae@ LA Rd el it e gecond

sem circul orma second semcClr mul t1-1 ayer rack-row havi ng

ends;  ando! Bfielangs of Mt Meddifd 'ddiifc SAMLAE GHIRLS Miydr AL daiek-row:
may be adjacen ©t 6 the ends e second semcircular nulti-layer -

rack-row. AeceidHG 1 §t£99§ﬁ‘ﬂ ﬁﬁ@%&tlaﬁzetxhacarﬁlesl%Wy nyRAat itk ddirie is.
provi ded apparatus for storing goods 20 conprising racks arranged
vertgcal | y1gadidlymmlidasthe idanec iseduiaat- ebrmovarby irmsl daimmnged
symetrical Iy di sposed, and | oadi ng/ unl oadi ng means having an arm the said
| oadi ng/ unbetsicrs neasenbe:ngiocuteatune aofol the fhreh isemsiqiportlear at t he
bottom and at the top and the said 25 | oadi ng/ unl oadi ng neans bei ng
rotat abl e dimencird certentd ohecwrvatureubdr thenesconde semidiargulastng
movabl e upwardly and downwardly ‘al ong the said colum, and radially back o
and forth, 1une said- arn1be|ng novabl e outwardly to a selected '

.'\

»

Accordlng to a third aspeéct of the invention,
10 racks may be arranged vertically. and along the first
semicirculer line'to*form.a-first semicircular.multi—layer
rack-row ﬁaving ends; racks may be arrenge vertically and
along the second semicircular line. to form a second
semicircular multl—layer rack-row having ends; -and the
15 = ends of the first semicircular multiéiayer raekfrow may be
adjacent to.the ends of the second semicircular.mﬁlti—layer
rack-row. |
According to a fourth aspect of : the present
invention, there is provided apparatus for storing  goods v
20 comprising racks arranged verticaliy and alohg fixed and
secured semi-circular lines being symmetricélly alspoeed,
and  loading/unloading ‘means havinglean'-arm, the said-

loadihg/unloading meansnbeing mounted on a column which is

e

supported at the bottom and at the top and the said -
25 loadlng/unloadlng means being rotatable around a centre of

the semicircular lines, the said arm belng movable upwardly

and downwardly along the said column,;and radially back.aﬁd"’

forth, the said arm being-movablejoutwerdly_to a-selected



-5- one of the racks. Since the apparatus enbodying the present invention
may conprise- a ‘pair of oppositely and symretrically arranged
sem*-circul ar i movable nmulti-layer 5 racks, each havi ng a

nunber of racks, and a | oadi ng/ unl oadi ng neans novabl e along a line
connecting the centres of curvature of the semcircular racks, there being

-

a rQbot having an arm capabl e of rotating and rovi ng. up and down and
radgﬁfly back gpd fLerthe pasgkng through a rack, 10 =~ it elimnates any
dead space that conparabl e known storage apparatus has at an end of the

rows of racks to increasgihhe nwreer L AEkSs t hakped igghiQ§ﬁ§|| Qegg£€in

a .gi ven space of storage apparatus. Additionally, sinCe e operatron o

loading a 15 invéeatgehed niafk ebmphessemLirpyhar reek- bpw%swic@i 00gl54 Or
collecting the goods stored in it can be carried out sinply by rofating and

noving up and spmmetniicadllyaaryahas oadifeitduldie dimdvdbldanulti-layer
| oadi ng/ unl oadi ng robot, the tinme required for the operation can be
significantly racksed. €dch having -a Waumberai gbf rackskaje and a
additionally installed and hence the |oading/unloading robot has to be
noved al ong t heprding/enheadingimeans srovakidi @d/ong eatlling goumscicing sthé |
be reduced because the movenment of the armof rotating and noving up and
down and radi FEIERRE IChMITHRW DL thecgampeireubanetagksh there ibaing
novenent of the rqbot .itself so that they may take place concurrently.

Since any | oadt AFRAT QRN ARerd™ 6APERAeheT cBPFREANGANSIMVIRG Hviand t he

arnlfj the_rOQ§gwﬁt§§éfraa£ally back_and forth, passing through a rack,

10 it eliminates any dead space that comparable known storage
apparatus has at an end of the rows 6f racks to increase
the number of racks that can be installed within a given
space of storage apparatus.

Additionally, since the operation of loading a

15 - ' selected rack of the semicircular rack-rows with goods or
collecting the goods stored in it can be carried out simply
by rotating and moving up and down and radially back and
.forth the arm of the loading/unloading robot, the time

"/ . required for the-operation.can be significahtly reduced.

20 When straight racks are additionally installed
and hence the loading/unloading robot has to be moved along
them, the time required for loading/unloading godds can
still be reduced because the movement of the arm of
rotating and moving up ahd down and radially back and forth -

25 can be combined Qith the linear movement of the robot -
itself so that they may take place concurrently.

Since any 1oading/unloading operation can .be '

carried out only by moving the arm of the robot itself, if



-6- necessary, while the racks remain i movable, the apparatus is free from
di mensi on di sorders and hence affords easy nai ntenance. and reduced tine for

t he operation of storing and coll ecting goods. 5 Si nce the
novabl e menbers of the apparatus are those of the | oading/unloading
robot, they can be hernetically seal and hence the entire apparatus
may be installed in a dust-free clean room ‘10 . - BRI EF r

DESCRI PTI h . t e |
preferredcgh%g |nen§RA¥ﬂ$§§ ?hgg% ?%ﬁIE?ﬁgﬁgefﬁﬁ%gggg 22%% &éggfggﬁé{SV|em1_
taken al Onngé' B¢e¥ Yddn FadMERsion1Risorders and . hERQW & frd:ad @8%9”5“ I C

pl an vi ew anot her preferred enbodiment of the invention. Figure I's a N
schematic %ﬁé’iﬁ@é’ﬁén&ee&haakeéauéleanﬁlhien%o\f EHd Spéteich &F 9HESrEngS @
schematic plan view of conventional 20 storage apparatus. Figuré 6 is
a schenatlands¢@mae&tgmg Qéodghe apparatus -of .Figure 5. Figure 7 is a s

schematic plan view of further conventional storage apparatus. 25
Figur 8 is a schetatécthe dovabilevmémbéie efipahet Lsppdrdtwwr ard.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

‘those of the loadlng/unloadlng robot,' ' they can be-

hermetlcally sealed and hence’ the entlre apparatus may be

installed in a dust-free clean room

10 . _ BRIEF DESCRIPTION,OFfTﬂE;bkAﬁINGs- f&d
| '--Figare 1 is a schematic: plan view of a first
preferred embodlment of the :anentlon
Figure 2 is schematlc sectlonal view taken 'along
line X—X- in Figure 1. |
15 . .. ' Figure 3 is.a schematic .plan v'ieW'oif=-anot_her-'
preferred embbdiment of the invention.
: Fig‘ure 4 is a ‘schematic 'sect-i'o_naI v_iew taken
along line Y—f in Figure 3. |
Figure 5 is a echematic_-pian..view of .coﬁventional \-) '_ .

20 - storage apparatns;
Figure 6 . is a - schematic side view™ of the
apparatus of Figure 5.

Figure 7 is a schematic plan view of further

L=

conventional storage apparatus. .. . -
25 - . Figure 8 'is a schein_at-i‘c side- view of the -

apparatus of Figure 7.

'DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



7- Figures 1 and 2 illustrate a first “preferred enbodi nent of the
i nvention. A number of racks or pigeon- holes 3 are arranged or di sposed
vertically and along a semcircular line 1 to forma semcircular

mul ti-layer (or
are arranged or
a{éen1C|rcuIar
ra rows 4 and
arranged or 10

5 mul ti-story) rack-row 4. Also, a nunber of racks 3
di sposed verti:cally and alpng a semicircular line 2 to form

mul ti-layer (or nulti-story) rack:r'ow 5. The multi-I|ayer

5 F&Eu%é%angﬁdaﬁﬁfﬂﬁﬁr'Eﬁhhﬁtréhéo £ NEHHSE Oprbggksed are
di'sposed vertically and along a straight line to form

strai ght mul t embaiemneh®r ofUthe- $HOEWEIHACK- AOKEMBErand Fdckdhgrspigebhcul ar
nul ti-layer rack-row 4 has ends 6 and 7. The semcircular multi-I|ayer

rack-row 5 hahokads 38 awel Qrratederd @i¥poseak- vext dcailgoBinduekbi® ahe

end 15 8 of

rack-row 5 through the straight multi-layer rack-row 10 and

tthe end 9 of sbmicarkulew $ine totbi ficed &oséhicindulanfmbtheirhajerodoz
through the straight multi-layer rack- row 11. A | oadi ng/unl oadi ng robot 12
is provbded wruhtitetony) rapk-ricsal4y aRilsoal isgrmumveni off yackst r: aref a
curvature of the semcircular line 1 or the semcircular nmulti-Ilayer
rack-row 4. TAETaBgeE o 1tispesed nyaBtigably oBBE Blomdt IR t PeMbFRTEBlREN
rotate in senses indicated by a doubl e-_pointed, arrow R The arm 13 s
movabl e upwar #theapdtestorm %oﬁﬁﬂb?ﬁ¥?u%?ﬁdﬁuﬁ¥%e%?Y%ﬁs(?ﬁde%EéaSB9r§)

doubl e- poi nt ed
i ndi cated by ¢

row S, a radlally back and forth al ong_directions
i e Rt

WEOY And RS T mharen SFEWSUWaRH 9 #EetAEr AgR 3,

symmetrically. Also, a number of racks 3 are arranged or

10 disposed vertically and along a straight line to form

straight multi-layer (or multi-story) rack-rows 10 and 11.

The semicircular multi-layer rack-row 4 has ends

6 and 7. The semicircular multi-layer rack-row 5 has ends

8 and 9. The end 6 of rack-row 4 is continued to the end

i5 8 of rack-row 5 through the straight multi-layer rack-row

20

. 25

10 and the end 9 of the rack-row 5 is continued to the end
7 of the rack-row 4 through the straight multi-layer rack-
row 11.

A loading/unloading robot 12 is provided with its
vertically axis alignment with a centre O of a curvature of
the semicircular line 1 or the semicircular multi-layer
rack-row 4. The robot 12 has an arm 13. The robot 12 with
thé arm 13 can rotate in senses indicated by a double-
pointed arrow R. The arm 13 is movable upwardlg} and -
downwardly along directions indicated by a double-pointed
arrow S, and radially back and forth along directions
indicated-by arrows T and U. The arm 13 can move outwaraly !

to the rack 3.



8- Reference nunber 14 denotes a drive nechanismfor rotating the robot 12
with the arm 13 along the direction indicated by the arrow R "Reference.
nuneral 15 denotes a drive nechanismfor driving the arm 13 of the robot 12°
5 along the directions indicated by arrows T and U. A drive nmechani sm
for driving the arm 13 upwardly and dowgardly along the directions "

i ndi cated by the arrow Sis included in a hollow colum housing -16. In the™ .,

(Hustrated enbodi nentgefaibicd hudberld4 deii@ AL A29%E REENARDshhEoECN! re?

O of curvature of the semcircular ne 1 an e centre V of curvature of -

the sem circh@dtihgetBe rdBst! 9adiighurneading 1PhPlordy €6 AEr8B¥EInbY a
drive nechani sm housed in a bottom section 19 of the holl ow colum 16. .The ¢
| oadi ng/ unl opgdIgat&ROby l1@heaartbw R. bRefériartd mumssa Rl DRodéhetes a
directions indicated by the doubl e-pointed arrow Wand hence al ong the
strai ght. r ackeiveowmetBanisubyfdhedddwing rohehaas miBousdthe tdobdint 12m
section 19. As seen in Figures 1 and 2, a roll-out conveyer 20 20 for
out goithg goaalkong the adipections ndicaieedfbyharrowk-Toand0Uandhadrive-in
conveyer 21 for incomng goods is also arranged at the outside of the
rack-row 10 rechanismefori ¢ivibeydhehearm L3oypweadlay andodoweeardlyg to
the enbodinment illustrated, in 25_ . Figures 1 and 2 , when, the

| oadi ng/ unl EFRY Fepofirecriopgsinfdragedt bvhdhee nxowy Drigy Hpelipded

rvat ur r 12 ny rack or rack of the rack-row 4 or 5. -
curvature, the raboj, 12 ¢an, acogss,any [ack or rack of the rack-rowd or 5

[

. In the illustrated embédimént; rails 17, 18 N
10 are arraﬁge’d._beﬁween the centre O -'_of | curvature of the \J
semicircular line 1 and-the centre V of curvature of the
semicircular line 2. The-loading/unloadihg robot 12 can be
moved by a drive mechanism housed in é"bottom section 19 of
‘the hollow célumn 16. The 1oading/unloading robot 12 can
15 be guided to move along the dirédtipns indicated by the
double—pointed arrow W and hence a1Qng the straight rack-
rows 10, 11 by the derive mechaniSm;housed in the bottom
section 19. |
As seen in Figures 1 and 2, a;roll;out conveyer 'v\e)
20 20 for outgoing goods is-arranged.at-én'outside of the -
rack-row 10 and a roll-in conveyer 21 for incoming goods is
also arranged at the outside of the-réck#row.lo and located
right above.the'roll—out conveyer_20. 
According to the _émbbdiment ~illustrated in -
25 -Figures.l and 2 . when the loadiﬂg/unloading robot 12 is
positioned at tpe.centre O or V-of the cufvature, the robot-
12 can.access';ny'rack or rack bi_theErack-row 4 or 5 téw

pick up the godds.stored therein,-orfcan load it with goods



pi ck up the goods stored therein, or can load it wth goods 9 by sinply
operating the arm 13 to- nove along the directions indicated by the
doubl e- poi nted arrow R and nove up and down al ong the directions indicated
by the double- pointed arrow S and radially back and forth along the 5
directions indicated by the arrows T and § _Thus, while the robot noves
tgward the roll-out conveyer 20 along the rails 17, 18 the robot can rotate

the¥arm 13 t opgr dstRB1§0! bpewhtEAGVEYRE 20rR0 a3t O¢sedsPet NE1ORGT 3EhEN
time signifigg%tlf/. glgo, 1\thi|é tﬁe robot noves 10 tomgrd tﬁlg&ro | - out

conveyer 20 afidpgcthensaihsiddtedSoy e Acble -HH1NHRE st Al ¥ndNfove
downwardly so as to reduce the operation tinme significantly. In other

words, the rohptand dbwhhalang theoditewtiiond tiand@asded Wy htlidiedoayeaent
of the robot along the rails. 17, 18 and the upward and 15 downwar d
movenent of tpeintedlimcour§ conturadnalyywikdck handovioerit aflonke tiodot
along the rails 17, 18. After delivering the goods to the roll-out
conveye? 20, dheeebbonsiindbratedsbyrthecasropwst Beagdods on the roll-in
conveyer 21. \Wen the robot 12 noves_ al ong the 20 rails 17, 18 toward

one of racks 3, the arnTi8s;swhilgt Eheaf@brby EPV@SWGANArdaridhel ciiwbr oMYy
concurrently to store the goods in the rack 3. Figures 3 and 4 show a
second pref eFPRECERBOL? RIRIDI RN EF Fertlion® BIRURBBPLoFaRaERSAER tHYeon-
28 e L LS BRI S PRSRE AL 8Ly 20481000 Bnnce cne
; operation time significantly. Also, while the robot moves
~ 10 toward the roll-out conveyer 20 along the rails 17, 18, the
arm 13 can move upwardly and downwardly so as to reduce the
operation time significantly. In other words, the rotation
of the arm 13 occurs simultaneously with the movement of
the robot along the rails 17, 18 and the upward -and
15. downward movement of the arm 13 occurs concurrently with
the movement of the robot along the rails 17, 18.
After délivering the -goods to the roll-out
conveyer 20, the robot 12 collects or picks up the goods on
'K—/ the roll-in conveYef 21. When the robot 12 moves along the
- 20 | rails 17, 18 toward one of racks 3, the arm 13 is rotated.
‘and moved upwardly and downwardly concurrently to store the
goods in the rack 3.
Figures 3. and 4 show a second preferred
embodiment of the invention. A number of racks or pigeon-:'
25 holes 24 are arranged or disposed vertically and élohg a
semicircular line 22 to form a semicircular multi-layer (or

multi-storey) rack-row 25. Also, a number of racks 24 are '

‘arranged or disposed vertically and along a semicircular



mul ti-storey) rack-row 25. Al'so, a nunber of racks 24 are arranged or
tically and along a semcircular® -+ 10 - line 23 to-fromaa

mul ti-layer (or multi- storey) rack-row 26. The nulti-Ilayer .
rack-rows 25 and 26 are arranged symetrically. The sem circul ar

di sposed ver
sen circul ar

mul ti-Ilayer
| ayer rack-r
adj acent ‘to
I s adj acent
(or nulti-st
is provided

25 and 26.

enbodi ment ofrafkgupws 2b dws 2end$ 27 alde 28.0boTh&lsemibirbelarmmdd tdan
rotate in the senses indicated by a doubl e-pointed arrow R

rack-row 25 has ends 27 and 2. _ The semcircular nmulti- 5
ow 26 has ends 29 and 30. The end 27 of the rack-row 25 is

-

thgeensh 29 0f £1BA TACkehAWi281ARE t 818001 3P f&e rRQkrow 28

to the end 28 of the rack-row 25 to forma Circu

steypy) aghckowowl@6. The multi-PayeadiagkupbwadpBganabels 31
wth its vertical axis aligned with the centre 0 of curvatures

of the sem careubatrangeds s3ammtud iz ldry I heThenseni cdprbalagumultiajlarerack

The robot 31 has an arm 32 as in the case of the first

~The arm32 is

novabl 8 upwhedey rack-rewmAtarhAs end®ng® and 3di.r ectheorendd2apédthe t he

doubl e-pointed arrow S, and radially back and forth along the directions

i ndi cat ed byrRRE-ZPWoRS Edjacend to thee e@dm2P) hintheveaskrkawdry to

A roll-out conveyer 33 for outgoing gpods is arranged at the
BRe F Ek?Pév%o t§6e rackgrow %’gﬁm Jé% Ié'ﬂ‘ﬁoort?ﬂen@% RE
o_arranged at theu¥gt i de_of the rack- o¥51§§&t£¥a_and qugxed

the rack 24.
out si de = of
goods is als
ri ght above

10

15

20

~ outside of the rack-rows 25, 26 and located right above the

25

Pfie i - racksew; £5 chfefefmag circula ayer
multi-storey) rack-row. L
A lpading/unloading robot 31 is provided with its
vertical axis éligned with the centre O of curvatures of
the semicircxi]_.ar lines 22 and 23 or the semi-circular
multi-layer racks 25 and 26. Thé robot.31 has an arm 32 as

in the case of the first embodiment bf.Figures 1 and 2.

The. robot 31 with the arm 32 can rotate in the senses

indicated by a double-pointed . ai_*irow’ R. The arm 32 is
movable upwardly ~and Zdownwardly  along' the direction
indicated by the_double—péinted*arréw;s, and radially back
and forth along:the directions-indiCated by the arrows T
and U. The arm 32 can move outWafdly-to the rack 24.

A roll-out conveyer-33_fqr outgoing goods is

arranged at the outside of the rack-rows 25, 26. A roll-

in conveyer 34 for incoming goods;is a1so arranged at the

roll-out conveyer 33.

According to the above described second

PR

®

embodiment, ‘since the racks 24 are_arranged in the shape of |

a cylinder (in. other words, withbut~straight rack-rows), a .

ar nulti-layer* |

N



Accordi ng to the above described  second enbodi nent, since the racks
24 are- arranged in the shape of a c¢ylinder (in other words, wthout
straight rack-rows), a | ar ge nunber of racks can be provided in a
relatively narrow space. Goods can be picked up fromor stored in any
selected rack sinply by rotating and noviy\g up and down the arm 32 of the
stati onary | oadi ng/ unl oadi ng robot 31 |ocated 5 at the centre of

curvat ure of {heg&l it F 88K Sk Of e LELGEHEAr in ' 8CKsd OWS; ,
26, SO tﬁ%ﬁg any Igéding/unload?%g g%igg??o%&og fﬁé goéﬁg caﬁ"%%;

conduct ed quigdtyow spgae. dduvid Rali B pakkad Gf £ebfioBls€sPedtin any

hernetically sealed so that the entire apparatus nay be 10 install'ed in

a dust-free céeboctedtradOWMPAGESYOrotHt inyVaNdl fblvArgdes candedbwbaiee i N
detail, since storage apparatus enbodying the invention may conprise a pair
of 15 opps t32 yof tdwed stasjomatyi tabklyng/anleadidg rekot c31 dbaated

I mmovabl e mul t'i -1 ayer racks, each having a nunber of racks, and a

| oadi nd? unl ozl riche otentrevebl euxnayre ¢f e orineatlay) tavks G4 ras tife
curvature of the sem circular racks, it can elimnate any dead space that
conpar abl e 20semici®eMkast or FFCKapPaSat us2has at2@n en®%f tHBaEows BTY

racks to increase, the nunber of racks,that can be installed within a given
space of a stjcﬁ%’e“%g'b%f%’?‘g%"%r?l’??a?h‘énnH%EPeoﬁoPQ§k§aF‘s11?1 wandyghed

addi 1 on |y, SETHREFT ne "Bpbfar T oforaTaBAgRLoaties, cehaky S T be
S?\ij' reul ar-ﬁe%?rkét:w:éflygoggglg{i so that the entire apparatus may be

10 installed in a dust-free clean room.

ADVANTAGES OF THE TNVENTION

As described above in detail, since storage

apparatus embodying the invention may comprigse a pair of

15 oppositely - and symmetrically arranged semicircular
immovable multi-layer racks, each haviﬁg a number of racks,

and a loading/unloading robdt movable along a 1line
connecting the centres of curvature of the semicircular

r’ racks, it can eliminate any dead space that comparable
20 known storage apparatus has at an end of the rows of racks
to increase the number of racks that can be installed
within a given space of a storage apparatus or, if the
number of racks is given, the entire space required for
installing the apparatus can be reduced. |

25 Additionally, since the operation of loading a
selected rack of the semif:ircular racks with goods or
collecting the goods stored 1n it can be carried out siﬁply '

by rotating and moving up and down and radially back and



collecting the goods stored in it can be carri.ed out sinply-by rotating and
novi ng up and down and radially back and *-12-- forth the arm of the.

| oadi ng/ unl oadi ng robot and concurrently noving the robot itself, if
necessary, the time required for the operation can ‘be significantly
reduced. 5. Si nce any Ic_)at_JL'Eng/unl oadi ng operation can be = .7
.carried out only by nmoving the armof the robot and the robota Eitsel R
necessary, while the _racks crepppLn ijggadaly/mnldeddiog i r EC8Bpar is.
free from diomsisi orlf - dPSBr dts aﬁgéhenlce a?f‘glor ds easy servicing and o
mai nt enance. 10 ving StHed f&ﬁomialsbéfnerﬂg%rgeecéﬁsﬁm'a%gﬁ atus-
are those Gﬁ’lncwwntllé’ad?'ﬁg Al oadi ng robot, fthey can ,-be,%g].:rrreéi ally .
sealed. If the | oadi ngl Wl ¢adi ngheobeperatsont i camr yoe i t8IHh Caé’ésjy_ T
seal ed and WH@fce R ET re apparatus may be installed in a dust-free clean s

room 15. : 13.- CLAIMS 1. "~ Apparatus - for storing goods
conpri sing ’-?%H:Lk%e%‘rranged vertically and al ong_first ar}% .g_%%on@an be
semcircular 5 |igpscheiagy shomtima/anipafidihs 888,

Ioadi-rhg/unl oadi ng means having an arm the said | pading/ d{adém grans
bei ng nount gd poea eRluBhMhiloh nevingpshte ??sg_‘ﬂgsé&%nd t he

itself;"if necessary, whiles;the racks ' remaln

robot | . N |
us  is free from dimensional

immovable,'the*entire apparat

vicing and maintenance. .o
- disorders and hence affords easy se_rv:Lc. ng an _ u
| | Since the movable members -of the apparatus are: .
' i ' be
.those of the loading/unloading robot, they can

hermetically sealed. If the loadi_'r‘;g/ﬁnloadin_g robot is
e : _ _

. . : ) .
S N . Y e

in a dus | ~ room.
apparatus may 'be installed in a du-s-t;:ﬁre_e clean r

15.



sai d | oadi ng/ unl oadi ng neans being rotatable around a centre of the
semicivcular lines, the said arm'being 10 novabl e upwardly and
doiwnwar dl y al ong the said colum, and radially back and forth, the said arm
bei ng novabl e outwardly to a selected one of the racks. 2. Appar at us
according to claim1l1, in which racks arg ?granged vertically and al ong the
frirst semcircular 15 line to froma first semcircular multi-layer

r ack-r ow havi agaemgds., racks are arranged vertically and al ong the second
semcircular Tine to forma second semicircular nmulti-layer rack-row having
ends, racks are arranged vertically and along straight lines to from
stralght mul ti- 20 | ayer rack-rows, the ends of the first semcircular
mul ti- |ayer tTack-row aRppavatusuefbit o dtiarienrds gobdehecsapohdingm cadcicsl ar
mul ti-layer rack-row through the straight nulti-Ilayer rack-rows, and the
Sai d | oadi ng/ antandedgvertical by guided ang fidvetbsndasésond reengscibmileen a
centre of 25 curvature of the first semcircular line and a centre of
curvat e of lheesecbshtgsenmuieteicallyi ddspesed, and Agadinglunbeadingg to
claim1, wherein racks are arranged vertically and alon the first

semi ci roul ar TEHeS hAVInG B0 ArT the)said119ading/wnleading peans being 14
- to forma first semcircul ar nult|-layer rack-row havj ng ends, racks are

arranged ver tPRBRFSI00 &) SHHUER MR NEE SIHRRATLEM AT |11 8258 A £h&cond

fsie[nStCI reular srrg:lLél _ll.gélfirng}aunklcgéy\:{nga\r/t{ena 8 gelhg andta%:agleenggour? éhe

U centre of the semicircular lines, the said arm being
10 movable upwardly and downwardly along the said column, and
radially back and forth, the said arm being movable
-outWardly to a selected one of the racks.
2. Apparatus according to claim 1, in which racks
are arranged vertically and along the first semicircular
15 line to from a first semicircular multi-layer rack-row
having ends, -racks are arranged vertically and along the
second semicircular line to form a second semicircular
muiti—layer rack-row having ends, racks are arranged
—/ vertically and along straight lines to from straight multi-
20 - layer rack-rows, the ends of the first semicircular multi-
layer rack-row are continued to the ends of thé second
semicircular multi-layer rack-row through the straight
multi-layer rack-rows, and the said loading/unloading means
is guided to move by rails arranged between a centre of -
25 curvature of the first semicircular line and a centre of
curvature of the second semicircular line. _
3. Apparatus according to ciaim 1, wﬁerein racks ére '

arranged vertically and along the first semicircular line

* [4 L M § *




5 sem circular multi-layer rack-row are adjacent to the ends of the-
second semcircular nulti-layer rack-row. 4. ° + Apparatus for storing
goods, substantially as described herein with reference to and as
illustrated in Figures 1 and 2, or Figures 3 and 4 of the acconpanying 10

drawi ngs. 5. Apparatus for stogiaq goods conprising racks arranged -
vertically and al ong fi xed and secured sémn - circular i nes bei ng :
symet 11 call ¥o raPosedsy sta%%cq{l%q@aaq " BP0 2 PANa ok DB N2 Alg 21 a”ﬁ"‘
t he said 15 oadlng unl oadi ng neans belng nn ted on a colum

i s support edegfist ha-deadd Oé&é‘ngrﬁén%qéé Lapcaeditipe 5 dal 'Eﬂéu%%‘iiwg

means bei ng rotatabl e around a cenfre of the semcircular 1ines, the said

arm bei ng noyahlieivpwass Yiaad:donowmaralssBna g et 1seiud agOUTe: - agder -
radi al ly back and 20 forth, the said arm being novable outwardly to a

sel ect ed oneratktlrewr adisriiy” ends, Apmal attise acendsi n®ft 0 thai nfimltd
al so according to claim?2 or claim3. | 1111111111111111111111 -
S semicircular multi-layer rack-row are adjacent to the ends
- of the second_sem1c1rcular multlelayerjrack-row.-
4, '~ Apparatus for storing goods, sﬁbStantially.aé
described-heréinﬁwith refereﬁceftd.andiastillUstrated'in
Figures 1'an& 2, or Figuresﬂj'ahdﬁ4 o£.the acéompanying W
- 10 drawings._- | -
5. - Apparatus for: Stdring' goods comprising racks
arranged ‘vertigally 'and. 51¢n§s'fiﬁed{ and secured _semi-.
 circular lines.'-being-f'syﬁmétric311Y-'fdisposed,' and
loading/uniOadihg means having *én  arm, thé . said
15 loading/uhloadiﬁg means'béing]mduntéd on a column which is
supported _at-'the bottcm and..at_'thé “top and the said
loading/unloading means being're@atablé around a centre of
the semicircular lines, the.said'arm being movable upWardly
and dowhwardly~along'the Said*cdlumn; and raaially back and \&a
20 forth - the sald arm being movable outwardly to a selected |
one of the racks | v

6. : Apparatus sccording to claim 5 and also according =

-~ to claim 2_br-c1aim'3;

iy



