1 Transportation systemw th guides for guided transportation vehicles and
nmet hod for operation thereof The invention relates to a t M
systemw th guides for guided transportati on 5vehicl es, MGW@RMEMMW
transportation vehicles are supplied with electric current act
line, and relates to a correspondi ng ope1r ating met hod. -From-EP-3%984 g52-B1
a storage and transportation systemis known having transportation vehicles
whi ch can tg¥Qloraford §stetRWith GRRIES forfnded thAEpsdtRinl vehRlek @b PedsodliBor
shuttles which are controlled ™y a control conputer via a wreless

connect i on qP@IakiRy therpef vehi cl es are supplied with current either via

contact lines or by induction. The use of W.AN technol ogy has the advant age
that absolutely no hardware has to be installed on the railway tracks

t hemsel ves Thednvandioe sHateatn # franerAriagor sYemiwith qUiRRSHPCIWdeLIRTSEPRRIPE be
reached jor \}éﬂrae%,omvalnctﬂ&%a%;s&{a%ﬁWhicﬁe\é?é/&ﬁpxné@wthme%tria%ﬂeﬁ@iaeach
vehicle nmust carry a WAN adaptor. However, W.AN conmmunication suffers from
t he syst emdoniasting, and selatentageoresnondingicperriivemerti®d.on t he topol ogy of the
site. This leads to a reduction in the availability of 20 the site and
makes projects nore expensive. Furthernore, a WLAN system nust al ways be

pl anned andreovfit 32581864 Bdrresioracsrang transpertalionsystgmie eow BRYP sol ution is
not 1 eadi | - assdtof vehicles Wrdh & | 99 Yailwdl thaekg Roldafie Qe Yehibis Of

| arge WLANs w a plurality of base stationS and 25uninterrupted sw tching
of the i entsutiies woish are eortralied by @t COPHEECOMRUIPIIAR 3 V4relssd FPEEAS st andar d,
In practi CgWL')ﬂ!Q?Tﬁé feibIObh RS ppilQE Wit BEHAST @HhErRE Bsntadt IihELoMRSRdUEtie.I ONns
overlap and lead to interference. Since - in contrast to nobile tel ephone
networks - the "intelligence" resides entirely within the client, there is

no true hanﬂ%vlg-{? Ag%m&%aﬂh%gma& tHRARR afagb Pl BbsbiltelyHIWrdwREhak kon a

client wll se new base 30station only when contact with the previous
one has al rkaiastalirsben thegritwayracks tigmgpelves and the constantly moving sateliite

15 vehicles can always be reached or can communicate wirelessly. However, for this

purpose each vehicle must carry a WLAN adaptor.

However, WLAN communication suffers from the system-imposed disadvantage that it

is dependent on the topology of the site. This leads to a reduction in the availability of
20 the site and makes projects more expensive. Furthermore, a WLAN system must

always be planned and commissioned anew from site to site. A plug & play solution is

not readily possible with WLAN technology.

Although the construction of large WLANs with a plurality of base stations and

25  uninterrupted switching of the clients between the different base stations is provided
as standard, in practice there are problems. The frequency ranges of the base
stations overlap and lead to interference. Since - in contrast to mobile telephone
networks - the "intelligence" resides entirely within the client, there is no true handover
between different base stations. In normal operation a client will seek a new base

30  station only when contact with the previous one has already been broken off. Owing to
the limited number of freely available WLAN channels, the size of sites has thus far
been limited because replication of a channel has a negative effect on the site
availability and causes interference. In addition there are limitations, depending on the
country concerned, on the number of free WLAN channels. Moreover, site operators

35 themselves very often use WLAN technology in their stores, which then renders use
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the I'imited nunber of freely avail able WLAN channel s, the size of sites has
thus far been |imted because replication of a channel has a negative
effect on the site availability and causes interference. In addition there
are limtations, depending on the country concerned, on the nunber of free
WLAN channel s. Mreover, site operators “35t hensel ves very often use WLAN
technology in their stores mhich then renders use 2 nore difficult or

i mpossi bl e, %% Pﬂ¥gg -bound data transm ssions exist, this

t echnol ogy al ways su{ rontlnterference 5 Thus from DE 100 59 072 Al a
device for transmtting binary data between two participants whi ch can
move rel atip Yﬁ% &ﬁfmg r2§-BStind efété tAnSRARLRAL ekisDehid ockRO¥EY alWAR SiffiBrs

transm ssion a transmtting participant reach t e contact line via
an energy- dnopl infeyfierancei ne coupl er and the contact line is open at its ends,
wherein.the ofrequency content of the transm ssion data reaching the

contact lineis limted to a degree which is perm ssible in dependence upon
a preset mibusfromddE 400 58RI Aka davieafas trapamitiing kinsry dete hetween Wos or med as

an el ectri Cp%hl%r?ﬁ Dbk chi a8 m&eretam%leé& &thér, Viard ddpthct irRay AR, cont ent  of

the transm'ssi I's contact |i1ne, however, is used only for data
transm ssi cwherQB transmesensi@tawmam%mn@@ paBisant feael thercopiact iedia@usehol ds

for data trg a?ﬁblf?ﬁn% | On(%(tlgﬁ%ta%ﬁhe EOhsciliRe hf'@éé?ﬂétuts 3h&Q whaldirehePover LAN

or Powerl i ne m*rum ca esi nat es a |ocal area network which
al so uses Ifieauendyrroatans gf t\@rtrampmﬁsgnrr@ etﬁﬂsaeweut%awt?@ﬂlwswmsﬁt%@e f or

data transg, ﬁéeqphlﬁﬂ_[} p%n'n%sﬁ)lé:ﬁ\rJép%ﬁdéﬂ(ﬁ%b%ﬂ(‘ayprééfé‘ttn%ﬁ@mﬂbféh i's produced

by adaptors socket s. nmeans a carrier frequency system
(CFS) a pl dUraasimispiopfratsi ajethe can@c &@HSéfdmeﬂlaér?é'lqkiﬁtrﬂﬁ?ﬂhﬁlw"e't!‘edwet' M ine to

a carrier fif ‘?%JIW@G fddu %ﬂb&eg&r}fdﬁ‘ of trid %Méélérpbﬁé THiOEHIS0: iR odbgdr! | but ed

on the |ine. neans o pass |Iter the frequencies are t hen
separ at ed fl$eﬁ$d¢réywtdﬁt8etraﬁsr"e§ﬁ!@h0| es at the receiving adapter. 25

15
It is also known to use power lines in private households for data transmission for
computers. This technology, also called PowerLAN or Powerline communication
(PLC), designates a local area network which also uses lines intended for supplying
conventional network voltage for data transmission. This is a carrier frequency system

20  which is produced by adaptors for Schuko sockets. By means of a carrier frequency
system (CFS) a plurality of signals are each additionally modulated on the line to a
carrier frequency (frequency division multiplex process) and distributed on the line. By
means of a band pass filter the frequencies are then separated from the carrier

frequencies at the receiving adapter.

25
Furthermore, this is a matter of communication in which the network is measured prior
to the beginning of the transmission of data by modem tuning. Only in this way is it
possible to have any success at all in using the open domestic network, to which a
wide variety of consumers are connected at a wide variety of locations.

30

Conductors through which current is flowing, however, act as antennas and emit the
CFS signals into the surrounding area. Since a power line without shielding also
receives signals from the surrounding area and from connected devices, there is a
problem that in order to maintain a good connection, high transmission levels of the

35 CFS modems are required. High transmission levels of the modems, however, lead to



Furthernmore, this is a matter of communication in which the network is
nmeasured prior to the beginning of the transm ssion of data by nodem
tuning. Only in this way is it possible to have any success at all in using
t he open domestic network, to which a wide variety of consuners are
connected at a wide variety of |ocati ons. 30 Conductors thr ough whi ch
current is flow ng, however, act as antennas and emt the CFS signals into
t he surroupdin .ol nce a power line without shielding al so receives
signal s frgﬁhﬁﬂ%'%&%r%rsﬁr?l I'ng area and from connected devices, there is a
problemthat in order to maintain a good connection, high transm ssion

| evel s of I o Welo¥ LigiSd Qi &la5 of the
modems, hoJ oSt S BES oM pel B ot bettists TSR AXMAY S L (o ect
of the presansmittingedeta bat\mnsriaﬂ;-bgumtrmoﬂ@tiqmqeai058rqmﬂ@ (gentrap¥contrahsmi t t i ng
data be wegpaidh RRUAful ANSRMH AhbANaNFILEtE Sad MindmkCBR Holsafn! I O
S5conmputer. “Tn particular, a current supply and secure data transm ssion at
t he sane t itime shooldl ehsdwnbe Ippssiblepossi bl e. This object is achieved by the
transportation systemdescribed in claim1l and by the nethod described in
claim1ll. 10 OMng to the fact that the transportation vehicles are al so
suppl i ed wiThis abjech isf achievaddyrthe thnspurtation systéne dssaribed gnelaiot 1 enghby the
particul arl i . : i ssion or supply of data is possible wthout
addi ti onal 'ﬁ/eﬁiéd;?%%{'?%%@ %I%u?r[‘ﬁg‘ contact lines or guides etc. Each vehicle
and theocentral control nerely have to be provided with a correspondi ng
15interfac L. ' ' raﬁgj} ' -g'bel,,- mane is

di vided i nt(:b oﬁggg&t fﬁgr%&t;t%érﬁ?ﬁgrgéétf%p 395 'ﬁ) er@%%a%re eréedlcpﬁFI on @? a(;%r;%?%r %

plural ity ebnirolamdpir thatsaore acetdat lies 2enagtidutaslystop|e Aa@AEMSEESSONGH sdgpPpne
time and e%?pat%ngb%sﬁbl{e%vitﬁggfédaﬂ%ngﬂhytgwtibns Bnﬂ]ed&}n?aci estJ? uldeS RSt Ve
20t ransportation Venrclres, It 1s possible, 1n spite o rush arcing during
"col | ect i offacbivebinle angrthegentoal controlineerdithavée tobe plowided mith @t correpronding

provi de_su u secure data transm ssion between a plurality of

rail -bgand?'ﬁgg%ésep%%%g ion vehicles and a central control conputer.

It is particularly preferred if the contact line is divided into sections for the supply of
data, wherein only one or a plurality of transportation vehicles are located in each
section at one time and each section is supplied only with the data for the respective
20  transportation vehicles, it is possible, in spite of brush arcing during "collection” of the
current or of the data from the contact line, to provide successful and secure data
transmission between a plurality of rail-bound transportation vehicles and a central

control computer.

25 Itis thus possible for the transportation vehicles to share sections or to change
sections. Thus provision can be made for the transportation vehicles to use lifts or
points in order to leave sections and to change to other sections. The addressing of
the data to the contact lines of the corresponding lifts, points etc for a group of
transportation vehicles can then take place so that these sections are ready with the

30  corresponding data as soon as a transportation vehicle uses them.

A particularly simple and reliable embodiment includes only one individual

transportation vehicle per contact line section at one time.

35  The division of the contact line into sections means that, in spite of the moving



251t 'is thus possible for the transportation vehicles to share sections or
to change sections. Thus provision can be made for the transportation
vehicles to use lifts or points in order to | eave sections and to change to
ot her sections. The addressing of the d%ta to the contact |lines of the
corresponding lifts, points etc for a group of transportation vehicles can
then take place so that these sections are ready with the 30correspondi ng

data as So%hg:%aaé{drtﬂ@r%ﬂ%i dh%ﬂglﬁ&hhé:'eﬁgfﬁsa‘?ﬁ tﬁ&e&ﬂan&nﬁ%tw&ldk@folo\gys' npl e

and reliable ment |nc udes ohly oné individ transportation vehicle
per cont actvittiaheoineta-peint cemnaicatipfris, made RRSSiiS. es and therefore the
changing line length and thus changing network topology, virtual

poi nt -t o-poi nt conmmuni cation is nmade possible. A contact line is in this
case under sh contagtdingds in thiswese wnderstees 19 baumpower|raihas f §HPRIY nesfopthect ri ¢

current for I%(ﬁﬁc gur?é}ﬁ rfdr%?élbt\ftﬁc lvé &¥8hd fransRALbGH \9é?1rbléée khe E@ﬁent-gtlﬁpwur rent

supply r om transportation vehicle is ef vi a
so-cal | ed cfmmmﬁtpcstmmell t@rth@tlammt‘tam Vehidlpissffected iarsoccaliad FRMRCtis§ogh thi s
case under st o ho-decbhe el ectric current for supplying the 10electric
travel drives OF %e transportation vehicles, e.g. electric notors. This is
preferably alternating current and in partlcul ar in the range between 40 V

to 220 V, IEEtirlﬁ%ﬁérI\MsP] Rk €a8PlNadrflobd'® Heatﬂg%lé%ﬁtc%%nﬂf@r Miphglth@ V. It

is also poss to use |rect current. 15In spite of the division of the
cont act 10 | nelestric rave! Srivesofiths traspedatianombicles; eigselgetss MAtersf B & pl ural ity

of sections rrefér Sitétn gar!drr%ht Jrﬁﬁq pfafti%U‘aF MQhéﬁéF?;ecHéMe%'ﬂMW!Hm v,The
'S sec ta

division in rons rel ates onl % o the d which is effected in a
t ar get ed/ aderrbedarty prafedly intberange beeasadli \ane b1 ¥ck isialserassilq BriseThe
supply of cirdeBir&An thus be effected in a centralised or grouped manner.
20 In order to prevent undesired crosstalk of the data - addressed in a
targeted manner - fromthe data transm ssion fromone contact |ine section

into other p lt@%fifh%stﬁ\ﬁgoﬁQm'\ﬁ%gntgbtqlﬁe %ﬁ&%'p‘ﬂﬂﬁhty bt sdchionts Rfidlbodsibiefor bl t er

device i's connected between the current feed and the data feed of each
cont act | i neluesitytaf eactiansie baverna paralsl &ad fronp the sageyeitrepnt source. The division

into sections relates only to the data feed which is effected in a targeted/addressed
manner into the respective contact line section. The supply of current can thus be
effected in a centralised or grouped manner.
20

In order to prevent undesired crosstalk of the data - addressed in a targeted manner -
from the data transmission from one contact line section into other non-addressed
contact line sections, it is useful if a filter device is connected between the current
feed and the data feed of each contact line section to prevent crosstalk of the data

25  signals into the power network. In a preferred manner the filter has, for this purpose,
an inductor and/or a capacitor or only an inductor. The filter device thus filters the data

signals out of the current supply.

In a preferred embodiment the transportation system includes a device for targeted

30 modulation of the data to the current supply for the supply of a specific transportation
vehicle in a contact line section and in each vehicle a device is provided for
demodulation of the data from the supply currént. The data for the respective
transportation vehicle are thus sent (modulated) in an addressed or targeted manner
via the device to the respective contact line section, on which the corresponding

35  transportation vehicle is located. The device for targeted modulation functions in a



25signals into the power network. In a preferred manner the filter has, for
this purpose, an inductor and/or a capacitor or only an inductor. The
filter device thus filters the data signals out of the current supply. In a
preferred enbodi nent the transportation _systemincludes a device for
targeted 30npdul ation of the data to thé current supply for the supply of a
specific transportation vehicle in a contact |line section and in each
vehicle a ' ' oV L [ ta fromthe suppl
SISV loH& pply
current. Tgsg%lcli%??ﬂé gffot%%‘gr?%sﬂgogﬁfl ve E(?Haaﬁgg%ﬁégﬁ?égﬂs\?gﬂi cle are thus sent
(rmodul ated) in an addressed or targeted manner via the device to the
respective gontact i | : i {
35transporta G c?)er\{ 'C\?efh% t%ﬁgee:?eleogﬁbgtg%‘t{ogﬂhﬁ%gggg&gaeB%%tfr?/%![% g&gg%g%acr?oﬂl?l ation
functi ons itrerspofat®nivehiale, narine corttact éing sidtioh. Thie nar be elent¢ding seift her net
t echnol agy., The devi [ : fhective
st opover5 pIIS%rg%gfa%g at%?%ﬁés{%orﬁ%@Féﬁgavng%d&ogg”?ﬁ%a'Ht“%é:% @gﬁ]@gﬁlgﬁrﬁeqsecti on.
Thi s can bedeidedot tacheitet mogwétion then talies plage dinectiyiaotharéspentivernontast lintan be
programmed. __The c Leat | . ' - riggetied,rmdyhabdien then
t akes pl aces'etflpI f?réscﬁ W@Fﬁ@’h@%%@@?ﬁ%@%@&g _ %r{téh:bptr\{g Iseét ?ansg Tﬁeé9
back- communisiagler sinte ontytohe pathanapelyttiae fespestivhicentact lineseetians jsavgilariey
"sinpler” since only one path, nanmely the respective contact |ine section,
is available. 100f course, it is possible, however, to carry out a data
transm ssi 00f sdunsd, itamporsiile, howeveratol casy ol 8 detadransaissianrsiguliiangeudly inte n t he

ranner of a r%ﬁdrﬁ:sagrtsneﬂicﬁ'\g@wps-r&g irgt;ﬁie%%]n%wf QF@%@%%EE%@P&@ I way tracks and

t he transpo{fJI BT o0 Ve e are prefera rai ansportation
vehi cl es. However, within the scope of the invention other 15 guides can

al so be used, T . | ferabl
transport at ?r(ﬁ)engl\h}g%i %Ieg)sref(%gatr?@g?i\'léé&bttéc&Eaaﬁgztaierﬁrﬁ 83%@\3’3&8{??%8%%& I ne
i tsel f coul chiltbeunds gdnsportatignuvetiisies howedesr within ithecsasas of thednvastion pther and
redundancy of. .the d LSSL QN : ' rtati
{ranem 26, ofU Py B dhe LERE Thage BmierG iElepAo R dohis 1oDfe (afbbrigion
vehicles can also be used as guides. Even the contact line itself could be used as a

guide.

in order to increase the security and redundancy of the data transmission, the

20 transmitted net data transmission rate of the contact line is so low that the required
gross data transmission rate is high enough to transmit the required quantity of data.
Therefore, in spite of the considerable interference, e.g. owing to brush arcing, secure

transmission can be ensured.
25  The net data transmission rate is preferably between 20 and 50 kBaud.

Thus, contrary to the prevailing manner of progressing to ever more high-performance
and higher transmission rates, the opposite path towards lower transmission rates has
been deliberately selected.

30
The transmission properties (speed and redundancy) selected for secure data
transmission during transportation can be changed for so-called offline operation (no
communication to the control computer) e.g. program download. If it is assumed that,
for example, the program download is carried out when the transportation vehicle is at

35  a standstill, it is not necessary to take account of expected interference owing to brush



gross data transmission rate is high enough to transmt the required
quantity of data. Therefore, in spite of the considerable interference,
e.g. owing to brush arcing, secure transm ssion can be ensured. 25The net
data transm ssion rate is preferably between 20 and 50 kBaud. Thus,
contrary to the prevailing manner of pr89re55| ng to ever nore
hi gh- per f ormance and hi gher transm ssion rates, the opposite path towards
| ower transﬂlﬁ?'%r%faFee(ﬁ rﬂ@ﬁsrﬂn@&@n ﬂfdug cgof?ltﬁr’e S8le6l &f-be3BddddR, which
transm ssi on properties spee and redundancy) selected for secure data
t ransni ssi owowldibiingywith & reaseiinthesh dple temamifsipnispeed oltherfPied WBeR | i ne
operation ( t downl oad.
BRI b S e A S o el L
when L he trmptwstdtdatmexgeduM®n pdate off eﬁtfﬁ\ﬁ@f@tqﬂthe transppiatippivehisiesssar y
to take acc t terference owng to brush 6 arcing.
Thereforstaal ttﬁqﬂétrgﬁs %ﬁgtgoﬁ\o\%ﬂ'd%undancy of the protocol can be reduced, which
would bring with it an increase in the net data transm ssion speed.
Therefore, %?foF%e%&ﬂéool B aHH t?nla%eﬁﬁ@n 8dn RAs5banesd inldrfiiné t s
possible also to transmt larger quantities of data, e.g. during an update
of the fi rW@IWWItWGdUMﬁW@NSéthGﬁdWﬁP@Y and/omanyingteased datapor t at i on
vehi cl es. Fﬁsﬂ@sﬁ& PeinTridra ﬂeﬁ&é rSRRGR Y Al dhRerdrRMRidndpeed o al so be
used in offline operation wt uce transm ssion redundancy and/or an
i ncr eased d@eatatlpaarymagsmmtmrav@@leﬁ order to effect an increase in the net
data transm ssion speed to 10the stationary transportation vehicles. The
data transmi ssion method can be used not only for pure data transm ssion
P?t ﬁl so asThe dafalradsmissioneeind ¢ay hehiseduat Prly fasfrursidata diapgmissieB bubct or s.
t he trangnl ssi qgﬂ r S brush arc
formati on, ?%ggaq‘%t tolr?r%g‘lﬂs |th%6§%§€0H%egrré@ dPg&{ﬁ% I%i]el ch neans t hat
\Anznyhdata phahestissionigyalibedeterionatas pwing te ésecased byushaie fasmatien. thiedafat a rate
ich c t i i of the
cur ent 8 ol e e R RSy
i Pveﬂti on chansnitedrepeatedlystheseforssibg data ratenwhin gan Bierefergdig yseg atsr?e quality
of the curr I he
Cransim ssi offegraieyGinge forhe 4y &S RGRERTnISEth i BRucol hE bR S
measur ement infamcotdaacaveitit thegnyentioméart therefereradae becigtedeastamethod for

measuring the quality of the current collectors of the transportation vehicles, wherein
20  the transmission quality is monitored and deterioration therein serves as a

measurement for the wearing out of the current collectors.

It is particularly preferred if the transportation system is provided with railway tracks

and rail-bound transportation vehicles are used.

25
The system and method in accordance with the invention can be used particularly in
in-house logistics applications. Particularly preferred is the use in storage and
transportation systems having one or a plurality of levels with associated conveyor
technology, racks, workstations etc.

30

In such storage and transportation systems, a rail-bound transportation vehicle in the
rack, for example, serves the whole storage system. The system design is based on
autonomous, rail-guided vehicles for transportation of pallets, containers, trays,
cardboard boxes, packing drums or other goods, including direct transportation of

35  goods without loading aids, which operate inside and outside the storage system.



't is particularly preferred if the transportation systemis provided with
railway tracks and rail-bound transportation vehicles are used. 25 The
system and nmethod in accordance with the invention can be used particularly
in in-house logistics applications. Particularly preferred is the use in
storage and transportati on systens havi r?g one or a plurality of levels with
associ at ed conveyor technol ogy, racks, workstations etc. 30 In such storage
and transpo,&&g%ﬁi%a%y,%t:&% ka8 bR b ANERNGL A ndShGitdhebls t he
rack, for exanple, serves ?he 8 e storage systgm The system ge3| gnis
based on aubadiogreus unlipading.dilnedwystevelasctiravel fajs whichreap betigtaling w¥eassl | et s,

Cai | _ . _ ool U
i rect o r aneih B B e 3 9abUn0 SRR of 3icPodin B £rrfihdlyizofe Hiemest! nei de
aﬂd ;)ult Si geoftﬁigahl)sdm_aag@ﬁfwtbeegmicle? oplegglechaingd. Gath the peiver and alsails permits
short | qad-, e Limes

12 %ﬂ%@g aV(I% ir%%ﬁleg%(; the Hyﬁs{pgﬂ?g#véh(i@é@ ng l’t%n't%# f??%hﬂﬁed IhRetystem

has travel ra C be I ns on eac e store or

st andi ng upandyteta brnsuisgien deatcordanhewith #hd inverdiop. zone. By neans of highly
dynamic lifts the vehicles or |evels change. Both the power and al so the
5"orders" are received by the transportation vehicles via the contact

| i ne-r el at eddowener ghe transpatiation vehiclentarsalen be rackingmterage anduetrievahe

i nvention. e - atil. o i : g st orage
and retri ev\gﬁ\{@é’s’ FaC\'/Jer{gies((:e['\;e'@C{]&%{{'EI({Ctsi %‘59@8?%@ eﬁ@gs@k%‘%ﬁ?tggﬁéﬁngand ¥ :
travel | img boundiconeeyingosystams. ai | - 10bound conveyi ng systens. Further
details, features and advantages of the invention will becone clear from
the foll ow ng description of an exenplified enbodinent with the aid of the
si ngl e dr awFurthef Betgils, dedfyirestaind ladsartagessofihe tlerticagrib heedmecleasipdhe at i on
systemw th L; - i [Woy I r dat a
SUppl y vi & SHE SerctphBROPA] bipiifled BRbGRRAPAR WS oFHEISTH, B

desi gnat ed @sgusie Whwhigh lshiows a lbtock disigreie of 8 éransrartagomsysseémanid asifledent suppl y

el ectr O% CStrgns\gahgt%na\fe‘ﬁicjléltaeﬁ%rtﬁéiﬁgurjré?ﬁ Qn&dgﬁr&pr*y ViR bBRhct line.

In Figure 1 the transportation system is designated as a whole by 1. It includes central
control and current supply electronics 2 which are integrated into a control cabinet.
This has a central control 3 for control of the transportation vehicles and a central

20 current feed 4 for supplying the system with electric power.

The transportation vehicles 10 are rail-bound satellite vehicles which travel on a
respective level |, I, Ill, IV of an aisle of a rack on travel rails 11, disposed at that

location between the sides of the rack, and are guided by these.

25
In the region of the travel rails 11 contact lines 12 are disposed which are contacted
by the transportation vehicles 10 by means of collectors in order to receive current
and data. In the present example, 24 V of direct current are fed to the contact lines 12,
meaning that these have two cores 12a, b.

30

The transportation vehicles 10 have, in addition to the wheels 14 and the current
colliector, not shown for the sake of clarity, a unit 15 for data extraction from the
tapped current and an inteliigent programmable control 16 which converts the
"orders", travel commands etc obtained from the extracted data. It will be understood

35 that the unit 15, in addition to the demodulation of the data from the current, can also



This'has a central control 3 for control of the transportation vehicles and
a central 20current feed 4 for supplying the systemw th electric power.
The transportation vehicles 10 are rail-bound satellite vehicles which
travel on a respective level I, IIl, IIl, IV of an aisle of a rack on travel
rails 11, disposed at that |ocation bet feen the sides of the rack, and are
gui ded by these. 25 In the region of the travel rails 11 contact Ilnes 12
are di spos&f, yiuiaarif o?d@?ttd?‘ﬁéﬁé?mpéfat% Bnt trh@rh%‘?i%&r?étlbﬁ QeM@I@H‘O' t8%hel0 by neans
of collectors in order to receive current and data. In the present exanple,
24 V of di ragotralenirelnt: are fed to the contact lines 12, neaning that these
have two cores 12a, b. 30 The transportation vehicles 10 have, in addition

to the wheels 14 and the current collector, not shown for the sake of
clarity, a lnsinteligentqrogrammable eanitol ofistsuprliechis Reziskeirastly Wih thedaapath

intel ligent Y& FPBIEEriic A1 thefrdGé|Krived. T avel
comrandg etcpr%ﬁ?'z&i necq(]f)gu E%rcgé(fﬁ&act egﬂ)gata gtrré c\;/\,1 be underng?ood 35t hat
the unit 15 in addition to the denodul ati on of the data fromthe current,

can al so {"E Al &u np{ii)?valia thé‘m@fv%ral é&tlBﬁ@Gﬁm&tcoﬁi@EﬁmteE eMnkhesgecanrsportati on

vehicle 10 to e ce control 3. he intel gent pr ogr ammabl e
control 16 lpeelslipplli B4takas p@pgm réalrsmla e%tw Rt Wh@ espprplist ipmdhe i n

order to s b & fing dimbgeor gnd the travel drives.
The currenﬁﬂgh%tl§&%gﬁ% e |n éﬁ %gsgctﬁg%s of the contact lines of the
respectiove levels I, I, I, IV takes place in pairs via network parts 7

whi ch are SA'Qﬂblees%cflérpmsre%rrgﬁmeﬁly t6 e E8Htadt §RE! séctRRE oPERNH SdtRmeA 1N a

sub-distributo single section-wi se current supply to the contact

| i ne sect i onsrent suppbnarg alserfaasibleut hie Aependsgintha respgrivs dreddsianees, eig s
depends on Getficies 8fe9t h of the sections, type
of transpor%ﬁ@bgﬁ V:{}Jd#@gﬁ@h%‘ﬁff?ﬁf&%ﬁ%n s%bcgl stributor 6 a device 8 i's

al so provided which, on the one hand, is connected via an Ethernet sw tch
5, which usﬁ%hé(E%ISH%EW@'M!Q&@IS% &Sﬁﬁé@bvhﬁzﬁn&rﬁ FHe &e@%d ign the ot her
hand, divides the contact Iine into sections |, Il V for the purpose
of the tar gesnadcted aissan Ebeost BWwitalad. avhieh @%d@@Wﬂlt%CﬁnP&%ﬁ@rﬂﬁ%??Wﬁ' vehicl e

10, Where'ncﬁ'@o}'?ggﬁ dr RO DRRF hak i hh@'csntégtnn% nhtef‘s@&t%snm eRAY fect i on

[, 11, 111 one tine an section |, I'V'i's supplied
only with tthe pdsaasefodthettargetassipanstrission of data to a specmc transportatlon vehicle
10, wherein only one transportation vehicle 10 is located in each section |, Il Iil, IV at
20 one time and each section |, II, Ill, IV is supplied only with the data for the respective

transportation vehicle 10.

The unit 8 is, for this purpose, connected to the respective contact lines 12a, b of a
section |, Il, 1ll, IV via dedicated lines and addresses these lines in a targeted manner

25 by reason of the address of each transportation vehicle 10 analogously to a computer
network. Therefore the data are transmitted from the central control 3 via the switch 5
to the unit 8 by means of the Ethernet protocol and at that location are converted into
the protocol used to communicate via the contact line 12 and, by reason of the
address of the transportation vehicle 10 intended to receive the data, are fed in a

30 targeted manner into the contact line 12 of the respective section [, II, 1il, IV or

modulated to the current. It will be understood that the reverse path is also possible.

The data are then extracted or demodulated from the tapped current by the respective
transportation vehicle 10 of the corresponding section 1, Il lIl, IV by means of the unit

35  15. These data are then passed to the inteliigent programmable control 16. It will



transportation vehicle 10. The unit 8 is, for this purpose, connected to
the respective contact |lines 12a, b of a section I, II, Ill, IV via

dedi cated lines and addresses these lines in a targeted manner 25by reason
of the address of each transportation vehicle 10 anal ogously to a conputer
network. Therefore the data are transnitted fromthe central control 3 via
the swwtch 5 to the unit 8 by neans of the Ethernet protocol and at that

| ocation ar Vet | | onmruni cate via the
contact Ii n%aﬁlzo&aﬁ 15;?%9&?%%%%%%8?&&9%@8@(1%r‘éé&?‘}o%?b%he transportation vehicle
10 intended to receive the data, are fed in a 30targeted nmanner into the

contact i . | td ; # whated to
the curr en?&eljlﬁ"t\?é flof Eg%étgﬁﬁg)r%g{aﬁgraﬁﬁﬁa#&?ﬁgherIjg\%%?dsngé stg&u eﬁglaggggépossi bl e.
The dat a arteanshematextvehicteetD, be. ttegontactinedseictiom, 11hg, R/aﬂ'b'ﬁ@aﬁ@ﬁrcémedby t he

respective (fans Bcgl‘f-fe?Lﬂé&{]%r?(cfg\ggﬁ]gt&&ﬁﬂﬁert %aﬁq{er;ﬁégﬁﬂme'agTﬁéaCt ion I, I,

IT1, 1'V'by Teans o ese qgata are en passed to the
i nt el | i gentcoprrogicatieatiiom thennit@ thew takies pldce|diregtiyadgathe respaghesastass ing hat

the reverse path hfie %Ea?-ccprﬂﬁﬁ%hi% on fT&ﬁftﬁ@{rEnsi)oHQﬁorF@h% fflismodul ation thus
opove at

stores the respective s r place o ransportation vehicle 10, i.e.

t he cont actcdriesporstingly timpler”|sinceldnly, oriepatiTamelytheyespeagtive eantadline i n a

sel f -1 earni angs AWk tic manner or can be programmed. The conmuni cati
i@R% AviapR! . e prog - i cati on

fromthe unglét%@pt% ?a es place directly via the respective contact |ine

section®. The back-communication fromthe transportation vehicle 10 is

correspondi " S|, " Sd: I spective
contact |i n@‘g&é&e{% e?(')trqullgé pg%%t?\%,:%cﬁ@v)é&g@%Hgggl’rtgg,ﬁﬁﬁ%lnéﬁgls%g possi bl e,
however, t csimaltaneoosly inthell dactons i dhdikily or sactisinranbursraiondhg manter el
sectllons I’brlaédcals%ignél.v or section groups etc in the manner of a broadcast
si gnal .

15 In order to increase the security and redundancy of the data transmission the
transmitted net data transmission rate of the contact line is so low that the required
gross data transmission rate is high enough to transmit the required quantity of data.
Therefore, in spite of the considerable interference, e.g. owing to brush arcing, a
secure transmission can be ensured. The net data transmission rate is between 20

20  and 30 kBaud (higher in offline operation). The use of this data transmission rate,
which is very low by today's standards, is possible because, amongst other things, the
transportation vehicles 10 include the intelligent programmable control 16 which only
has to be supplied with orders but monitors and carries out low operational functions
independently. The intelligent programmable control 16 also contains e.g. a type of

25  system map so that the transportation vehicle 10 knows where it is located and where

it must travel to in order to carry out an order.

In order to prevent undesired crosstalk of the data - addressed in a targeted manner -
from the data transmission from the contact line 12 of one section |, I, |il, IV into other
30 non-addressed contact line sections, a filter device 9 is connected between the
current feed via the network parts 7 and the data feed of each contact line section via
the unit 8. The filter device includes, for this purpose, one inductor per core 12a, b or
phase and one capacitor connecting the cores 12a, b. The filter device 9 thus filters
the data signals out of the current so that they cannot be propagated via the "open”

35  current supply.



15In‘order to increase the security and redundancy of the data transm ssion
the transmitted net data transmi ssion rate of the contact line is so | ow
that the required gross data transmission rate is high enough to transmt
the required quantity of data. Therefore, in spite of the considerable
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travel to i'n order to carry out an order. In order to prevent undesired
crosstalk @ the data - adénealsedentfeadt argeted manner - fromthe data
transnissi%p fromthe contggt, line 12 of one section I, I, Ill, IVinto

ot her 30non-addressed contact |ine sections, a filter device 9 is connected
bet ween thé current feed \sub-didigbuiet work parts 7 and the data feed of each
cont act que section via the Wnit 8. The filter device includes, for this
pur pose, one inductor per core P a, b or phase and one capacitor connecting
the cores Ba, b. The filtumit device 9 thus filters the data signals out of
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5swi t'ch 6sub-distributor 7network part 108unit 9filter device
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1Transportation systemw th gui des for quided transportation vehicles (10),
wherein the transportation vehicles (10Y'are supplied with electric current
via a bScontact line (12),

Claims

1 Transportation system with guides for guided transportation vehicles (10),
wherein the transportation vehicles (10) are supplied with electric current via a
5 contact line (12), '
characterised in that the transportation vehicles (10) are also supplied with data

from a control unit (3) via the same contact line (12).

2 Transportation system as claimed in claim 1, characterised in that the contact

10 line (12) is divided into sections (I, Il, lil, V) for data supply purposes, wherein
one or a plurality of transportation vehicles (10) are located in each section (1, Il
[ll, IV) at one time and each section (1, Il, lll, IV} is supplied only with the data for

the respective transportation vehicles (10).

15 3 Transportation system as claimed in claim 1 or 2, characterised in that the
contact line (12) is divided into sections (I, I, lll, 1V) for data supply purposes,
wherein only one transportation vehicle (10) is located in each section (1, Il, 1l1,
IV) at one time and each section (I, II, lli, IV) is supplied only with the data for
the respective transportation vehicle (10).

20

4 Transportation system as claimed in any one of the preceding claims,

characterised in that a plurality of sections (i, H, lll, IV) have a paraliel feed from

the same current source (4, 7).

25 5  Transportation system as claimed in any one of the preceding claims,
characterised in that a filter device (9) is connected between the current feed
and the data feed of each contact line section (1, I, lll, IV) to prevent the data

signals skipping over into the power network.

30 6 Transportation system as claimed in claim 5, characterised in that the filter

device (9) has an inductor and/or a capacitor or only an inductor.

7 Transportation system as claimed in any one of the preceding claims,
characterised in that a device (8) is provided for targeted modulation of the data

35 to the current for the supply to a specific transportation vehicle (10) in a contact



characterised in that the transportation vehicles (10) are also supplied
wth data froma control unit (3) via the sanme contact line (12).
2Transportation systemas clainmed in claiml, characterised in that the
contact 10line (12) is divided into sect%ons (r, 1, 1, 1v) for data
supply purposes, wherein one or a pluralfty of transportation vehicles (10)
are located in each section (I, Il, I1l, I'V) at one tinme and each section
(I, 11, 1, 1 Vnd écﬁwaln i |9511£a/d HickBn LOGceRi® of @¥uidel @5 € BRAAIk Y
transportatl on vehicles Transportation systemas clainmed in claim
1 or 2, charact@¢madation qfﬁmdatt%&omdmgwrentu ne (12) is divided into
sections (I, Il, IIl, I'V) for data supply purposes, wherein only one
transportation vehicl e (10) is located in each section (I, I, Ill, 1V) at
one tine an8 eatm@nseariation systemiaps cigimed injapy qne %ﬂ}?pFPTB@Qﬂ"@le?'mmth the data
for the gespect hsystem
as cl ai rrftgad in a%ﬁ;ﬁ%ﬁé@éénﬁwgﬂpr{re cegjcbtla %ryr& %@ECksz(gp g%riogt;ﬂlégrggéﬁda? ﬁa
plurality of se¥’hidessarg|rail- b¢und|tranqu>rtetlona(9@cl§spbﬁ allel feed fromthe sane
current source (4, 7). 255Transportation systemas clained in any one of
the preceding clainms, characterised in that a filter device (9) is

connect ed b8t wediANEPRItAEAR Frsiem R StRImeRIin ANy Qngtol tewracestingeleiMmse ont act | i ne
section (1, I, chdrhotehidéh i thaPfHRMEINsmitlRE rfé%@tastﬂaﬂgﬂs%loﬁi?{a@%% Q¥fdct i nto the
power netvvork 306Transportation systemas clainmed in claimb5

charact é?i sed i tnet ({3} istspeow that the reauitegearesy) daia ramgmissian tate is higfiernugh
capacitor or ongyrRmiteFdeRired JJJ@W%E@II on systemas claimed in any one
of the preceding clains, characterised in that a device (8) is
provi ded for targeted rmdul ation of the data 35to the current for the
supply to a1@pe‘f’f'awsﬁor{eﬁ@ﬁ@gsgértnaats'c%éé@m cﬁén% d, %ﬂérabfén@ecﬁﬂ%é\%e nétadzka Ne
section (I, 11 In each vehi cl device (15) i1s provided
for denpdul ati oﬂaf@ﬁmlﬁfﬂ@’ (e g bleﬁ"(ﬁﬁr‘tﬂ)eaflﬁﬁor@ﬁlld preferably between 20 and 30

15 kBaud.

11 Method for operating and controlling a transportation system with guides for
guided transportation vehicles (10), wherein the transportation vehicies (10) are
supplied with electric current via a contact line (12), characterised in that the

20 transportation vehicles are also supplied with data from a control unit (3) via the

same contact line.

12 Method as claimed in claim 11, characterised in that the contact line is divided

into sections (I, 11, I, V) for data supply purposes, wherein one or a plurality of
25 transportation vehicles (10) are located in each section at one time and each
section (I, Ii, Ill, 1V) is addressed only with the data for the respective

transportation vehicles (10).

13  Method as claimed in claim 11 or 12, characterised in that the contact line is
30 divided into sections (I, Il, HI, 1V) for data supply purposes, wherein only one
transportation vehicle (10) is located in each section at one time and each
section (I, I, IlI, IV) is addressed only with the data for the respective

transportation vehicle (10).



Transportation systemas clainmed in any one of the precedi ng clains,
characterised in that the guides are railway tracks (11) and the
transportation vehicles are rail-bound transportation vehicles (10).
Transportation systemas clainmed in any, ?ne of the preceding clains,
characterised in that the transmtted net data transm ssion rate of the
contact line (12) is so lowthat the required gross data transm ssion rate

i's high enoygh M@tﬁoeaa@&;m.mea Wﬁarfy%@ld‘fﬂﬂz &é@élﬁrﬁgf&dalﬁfs ﬂatbaa Errﬁaat@aawdaﬁl on
systemas clained in claim9Q, characterjsed in that the net

transmission rathet Pre o Rty 2h segtiens g, kel ) aps ePeliehiromifhg %’@%C%‘Frﬁnd 30
kBaud. Method feguredgr @.i ng and controlling a transportation systemw th
gui des for guided transportation vehicles (10), wherein the transportation
vehicles (10) are supplied with electric current via a contact line (12),

charactesised i fetrdatastdtime®in Aydperdr &d sHacatiiy @nh.ﬁﬁ; 0 13| sitarsstodddad wi th
data froma control unit (3) via the sane contact |line 54‘\{5%1 (%ﬁas cl ai med

inclaimi11l, chiehbedataEansmissions effecied Bhmeans pf Reosted me

Slecti lonf (If |2!5?atb|té thelcbé}rteﬁtofbr %@tsapﬁlylﬂpé}épé&ﬁdlfﬁﬁl §ortaﬂa>arv@hualeqne) |ﬁran? t
plurality o ransportation veh are | oc ea ection a
one time and eaf#reerediVRtac I|ne|s1ect|qr] (I? I, IW‘?/ ) nd g 'B”SE qpﬁt‘?ﬁ °Phe data
for the respect {neeutreansefédied intack @Bhisleg$0) 10) . 13Met hod as claimed in
claim1ll or 12, characterised in that the contact line is 30divided into

sectiong® (1, II 11, 1V) for data supply purposes, wherein only one

transportat hgn N/I%EHo@'a% cﬂalr%d irSar{yQSh%tcﬂ?‘ﬂwd psree@diﬂig sgitd Dicrto mBle time and each
section (I, I'l, Il is addres respective

n h the data for, t
transportation 9'@1'?@?%53@1@ hat thfé-'sfal(@%‘i?ﬂi ¥r§§3’8'ls§' AERfeissalqy t B%tgﬁ%f t he
precedi ng clai nFeqllﬂﬂreé grots daelirinamiseioh 8@ is Righ RAbUGH® teinsitPhdlfealiréy Of

sections (I, Il quaniy ofdv)ta are supplied fromthe sanme current source (4, 7).
15
17  Method as claimed in claim 16, characterised in that the net data transmission
rate is between 10 and 50 kBaud, preferably between 20 and 30 kBaud.

18 Method as claimed in any one of the preceding claims 11 to 17, characterised in
20 that crosstalk of the data transmission from one addressed contact line section

to a non-addressed contact line section is prevented by means of a filter device

(9).

19  Use of the system as claimed in any one of claims 1 to 10 and/or of the method
25 as claimed in any one of claims 11 to 18 in a storage and transportation system
having one or a piurality of levels with associated conveyor technology, racks

and workstations.

20 Use of the system as claimed in any one of claims 1 to 10 and/or of the method

30 as claimed in any one of claims 11 to 18 in a storage and transportation system
having at least one rack with rack bays disposed on both sides of an aisle on a
plurality of levels, and rails, extending along the levels of the rack in the aisles,

for rail-bound transportation vehicles for supplying goods to, and removing them

from, the rack bays.



515Met hod as claimed in any one of the preceding clains 11 to 14,
characterised in that the data transmssion is effected by neans of
targeted nodul ati on of the data to the current for the supply to a specific
transportation vehicle (10) in an addregssed contact |ine section (I, 11,
[, I'V) and denodul ation of the data fromthe current is effected in each
vehicle (10). 10 Method as clainmed in any one of the preceding clains 9

[sic] to 15p1 chgsasitiRs hidBbdid’d ddimbd iManyusiRbofitelimgat @ 48 ansming Sperntibat e i s
so low that the required gross data transm ssion rate is high enouﬂh to

transmit the reHih reSHcefLiEARSMISPIQ redurdancy gbg{grRR ECctgasedEata; e MssiAN 16,
characterised iftd iRdhrddrieefétt af #lchedseam i et a1 tfakMidsfonplev@ enthd0 and 50
kBaud, preferably between 20 and 30 kBaud. Method as clained in any one of
the precedi ng cHtaliopgrytiansgorigtionvghiclest eri sed in that crosstal k of the data
transm sgion fromone addressed contact |line section to a non-addressed
contact line section is prevented by neans of a filter device ﬁi} Use of

the system 83 cVes Althe methad\ashirimee Inpny ere af qaims 314948 88 agrethid et hod as

claimed in any QagsRihgthedutitylok thedcukfent BolRclrH6RBE traRshdriaBHs PeHitiad,i on
system having one or a plurality of levels with 3§§oc|ated conveyor

t echnol ogy, racWeergiidhaBpRupissipHALalty j§ Qsytoradand "é’fﬂr%&onéh%ﬁef?e#‘f% any one
of clainms 1 to 30 adsaenieht fohtheRidniag odPofaRe eliéritRgliddtorany one of cl ai ms
11 to 18 in a storage and transportation system having at |east one rack
with rack bays di sposed on both sides of an aisle on a plurality of |evels,
and rails, extending along the levels of the rack in the aisles, for

rail -bound transportation vehicles for supplying goods to, and renoving
themfrom the rack bays. 14 21Use of the nethod as clained in any one of
clainms 11 to 18 in offline operation with reduced transm ssi on redundancy
and/or an increased data transm ssion rate in order to effect an increase
in the net data transm ssion speed to the stationary transportation
vehicles. 22 Use of the nethod as clainmed in any one of clainms 11 to 18 as
a nethod for neasuring the quality of the current collectors of the
transportation vehicles, wherein the transm ssion quality is nonitored and
deterioration therein serves as a neasurenent for the wearing out of the
current collectors.



