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(57) Abstract: Provided is a method of retrofitting a construction machine, preferably a loader. The construction machine (1) comprises
a frame arrangement (2, 3) and a lifting arrangement (22). The lifting arrangement (22) is mounted to the frame arrangement (2, 3)
and includes an equipment connector (222) for mounting an equipment (24). The lifting arrangement (22) is configured to move its
equipment connector (222) along a substantially arcuate path between a lowered position and a lifted position. The method comprises
the steps of disassembling (S3) the lifting arrangement (22) from the frame arrangement (3), and assembling (S8) a different lifting
arrangement (52) to the frame arrangement (3). The different lifting arrangement (52) comprises an equipment connector (522) for
mounting an equipment (54). The different lifting arrangement (52) is configured to move its equipment connector (522) along a
substantially vertical path between a lowered position and a lifted position.
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METHOD OF RETROFITTING CONSTRUCTION MACHINE WITH LIFTING ARRANGEMENT

Technical Field
The present invention relates to a method of retrofitting a construction machine with a lifting arrangement. The
construction machine may be a loader, e.g. a wheel loader. The method comprises a step of disassembling a

lifting arrangement from and a step of assembling a different lifting arrangement to the construction machine.

Background of the invention

Construction machines, e.g. wheel loaders, comprise a lifting arrangement for moving an equipment, e.g. a
bucket, between a lowered and a lifted position. Said lifting arrangements usually comprises a main arm with a
pivot connector at one end for attaching the main arm to a frame arrangement of the construction machine, and
an equipment connector at the other end for mounting an equipment thereto. Upon moving the main arm
between a lowered and a lifted position, the equipment connector follows a substantially arcuate path, as the
main arm is rotated around a point, which is fixed in space relative to the frame arrangement of the construction
machine. Such lifing arrangements are known as radial lifting arrangements. The drawback of these
conventional lifting arrangements is that due to the movement of the equipment connector along an arcuate path
between a lowered and a lifted position, an equipment mounted to the equipment connector exhibits a relatively
large maximal distance to a centre of gravity of the construction machine. Therefore, for a given operating weight
of the construction machine, the provided lifting capacity may be unsatisfactory.

Summary of the invention

The present invention relates to a method of retrofitting a construction machine with a new lifting arrangement.
The construction machine may be a loader, e.g. a wheel loader, or any other type of construction machine
comprising a lifting arrangement for lifting an equipment between a lowered and a lifted position. The method
includes a step of disassembling a (old) lifting arrangement from a frame arrangement, and a step of attaching a
different (new) lifting arrangement to said frame arrangement of the construction machine. The method may
further comprise a preparation step of providing the construction machine. In an initial state, before execution of
the disassembling step, the construction machine comprises the frame arrangement and the (old) lifting
arrangement. The lifting arrangement is mounted to the frame arrangement and includes an equipment
connector for mounting an equipment. The (old) lifting arrangement is configured to move said equipment
connector along a substantially arcuate path between a lowered position and a lifted position. The equipment
may be a bucket, e.g. a wheel loader bucket. The lifting arrangement may be mounted with one or multiple
intermediate parts to the frame arrangement. In other words, one or multiple parts may be provided between the
lifting arrangement and the frame arrangement. Alternatively, the frame arrangement may be mounted directly,
i.e. without any intermediate parts, to the frame arrangement. The lifting arrangement is configured, optionally
solely configured, to move the equipment connector along a substantially arcuate path between a lowered and a
lifted position. In other words, the lifting arrangement is, optionally only, configured to move the equipment
connector along a non-vertical path between a lowered and a lifted position.

The different (new) lifting arrangement comprises an equipment connector for mounting an equipment. The
equipment may be the same equipment as the equipment of the old lifting arrangement or a different one. The
different lifting arrangement is configured to move the equipment connector along a substantially vertical path
between a lowered position and a lifted position. Beside the differences between the lifting arrangements
outlined above, the different new lifting arrangement may correspond to the old lifting arrangement.
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The lowered position in the context of the present invention is preferably the lowest position of the respective
equipment connector in normal operating conditions of the respective lifing arrangement. Further, the lifted
position of the equipment connector is preferably the highest position of the respective equipment connector in
normal operating conditions of the respective lifting arrangement. A substantially vertical path in the context of
the present invention is a path that is of vertical nature having regard to the present context. The path might
have slight deviations from a strict vertical path, which do not affect the substantially vertical nature thereof. The
substantially vertical path may be a J-shaped path, in which the equipment connector, from the lowered to the
lifted position, moves initially upwards and forwards before moving essentially only straight upwards. However,
the path may also be a strict vertical path. In other words, a substantially vertical path is not a substantially
arcuate path. Besides being configured to move the equipment connector along a substantially vertical path, the
different lifting arrangement may also be configured to move the equipment connector along a substantially
arcuate path.

With the retrofitting method according to the present invention, existing construction machines with a non-vertical
lifing arrangement can be retrofitted with a vertical lifting arrangement. The vertical lifting arrangement reduces
the maximal distance of the equipment connector to the construction machine’s centre of gravity upon moving an
equipment between a lowered and a lifted position. Thus, for a given operating weight of the machine, maximal
lifting capacity of said existing machines can be increased by the retrofitting method according to the present
invention. At the same time, already existing parts and assemblies of the construction machine may be reused,
allowing for a cost-efficient way of providing a vertical lift construction machine with the above-outlined
advantages.

The frame arrangement may comprise a front frame portion and a rear frame portion, wherein the lifting
arrangement is mounted to the front frame portion. Furthermore, the front frame portion and the rear frame
portion may be articulatingly interconnected for providing an articulating steering. The front frame portion may be
a part of the machine frame, which supports front wheels and/or tracks. The rear frame portion may be a part of
the machine frame, which supports rear wheels and/or tracks. The articulating steering may be provided by an
articulating support and one or multiple steering actuators, e.g. hydraulic steering actuators, which may effect a
relative displacement of front and rear frame portions with respect to each other.

The disassembling step may comprise disassembling the front frame portion, to which the old lifting arrangement
is mounted, from the rear frame portion. The assembling step may further comprise assembling a different front
frame portion, to which the different lifting arrangement is mounted, to said rear frame portion. This provides a
simple way of attaching the different lifing arrangement to the construction machine. Furthermore, for most
construction machines including front and rear frame portions, the engine as well as the core components of the
hydraulic system, e.g. the hydraulic pump, are provided in the rear frame portion. Thus, with the retrofitting
method of this preferred embodiment, most core components and systems of the machine can remain
unchanged.

The method may further comprise a step of disconnecting a supply and/or control line from the front frame
portion, and a step of connecting said supply and/or control line to the different front frame portion. The supply
line may be provided for supplying a fluid, e.g. oil in case of a hydraulic supply line and/or gas, preferably air, in
case of a pneumatic supply line, to front frame portion. The supply line may be provided for supplying fluid to a
brake. The control line may be provided for sending control signals to the front frame portion. The control line
may be a wire, e.g. a cable. Alternatively, the control line may allow for a mechanical transmission of a control
signal and/or a different type of signal transmission to the front frame portion. This embodiment provides the
advantage that existing supply and/or control infrastructure may be reused for the different new lifting
arrangement and front frame portion, respectively.
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The method may further comprise a step of detaching the old front axle arrangement from the old front frame
portion, and a step of mounting said old front axle arrangement to the different new front frame portion.
Preferably, the existing driving shaft is connected to the front axle arrangement once it has been mounted to
said different new front frame portion. The front axle arrangement may comprise front wheels and/or tracks,
preferably two front wheels/tracks, wheel hubs for respectively carrying a front wheel/track, wherein the wheel
hubs may comprise a planetary gear and/or a brake, a differential, which may be situated in between the wheel
hubs, axles for respectively connecting the differential with a wheel hub, and/or a connection device for
connecting the front axle arrangement, e.g. the differential, to a driving shaft. The front axle arrangement may be
configured such that a torque of the driving shaft connected to the connection device may be transferred via the
differential, the axles, and the wheel hubs with the planetary gears to the front wheels/tracks, for example. The
front axle arrangement may be provided as a single part, e.g. by being housed in a single housing. With this
embodiment, the existing front axle arrangement may be reused for the different new front frame portion. Thus, it
is possible to connect the engine and the remaining power train to the front axle arrangement they were
designed for, thereby avoiding complex as well as cost intensive constructional changes thereof.

The method may further comprise a step of detaching a boom control valve from the old front frame portion, and
a step of mounting said boom control valve to the new different front frame portion. The boom control valve may
be configured to control a fluid flow into and/or out of at least one actuating element, e.g. a hydraulic cylinder.
The actuating element may be provided for moving at least one element of the lifting arrangement of the
construction machine, e.g. for lifting the boom. The opening or closing of the boom control valve may be done
electrically via a control line, e.g. one of the control lines described above. The existing boom control valve may
thus be reused for the new different lifting arrangement and front frame portion, respectively.

The method may further comprise a step of providing an adapter for at least one of the the assembling step,
mounting steps and/or connecting steps. An “adapter” is a means for mechanically and/or electrically connecting
at least two devices to each other. More specifically, as described above, a supply and control line, a driving
shaft, a steering cylinder, a front axle arrangement and/or a boom control valve may be reused for/in connection
with the different front frame portion. However, it is possible that the different front frame portion has different
dimensions and/or provides different interfaces than the front frame portion initially mounted to the construction
machine. In this case, one or multiple adapters may serve as devices providing the possibility to adapt the
respective existing component(s) and/or the respective new component(s) to differences in dimension and/or
interface configuration to allow for the envisaged coupling of the respective old and new components, as
described above.

The different (new) lifting arrangement may comprise a main arm, which is provided with a pivot connector at a
proximate end thereof and an equipment connector at a distal end thereof, and a main arm support means for
pivotably supporting said pivot connector of said main, wherein said main arm support means is movable in a
direction which includes at least a component in the front-rear direction with respect to said frame arrangement,
optionally said front frame portion. The different lifting arrangement may be configured such that the equipment
connector, upon pivoting said main arm between a lowered position and a lifted position, follows a substantially
vertical path.

The different (new) lifting arrangement according to an embodiment of the invention may further comprise a
guiding means engaged to said main arm at a guided portion of said main arm positioned between said pivot
connector and said equipment connector, wherein, upon pivoting said main arm between said lowered position
and said lifted position, said guiding means guides the main arm such that said equipment connector follows a
substantially vertical path. Preferably, the guiding means is connected to the vertical lift front frame portion
mentioned above. The guiding means provides a relatively simple mechanical way of realizing the different (new)
lifting arrangement with substantially vertical movement path.
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The different (new) lifting arrangement according to an embodiment of the invention may further comprise a
main arm actuating element engaged to said main arm and an auxiliary actuating element engaged to said main
arm support means for moving said equipment connector between said lowered position and said lifted position,
a determining means for determining a lifting related quantity reflecting a position of said equipment connector
with respect to said frame arrangement, optionally said front frame portion, and a control means for controlling
an operation of said main arm actuating element and said auxiliary actuating element based on the determined
lifting related quantity, such that a path of said equipment connector upon moving between said lowered and
said lifted position follows a substantially vertical path. The main arm actuating element and the auxiliary
actuating element, the determining means and the control means for controlling both actuation elements based
on the output of the determining means allow for the provision of a vertical lifting path.

Brief description of the drawings

Fig. 1 illustrates a flow chart of a method of retrofitting a construction machine with a lifting
arrangement according to an embodiment of the present invention.

Fig. 2 schematically illustrates a side view of a construction machine that is supposed to be
retrofitted by the method of Fig. 1

Fig. 3 schematically illustrates a radial lift interface connecting a radial lift rear frame portion to a
radial lift front frame portion.

Fig. 4 illustrates top views of an articulating bearing arrangement of the radial lift interface of
Fig. 3 of the construction machine of Fig. 2 in different positions.

Fig. 5 schematically illustrates a side view of the construction of Fig. 2 after a third step of the
retrofitting method of Fig. 1.

Figs. 6-7 schematically illustrate the construction machine of Fig. 2 before and after an eighth step
of the retrofitting method of Fig. 1.

Figs. 8a-8c schematically illustrate a first configuration of a vertical lifting arrangement, with which the
construction machine of Fig. 2 can be retrofitted.

Figs. 9a-9¢ schematically illustrate a second configuration of a vertical lifting arrangement, with which
the construction machine of Fig. 2 can be retrofitted.

Fig. 10 schematically illustrates a radial-vertical lift interface connecting a radial lift rear frame

portion to a vertical lift front frame portion.

Detailed description of embodiments

As illustrated in Fig. 1, the method according an embodiment of the present invention comprises two
disconnecting steps S1, S2, a step S3 of disassembling front and rear frame portions, two detaching steps S4,
S5, two mounting steps S6, S7, a step S8 of assembling a vertical lift front frame portion with the radial lifting
rear frame portion, and three connecting steps S9, S10, S11. The method may further comprise a step of
providing a construction machine with a radial lift arrangement attached to a frame arrangement, e.g. a front
frame portion, of the construction machine (not shown) and/or a step of providing a vertical lift front frame portion
(not shown), e.g. before the first step S1.

More specifically, in the first step S1, supply and control lines, which run from a rear frame portion to a front
frame portion of the radial lift construction machine, are disconnected from the radial lift front frame portion. In
the second step S2, steering cylinders and a driving shaft of the radial lift construction machine are disconnected
from the radial lift front frame portion. In other words, the supply lines, control lines, steering cylinders and the
driving shaft remain connected/mounted to the radial lift rear frame portion, while being no longer in connection
with the radial lift front frame portion. After the above described steps S1-S2, in step S3, the radial lift front and
rear frame portions of the radial lift construction machine are disassembled. In this step S3, the remaining parts
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connecting front and rear frame portions of the radial lift construction machine, e.g. bearings coupling front and
rear frame portions with each other, are demounted such that two independent physically separated units result.

Afterwards, in the fourth step S4, the boom control valve of the radial lift construction machine is detached from
the radial lift front frame portion. In the subsequent fifth step S5, the front axle arrangement of the radial lift
construction machine is detached from the radial lift front frame portion. That is, the boom control valve and the
front axle arrangement of the radial lift construction machine are demounted/physically separated from the radial
lift front frame portion, which has been separated from the radial lift rear frame portion in the previous step S3.
Afterwards, in the sixth step S6, the radial lift front axle arrangement, which was detached in step S5 from the
radial lift front frame portion, is mounted to a vertical lift front frame portion. In the subsequent seventh step S7,
the boom control valve, which was detached in step S4, is mounted to the vertical lift front frame portion. That is,
both, the front axle arrangement as well as the boom control valve of the radial lift front frame portion of the
radial lift construction machine are reused for the vertical lift front frame portion.

In the eighth step S8, the vertical lift front frame portion equipped with the front axle arrangement and the boom
control valve of the radial lift construction machine (refer to steps S6, S7 described above) is
mounted/assembled to the radial lift rear frame portion. In the ninth step S9, after mounting the vertical lift front
frame portion to the radial lift rear frame portion (refer to step S8 described above), the driving shaft is (re-
)connected to the front axle arrangement, said front axle arrangement now being installed in the vertical lift front
frame portion (refer to step S$6). Therefore, after completion of step S9, it is again possible to transmit torque
from an engine housed in an engine compartment of the radial lift rear frame portion to the front axle
arrangement, which is now mounted to the vertical lift front frame portion via the driving shaft, which was already
present in the radial lift construction machine.

In the following tenth step S10, the radial lift steering cylinders, which have been disconnected from the radial lift
front frame portion in step S2, are connected to the vertical lift front frame portion. Therefore, after step S10, it is
possible to steer the vertical lift front frame portion by use of the steering cylinders of the radial lift construction
machine, said steering cylinders being mounted to the radial lift rear frame portion and the vertical lift front frame
portion. Finally, the supply and control lines, which have been disconnected from the radial lift front frame portion
in the step S1, are connected to the vertical lift front frame portion in step S11.

In summary, according to the method comprising the above described steps S1-11, the radial lifting arrangement
is demounted from the construction machine by detaching the radial lift front frame portion from the radial lift rear
frame portion and is replaced by a vertical lifting arrangement by attaching a vertical lift front frame portion to the
radial lift rear fame portion. In the following, steps S1-S11 of the method of Fig. 1 are described in detail under
reference to the accompanying Figs. 2-7 and 10. Furthermore, configurations of the vertical lifting arrangement,
with which the construction machine 1 may be retrofitted in the method of Fig. 1, are described under reference
to Figs. 8 and 9.

Fig. 2 schematically shows a radial lift construction machine 1 in a simplified side view. The construction
machine 1 comprises a radial lift front frame portion 2 and a radial lift rear frame portion 3, which are
articulatingly connected via a radial lift interface 4, the interface 4 being described in the following under
reference to Figs. 3 and 4. In the embodiment according to Fig. 2, the radial lift rear frame portion 3 comprises
rear wheels 31, an engine compartment 32 and an operator’s cab 33. The engine compartment 32 is provided at
the rear section of the rear frame portion 3 of the construction machine 1. The engine compartment 32 houses
one or multiple power sources for providing power required to operate the construction machine 1. The power
sources can include but are not limited to an internal combustion engine, such as a Diesel engine, which can be
coupled to further equipment, such as hydraulic pumps, generators and the like. Alternatively or additionally, the
power sources can include a battery and an electric engine. The power source is used to provide power for
driving wheels, e.g. rear wheels 31 and/or front wheels 211, which will be described in the following, as well as
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for providing power for actuators of the radial lift construction machine 1. The actuators may be actuators of a
lifting arrangement 22 and/or a steering assembly 43, for example. Furthermore, the radial lift construction
machine 1 comprises the operator's cab 33, which is mounted to the rear frame portion 3 in between the engine
compartment 32 and the interface 4. Inside the operator's cab 33, space for an operator is provided and required
operating and control elements (not illustrated) are accessible by the operator. The operator's cab 33 comprises
(not illustrated) windows in order to provide visibility of the surrounding field for the operator.

The front frame portion 2 comprises a front axle arrangement 21, a radial lift arrangement 22, a tilting
arrangement 23 and a bucket 24. The front axle arrangement 21 comprises front wheels 211, preferably two
front wheels 211, wheel hubs 212 for respectively carrying a front wheel 211, wherein the wheel hubs 212 may
comprise a planetary gear and a brake, a differential (not shown) situated in between the wheel hubs 212, axles
(not shown) for respectively connecting the differential with a wheel hub 212, and a connection device (not
shown) for connecting the front axle arrangement, e.g. the differential, to a driving shaft. The front axle
arrangement 21 is configured such that a torque of the driving shaft connected to the connection device may be
transferred via the differential, the axles, and the wheel hubs 212 with the planetary gears to the front wheels
211. The front axle arrangement 21 may be provided as a single part, e.g. by being housed in a single housing.

The radial lift arrangement 22 comprises a main arm 221, an equipment connector 222, a pivot connector 223, a
carrier element 224 and a lifting actuator 225. The main arm 221 is provided with the pivot connector 223 at a
proximate end and the equipment connector 222 at a distal end thereof. The pivot connector 223 is pivotally
supported at the radial lift front frame portion 2 via the carrier element 224, which is fixed stationary with respect
to the radial lift front frame portion 2. The connection between the pivot connector 223 of the main arm 221 and
the carrier element 224 can be provided as a bearing arrangement of a suitable type for providing a pivotability
of the main arm 221 with respect to the carrier element 224.

The lifting actuator 225 has a first end, which is pivotably mounted to the carrier element 224, and a second end,
which is pivotably mounted to the main arm 221. The lifting actuator 225 is embodied as linear actuator, such as
a hydraulic actuator, in the present embodiment but not limited thereto. Upon operation of the lifting actuator 225,
the distance between the first end and the second end of the lifting actuator 225 can be changed, e.g. by
introducing pressurized fluid into pressure chambers of the radial lifting actuator 225. The configuration of the
radial lift arrangement 22 is such that operation of the lifing actuator 225 results in a movement of the
equipment connector 222 on a circular path with radius R around the pivot connector 223, as illustrated in Fig. 2.
In other words, actuating the lifting actuator 225, results in the main arm 221 to rotate around the pivot connector
223 such that the equipment connector 222 of the main arm 221, to which the bucket 24 can be mounted, is
moved on a circular arc with radius R. The lifting arrangement 22 is therefore a radial lift arrangement.

At the equipment connector 222 of the main arm 221, the bucket 24 is provided, which is an example of an
equipment which can be mounted to the main arm 221. The bucket 24 comprises a main arm connector 241 for
connection to the equipment connector 222 of the main arm 221 and a tilt connector 242 for tiltably operating the
bucket 24. The tilt connector 242 may be provided above the main arm connector. The tilt connector 242 of the
bucket 24 is connected to the tilting arrangement 23 for tilting the bucket 24. The tilting arrangement 23
comprises a tilt lever 231 and a tilt cylinder 232. The tilt lever 231 is pivotably supported at approximately its
centre at the main arm 221. A top end 233 of the tilt lever 231 is connected to the tilt cylinder 232, which is
supported at its other end at the main arm 221 in the proximity of the pivot connector 223. A bottom end of the
tilt lever 231 is connected via a link, which is not shown, to the tilt connector 242 of the bucket 24. Due to the Z-
bar configuration of the tilting arrangement 23, extending the tilt cylinder 232 results in a bucket rollback and vice
versa. However, also other configurations of the tilting arrangements are conceivable.
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As described above, the front frame portion 2 is mounted to the rear frame portion 3 via the radial lift connection
interface 4. The radial lift connection interface 4 is shown in Fig. 3. The connection interface 4 comprises a
bearing arrangement 41, a boom control assembly 42, a steering assembly 43 and a driving assembly 44.

The boom control assembly 42 is provided for controlling the radial lifting arrangement 22. More specifically, the
boom control assembly 42 comprises a feed line 421, a return line 422, a cable harness 423, a boom control
valve 424 and a connector 425. The cable hamess 423 comprises a connector cable 4231 and a boom control
valve cable 4232. The connector cable 4231 is connected to the connector 425. The connector 425 is a
distribution box for distributing at least one of electrical energy and control signals sent from the radial lift rear
frame portion 3 to respective portions of the radial lift front frame portion 2. The boom control valve cable 4232,
the feed line 421, and the return line 422 are connected to the boom control valve 424. The control valve cable
4232 is provided for sending at least one of electrical energy and control signals from the radial lift rear frame
portion 3 to the radial lift front frame portion 2, more specifically to the boom control valve 424. The boom control
valve 424 is connected to at least one of the lifting actuator 225 of the radial lifting arrangement 22 and the tilt
cylinder 232 of the radial lifting tilting arrangement 23 for controlling them in accordance with operator’s control
commands. The boom control valve 424 is preferably a directional control valve, which is configured to be
opened and closed by control signals sent to the boom control valve 424 via the boom control valve cable 4232.
Preferably the boom control valve 424 comprises a spool inside a cylinder, which is electrically controlled. A
movement of the spool restricts or permits a flow of a fluid, such as oil in case of a hydraulic actuator connected
to the boom control valve 424 or gas (e.g. air) in case of a pneumatic actuator connected to the boom control
valve 424. Via the feed line 421, the fluid is supplied from the radial lifting rear frame portion 3 to the boom
control valve 424. Via the return line 422, the fluid is returned from the boom control valve 424 to the radial lifting
rear frame portion 3. Preferably, the boom control valve 424 comprises two separate valves, wherein one valve
is provided for the lifting actuator 225 of the radial lifting arrangement 22 and the other one for the ftilt cylinder
232 of the radial lifting tilting arrangement 23. In this case, preferably, the feed line 421, the return line 422, and
the boom control valve cable 4232 are provided for each of the valves of the boom control valve 424 separately
such that the radial lifing arrangement 22 and the radial lifting tilting arrangement 23 can be controlled
separately.

The steering assembly 43 comprises multiple steering cylinders 431, preferably two steering cylinders 431, and
multiple cylinder supports 432, in case of two steering cylinders 431, preferably two supports 432 for each one of
the steering cylinders 431. The support 432 is fixed/immovably connected to the radial lift front frame portion 2
and rear frame portion 3, respectively. The steering cylinder 431 is connected pivotably to the support 432 of the
rear frame portion 3 at one end thereof and at the other end thereof to the support (not shown) of the radial lifting
front frame portion 3. Instead of the steering cylinders 431, also other actuating means, such as a lead screw,
can be provided. By retracting one of the steering cylinders 431 and extending the other one of the steering
cylinders 431, the front frame portion 2 can be rotated relatively to the rear frame portion 2.

The articulating bearing arrangement 41 comprises multiple, optionally two bearings 411, 412, which are
situated above each other, for providing an articulating mount between the front frame portion 2 and the rear
frame portion 3. A pivoting axis X of the articulating mount, i.e. of the bearing 411, 412, is arranged substantially
along the vertical axis of the construction machine 1, i.e. perpendicular with respect to the longitudinal direction
of the construction machine 1. Optionally, the individual pivoting axes of the bearing 411, 412 are coaxial with
each other. The bearing arrangement 41 can be provided below the operator’s cab 33. One of the bearings 411
of the bearing arrangement 41 is preferably, in a direction of the pivoting axis X, provided above and the other
bearing 412 below of the boom control assembly 42, the steering assembly 43 and the driving assembly 44.

As illustrated in detail in Fig. 4, the bearing arrangement 41 provides a tilting between the front frame portion 2
and the rear frame portion 3 in order to provide a steering by changing the angle a between the front frame
portion 2 and the rear frame portion 3 in a plane parallel to the ground. The bearing arrangement 41 is driven via
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the steering assembly 43 by one or multiple actuator(s), such as hydraulic actuators, preferably the two steering
cylinders 431 described abaove. Said two steering cylinders 431 can be driven by a power source of the engine
compartment 32. Upon a steering operation, the front frame portion 2 tilts with respect to the rear frame portion 3
and thus the operator's cab 33 and the engine compartment 32, which are provided at the rear frame portion 3.

The bearing arrangement 41 comprises bearings 411, 412, which can respectively comprise complementary
arrangements 411a, 411b and 412a, 412b. The complementary arrangements 411a, 411b, 412a and 412b can
be brought in articulating engagement, as derivable from Fig. 5, for example. Specifically, the rear frame portion
3 may comprise a first rear frame arrangement 411a for the first bearing 411 and a different second rear frame
arrangement 412a for the second bearing 412, which may be provided below the first rear frame arrangement
411a. The front frame portion 2 may comprise a first front frame arrangement 411b for the first bearing 411,
which is complementary to the first rear frame arrangement 411a of the rear frame portion 3, and a different
second front frame arrangement 412b for the second radial lifting bearing 412, which is complementary to the
second rear frame arrangement 412a of the rear frame portion 3. The complementary first 411a, 411b and
second arrangements 412a, 412b may be brought in articulating engagement for providing an articulating
steering. The first rear frame arrangement 411a and the second rear frame arrangement 412a can be male
pieces, e.g. cylindrical pieces, and/or the first front frame arrangement 412a and the second front frame
arrangement 412b can be female pieces, e.g. cylindrical holes for engaging with the cylindrical male pieces. A
contrary configuration of male and female pieces is also conceivable. Alternatively, the bearing arrangement 41
can comprise only a single bearing or more than two, e.g. three, four, five or more bearings.

The driving assembly 44 is provided for transmitting power from the engine compartment 32 of the rear frame
portion 3 to the front wheels 211 of the front frame portion 2. Additionally, the driving assembly 44 is provided for
decelerating the construction machine 1. The driving assembly 44 comprises a driving shaft 441, a brake 442
and two brake lines 443, 444. The two brake lines 443, 444 are connected to the brake 442. One of the brake
lines 443, 444 is a feed line for supplying a fluid to the break 442 in order to close the brake 442, and the other
one of the brake lines 443, 444 is a return line for returning a fluid from the brake 442 in order to open the brake
442 The brake 442 is connected to the front axle arrangement 21 and configured to decelerate the construction
machine 1 when being actuated. The driving shaft 441 comprises a rear frame driving shaft 4411 connected via
a universal joint 4412 to a front frame driving shaft 4413. The rear frame driving shaft 4411 is situated at the rear
frame portion 3 and transmits power, i.e. torque, from the rear frame portion 3 via the universal joint 4412 to the
front frame portion 2. The universal joint (Cardan joint) 4412 is a joint or coupling connecting rigid rods, i.e. the
rear frame driving shaft 4411 and the front frame driving shaft 4413, whose axes may be inclined with respect to
each other, and is provided for transmitting rotary motion.

In the step S3 of the method of retrofitting the radial lifting construction machine with a vertical lifting
arrangement, the existing radial lifting arrangement 22 is detached from the machine 1, as shown in Fig. 5. The
lifing arrangement is replaced with a vertical lifting arrangement in the step S8, as show in Figs. 6-7. Therefore,
the interface 4 connecting the radial lifting rear frame portion 3 and the radial lifting front frame portion 2 has to
be disassembled before it is possible to physically separate the rear and front frame portions 2, 3 from each
other. Thus, in the first step S1, the supply and control lines are disconnected from the front frame portion 2 of
the radial lifting construction machine 1. More specifically, the feed line 421, the return line 422, the cable
harness 423 and/or the brake lines 443, 444 are disconnected from the front frame portion 2. However, the
supply and control lines remain connected to the rear frame portion 3. Afterward, in the second step S2, the
steering cylinders 431 and the driving shaft 441 are disconnected from the front frame portion 2. In other words,
the supply lines, control lines, steering cylinders and driving shaft remain connected/mounted to the rear frame
portion 3 while being no longer in connection with the front frame portion 2.

Afterwards, in the fourth step S4, the boom control valve 424 is detached from the front frame portion 2 and
subsequently, in the fifth step S5, the front axle arrangement 21 is detached from the front frame portion 2. That
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is, the boom control valve 424 and the front axle arrangement 21 are demounted/physically separated from the
front frame portion 2. In a further step S6, the front axle arrangement 21 is mounted to a vertical lifting front
frame portion 5. Afterwards in a seventh step S7, the boom control valve 424, which was detached from the
radial lifting front frame portion 2 in step S4, is mounted to the vertical lifting front frame portion 5. Thus, the
radial lifting front axle arrangement 21 as well as the radial lifting boom control valve 424 of the radial lifting front
frame portion 2 can be reused for the vertical lifting front frame portion 5.

A first configuration of the vertical lifting front frame portion 5 is described under reference to Figs 6-7. The
vertical lifting front frame portion 5 comprises the front axle arrangement 21 of the radial lifting front frame
portion 2, a vertical lifting arrangement 52, a tilting arrangement 53 and a bucket 54. The front axle arrangement
21 of the radial lifting front frame portion 2 comprises, as described above, the front wheels 211 the front wheels
axle 212 and the further above-described components. The vertical lifting arrangement 52 according to a first
configuration comprises a main arm 521, an equipment connector 522, a pivot connector 523, a lifting actuator
525, a main arm support means 526 and a guiding means 527. The vertical lifting arrangement 52 is
characterized by the fact that it can move the equipment connector 522 and therefore the bucket 54, which is
mounted thereto, between a lowered and a lifted position along a substantially vertical path. The substantially
vertical path may be a J-shaped path.

The pivot connector 523 is provided at a proximate end and the equipment connector 522 at a distal end of the
main arm 521. The pivot connector 523 is pivotally supported at the main arm support means 526, which
includes a main arm support link in the present embodiment. The main arm support link 526 has a first end and
a second end, the first end being pivotably connected to the pivot connector 523 of the main arm 521 and the
second end being pivotably connected to an element of the vertical lifting front frame portion 5. The main arm
support link 526 is arranged such that a rotation or pivoting movement of the main arm support link 526 provides
a movement of the first end in a direction which at least includes a component in the front-rear direction of the
construction machine 1.

The main arm 521 comprises a guided portion 5211, which is shown in Figs. 8a-8¢ and is provided between the
pivot connector 523 and the equipment connector 522. In the present embodiment, the guided portion 5221 is
offset by a predetermined amount from a line connecting the pivot connector 523 and the equipment connector
522. As described above, the vertical lifting arrangement 52 according to the first configuration further includes
the guiding means 527, which includes a guiding arm having a first end and a second end. The first end is
pivotably mounted to an element of the vertical lifting front frame portion 5 and the second end is pivotably
mounted to the main arm 521 at the guided portion 5211. A lifting actuator 525 is provided having a first end,
which is pivotably mounted to the front frame portion 5, and a second end, which is pivotably mounted to the
main arm 521. The lifting actuator 525 is embodied as linear actuator, such as a hydraulic actuator, in the
present embodiment but is not limited thereto. Upon operating the lifting actuator 525, the distance between the
first end and the second end can be changed, e.g. by introducing pressurized fluid into pressure chambers of the
vertical lifting actuator 525.

Furthermore, the vertical lifting front frame portion 5 comprises the tilting arrangement 53. The ftilting
arrangement 53 comprises a tilt lever 531 as well as a tilt cylinder 532, which may substantially correspond to
the ones described in connection with the radial lifting front frame portion 2 of Figs. 2-5. The bucket 54
comprises a main arm connector and a tilt connector. By operating the tilt cylinder 532, the bucket 54, which is
mounted to the equipment connector 522 via the main arm connector, may be tilted via the lever 531 and the link
(not shown), which is mounted to the lever 531 and the tilt connector of the bucket 54.

In the following, an operation of the first configuration of the vertical lifting arrangement 52 is explained under
reference to the illustrations of Figs. 8a-8c. In Fig. 8a, the lifting arrangement 52 is illustrated in the lowered
position. In this situation, the main arm 521 is rotated downwards. This is achieved by retracting the main arm
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actuator 525, which is provided for operating the main arm 521. The position of the main arm 521 is determined
by the linkage between the guiding means 527 and the main arm support means 526. In other words, the
position of the pivot connector 523 of the main arm 521 can be changed by changing the rotational position of
the main arm support means 526, whereas the guiding means 527 determines, due to its rotational connection
between the front frame portion 5 and the guided portion 5211 of the main arm 521, the position of the pivot
connector 523 depending on the rotational position of the main arm 521. As such, the vertical lifting arrangement
52 provides a link-based transmission, which uniquely determines the position of the main arm 521.

Upon actuating the lifting actuator 525, the main arm 521 is rotated in the clockwise direction in Fig. 8a to move
it to an intermediate position shown in Fig. 8b. With this rotation, the main arm 521 is rotated with respect to the
main arm support means 526. At the same time, the guiding means 527 is rotated in the counter clockwise
direction. When the guiding means 527 rotates in the counter clockwise direction, the guided portion 5211 of the
main arm 521 is forced along a circular path due to the constant distance between the first and second ends of
the guiding means 527. As can be seen, the position of the second end of the guiding means 527 has moved
with a component of movement in the rearward direction with respect to the construction machine 1. In the same
context, the main arm 521 has rotated in the clockwise direction and the equipment connector 522 has lifted by a
predetermined amount. Due to the fact that the guided portion 5211 of the main arm 521 is forced in the
rearward direction by the predetermined movement path of the second end of the guiding means 527, the main
arm support means 526 is rotated in the clockwise direction about its second end, which is mounted to the
vertical lifting front frame portion 5. Therefore, the position of the first end of the main arm support means 526 is
moved together with the pivot connector 523 of the main arm 521 in the rearward direction with respect to the
construction machine 1.

Upon a further operation of the lifting actuator 525, the main arm 521 is further rotated in the clockwise direction
and reaches a lifted position shown in Fig. 8c. In this position, the equipment connector 522 of the main arm 521
has reached a position, which is higher than the intermediate position shown in Fig. 8b. Upon further rotating the
main arm 521 in the clockwise direction, the guiding means 527 is further rotated in the counterclockwise
direction and forces the guided portion 5211 of the main arm 521 further along the circular path. As the second
end of the guiding arm 521 has moved forward with respect to the position shown in Fig. 8b, the main arm
support means 526 is rotated in the counterclockwise direction from the position shown in Fig. 8b. Therefore, the
position of the first end supporting the pivot connector 523 of the main arm 521 is further forward compared to
the position thereof shown in Fig. 8b.

Based on the above operation, the bucket 54 can be moved from the lowered position shown in Fig. 8a to the
lifted position shown in Fig. 8c through the intermediate position shown in Fig. 8b along a substantially vertical
path. In particular, the path deviates from an arcuate or circular path, which is achievable with radial lifting
arrangements, in which the pivot connector of the main arm is immovably and stationary with respect to a frame
portion of the construction machine 1, as shown in Figs. 2 and 5.

The vertical lifting arrangement attached to the vertical lifting front frame portion 5 of an embodiment of the
present invention can also be configured differently. In the following, a second configuration 5’ of the vertical
lifting arrangement is explained under reference to Figs. 9a-9c. Except for the differences outlined below, the
vertical lifting arrangement 5’ according to this second configuration is configured as that of the first configuration
described above. Alike elements are denoted by the same reference signs.

The second configuration of the vertical lifting arrangement 5’ does not comprise a guiding arm 527 but instead
an auxiliary actuating element 527’ embodied as linear actuator. The auxiliary actuating element 527’ has a first
end and second end, the first end being pivotably mounted to the main arm support means 526. The second end
of the auxiliary actuating element 527’ is pivotably mounted to the main arm 521. Accordingly, the auxiliary
actuating element 527’ operates in order to vary the angle of inclination between the main arm support link 526
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and the main arm 521. In other words, by extending the auxiliary actuating element 527, the angle enclosed by
the main arm support link 526 and the main arm 521 is increased.

The second configuration of the lifting arrangement further comprises a control system and a determining means
determining a lifted related quantity reflecting a position of said equipment connector 522 with respect to the
vertical lifting front frame portion 5°. The determining means can include sensors, which provide information on
the extension position of the linear actuators used for the main arm actuating element and the auxiliary actuating
element. The type of sensors can be selected as needed as long as it is possible to provide information on the
relative position of the main arm 521 with respect to the main arm support means 526 as well as the relative
position of the main arm support means 526 with respect to the vertical lifting front frame portion 5’. The control
system communicates with an output section, which is provided for controlling the actuating system of the lifting
arrangement, in particular, the lifting actuator 525 and the auxiliary actuating element 527’. According to the
present embodiment, the control system provides a relationship between the movement of the vertical lifting
actuator 525 and the movement of the auxiliary actuating element 527°. In other words, a function or pattern
included in the control system includes a relationship between the operating position of the vertical lifting
actuator 525 and the operating position of the auxiliary actuating element 527’. The relationship can be
continuous.

The operation of the control based lifting arrangement is explained in the following. Starting out from the
situation in Fig 9a, the operator manipulates a not illustrated operating element in order to initiate a lifting
operation for lifting the vertical lifting equipment connector 522 from a lowered position shown in Fig. 9a to a
lifted position shown in Fig. 9¢ through an intermediate position shown in Fig. 9b. With the lifting arrangement
shown in Fig. 9a, the lifting actuator 525 is extended in order to rotate the main arm 521 together with the main
arm support means 526 in the clockwise direction in the drawing. In the course of the operation of the lifting
actuator 525, the auxiliary actuating element 527’ is retracted as can be derived from a comparison of Fig. 9a
with Fig. 9b. Based on this retraction of the auxiliary actuating element 527, the angle enclosed between the
main arm 521 and the main arm support means 526 is decreased and the pivot connector 523 is withdrawn in
the rearward direction with respect to the vertical lifting arrangement 5°. Upon further performing the lifting
operation from the intermediate position shown in Figure 9b, the lifting actuator 525 is further extended in order
to further rotate the main arm 521 in the clockwise direction in the drawing. In the course of the lifting operation
between the intermediate position shown in Fig. 9b towards the lifted position shown in Fig. 9c, the auxiliary
actuating element 527’ is again extended in order to increase the angle enclosed between the main arm 521 and
the main arm support means 526. By this, the vertical lifting pivot connector 523 is moved in the forward
direction with respect to the vertical lifting arrangement 5°.

Based on the above cooperation of the vertical lifting actuator 525 and the auxiliary actuating element 527’ in
combination with the construction using the main arm support means 526, a movement pattern of the equipment
connector 522 can be provided, which deviates from an arcuate or circular path having a constant radius. Based
on the above operation, a bucket can be moved from the lowered position shown in Fig. 9a to the lifted position
shown in Fig. 9c through the intermediate position shown in Fig. 9b along a substantially vertical path. A closed
loop control utilizing the information received from the determining means can be continuously performed by the
control system such that there is always a unique relationship between the extension position of the vertical
lifting actuator 525 and the extension position of the auxiliary actuation element 527°. Besides the vertical lifting
arrangements 5, 5’ described above, in the context of the present invention, also alternative lifting arrangements
can be provided.

At a further step S8, as described above, the above described vertical lifting front frame portion 5, 5’ is mounted
to/assembled with the radial lifting rear frame portion 2. For this purpose, the vertical lifting front frame portion 5,
5' further comprises the first and second arrangement 511b, 512b shown for example in Fig. 6. The first front
frame arrangement 511b is complementary to the first rear frame arrangement 411a of the radial lifting rear
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frame portion 3. The second front frame arrangement 512b is complementary to the second rear frame
arrangement 412a of the radial lifting rear frame portion 3. The first 411a, 511b and second arrangements 412a,
512b of the vertical lifting front frame portion 5 and the radial lifting rear frame portion 3 are brought into
engagement for providing an articulating steering. In other words, said arrangements may be pivotably
connected. The first and second arrangements 511b, 512b of the vertical lifting front frame portion 5 can be male
pieces, e.g. cylindrical pieces, and/or female pieces, e.g. cylindrical holes for engaging with cylindrical male
pieces. A contrary configuration of male and female pieces is also conceivable. After mounting the vertical lifting
front frame portion 5, 5’ to the radial lifting rear frame portion 2 (see step S8 described above), the respective
connections, i.e. a radial-vertical connection interface 6, between the vertical lifting front frame portion 5, 5° and
the radial lifting rear frame portion 3 is established. The establishing of the radial-vertical lifting connection
interface 6 will be described in the following with reference to Fig. 10. The interface 6 shown in Fig. 10
corresponds to the interface 4 of Fig. 3, wherein same components are denoted with same reference signs and
only differences between the interfaces 4, 6 will be described in the following.

In the ninth step S9, after mounting the vertical lifting front frame portion 5, 5’ to the radial lifting rear frame
portion 2 (see step S8 described above), the driving shaft 441 is (re-) connected to the front axle arrangement
21, which has been mounted to the vertical lifting frame portion 5, 5’ in step S6. To allow for variations in the
alignment and distance between the rear frame driving shaft 4411 and driven components 4412, 4413, the drive
shaft may further incorporate an adapter, €.g. an additional universal joint, a jaw coupling, a rag joint, a splined
joint and/or prismatic joint (not shown). Thus, it is possible to adapt the existing driving assembly 44 of the radial
lifting machine, if necessary, to dimensions of the vertical lifting front frame portion 5, 5’.

In the tenth step S10, the steering cylinders 431, which have been disconnected from the radial lifting front frame
portion 2 in the second step S2, are connected to the vertical lift front frame portion 5, 5°. The steering cylinders
431 might be connected to a portion of the vertical lifting front frame portion 5, 5°, i.e. to vertical lifting supports
632, with different dimension than the supports 432 of the radial lifting front portion 2. As shown in Fig. 10, an
adapter 62 might be provided to adapt the configuration of the steering cylinders 431 to the configuration of the
supports 632. Finally, the supply and control lines, which have been disconnected from the radial lifting front
frame portion in the step S1, i.e. the feed line 421, the return line 422, the cable hamess 423, and the brake
lines 443, 444, are connected to the vertical lifting front frame portion 5, 5’ in the eleventh step S11. If necessary,
respective adapters, e.g. lengthening pieces, can be provide for the respective supply and contral lines.

Furthermore, as described above, the radial lifting boom control valve 424, which was detached from the radial
lifting front frame portion in the step S4, might be mounted to the vertical lifting front frame portion in the step S7
via an adapter 61. As the boom control valve 424 has to be connected to the lifting actuator 525, the tilt cylinder
532 and/or the auxiliary actuating element 527’ of the vertical lifting front frame portion 5, 5', the adapter 61
might be necessary to provide compatibility between ports of the bocom control valve 424 of the radial lifting
arrangement and the lifting actuator 525, the tilt cylinder 532 and/or the auxiliary actuating element 527’ of the
vertical lifting arrangement 5, 5°.
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Claims

A method of retrofitting a construction machine (1), preferably a loader, the construction machine (1)
comprising a frame arrangement (2, 3) and a lifting arrangement (22), the lifting arrangement (22) being
mounted to the frame arrangement (2, 3) and including an equipment connector (222) for mounting an
equipment (24), wherein the lifting arrangement (22) is configured to move its equipment connector (222)
along a substantially arcuate path between a lowered position and a lifted position, the method
comprising the steps of:

disassembling (S3) the lifting arrangement (22) from the frame arrangement (3); and

assembling (S8) a different lifting arrangement (52) to the frame arrangement (3), the different lifting
arrangement (52) comprising an equipment connector (522) for mounting an equipment (54), wherein
the different lifting arrangement (52) is configured to move its equipment connector (522) along a
substantially vertical path between a lowered position and a lifted position.

The method according to Claim 1, wherein the frame arrangement comprises a front frame portion (2)
and a rear frame portion (3), which are articulatingly interconnected for providing an articulating steering,
the lifting arrangement (22) being mounted to the front frame portion (2).

The method according to Claim 2, wherein the disassembling step (S3) comprises disassembling the
front frame portion (2), to which the lifting arrangement (22) is mounted, from the rear frame portion (3),
and wherein the assembling step (S8) comprises assembling a different front frame portion (5; 5°), to
which the different lifting arrangement (52) is mounted, to said rear frame portion (3).

The method according to Claim 2 or 3, further comprising a step (S1) of disconnecting a supply and/or
control line from the front frame portion (2), and a step (S11) of connecting said supply and/or control
line to the different front frame portion (5; 5°).

The method according to any one of Claims 2 to 4, further comprising a step (S2) of disconnecting a
steering cylinder (43) from the front frame portion (2), and a step (S10) of connecting said steering
cylinder (43) to the different front frame portion (5; 5°).

The method according to any one of Claims 2 to 5, further comprising a step (S2) of disconnecting a
driving shaft (44) from the front frame portion (2), and a step (S9) of connecting said driving shaft (44) to
the different front frame portion (5; 5°).

The method according to any one of Claims 2 to 6, further comprising a step (85) of detaching a front
axle arrangement (21) from the front frame portion (2), and a step (S6) of mounting said front axle
arrangement (21) to the different front frame portion (5; 5°).

The method according to Claims 6 and 7, wherein the driving shaft (44) is connected to the front axle
arrangement (21) mounted to said different front frame portion (5; 5’).

The method according to any one of Claims 2 to 8, further comprising a step (S4) of detaching a boom
control valve (424) from the front frame portion (2), and a step (S7) of mounting said boom control valve
(424) to said different front frame portion (5; 5°).

The method according to any one of Claims 3 to 9, further comprising a step of providing an adapter for
at least one of the assembling step (S8), mounting steps (S6, S7), and connecting steps (89, $10, S11).
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Method according to any one of claims 1 to 10, wherein the different lifting arrangement (52) comprises:

a main arm (521), which is provided with a pivot connector (523) at a proximate end thereof and an
equipment connector (622) at a distal end thereof;

a main arm support means (526) for pivotably supporting said pivot connector (523) of said main arm
(621), wherein said main arm support means (526) is movable in a direction which includes at least a
component in a front-rear direction with respect to said frame arrangement (2, 3);

wherein the second lifting arrangement (52) is configured such that the equipment connector (522), upon
pivoting said main arm (521) between said lowered position and said lifted position, follows a
substantially vertical path.

Method according to claim 11, wherein the different lifting arrangement (52) further comprises a guiding
means (527) engaged to said main arm (521) at a guided portion (56211) of said main arm (521)
positioned between said pivot connector (523) and said equipment connector (522), wherein upon
pivoting said main arm (521) between said lowered position and said lifted position, said guiding means
(627) guides the main arm (5621) such that said equipment cannector (522) follows a substantially vertical
path.

Method according to claim 11, wherein the different lifting arrangement (52) further comprises a main
arm actuating element (5625) engaged to said main arm (521) and an auxiliary actuating element (527°)
engaged to said main arm support means (526) for moving said second equipment connector (522)
between said lowered position and said lifted position, a determining means for determining a lifting
related quantity reflecting a position of said equipment connector (522) with respect to said frame
arrangement (2, 5°), and a control means for controlling an operation of said main arm actuating element
(525) and said auxiliary actuating element (527’) based on the determined lifting related quantity, such
that a path of said equipment connector (522) upon moving between said lowered and said lifted position
follows a substantially vertical path.
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