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Straddle carrier device comprising electric drives

The invention relates to a straddie carrier device for ISO-containers with electrié
drives which are powered via a battery, and with a load picking-up means, which can

5 be raised and lowered, for the ISO-containers.

Straddle carrier devices of this type - also known as straddle carrier stacking trolleys,
straddle stacking trolleys, straddle carriers, van carriers, shuttle carriers or runners -
are generally known. They are specific handling devices for ISO-containers in

10  terminals, in particular port terminals or terminals for combined transport between
road and rail. With the aid of a lifting devjce and a load picking-up means, designated
as a spreader, straddle carrier devices can lift containers and - after transportation -
set them down at a target location. Since the straddle carrier devices have a spider-
leg structure, they can travel over a container resting on the floor or on another

15  container and in so doing also - 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

20  context, standardised large-size or sea freight containers which are used in the
international transportation of goods are understood to be ISO-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 straddie carrier device
25  for ISO-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-
30 hand 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 gantry 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

35  drives, electric steering drives and electric lifting drives. These drives are powered via
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has el ects i cpitkisgap means there is sufficient space to house a high-capacity battery of

appropriate size. 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
25  as, for 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 fhat of a diesel engine. This leads to a lower level of power consumption,
30 increased efficiency, lower maintenance and a high level of environmental

compatibility especially in relation to noise and emissions.

Provision is advantageously made that only purely electric drives, i.e. no electro-
hydraulic drives, are provided, which means that the straddle carrier device does not

35 need hydraulic components.
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drives are powered via 2 an on-board rechargeable battery. The charging
process fror the battery is effected at a charging station which is disposed
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conventional manner, this straddle carrier device also has a front and rear
gantry franme which are connected to ea er frame. The
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In a particularly advantageous embodiment, provision is made that the battery has a
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

20 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 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

25  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-mounted traveliing mechanisms with rubber tyres. The limitation to
four tyre-mounted travelling mechanisms also makes it possible to reduce the

30 complexity of the straddle carrier device as a whole. Driving and steering can be
rendered simpler. In the case of an automatically guided straddle carrier device,

navigation also becomes simpler.

In a preferred embodiment the straddle carrier device is automatically guided.

35
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automatically guided straddle carrier devices 1, navigation also becomes more

complex owing to the increase in wheels 2 to be steered.

The wheels 2 of the straddle carrier device 1 are component parts of wheel-mounted
25  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 Ackermann steering or backwards movement. Out of the total of four
wheel-mounted travelling mechanisms 5, in each case two - in a spaced relationship
30  and one behind the other as seen in the direction of travel F of the straddle carrier
device 1 - are attached to a right-hand travelling mechanism girder 6a and to a left-
hand travelling mechanism girder which is concealed by the right-hand one, which are
each oriented with their longitudinal extension in the direction of travel F of the
straddle carrier device 1. The two travelling mechanism girders 6a which are

35 disposed in paraliel next to each other and in a mutually spaced manner are



"4 Alternatively, provision is made that a driver's cabin is disposed on the
straddl e carrier device and the straddle carrier device can be driven
manual l'y.: The invention will be explained in nore detail herei nunder
with the aid of an 5exenplified enmbodinment illustrated in the drawing in
whi ch: Figure 1 shows a schematic side view of a first enbodi nent of a
straddl e carrier device, Figure 2 shows a schematic side view of a
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below the upper frame 9 and between the gantry supports 7d of the front gantry frame
20 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
switch cabinets 12 and one or a plurality of batteries 13. A high level of reliability in

25  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 10t, preferably 8t to 9t. Furthermore,
provision is made so that a flat battery 13 can be replaced by a charged battery 13
and can be moved by an appropriate apparatus, transverse to the direction of travel F,

30  horizontally out of the upper frame 9 or into this upper frame. The charging process
for the battery 13 therefore takes place outside the straddle carrier device 1 and the
straddle carrier device 1 is available immediately after the battery has been replaced.
The replacement process can be carried out manually, semi-automatically or fully
automatically.

35



» 35dirsposed in parallel next to each other and in a nutually spaced manner
are 5 connected to each other at the front via a front gantry frame 7a and
at the rear via a rear gantry frame 7b. Each of the two u-shaped gantry
frames 7a and 7b consists of a horizontal upper gantry girder 7c oriented
transverse to the direction of travel F, the |lateral ends of which are each
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mechanism girders 6a and between the front and rear wheel-mounted travelling
mechanisms 5 respectively, the sensors being designed according to the navigation
system used. If transponders let into the ground 3 are used then the sensors 15 are

25 designed as antennas.

Figure 2 shows a schematic side view of a second embodiment of a straddle carrier

device 1. This straddle carrier device 1 corresponds essentially to the straddle carrier

device 1 described above, which means that reference is made to the entire content
30 of the preceding description. The same reference numbers as in Figure 1 have also

been used.

In this second embodiment, the battery 13 or the receiving frame 13a thereof is
designed as a supporting component which provides the upper frame 9 with sufficient
35  solidity during operation of the straddle carrier device 1. For this purpose the battery



"6 If, in the next few years, other types of battery, such as, for exanple,
lithiumion batteries, achieve an equivalent |level of reliability to

| ead-=acid batteries, it will also be possible to use them 5As a whole, the
straddl e carrier device 1, in particular the lifting height of the lifting
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fromthe ground 3 and set down. Stacking of |1SO containers 4 is not
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the ground 3 € sensors as ant enhas.
Figure 2 shosmsersd6hentesigned iad @nteheas. d cmm@mwmem@@twd @fided straddl e

carrier devigegd, s to%{aﬁ.@gahg re@crgmt.safd#%@own&@“oewm pesantially to

t he straddl e carri e'p gev I ce escrib bove, which neans that ref erence
is made to t#eo bmprowéertoﬂﬂ@ﬁnithe@eaﬂorts%tn?r@et@meﬁg‘* getherqugy 184 The sane

reference nugbesgmaslyikRokm, Ik &rahdiéa:‘éﬁueahéﬂcebeeih rws@dte its wdythérdios second
embodi ment, the battery 13 or t 13a thereof is dgm gned

as a support?’ﬂ%"%‘ﬂ%'&n HP’W‘??PH'”HFW&HEE“E ﬁ’@ t%wa'?ﬁrﬁﬁérﬁpﬁs?%oﬁj ¥ici ent

35solidity dag btﬁj@ct@@:%@ﬁftld)rﬁsﬁbrﬂﬁr drhemgsmenstdab ehecstradillercadiev tedcell cdrdre t hi s
purpose the Pne y pos}{loned from the position data thereby obtained. The containers 4 are then

20  picked up.

Figure 3 shows a plan view of a port layout using the straddle carrier devices 1
described above as shown in Figures 1 or 2. The ground surface 3 is a component
part of a quay 16 over which - by means of a large number of straddle carrier devices

25 1 - the 1SO-containers 4 are moved by container stacking cranes 19 between a
plurality of container crane bridges 17 and a container stacking area 18 adjoining the
quay 16. Instead of the container-handling crane bridges it is naturally also possibie
to use other handiing devices such as, for example, mobile port cranes, in particular in
the case of smaller handling ports.

30
Furthermore, provision can be made, or it may be technically necessary, to resort to
electro-hydraulic drives 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

35  are being lowered or the straddle carrier device 1 is being braked. The recovered



+13 is additionally secured, for exanple by bolts, after its insertion into
the straddle carrier device 1. The battery 13 al so has an appropriately
arranged ‘-battery frame 13a in order to be able to absorb the forces
resulting fromthe operation of the straddle carrier device 1 between the
front and rear gantry frames 7a, 7b. Al though in 5conjunction with the
replacenent of the battery 13 the uppergfrane 9 is then weakened w t hout
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.
For the aut RgaYds tengted/iasaprsiermienetoy StareyFush ap sPEAladiiracABY &1 | i ng
mechani sm ogdypeRags.6a and between the front and rear wheel - nounted
travelling nmechanisns 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 are designed as
antennas. In conjunction with the automated guided version, fully automatic
obj ect-recognition for the containers 4 to be picked up can 15al so be
provi ded. -Since the positions of the containers 4 on the quay 16 are
approxi mately known, the straddle carrier device 1 can navigate its way
thereto i ndependently. Prior to reaching the final position the containers
4 are passed over by an object-recognition sensor arrangenent and the
straddl e carrier device 1 can be finely positioned fromthe position data
t her eby obtained. The containers 4 are then 20pi cked up. Figure 3 shows a
pl an view of a port layout using the straddle carrier devices 1 described
above as shown in Figures 1 or 2. The ground surface 3 is a conmponent part
of a quay 16 over which - by neans of a |arge nunber of straddle carrier
devices 251 - the I1SO containers 4 are noved by container stacking cranes
19 between a plurality of container crane bridges 17 and a contai ner
stacking area 18 adjoining the quay 16. Instead of the container-handling
crane bridges it is naturally also possible to use other handling devices
such as, for exanple, nobile port cranes, in particular in the case of
smal | er handling ports. 30 Furthernore, provision can be nmade, or it may be
technically necessary, to resort to electro-hydraulic drives 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
straddl e carrier devices 1 to provide for energy recovery when the

| SO containers 4 35are being lowered or the straddle carrier device 1 is
bei ng braked. The recovered



'8 energy is then stored in short-termenergy stores such as so-called

ul tracaps or supercaps. 9 Reference |ist 1Straddle carrier device 2Weel
53G ound ‘surface 41 SO cont ai ner 5Weel -nmounted travelling mechani sm

6aRi ght-hand travel | i ng mechani sm girder 7aFront gantry frame 10 7bRear
gantry frame 7cUpper gantry girder 7dGntry support 8Longitudi nal girder
9Upper frane 1510Lifting apparatus 10aLiefti ng nmechani sm

Reference list

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
8 Longitudinal girder
9 Upper frame

15 10 Lifting apparatus
10a Lifting mechanism
11 Load picking-up means
12 Switch cabinet
13 Battery

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

25 19 Container stacking crane

F Direction of travel
H Lifting direction
h Lifting height

30



*11Load picki ng-up nmeans 12Swi tch cabi net 13Battery 2014Driver's cabin
15Sensor 16Quay 17Contai ner bride crane 18Cont ai ner stacking area

2519Cont ai ner stacking crane Direction of travel Lifting direction Lifting
height 30 10 Clains |IStraddle carrier device for 1SO containers with
electric drives which are powered via a battery, and with a | oad
pi cki ng-up neans, which can be raised amd 5l owered, for the |ISO containers,
characterised in that the battery (13) is disposed above the |oad

pi cki ng-up neans (11). 2.Straddle carrier device as clainmed in claim1,
characteri sdd@M§ that only electric drives are provided.

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 ISO-containers, characterised in that the battery (13) is
disposed above the load picking-up means (11).

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) can be replaced.
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. Straddie carrier device as claimed in any one of claims 1 to 4, characterised in
that the battery (13) is a lead-acid battery and has a weight of about 6 to 10t.

6. Straddle carrier device as claimed in any one of claims 1 to 5, characterised in
that the battery (13) has a supporting function within the straddle carrier device
25 (1).

7. Straddle carrier device as claimed in any one of claims 1 to 6, characterised in
that the straddle carrier device (1) is designed in a 1 over 0 construction.

30 8. Straddle carrier device as claimed in any one of claims 1 to 6, characterised in
that the straddle carrier device (1) is designed in a 1 over 1 construction.

9. Straddle carrier device as claimed in any one of claims 1 to 8, characterised in
that the straddle carrier device (1) is automatically guided.
35



*10 3. Straddle carrier device as clainmed in claim1 or 2, characterised in
that the battery (13) can be replaced. 4. Straddle carrier device as
claimed i'n any one of claims 1 to 3, characterised in 15that the straddle
carrier device (1) has a front gantry frame (7a) and a rear gantry frane
(7b) which are connected to each other in the region of their upper ends
via an upper frame (9), and the battery1413) is disposed in the region of
the upper frame (9). 205.Straddle carrier device as clainmed in any one of

clains 1 to 4, characterised in that(%he batte {g@% ﬁ r? Ifad-@cid
battery and 'Ras S¥adgle gaifierdeviesasciagmedin Ay one g P AduPe BT R Hevi ce as

clained in any e aQfivérsaiabm (i4)t|$)d|5posehahmalralddleatarrler umae (Mhanddbe tery (13)
- has a supporting, fupction within th strad rrier device 25(1). 7.
Straddle carrie "6%ﬂ?8%“ﬂ§ﬂ%F8(ﬁéﬁn%ﬁ 'ﬁ%ﬁmg clains 1 to 6,
characterised in that the straddle carrler device (1) is designed in a1
over 0 construction. 308. Straddle carrier device as clained in any one of
claimse 1 to 6, characterised in that the straddle carrier device (1) is
designed in a 1 over 1 construction. 9.Straddl e carrier device as cl ai ned
in any one of clains 1 to 8, characterised in that the straddle carrier
device (1) is automatically guided. 11 10. Straddle carrier device as
claimed in any one of clainms Ito 8, characterised in that a driver's cabin
(14) is disposed on the straddle carrier device (1) and the straddle
carrier device (1) can be driven manually.



