WAREHOUSE STORAGE SYSTEM DESCRIPTION FIELD OF THE
INVENTION  This application is directed to a warehouse storage system
wherein storage units are manipulated by one or more overhead transfer
units that can lift or elevate the storage units and maneuver them into

vertically oriented stora%%%lﬁgéénﬁ@{ﬂ%ﬁl slagks without the need to use
orkili [

conventional cranes an tS and in such a manner as to maximize
storage space by eliminating the need for internal aisles for manipulating
and/or handling equipment. BRIBFSOEBURMITION OF THE RELATED ART
Storage space is often an issue for many people and businesses. Whether it
be people living in small urban units, such as apartments and condominiums,
peoplEd&Wdiztig td SmiliéPthomes, such as for retirement, or businesses
generating stacks of papers and files, storage solutions are in demand. As a

result, offsitg, storage facilities have been lacreasingly popularstorage
system wherein storage units are manipulated by one or
more overhead transfer units that can lift or elevate the
storage units and maneuver them into vertically oriented
storage cells or intc vertical stacks without the need to
use conventional cranes and forklifts and in such a manner
as to maximize storage space by eliminating the need for
internal aisles for manipulating and/or handling

equipment.

BRIEF DESCRIPTICON COF THE RELATED ART

Storage space is often an issue for many people and
businesses. Whether it be people living in small urban
units, such as apartments and condominiums, people
downsizing to smaller homes, such as for retirement, or
businesses generating stacks of papers and files, storage
solutions are in demand. As a result, cffsite storage
facilities have been increasingly popular.

Conventional storage facilities typically include a
plurality of individual storage units, such as garages,
rooms, or lockers, that are housed by a static structure,
such as a one-stery building, multi-story building, or &
warehouse. These facilities are built to allow access to
the unit via a doorway opening. In order to use the
facility, a customer must be able to transport the items
to be stored to the doorway opening via drivewavys,

hallways, stairways, elevators, or the like. As a result,



Conventional storage facilities typically include a plurality of individual storage
units, such as garages, rooms, or lockers, that are housed by a static
structure, such as a one-story building, multi-story building, or a warehouse.
These facilities are built to allow access to the unit via a doorway ooening. In
order to use the facility, a customer must be_able to transport the items to be
stored t§ tREASEnay Bh&Aind Vid arivewiays S hatwayE, stailidys SSlevators,
or theTRETAE A 6361, & CusIBRARSE6fteRthasa®srert thailéfs tPdcksS, aAs or
other svebieles ttrtrahsport tRexdtems, tocbe storedrat-the gtokage facitigek

Furthes dhe-eustomer snayihave to1spek assistanca.in packiag ardpading the
items to be stored.  Another drawback of conventional storage facilities is

"dead space."” I%llje todthe neces%ar means for accessing the dogrway
openings of tHe Storage Units: storage Tachities have 518t of “Geatidsace”
that is'fakelT Up By&isles, dHielirayd sand TRIRFAYSTaREEn &P tistecRTSSBrage.
In an Btterdpt ty amitigateiagainst stmesobtheproblems assoeiated with
conventianakaHsitassteragedaciitiesiathesforsrs of storage have beasy

develgped, including, storage containgrs that are delivered to,a locatio

designated by a customer. The customer then loads the items to be stored in
these containers, and the containers are picked up and stored in an offsite
facility. While this type of storage system eliminates the hassles associated
with transpértirg: thé itgms tecbeistbred<oastordae faeility, these systems
still sgfferfram "dead spaceand theretorei daanotmaximizesiosage space.
After the sterage containers,aig loaded, pigked Lp fiom the.custormer's
location. ang delivered 4o an it faciity, heauy.equipment sich as, fork
lifts, cranes, ve%icles, ahd The Tike are used t6 move the containers into

storag8 HeHe” 1158 1 bF thiYh8afy Bqlipment PEqEHEE BI4r & Hhoint of
"dead'spagettsuéhas disiess totarvablel the stormgerontaftars @rbetmoved.
Sincecoonuentionad stordge sysiems:and:-facilities sufferrfrem&dead space,”

there ig & need.fora starage sysjem thatmadnizes-storage: shacee s
the hassles associated with transporting the items to be
stored to a storage facility, these systems still suffer
from “dead space” and therefore do not maximize storage
space. After the storage containers are loaded, picked up
from the customer’s location, and delivered to an offsite
facility, heavy eguipment such as, fork lifts, cranes,
vehicles, and the like are used to move the containers
into storage areas. The use of this heavy equipment
requires a large amount of “dead space,” such as aisles,

to enable the stcrage containers to be moved.

Since conventional storage systems and facilities
suffer from “dead space,” there is a need for a storage

system that maximizes storage space.



SUMMARY The present invention is directed to a warehouse storage
system that maximizes storage space by reducing the number of aisles,
hallways, and other areas of non-storage space. The warehouse storage
system includes a plurality of storage units that are manipulated by one or
more Qyerhead transfer units. The overhead transfer units lift the storage
units and maneuver them into vertically oriented storage cells or into vertical
stacks without the need to use conventional cranes and forklifts and in such a
manner as t6maxinize siorsgé space byialimisating thewagetdosinternal
aisles formanipydating and/aikandling equipmentsEhyspihe svarehopse

sto rr]aggiygg%gg Qfgheagggsg)t g\ﬁ/ﬁmg)%;g ;stgqgéls Mg@%g@é@grggen@gainers
with an X-Y-Z storage matrix, where X is a, side-to-si irection, Y is a
front%(g?br;c ?d%r%%%i%h,%%é Z Vsa]faet%%%g-ebgﬁSFnacdllereé iso%ngfm OMLdEf) 2
DrSCRIBTHON OF THE BPREELERRED EMBGDIRER TS t o Tk preseht
inverftiitisdireetéd tdwardhouseistoragéhfaciliteand methotis-forsafely
and efficienthy maximigingstoragaspace.utbe facdities.of the inveation are
designed ancicopfigused do1nermit amaximum number of storage, units, to be
stored wiihin, a given, warehoyse space.and yeteasily accessiple when their
contents are needed. The warehouse facilities gescrl ed heréin aré™°

genefallFHifly eltIdSeBEtiifiest REIFhADATT dbifer Side Wi anthoof that
protettthe Storageaniied belngstofed fromiambictwveath@rrcdrdidibitsywith
the reaf:beirgicut amay andsalls-being semovaddodactifate therdescription
of the statage systeMSn stores individual storage containers
with an X-Y-Z storage matrix, where X is a side-to-side
direction, Y i1s a front-to-back direction, and Z is a top-

to-bottom direction.



With specific reference to Figs. 1-19, a first embodiment of warehouse
storage facility will be described. In this embodiment, the warehouse facility
includes a large warehouse-like structure 20 that includes an inner portion 21
that is supported on a solid foundation 22 that may be elevated or built up
with respect to an adjacent roadway 23 so that stored items can be easily

loacled satoroF unloadec 1o ok oL AIRBrENiSes; e foadway may be

a driveway or parking area. In a preferred em ment, the warehouse
structure 20, includes a number of spaced columns 24. The spaced columns
24 define a drid MatEup oF Bepidlity ortsiass cetls o586 tRat individual
storage tHitd 28" Atdy be storad inestackedovertidallielatid nisHipaetative to one
another2©meé 70wy afich omes ceantn ofthis rid areiakvaystopense@s to:
permit the retreyat ofstoragerunits-26-s0pa their staragepOSItiaRs: of

storage units to be stored within a given warehouse space

and yet easily accessible when their contents are needed.

The warehouse facilities described herein are generally

fully enclosed structures, each having outer side walls

and roof that protect the storage units béing stored from

ambient weather conditions with the roof being cut away

and walls being removed to facilitate the description of

the storage systems.

With specific reference to Figs. 1-19, a first
embodiment of warehouse storage facility will be
described. In this embodiment, the warehouse facility
includes a large warehouse-like structure 20 that includes
an inner porticn 21 that is supported on a solid
foundation 22 that may be elevated or built up with
respect to an adjacent roadway 23 so that stored items can
be easily loaded onto or unloaded from trucks or other

vehicles. The roadway may be a driveway or parking area.

In a preferred embodiment, the warehouse structure 20

includes a number of spaced columns 24. The spaced



The columns 24 may have cross sections defined by one or more vertical
guide flanges that are oriented at generally right angles relative to one
another so that the storage units 28 are guidingly engageable therewith.
Although each column may have the same cross section, inner columns 24A
will preferably have "+" shaped cross sections so as to define four guide
chanfésErid Zhdeide Taufiing 2uBsvitPhadesgehsrally Teshaps eross
sectiors Hefiingawd opposibgiduide chammelsyand cotnes colenyis 240 will
have flanges definiagwa single- 0x d-cshaegd:guide channel, I his guidance
featutg,will ensiire that the starage ynits 28;heing handled are not,
accidggt%g%glacm edr.e c élsg)lin %:es 1por%jerred e[Cnbodin%ent, théa warehouse
structure 20 includes a piurality of horizontal beams 26 Aidh &Xferd
perpedictigry Betwhear the columns 24 and are generally parallel to the
solid foundation 22. The aorizontal beams 26 support the storage units 28
when they are instaragezgosiipnsvAscshewnsis-Figuresidrl9ethe jorzental
beﬁg@%&@o%pp@ﬂ:mmmg@ Uﬂig%Q&SMEEZ%%%@Q@%@BCQ@WVG the )
soli [ rm 3taging. areas 27 where, customers c ar
their é%%igcggggh?e%é%%ﬁ%g%%ggafg %iergE Bréa%era%?f g%ﬁgcgﬁt % atlﬁt-:-a)C he

roadways 3. Each storage uhit 2878 JeABFAMRF & Entlsssd Hettilinear,
box-Iike" BRI Baditg Bt dif hSRBm, "aAdS 16 6r Side valis sbthat the
storagergnits 28wan easilyiie verticatlys staoked Updn=eachdthess©ne of
eithesthe end arside walls-dsiopenable 0 as tonpreMde. acegssdedhe interior

of the it 28, AliRmalively, an.9peng £/.d00rs 1Ay, e proyided in ane or
e

more_of tchl% ggddOé lsidg W%L!g to alcl)%vlvnltemus. 0 beha lol to or removed from
the storage unit 28. Further, the storage anits 28 hay be made fidihdny

durabfe iteri C stich'as piashit 2 iiétal Siodd "Eompdsite taterals, or any
combihatieh dofcMaredver Tives storvkdpe omitse28umaywbeé reinforced with
othertinateriads sespegialy ifdarge, heiavy temas afede-bastored therein. it is

also prefersedihal suffigient openings are provided in the enclosed storage
unit walls to permit air flow there through so as to provide ventilation.

Also in the preferred embodiment, the warehouse
structure 20 includes a plurality of horizontal beams 26
that extend perpendicularly between the columns 24 and are
jenerally parallel to the solid foundation 22. The
1orizontal beams 26 support the storage units 28 when they
ire in storage positions. As shown in Figures 1-19, the
wrizontal beams 26 support the storage units 28 some
spaced distance abcove the solid foundation 22 so as form
staging areas 27 where customers can park their vehicles.
(hese staging areas 27 are preferably adjacent to the

coadways 23.

Each storage unit 28 is generally an enclosed,

rectilinear, box-like container having a top, bottom, and



The storage units 28 are designed to be manipulated by overhead transfer
units 40, as shown in detail in Figs, 19-28, with two such units being shown in
Figs. 1-19. Each carriage includes a body, which in the embodiment shown,
includes a rectangular steel frame 42 that is supported at each of toe four
corners thereof by support or pilot hanger shafts 43 that extend upwardly
from th&'fraié%anid throdghdipéni6ts Urams ard provfded in 2 éverhead
track ggsteimd5y THeatraek systermastformied by anslusalityi ofibiollove steel box
beams#6 that ase welded piratherwisesseeured 0 steel girdarstar reafing 1"
beams,akthe stiyeture 20,50 that the: cpen.slofs A4 are qriented downwardly.
The tragk sysigm.exiands above the peripheny, of £a¢ offhe cels g5 of the
grid in sgch a manner that the transfer units may be &“rectcfy an

selecfiden aligndd 8Bovethe ERIELSSHEsD FlaceaeRTagetinii s into a
cell 236Y R ateithe’ Storalge thfir 28trent oredbe5ub biat Bearig flanges 47
are foravied Orvoppositb:sides oftherslots cruwhiehtrackstaller eariages 48
are movably-supportednkach of thepilat-hanger shafis 43 is.ceptrally
securgd-io.g.separate illercayriage. oo The hox beams 46 that form the
track gyggermmg%elg%j[de t)_%t%elcopq_lgudlnfally éxtending sections 46A and
transverse sections 468 that are oriented At generaily FighitaRghs with
respett 15 OHEASHET The FoIIEF catfggessifRItas Hot- uppes drigiower
heavyekryrelierrbalt sets ¥9 and 59; respectirelythatguide thearsiages
withinthedox beams #iGwithdhe loner.gat beasing theweight of the transfer
units d4o.and-the,storage units 28. Alternatively, the roller carriages can only
include a lower heavy duty roller ball set 50 for guiding the carriages within
the box beams 46. Each carriage also includes two pair of wheel sets 51 and
52, with the Whe& S 51 engaging the fangash F ofthe mgittidinas
sectids AGA T thé WhERT sets 52 ehgagingthe flangés-4¥1ofitheigs.
transvérseé sectiors 468. sucl herlowerssinfaceswof aachoftheitragk sections

46A/Baie peavidestwith-geas Jacksoa4 With;which, drive pinign:gears 55A and

558 ol hiye assamblies.cauied by e tansier yfs 40 ais Jp meshed

engagemegtie\é/ighcsgaecific eference to Fig. 21, each transfer unit 43 includes

eight diive pinion gears 55A/B. fwd on 6aeh sfde SHRe fraife ¥ M4t are
engaGedPwith tHE YT rehadct 844 Figh 21 RFA16p prImview dfape transfer unit
40 shivwity fodr teerurcksactions 46: $uperimposedrovedthe drive pinion
dearsb5A/Ewith-iwe cf/thesectionsheirgdbe lopgitudinal task-sestions 45A
and tyie, being fherransyerse seations 463, [wpsdrive matorg 59;are mpounted

to the transfer unit 40 having outputs connected thorg gh 2pwer splitters 59
that q:rkilve first %u%ﬁ}[l éri%glté’%é t%ggo%lé%drrisvéj the pl#%ﬁ geIars fﬁstﬁ’rfough
four §B&r BoXES B5° SEcSRdAN UrivE otk Shafts 64 éxerit iihiafe gear

downwardly. The track system extends above the periphery
of each of the cells 25 of the grid in such a manner that
the transfer units 40 may be directly and selectively
aligned above the cells 25 so as to place a storage unit
28 into a cell 25 or elevate the storage unit 28 from a
cell 25. Load bearing flanges 47 are formed on opposite

sides of the slots on which track roller carriages 48 are



boxes 52 to the drive pinion gears 558. In this manner, all the drive pinion
gears 55A/B are uniformly driven at the same rate by the two drive motors
58, The gear boxes 62 are controlled such the drive output is only possible to
either the pinion gears 55A or 553 at any one time such that to move the
transfggvung 40slon%itl%dinally alokrgg th% }t}rack, system 46 from the back of the
structlire 20 Yoward the front tRefest giiy the  dfiveBiRien YEarsSssA die
powef&d aifd SuctEfEe Wién thewanster bRt 40 i Févetransversely from
side-to-side along the track system 46, only the drive pinions 553 are
powered. Thénmkaliespative embodiprantshown: ik Figs25, the transfer unit
40 caryhe provided wishJubber.drive wheels, 70 instead af the gear racks 54

and th@adré\‘/{%]pslnlosnegga(gs 554 43R.t}lf| . 25 is a top plan view cf the transfer
unit 40 Showing four gear frack sectiond 46 Shipetimposed’0&F e Yubber
drive WSS TNtV of THBSFaCk Setithoris BETG theTbRgReiRal track
sectiohs 45 and twodseingetiie trerrsverse Seckons463. Drive motdes 72 are
attached toseash of thesrubher deivecwheels 7Q.rEhedrive mgtors 72 are
contrelled hy,a-master engader, :2MI. on ope,of the drive mators 72 along
one cgégeilgn%lguedlggltrklatck geﬁggngri% nd anogheg(gnaster encoder 72M1
on oneé of thé rve motors 72 a ong one o the TrahsversaFack Section 462.
The Ma8t8FEoN arollers 70R t aRtF O TE Eontiest stavé BhEodeis 725 Grithe
otherdrive elwds72. . 13mehis:rramner ttherdiivemiotdiis FO:are controlled
such ¢hatiiagnovie thertranstar untn 40 longitidinady-along. the:drack system
46 fromythe. frontafhesstrugture 20 to.the back thereof and yice yersa, the
master gﬁ‘c%jeer Y%Ie—li ggggoﬁ tkelg %rl\/ie m%qars Emalong t7he !Sont itudinal
track sections 4%:5\. Likewise, to move the fransfer Uit 40 tracl’nsveresely along
the tratR%yStem A6 Femhiohe sidé GrhEisrubeire 2316 the 6pposieside
and Vige Versag thednaster encoduars T2MF centrofsithe eBive motors 72 along
the transverse track sections 463. The transfer unit 40 is designed to
raise and lewer thg.storage units 28 of the javeption, 19 agcomplish this, two
hoist mg%rsagg argomo%%teg. E%thg &;[[:ar}sf r ur%%s40i.t'|;lhe}9ut£)ués from these
motors are connécted through power spiittérs B5 to pairs of winding drums
66. G%fﬁlé%%@?%%h%naiﬁ% Bofdepeid fertRe ditinid 866! IGWer ends
that dresfikadnota fifting frarhe 90<thint fusstiohscasausprsader Biam to be in
selectively facked engagement-with an,upper pertian @f-oneof the storaue

units 28 visscoraegiecks 92. As the lifting frame, 90 isdowered toward an

underlyin storage uﬂt gg by activation of the motors 67, the frame 90 will
T AT JaTe ? _
engage a%gut the upper periphery of fis storage unit 28° AfteF Which: the

corner-focks' 725k AftomaticalfFifigifed 16 digagéthevstorabe dhr'Zeguch
that thretnits28 carrbe elevaiedtoid positonrinymediately adjacent the
transfentnit 48zas ilastrated in Rigo 1o inthis pesitionsthe tkansfee unit 40

can hengoved:along the track-sections46A.and 468 s9,as to.move the
storage unit 28 aboveC 90%25'£§Q stolcage dceII 25 in the gglgg. Further, the

storage Unit 28 can be Totated via a frannion 80, as shown 1A Fige 2622s.
After'the"SforabR gt 287 foddteth oY e tHe HESiretN BB 25 tHerstifage unit
28 isdevireretbuitit ftrests ohtie flooreofithes stroeture: 20y ore hehizdintalk 0
beama26,ariisseated enian URAeHYHISIRYRNNHE8. gear boxes

52. Secondary drive output shafts 64 extend from the gear



In tie operation of the warehouse storage system of the first embodiment of
the invention, a storage unit 28 is seated in a work area so that a customer
may load items into or unload items from the storage unit 28. Preferably, the
work area is located within the structure 20. Further, the work area is a
plurality of an air- conditioned, enclosed rooms so that each customer can
have alprieatecarea tohatt brauploada sterage imit 26: Altesnativeby,the
work ares nay ke anopen siegssuch as/a drivesin: aseai10r deckarea so that
a truck grothervebiclecanenterthe ywark arga. inanother %thog'meﬂt the
work area ¢an be in.an.a C1ea otpetr thacp the strLthture 20, asata

customer's rggdence After a customer is c?oneﬁoad‘né or unjroaceilng a

storage unit 287n the Work afe2Sthé stitage Uit 28 RhdVEd tothe Sikging
area 2?%%&&%@‘@%?5@ CGAES8Ts e Atdd iR thelstagingl Avea ZToanhe
overhea&rhnsfet emit 405 rranevers dbovetie storageunit ©8;@anddthe
lifting framef96rof the ovethead fransfer-unit 4@risdewerad orge the.storage
unit 28pQree dhenlifting:frame: 90.scattaghed 1o dhe storage yinit.28, an

operate, preferably with a rempte; gantrol deyice, hegins to raise the lifting
frame 9Q, aglgllsul% qyently the, stor unit 28, until they are dlrecﬁy

beneath the body of the transter unit 40, In thi§ posﬁlon the storage unit 28 is
moved to a Predetermined cell 25 Wlthln the inner portion 21 of the building
or structure 20. ThérEdtar: the operatdrfowetsctie liftidg frame 90hand the
storageé it 28intoia stéredrpositioryideg/hentt bédemes-necessaryo
retrievé an itemdront acstorage unit-28 thatissstoredibeneatinhastagk-of
storage sHits, assflows insFigeck, gne-ofthe transies units4Q.is moveg) over
the appipRrate ssil@éegmymgsfg@m%r%o s lowered until if autom%%ca"y

locks to 0,81 upp rmost sto unlt The ? ermost un|t IS eYevate
directl beneat tJhe b t etransfer unit 4 aﬁerw ich cfherﬁﬁansfer unit

40 is r)r%ov g aidhg the etr‘h?)]ti}%vtvgaﬁ‘d whiAs dfthe iftid"as ffdéfated in
Fig. 2. Ttie StBPA§e Efit 28 14 thert verdd iftornt erapty calk as shoved in

Fqglg_to each of the rubber drive wheels 70. The drive motors
72 are controlled by a master encoder 72ML on one of the
drive motors 72 along one of the longitudinal track
sections 46A and another master encoder 72MT on one of the
drive motors 72 along cne of the transverse track section
46B. The master controllers 70ML and 70MT control slave
encoders 725 on the other drive motors 72. In this
manner, the drive motors 70 are controlled such that o
move the transfer unit 40 longitudinally along the track
system 46 from the front of the structure 20 to the back
thereof and vice versa, the master encoder 72ML controls
the drive motors 72 along the longitudinal track sections
46A. Likewise, to move the transfer unit 490 transversely
along the track system 46 from one side of the structure

20 to the opposite side and vice versa, the master encoder



This process is continued until the desired storage unit 28 is lifted from the
storage cell, as shown in Figs. 4- 18. During the elevating and lowering of the
storage unit 28, the storage unit 28 is positively guided by the columns 25A,
252 and 250. Further, the storage unit 28 may be rotated via the trunnion 80
so that the opening of the storage unit 28 may face a desired direction.
Alternatijélyome storage uhiti 28 meypbe itatédndatatubrtabledosated on
the flooraafthe warkharegsl astly, the desired storage unit 28 is then lowered
to the staging area 27, where it can be moved to a work area for leading or

unloading. ;. Asprevious| tst%eg tgj%éqggg gntc(ljo%gd J?eogLOCE golwgfr the_
warehquse structure 20 may be divided into storage ce_ﬁs, as shown'in: Figs.
1-19. It ar” AftetAaVE SMBoditte At Sthe fitér poriion 2 £ St Bdllding 20
may be'6pert: k& aliafgedmity Watehotzeiith tife Strudtore Witheistorage
units 228 p&imittngethes verticak stackingtarrangementshowd iththewgliawings.
In thiscrespesh vach storage Upit 2&inaudesiuppes.and lewer regtangular

framegomponanisthat ate copnected by Gorneryertical stryts. The frames
are fogrrp Sd folahaea\éy S}?‘%LQJQ'QQ oﬁ e,Ilnke %hat W|II96)etrm|t trfle units to be
stable when stacked one on ancther. To provide for furthar SEAKility the

upper’and IBWERE6M &R the KtotagUAfts 28 bYc Inotided wrATHRRg
male dathfernalerouplings suchttvaetve storage emmits: 281¢annde shift relative
to anatherer 1okhe systenmrofihe presentinuention carsbe-apesated by an

operater,Qroperalors At fhesfadiliv, gither manually GT thrugh the-usg.of
compyters. Alfernatively, the system,can be confrolled automatically. By way

gallge .
of example, a customer, when contractin I storage, may pe given a

persona B Y b CSTeATET d it fiay RESST which, the corner

locks 72 are automatically tripped to engage the storage
unit 28 such that the unit 28 can be elevated to a
position immediately adjacent the transfer unit 40, as
illustrated in Fig. 1. In this position, the transfer
unit 40 can be moved along the track sections 46A and 46B
50 as tec move the storage unit 28 above a desired storage
cell 25 in the grid. Further, the storage unit 28 can be
rotated via a trunnicn 80, as shown in Figs. 26-28., After
the storage unit 28 is located above the desired cell 25,
the storage unit 28 is lowered until it rests on the floor
of the structure 20, on horizontal beams 26, or is seated

on an underlying storage unit 28.

In the operation of the warehouse storage system of
the first embodiment of the invention, a storage unit 28
is seated in a work area so that a customer may load items
into or unlocad items from the storage unit 28.
Preferably, the work area is located within the structure

20. Further, the work area is a plurality of an air-



entered into a control terminal placed at an accessible site adjacent the area
where the storage units 28 are elevated from the staging area 27. The control
terminal is connected to a computer system that verifies the number of the
access or bar code. At the time of verification, the computer signals one of
the transfer units 40 having a correct size of storage unit 28 available to
move tothe staging areal 3¢anddewersthe storageunit:28:.After-the gustomer
is done}é Igamgfrau@m@ngoﬁ@ §J;9@g%émig 2_&%%%;’\4%@%%%6}% t2h8€fh0i5tt5h
are su ent tomatically activated to raise the storage unit 28 from the
staging%g%%h%%%%ggyégs%%i%nw%n?ngé iate }7 6e%8waﬁ1éo ?sznsarlé%au nit 40! The
transfér Ghit'40 Tecaivés Stofigé posifioRCinfBithatior frdmthe®EBfitputer and
autom&ticafil niciie$ 16 B prédeternirfed arealdr ealit2swithlrrtHastorage
facilitytawdthen fowers thelsioragerunit 28 intoeethe jpredeterminedstesage

positiorn, suSkmilarly, whensa customerwanris-to retrieve items from a
storage unit 28, by entering his or her code number or by use of the bar

coded card, tt&gtgongroélgsrtco%mmunlc tes \fnth the com Ilﬁ%r. The computer

. er 1 on, oading.or adin .
communicates with one or more O?t e trans?er u%lts 40, anddfhgtraansfer unit

40 moVes & thé Hopropridte BaII "S5 sFaftrer, the tFARSRECURR40 MayTirst
move BPEEEr FRoFE SteFage tinits 28 #Y ordente ciitain aucass to theatesised
storage=anit28nAfter thie=désired-storage ainib28-dscsecittiec tadhedifting

frame 90 the-styageunit28s raisedJo baneath thehapsien upiti4@. Then,
the transfer unit 40 maves,Lo,a pesition ghove the staging area 27 and lowers

the storage ygrig 28. unitS h an Igu@to&gtlcl:s tsitgm can anorp,orate the use of
persona PIN AGMbETS ih combination with the 4€cés&¥odes ahd/or bar
coded’CArIE 6 providé atfdifigFfal gedurfl, an operator, preferably
with a remote control device, begins to raise the lifting
frame 90, and subsequently the storage unit 28, until they
are directly beneath the body cf the transfer unit 40. In
this position, the storage unit 28 is meved to a
predetermined cell 25 within the inner portion 21 of the
building or structure 20. Thereafter, the operator lowers
the lifting frame 90 and the storage unit 28 into a stored

position.

When it becomes necessary to retrieve an item from a
storage unit 28 that is stored beneath a stack of storage
units, as shown in Fig. 1, one of the transfer units 40 is
moved over the appropriate cell 25. The lifting frame 90
is lowered until it automatically locks to an uppermost
storage unit 28. The uppermost unit is elevated directly
beneath the body of the transfer unit 40, after which the
transfer unit 40 is moved along the empty rows and columns
of the grid, as illustrated in Fig. 2. The storage unit

28 is then lowered into an empty cell, as shown in Fig. 3.
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The automated system not only provides for secured storage and access to
the storage unit, but also permits items to be stored or retrieved frqm .st.orage
at any time, thus making the system completely compatible to the individual
customers. Further, in another alternative embodiment, the Warehou_se
storage system of the present invention also includes means for identifying

each sterage-nit 28.13ushridentificaion means;may.includs a radjo, .

requepgy: LISAIEGA N Sy SI ATADA ¢ade SYRICML Lorexampe, fach
storag§8unitDZ§:includées radio frequency identification tag, and the

520 18 equippedWith VARBIRT tfio e qtleHar fedtéts.

warehouse structdre _ : Ve . yre
Accordifrgly e TesRiETs dre able 16 dBeEiA Ity fromdpe idertfication tags
regardifighes position of each stérag&umit<28 intheswvarebousei202The
readers:thér transterthis informationnto-the COIBPULEES for mylggggaeg
storagese stthesforegoingsdescription of the presentinvention has been

presen ' t rinciples of the inventio qnd not to limit the
inve nt%éﬁ% Lgél?gg?t%u Il?alﬁregr%l%%%}?nee nts | Iu%étréntae% .gl? i$ iritended that the

scope of thé mvention be datindd by Affofthé EmBotnf&it: entsfipassed
within the Iy Breikis anth #iefrfedgivdlentd.overed to the staging

area 27, where it can be moved to a work area for leoading

cr unlcading.

As previously stated, the inner enclosed portion 21
of the warehouse structure 20 may be divided into storage
cells, as shown in Figs. 1-19. In an alternative
embodiment, the inner portion 21 of the building 20 may be
open, like a large empty warehouse with the structure of
the storage units 128 permitting the vertical stacking
arrangement shown in the drawings. In this respect, each
storage unit 28 includes upper and lower rectangular frame
components that are connected by corner vertical struts.
The frames are formed of heavy steel tubing or the like
that will permit the units to be stable when stacked one
on another. To provide for furthar stability, the upper
and lower corners of the storage units 28 are provided
with mating male and female couplings such that the

storage units 28 cannot shift relative to another.

The system of the present invention can be operated
by an operatcr or operators at the facility, either
manually or through the use of computers. Alternatively,
the system can be controlled automatically. By way of
example, a customer, when contracting for storage, may be

given a personal code or a bar coded card that may be

11



BRIEF DESCRIPTION OF THE DRAWINGS A better understanding of
the invention will be had with reference to the attached drawings wherein:
Fig. 1 is a perspective view of a first embodiment of a warehouse storage
facility in accordance with the teachings of the present invention illustrating a
retrieval of a storage unit from a bottom of a vertical stack of storage units;

Figs. Z'QF&QfgaP%%r%e‘éﬁ\éSn\@?Iw %ﬁ&w&%&%@% ggefggsg%aé;%ggilggiigwlof
further illustrating the retrieval process; ig. 20is a, U .
one of t%%fraanésjfge?eﬁlcit?oef tglffée‘lin\‘?’('éreﬁ:lgntlsq os\}\?r% SUSpERasY o Tftersecting

sections of overh&ad trakks ARHY WATER thé trahafef it aré Salektively
movablESirF BotR S ahdl By *HieCioNn S Hivd alseril ustritiig a Suspemsion
frame f6F cotipérativelycengagingtand é&caning one of therstoragei unjts of the
inventionasthe steragesunits are movertkaboutthersysiem andhstorage

facility ebthedovemionr storage unit 28 available to move to the
staging area 27 and lower the storage unit 28. After the
customer is done loading or unloading the storage unit 28
in the work area, the hoists are subsequently
automatically activated to raise the storage unit 28 from
the staging area 27 to a position immediately below the
transfer unit 40. The transfer unit 40 receives storage
position information from the computer and automatically
moves to a predetermined area or cell 25 within the
storage facility and then lowers the storage unit 28 into

the predetermined storage pesition.

Similarly, when a customer wants to retrieve items
from a storage unit 28, by entering his or her code number
or by use of the bar coded card, the controller
communicates with the computer. The computer communicates
with one or more of the transfer units 40, and the
transfer unit 40 moves to the appropriate cell 25.
Further, the transfer unit 40 may first move one or more
storage units 28 in order to obtain access to the desired
storage unit 28. After the desired storage unit 28 is
secured to the 1lifting frame 90, the storage unit 28 is
raised to beneath the transfer unit 40. Then, the
transfer unit 40 moves to a position above the staging

area 27 and lowers the storage unit 28.
Such an automatic system can incorporate the use of

personal PIN numbers in combinaticn with the access codes

and/or bar coded cards to provide additional security.

12



Fig. 21 is a top plan view of the transfer unit of Fig. 20 showing portions of
gear racks associated with an overhead guide track system superposed over
drive pinions of the transfer unit; Fig. 22 is a partial cross sectional view
through an intersecting section of the overhead tracks of the invention and
showing a side view of one of the roller assemblies that support the transfer

units afthe invention; sysfig. 23 i%@l@%&kﬁ%@'%ﬁ”@%@ﬁﬁgs€3r§5!§3Win9
the inirsectingssetion.af e oxvpread racks of the vention and.one of the
roller %gsgggtglé%sggages?uppeqwg thfertggng{ergnéts of thé invention; Ig. 24 is
a bottom View of one 6f thé rofler assemblies of thé Tivention Which support
the trdSTEIUNTES oMtk GRIAAGFEEKS COmPHIgD 25 iatleh pl viswadf an
alternativec@sisodiment of the transfer unit of Fig. 12 showing portions of
segments of an overhead guide track system superposed over rubber drive
wheels of the transfer unit; Fig. 26 is a Lop view showing the transfer unit of
Further, in another alternative embodiment, the

warehouse storage system of the present invention also

includes means for identifying each storage unit 28. Such

identification means may include a radio freguency

identification system or a bar code system. For example,

each storage unit 28 includes a radio frequency

identification tag, and the warehouse structure 20 is

equipped with various radio frequency readers.

Accordingly, the readers are able to obtain data from the

identification tags regarding the position of each storage

unit 28 in the warehouse 20. The readers then transfer

this information to the computers for analysis and

storage.

The foregecing description of the present invention
has been presented to illustrate the principles of the
invention and not to limit the invention to the particular
embodiments illustrated. It is intended that the scope of
the invention be defined by all of the embodiments
encompassed within the fcllowing claims and their

equivalents.
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Fig. 12 with a trunnion; Fig. 27 is a side view of the transfer unit of Fig.
18; and Fig. 28 is a top view similar to Fig. 18. Claims

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the invention will be had

with reference to the attached drawings wherein:

Fig. 1 is a perspective view of a first embodiment of
a warehouse storage facility in accordance with the
teachings of the present invention illustrating a
retrieval of a storage unit from a bottom of a vertical

stack of storage units;
Figs. 2-19 are perspective view of the warehouse

storage facility of Fig. 1 further illustrating the

retrieval process;
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1.An overhead warehouse storage system for selectively elevating storage
units, storing the storage units within a storage facility and retrieving the
storage units from the storage facility, the storage system comprising: a
storage structure including a first section for storing the storage units and at
least one second section adjacent said first section, an overhead track
system includitfy palirs of Sgacea wid fraraird trdcks i e firsedireetiofeex) and
pairs of'8patetfaferparaiiertrackshirra seconddgitection (Y thakising
perpendéctilaerte the firstdirection (X}, saidhiracks-extendingvwithin said first
and sea@adsseetions:0f;said-storage Hrueturgy alleast-ong powered transfer
unit mounted: 1q said uerhead, track system 50 as to be movahle in the first

directiogn%& ﬁ{‘gd é@ﬁ ssee%%andirectlon f(Y abotve said firgED section of said
storage structure and in at legst one of the first dtectish EX) @nd e second
direction (V) oVt &5id-SRcHi 38ttivhbf <ia Stovagesrubiike & ypttrdlity of
storagé Uit eargrirfdtéing a frarresfomsepposting items stored within the
storage unit, said at least one transfer unit including hoist means for

selectively engaging saichstaage smits.each ofisaid.frames heing . ¢

construated to parmit.items o, bedoaded intg or from.sald storage ynits, and
said stgrage units uk{%fggt\éggtf{casllgé tsé%ckable one czlibove ac?o,teﬁer, w ,ererby said
at least one transfer unit IS manéuverapié along said overhead fratiCe§stem
and said holst MEARESE 4B to lower one of said storage units into said
second section of said storage structure to be loaded with items and elevate
the storage @ait-fréi said secorid sectionr, aadithereaftarthe transieranit
conveys:the elevatgdssiorage unitdie-said first.sectionaf said.storage
structure wherein said heist eans; lowets the storage unjt info A stored
position.aad:whereln sald stofage.units,can be selectively maneuvered within
said first section of said Storage structure 1o 6btain accéds t6%aid storage

. invention; L . . . . .
units and wherelh retrieving items stored in said first section of said storage
structure is accomplished by elevating a selected storage unit from a stored
position andttheredfteéscenveying theoselectedvstorage mnit. from said first
sectioriofisaid storage: stusiure Jossaidi second:section gt said sierage -

structurg-andhsubseguently lawering the selected stgrage upit nto said

second,seefion such gt fems slpred in the storage Uit can be unioaded. 2,
The overhead warehouse storage system of claim 1, wherein said storage
structure further Includes a plurality of spaced columns, said spaced columns
being generatiy-péfpefdicliak 6 a Grew s serface oftherstorage facility, and
said ceRarnsldefining Sadiplurality of werticab storage wells antksaid second
section:aftsaitk-storage stRteiure= s he overhead warehouse storage
system of claim 2 wherein said spaced columns Include guide means for
guiding sai%gqrage units as pthpelstora%eW u(pgts are raised and lowered relative

an vr an alternative
to the groun,d Surface.
odiment cof the transfer unit of Fig. 12 showing

portions of segments of an overhead guide track system

superposed over rubber drive wheels of the transfer unit;

Fig. 26 is a top view showing the transfer unit of



4. The overhead warehouse storage system of claim 3 wherein said guide
means Includes flanges for engaging said storage units, said flanges having
channels within said spaced columns. 5. The overhead warehouse storage
system of claim 1 wherein said storage structure further Includes at least one
horizontal support spaced a distance from a ground surface of the storage
facility; gaic: at least one-hogizogtal support supports said storage units when
said storage units are stored in said vertical cells. 6. The overhead
warehouse storage system of claim 5 further comprising a staging area
located beléw3said héifzental Stippott andl adjacermne Said wedonetsédtion of
said stbragedtructure. 7. The overhead warehouse storage system of claim
1 further comprising a staging area located adjacent to said second section of
said storage lstrucztgr%.s 8&.1 11':he overhead W:itrehouse storage system of claim
1 wherein said frame of 6ach of said s?cl)?négea finit® iefud upper and lower
members connected by vertical frame members and between which items
may loaded such that said storage units may be vertically stacked one upon
another.
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9. The overhead warehouse storage system of claim 8 wherein said frame of
each of said storage units is generally open on at least one end thereof to
thereby permit items to be loaded into or from said storage units. 10. The
overhead warehouse storage system of claim 8 wherein at least one of said
storage units is substantially enclo aI%gvall portions to thereby protect
items in storage from damage. 11. The overhead warehouse storage system
of claim 1 wherein said hoist means of said at least one transfer unit Includes
lifting_frame for engaging one of said storage units, and cables far raisin
0 lowiiing Said Tiing Hama FaRtve e Sart at Tokat dhe ansfer Lt 12 1Y
TheGerhgad WardABuse stotagé 'systetf of tfaim P #fferéin ‘daid 4t fdast @
ohe tragvsferamitl includesdotatinglimeans fohmtationadlysupportmgisaia hoist

mesnstherefrom. £3, Theovethgadwarghause storage; system of claigkhge
wherein sald plurality;of storage, units Includes storage, units, of different sizes
for _accommodatln% items of different sizes. _ _ , _

units and at east one second section adjacent said first
section, an overhead track system including pairs of spaced
and parallel tracks in a first direction (X) and pairs of
spaced and parallel tracks in a second direction (Y) that is
perpendicular to the first direction (X), said tracks
extending within said first and second sections of said
storage structure, at least one powered transfer unit
mounted to said overhead track system so as to be movable in
the first direction (X) and the second direction (Y) above
said first section of said storage structure and in at least
one of the first direction (X) and the second direction (Y)
over said second section of said storage structure, a
plurality of storage units each including a frame for
supporting items stored within the storage unit, said at
least one transfer unit including hoist means for
selectively engaging said storage units, each of said frames
being constructed to permit items to be loaded into or from
said storage units, and said storage units being vertically
stackable one above another, whereby said at least one
transfer wunit is maneuverable along said overhead track
system and said hoist means is able to lower one of said
storage units 1into said second section of said storage
structure to be loaded with items and elevate the storage
unit from said second section, and thereafter the transfer
unit conveys the elevated storage unit to said first section
of said storage structure wherein said hoist means lowers
the storage unit into a stored position and wherein said
storage units can be selectively maneuvered within said
first section of said storage structure to obtain access to

said storage units and wherein retrieving items stored in
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14. The overhead warehouse storage system of claim 1 further comprising
controlling means for automatically electronically controlling the identification
and/or the retrieval of said storage units relative to said first section of said
storage structure, said controlling means including electronic means for

denying & stgrags unit and actiyaling means for actating sald atleast one
transfer unit to appropriately store or retrléqve From storage an ﬂennﬂ‘g

5ior&dé Uit 5. A miativsd for stofing #em¥inta protected Etorage strdcthie™
havingee first Seetiondn vehich $tdrageamitscfor hovsingpitemstherdinmay ded
\f&ﬁﬂ_@ﬁllyﬁg@lﬁ@@ re l@five_sigiwe anetherand arsecana secton adjace BEt®ond
the first sectionin; which items may, he logded to.orfrom the storage, upits- and

wherein_the storage units are selectively raised, lowered and maneuvered

SRR e SioTg SHEtre Using At ISast o1b (ATSTaT vaRIEIe thatie Povatis
alotiecarn byefedd gfidtradiosystentand whithfclieessa fidist assembly
including means for engaging one of the storage units, the method including
the steps,ef: A-Mowing theatdeaskene dransfeevehicle along the gverhead
gd track system 50,3 to be above a storage pinit and lpwering the hoist ;
assemb?y so the engaging means engage the storage unit; B. Using the

Rbist %%ééﬁfbly 6 eV ite théae]rfbag%%aé‘t%?agé%Wd rr?c?\?iﬁﬁ th8 At FeastY
paerrarstervetiiclecalengithevoverkead grid tralck Secasstodse withifpthiel 1ty ,
second section ahthe stofage siruchire and:thereaftepasimgrthedigiststorage

assermbly,to loyver the sigrage wpit carded thergby.pio, the second gection;

C. Moving items into the lowered storage unit and using the hoist assembly of
the at least one transfer vehicle to elevate the loaded storage unit so the

fbaded StSrage it R ord tIGEeEN Spacsd 16 € at feastBhe ffansferaim 2

vekicksin said spaced columns include guide means for guiding
said storage wunits as the storage units are raised and

lowered relative to the ground surface.

4. The overhead warehouse storage system of claim 3
wherein said guide means includes flanges for engaging said
storage units, said flanges having channels within said

spaced columns.

5. The overhead warehouse storage system of claim 1
wherein said storage structure further includes at least one
horizontal support spaced a distance from a ground surface
of the storage facility, said at least one horizontal
support supports said storage units when said storage units

are stored in said vertical cells.

6. The overhead warehouse storage system of claim 5
further comprising a staging area located Dbelow said
horizontal support and adjacent to said second section of

said storage structure.
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D. Maneuvering the at least one transfer vehicle along the overhead grid
track system so as to be above a predetermined storage area in the first
section of the storage structure; E. Using the hoist assembly to lower the
engaged storage unit into the predetermined storage area and releasing the
engaging, means.of the hoist assembly from (he storage unft ERefrieving

itéms stored within the storage unit %y moviongat%e at least one transfer

vERIEIE AlofigtRE bvetAedt giid ALK s§stem thé aové tHé prédetsfminiad
storage avea ahehlowWerirg theshoist assetbiz sothe engaging means to
engage the storage unit; G. Using the hoist assembly to elevate the engaged

gtoragerynit apdthgreafter moving the atlegstgpe t er.vehiele along the;
overhead grid. t ac€r5¥ftem go the ﬁecgpd seggon of the storage structure;

and rIgl.llﬂlsi%aglt e hois easgemgleycto I6werthe stosrgﬁﬁa §it into the s%%%n%des

SEEoh 6fthe lstyfdge™SiiGtife aRATERTGVING KerfiSfforRdhe Storagefioers
364The=method ohtlaim 15fusthergomprsing amadditionat stepiof positivelye
guiding the, starageunit-as the storagedinitis raised anddewered.

9. The overhead warehouse storage system of claim 38
wherein said frame of each of said storage units 1is
generally open on at least one end thereof to thereby permit

items to be loaded into or from said storage units.

10. The overhead warehouse storage system of c¢laim 8
wherein at least one of said storage units is substantially
enclosed by wall portions to thereby protect items in

storage from damage.

11. The overhead warehouse storage system of claim 1
wherein said hoist means of said at least one transfer unit
includes a 1lifting frame for engaging one of said storage
units, and cables for raising and lowering said 1lifting

frame relative to said at least one transfer unit.

12. The overhead warehouse storage system of claim 11
wherein said at least one transfer unit includes rotating

means for rotationally supporting said hoist means therefrom.

13. The overhead warehouse storage system of claim 1
wherein said plurality of storage units includes storage
units of different sizes for accommodating items of

different sizes.
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17. The method of claim 15 further comprising an additional step of moving
the storage unit to staging area so that items may be loaded to or from the
storage unit. 18. The method of claim 15 further comprising additional steps
of electronically accessing an electronic control device for controlling

pvement of e of least one transfet vehicle and elecupnically requssting
the retrieval of a predetermlnea storage unit, whereupon the receipt ofa

fethEVarreqGEBE THE Bt feast ORETrANSBP vefieR Sutofticali fétfigves e ¥
recpuested storabe unitandotransferstthe retrieved Storage amit tonal/or  the
requested location.s:9.d hesmethod ofglainy 18further eomprsingzadditionak

steps;fplaging.an identifying meaps for. glectronically ideptifying each ptthes

Stori‘%% ignlts 051 the storage units an CPI’OV,I(%;Q remate readers for

&gr%munl%gtineg Wwith the | en%?ﬁﬁgsj means w er56y¥ﬁ3?ocgtio%t8 856h Ut

§ﬁﬁagéqﬁmﬂ§§%ﬁmy(%ﬁéﬁﬁnéag‘ activating said at least one

transfer wunit to appropriately store or retrieve from

storage an identified storage unit.

15. A method for storing items in a protected storage
structure having a first section in which storage units for
housing items therein may be vertically stacked relative to
one another and a second section adjacent to the first
section in which items may be loaded to or from the storage
units and wherein the storage units are selectively raised,
lowered and maneuvered within the storage structure using at
least one transfer vehicle that is movable along an overhead
grid track system and which includes a hoist assembly
including means for engaging one of the storage units, the

method including the steps of:

A. Moving the at 1least one transfer vehicle along the
overhead grid track system so as to be above a storage unit
and lowering the hoist assembly so the engaging means engage

the storage unit;

B. Using the hoist assembly to elevate the engaged storage
unit and moving the at least one transfer vehicle along the
overhead grid track so as to be within the second section of
the storage structure and thereafter using the hoist
assembly to lower the storage unit carried thereby into the

second section;

C. Moving items into the lowered storage unit and using
the hoist assembly of the at least one transfer vehicle to
elevate the loaded storage unit so the loaded storage unit
is more closely spaced to the at least one transfer vehicle;
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D. Maneuvering the at least one transfer vehicle along the
overhead grid track system so as to be above a predetermined

storage area in the first section of the storage structure;

E. Using the hoist assembly to lower the engaged storage
unit into the predetermined storage area and releasing the

engaging means of the hoist assembly from the storage unit;

F. Retrieving items stored within the storage unit by
moving the at least one transfer vehicle along the overhead
grid track system to be above the predetermined storage area
and lowering the hoist assembly so the engaging means to

engage the storage unit;

G. Using the hoist assembly to elevate the engaged storage
unit and thereafter moving the at least one transfer vehicle
along the overhead grid track system to the second section

of the storage structure; and

H. Using the hoist assembly to lower the storage unit into
the second section of the storage structure and removing

items from the storage unit.

16. The method of claim 15 further comprising an additional
step of positively guiding the storage unit as the storage

unit is raised and lowered.

17. The method of claim 15 further comprising an additional
step of moving the storage unit to staging area so that

items may be loaded to or from the storage unit.

18. The method of claim 15 further comprising additional
steps of electronically accessing an electronic control
device for controlling movement of the at least one transfer
vehicle and electronically requesting the retrieval of a
predetermined storage unit, whereupon the receipt of a
retrieval request, the at least one transfer wvehicle
automatically retrieves the requested storage wunit and

21 °



transfers the retrieved storage unit to a requested location.

19. The method of claim 18 further comprising additional
steps of placing an identifying means for electronically
identifying each of the storage units on the storage units
and providing remote readers for communicating with the
identifying means whereby the location of each storage unit

is easily determined.



