1 System for changing a battery of a ground transport vehicle, in particular a heavy-duty automated
guided vehicle for 1SO-containers. The invention relates to a system for changing a battery of a
ground transport vehicle, in particular of a heavy-duty automated guided vehicle for ISO-containers,
having storage areas for batteries, having at least one ground transport vehicle with a receiving area
for a replaceable battery and having at least one Ibading and unloading device for transporting the
batteries between the storage areas and the receiving area of a transport vehicle standing on a

changing areg, G e aale DR AZAD 77862 disciasss anuamalaiaipynvebicls having a

manipulator disposed thereon. By means of the ground vehicle the manipulator can be’ moved
automatically*Bereh Eifsrerhitb KIS er to perform assembly tasks at these locations.
The ground vehicle is driven via a replaceable nickel- 15cadmium battery. The battery can be replaced
automatically_at a changing station if it has to be recharged. For this purpose, a vehicle frame of the
ground vehic Fs“ﬂ)Y%%&%%@fﬁ*? 5 B AP SR LB A HTBY O T 6 G S SRR dE'YSifs which are
oriented franavensety witf rdspectdathetiongiddinatdirddtierraf i@ giauindvahicleg The underside of

the battery is Provided Wiftgl %oltlt%ltgseg:/gich rolk iln thergeuide r%ils. In 7Qorder. to Ptgevent the battery from

. Storage areas aving .at least roung, tras 11 vehicle 1 4, . . .
moving along t%eggw e rails during’operation o the ground vehtcie, the vehicle frame is provided with

a pin which isqereterssiorediin @pé}gﬂ'ﬁéﬁn maﬂwwmlm@m@mn@ththm@ ardadingages into a
recess in the aien,Eng aperaienatine craund yehile InArtenipEiange e, pattery, the pin can

be lowered hydraulically. The battery thus released can be pulled out of the vehicle 25frame along the
guide rails by hiears s avEhE Ry HpD aPat ¥BarBRgHECBUrpose of the changing operation, the ground
vehicle fravels automatically to a changing station. After the battery has been unlocked a gripping
device travels starting from the chag%:ng station in the direction of the battery and at that location grips

a projection di8pEeEAIRRHE BltEiBE oFtFRABS T PR GA SEME Ledics iHeiBdils the battery out 30 of

the ground vetislguaad:thieplers atine Batiennieavadhe guidetrilshE hagiowe sghicle and move
onto travel ra}iJIs of the chan inc%rﬁt%tion Wh'c%are disposed as an extension of the u'é e rails. In the
y gay

region of the RhEINY TG LIRHSH SR (SHSE BTSSR Bt S RSP Y he
above-describskisfatshefralogangrstalion deodispased ppiosite asecgideldngitigistation, from which a

one reserve thastérype recharged. For this purpose, a vehicle frame of the ground vehicle is

provided with a battery space, in which there are disposed guide rails which are
oriented transversely with respect to the longitudinal direction of the ground vehicle.
The underside of the battery is provided with rollers which roll in the guide rails. In

20 order to prevent the battery from moving along the guide rails during operation of the
ground vehicle, the vehicle frame is provided with a pin which is pretensioned in a
resilient manner in the direction of the battery and engages into a recess in the battery
during operation of the ground vehicle. In order to change the battery, the pin can be
lowered hydraulically. The battery thus released can be pulled out of the vehicle

25  frame along the guide rails by means of a changing apparatus. For the purpose of the
changing operation, the ground vehicle travels automatically to a changing station.
After the battery has been unlocked a gripping device travels starting from the
changing station in the direction of the battery and at that location grips a projection
disposed on the outside of the battery. The gripping device then pulls the battery out

30 ofthe ground vehicle and the rollers of the battery leave the guide rails of the ground
vehicle and move onto travel rails of the changing station which are disposed as an
extension of the guide rails. In the region of the changing station the battery is then
automatically contacted and charged. The above-described first changing station is

disposed opposite a second changing station, from which a reserve battery, already




5Furthermore, German patent application DE 10 2007 039 778 Al already discloses a heavy-duty
automated guided ground vehicle for 1SO-containers. The heavy-duty transport vehicle comprises a
vehicle frame, on which at least one lifting platform is disposed which can be lifted from a lowered
transport position to a raised transfer position or, éonversely, lowered from one to the other via at least
one lifting drive. 10Typically, such heavy-duty transport vehicles are driven by a diesel engine.
Furthermore, from the Japanese laid-open document JP 05 294 L47 A there is already known a

system for chaaginptRchattesyataiground wansppityabiglec lisYSteNTICOnSISSa @paid from the
ground transli)o t vehicles with regﬂlt%?fabliébrtteg, of 15sto agg areas for ba]tteri s to be recharged
disposed withi SSFaf TIFC S s VPRt P AR SR RS R B AR Y PBNG ¥r§’r‘1%port vehicles and

the storage asesrot anauwtdmated loading and unloading device. Within the transport vehicles and the
shelf units the batteries are automatically coupled and uncoupled electrically, 200n the basis of this
prior art, the object of the present invention is to provide an improved system for changing a battery of
a. ground trafispbetrveticlesrimapaticu aplibgan/lbduty 2060 3%el Y hit ettoadhidie iore$S8O-containers.

This object is,aghleyed L meRns LeIBIER 0 cRansin  pAIEK Ao GRtransport vehicle

having the featurés of claim 1. Advantageous embodiments of the invention are described in the

subordinate ¢ansRe™7 Y§higie RoEpEsreancbisini e invertiehadsdrhprolidinsydeiioichanging a

battery of a giupsiransRoshyshiclRdBRAFIGHArR her\psdyhautamatedguidesyehicle for
30I1SO-containers, having storage areas for batteries, having at least one around transport vehicle with

a receiving aRos P QromREste I0RREN 15018 PR A CIBESY Bt BaARg WHA4MiB5ding device for
transpoiting thephatieriesibréwseduthersiofage driers asditRenveaivisgidgamef a transport vehicle

standing on a changing area, is achieved in th.at
Furthermore, from the Japanese laid-open document JP 05 294 147 A there is already
known a system for changing a battery of a ground transport vehicle. The system
consists, apart from the ground transport vehicles with a replaceable battery, of
15 storage areas for batteries to be recharged disposed within a shelf unit. The batteries
are transported between the ground transport vehicles and the storage areas of an
automated loading and unloading device. Within the transport vehicles and the shelf

units the batteries are automatically coupled and uncoupled electrically.

20 On the basis of this prior art, the object of the present invention is to provide an
improved system for changing a battery of a ground transport vehicle, in particular a

heavy-duty automated guided vehicle for ISO-containers.

This object is achieved by means of a system for changing a battery of a ground
25 transport vehicle having the features of claim 1. Advantageous embodiments of the

invention are described in the subordinate claims 2 to 17.

In accordance with the invention, an improved system for changing a battery of a
ground transport vehicle, in particular a heavy-duty automated guided vehicle for

30 ISO-containers, having storage areas for batteries, having at least one ground transport
vehicle with a receiving area for a replaceable battery and having at least one loading
and unloading device for transporting the batteries between the storage areas and the
receiving area of a transport vehicle standing on a changing area, is achieved in that

centring elements are assigned to the storage area or to the receiving area in such a



centring elements are assigned to the storage area or to the receiving area in such a 3 way that the
battery is oriented relative to the storage area or the receiving area in response to the loading
movement of the loading and unloading device. In this way automated mounting and dismounting are
made easier. A particular advantage is that in relagion to the battery change and the orientation of the
battery with respect to the receiving area or storage area, the transport vehicle or the shelf unit is
designed in a passive manner and any manipulation movements start from the distribution vehicle. In a
particularly advantagée batemtiodiaent prhvisian iscnsaee thatdle thatteriiamboraed in such a way that
it can be suspended 1o and uphooked from e storads area d0erlne tecelving area by the loading and
unloading device. The bat ery itherstore easy to hanafe AS a: coﬁsdtrucnbnal y agvgntageous
embodiment provisioh i méde thdtl suppotingemertdcarsidis posedionahel batteryiktetally protruding
on both sides, 3 i kostarAos g i Rl A dspRsgd apd il eeeiing area. support
rails are disposed, on which lie the support elements of a battery standing in the storage area or the
receiving® areECTNEp atee9e Stofisecracaiiig rapeRrErtEfeestb gy eh alfa st Ay d erierefofedmechanically

simple and ngt dittedwithemaveab!s Rasts.2ARAtictiar v simple atachmenteftigRattery in the

storage areas and the transport vehicle and therefore rapid mounting and dismounting are achieved in
that the battery can move in the lifting and lowering direction in order for the battery to be suspended

in and unhookeg fiafvuthesiovageRrasabsiondieisanspor vebicleabinthadeading and unloading
device. A simfole orientation of the batter)éis achie&/ed in tr(l%t g]e badt r}/nit oriented via die centring

elements relatiV8T0'the's 61r3’§§ BREL & €iksmléslggfgeef\c}iﬁngaélreanlr? ?légpor?se o] fﬁoerﬁ%e\:/\%?ﬁ]g movement of

the loadifig andthntoadimg: dexdde. tBO]padiew anfl thnd dadangyderaight Bfcthettogttempcthorcentring is
facilitated in that tthehlogging and unloading device is formed in such a way that the battery can move

. [ andaic, . . . . : .
horizontally to tacilitate centrin.g during the lowering movement of the loading and unloading device
and when the centring elements are in engagement. 4

As a constructionally advantageous embodiment provision is made that support
elements are disposed on the battery laterally protruding on both sides, and in the

15  storage area carrier rails are disposed and in the receiving area support rails are
disposed, on which lie the support elements of a battery standing in the storage area or
the receiving area. The batteries, the receiving area and the storage areas are therefore

mechanically simple and not fitted with moveable parts.

20 A particularly simple attachment of the battery in the storage areas and the transport
vehicle and therefore rapid mounting and dismounting are achieved in that the battery
can move in the lifting and lowering direction in order for the battery to be suspended
in and unhooked from the storage areas and on the transport vehicle by the loading
and unloading device.

25
A simple orientation of the battery is achieved in that the battery is oriented via the
centring elements relative to the storage area or to the receiving area in response to the

lowering movement of the loading and unloading device.

30  In view of the heavy weight of the battery, the centring is facilitated in that the
- loading and unloading device is formed in such a way that the battery can move
horizontally to facilitate centring during the lowering movement of the loading and

unloading device and when the centring elements are in engagement.




The system for changing the batteries is as a whole formed in such a way that the mechanical
complexity on the transport vehicles and the storage areas in the shelf unit is generally kept very low.
Neither moving mechanical components such as e.g. rollers, nor active actuators such as e.g.
hydraulic cylinders or electric motors arc 5require$bon the storage areas or the transport vehicle. All
necessary movements are carried out by the distribution vehicle with the loading and unloading
device. Since the number of loading and unloading devices is low compared to the number of vehicles

and the storage areas, iheteshnicalosiiay and manufactwingcostsof the systemeas a whole can be

reduced. Furthermore, the reliability of the system js 10increased by the reduce mplexity. Traction
attories knGUH AR BOP A HAVLE KSR GREF eGhL b RS Bt Ehtterios which

are required itogdaosrgHiekepioperdbon dfcittaviyraluiy wehiclerallhengesatibedcbystem for changing the

vehicle battelrlﬁgl.ls arranged sEe |f|callé1hfgsr 15hhad?éjdln d storing %}%Clanrl%%battery dimensions and

£ i3 d A
heavy batteryowelsgﬁ?sr.a‘f eba %élr())/r?: %nglng Station p%—:-rC ilélrgr;g’iaran automaf%él?eplacement of

batteriess on @WWM@@D@Q@MWS ?Fh@@ham@'mg \@&edscéﬁ becdispysee fioxihawith respect to the
storage area@a&{é&mﬁtWWh@@i&H@H@éﬂgvgﬁ?ﬁ9Qvﬁﬂ%@‘?qﬁlﬂ%(%%@%%ﬁﬁ Rych piapaing into existing

infrastructures and the design freedom during planing is 20increased. The rapid battery change

permits enviibaRierhangfaading speraliodiog fraigesispor careres witkouahssedble reduction in

capacity. In teiwsief 1he iVaBH &bRam: tbh EANSRRN ¥elislads.unaakstead deke a vehicle which
can transport a payload of at least 15 t, preferably at least 20 t. Loads for the 25heavy-duty transport

vehicles inclS¥STR s aoralners Bnerdussp: dorthmmee hasriailily ebiamaretin generally weigh up
to about(l6 tingdhedadenstaiecdSerapridigers weigh 20 t to 80 t. Transport of ISO-containers is
preferred. ISO-containers are understood generally to be large standardised containers having
standardised receiving points or corners for load receiving means. A heavy-duty 30transport vehicle
which travelsTesmdiy batteainsootsrain ém ptiotSOicontamenriswapreigitainérdisiatsote be understood

in this way, ag |ong. %%ﬁ@ﬁses"%ﬁk‘é C oL HANSPRIMARAYIOR F%Ia%%l?é‘?ﬁéa@gm‘%{t?@c’!ﬁ%%s‘?t_'eas.t 20t 1t
can also be the case that such heavy-duty transport vehicles operate in a mixed operation, i.e.
transport notldwglylescribed system for changing the vehicle batteries is arranged specifically for
15 handling and storing the large battery dimensions and heavy battery weights. The

battery changing station permits rapid and automated replacement of batteries on a

very compact footprint. The changing areas can be disposed flexibly with respect to

the storage areas. In this way the changing station can be integrated without much

planning into existing infrastructures and the design freedom during planing is

20 increased. The rapid battery change permits environmentally friendly operation of the

transport vehicles without a notable reduction in capacity.

In terms of the invention a heavy-duty transport vehicle is understood to be a vehicle
which can transport a payload of at least 15 t, preferably at least 20 t. Loads for the

25  heavy-duty transport vehicles include ISO-containers and swap containers. Laden
swap containers can generally weigh up to about 16 t. In the laden state, ISO-
containers weigh 20 t to 80 t. Transport of ISO-containers is preferred. ISO-
containers are understood generally to be large standardised containers having
standardised receiving points or corners for load receiving means. A heavy-duty

30 transport vehicle which travels empty or transports an empty [SO-container or swap
container 1s also to be understood in this way, as long as this vehicle can transport a
payload of at least 15 t, preferably at least 20 t. It can also be the case that such

heavy-duty transport vehicles operate in a mixed operation, i.e. transport not only




ISO-containers or swap containers but also other loads such as semitrailers, swap trailers, trailers,
heavy goods vehicles or tractor trucks. By means of automation, the changing station can optimally
cooperate with the 5 automated vehicles. The battery change can take place at any time regardless of
the availability of personnel. In this way the systign can react very well to unexpected peak loads.

The handling rate is further increased in that by means of the movement of the battery 10in the lifting
and lowering direction, the battery can be electrically separated or electrically contacted automatically

in the storagesayeas:AnR-{AnsROrtyahistes Fuomtrastttionalpeintiehviewskip particularly
advantageous that the loading and unloading device has a support arm for the battery, which, as seen

in the directidRIBLIHHE T YAAEF K8 St IACVENiETe, is able to travel laterally in and out in a
mounting and dismounting direction of the storage areas and in the direction of a changing area. A
particularly r%iable fea&ure for the qgg(r:gggn of hg transport vgltgicles IS t%%itﬂ 20battery is formed as

¥ 1 .
alead battery%rnn&%lsc a&ruétl%réla QVice is pr Vided in the ste réréle reas an supp ies the battery with the

optimumsquantitynofedunifietbwalee tuttimg cthf@lgh%ghﬁb@b@@dﬂ&@}/ Tihe systdhasisopérticularly suitable
for handiing aliefies fomed g lead BAEERWIICIIAYE ANEIBN OLALISASLE-referably B0 O t.

The changing time of"the batteries can further be optimised in that'the distribution vehicle operates in
automatic madek BeAshigh level of availability of the transport vehicles is achieved in that a plurality of
storage areas are disposed next to each other, the loading and unloading device is disposed on a
distribution vehicle which can travel along the storage areas and along a travel path and at least one

changing areRforarilinarspsrivatiacsatradby Ruoirnythberaoerpatho B R @8mbination of a
plurality; of storageli@aasf@lowering direction, the battery can be electrically separated or

electrically contacted automatically in the storage areas and transport vehicle.

From a constructional point of view it is particularly advantageous that the loading

and unloading device has a support arm for the battery, which, as seen in the direction
15  ofthe travel path of the distribution vehicle, is able to travel laterally in and out in a

mounting and dismounting direction of the storage areas and in the direction of a

changing area.

A particularly reliable feature for the operation of the transport vehicles is that the
20  battery is formed as a lead battery and a charging device is provided in the storage
areas and supplies the battery with the optimum quantity of purified water during the

charging procedure.

The system is particularly suitable for handling batteries formed as lead batteries

25  which have a weight of at least 6 t, preferably 8 t to 9 t.

The changing time of the batteries can further be optimised in that the distribution

vehicle operates in automatic mode.

30 A high level of availability of the transport vehicles is achieved in that a plurality of
storage areas are disposed next to each other, the loading and unloading device is
disposed on a distribution vehicle which can travel along the storage areas and along a
travel path and at least one changing area for the transport vehicle is disposed

adjoining the travel path. By this combination of a plurality of storage areas for




charging and intermediate storage of the batteries of the transport vehicles with at least one
distribution vehicle for transporting the batteries to be replaced between the transport vehicles and the
storage areas it is possible to ensure that the changing of the batteries of the transport vehicles
proceeds swiftly and the time of non-use of the 5 )ransport vehicles does not exceed the time of
non-use which is usual for a refuelling stop for diesel-fuelled transport vehicles. The distribution vehicle
is optimally suited to moving the batteries between the transport vehicle and the storage areas. This
also means thatdhe tianspor sdhicles-are @vadableder ot éardengerydidespadeasaving version of the

battery changing system.is achieyed when at least one changing area js disposed osite the
storage area%%/svgi% ?eéspné%flttlgrf Vgg}g\?\g bgfﬁSBP It%%gglg rl? Sﬁﬁé%r\%/geﬁle&%? f€I\C/?1éesl§)8 eee}leq%) a plurality of
storage areasanexirto gadhscthbtha distrilsution tehislestantthemalsthaaeheaapinalitytiof changing

areas 15A Tyl G AU SAASR RN VEIIOn DS FAIERL ARG YD s achieved in tha

at least one changing area Is disposed adjoining the travel path and as an extension of the storage

areas. The battsnpihahigingdspsteshdsciseraforia torhiod-awiia) stinsusdhnerddciihole. 20In order

to increase thg MEURAtnG. aRd dismoyptingisaRacity Ofthediatienerhangindisystemian extremely wide
range of arrangements for the changing areas with respect to the storage areas and different numbers

of distributiofPveTatgshis baterissSeipiecMi & s b HelHE ARG ST LR ATBRS pIdIdES, which is

disposed oppesite the storags areamhifl deladiovintherdravelfpatbhaad/or is disposed adjoining the
travel path and as an extension of the storage areas. A further improvement in the use of space is

achieved in that the storage areas are formed in a shelf unit with a plurality of levels arranged one
above the othAespandsthvendistrdioiioffi the bicteriscionmied sgs@shelcintsewingapparatgs. 30

Furthermore, as a preferred variation, provision,is made that sensors are di in the region of the
changing areca%,n%f?ﬁ W altl:#ltlﬁ OB%A;%P(?E) S(%ﬁt 13 %F%%éﬁ&?? %Seﬁfé e ?Séﬁg[?vtg t%)etilf@%fé%l}ﬁ%%and unloading
device can bthdédigrimitied eaidcthe Wherntttioniof therididdivigarmtumioadien tesadealith respect to the

transport Ve@(ﬁﬁtﬁgu@ﬁ;%ﬁﬁ@@nZh@ﬁea@s%@rp@aﬁﬁ{ﬁ%ﬁ‘@%Wﬁgn@ﬁﬁaé%%{.tthe determined position of

the transport vehicle. It is therefore ensured that the orientation of t ery via the centring elements
is effected reliably.

15 A further particularly space-saving version of the battery changing system is achieved
in that at least one changing area is disposed adjoining the travel path and as an
extension of the storage areas. The battery changing system is therefore formed in a

very slim manner as a whole.

20  In order to increase the mounting and dismounting capacity of the battery changing
system, an extremely wide range of arrangements for the changing areas with respect
to the storage areas and different numbers of distribution vehicles is also possible.
More than one changing area can be provided, which is disposed opposite the storage
areas in relation to the travel path and/or is disposed adjoining the travel path and as

25  an extension of the storage areas.

A further improvement in the use of space is achieved in that the storage areas are
formed in a shelf unit with a plurality of levels arranged one above the other and the
distribution vehicle is formed as a shelf unit serving apparatus.

30
Furthermore, as a preferred variation, provision is made that sensors are disposed in
the region of the changing areas, with which the position of the transport vehicle
relative to the loading and unloading device can be determined and the orientation of

the loading and unloading device with respect to the transport vehicle on the changing




SThe invention will be explained in greater detail hereinafter with reference to an exemplified
embodiment illustrated in a drawing in which: Figure 1 shows a plan view of a system for changing a
battery of an automated guided ground transport vehicle for containers, 10 Figure 2 shows a
perspective view of Figure 1, Figure 3 shows a front v eW 0 he shelf unit of Figure I, 15Figure 4
shows a side view of Figure 3, Figure 5 shows a side ew o :inure 3 with the distribution vehicle in a
different position, 20Figure 6 shows a perspective view of the distribution vehicle, Figure 7 shows an
enlarged viewwafaseetoneaiddigitteBefiaho thie: kgianioédhesitistribitien-vehiatevandi25Figure 8 shows

a side view Ia ansport vehi I%qu&\ccorde%nce W%ULF' lEII‘e 3..F;[ ure iIIuslirates a.plan view of a
1S thereibre ensure ]a 1€ OTien at%on olt teroy viq, thie ceniring € meint%l .
system for changing a battery 1 of an automated guided ground transportvehicle 2 for containers,

preferably [SCectrtadhiersy. The transport vehicle 2 uses the battery 1, which is preferably formed as a
lead battery, as 30a power source for its consumers and drives, not shown. The battery 1 has a weight
of about 6 to 10 t, preferably 8 to 9 t, and permits operation of the transport vehicle 1 for about 6 to 8
hours. The bhely endapes hhcteptrtioahstarcnist deisilvherainidistinvttirretrivess & ydraulic pump which

acts upon the.gingigwhesh deavehoiings flihe Iranspartyehicle 2, the lifting drive for a lifting platform 3
of the transport vehicle 2

Figure 1 shows a plan view of a system for changing a battery of an automated guided
ground transport vehicle for containers,

10

Figure 2 shows a perspective view of Figure 1,
Figure 3 shows a front view of the shelf unit of Figure 1,
15 Figure 4 shows a side view of Figure 3,

Figure 5 shows a side view of Figure 3 with the distribution vehicle in a different

position,
20 Figure 6 shows a perspective view of the distribution vehicle,

Figure 7 shows an enlarged view of a section of Figure 3 from the region of the

distribution vehicle and
25 Figure 8 shows a side view of a transport vehicle in accordance with Figure 3.

Figure 1 illustrates a plan view of a system for changing a battery 1 of an automated
guided ground transport vehicle 2 for containers, preferably ISO-containers. The
transport vehicle 2 uses the battery 1, which is preferably formed as a lead battery, as
30 apower source for its consumers and drives, not shown. The battery 1 has a weight
of about 6 to 10 t, preferably 8 to 9 t, and permits operation of the transport vehicle 1
for about 6 to 8 hours. The battery 1 drives an electric motor, not shown, which in
turn drives a hydraulic pump which acts upon the single-wheel travel drives of the

transport vehicle 2, the lifting drive for a lifting platform 3 of the transport vehicle 2




and any further consumers. An electric travel drive may also be used instead of the electro-hydraulic,
travel drive. The transport vehicle 2 can also he formed without a lifting platform 3 for the containers.
The containers are then set down directly on the transport vehicle 2 or the vehicle frame 2b thereof. In
addition to the transport vehicle 2, the system consists of a distribution vehicle 4 and a plurality of
storage areas 5 for batteries 1 in a shelf unit 6. Bygmeans of the distribution vehicle 4 the almost
discharged batteries 1 are unloaded from the transport vehicle 2 as required and set down on a

storage area fm@hihershelf unitead0 Anothetisharged-hatery dds shansunplisdfram a. storage area
5 of the shelf ynit 6 {o the transport vehicle 2 by the distribution vehicle 4. For this purpose the
distribution v& ﬁ%‘i’@ﬁ‘%&“ﬁ‘iéﬁ%&%&&ﬁa|§lbﬂp%?aiﬁ?&|8%i‘dﬂf‘gzaﬁﬁ‘a UG 8L Wil hich handles the
battery 1 in thetimaphefoaha forklift souekndSInihecpriesent exemplified embpgdimenhanplurality of
storage area%.g  are ivs %?e lin %r%hqaétégnee% gtherfand disposed on a plurality of levels 6a one
above the other in the Shelf anit 6. In'a corres]pondtlneder%anner, the shelf unit 6 has a rectangular base
surface with two long sides 6b and two end faces 6¢. Along one of the two long sides 6b extends a
ravel path 8 for e clstmIBYehIde fa T he el apl & aispexiads 201 & straignt ine

corresponding to the linear formation of the shelf unit 6. A rail 8a is let into the travel path 8 so that the
travel path S #xhasduerbssetistaaty dsepther beticies! ThesidtribiitionBehiciesaftavels on this rail 8a

and can thus geashlallthersiwagsaleas Siofitheshelfumit 6 withitseading,and unloading device 7 in

the manner of a shelf unit serving apparatus. It is fundamentally also possible to form the distribution

vehicle 4 in sHERSBORAFRIFAR ft BPErAtEs aRiEiioHB M\eteResAtFtnetetbra e wilidge areas 5 are

disposetinexii gachinthed oal:en assiglsularrkitRoBQlRdhe Pirsent exeRmRifigsqmbodiment a first
distribution vehicle 4a and a secqnd distribution vehicle 4h are provided i.n order, on the one hand, to
increase the Fn%éfﬁﬁﬁ%o‘é‘ﬁ’&hd‘fifrégtfn??ﬁ&‘égg’%w 3%‘1%65%/5?8?1#%8?1&%sﬁ%‘%‘i}ﬁ%}fdﬁ‘ﬁ}?&, to retain the
availability of thiedystans itdhecevent pHpefailtiseafionent thihdiadistributiomiicigs4a, 4b by
means of redleédbar&%l}/. &ni rtﬂﬁeunlikelyo%\éef%mﬁt b%}(h distribution vehicles 4a, 4b fail, a forklift truck 9

or comparable vehicle can enter the system anélr%he batteries 1 call be changed manually.

Furthermore. Figure | shows that changing areas 10 are provided adjoining the travel path 8, on which

changingsalegsaJ ERERME IARSRPLLYSIIE:? (o1 s changing of e by cap be parked. Since

i
the transport vehicles 2 are driverless, they travel automatically to the changing areas 10. The
changing ared8etdagssiiasach ather pagiaresah ap thalwelénef ddleAtoainbodeviceothaf the

distribution veRiglesiéa AR samreachdheatiensaitachad tohestransRertughicle 2. As seen in
relation to the travel 10 path 8, the first changing area 10a. is disposed opposite the storage areas 5 of

the shelf unit B FAE AR S0P AiLTE & SHIAGBhITNE fitst LIRS GG 0A184 T 98 bFidfRed in this case
with its longitedinakdirestienclpntparatiel withibetlongiudinal exensionpiol theoshelhanit 6. This
o G P S B SR RS S ARG PRIpEL M e

let into the travel path 8 so that the travel path 8 can be crossed easily by other

vehicles. The distribution vehicle 4 travels on this rail 8a and can thus reach all the

storage areas 5 of the shelf unit 6 with its loading and unloading device 7 in the

manner of a shelf unit serving apparatus.

25
It is fundamentally also possible to form the distribution vehicle 4 in such a way that
it operates only on one level 6a and therefore the storage areas 5 are disposed next to

each other only on a single level 6a.

30 In the present exemplified embodiment a first distribution vehicle 4a and a second
distribution vehicle 4b are provided in order, on the one hand, to increase the
mounting and dismounting capacity of the system and, on the other hand, to retain the
availability of the system in the event of a failure of one of the two distribution

vehicles 4a, 4b by means of redundancy. In the unlikely event that both distribution




15and the longitudinal extension R of the shelf unit 6. The second changing area 10b on the one hand
adjoins the end face 6¢ of the shelf unit 6 and on the other hand adjoins the travel path 8. In this case
also, the longitudinal direction T of the transport vehicle 2 is oriented essentially in parallel 20with the
longitudinal extension R of the shelf unit 6 when the transport vehicle 2 is standing on the second
changing area 10b. In relation to the second changing area 10b the distribution vehicle 4 can be
formed in such a. way that the loading and unloading device 7 can travel out in only one direction
since the stovabelaveasib fflthefahdlfh unitkdanddhe satendidhRnginegnatichd Hhdie ord the same side of
the distributi?krg~ %Syerhiclia 4, IQ r%la;[lioendto thﬁéﬁ'rst changing area 10a, which lies opposite the storage
areas 5 in refation tt%1ﬁ§|e dismbatiorvehidle 2 ,yt'he loading and unloading device 7 is formed in a
corresponding manner such that it can travel in and out to both sides in order to be 30able to handle

the batteries ﬁuﬁﬂémlt&%fgt&%‘giﬁ%@é‘%ﬁ%%@%g%@%@%ﬁ*6Léﬂié’grx%i%%%ﬁi%%rﬁtee&Qv@iut°ma“C mode

in precisely the same way as the automated guided vehicles 2 operate in the automatic mode. In a
correspondirifihanmier sk sheteneliaeginaesrisE VEX et tHehsgiste it wliasisseirounded by a 0

boundary 1%%'%5%&1%@@%@&5&&@@%%5@%%@5%@%J&%@_@Q%Mﬁ‘é&%g‘é%@%@ﬂ%ﬁd access and
therefore risk to persons. In order to permit the transport vehicles 2 to travel into the changing zone 12

surrounded By fREetdARRe hansing yaes 1hals gog mieise HatindaiF 148 kitlextension of the
first changing aseRal 0R,18.88600 DRI, Epravidadis dheboundasyiditsas,am extension of the

second changing area 10b, whic tes each open and close automatically in. grder thereby to allow a
ranaport ver B A o 081 AT L F B S CHHi CoAGE A eGP B8y to e able t
travel ot Wallpah théclianging giopert2 for maisntesrdngp@ikpbsesorpinataes SudthoflalChange-over to

manual operag% ifltgetgistriblggtio .vet&i%#%gdff fa(i)lr.l%}g)e!r%1 lgasgggcular the 3 ove-descri qd forklift truck 9
[ e

can travel in }Jh%ough the third gg%elilfc. cltanging areasa%%ll,g 106 aré Connected via corresponding

first and secdhid ehangihgtirtaveltpéni digeeios to teafid vdAdtsebogtugatel Eiderma ib. The changing
travel paths ]o:?%e]'s’%@%ﬁi%s.oﬁtl@i%ably means that the rail 8a of the distribution vehicle 4

is also oriented in parallel with the longitudinal direction T of the transport vehicle 2

15 and the longitudinal extension R of the shelf unit 6.

The second changing area 10b on the one hand adjoins the end face 6¢ of the shelf
unit 6 and on the other hand adjoins the travel path 8. In this case also, the
longitudinal direction T of the transport vehicle 2 is oriented essentially in parallel

20 with the longitudinal extension R of the shelf unit 6 when the transport vehicle 2 is
standing on the second changing area 10b. In relation to the second changing area
10b the distribution vehicle 4 can be formed in such a way that the loading and
unloading device 7 can travel out in only one direction since the storage areas 5 of the
shelf unit 6 and the second changing area 10b lie on the same side of the distribution

25  wvehicle 4.

In relation to the first changing area 10a, which lies opposite the storage areas 5 in
relation to the distribution vehicle 4, the loading and unloading device 7 is formed in a
corresponding manner such that it can travel in and out to both sides in order to be

30 able to handle the batteries 1 during the changing procedure.

The distribution vehicles 4 operate in automatic mode in precisely the same way as
the automated guided vehicles 2 operate in the automatic mode. In a corresponding

manner, the whole changing zone 12 which the system includes is surrounded by a




15In addition, sensors arc provided in the region of the changing areas 10a, | Ob in order to fix the
position of the transport vehicle 2 relative to the loading and unloading device. With the aid of the
determined position the orientation of the loading and unloading device is then corrected appropriately.
20 A type of workshop area 14 can also be providgd in the edge region of the boundary 11 and also
adjoins the travel path 8 of the distribution vehicle 4, in which batteries 1 can be set down and picked
up by the distribution vehicle 4 in order for them to be maintained, replaced or repaired there. Figure 1
shows one diduatayypldssibleherabbdifnents of afaystemsddr, changing arbadtenndutibadsansport vehicle
2. Itis fundamentally.also possible, apart from the sipgle-line embodiment.of the shelf unit 6, also to
orovide A S BB e s TR A o BB IR Y ITE d g therebetween
The changingaaréagolBavbaigiterreadh berproviddy dttheveddrfalce ofirsngieribeth ends of the rows

of the shelf 30unjis £, Thefitstarspraod.chanaing aran 50a.A0h.coulralsn be omitfed in the

described embodiment. In the case of a two-line embodiment of the shelf unit two travel paths 8 for
two distributigfio/Efiéteswidetiiar shed penproiidedt. arissweigrothids sweraiagibewith doubling the

above-descrifpgd.aysiemwith anbp dhereaend.changingiaigalel- diewpyld alga.be possible, in addition
to the changing travel Ia‘%aths 13a, 13Db, to allow the normal travel lanes for the transport vehicles 2 to

extend in pafNEPRRGNAY te Latiy HaRdhdy B diaimmedr thattifd ®indpoR Nerlsdd® enter in the
manner of a datierad paduRgEQcEdb e iMk Qg teh tianes inieethe fohanging aeasiidscin this

embodiment a plyrality of changing areas 10 would then be_ pro idelc[gfone behind 'gl > other along the
travel path SRS SISO UL R BB 41 SR SHUERYE G S 28K unit 6 with a
distribution viahete otilandha shanvspirtcvibhitierRlstanding imftontbiitinaghaadiing grea 10. The shelf
unit 6 is conventianally pro d teel construction.and has e.q. six storage areas 5 next to
10each othe\ﬁachtﬁg S%Ylﬁl 159#51%&%??2& S}e S %f Son%ngc%%\él%hcg %(tiﬁ%orn%ﬂ% éSteﬁp %nletcgnt erefore offers
storage spacéifogi8s aebpietbd 1 Tie Mdividadirsterdgecard a9 hkavenAd StorHgechaseniut consist

essentially of wg |afgtals muiually sRacad;and opposing carrier rails 5a which, as seen in the vertical
direction, are attached to the steel construction of the shelf unit 6 slightly above the middle of each

storage area 5. 15These carrier rails 5a serve to receive the batteries 1 which correspondingly have

complementatihigdiasigredsURpO -6l MIta Ao aeemincalaRMieNethedRatiel ynlotgdectangular and
the support elements 1 a are ifposed in the regions of the corne%s, of the long sides of the battery 1
and each h a{cféﬁx the position of the transport vehicle 2 relative to the loading and unloading

device. With the aid of the determined position the orientation of the loading and

unloading device is then corrected appropriately.

20 A type of workshop area 14 can also be provided in the edge region of the boundary
11 and also adjoins the travel path § of the distribution vehicle 4, in which batteries 1
can be set down and picked up by the distribution vehicle 4 in order for them to be

maintained, replaced or repaired there.

25  Figure 1 shows one of many possible embodiments of a system for changing a battery
1 of a transport vehicle 2. It is fundamentally also possible, apart from the single-line
embodiment of the shelf unit 6, also to provide a two-line embodiment with a travel
path 8 for the distribution vehicle 4 lying therebetween. The changing areas 10 would
then each be provided at the end face on one or both ends of the rows of the shelf

30  units 6. The first or second changing area 10a, 10b could also be omitted in the
described embodiment. In the case of a two-line embodiment of the shelf unit two
travel paths 8 for two distribution vehicles 4 could also be provided. This would then
be comparable with doubling the above-described system with only the second

changing area 10b. It would also be possible, in addition to the changing travel paths




20a square shape as seen from above. In the region of the carrier rails 5a, centring elements are also
provided which, as the battery 1 is lowered into the respective storage area 5, effect centring of the
support elements la in relation to the storage area during lowering of the battery 1 of the carrier rails 5a
[sic]. The battery can therefore be set down in a rglatively precisely positioned manner in the storage
areas 5 by the distribution vehicle 4. The centring elements, not shown, are correspondingly formed in
the manner of a hopper as seen in the lifting and lowering direction of the battery 1. In a preferred
embodiment ] 3ardSpettisiéobote impnoVided] derdy dily the thensppportielendents:landnd the centring

elements ar%ﬁ%ﬂ"é?ﬂu%g‘%@i%%l Y QHg Egb@&%t\%ﬂi%‘#ﬁ?ﬁ{e%?%ﬁ%w HRYAIds startipg from the carrier

rail 5a. Furthermore, it is thus 30possi means of the set-down movement effected within the
storage areatBeawpnsaticalyics contaes tiechditteny orédacorieauty witg, tbfetheniaglispiskd externally on

the battery | angl;dgiiomalbaia FRANASLE IRASHPRIY.ING I0r a4 ImaNa SRRty of purified water in an

optimum_quantity and to an air connection in order to circulate the battery fluid during the charging
procedure. FefbHKtthedhenaleantisdimglanth 4 StbindtersHentelisls formed in such a way that they

offer an additional tolerance compensation in all movement directions. The connecting and contact
elements arxraFnot shown in the shelf unit 6 fo th%%gﬁke of sir]gpli ity, The same also applies for the
whole power $&psly ¢ P‘fﬁé&&fﬁ%ﬁ“‘&lﬁ%ﬁ%ﬂé& SHUPR ot TREBHERPE S TR SIS FiB0tAN vehicle 4 can
travel along thenfront Jehigisizletahliat thehishetifunit 6 cleomngrisattaviél. peib Shefidniheé rail 8a let into the

wavel path 8, The distributionehicle 4 formeel as ashel i serving soparatusdisualy has two
mutually spaced vertica Was?s ¢ for'the %lanﬁlng of heavy ?oa%s, stich as the batteries 1 in this case,
10betwéen waidhothersts dalifting: tdiolé urat dfvitie doading avdhundtadinbhdelriteunican travel along the

masts 4c verfically jo @fﬂéﬁ@@%@g IpnennosgiEaRon, 9. %ﬂ&%&%ﬁm&gge\a%ug%&@n travel along

the rail 8a and the lifting table 7a along the masts 4c, each storage area 5 within the shelf unit 6 can
be approach&fl H9rase bastrimtorsivepicsatiolly o HpeHesoravum y e sbmdmgere R that the

distribution vehicie Aiig sdditienallyseudee st the-MrRRI-end afthe.bw mastssdelin an upper guide rail
8b which extends in parallel with the rail 8a in the travel path 8 and s attached to the shelf unit 6 in a

cantilevered FRAFHEHPHY HisthsLtH fetiehd uanas dhsciiealcdhivash storage arca 5.

15 These carrier rails 5a serve to receive the batteries 1 which correspondingly have

complementarily designed support elements 1a.

As seen in plan view, the battery 1 is rectangular and the support elements 1a are
disposed in the regions of the corners of the long sides of the battery 1 and each have

20 asquare shape as seen from above. In the region of the carrier rails 5a, centring
elements are also provided which, as the battery 1 is lowered into the respective
storage area 5, effect centring of the support elements 1a in relation to the storage area
during lowering of the battery 1 of the carrier rails 5a /sic/. The battery can therefore
be set down in a relatively precisely positioned manner in the storage areas 5 by the

25  distribution vehicle 4. The centring elements, not shown, are correspondingly formed
in the manner of a hopper as seen in the lifting and lowering direction of the battery 1.
In a preferred embodiment, a respective bore is provided centrally in the support
elements 1a and the centring elements are formed as vertically oriented pins which
taper conically upwards starting from the carrier rail 5a. Furthermore, it is thus

30  possible by means of the set-down movement effected within the storage area 5
automatically to contact the battery 1 electrically via elements disposed externally on
the battery 1 and additionally to connect it to a supply line for automatic supply of
purified water in an optimum quantity and to an air connection in order to circulate

the battery fluid during the charging procedure. Furthermore, the connecting and




Figure 2 also shows the transport vehicle 2 which has an unladen weight of about 35 tonnes. To this is
added the weight of the container to be transported, not shown, so that in the laden state the weight
comes to about 85 tonnes. The transport vehicle 2 is conventionally designed with four wheels 2a with
tyres, which are driven via 25individual hydraulic gr electrical drives, not shown. It can be seen that the
battery 1 is disposed below a vehicle frame 2d between the front and the rear wheels 2a of the
transport vehicle 2. Furthermore, Figure 2 shows that two lifting platforms 3, which are disposed one
behind the otherasdeasnis iheftongitudinah direstion: thef hifranspiitiovehiclerzhqare disposed on the

vehicle frame 2b Whl?h Ilﬂlng {%Iatform%(faertls,é’-,o(%[es'a_cllin1 receive a 20 wgérﬁor%tgfner or £0éntly receive a 40

. compe nin a OVEI € connecting an € I .
foot container or arh% %%O% container. For tne receiving or transrer proce ureetﬁenlﬁtlng platf0|ms 3 are

then _convenmna&w&ﬁtgddms[wfewdddg@&k@abc irfcivighliaity. dél;memﬁngdsm ztmdiesﬁtz_amer conce_rne_d.
13 Figure 3 ap%yg%w&vgugéﬁg%p%@t I&Qg %*}%tﬁ%g‘% gi(;pgd&ge&&r%%%%;?rdmg to Figure 2. This view

shows particularly well the oidal shape orage areas 5 which are disposed in rows and
columnsin order to receive batteries 1, which are essentially also cuboidal, for the charging procedure

?“d thereforefff?Jcﬁs’EMB@t{BEi%ﬁﬂ@ﬂ@@n@%@@&% &8 f?@ﬁ’@%ﬁg UL Re Qﬁéﬁ%f@éls 5a are provided
in each storage area 5 and extend essentlall){ horizontally and extend from the sides of the storage

arca 5 slight!§! gt Grecirsih St nd thisizd B M éQdhageens Srnlsedistibetiogils 5a form a.
continuous sugiel $ystaca fRrathe SwRRekH-alemepisataafthe Pritesiesnukiagbatiesy 1 is therefore

suspended inside the stor areas 5. This type of attachment 10also makes possible the simple
automatic colig S AC SO GBS SANEaL T or 0 EhA¥G e B Gebdb 5° 6P the cistiution
vehicle Wthelzadtesy vehitdtsuspe hidao oxbits7suspenkiadirglendantls ddibgitiberavitbeits base Ib on the

lifting table a, ivrg3 1oarldgr ttgc%ntgs sg‘act\tf%lr%cl aqnbaehr}gﬁ)lunatecpllovrV dismgfljjfntgg i%t storage areas 5 and
can also be mounted &r dismounted in t%eytransporlgvghic?e T ?ﬁlg table 74 15¢an travel out
laterally, as Seamwpnrthetideél @irdetichatond therdistidbutchevéghicdaab] arindvessiblymvithy respect thereto

in the mounting andl dismuntng diesian Fiaspoarbemms JbnneUvRdite:aIms 7c and guide

arms 7d which form a fully extending telescopic unit. 20Furthermore, the distribution vehicle 4 travels
via running g‘é“é?@l«@r&on the rail 8a and is guided at the top on the guide rail 8d via further running
gears 4¢gs

Furthermore, it is clear from Figure 2 that the distribution vehicle 4 is additionally
guided at the upper end of the two masts 4¢ in an upper guide rail 8b which extends in
parallel with the rail 8a in the travel path 8 and is attached to the shelf unit 6 in a
cantilevered manner. - The distribution vehicle 4 has electrical drives.

20
Figure 2 also shows the transport vehicle 2 which has an unladen weight of about 35
tonnes. To this is added the weight of the container to be transported, not shown, so
that in the laden state the weight comes to about 85 tonnes. The transport vehicle 2 is
conventionally designed with four wheels 2a with tyres, which are driven via

25 individual hydraulic or electrical drives, not shown. It can be seen that the battery 1 is
disposed below a vehicle frame 2d between the front and the rear wheels 2a of the
transport vehicle 2. Furthermore, Figure 2 shows that two lifting platforms 3, which
are disposed one behind the other as seen in the longitudinal direction T of the
transport vehicle 2, are disposed on the vehicle frame 2b, which lifting platforms can

30  eachreceive a 20 foot container or jointly receive a 40 foot container or a 45 foot
container. For the receiving or transfer procedure the lifting platforms 3 are then
conventionally lifted or lowered together or individually depending on the container

concerned.




Figure 4 shows a view of the end face 6c of the shelf unit in accordance with Figure 1 From this view it
is clear that the carrier rails 5a for the storage of the batteries 75alternate with steel construction
elements of the shelf unit as seen in the lifting and lowering direction S. In Figure 4, the distribution
vehicle 4 is mounting a battery 1 in a storage areg,of the second shelf unit level 6a as seen from
below. For the set-down procedure within the shelf unit the support arms 7b and the intermediate arms
7e are to be extended somewhat further so that the battery 1 is located completely within the
30storage aréguts antlctive dntendediposiio vngthile tireostdragelaned b ascaedoirad Higorder to achieve
automatic contagling;of the batienhJar, 16 Gharging prasedure ylawering, and ifipgwithin the storage
area 5 are effected via the vertical travel movement of t e?(p)aamg and &nloaémg evice? along the
masts 4e of thie dipwisdtioroweshiedecdlumds Figuder3astuows ebvienwes drrebpbrading soFidure 4 but the

loading and yploadipadepica.d éﬁal'%i Elﬁ‘é@&ﬁ&&%&%tﬁéf’o}@%‘?r@%&@ﬂ%@ﬂn@d{ﬂ@ermore’ the loading
and unloading device 7 or its |Iftln% able 7a is extended via the support arms 7b, the intermediate

arms 7cand YREGuide ARSI THIWHEEHCtOGBIRET foitn a Wtdsenidird uhradbtipieeRcihthe mounting and

dismounting girestion sanghis thenefarslpeated dlovs thenbatien Lisdispendeagkinsthe vehicle 2. The
loading and unl$adi,ng device 7 is then lifted in the lifting and lowering direction S along the masts 40

and the battsRENY tRaPsrirsaiiea b drids SHEASHIREMANR Trahss6 RAEHICRI 4R transport
vehicle 2 areatbenstippoertugiis2amitic oo esparitdasentiallyoatbvgariier railssda of 10the storage

areas 5. It is.important in this case that the glectrical contacti the battery 1 with the transport
vehicle 2 or t}%aet&)nr ulglt&é]%rﬁig)rlgtfgﬁp ﬁ%leﬁlreécﬁl %gset(islep %%%ggu S?ﬁggc%%ﬁ %’#@%%¥acéhfﬁﬁﬁtg and lowering
moveméht ofithendikts potiobl &/givislendle Witenathecbepiery dnibuirengtagdiribedntthedifling table 7a and

the support elerents,Jagf e A A AERALRIEA (TN SURRSVL Al Ag,0f the transport vehicle

2, the 15lifting table 7atravels in the mounting and dismounting direction E in the direction of the
loading and shipaiedWeticespaasiintiieerte biy befewidimbiee db lestheyiiimetrizally to the masts

4c. In a specigl qaspdtcamHd-Re he-FasenatibefRAnong: R4 ShaRwWhich dhgdransport 20vehicle 2
is standing is disposed precisely opposite to an empty storage area 5 so that the loading and

unloading de¥ig&aP eG4 RidDaHEd it BaRery'addirdaiifBrinie vhisdsitdhe lifting table 7a

15 can travel out laterally, as seen in the travel direction F of the distribution vehicle 4,
transversely with respect thereto in the mounting and dismounting direction E, via
support arms 7b, intermediate arms 7¢ and guide arms 7d which form a fully

extending telescopic unit.

20 Furthermore, the distribution vehicle 4 travels via running gears 4d on the rail 8a and

is guided at the top on the guide rail 8d via further running gears 4d.

Figure 4 shows a view of the end face 6¢ of the shelf unit in accordance with Figure 2.
From this view it is clear that the carrier rails 5a for the storage of the batteries

25  alternate with steel construction elements of the shelf unit as seen in the lifting and
lowering direction S. In Figure 4, the distribution vehicle 4 is mounting a battery 1 in
a storage area of the second shelf unit level 6a as seen from below. For the set-down
procedure within the shelf unit the support arms 7b and the intermediate arms 7¢ are
to be extended somewhat further so that the battery 1 is located completely within the

30  storage area 5 and the intended position within the storage area 5 is reached in order
to achieve automatic contacting of the battery 1 for the charging procedure. Lowering
and lifting within the storage area 5 are effected via the vertical travel movement of

the loading and unloading device 7 along the masts 4c¢ of the distribution vehicle 4.




side of the changing area 10 in the mounting and dismounting direction E in the storage area 5, at that
location lowers, and thereby contacts, the battery 1 and then leaves the storage area 5. However, the
distribution vehicle 4 will then conventionally 75move the battery 1 to an empty storage area 5, then
receive a charged battery 1 and supply it to the w iting transport vehicle 2 which has no battery 1.
Figure 6 shows a perspective view of the distribution vehicle 4. In addition to the upper guide rail 8b
and the lower rails 8a, the structure of the loading and unloading 30device 7 is particularly evident.
The loading Bizdraslelading devicertcspnsisiy esEantialybof el ddtling tablenf@dnlaich in this case is

formed in 2 g ke mariler a1 Se1Yer. 1o ssehe ehase I gl e bary L Helting table 7a s

WEEN tWo SUpPOrt arms 7 med as longitudinal carfiers. These support arms 7b are
suspended omlgedde: alenise7 tovidsflifthey titteriesiatemisnsitchThwruidensfs d 15 are fixed in

relation to the, masts 4e ARd %ii%ﬁﬂtﬁ{%%d%t%&%’%, (e diRplacRARG RlengiNs gyide arms 7d in the

mounting and dismounting direction E and the support arms 7b are also displaceabie on the

intermediatecamnéeirty THaditiowy tawlefalsarmersfdieeiendad thygliardecaisic manner completely

out of the copiouy Q{etislﬁt%triQggeﬂd%em@eﬁv@mth\@znweﬁ%&g%ﬁi%@wggm&ﬁi%ﬂ E Laterally to
the left or right. The desired mountin? and dismounting of the batteries 1 in the storage areas 5 or the

mounting antheidiiediitithy bittne Baderedne fitrd ranalssd hemasrapdils Srsiehossible.

10Furthermdeeithefioading anddmieaging deyvieahs isdoppeddriguoh amviytthabdhe battery 1 can

move horlzontfiéyg/1 in, order to fauhtat)gi%%ntrln durln%ggg lowering mavement, of th aI(())tadlng and

unloading deVfick's afE WREAPAILTER dvgferlnceon &3re w?sesﬁrglgtéag r%Oetr}]l : Cf‘ﬁrilsercl;'fil}\1 € achieved in a

construttionsi esmbagtinent n thatianpoltentableiiscdis posebeatetihdclftimogtiatile Fatland is released when

centring elements arc,ah toleast iniialyn.engagement And Mt iRreanders passible the desired
horizontal compensation movement of the battery 1 Hurlng he centring procéc]gure. although the battery
has such a higrrotasalleighlty Aiternktivedyanh orize niay enenepém dixedwicnedbiglig and unloading

device 7 canbe RWICRARAWEHESSYareflR RS AR GRlRFg sl MRV IDEREIoN,Of the loading
and unloading device 7 is . ,
of the battery 1 are separated from the support rails 2¢ of the transport vehicle 2, the

15 lifting table 7a travels in the mounting and dismounting direction E in the direction of
the loading and unloading device 7 until the battery 1 is oriented more or less

symmetrically to the masts 4c.

In a special case it could be the case that the changing area 10 on which the transport
20 wvehicle 2 is standing is disposed precisely opposite to an empty storage area 5 so that

the loading and unloading device 7 can move the flat battery 1 directly on the opposite

side of the changing area 10 in the mbunting and dismounting direction E in the

storage area 5, at that location lowers, and thereby contacts, the battery 1 and then

leaves the storage area 5. However, the distribution vehicle 4 will then conventionally
25  move the battery 1 to an empty storage area 5, then receive a charged battery 1 and

supply it to the waiting transport vehicle 2 which has no battery 1.

Figure 6 shows a perspective view of the distribution vehicle 4. In addition to the
upper guide rail 8b and the lower rails 8a, the structure of the loading and unloading
30 device 7 is particularly evident. The loading and unloading device 7 consists
essentially of the lifting table 7a, which in this case is formed in a grid-like manner
and serves to receive the base 1b of the battery 1. The lifting table 7a is disposed
between two support arms 7b formed as longitudinal carriers. These support arms 7b

are suspended on guide arms 7d via further intermediate arms 7c. The guide arms 7d




shown. In addition to the above-described lifting table 7a the support arms 7b are also shown, which
are directly connected to the lifting table 7a. The intermediate arms 7c and the guide arms 7d, which
together with the support arms 7b form a type of fully extending telescopic unit, are disposed above
the support aims 7b as seen in the lifting 25and | gvering direction S. Furthermore, in relation to the
battery 1, the bracket-like suspension elements la'which are cantilevered laterally are shown
particularly clearly. 30Figure 8 shows a schematic side view of a transport vehicle 2. From this it is
particularly cleafitesredhaibihe batienytd 45 disposetchetdieenihe Tront dngitesbdar wheels 2a in a

receiving areg %bt nd is sus eggegl Yia su 1?ort rails,2c on %heagehlg[;le égggpgarﬁg of the transport

. 2 1C oU14¢ al 1 C MO g, and dismountin Irection - Supnort
vehicle 2. The two su%port rails'2c are oriente horlzorlﬁaﬁy and space Shgach other and are

attached at aapextﬁbratew@btdimm@hlelen ﬂlﬁ:irameeﬁb}tdmmrdéc.t@p@hmpgh®ls®psnsiop, the battery 1
has, as desc{ﬁ%?e‘%fo%’gé’ ExRHIBETID @}sgg%%%%@ewmg%%@ﬁ%a@' ?I\{ﬁé%gn'%ﬁﬁfé‘%'%é‘”d lie on the

support rails 2e of the transport vehicle 2 when the battery 17is in the operating condition. By
suspending thetliteny velicthis im@sneeuntithinetdelisatviens ieadirecibraR deterte pgpetdregion of the

battery, a forklift inickQr §8&-Uffing aple 7aiQfitheloasing ardupioading devics.d.capeasily travel
under the battery 1, it can be lifted in the lifting and lowering direction S for automatic unlocking and

decomacting i erectaiingp it dermaensngrf theheberiviol Butbrorpatvahissor&ifehicle 2 in the
mounting anehéismeuatingigirection E. 10 In the region of the support rails 2e, centring elements are
also provided as in the case of the carrier rails 5a, which centring elements effect centring of the
support elements la in relation to the receiving area 2d during lowering of the battery 1 into the
respective reeeitlingnarea2thaiihegrefdrenibedbattenict Canfbensétideweh invayelatittely 15precise position

in the storage area 5 by the distribution vehicle 4. The centring.elements, now shown, are
coresponc B oG T PEpbAL A o A R RS Sion of the
battery 1. In axprefesnedi¢mbodimeandandspargidey bvoreé dsdordvidéd cantraglylimtigs stpport elements la

and the centiing,slements ai Sormed anePUN ARItEA RNSWDIEh JARRTiAa Fapical manner

20upwards starting from the support rail 2c.
table is disposed on the lifting table 7a and is released when centring elements are at

15 least initially in engagement, and therefore renders possible the desired horizontal
compensation movement of the battery 1 during the centring procedure although the
battery has such a high total weight. Alternatively, the horizontal movement axes of

the loading and unloading device 7 can be switched powerlessly.

20 In Figure 7 an enlarged view from the region of the loading and unloading device 7 is
shown. In addition to the above-described lifting table 7a the support arms 7b are also
shown, which are directly connected to the lifting table 7a. The intermediate arms 7¢
and the guide arms 7d, which together with the support arms 7b form a type of fully
extending telescopic unit, are disposed above the support arms 7b as seen in the lifting

25  and lowering direction S.

Furthermore, in relation to the battery 1, the bracket-like suspension elements la

which are cantilevered laterally are shown particularly clearly.

30 Figure 8 shows a schematic side view of a transport vehicle 2. From this it is
particularly clear to see that the battery 1 is disposed between the front and the rear
wheels 2a in a receiving area 2b and is suspended via support rails 2¢ on the vehicle
frame 2b of the transport vehicle 2. The two support rails 2¢ are oriented horizontally

and spaced apart from each other and are attached at a certain level to the vehicle




The intended fields of application for the transport vehicles described above and the associated
battery-change systems are ISO-container handling in docklands and in intermodal traffic between
road and rail. 25 The present invention has been described with reference to a ground transport
vehicle for the transportation of containers. In pri%iple, it is possible also to transport other heavy
loads, such as e.g. slabs or coils, in metallurgical engineering, steel engineering and rolling mill
engineering. List of reference numerals battery lasupport elements 5lbbase transport vehicle
2a.wheels 2bvehicke franoeidesuppert el dQgdiaceivingates 3liftingslattemsidaistdbution vehicle

Aalfirst diStriblsjtgis%gn\é}eorH %Ileexﬁgnstg gQV 1(<jzns gt;‘ieb ggil(%ﬂeggr@iglﬁteraﬂy and lie on the support rails 2¢
of the transport vehicle 2 when the battery 1 is in the operating condition. By
suspending the battery 1 in this manner within the vehicle frame 2b and in the upper

5 region of the battery, a forklift truck or the lifting table 7a of the loading and
unloading device 7 can easily travel under the battery 1, it can be lifted in the lifting
and lowering direction S for automatic unlocking and decontacting from the transport
vehicle 2 and then be moved out of the transport vehicle 2 in the mounting and
dismounting direction E.

10
In the region of the support rails 2¢, centring elements are also provided as in the case
of the carrier rails 5a, which centring elements effect centring of the support elements
la in relation to the receiving area 2d during lowering of the battery 1 into the
respective receiving area 2d. Therefore the battery 1 can be set down in a relatively

15 precise position in the storage area 5 by the distribution vehicle 4. The centring
elements, now shown, are correspondingly formed in a hopper-like manner as seen in
the lifting and lowering direction of the battery 1. In a preferred embodiment, a
respective bore is provided centrally in the support elements 1a and the centring
elements are formed as vertically oriented pins which taper in a conical manner

20 upwards starting from the support rail 2c¢.

The intended fields of application for the transport vehicles described above and the
associated battery-change systems are [SO-container handling in docklands and in
intermodal traffic between road and rail.

25
The present invention has been described with reference to a ground transport vehicle
for the transportation of containers. In principle, it is possible also to transport other
heavy loads, such as e.g. slabs or coils, in metallurgical engineering, steel engineering

and rolling mill engineering.




4cmast 4drunning gear 5storage areas 5acarrier rails 6shelf unit 206ashelf unit level 6blong side
6cend face 7loading and unloading device 7alifting table 7bsupport arms 7cintermediate arms 7dguide
arms 8travel path 8arail 308bguide rails 9forklift truck

17

List of reference numerals

1 battery

la support elements
5 1b base

2 transport vehicle

2a wheels

2b vehicle frame

2¢ support rail

10 2d receiving area
3 lifting platform
4 distribution vehicle
4a first distribution vehicle
4b second distribution vehicle

15 4¢ mast

4d running gear
5 storage areas
S5a carrier rails

6 shelf unit
20 6a shelf unit level
6b long side
6¢c end face
7 loading and unloading device
Ta lifting table
25 7b support arms

Tec intermediate arms
7d guide arms

8 travel path

8a rail

30 &b guide rails
9 forklift truck
10 changing area
10a  first changing area

10b  second changing area




10changing area. 10afirst changing area 10bsecond changing area 1lboundary 11 a.first gate |
Ibsecond gate 11cthird gate 512changing zone 13afirst changing travel path 13bsecond changing
travel path 14workshop area 10Emounting and dismounting direction travel direction lifting and
lowering direction longitudinal direction ftlongitudligal extension

11 boundary
11a  first gate
11b  second gate
11c  third gate
5 12 changing zone
13a  first changing travel path
13b  second changing travel path

14 workshop area
10 E mounting and dismounting direction
F travel direction
S lifting and lowering direction
T longitudinal direction
R longitudinal extension




MCS LIP 19 Claims 1System for changing a battery of a ground transport vehicle (1), having storage
areas (5) for batteries (1), having at least one ground transport vehicle (2) with a receiving area (2d)
for a replaceable battery (1) and having at least one loading and unloading device (7) fgytgnsporting
the batteries (1) between the storage areas (5) and tfl'l receiving area (2d) of a. transport vehicle (2)
standing on a changing area (10), wherein the battery’(1) can move in the lifting and lowering direction
(S) in order for the battery (1) to be mounted or dismounted 10in the storage areas (5) or in the
receiving aregg;(R¢), characterised in that the transport vehicle (1) is a heavy-duty automated guided
vehicle (1) for ISO-containers, the battery (1) is formed as a lead battery and has a weight of at least 6
t, preferably 8 t to 9 t, centring elements are assigned to the storage area (5) or to the receiving area
(2d) in such a way thatdbadhatiaryifd)saientdd by diathencpotiinghelienionkavelativeate the storage
area (5) or the receiving area (2d) in r nse to the lowering movement of. the laading and unloadin
device (7). System %gag(a%%{)ﬁl 85%?]??0 aé'llrré%f%rir%agm%etﬁré%l ggiatt1 ?ﬁség%at‘fglrlff%gz‘?gﬁmed in such ag
way thatit can be suspeivilerkinag@d) inhookéatéabin thtePOStoraddaneg {5)costtiee receiving area (2d)

by the loading and lgading deviee (7 Systemas clalpiedin flai & asagierlsgtin that support

elements (Ia) are dispos e battery (1) laterally p ing on both sides, and in the storage area
(5) carrier rails (5a)stragistroséd) and e tisecistwivhsy G {adiraspspbrekils (2bytadtisposed, on

which lie the suppogfelemeris. (301 8)batieRid Wstanding intheRiarageareadoxer the receiving
area (2d).
lowering direction (S) in order for the battery (1) to be mounted or dismounted

10 in the storage areas (5) or in the receiving areas (2d), characterised in that the
transport vehicle (1) is a heavy-duty automated guided vehicle (1) for ISO-
containers, the battery (1) is formed as a lead battery and has a weight of at
least 6 t, preferably 8 t to 9 t, centring elements are assigned to the storage area
(5) or to the receiving area (2d) in such a way that the battery (1) is oriented by

15 the centring elements relative to the storage area (5) or the receiving area (2d)

in response to the lowering movement of the loading and unloading device (7).

2 System as claimed in claim 1, characterised in that that the battery (1) is
formed in such a way that it can be suspended in and unhooked from the

20 storage area (5) or the receiving area (2d) by the loading and unloading device

().

3 System as claimed in claim 2, characterised in that support elements (1a) are
disposed on the battery (1) laterally protruding on both sides, and in the
25 storage area (5) carrier rails (5a) are disposed and in the receiving area (2d)
support rails (2¢) are disposed, on which lie the support elements (1a) of a

battery (1) standing in the storage area (5) or the receiving area (2d).

4 System as claimed in claim 1, characterised in that the loading and unloading
30 device (7) is formed in such a way that the battery (1) can move horizontally
in order to facilitate centring during the lowering movement of the loading and

unloading device (7) and when the centring elements are in engagement.




4System as claimed in claim 1, characterised in that the loading and unloading 30device (7) is formed
in such a way that the battery (1) can move horizontally in order to facilitate centring during the
lowering movement of the loading and unloading device (7) and when the centring elements arc in
engagement. MCSLI_P 20 System as claimed in cla'%} 1 or 4, characterised in that Wﬁ%&r& of the
movement of the battery (1) in the lifting and lowering direction (S), the battery (1) can he electrically
separated or electrically contacted automatically in the storage areas (5) and the receiving areas (2d).

6System as glaimedsiganysnaRéclaiBiam (b4 %@@&[&%@dﬂrﬁhﬁﬂ%@tﬁ@d@@@ﬁﬂ& and unloading device
(7) has a support arm (7b) for the battery il ), which, as seen in the wectmbrzsﬁ é\e travel path (8) of
]

the distribution vehiBRY {ERCABRS B5HFAYE \ARdrsIRf i are o FaeBErt Bismounting direction
(E) of the storage asg@s\(9))asnd e hectiatiticepafseChiacigingcaliea (i)t Systemaasatiaimed in any
one of claims Ito 6,‘cl%|ﬁ1racterlsed in gﬁjf I;{ batter %%) IS for@ d as a lead battery and a charging

device is provided in the Sto %%r%%s T %Cuebﬁ 3he % ery (1) with the optimum quantity of

purified Wwater during the charging procedure. System as claimed in any one of claims 1 to 7,

characterised/in thal he.¢ dgéta@,ﬁﬁQalxeﬁm%é%)f%ﬁa@tﬁo'@ OMAlic Mode. SysieIuAS claimed in any

one of claims 1 to 8, characterised in that a plurality of storage areas (5) are disposed next to each
other, the loading amd un @%ﬂ@é@@ﬁ:@mﬁwdmmrﬁ7@o@ﬁ%@%ﬁéﬁDenéh(l@,\ﬁﬁ|ch can travel

along the storage ag&%%ﬁﬂ@ﬁh%@%%%@ﬁ{@ﬂ%%ﬁi}@)m@d%a%&% chapging, ares£10) for the
transport vehicle (2) is disposed adjoining the travel path (8). System as claime in any one of claims 1

to 9, characterised A #94¢ F?ée&”t%é%ta%8"6%ﬁ@?ﬁﬁ%ﬁrﬁé)%%%’%gﬂeﬁﬁ%@t)eoﬁ}e storage areas

(5) with rgspect to the tamgbpaths(8) Dysiemeasretaitned inikmyerneseh claims Ito 10, characterised in
that the at least one changing area (10) is disposed adjoining the travel path (8) and as an extension
of the storage areas (5).

7 System as claimed in any one of claims 1 to 6, characterised in that the battery

(1) is formed as a lead battery and a charging device is provided in the storage
areas (5) and supplies the battery (1) with the optimum quantity of purified

15 water during the charging procedure.

8 System as claimed in any one of claims 1 to 7, characterised in that the

distribution vehicle (2) operates in automatic mode.

20 9 System as claimed in any one of claims 1 to 8, characterised in that a plurality
of storage areas (5) are disposed next to each other, the loading and unloading
device (7) is disposed on a distribution vehicle (4) which can travel along the
storage areas (5) and along a travel path (8) and at least one changing area (10)

for the transport vehicle (2) is disposed adjoining the travel path (§).

25
10 System as claimed in any one of claims 1 to 9, characterised in that the at least
one changing area (10) is disposed opposite the storage areas (5) with respect
to the travel path (8).
30 11 System as claimed in any one of claims 1 to 10, characterised in that the at

least one changing area (10) is disposed adjoining the travel path (8) and as an

extension of the storage areas (5).




MC S LL.P 21 17System as claimed in claim 9 or 11, characterised in that more than one changing
area 00) is provided which is disposed opposite the storage areas (5) with respect to the travel path (8)
and/or adjoining the travel path (8) and as an extension of the storage areas (5) 138ysténhras claimed
in any one of claims 1 to 12, characterised in that th ftorage areas (5) are formed in a shelf unit (6)
with a plurality of levels (6a) arranged one above the other and the distribution vehicle (4) is formed as
a shelf unit serving apparatus. 10 14System as claimed in any one of claims 1 to 13, characterised in

that sensors gre dispe&gd 48 dhadeniprahte.changingasaas (hQRat L withowhich the position of the
transport vehicle (2) relative to the loading, Lg’,ﬂ ad%gg device (7). cah%be determined and the

orientation of the l0SHiRG SN GriibAdiRF Y S%d\vﬁ 7y Wpered SRR YOS HAIRERaFEvehitle (2) on the
changing area (10awitbDhgspatt hetvotraciethivith) thel aidadfdihe g éterrirephpoSifioni af tie transport
vehicle (2). extension of the storage areas (5).
S
13 System as claimed in any one of claims 1 to 12, characterised in that the
storage areas (5) are formed in a shelf unit (6) with a plurality of levels (6a)
arranged one above the other and the distribution vehicle (4) is formed as a
shelf unit serving apparatus.
10
14 System as claimed in any one of claims 1 to 13, characterised in that sensors
are disposed in the region of the changing areas (10a, 10b), with which the
position of the transport vehicle (2) relative to the loading and unloading
device (7) can be determined and the orientation of the loading and unloading
15 device (7) with respect to the transport vehicle (2) on the changing area (10a,

10b) can be corrected with the aid of the determined position of the transport

vehicle (2).




