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System and docki ng device for automatically docking a
nobi | e machine, particularly a container stacker crane, to

a novabl e supply, and coupling therefor

The invention relates generally to a novable supply, i.e. a
device for supplying a nobile or novable consuner, e.g. for

supplying energy to a non-rail-bound vehicle.

The invention particularly relates to a partly or fully

aut omati c system for docking a nobile nachine to said
novabl e supply. The invention further relates to a docking
device therefor and to a nechanical coupling, particularly
for use in a systemof the kind as described. The invention
also relates to the use of a systemfor electrifying or
supplying electrical power to a nobile machi ne such as

rubber-tire gantry crane (RTG.

I nternational patent application WO 2010/ 054852 A2

di scl oses a system of the kind as described in the generic
part of claim1. It is particularly suitable for
automatically docking an RTGto a conductor rail serving as
a novabl e supply. This system conprises a docking device
havi ng an advancer unit for advancing in a direction
transversely to said conductor rail, by nmeans of an
extension arm On the end portion with which the extension
arm can be advanced to said conductor rail, a special
carriage for connection to the conductor rail is provided.
Said carriage holds the sliding contacts to be coupled in
said conductor rail in the horizontal and vertica
directions. Said carriage is guided and supported agai nst

supporting rails, which are additionally provided.
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Patent application DE 10 2008 024 572 Al describes a
simlar system especially for docking an RTGto a
conductor rail. A telescopic extension armis suggested
with this system the arm being docked to the conductor
rail using a special collector trolley. This collector
trolley allows for play in the vertical direction as wel

as transversely to the nobile direction. This all ows use of
atrail with conductor rail, which is known as such, also
in conmbination with a vehicle nobile on tires, in

particular with an RTG

A further systemwhich simlarly serves especially the
power supply of an RTG by a conductor rail, is known from
i nternational patent application WO 2012/ 130630 Al.
Conpared to the system described in WD 2010/ 054852, this
systemis intended to renove the drawback of a conplicated
advancer device for advancing the current collector to said
conductor rail. To this end, that docunment describes a
docki ng device according to the generic part of claim1l.
In addition to a transverse advancer unit conprising an
extensi on arm extendable in the horizontal direction, that
docki ng device includes a vertical advancer unit allow ng
the end portion of said extension armto be advanced al so
in the vertical direction.

Aut omati c docking of a nobile machine to a noving supply
for supplying electric current is desirable in many
applications. The electrification of vehicles including a
dedi cated Di esel generator for supplying electric driving
notors is particularly efficient and not harnful to the
environnent. This is nostly the case with stacker cranes of
the RTG type for exanple. To reduce the consunption of

D esel fuel, electrification is also desirable for so-
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call ed pneumatic-tire van entrai nnent nenbers, which in
nost cases can stack containers only in a row. RTGs and van
entrai nnent nenbers are enpl oyed in docks or other
container handling sites. But electric current supply is

al so desirable in other fields, for exanple for a

stacker/reclainmer in surface mning or underground m ning.

Known solutions are mainly based on the principle of a
conductor rail having a current collector as a novable
supply. The sliding contacts on the conductor rail are

i nherently subject to considerable wear. Conductor rails
are robust, but require frequent and el aborate naintenance.
In addition, they are suitable for data signal transm ssion
only to a limted extent, and they are not suitable for
supplying different media such as gaseous or |iquid
operating nedia. For exanple, a solution that is based on a
conductor rail cannot provide for a water supply of a
sprinkling systemof a stacker/reclainer. Neither can
vehi cl es equi pped wth pneumatic tires |ike RTGs be
supplied by using a novable supply that is based on the
principle of a conductor rail. Finally, conductor rails
cannot be extended w thout considerable efforts and they

are not suitable for nodul ar use.

Anot her solution is known from patent application US

2012/ 043291 Al. The latter suggests, as an alternative to
conductor rails, supplying an RTGwth a cable reel or with
an energy guiding chain. To respect a given travel
direction apower supply truck that runs on rails (rail-
bound) is provided in addition to the RTG the truck

i ncluding the cable reel or being connected to the energy
guiding chain. In order not to inpair the freedom of

novenent of the RTG the power supply truck is connected to
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the RTG by way of a special nmechani cal docking device, that
allows for significant play both vertical and in transverse
di rection. The connection of power supply between the power
supply truck and the RTGis to be made manual | y.

In view of the above-described drawbacks, it is a first

obj ect of the present invention to offer an alternative, in
particular an alternative that does w thout a conductor
rail, an additional collector trolley or the like. At the
sanme time, there shall be proposed a system and a docki ng
device for automatically docking a nobile nmachine to an
alternative novabl e supply. Depending on the tracking
accuracy of the nobile machi ne and/or the nmagnitude of
possible |ateral forces, these objects are achieved by a
partly or fully automatic system according to claim1 or
claim5. In addition, the docking device according to claim
11 independently contributes to the solution of the
probl em Further, a mechanical coupling shall be proposed
which is particularly suitable for said docking device or
system This object is achieved by a coupling according to
cl aim 15.

According to the present invention, a systemof this
general kind, particularly for use with machines with high
tracki ng accuracy and/or involving small |ateral forces, in
its nost sinple inplenmentation is characterized in that an
energy guiding chain including an entrai nment nmenber is
provi ded as a novabl e supply and that the system i ncl udes
on the one side a nechanical coupling for connecting the
extension armto the entrai nment nmenber and on the other
side a cabl e-coupling by neans of a plug connector on the
extension armand a correspondi ng socket on said

entrai nnent nenber. Said nechanical coupling mainly
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consists of a coupling piece on the end portion of the
extension armand a coupling counterpart on the entrainnment
menber, said coupling pieces cooperating for fixing a
position. The cables at the interface between the energy
gui di ng chain and the docki ng device are coupl ed by the

pl ug connection, which consists of said plug connector and

t he correspondi ng socket.

The proposed structure particularly allows the use of

ener gy gui ding chains designed in the proven manner, even

t hough the machine to be supplied not necessarily travels
exactly parallel to the longitudinal direction of the
energy guiding chain. Here the nmechanical coupling rigidly
connects the extension armto the entrai nnent nenber of the
energy guiding chain, and after that or at the sane tine
said plug connection nakes the connection of necessary
supply lines, for exanple power supply lines and data

transm ssion |ines.

For nobil e machines involving | arger deviations between the
track and the | ongitudinal course of the energy guiding
chain and/or involving higher |lateral forces, a further,

I ndependent sol ution also provides for an energy guiding
chain including an entrai nnent nmenber that is provided as a
novabl e supply, wherein a coupling piece on the end portion
of the extension arm and a cooperating coupling counterpart
on the entrai nnent nenber of the energy guiding chain form
a nmechani cal coupling. For conpensating devi ations and/ or
for receiving undesired lateral forces, this further
solution according to the invention is characterized in
that the entrai nment nmenber fornms a floating nmounting for

the coupling counterpart, i.e. the latter is nounted
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transversely to the energy guiding chain with horizontal
play and in a floating manner.

Dependi ng on the respective application, this already
allows to avoid any undesired lateral force at the chain or
to conpensate for a deviation fromthe track such as in an

RTG for exanpl e.

Bot h of the proposed systens allow the use of an energy
guiding chain as an alternative to a conductor rail or a

contact line for the supply of a nobile consuner.

An expensive line with conductor rails, as in

WD 2010/ 054852 A2, DE 10 2008 024 572 Al or in

WO 2012/ 130630 Al is not necessary. Also, a special
collector trolley is not required. The presently suggested
systens, contrary to e.g. the systemof US 2012/043291 Al,
do without an additional truck with directional stability.

In both systens it may be advantageous, particularly in the
case of major deviations fromthe track, to provide an
advanci ng control cooperating with a detector arrangenent
as an error sensing device on the entrai nnent nenber on the
one side and with the transverse advancer unit of the
docki ng device as an actuator on the other side. The
advancing control is configured in a manner such as to
new y adjust or re-adjust if necessary the horizontal
position of the extension arm during nobile correspondi ng
to the course of the energy guiding chain, so as not to
exceed for instance the available horizontal play at the
entrai nnent nenber. Small devi ati ons between the running
directions of the energy guiding chain and the track are

abl e to be conpensated already by a floating nounting. The
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hori zontal advancer device that is provided anyway, is
additionally utilized for conpensating |arger deviations
unabl e to be conpensated by said floating nounting or for
enabling a smal |l er dinensioning thereof.

Al in all, said advancing control allows the use of a
robust and proven energy guiding chain, particularly an
energy gui ding chain, which per se not offers said

entrai nnent nenber any degree of freedomin the horizontal

di rection.

Particularly in a systemw thout an advancer device, it is
advant ageous for the systemto include a guide channel in
whi ch the energy guiding chain can be deposited and which
presets or defines a route for said energy guiding chain.
Particularly, said route can be al nost rectilinear or

| inear. The configuration of suitable guide channels is
known per se. The sane especially protect said energy
guiding chain itself against undesired external influences.

Particularly in open-air applications, it is advantageous
for the guide channel being configured in manner such as to
i ncl ude a weat her protection such as a roof for exanple. In
this case, it is required to provide a |ateral |ongitudina
gap through which the docking device can access the

entrai nnent nenber of the energy guiding chain.

For avoiding or reducing wear, it is further advantageous
for the guide channel having on both sides thereof |atera
sliding strips, by which the entrai nnent nenber is
preferably guided approxi mtely centrally within said guide
channel . For presetting a defined stop position for said

aut omati ¢ docki ng, corresponding sliding strips should be
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provi ded at |east at a stop position or parking position in
whi ch the entrai nnent nmenber is deposited for docking or
undocki ng. The protection of the |ines which are guided can
be increased by using an energy guiding chain that is
closed with lids on the upper and | ower sides thereof, e.g.
according to German utility nodel DE 20 2013 101 457 Ul or
patent DE 39 30 291 Cl.

Particularly in a systemw thout a floating nounting to the
entrai nment menber and/or w thout an advancer device, it is
useful if the guide channel of the energy guiding chain
forms a nechani cal |ongitudi nal guide for the entrai nnment
menber, i.e. a guide in the longitudinal direction of the
energy guiding chain and receives |ateral forces which are
due to track changes of the nobile machi ne for exanple.
This solution is particularly suited in the case of snaller
| ateral forces, with the extension arm bei ng capable to
extend or retract for conpensation, if necessary through
the nere reaction force of the |ongitudinal guide.

In a system conprising an advancer device, a sinple

enbodi nent of the detector arrangenent provides that the
latter includes two proximty switches, which are each
provided | aterally on the entrai nnent nenber, particularly
on the floating nounting of the entrai nment nmenber, for
detecti ng whether the entrai nnent nenber or the floatingly
nmount ed part of the entrai nnent nmenber excessively
approaches | ateral stoppers. The detector arrangenent can
preferably be connected to the advancer device via a plug
connector of the docking device. For this purpose, either
the existing plug connector nay be used or an additiona

pl ug connector nmay be provided.
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For providing a sufficient range for the nobile machine,

for exanple the RTG in the transverse direction, it is
expedi ent for the range of the extendabl e extension arm
being at |least three tines and preferably ten tinmes the
hori zontal play at the entrai nment nmenber, particularly the
hori zontal play of the floating nmounting. This horizontal
play itself preferably is within a range of 25%to 200% of
the width of the energy guiding chain.

In addition to the use of proven energy guiding chains, the
proposed system enabl es automati c coupling of data

transm ssion lines, particularly optical data transm ssion
| i nes, and/or hose pipes for supplying the machine with
liquid or gaseous operating nmedia. These lines can al so be
easi |y guided using an energy guiding chain according to

the invention.

In a preferable enbodinent, in addition to the
functionality required for the actual advancing process,

t he advancing control is adapted for maintaining the

hori zontal play at the entrai nment nmenber in order to

I npl enment the above-nenti oned conpensation function, i.e.
to make a re-adjustnment when the adm ssible distance in the
transverse direction is exceeded and/or to trigger an
energency stop of the nmachi ne when the extension armis
extended or retracted to the [imt. In terns of control,

t he advanci ng control can be designed as a true open-| oop
control, i.e. without feedback of the quantity to be
nmeasured, or as a true cl osed-loop control with feedback of

the quantity to be neasured.

The proposed systens are particularly suitable for

el ectrifying or for the power supply of a nobile nmachi ne,
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ei ther without track-keeping of a container stacker crane
provided with pneunatic tires (RTG for exanple or with a
certain degree of track-keeping or wwth full track-keeping
of a rail-born container stacker crane for exanple.

The invention further relates to a docking device according
to claim1l, i.e. especially for the automatic docking of a
nobi | e machine, e.g. a container stacker crane, to a
novabl e supply. The docking device is separate fromthe
energy guiding chain and constitutes an i ndependent aspect
that is deened protectable on its own nerits. Said docking
device is clained independently of the novabl e supply and

of the systemincluding a novable supply.

The docking device of this generic kind according to claim
11 is suitable for both systens. According to the

i nvention, the docking device is characterized in that on
the end portion of the extendable extension arma coupling
piece is provided that can be connected to the cooperating
coupling counterpart on the entrai nnent nenber and
cooperates with said coupling counterpart for fixing a
position. The docking device is further characterized in
that a plug connector for supplying the nobile nachine,
particularly with energy, is provided on said end portion.
The plug connector neshes with a cooperating socket on the
entrai nment nenber of the energy guiding chain so that the
same can be docked to the nobile machine for a connection
of the supply lines. Particularly, the plug connector can
el ectrically dock the nobile machine to the novable supply,
but also for transmtting information or for supplying

operati ng nedi a.
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Accordingly, the relative position is fixed by said
coupling pieces, which in turn allows the use of plug
connectors for the energy supply of the nobile nmachine and
I f necessary for supplying data or operating nedia.

In addition to the horizontal and vertical advancer units,
sai d docki ng device preferably includes a |ongitudina
advancer unit with which the end portion of the extension
arm if necessary together with the horizontal and/or
vertical advancer unit, can be advanced in the |ongitudina
direction relative to the novable supply, e.g. the energy
gui di ng chain. This avoids the necessity of noving the
nobi | e machi ne for docking. The additional |ongitudina
advancer unit can produce a correspondi ng novenment of the
end portion of the extension armin the nobile direction or
in the length direction of the novable supply, for
connecting the coupling piece to the coupling counterpart.
The horizontal and vertical advancer units can be used
first in order to bring the end portion of the extension
armto the initial position for docking.

Ful | automation is facilitated if position transmtters are
provi ded on the end portion of the extension arm which
serve the determ nation of the horizontal and vertica
positions of the end portion and if necessary of the

| ongi tudi nal position when an additional |ongitudina
advancer unit is provided, relative to the energy guiding
chain to be docked. Corresponding position transmtters
cooperate if necessary with an advancing control or wth
t he advancing control. In this manner, a drive of the
transverse advancer unit and a drive of the vertical
advancer unit can be controlled for automati c docking in

order to precisely approach the docking position.
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Preferably, and particularly in the fully automated

enbodi nent, the plug connector is operatively connected to
an i ndependent drive, especially to a drive for advancing
the plug connector in a direction parallel to the

hori zontal feeding direction. The plug connection can thus
be produced i ndependently, for exanple during the fina
phase of the connection of the nechanical coupling pieces

or also after the connection of the coupling pieces.

The socket for the plug connector provided on the

entrai nnent nenber preferably includes a weather protection
with a protective lid for the protection of the plug
connection agai nst weat her influences. The protective lid
can be easily opened and cl osed by noving the plug

connect or.

The proposed docking device is particularly suitable for
docki ng to an energy guidi ng chain.

In addition to the proposed system and the docki ng devi ce
therefor, the invention relates a mechani cal coupling
according to the generic part of claim15, i.e. conprising
a coupling piece constructed as a funnel and a cooperati ng
coupling counterpart constructed as a coupling head. The
proposed nechani cal coupling is suitable, although not
exclusively, for a docking device or system such as

descri bed above. It represents an additional, independent
aspect, which is deened protectable on its own nerits.

According to the invention, the proposed nechanica
coupling is characterized in that the coupling head

conprises at | east one extension which for securing in a
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di rection perpendicular to the longitudinal direction along
whi ch the coupling head is introduced into the funnel,
cooperates with the funnel and/or a |ocking bolt of the
coupling in a formlocking manner. The securing in a

di rection perpendicular to the longitudinal direction can
be effected particularly with respect to the two main
directions or axes of an axes system which are

per pendi cul ar to the longitudinal direction. Further, the
proposed nechani cal coupling is characterized in that the
| ocki ng bolt cooperates with said at | east one extension,
for securing in the |ongitudinal direction. Further,
according to the invention, the coupling is designed in a
manner such that after the | ocking said coupling head is

fixed in a predeterm ned fixed position on the funnel.

By presetting a fixed relative position between the
coupling piece and the coupling counterpart, it is achieved
anong ot hers that subsequently an electrical coupling by
nmeans of a separate plug connection, for exanple between
the entrai nnent nmenber of an energy guiding chain and the
end portion of the extension arm can be produced. It is
further achieved by the proposed construction that a rigid
connecti on between the coupling pieces is produced and
forces are thus transmtted in all direction. This too is
desirable, particularly when used together with a plug
connection for supply lines.

In an alternative or additional enbodinent, the electrica
coupling can also be inplenented using the conponents of
t he nechani cal coupling, e.g. by contacts on the | ocking

bolt and on the extensi on or extensions.
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Preferably, the nmechanical coupling is configured in a
manner such that the funnel conprises a seat area securing
the at | east one extension against twsting, particularly
with respect to all axes of the axes system Wth a funne
constructed in a correspondi ng manner, for exanple the
entrai nnent nenber of an energy guiding chain can be

conpl etely fixed against rotation on the machine part to be
docked.

In a preferable formof construction, two bollard-Iike
extensions are provided, each presenting a bul ge on the
upper end. Said bul ge can be knob-, crown- or crest-shaped
or spherical or simlarly shaped. Both extensions are
adapted for a formlocking engagenent with the seat. This
construction affords a stable, tol erance-free and
rotationally fixed connection between the funnel and the
coupling head. If necessary, it also facilitates

I ncorporating electrical contacts for an electric current

suppl y.

Al so different designs of the extensions such as T-shaped
fl ange having a through hole for the engagenent of the
| ocki ng bolt are conceivable and are within the scope of

the i nventi on.

Preferably, the nmechanical coupling is constructed in a
manner such that the at | east one extension can be inserted
in the funnel partly or fully along a |ongitudina
direction. Here centering slopes for inserting the

extensions are preferably provided on the funnel.

The features nentioned above with regard to the coupling or

t he docki ng device can be applied to the system and vice
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versa, as far as these features are concerned with
associ at ed conponents. Accordingly, the above descri bed
preferred enbodi nents are clained as relevant for the
system the docking device and if applicable for the

mechani cal coupling.

Further details, advantages and features of the invention
wi Il becone apparent fromthe follow ng description of a
preferred exenplary and non-limting enbodi ment of the

invention with reference to the attached draw ngs wherein

it is shown by:

Fig. 1A-1B a schematic perspective view of a systemfor
fully automatically docking a vehicle, here an
RTG to an energy guiding chain (Fig. 1A) as
wel | as an enl arged view of a docki ng device
therefor (Fig. 1B)

Fig. 2A-2D a schematic perspective illustration of steps
of a process of docking to an energy guiding
chai n using a docking device according to Fig.
1B

Fig.3 an enl arged perspective view of a coupling head
on the entrai nnent nenber of the energy guiding
chai n which cooperates with the docking device
according to Fig. 1B;

Fig. 4A-4B partial views of a mechanical coupling,
particularly for a systemaccording to Fig. 1A-
1B
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Fig. 5A-5C partial views of a plug connection for the
el ectrical coupling between the docking device
and the energy guiding chain;

Fig. 6 a schematic cross-sectional view of the energy
guiding chain with an entrai nment nenber and a
coupling counterpart floatingly supported with
pl ay, wherein only a part of said docking

device i s shown.

Fig. 1A shows in a schematic diagrama system 10 for
automati cally docking an RTG 11 to a novabl e supply which
according to the invention is constructed as an energy
guiding chain 12. This Figure only shows one base with
rubber tires of said RTG 11. The structure of energy
guiding chain 12 is known per se, e.g. a structure

consi sting of interlinked and nutually pivotable chain
l'inks, which in turn are nostly conposed of two or four
single pieces. A suitable energy guiding chain is for
exanpl e an energy guiding chain 12 according to patents
DE3531066C2 or EP0803032B1 or according to EP1359343B1, the
teachi ng thereof concerning the chain |links and |inkage
bei ng i ncorporated herein by reference.

The system 10 conprises a docking device 14 shown in nore
detail in Fig. 1B. The docki ng device 14 conprises a
transverse advancer unit 16 for advancing in a direction
transversely to the |ongitudinal run of energy guiding
chain 12 (X-axis in the axis systemof Fig. 1B), i.e.
approxi mately horizontally, a vertical advancer unit 17 for
advancing in an approximately vertical direction (Z-axis in
Fig. 1B) as well as an additional |ongitudinal advancer

unit 18 with which said transverse advancer unit 16 and
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said vertical advancer unit 17 can be advanced in a

| ongi tudi nal |y di spl aceabl e manner (Y-axis in Fig. 1B)
substantially in the nobile direction of the RTG 11. Al
sai d advancer units 16, 17, 18 are automatically adjustable
and are equi pped with correspondi ng drive nechani snms such

as electronotive linear axes (only partly shown).

As shown by a conparison of Fig. 1B and Fig. 2A, said
transverse advancer unit 16 conprises an extendabl e and
retractabl e extensi on arm 20 whose end portion 22 can be
advanced transversely to the longitudinal direction of the

energy guiding chain 12.

The energy guiding chain 12 conprises an entrai nment nenber
24 shown nore detailed in Fig. 3 and Fig. 6, to/from which
entrai nnent nenber said end portion 22 is docked/ undocked
fully automatically by means of said docking device 14(see
Fig. 2D). For this purpose, said end portion 22 of the
extension arm 20 conprises a first coupling piece 26
designed in such a manner as to nesh with a cooperating
coupling counterpart 28 on the entrai nnent nenber 24. Said
coupling piece 26 and coupling counterpart 28 forma
nmechani cal coupling which in the connected state fixes the
position of the coupling counterpart 28 on the entrainnent
menber 24 relative to said coupling piece 26. A suitable
exanpl e of such a coupling will be described in the
followng with reference to Fig. 4A-4D.

As shown in Fig. 1B, a plug connector 30 is provided on the
end portion 22 of the extension arm 20, for automatically
coupling and decoupling the lines required for said RTG 11.
Sai d plug connector 30 is connected to a correspondi ng

socket 32 on the entrai nment nmenber 24. By neans of said
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pl ug connection the RTG 11 can be supplied, particularly

with electric current.

First of all, the sequence of an automatic docki ng process
starting fromFig. 1A w Il be explained in nore detail by

nmeans of a sequence of snapshots in Fig. 2A-2D:

i) In a start position as shown in Fig. 1A, RTG 11 with its
base is driven up laterally and parallel to the energy
guiding chain 12 with a suitable distance. Because of the
docki ng device 14, the exact position of RTG 11 is not
deci si ve here. However, the docking device 14 should be

| ocated in the region of the parking position or stop

position of the entrai nnment nmenber 24 shown in Fig. 1A

ii) According to Fig. 2A-2B, the transverse advancer unit
16 first advances the end portion 22 to a desired position
in a direction transversely to the energy guiding chain 12
(X-axis). On said end portion 22, position transmtters 36,
37, 38 are each provided for the desired positions in the
hori zontal, vertical and |ongitudinal directions (X, Z-,
Y-axes in Fig. 1B). The position transmtter 36 signalizes
the desired position in the horizontal direction (X-axis)
by neans of a reference sign provided on the energy guiding
chain 12.

1ii) Fig. 2B illustrates the vertical advancing of the end
portion 22 of the extension arm 20 by neans of the vertica
advancer unit 17. The arrival at the desired position in
the vertical direction (Z-axis) is detected by the position
transmtter 37 and by a correspondi ng reference sign

provi ded on energy guiding chain 12.
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Iv) Fig. 2C shows the end position for coupling the supply
lines. After reaching the desired nom nal hei ght according
to Fig. 2B, the longitudinal advancer unit 18 advances the
end portion 22 together with the entire extension arm 20 of
the transverse advancer unit 16 and the vertical advancer
unit 17 in the nobile direction (Y-axis) of the RTG 11. The
nobi |l e direction not necessarily corresponds exactly to the
| ongi tudi nal direction of the energy guiding chain 12, but
substantially. The |ongitudi nal advancer unit 18 noves the
end portion 22 to the end position according to Fig. 2C
where it engages with the entrai nnent nmenber 24. The
position transmtter 38 signalizes the desired position in
the |l ongitudinal direction (Y-axis) by neans of a
correspondi ng reference sign provided on the entrai nment
menber 24.

v) After reaching the end position according to Fig. 2C

t he nechani cal |ocking or position fixing of the

entrai nnment nenber 24 on the end portion 22 of the
extension arm 20 takes place by neans of the coupling piece
26 and the coupling counterpart 28. Immediately thereafter,
the supply lines to be connected are coupled by neans of
the plug connector 30 and the socket 32. As apparent from
Fig. 2A-2D, the transverse advancer unit 16 and the

| ongi tudi nal advancer unit 18 conprise additional energy
gui di ng chains for novably guiding the supply lines from
the RTG 11 to the plug connector 30.

vi) In a final step according to Fig. 2D, the entrainnment

menber 24 is slightly lifted in the vertical direction (Z-

axis) by the vertical advancer unit 17 in order to provide

sufficient play in the vertical, e.g. for receiving a heavy
| oad at the RTG 11.
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Undocki ng the entrai nment nmenber 24 fromthe end portion 22
proceeds in the reverse order (Fig. 2D -> Fig. 2A), and the
entrai nnent nmenber 24 is deposited at a predeterm ned
par ki ng position in the longitudinal direction of the

energy guiding chain 12 (see Fig. 1B)

Fig. 3 shows in an enl arged perspective view the structure
of the entrai nment nmenber 24. The entrai nment nenber 24 has
on its upper end portion said coupling counterpart 28 (in
the following briefly referred to as counterpart 28) that
is arranged in such a manner as to be accessible to the
coupling piece 26 on the extension arm 20 laterally and
fromthe top. The counterpart 28 is arranged laterally of
the final chain link of the energy guiding chain 12
(schematically illustrated). On the far side of the

entrai nnent nenber 24 in the |ongitudinal direction (Y-
axis), the socket 32 for the plug connector 30 is provided,
via which supply lines 33 for energy, data and/or nedia are
coupl ed. The counterpart 28 and the socket 32 are novably
or floatingly supported in the horizontal direction (X-
axis) relative to a guide block 35 of the entrainnent
nmenber 24, by neans of a float 34. The gui de bl ock 35 forns
t he novabl e connection point for a final chain link of the
energy guiding chain 12.

Fig. 4A-4D show an exenplary structure of a nechani cal
coupling which is particularly suitable for the

I npl enmentation of the coupling piece 26 and the coupling
counterpart 28 (counterpart 28). The coupling piece 26 in
Fig. 4A-4D conprises a funnel 40 (also referred to as
coupling funnel). The counterpart 28 in Fig. 4A-4D is

correspondingly formed as a coupling head 42 neshing with
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the funnel 40. The coupling head 42 substantially consists
of two extensions 44 and a base plate 43 (see Fig. 3) from
whi ch the extensions 44 protrude vertically upwardly. The
funnel 40 forns a seat extending in the |ongitudina
direction (Y-axis), which cooperates in a forml ocking
manner with the approximtely |-shaped or T-shaped profile
(in the X-Z plane) of the extensions 44 so that in the
caught state the coupling head 42 and hence al so the
counterpart 28 are secured vertically to the |ongitudina
directions (Y-axis), here along both axes (X-axis, Z-axis)

of the axes system

Further, the coupling piece 26 conprises a | ocking bolt 46
supported in such manner as to be adjustable in the

hori zontal direction (X-axis). Said |ocking bolt 46
cooperates with said two extensions 44 in a form|l ocking
manner for additionally securing the coupling head 42 at

| east in the longitudinal direction (Y-axis), preferably
additionally in the vertical direction (Z-axis) within said
funnel 40, i.e. on the coupling piece 26. By this form

| ocki ng connection, see Fig. 4B-4D, it is achieved that the
coupling head 42 after being interlocked with said | ocking
bolt 46 is maintained in a fixed preset position within
said funnel 40. Said counterpart 28 is thus fixed in a
defined position on the coupling piece 26.

Fig. 4A shows centering slopes 48 that are provided for
conpensating m nor tolerances or the horizontal play of the
float 34. Said centering slopes 48 at the nouth of the
funnel 40 respectively serve as upwardly opening inclined
surfaces for centering the extensions 44 during the
positioning of the end portion 22. In this manner, said

coupling head 42 is pre-positioned for introducing the
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counterpart 28 into the funnel 40 along the | ongitudina
direction (Y-axis) for |ocking.

As best seen in Fig. 4B and Fig. 4D, the extensions 44 are
bollard-1ike with a bulge 45 on the upper end of an axis
49, here simlar to a knob. The axes 49 here serve as a
stopper for the I ocking bolt 46 on both sides thereof in
the |l ongitudinal direction (Y-axis). The bul ge 45 together
with an additional bulge 47 at the bottom of the extension
44 (Z-axis) serves as an additional, flange-like | ocking
structure in the vertical direction (X-axis). Fig 4C 4D
show the | ocking state in which the | ocking bolt 46 engages

with the extensions 44 in a forml ocking nmanner.

As shown in Fig. 4C, said |locking bolt 46 is supported for
di spl acenent parallel to the advancing direction (X-axis)
of the extension arm 20, by nmeans of a linear guide. The

| ocking bolt 46 can be manual |y operated, but preferably it
is automatically pushed in and out via a separate drive
mechani sm form ng part of the coupling piece 26, e.g. by
means of an electrical linear shaft (not further shown). If
necessary, the plug connector 30 can be manipul ated with
this driving of the |locking bolt 46 via a reduction gear.

Fig. S5A-5Cillustrate the automatic coupling of the supply
i nes 33 between the entrainnent nenber 24 and the
extension arm 20. For this purpose, the plug connector 30
I's guided by a linear shaft and in a manner so as to be fed
parallel to the advancing direction (X-axis) of the
extension arm20. Said |linear shaft 50 is fixed for exanple
|aterally on the protective housing 51 of the coupling

pi ece 26. The socket 32 of the plug connector 30 al so

conprises a protective housing 52 on the entrai nment nenber
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24. For additional protection against influences of

weat her, a spring-loaded pivoting flap 54 is provided on
the protective housing 52, which flap opens or closes al ong
wWith the extension or retraction of the plug connector 30
(Fig. 5B). Wth the structure shown in Fig. 5A-5C it is
possi ble to use comercially avail abl e proven conponents

for the actual plug or socket of the plug connector 30.

Fig. 6 shows the system 10 in a cross section and incl uding
anong ot hers a gui de channel 64 for the energy guiding
chain 12, the guide channel 64 defining a |inear route

per pendi cul ar to the plane of the Figures. Said guide
channel 64 simultaneously forns a nechanical | ongitudina
gui de by sliding strips 66 for skids on the bottom of the
carriage 35 of the entrai nment nenber 24. The | ongitudi na
gui dance by said sliding strips 66 contributes to avoiding
| ateral forces at the final chain link of the energy
guiding chain 12, i.e. lateral |oads in the hinge
connections of the energy guiding chain 12. The float 34,
which is provided especially for that purpose, is shown in
nore detail also in Fig. 6. The float 34 conprises two

hori zontal shafts fixed to the carriage 35 on which sliding
or roller bearings fixed to the base plate 43 support the
upper part of the entrai nnent nenber 24 with horizontal
play parallel to the advancing direction (X-axis). In this
manner, |lateral forces at the coupling counterpart 28 wl|
not be transmtted to the actual energy guiding chain 12

during normal operation.

Fig. 6 shows the principle of the advancing control 60 in a
schemati c di agram said advancing control 60 newy
adjusting if necessary the horizontal position along the X-

axis for notably extending the tol erance range of the
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entrai nnent nmenber 24. The advancing control 60 enpl oys two
proximty switches as a neasuring elenent. Said proximty
swtches 62 are provided on both sides of the entrai nnent
nmenber 24, for detecting the position of the base plate 43
or the coupling counterpart 28, and are connected to the
advancing control via said plug connector 30. Prior to the
consunption of the lateral play of the float 34, this state
is signalized to the advancing control 60 by the respective

proximty switch 62.

The advanci ng control 60 utilizes the transverse advancer
unit 16 of the docking device 14 as an actuator. Dependi ng
on the deviation of the RTG 11 fromthe track, which
deviation is detected via the respective proximty switch
62, the advancing control 60 respectively newy adjusts the
hori zontal position of the extension arm 20 during nobile.
To this end, the advancing control 60 operates the drive of
the transverse advancer unit 16 for extending (+X in Fig.

6) or for retracting (-Xin Fig. 6) the end portion 22.
This nmakes sure that the avail able m nor horizontal play of
the float on the entrainnent nenber 24 is not exceeded.
Shoul d the extension arm 20 itself contact the limt stop,
an energency stop or energency undocki ng may be triggered.
In this manner, |larger deviations of a directional instable
consuner, e.g. an RTG 11, fromthe track can be tol erated
wi t hout damagi ng the energy guiding chain 12 or the guide
channel 64.

Preferably, the advancing control 60 sinultaneously
constitutes the control of the docking device 14, i.e. of

the individual advancer units 16, 17, 18.
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In the case of mnor deviations fromthe track, it is
possible as an alternative to the illustrated enbodi nent,
to do without the detector arrangenment including the
proximty switches 62 and without the corresponding re-

adj ustment of the extension arm20. In this case, the
advancer device 60 nerely serves the automation of the
docki ng device 14. In this variant, the float 34 with an
appropriately chosen play can already protect the energy
gui ding chain 12 against |ateral forces. Such a design is
suitable for instance for a rail-born vehicle. In the case
of higher lateral forces, e.g. in the extension arm 20

wi t hout free-wheeling in the horizontal direction, it is
expedi ent to provide a |ongitudinal guide together with the

float 34, e.g. by the sliding strips 66.

Finally, Fig. 6 shows a weather protection 68 in the form
of a roof that surrounds the guide channel 64 as far as
possi bl e. However, along the whole |l ength of the guide
channel 64 (perpendicular to the plane in Fig. 6), a

| ateral el ongate gap 69 having a height sufficient for
penetration and for the vertical adjustnent (Z-axis) of the
docki ng device 14 is provided. The guide channel 64 can be
designed in any desired manner, e.g. in accordance with
W06/ 31710 Al or WDO7/40289 Al.
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System and docki ng device for automatically docking a

a novabl e supply, and coupling therefor

Li st of reference nunbers

particularly a container stacker crane,

1-6:

system for automatic docking

RTG

energy gui ding chain
coupl i ng device
transverse advancer unit
vertical advancer unit

| ongi t udi nal advancer unit
extension arm

end portion

entrai nment nenber

coupl ing piece

coupl ing counterpart
pl ug connect or

socket

supply line

fl oat

carri age

36, 37, 38 position transmtter

40
42
43
44
45
46
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coupling head
base pl ate
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bul ge

| ocki ng bolt
bul ge

centering slope

to
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CLAI M5

System (10) for automatically docking a nobile machi ne,
in particular a container stacker crane (11), to a
novabl e supply, the system conpri sing:

a docking device (14) with a transverse advancer unit
(16) and an extendabl e extension arm (20), wherein an
end portion (22) of the extension arm can be advanced
transversely to the novabl e supply and the end portion
(22) is designed or equi pped for connecting to the
novabl e supply; characterized by

an energy guiding chain (12) serving as a novabl e
supply and including an entrai nment nenber (24);

a mechani cal coupling including a coupling piece (26)
on the end portion (22) of the extension armand a
coupling counterpart (28) on the entrai nnment nenber
(24) of the energy guiding chain (12) cooperating for
position fixing; and by a plug connector (30) on said
end portion (22) and a cooperating socket (32) on the
entrai nnment nenber (24) which can be coupled for
supplying said machine, in particular with energy.

System according to claim1, characterized by a guide
channel (64) for the energy guiding chain (12) in which
the energy guiding chain (12) can be deposited and

whi ch defines a route, in particular a route running

linearly as far as possible.

System according to claim 2, characterized in that said
gui de channel (64) of the energy guiding chain (12)
forms a nechani cal |ongitudinal guide (66) for the

entrai nnent nenber (24) and receives |lateral forces.
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System according to claim2 or 3, characterized in that
t he gui de channel includes a weather protection and a

| ateral |ongitudinal gap (69) for the docking device
(14).

System (10) for automatically docking a nobile machi ne,
in particular a container stacker crane (11), to a
novabl e supply, the system conpri sing:

a docking device (14) with a transverse advancer unit
(16) and an extendabl e extension arm (20), wherein an
end portion (22) of the extension arm can be advanced
transversely to the novabl e supply and the end portion
(22) is designed or equi pped for connecting to the
novabl e suppl y;

characterized in that

an energy guiding chain (12) with an entrai nment nenber
(24) is provided as a novabl e supply;

that a coupling piece (26) is provided on the end
portion (22) of the extension armand a cooperating
coupling counterpart (28) is provided on the

entrai nnent nmenber (24), the coupling piece and the
coupling counterpart form ng a nechani cal coupling; and
that the entrai nment nenber (24) floatingly supports
(34) the coupling counterpart (28) with |lateral play
transversely to the energy guiding chain (12).

System according to claim1 or 5, characterized in that
an advancing control (60) is provided which cooperates
with a detector arrangenent (62) on the entrai nnment
menber (24) and with the transverse advancer unit (16),
for adjusting the horizontal position of the end
portion (22) during operation, wherein said advanci ng

control is in particular designed as an open-| oop
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control or as closed-loop control and is preferably
desi gned for triggering an energency stop or autonatic
undocki ng of the entrai nnent nenber (24) before the
extension armis retracted or extended up to the limt

st op.

System according to claim®6, characterized in that the
det ect or arrangenent conprises proximty switches (62)
provi ded on both sides of the entrainnment nenber (24),
whi ch proximty switches can be connected to an
advanci ng control or to the advancing control (60),
preferably through a plug connector (30) on the docking

devi ce.

System according to one of the clainms 1 to 7,
characterized in that the range of the extendabl e
extension arm (20) is at least three tinmes, preferably
at least ten tinmes the horizontal play on the

entrai nnent nmenber (24), the horizontal play preferably
amounting to 25%to 100% of the width of the energy
gui di ng chain.

System according to one of the clains 1 to 8,
characterized in that the energy guiding chain carries
one or nore supply lines (33), in particular electric
current supply lines, optical data transm ssion |ines
and/ or one nore hose pipes for nmedia supply, in
particular for supplying liquid or gaseous operating
medi a, which supply lines can be automatically docked

by sai d docki ng devi ce.

Use of a systemaccording to one of the clains 1 to 9,

for the power supply of a vehicle, in particular of a
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cont ai ner stacker crane (11) having rubber tires (RTG
rubber-tire gantry crane).

Docki ng device (14) for automatically docking a nobile
machi ne, in particular a container stacker crane, to a
novabl e supply, the docking device conpri sing:

a transverse advancer unit (16) with an extendabl e
extension arm (20) by which an end portion (22) of the
extensi on arm can be advanced transversely to the
novabl e supply; and a vertical advancer unit (17) by
whi ch the end portion can be vertically advanced;
characterized in that on the end portion (22) of the
extension arma coupling piece (26) is provided that
can be connected to a coupling counterpart (28) on the
entrai nnent nenber (24) of an energy guiding chain
(12), the coupling piece (26) being configured in a
manner so as to cooperate with the coupling counterpart
(28) for position fixing; and that

on the end portion (22) of the extension arma plug
connector (30) for supplying the machine, in particular
wWith energy, is provided for a cooperating socket (32)
on the entrai nnent nenber (24).

Docki ng device according to claim11l, characterized in
that the sane conprises a |ongitudinal advancer unit
(18) with which the end portion (22), if necessary
together with the horizontal and/or vertical advancer
units, can be advanced in the |ongitudinal direction.

Docki ng device according to claim 1l or 12,
characterized in that position transmtters (36, 37,
38) are provided on the end portion, for determning

the horizontal and vertical positions, the position
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transmtters in particular cooperating with an

advanci ng control.

Docki ng device according to claim11l, 12 or 13,
characterized in that the plug connector (30) is
operatively connected to an i ndependent drive, in
particul ar for advancing parallel to the horizontal
advancing direction so that the plug connection can be
produced i ndependently, in particular during or after

t he connection of the coupling pieces (26, 28).

Mechani cal coupling, in particular for a docking device
according to claim11l, conprising a coupling piece (26)
configured as a funnel (40) and a cooperating coupling
counterpart (28) configured as coupling head (42) as
wel |l as | ocking bolt (46) for nechanically |ocking the
coupling head in the funnel, the coupling head being at
| east partly insertable in the funnel in a |ongitudina
di rection;

characterized in that

the coupling head (42) includes at | east one extension
(44) which for securing perpendicular to the

| ongi tudi nal direction cooperates with the funnel (40)
and/or the locking bolt (46) in a formlocking manner
and the | ocking bolt (46) cooperates wth said at |east
one extension (44) for securing in the |ongitudina
direction, the coupling head (42) after | ocking being
fixed to the funnel (40) in a fixed position.

Mechani cal coupling according to claim 15,
characterized in that the funnel (40) includes a seat,
whi ch secures the at | east one extension (44) agai nst

tw sting.
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Mechani cal coupling according to claim15 or 16,
characterized in that two bol | ard-shaped extensions
(44) are provided, with a bul ge being provided on the

upper end of each extension.

Mechani cal coupling according to one of the clains 15
to 17, characterized in that the at |east one extension
(44) can be at least partially inserted in the funne
(40) in a longitudinal direction and that centering

sl opes (48) for the insertion of the extension are

provi ded on the funnel.



