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el ectric drives *@00002* The invention relates to a ﬁmﬂ’mm Wﬁmmmmﬂ er
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of 20, 40 ® rom i nternational pat ent /150303
Al , a str atiietlogationi incelthe streddlegarrier devuces have a splder-leg structure, they can

travel over a container resting on the floor or on another container and in so doing also -

15 depending on construction - additionally transport a lifted container. Depending on the
construction height, the straddle carrier devices are designated, for example, as 1 over 3
devices, 1 over 2 devices etc. A 1 over 3 device can set down a container on 3 stacked
containers, pick up one of 3 stacked containers or travel over 3 stacked containers with a
picked-up container. In this context, standardised large-size or sea freight containers

20  which are used in the international transportation of goods are understood to be 1ISO-
containers. The most widely used are ISO-containers with a width of 8 feet and a length
of 20, 40 or 45 feet.

From international patent application WO 2009/150303 A1, a straddle carrier device for

25 1SO-containers is already known. In the conventional manner the straddle carrier device
- as seen in its direction of travel - has a right-hand travelling mechanism girder and a
left-hand travelling mechanism girder. At least two rubber-tyred and steerable tyre-
mounted travelling mechanisms disposed one behind the other in the direction of travel
are attached to each travelling mechanism girder. The right-hand and the left-hand

30 travelling mechanism girders are connected to each other via a front and a rear gantry
frame. In the region of their upper ends, the two ganfry frames are connected to each
other via an upper frame. A lifting device is suspended on the upper frame and from it a
load picking-up means for the ISO-containers can be raised and lowered. The straddle

carrier device is fully electric and therefore has electric travel drives, electric steering



* 251 SO-containers is already known. In the conventional manner the straddle
carrier device - as seen in its direction of travel - has a right-hand
travel'ling mechanismgirder and a | eft-hand travelling mechani smgirder. At
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particul ar [ acgordancf 0 r e acé’gcgn %'P'P% rorvgg)v\za%%t% F—F'egas)le \Atlg f%rel_ééghcgﬁtaﬁ]ggw th a
char ged batvttteelyctrlwrtvaauthlqhteee povErechyi# Blbtatierbfand wéh glaedditkiegewameaes. devi ce

being Iim tvﬁ.én té?tbearafggéé.% IBerb Ofsretﬁéwcdnth.rteh@.s%eﬁ@ve@fbyahen@anaéeeaat.@ceabI e
batteré? The repl acenment process can be carried out nanual
0

seni-a nafttp%aqqew dl',hletmttpy is advantageously connected to the straddle carrle device in
a replaceable manner. It is therefore particularly easy to replace a battery which needs

to be charged with a charged battery, without the availability of the straddle carrier
device being limited for a charging process as in the case of a non-replaceable battery.
The replacement process can be carried out manually, semi-automatically or fully

25 automatically. The charging process for the battery thus takes place outside of the
straddle carrier device. The electric drives in the form of electric motors act in a
conventional manner via gearing on the components to be driven in order to fulfil the
drive functions provided in the straddle carrier device such as, for example, travel drive,
braking drive, steering drive and lifting drive. For specific drive functions such as, for

30 example, the steering drive or the lifting drive it may be necessary to drive a hydraulic
pump via the electric drive in order to design the steering drive or the lifting drive in an
electro-hydraulic manner. The selected battery-electric drive has the advantage that a
degree of effectiveness is achieved which is approximately more than double that of a

diesel engine. This leads to a lower level of power consumption, increased efficiency,



" 25aut omatically. The charging process for the battery thus takes pl ace
outside of the straddle carrier device. The electric drives in the form of
electric mbtors act in a conventional nanner via gearing on the conmponents
to be driven in order to fulfil the drive functions provided in the
straddl e carrier device such as, for exanple, travel drive, braking drive,
steering drive and lifting drive. For fpecific drive functions such as, for
30 exanple, the steering drive or the lifting drive it may be necessary to
drive a hydraulic punp via the electric drive in order to design the
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hi gh | evel \gfonlofinb@ppdritiadhel O the straddl e carrier device is achieved in
that the battery is a lead-acid battery. Lead-acid batteries have been used
in vehil¢l es for many years. The battery required has a weight of about 6 to
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const r uct i ofithe straddle cewigr devicef t he upper franme and the battery nerge with
each other in terns of their function.

20 A high level of reliability for the straddle carrier device is achieved in that the battery is a
lead-acid battery. Lead-acid batteries have been used in vehicles for many years. The

battery required has a weight of about 6 to 10 t.

In a particularly advantageous embodiment, provision is made that the battery has a
25  supporting function within the straddle carrier device. This embodiment is particularly
space-saving since the supporting construction in the region of the upper frame and the

battery merge with each other in terms of their function.

The straddle carrier device is designed as a 1 over 1 construction and preferably as a 1
30  over 0 construction. By means of the 1 over 0 construction only low lifting efforts are
required because of the low lifting height. The 1 over 0 construction also leads to a low
centre of gravity which permits a compact and also simple construction for the straddle
carrier device. Since the straddle carrier device has a low centre of gravity and therefore

has a high level of stability and resistance to tipping, it is able to travel on only four tyre-



"The-straddl e carrier device is designed as a 1 over 1 construction and
preferably as a 1 30over 0 construction. By neans of the 1 over O
constructi-on only low lifting efforts are required because of the | ow
lifting height. The 1 over 0 construction also leads to a | ow centre of
gravity which permts a conpact and al so sinple construction for the
straddl e carrier device. Since the stnpddle carrier device has a |ow centre
of gravity and therefore has a high | evel of stability and resistance to
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this is therf associa an rncrease in
15 device,
Figure 2 shows a schematic side view of a second embodiment of a straddle

carrier device, and
Figure 3 shows a plan view of a port layout with the straddle carrier devices in
accordance with Figures 1 or 2.
20
Figure 1 shows a schematic side view of a straddle carrier device 1 which can travel via
a total of four rubber-tyred wheels 2 on a ground surface 3. The wheels 2 are disposed
in the conventional manner in the corners of an imaginary rectangle. Itis also
fundamentally possible to provide more than four rubber-tyred wheels 2 if this is required
25  for technical reasons. However, this is then associated with an increase in the
complexity of the straddle carrier device 1 as a whole and therefore more complex
technology must be used in the area of driving and steering. In the case of automatically
guided straddle carrier devices 1, navigation also becomes more complex owing to the
increase in wheels 2 to be steered.
30
The wheels 2 of the straddle carrier device 1 are component parts of wheel-mounted
travelling mechanisms 5 which have electric travel drives and electric steering motors,
not shown. The individual wheel steering provided means it is possible, with appropriate

control, to carry out different steering programmes, such as for example optimised
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upper The spreader frames are designed as so-called single-lift or twin-lift spreaders, i.e., in
the twin-lift version, two 20 foot ISO-containers 4 can be picked up one after the other as
seen in the direction of travel F of the straddle carrier device 1. In a conventional
25  manner the load picking-up means 11 is able to move up and down below the upper
frame 9 and between the gantry supports 7d of the front gantry frame 7a and the gantry
supports 7d of the rear gantry frame 7b in an essentially vertical lifting direction H.

Furthermore, in the region of the upper frame 9 sufficient space is available to house
30  switch cabinets 12 and one or a plurality of batteries 13. A high level of reliability in the
heavy goods transport vehicle is achieved by the battery 13 being a lead-acid battery.
Lead-acid batteries have been used in vehicles for many years. The weight of the
battery is in the range of about 6 to 10 t, preferably 8 to 9 t. Furthermore, provision is
made so that a flat battery 13 can be replaced by a charged battery 13 and can be



"frame 9 and between the gantry supports 7d of the front gantry franme 7a and
the gantry supports 7d of the rear gantry frame 7b in an essentially
vertical lifting direction H Furthernore, in the region of the upper frane
9 sufficient space is available to house 30switch cabinets 12 and one or a
plurality of batteries 13. A high level of reliability in the heavy goods
transport vehicle is achieved by the hattery 13 being a | ead-acid battery.
Lead-acid batteries have been used in vehicles for nmany years. The wei ght
of the battery is in the range of about 6 to 10 t, preferably 8 to 9 t.
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If, in the next few years, other types of battery, such as, for example, lithium-ion
batteries, achieve an equivalent level of reliability to lead-acid batteries, it will also be
possible to use them.

20
As a whole, the straddle carrier device 1, in particular the lifting height of the lifting
apparatus 10, is designed as a so-called 1 over Q device, i.e., by means of the straddle
carrier device 1 a single ISO-container 4 can be picked up from the ground 3 and set
down. Stacking of ISO-containers 4 is not possible. With an appropriately designed

25  load picking-up means 11 (twin-lift) it is naturally possible to pick up together two ISO-
containers 4 which are disposed one behind the other as seen in the direction of travel F
and have a length of 20 feet each. By means of this embodiment as a 1 over 0 device,
the straddle carrier device 1 has a low centre of gravity, a good level of stability and the
construction can be extremely compact. The demands placed on the performance of the

30 electric lifting drives are also not so great. Furthermore, the construction height is low
and consequently the weight is light, which means that four wheels suffice to receive the

load.

Furthermore, the straddie carrier device 1 can be controlled manually by a driver or be
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frame 7a. {ihshbRicfAsBntefthd dreurdil SERtdBE e Gonsdrdi 5re sésidhed bif f i Ci ent space
for sensors 15 is provided in the region below the travelling nechani sm

girders 6a 2R3t ween the front and rear wheel - mount ed travel l'i ng
mechani sms 5 5respectively, the sensors being designed according to the
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device 1 describ neans t hat éef ere eunlﬁhrraedaei tg)ee;]he entire
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or the receiving frame 13a thereof is designed as a supporting conmponent
whi ch provides the upper frame 9 with sufficient solidity durin operatlon

of the l8t r idbis §ecoar emepdigngqt the battery43 ok tRe Eecpivipg fame d fathgiert B dgsidned;
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25 replacement of the battery 13 the upper frame 9 is then weakened without the battery
13, the upper frame 9 does have sufficient solidity during the time the straddle carrier
device 1 is waiting for a new charged battery 13.

25
For the automatic guided version, in the region below the travelling mechanism girders
6a and between the front and rear wheel-mounted travelling mechanisms 5 respectively
there is sufficient space for sensors 15 which are designed according to the type of
navigation system used. If transponders let into the ground 3 are used, the sensors 15

30 are designed as antennas. In conjunction with the automated guided version, fully
automatic object-recognition for the containers 4 to be picked up can also be provided.
Since the positions of the containers 4 on the quay 16 are approximately known, the
straddle carrier device 1 can navigate its way thereto independently. Prior to reaching

the final position the containers 4 are passed over by an object-recognition sensor



" For -the autonmatic guided version, in the region below the travelling
mechani sm gi rders 6a and between the front and rear wheel - nmount ed
travelli ng mechani sns 5 respectively there is sufficient space for sensors
15 which are designed according to the type of navigation systemused. If
transponders let into the ground 3 are used, the sensors 15 30are designed
as antennas. In conjunction with the tomat ed gui ded version, fully
automati c object-recognition for the containers 4 to be picked up can al so
be provided. Since the positions of the containers 4 on the quay 16 are
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is al so feasi FOr an ar rangenent atterires 13 1 n the region of
5t he tréveWPWﬁ&”Wﬁ@W&h?@ﬁ?§F¢ﬂ%§% 6a Figure 3 shows a plan view of a port
| ayout using the straddle carrier devices 1 described above as shown in
Figures 1 round s S. a,Co ent a quay 16 over
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Iifting Embifr RAdrfindPiSl bl € in the case of the straddle carrier devices 1
to prOV|de Tor eneré§ recovery when the I SO containers 4 are being
20l oneléd or the straddle carrier device 1 is being braked. The recovered
energy is Fheerhdrormevidich Glhdetmddel 6@/ te&inRaBSnesessarya® résorical | ed
ultracaps glgctrso%%Fa%ﬁg grives instead of purely electric drives, which act on gears, for certain
drive functions such as steering or lifting. It is also possible in the case of the straddle
carrier devices 1 to provide for energy recovery when the ISO-containers 4 are being
20 lowered or the straddle carrier device 1 is being braked. The recovered energy is then

stored in short-term energy stores such as so-called ultracaps or supercaps.



9 Lirst of reference nunerals 1Straddle carrier device 2Weel 53G ound
surface 41 SO cont ai ner 5Wheel -nounted travel l i ng mechani sm 6aRi ght - hand
travell i ng. mechani smgirder 7aFront gantry frane 107bRear gantry frane
7cUpper gantry girder 7dGantry support 8Longitudi nal girder 9Upper franme
1510Li fti ng apparatus 10aLifting nmechani sm 11Load pi cki ng-up neans 12Sw tch
cabi net

9

List of reference numerals

1 Straddle carrier device
2 Wheel
5 3 Ground surface
4 ISO-container
5 Wheel-mounted travelling mechanism
6a Right-hand travelling mechanism girder
7a Front gantry frame
10 7b Rear gantry frame
7c Upper gantry girder
7d Gantry support
Longitudinal girder
Upper frame |
15 10 Lifting apparatus

10a  Lifting mechanism

11 Load picking-up means
12 Switch cabinet
13 Battery

20 14 Driver's cabin
16 Sensor
16 Quay
17 Container bride crane
18 Container stacking area

25 19 Container stacking crane

F Direction of travel
Lifting direction
h Lifting height
30



"13Battery 2014Driver's cabin 15Sensor 16Quay 17Contai ner bride crane

18Cont ai ner stacki ng area 2519Cont ai ner stacking crane FDi rection of travel
HLifti-ng direction hLifting height 30 10 Cains 1. Straddle carrier device
for SO containers with electric drives which are powered via a battery,
and with a | oad picking-up neans, which can be raised and 5l owered, for the
| SO containers, characterised in that .the battery (13) is replaceable. 2.
Straddl e carrier device as clainmed in aim1, characterised in that only
electric drives are provided.

Claims

1. Straddle carrier device for ISO-containers with electric drives which are powered

via a battery, and with a load picking-up means, which can be raised and

5 lowered, for the 1ISO-containers, characterised in that the battery (13) is
replaceable.
2. Straddle carrier device as claimed in Claim 1, characterised in that only electric

drives are provided.
10
3. Straddle carrier device as claimed in Claim 1 or 2, characterised in that the

battery (13) is disposed above the load picking-up means (11).

4, Straddle carrier device as claimed in any one of Claims 1 to 3, characterised in

15 that the straddle carrier device (1) has a front gantry frame (7a) and a rear gantry
frame (7b) which are connected to each other in the region of their upper ends

via an upper frame (9), and the battery (13) is disposed in the region of the upper

frame (9).

20 5. Straddle carrier device as claimed in Claim 1 or 2, characterised in that the
battery (13) is disposed in the region of wheel-mounted travelling mechanisms
(5) of the straddle carrier device (1).

6. Straddle carrier device as claimed in any one of Claims 1 to 5, characterised in

25 that the battery (13) is a lead-acid battery and has a weight of about 6 to 10 t.

7. Straddle carrier device as claimed in any one of Claims 1 to 6, characterised in
that the battery (13) has a supporting function within the straddle carrier device
(1).
30
8. Straddle carrier device as claimed in any one of Claims 1 to 7, characterised in

that the straddle carrier device (1) is designed in a 1 over 0 construction.

9. Straddle carrier device as claimed in any one of Claims 1 to 8, characterised in



*10 3. Straddle carrier device as clained in Caim1l or 2, characterised in
that the battery (13) is disposed above the | oad picking-up neans (11). 4.
Straddl e carrier device as clained in any one of Clains 1 to 3,
characterised in 15that the straddle carrier device (1) has a front gantry
franme (7a) and a rear gantry frame (7b) which are connected to each ot her
in the region of their upper ends viasan upper frame (9), and the battery
(13) is disposed in the region of the upper frane (9). 205.Straddle carrier
device as clainmed in CQaim1l or 2, characterised in that the battery (13)
is di sposed in thdighd AGHAB catievdiort { NLdsBHed ihavieddet mgorseradtiani sms (5) of the
straddle carrier device (1). 6. Straddle carrier device as clainmed in any
one of Clainms 1 to 5, characterised in 25that the battery (13) is a

| ead- aci d bat t 3tyaddiadahiasdexicams glaimedtfin ayoane o6 Clainsl Otot9, cirara®erisadidl e carri er
device as clai npg yidstABYe QaGieCdevich M) BautorhRichly guld@gacterised in that the
battery (13) has a supporting function wthinthe straddle carrier device
(1). 30°8. Straddle carrier device as clainmed in any one of Clainms 1 to 7,
char agt eri sed imfaﬁblabgﬂribgd@kéalddiaﬁnddarﬁ a;inyecrnedmiam(fbl)g, ksarg@eisgaed in a ].:L
over construcgti.on.. 9, r .e.carrier Vi as. ! y one o
Clains 1 to 8, q&?{grdé%?resrﬁaé'é‘ggghs d'ﬁpfs?dn%”[thgﬁtéad? ercgd{?fggvécgﬁﬁ 4('anr t@;vi ce (1) is
desi gned in a Istredde cdrieraiesice (g cambe driven mBnwallddl e carrier device as cl ai ned
in any one of Clains 1 to 9, characterised in that the straddle carrier
device (1) is automatically guided. 11. Straddle carrier device as clained
in any one of Clains 1 to 9, characterised in that a driver's cabin (14) is
di sposed on the straddle carrier device (1) and the straddle carrier device
(1) can be driven manually.



