1 SYSTEM FOR STORI NG AND TRANSPORTI NG TRANSPORTI NG CONTAI NERS Syst em f or
storing and transporting transport containers or the |like of the generic
type stated in the preanble of claiml. 5 There are very nammmmwmmmmmWMMand
di verse designs and constructions of storage and transport

exanmple, it is known to equip the aislestof high rack storage fagjlhties
wth rails in each storage level, in order to provide
cont ai ner -t ortj vehicles which can_travel horizontally on these
ol e, SuchSZOTEM R ST RS I AN ROR IS KR SBERING oK 8NaAS 102 54
647 A to nanme just a few exanples. Storage systens for renoving containers
fromstorage using satellite vehicles are disclosed e.g. in DE 10 2007 010
191 Al or  DRYSOMIFPIORIETSERAPOrting KaneROS TS AT SR of BF geBA ype
docunents, sy&deRmthediredhibie df¥Bfn Aequi re the sequence, in which the
respective containers are stored or discharged, to be determned in
advance,® wherein in particul ar discharge and receiving devi ces have to be

provi ded upshéreare Qérytrmyrdﬂ‘féféﬁigma)G‘Ne%ésdesidhs%rnd%nﬁﬂjd%t%/bﬁjﬁorﬁgé bAd N
buffers or collecti ng or sortlr&gﬁl ines, to nanme just a few di sadvant ages of

t hese known!"@RROPEF¥SIERS) Of RXameRiBitibs KBPWN fheayir thedjdleeANigmiAsk sPragyot i at e
transverse maftidsOwigh f=ilsimédchidrage ieRelpndRterte phsvidl Soiandarhreporifgoved, the

transfer points of the respective path sections require particular nachi ne
el

el enent s whYFesphich sar raye! hREzAndalY oniiese raly cPudsSalylions At ¢isdesesres or
the |ike 2pAH ovyiee3 R GHOMY0SEH6ATA th ikl jlidteTerRampleEr onted with
partially conflicting require- nents. In addition to efficiency which,
where possible, is so high that the picking personnel are continuously
;JL il sefl tOStb?ég%Csiy%bdémstfbﬁﬂ;]%dvﬁwrgrggcoﬂ%‘ir%érﬁfrﬁﬁrs_t&a§@inh rs@t@mtét m};&%mlew tgi_n t
e system expressed a e _numpber of containers_taken out o aced into
storaée pergﬁﬁ?ied&'gtipﬁwg(&? Q)1r0d199r1sAEﬂrol{ﬂE30zﬂo% 08 258 ddessed ilr[: t he
shortest time 30possible after they have been generated. It is also

advant ageous if the containers which have been renpved from storage are
di schar g‘ed 13 desrEibpd B hereraferersedqauneantie syl ehthisdypRFrObITe fience ot her wi se

sorting nusgeduakés, i ARRh tifcsPECNE cohtalinB R HeQeedlBl di¥&HPskd ko t he storage

facility nust be fé nally sorted either manually or with additional
t echni cal O&tprényne in advance, wherein in particular discharge and receiving devices have to

be provided upstream of the racking systems, in order to provide certain buffers or

collecting or sorting lines, to name just a few disadvantages of these known systems.
20  If the containers in such systems have to negotiate transverse and longitudinal paths

in order to be discharged or removed, the transfer points of the respective path

sections require particular machine elements which can transfer the containers, such

as turning platforms or the like.

25  Automatic picking storage facilities are confronted with partially conflicting require-
ments. In addition to efficiency which, where possible, is so high that the picking
personnel are continuously utilised to capacity, there is a desire for a short reaction
time within the system expressed as the number of containers taken out of / placed
into storage per unit of time, i.e. orders should also be processed in the shortest time

30 possible after they have been generated. It is also advantageous if the containers
which have been removed from storage are discharged to the pre-zone in exactly the
desired sequence, since otherwise sorting must take place, during which the goods
delivered from the storage facility must be finally sorted either manually or with
additional technical outlay.
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35 *2 On the one hand, it is known, for the |ower range of efficiency, to
use standard racking serving units having one or several |oad receiving
nmeans, the efficiency of which, however, is often not sufficient when a
single device is used, nulti-aisle systens are then installed with
correspondi ngly conpl ex conveyance techndl ogy in the pre-zone of 5the
racks, on the other hand hi gh-perfornmance-contai ner-storage systens are

known whi ch el ccordance with the pri.ngiple that lural ity of
movenent s aP8 e re bk i RIAFLIF e [ehet, rhgbior SBRSy. oo e SpBuaiiiacish 30 o7
623) or Rot savioganitd haseg eryebremayewibade@amdleglmeens,ttﬂiEeﬁfiaiehcytdeartlhictHjeyblseI ect
their stora val Lstor.age-entry activities fromthe .l ongest. possible
list of or dg(rgl‘xs'g\%g’ '?ﬁg ot %tes?f%“fﬁggwxgb?isfﬂgleed"atvﬁcg 'p U ?é\\%ﬂ'"i"?ﬁ% Y59 ARd thei r
stops. Thi sthes imstalledwithroeregpdridirigheconemien cavepdndedectmotdygrin trfquéizbﬂélgti nme.
It is |ikew,se not ssi.ble tao . directl enerate the sequence desired at
Lhe pi ki ngTBIATTORT T e e sTerntiertalrtutefet dheos Ve ws e kRt ha

desi gn ar e whishiopguitsinetcordahdewhtathe drinaiplertahicd puediity sfongplemenpy ezones are
required in fil.the r

rder to fu ui red..di St rj j unctions. These
pre- zones a?%rf egdy Py ['eelﬁ‘gtlh\?@f;h P@%ﬁi%’%dséf)gﬁee{dﬁgé Q?B%:S) FRYFHYEi nt o
servi ce canfesetsystedaparedependenedmh detfastahat, they seidct dhdir stbragehangi ng boundary
compl ex contAyRES kBl 3 asdrdh B nesEPhatid e OileB S5 BRC Bel nt onance
pur poseso 26arheptobigettieirafavelling pathieand Owriristodso Thisoy iatleartante wmrs] plﬁré I:I and I
st orage sys i i ighly.flexible and. can, di spense .w addi ti ona
buffer Ii neée%mé%\?krg@?#iaza 4&%@?'%&5’1?‘%'5 I%ngsea@t R%?ﬁ%?%go we[chy gePsiatur al
el enent s whthetseghenugedesied di the picking stdtion o Migh-perforinbiaces tordgetsystems2é t h a
obi cot i o s BURRY osibuPateatinhed B Fe eyl r BiveicorP pRRBTZo0RE veni ol o
whi ch i s eqaieppeudrediit lorder taiulfil thempadirdal dsttibationl fumatignsreThesei paazansk are
floor-c at i bl ravel | i ng mechanism and. a racking,system havi ng
Fai |- ot e et B e i S A ATLA T Ry RBH Y <Pl BRI bt er
words, the eféduticdledf diaetostbpagiay otiidave toriditpnee alfeequdpireiemfio aisbhiee
rail - mount egbiﬂg 90 E;:Llig%%éels%\{g Is.uéhr c?ovrr%lle)l( cr:]o%vg?atnrése'systems in the event of a

malfunction or for maintenance purposes.

20  The object of the invention is to provide a transport and storage system which is
highly flexible and can dispense with additional buffer lines, collecting lines and the
like, as well as with structural elements which change the direction of container
transportation.

25 With a storage and transport system of the type stated in the introduction, this object
is achieved in accordance with the invention by at least one vehicle which is equipped
with a rail-compatible travelling mechanism and a floor-compatible travelling
mechanism, and by a racking system having rail-mounted and floor-leve! travelling
paths for the vehicle. In other words, the vehicles have separate travelling mecha-

30 nisms for the rail-mounted and floor-ievel travelling paths.

With a corresponding storage and transport system it is thus possible to use both
floor-level and rail-mounted traveliing paths for the respective vehicles, which leads to
a series of advantages.

35



Wth-a correspondi ng storage and transport systemit is thus possible to
use both floor-level and rail-nmounted travelling paths for the respective
vehi cl es, which leads to a series of advantages. 3 By neans of the
invention, it is possible to produce e.g. storage systens which have a high
storage-entry and renoval -from storage efficiency and which function

w thout any fixed installation in the pre-zone of the storage facility and

at the sane_tine fulfll the requirepent of short reaction tinmes and correct
renoval - f r ¥ SEBRSGEN %éB{GB‘n’RPe'W%P‘??S!i"%‘Og‘HP‘F‘i“@aer\Q %%?SﬁFyStqrﬁérJ‘?‘@ﬁ?l"

points can %Eé@@%ﬁyldhd&eﬁb%lf@hestm@@mm ahd aichdusdtdAGAthbuom t he
storage facility. per f ormance pic |ng war ehouses are al soggeo&mble in

Hi
whi ch only ad‘yrﬂxﬁiil'ﬂf q’@?'orh@tth?/ereﬁ%‘ﬁeﬂﬁlﬂtea‘?t Bg6ifiEneng at thaspmet hin the

rack and whhe ReqiirBméht §f shORRPE&dtioh fineg afig cafreaqembvm,tdnoetomyewqb@wdehe use
of flat transverse tunnel aI SO égrow ded i n an enmho of the invention.

10 Enbodi mehsignifisant getenhy rpema%gameo@am%dt"h@flgagkﬁrfa?m@"eﬁh. ns. As

al ready i ndirfyaditdndd fréth khe ét&% 8 fadillty. CH@h%rfBFrﬁé/ﬁdéQﬁcl&ﬂWan‘éh@usfe%(éﬁé agosystem
is equipped with tunnel-like rloor travelling paths in particul ar

t r ansver sel RPS§iolen iy whipt 0PIy @gminiieurp &f PCtWBU”Pﬁcé‘é”'P?'aﬁPé’I'H’?% isjaetRked Wifih ei n t he

rail - nmount elﬂe'frécﬁ(VeﬁidMHI@h ék@t &ﬂﬁpsadt ih tAhd bﬁddn@frudt@hhﬂmﬂg’ﬂ@hh@b% esflaef t he
racki ng system In oth the fropt |on di nal . beans of the

mul ti - | evel TANSURTSH GNP %?H ereﬁ'ssﬂn%}em Pﬁ’men °f & IVERERRt ed travel | i ng

pat hs. jthis design renders it possible to utilize, by neans of the pre-set
routes, which are general| rovi ded for accessi n t he rack ai g in the
racki ng unllfmaﬂqjmégté oggq%ﬁégﬁlog@{qgwggggtﬁew? g RAMs; Qs FB Y by neans
of their tuRgiehtel lbki@flyjﬁﬁdvgnlt caiBe ProvideRAGR tDRICRING Restemrio By Gispadwith et el y
fromthe first rack level as a racking unit V\/mch results

conmpact con$PPeldice BRORAFRVEYPY REINA P! arttF?é‘Sg%{ﬁ%yﬂ'@rrﬁﬁ‘?cﬁﬁ’ﬂgﬁﬁ'goof a

racki ng uni gouredFaldlingsuhs, Merdi® thel rail-Att@tddanselling prth%hl@'m lﬂ\/pféﬂtdum each
vehicle is equipped with dedicated | oad receiyi nr? means 8 El?@
§ iPRlksaMsPf 4

enbodi nént ti'"'% '%ﬁ"s%s'%ﬁafl 1B ERFNG FYSIETE SRHAIAT WS d (F%”tu‘m@mt”

conput er, WREGHUITRAIBSrabkIA sydiém ¢appai eSomatheailmbimtdnslefing pesed
conpletely automatically both on the floor-1level and rail-nounted

travelling paths. Therefore, AGV-functionality (Autonmated Gui ded Vehicle

System of THﬂ@d@Q%@FErﬁb%St bSssHION ifgh, tyMhednsaf Y Rt Aluteddwalaidig
novenent within the rack-rail system and within the surface area on t he

floor) the 9RWrlPredded far aereasig the erbaisiesr the ragking LTS AE aRN8Rd on t he
drive sjpgle garyvbsklyafitht reBpddtHaréto \masssT tAdietinAOMKE debigh ! theairgpacd he

above these routes completely from the first rack level as a racking unit, which results
in a more compact construction whilst maintaining the same storage capacity of a

racking unit.

25  As is known per se, in accordance with the invention each vehicle is equipped with
dedicated load receiving means and in an embodiment is also equipped with a control
and drive unit linked to a computer, which means that the vehicles can be moved and
activated completely automatically both on the floor-level and rail-mounted travelling
paths. Therefore, AGV-functionality (Automated Guided Vehicle System) of the

30  vehicles is provided.

For the purpose of advancing movement within the rack-rail system and within the
surface area (on the floor) the vehicle is equipped with two travelling mechanisms
which on the drive side consist of two motors and associated power electronics. The

35 two motors are connected to the right and left drive wheels of the two travelling



35two notors are connected to the right and left drive wheels of the two
travelling 4 nechanisns by a respective transm ssion. The notors can
rotate independently of each other at the sane or even different speed. For
journeys within the rail system the two notors will always rotate at the
sane rotational speed. For a journey on4he floor, identical rotational
speeds produce straight-ahead travel, mhereas different 5Srotational speeds

pernmit cornerin i fferential steer

i nventi on, ‘?C'\ag'sé] g’d $E5Re A trtaH%{P'sé'Seh %)EHP&‘PFE C(?:grrq%{% 'B%eeoﬁ ngeﬁtﬁ/ %At | east
one sensor daeh odﬁeﬂmbrsgn@bﬁte&éh eIBfeaemﬂlsmea‘ d?orqiﬁtrmgmgnrpmlrali system,r kers.
Det ecti on of obstacles n be

scanners 1(5%%’"8@6@\”&'@ Vi réfﬁ%l3 at éﬁ&aﬁ‘&r&ﬁ%ﬁéa%f’ cf)ca%r@dg%r%g 8§hésaS§Ll ly
automat i C GRBE, iddntipAle6RHLHR Speis fhedwelttraigptabyadteaves wierddsadifferseinsor

devices. Wth correspondin oSi ti ed. sensor narkers it is e.g.
possi bl & t JOlipRRl SPE Wﬂrc "l?f'”%?ﬁ%éé’%'?' sﬁe‘f{né‘f)erred | ane path by megns

](c)flzhe cor][espo][lfjl ng I15ref|ectio|n i.e. in order to permt autorratlc
iltering fromfloor-level trayve a|I- rave r
posi tion of"ERECTFRRAE 'g‘ 'g'ﬁr‘ln“ﬁgt'%t‘té? ﬁ[sﬁé’éové bvg '8‘8 %eﬂ Bg\%gw‘ﬁgrtl ng

posi tion U%tﬂ@s@@h@b@%oﬁwugwbtl@ol&itms &ﬁmmfl’dnaemtrmbcpombm ovarkeggiui red for
this 20purpose re

ng to the distance travelled and
mai nt ai ned '?%t%tl?t”é%?ﬁbﬁfgﬁlﬁs %%EEP a@{"ieﬁjee - RIINER TS SoF '?cﬁlgg%'rscg%%)or s.
Si nce ofy ackLMprovide\thé bAYIS afd Hidtaricsiof lweaeebttaelesur rent vehi cl e position,
which is calculated in this manner, has ever increasing deviations with
respect to the real position as the travel distance increases, it is not
possi bl e byFuipaionedtictddholprbdeadresl calne)etabhmed}oyméana of thegesefsoar ney over

t he 25free surfac rea to t oi. .nt |ntor he
racki ng uni evifeSa %ﬁb rwapgqﬁqqg ﬁyf&# %F%r rparggar {is %% tpgg%:@%zg%y I'n
L hlt S caseh dayétfﬁm@cmﬁe'l'ofraﬂmmmmteférm led pathdyanednses trwthnreepmmwge
etween the right an eft rail 1 th a_.deqgree of, accur is better
D han absut rebeshn g, el el ethan MEe foB AR R R YRl Bl 1oy of
magni t ude caBufed gawdiensated for by neans of nechanical |ead-in chanfers,

30whereas | arger deviations could result in the vehicle becom ng stuck at
t he entrance

The current position of the vehicle can be determined on the basis of a known starting
position using coupled navigation algorithms. The information required for this

20  purpose relating to the distance travelled and the direction maintained is obtained by
measuring the revolutions of the two motors. Since on account of various error
influences the current vehicle position, which is calculated in this manner, has ever
increasing deviations with respect to the real position as the travel distance increases,
it is not possible by means of this method alone to carry out a longer journey over the

25  free surface area to the point of entry into rail system of the racking unit or a picking
station with sufficient degree of accuracy. iIn this case, "sufficient” means that the
vehicle arrives at the centre between the right and left rails with a degree of accuracy
which is better than about + 2cm. A lateral offset (positioning error) in this order of
magnitude can be compensated for by means of mechanical lead-in chamfers,

30  whereas larger deviations could result in the vehicle becoming stuck at the entrance
or suffering mechanical damage. For this reason, at the end of a journey, i.e., ata
distance of ca. 3 metres from the destination (e.g. entry into the rail system), a switch
is made to a different - more accurate - relative locating method: with the aid of a laser
scanner which is mounted on the end side of the vehicle, two reflector markers which

35  are mounted on the left- and right-hand side directly next to the entrance to the rails



or suffering nechanical danage. For this reason, at the end of a journey,
i.e., at a distance of ca. 3 netres fromthe destination (e.g. entry into
the rail system), a switch is nade to a different - nore accurate -
relative locating nethod: with the aid of a | aser scanner which is nounted
on the end side of the vehicle, two reflsector markers which 35are nounted
on the left- and right-hand side directly next to the entrance to the rails
5 are detected and their position relatjve to the vehicle is,.nmeasured. From
t hese neas@edetpsiedend tb\ﬂ\pﬁci’?'tlﬂ'?a{ﬁﬁ V%@ﬁb?&ﬁ?'?'ﬁ '%@e?ﬁge&/eﬁfoﬂ Le&ént i nues to
nmove cl osermédutdtevahis’ aRRA chhigd Sorzemdly Ak ehdyehisiatentinlies toi hald doserad uat i on
algorithns to performa journey all the'z\%ﬁé tq t he qenére gf t he entrance
with a suf fthe PRFRNCEel isROSSPIeRMFRRSOf Sitahie e¥RIuianAFYENBR L RYY NS et hod
resi des in jbhiRef afthelvitiito t7d EdHaregdt thdientrers witch sudfidies degretloé at@sasy. sensor
do not have the | evel of accuracy required for the task, skilled filtering
of the feasured val ues and fusion of the sensor neasured values with the -

i kewlgteherfr%rdi&rr@ﬂ\%rrtesgfavt?mh V’t?]d}d"'ilfe@rdﬁgﬁr? Pe fadt thd‘l?alt?@f)fglgﬂ?,m“ﬁucédf is batsled
upon e neasurenent o e wheel revaqlutions, facili e utficiently
preci se det'\@4asPAINGIARET SNSYSY thgﬁ‘.’e %’?3?@ 8?%""1“@%5%%‘” ?f?rets?ria}&as. the
;/ehl c: F' dr Iékﬂ@ﬂ@iﬂé@é(%'f&hf ﬁlebsur_bclj QalueslEﬁ@LLlaidh{'tﬁmngéln_somn'egmréd:] oai_ues:wrt’rp)?t! bl e
ravel l ing mechanismto the rail-co i ble travelli chan is
possi bl e t d"BpIkEWSHBLPTRTBRS i ﬁp&?rﬁaﬁﬁfﬁrmm%ﬂ?‘?@%ﬁ%@rﬁ?|b93%d§%°r’*at e for
the task, byeWRaREreHient i thailheel iebbiatiord) griitdtd asufiiciently prepise detepinia-
error-prone neasured val ues of the path neasurenent and di stance

neasurenenttic{ﬂ‘éifipeéig?”-mhi ch neans that the vehicle can drive onto said rail
wi t hout becom ng danmaged. 20It is apparent that the invention can ensure

that the sequence of renpved transport. containers far. final discharge

and/ or for ﬂ?ﬂ’?fpl?g'”@&ﬁe'%?%mﬁeasr ﬁdﬁwleﬁg'ﬁﬁﬁoﬁtﬂéﬁ%@ﬂt b1 YRS G g%f t he

f1 oor -1 evel frgfthd fddrcBRIBBERE truedliiny Mechznme o the rgbashidtielet tavefifigct a change
i n sequence wi thout any problens, |

out : ,.1.e,, by overtaking a vehicle which is in
front of5 a WMEHAYEN.4t's Ropdblf 19,8t RAS!ICA '%ﬂ@"agﬁptWrﬂ@ﬁwgﬁn%gc?%ate
SC_Cor dang e 1ok tHe tbaffby AYERIME io@@tﬁtdb}]e filter ﬁlg%ﬂthﬁ‘l’s%dr?&fk;}rtd&ﬁﬂe avrdrkpranme :c dent id cal
rive a drive is effected such that the speed of the journ e I on
rails is gr®geares MalHes pighe B@@d“%?sufﬂ'@e?t(ﬁ?l‘ﬁr?%&}ar&cc?r{ﬁfﬁgtué%"%'ﬁ%?ﬁgé%ﬁvoh(')wc'% . The
steering ki pegRd inastheddhkR @eMirvy oftdsdid rdiywitieansecaminy ddreagedt i al st eeri ng,
wherein in accordance with the 30i nvention other options are of course al so

i ncor por at ed.
20  ltis apparent that the invention can ensure that the sequence of removed transport

containers for final discharge and/or for sorting can also be random, since the control
options of the floor-level and rail-mounted vehicles render it possible to effect a
change in sequence without any problems, i.e., by overtaking a vehicle which is in
front of a vehicle at a rear position in the sorting system.

25
in accordance with the invention, it is also provided that with an identical drive a drive
is effected such that the speed of the journey performed on rails is greater than the
speed of the journey conducted on the floor. The steering kinematics can be
achieved e.g. by means of differential steering, wherein in accordance with the

30 invention other options are of course also incorporated.

The supply of power is effected via power accumulators which are charged during
travel in the racking unit via contact lines or in a contactiess manner, e.g. by means of
an inductive power transfer system, wherein other solutions are also possible, e.g.

35  boost-charging at individual start-up positions or accumulator-change systems.



The supply of power is effected via power accunul ators which are charged
during travel in the racking unit via contact lines or in a contactl ess
manner, e.g. by neans of an inductive power transfer system wherein other
sol utions are al so possible, e.g. 35boost-charging at individual start-up
posi tions or accunul ator-change systens® 6 The rail-conpatible travelling
mechani smpermts not only direct serving of racking systens, rail-nounted
sections can also be integrated into the travel route, in order to be able
to cover individual distances e.g. at a higher speed or else in order to
travel 5fr omerrait-korapstitl@tavdimgshedhaalshypeareitanat enly dicdct sewvinigarisackinge. , vi a

Cor e pondi HaeEs G NETS Becjons cart Fan e et iR vl n froer i o

| ocat ed on dehsbid toover intlividial distan@essg hite rigrer speeccoresisecinarderdd tracelsyst em
W thout any intersectio

s, 1.n that unused spaces above_pro 10 ants
are uti Bi sdtPyFac |s§gt|qnﬁQ%§a%t|all¥ Be%acgﬂtﬁée?q( ¥ ?r?sal"FyV'g‘esbjgg%qo%Hﬁé'z:’u@&bti ons
vi a 10suspenésta that dush rdindystdnydeanaiun et lcosystoatdingaright serreumn sattioms of a
correspondi ng, hei ght over, sectiqns o odugtion areas which | ocat ed on
the floor. Hr&dl&ﬁagfaretaow'ﬂﬁr\‘/@reﬁﬂ‘éaq?/‘iﬂi’ @legioof'oﬁé? By P%Srszbﬁ? elgogoa?rlgét%,a racki ng
ser\éi ng Unitltaﬁfid)iystein’ﬁ wttﬁlmtah'ylnu%dsectiomarinitraagexsummlcesamemroduocuem in the
racking aisles or at correspondi,ng 15| ocatigns. The vehicl e re_therefore
vehi cl es whI¥Hs pe ‘étéféﬁé)e%é%g@e r%'%r‘ff’?"%ﬁépzﬁ@\ﬁ\éFe%arra'ieﬁa?kv?ec‘fﬁ%rl% ﬁ%cki ng bays
i n the fpackdugpenddidtraiig. OThi$ type oaidilsystefn caarplisa e, at blveyresprandge Height bgerby
means of the aforenentioned lifts which n I ted at any position.
These vehi (ﬁeggorhsr% pgqt@gﬂ%awﬁsg@'@aqrgﬁqqaf% ngtﬁfeélgér; 20l n an expedi ent
manner, at |east two tunnel regions are provided within a racking unit in

o1, 10,0 Mo FER LRS- BT AR BB b LS T

tunnel s can"9&
const r uct i amdistheut@htcaadiagebea alsbtlegsovidet iname tzekiof) asleshorat womiespondiag not
only can bL1f fer

sections be formed in front of .and behin he ,l | whi ch
neans t Fat Bg,atl,ogasihe YeniciAR ath t&gr 5| VFP'BWW'@HBe@%wf%ﬁees%r\{%(gn%é’lﬁ% %%’ e are
iJsedl- i nddOUchli@diw@éleachldingepa}ysw_ntHeea&ifr@brhicﬂrTmgmiamg_ ff!relminsp,abe);] clrigieng "
evel s departs fromthe_|li inthe laower Lift position, a vehjcle w shin
to travel SEV%? B% W?@V%Qfg'?ah{sn?aheldﬁﬁg W@Fﬁ‘ocaf’ﬁ’gﬁ??%t?é]ﬂtgaqyﬁsg'sh'n t he )
ot her si de.THd¥evehitRBlaes alsb&nbwvh ks shigllitecvenioles. hi gh t hr oughput rat es.

20  In an expedient manner, at least two tunnel regions are provided within a racking unit
in order to permit a circulating operation without two-way traffic. The tunnels can be
designed to be very flat in accordance with the constructional height of the vehicles
and can be of such a width that not only can buffer sections be formed in front of and
behind the lifts, which means that by reason of the directed flow of the vehicles the

25 lifts are used in double-cycle, i.e., while a vehicle coming from upper racking levels
departs from the lift in the lower lift position, a vehicle wishing to travel upwards
moves at the same time onto the lifting table on the other side. This enables the lifts

to achieve high throughput rates.

30 The tunnels can also be designed in such a way that the aforementioned overtaking of
the vehicles is possible, in order thus to be able to effect a certain amount of sorting at

the same time.

In order to load and unload the transport vehicles, a transfer device can be provided

35  which is allocated in particular to the rail-compatible travelliing mechanism of the



30The tunnels can al so be designed in such a way that the aforenentioned
overtaking of the vehicles is possible, in order thus to be able to effect
a certain amount of sorting at the sane tine. In order to | oad and
unl oad the transport vehicles, a transfer device can be provided 35which is
allocated in particular to the rail-conpatible travelling nechani smof the
7 vehicle and is adapted thereto. In other words, the |oad receiving nmeans
of the vehicles is used in the rail operation, since an accurate definition

of the vehi‘@hElepndisadapiee thargtor i otheherdsy thedead fesriving MedsR ohBSsi bl e.

SFurther feahitedSs used iiths rallsherdlibANdifEEESn 8dcufe deMIkIH ofaRe PIRci@RAT ent
fromthe description hereinafter and with reference to the drawings, in

whi ch: Fi guegrert inhgdragstep|ocatianis fienpassible- of a storage facility with
vehicles travelling on the floor, Figure 2 shows a side view taken

approximately along line Il-11 in Figure 1, Fi q_ure 3 shows an enl arged
i || ustrdti grirter ieafyran detaile apd gavardages of theinkertign a&s apraiat o et r at i on

prior to fiddsefiptde HendiRafferant with¥&feRiRce b %r&a\ﬂinﬁQQM\@h%ht hr ee- di mensi onal
bottom view of the transport vehicle, Figure 5 shows an enlarged filtering

region for the vehicles fromfloor-level travel to rail-nounted travel, and

Figure 6 shaygrear MG L£0pVEWE Spa bfastbrige!fasidy aah askicies traadliingdor the
vehicle, and Figure 7 shows a further enbodi ment during the filtering

procedure. fio9the st or age and transport systemwhich is designated in
general by the reference nunmeral 1 is formed substantially by a racking
unit, e.g. a high racking unit, which is designated |n general by the

ref erence rfUBWE ShEWSRISIHR Viel thken appaRdmatpinal Q:'lr@sl"ﬁé%?@wz?tkd by the
reference nunmeral 3, wherein in the top view in accordance with Figure 1

t he vehi cl es desi ﬁnat ed by the reference nuneral 3 use the floor |level as a

30travel | é&vayre A0 eNirogd Hirslration of 8 itaRsRALValF's e thigssdimesioRdiner al 3a

are illustration prior to filtering into a rail system,
15

Figure 4 shows a three-dimensional bottom view of the transport vehicle,

Figure 5 shows an enlarged filtering region for the vehicles from floor-level travel to
rail-mounted travel, and
20

Figure 6 shows a load-changing station for loading and unloading the vehicle, and
Figure 7 shows a further embodiment during the filtering procedure.

25  The storage and transport system which is designated in general by the reference
numeral 1 is formed substantially by a racking unit, e.g. a high racking unit, which is
designated in general by the reference numeral 2 and which is loaded by vehicles
designated by the reference numeral 3, wherein in the top view in accordance with
Figure 1 the vehicles designated by the reference numeral 3 use the floor level as a

30 travel level, whereas the vehicles designated by the reference numeral 3a are

positioned so that they can travel in the rail system of the racking unit 2.

The vehicles 3 thus travel in the racking unit 2 itself on rails on the respective level in
order to supply and remove products to and from the racking bays located on this

35 level, whereas for travel on the floor they travel on the ground. To this end, they have



positioned so that they can travel in the rail systemof the racking unit

2. The vehicles 3 thus travel in the racking unit 2 itself on rails on-the
respective level in order to supply and renove products to and fromthe
racki ng bays | ocated on this 35l evel, whereas for travel on the floor they
travel on the ground. To this end, they qhave 8 separate travelling

mechani sns. It is apparent that the vehicles on the floor surface can al so
overtake one anot her ﬁsee vehi cles 3b and 3c in Figure 1 above). The

racki ng sysPRA2CHA¥CIMg BECRAYS Y unnel - i ke 5floor-1evel travelling paths,
designated in general by the reference nuneral 4, as well as rail-nounted
travel l'ing paths, deS|?nated i n general by the reference nunmeral 5, wherein

the rai | - molif @RParenh e thenghisiasren the feersuiiaca ser also cyertake anganoter (s88at i ons

6 in the ragidgs wlbrﬁd Bom Ii@ﬂeGICHHo@éﬁel"h% fé’&hﬁ@sy%ﬁ@ntzrr%@ﬁrmefél%%ﬁrﬁbllhl?@
vehi cl es ang‘tﬂa}re ? nated in general the reference nuneral 10 As

shown i r® Fi ing|Rgts. fesignateq lﬁ’rﬂ?é‘?rql Pkg‘etrPW@I'qel ’W@”‘%ﬁ't‘h@sél"ei"ender

it possi bl ead gyl rﬁ&lﬂ]té’d fra\ﬁalﬂﬁ\@%ah%céé%ét&ﬁh%%ﬁet\é@b?%‘é' rBrdridetffiersliacki ng
| ocations 6 to be used for receiving the correspondi ng containers 7/

15Locat ed at'"eGHENprAr@PHRE Fra&%llmgo??éhs?ﬁm%ﬂceﬂssftaltme FRSking dRFa{iPRR AR | i ng

paths are imttRgratkng undfé thé téntainelseificiiretrangpstedes BBaLRIdIeB YNt Bfe
ref erence ngmaral 8 and enabl e the vehicles _to change | evels. Details of

the vehi cl eSeHOMeH iNGENERt Ruthefeilerenspdymsa{d 4. For exanple, the wheels 9
20provi ged for travel on rails and the V\/neel s 10 and 10a provided for
fl oor-1Ievel travel and separate there wherein in this case the conmpbn

drives are finown @sﬁ'%{?@dtheﬁloer@a?'ewnaeklﬁp|trave"m¢9@}n§ ddengles i pogsigles o

i | Tustrate {opat diegrick idtatdiAd@abdveMtvig fafiferiraékingibestions 6ab Ye used for

25symbolical |y, and which render it possible to receive the containers 7,
eit her enpt S?CS'IV'"Q the corresponding containers 7.

15  Located at some preferred locations, into which rail-mounted travelling paths are
integrated, are lift systems which are designated by the reference numeral 8 and

enable the vehicles to change levels.

Details of the vehicles 3 are indicated in Figures 3 and 4. For example, the wheels 9
20  provided for travel on rails and the wheels 10 and 10a provided for floor-level travel
and separate therefrom, wherein in this case the common drives are not illustrated in

greater detail.

Figures 3 and 4 also illustrate load receiving means 11 which are indicated merely
25  symbolically and which render it possible to receive the containers 7, either empty or

filled, and to deposit them in the racking locations 6 or at another location.

Figure 3 also indicates rails 5a of the rail-mounted travel regions as well as lateral
guide wheels 12, in order to facilitate filtering and travel on the rails.

30
The slightly enlarged illustration of Figure 5, as an extract of Figure 1, indicates that
the vehicles 3 are equipped with sensors 13 which can detect e.g. refiective,
positionally fixed control markers 14 and 14a, in order to reach the centre position of a
rail-mounted travel lane, designated in Figure 5 by the reference numeral 15, between

35 these markers by means of a corresponding computing operation.



filled, and to deposit themin the racking |ocations 6 or at another

| ocation. Figure 3 also indicates rails 5a of the rail-nmounted travel
regions as well as lateral guide wheels 12, in order to facilitate
filtering and travel on the rails. 30 The slightly enlarged illustration of
Figure 5, as an extract of Figure 1, indcates that the vehicles 3 are

equi pped wi th sensors 13 which can detect e.g. reflective, positionally
fixed control markers 14 and 14a, in order to reach the centre position of
a rail-munted travel |ane, designated in Figure 5 by the reference nuneral
15, bet weenTB&tbmERE ca)raptktersSoflﬂ)e vetigkss ®having eerrsasepmdrion@hr@cuawtdr fiflering

t t t f th 3 h 13
o ovidi ng CBYROTSY ST 900% (DR AROEOt SV, BT e 113 o faHE oher

gont rol EI Whawdm ofnhaﬂlghbhl&tcah h&ofﬂe@taﬂlrﬂ’véﬁ adcbiiir’rﬁjly ah cbi&@lla’ltéﬁmn‘fueﬂfshcan al so

e established accordi via calc virtu travelling, paths

(1 anes) . nﬂ‘ééﬁ'@ (?fhst(ﬁ%gg OGRS é‘#t eee SEIPLS g&é?%?‘éss{bée W&%‘Frfﬂ"??e t he

di st ances bfbtevmandelsdiewi/ehm&hdrVEbalvaﬁr%le@@ékt tb@ne@oMmePERE fﬁmiof c\ﬁAhhé‘ ront 01;1
erein the

one another ich is.illustrated by dotted lines in Figure 5,

beams whi ch?280er WP'HE % 'hlésL#Ta;?‘g@g‘ﬁfﬁ%r{'f‘e%f“e'gﬂ%@rsgﬁ‘@??d” *reﬁesrwﬂr'@r ence
nurrer al  16. ddt8miné ke target poiht s @eBighatelibyuhiereferehden@igaetd. posi tion of the
vehicles 3' is determned on the basis of a known starting position S (cf.
direction of travel arrow in Figure 7) using coupled navigation algorithns.
The i nf or maini the vakam ish@ﬂh fnd*rgmrbiEtWLmQﬁchﬁsﬁtb@tdfﬂ& Vehidldres' i gétamsiRed

travelled(cf i recti r o i.n. Figure 7) and t drretron

mai nt ai ned 'S TEHESI noé@ qu ?Cé\f{ﬁfreaﬁ'%?féf Pl qrﬁnévrtr\?ﬁrg rs of

t he 15f | oor usiegrpaipilda mvrgaaueblgbn@mmcrmnnrermaronoéqmirya mhm&l @Jré&eand 10a.

Si nce on accgqtint o] rtr Oous, er ‘{1{ uenc 3 h'e curr%n Pr cl e position,
which is cal®qi gy Fstepses ”?Yﬁ £ '°é\/§ ravel GreNsN PR Y) 289 Bis wit h
res pe(l;][ to dri‘m:tlbleaiarrpmﬁed Is(lﬂbtaiﬁed HS;emtaéa)ﬂiﬂb tmtévoluﬂﬁﬂis%f&ﬂ? twd fnotos BPthe

possi ans of, this nmet one 20t o out a | onger journey over
t he free su ‘?0568"%@%16{%"?'% q?ﬂ”'sﬂ? Ofe t“?‘?/ Iﬁpﬁr@d A8 system 5 of the
racking unit 2 or a picki ng statr on or | oad-changing station (cf Fi gure 6)
with a suffj cr ent de accuracy. In this sufficient" nmeans that
the vehi ol eSEFF Oégc‘g‘r"?f’fh‘@”{?%??%r 'Bi%%%%hrerfé"ﬁer‘g‘fﬁh'%aﬁ'% Whighiig with a
degree of acaiculatey inthisahanrierbeisterer hbw&smbﬁéhatrcﬂﬁmntrﬁebéécﬂ‘l’rcﬁihleaéIS et

Erggﬁlst IO? nlmr; e”%the S’ﬁxpn:p%thgrhg%%erss rt2 rgo%%os ble%ycn?gans%f%h?grer%?h%% a?one or by

20 o carry out a longer journey over the free surface area to the point of entry into the
rail system 5 of the racking unit 2 or a picking station or load-changing station (cf.
Figure 6) with a sufficient degree of accuracy. In this case, "sufficient” means that the
vehicle arrives at the centre between the right and left rails with a degree of accuracy
which is better than about + 2cm. A lateral offset (positioning error) in this order of

25 magnitude can be compensated for by means of mechanical lead-in chamfers (cf.
Figure 3), whereas larger deviations could result in the vehicle becoming stuck in the
entrance during filtering into the racking aisle 15 or when driving to thé rail ends 5a at

this location, or in the vehicle suffering mechanical damage.

30 For this reason, at the end of a journey, i.e., at a distance of ca. 3 metres in front of
the entrance into the rail system 5 or the racking aisle 15 (or another corresponding

destination) a switch is made to another - more precise - relative locating method.

With the aid of a laser scanner 21 which is mounted on the end side of the vehicle 3'

35  and which "monitors" the region (shaded in Figure 7) in front of the vehicle, two



Figure 3), whereas | arger deviations could result in the vehicle becom ng
stuck in the entrance during filtering into the racking aisle 15 or when
driving to the rail ends 5a at this location, or in the vehicle suffering
mechani cal danage. 30For this reason, at the end of a journey, i.e., at a
di stance of ca. 3 netres in front of théd0entrance into the rail system5 or
the racking aisle 15 (or anot her corresponding destination) a switch is

made to anot er, - ci se rel ative atjng nethod. 10 reflector
e er o 14 Telssior pATkere B o inea armopHEd Bins laSand igind st et
directly nep(éxtt@thtermtrenégtonﬁ@réne ateh@etéatebanamnqﬁiseohe@\aMotth@Véhucn@sl tion
relative to_the vehi is neasured. The | aser scannerr‘Pﬁhe\O\fe vi des the

3 .
control conput g}eaanreﬁ gh%@?%?@é’nﬁﬁ #hp'?ﬁ'ge%mffl ONYRLATRUE]] acl es,
:Aﬂ' t EI s hcasmtﬂi e argld iammgtaﬁ?d Jffﬁib%tal;{%sl %:%s cabe i refassr nmaénslrﬂdmal ues, ]
i ch chang st ant as the vehicle continues to nmove, cl gser to t he
ont rance of FIRL MBS RIcAs e SPSa e poaion spmnan Biine veloeey Sammes bt
?ui Ei abl e Svghbt/l@blbgé‘r tgltmr?ttdms of thklraékigy ?cﬂ@l)é 1150a1jdi!§né§/ei§fc6@c]ictﬁied B§ nes2hs ?B%

i ndi cate ot - das in t su ent degree of ac rac e
| aser scann@ S@ig\egﬁa'a?%%’ %%Orhg’@& a{?'c}ﬁ%lé’laéé‘? %Srﬁﬁ’”ﬁ? %Gﬁmﬁa% %/%s The
obst acl es chya appéssh linepwitealsafiicignt degpéd bi oturicyduri ng fl oor-1evel travel,
since e.g. persons or further vehicles can nove on the ground. Fi gure
6 illustrates one possible | oad-changing station 20, in order to |load the

vehi cl eso 15BhaMabér ssanhe@Spiodati dih 50 el t6 etect anddrivdroQhd ebsthdles. €TiRd Ve
containers 7 th?refrom Positio double lift 17,

Wher ai n 1 PHRBSTS G\ FRRPBRORSERPDY I eenH Py R dOBEIRYS SR e Eo i e 1111

i s desi gnat pstsbiys dritartiierfvehiciee @an uitvean thd gaolddt he | ef t-hand part is
designated by the reference nuneral 17a. Connected to the upper lift
20positions of the |ift 17 or the |ift 17a, are roller conveyors 19 and

19a, wher ei Righkess filustrdtes end mssummamha@ng)gtandnezo ingbtdehmda@ thdevehitidsi gur e
6 is inclin d.so as to descen towards the lift 17, wher geg' slightly
more hi &hl y° PEEiCPTBsRApAINgLoNtagIers f %Hh%’%ﬁo "eeR{Ve CONIABPISHe g% to
descend to a sorting and | oading region 21 such that the cont ai ners
designatedé t he re{here neral 7' n off to t , eas the
25c0nt ai ner SSHIRRG G Bamed § ererandl . mbran b s pisteprnde e 11 gnt
in the ill usgntaiand partanletiouble lift is designated by the reference numeral 17 and the
left-hand part is designated by the reference numeral 17a. Connected to the upper lift
20  positions of the lift 17 or the lift 17a, are roller conveyors 19 and 19a, wherein the front
roller conveyor 19 on the right-hand side in Figure 6 is inclined so as to descend
towards the lift 17, whereas the slightly more highly positioned rear rolier conveyor
19a is inclined so as to descend to a sorting and loading region 21 such that the
containers designated by the reference numeral 7' can run off to the left, whereas the
25  containers designated by the reference numeral 7 can run off to the right in the

illustrated exampile.

In the respectively lower position, the lifts 17 and 17a are aligned with the loading
region of the vehicle 3, so that containers 7 can be discharged and containers 7' can

30 be received respectively.

At this juncture, it should be noted that the station illustrated in this case can also be
designed in a different manner. The illustrated example represents an option for
integration into the existing rail system with the running rails 5a for the vehicies 3

35 which are then rail-mounted.



In the respectively | ower position, the lifts 17 and 17a are aligned with
the | oading region of the vehicle 3, so that containers 7 can be di scharged
and containers 7' can 30be received respectively. At this juncture, it
shoul d be noted that the station illustrated in this case can al so be
designed in a different manner. The illd$trated exanple represents an
option for integration into the existing rail systemwth the running rails
5a for the vehicles 3 35which are then rail-munted. 11 O course, the
descri bed exenplified enbodi mrent of the invention can also be nodified in

many respecHbcoundd, it desdabad éxdngblifie® BmbbEinteasbithe df@ntionlcarAise p&: 1.
Storage and transport systen1(1%@for transport containers (7) or the |ike,

char act er i sBadiHgd BApamigspecsh vilhaHs egnartng)fromKiedasicddediui pped with a
rail-conpatible travelling nechanismand a separate floor-conpatible
travel | ing mechani sm and a racking system (2) having rail-nmunted and
floor-level travelling paths (5, 4) for the vehicle (3), wherein the
vehicle (3) is equipped with a sensor and control system such that it can
nmove autononously on the rail-nmounted and floor-level travelling paths (5,
4) and can 1 ochange travelling paths. 2. Storage and transport system as
claimed in claim1l1, characterised in that



the racking system (2) is equipped with tunnel-like floor-level travelling
paths (4) in 15 particular transversely with respect to the rail-nounted
travelling paths (5), wherein the rail-nounted travelling paths (5) formin
particular the racking aisles of the nultilevel racking system(2), wherein
the rails of the rail-nounted travellin@ paths (5) are fornmed by the
racking unit (2) on each level. 203. Storage and transport system as
claimed in claim1 or 2, characterised in that each vehicle (3) is equipped
with dedi cd&t'@8S oad receiving means (11). 4. Storage and transport
systemas clained in any one of the preceding claims, 25characterised in

t hat each veh cle ( th a control. and nit linked to a

conput er. tgfaé’fezféé t?ﬁapﬁf%ﬁ%mfg%ﬁﬁﬁi’%%tﬁ'&ﬂﬁe@? Srln'g 'one of the

precedi ng cdharaaensghn@yact erised in that 30each vehi cl e (3) is equipped with

at | east one sensor h?f 3%) for detectin tac e and/q for detectl ng
IC% e@n

posi ti of ner keasEoNeYS e RRpPed My C°W§F%‘ﬁ1"§¥ LISEETS any

one of the amd%c@ébamwbmmpa@.b@rtmmhg mhbmsr%awd:@mmgcbym\em ©or
floor-level or rajl-no

unt ed .travel rein.a ed ch 13
that the sp&¥HIgpi-Ma ”Pg'qngrﬂﬁﬂﬁpgﬂ' tfar"ﬁ@gfp p?@sﬁ?gﬁi?rtb?\é{%h'fﬁgé sﬁ'e%%' of the
fl oor -1 evelthé vanek (3) is equ:paed Wit aagAsEEhdcoans!BYstensyEhemtaiscanlmoveed i n any
one of the recedl ng{sorb i s, 5charact rﬁrl sed in t er| ki nenatics

are achi ev e fRiFme Rt PAH NRPTalaYs! i Vem@? pﬁp% ié’ r anspor t
system @s Cdrﬂhgedavahr@rmtﬁme of the preceding clains, char act erl sed in that

2. Storage and transport system as claimed in claim 1,

characterised in that

the racking system (2) is equipped with tunnel-like floor-level travelling paths (4) in
15  particular transversely with respect to the rail-mounted travelling paths (5), wherein

the rail-mounted traveliing paths (5) form in particular the racking aisles of the multi-

level racking system (2), wherein the rails of the rail-mounted travelling paths (5) are

formed by the racking unit (2) on each level.

20 3. Storage and transport system as claimed in claim 1 or 2,
characterised in that
each vehicle (3) is equipped with dedicated load receiving means (11).

4. Storage and transport system as claimed in any one of the preceding claims,
25  characterised in that

each vehicle (3) is equipped with a control and drive unit linked to a computer.

5. Storage and transport system as claimed in any one of the preceding claims,
characterised in that
30 each vehicle (3) is equipped with at least one sensor (13, 21) for detecting obstacles

and/or for detecting position markers (14).

6. Storage and transport system as claimed in any one of the preceding claims,
characterised by

35 a common drive for floor-level or rail-mounted travel, wherein a drive is effected such



10t he supply of power is effected via power accumul ators which are charged
during travel in the rail (5a) e.g. via contact lines. 9. Storage and
transport systemas clained in any one of the preceding clains,
characterised in that 15racking serving units or lift/distribution carriage
systens (8) are provided in the racki ng'&i sl es or at corresponding

| ocations. 10. Storage and transport systemas clainmed in any one of the

preceding cl ains, characterised. ip that 2Qat . least [wo neqjons (4
4a) are prdWRtdRRISRERS eararl"é%%’\ﬁegé]%‘{ is ragher fhan E?SP%egdeéfgﬁ%ﬁ%?ré{%gﬁort 4
system as gtaakined in any one of the preceding clainms, characterised in that
a transfer device is provided for |oading and unl oadi ng the vehicles (3).
25 12. Storage and transport systemas clained in claim11,

char act er i sedstbragehat ttahepdrt syasdne s dimhekini ahyalnk af #teeutetatdimaclginsul ar to t he

rail-conpatible tr ac\{enl tlhiatng mechani sm of the vehicle (3) and is adapted

t hereto? 3(5:haracter|se

the steering kinematics are achieved by means of differential steering.

8. Storage and transport system as claimed in any one of the preceding claims,
characterised in that '
10 the supply of power is effected via power accumulators which are charged during

travel in the rail (5a) e.g. via contact lines.

9. Storage and transport system as claimed in any one of the preceding claims,
characterised in that
15  racking serving units or lift/distribution carriage systems (8) are provided in the racking

aisles or at corresponding locations.

10. Storage and transport system as claimed in any one of the preceding claims,
characterised in that
20 at least two tunnel regions (4, 4a) are provided inside a racking unit (2).

11. Storage and transport system as claimed in any one of the preceding claims,
characterised in that a transfer device is provided for loading and unloading the
vehicles (3).

25
12. Storage and transport system as claimed in claim 11,
characterised in that
the transfer device is allocated in particular to the rail-compatible travelling
mechanism of the vehicle (3) and is adapted thereto.

30



