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MULTIPLE TOOL CONSTRUCTION MACHINE

Technical field

The invention concerns a construction machine that is configured to be operated in a loader mode and in
an excavator mode. Such a construction machine may be defined as a combined loader-excavator-
machine.

The invention further concerns a method of selecting a tool of a construction machine having an articulated
boom, and a method of changing a tool of a construction machine having an articulated boom.

Prior art

On most construction sites, loaders and excavators are used for earthworks or material handling. Loader-
type machines and excavator-type machines are often used next to each other for carrying out respective
loading works and excavating works.

For providing the functionalities of a loader and an excavator on a single machine, multiple function con-
struction machines with two separate booms, i.e. a loader boom at the front end of the machine with a
loader bucket mounted thereto and an excavator boom at the rear end of the machine with an excavator
bucket mounted thereto, are used on construction sites. For changing the operational mode of such a com-
plex construction machine, the machine operator needs to change his sitting position for changing his field
of view and for aligning himself to an instrument panel of the respective boom.

Furthermore, construction machines are known having a single boom at the front of the machine, the boom
being operable in an excavator mode as well as in a loader mode. For changing the tool of the construction
machine, the machine needs to lay down the tool of the one mode on and pick up the tool of the other
mode from the ground of the construction site. Thus, changing of tools may be time consuming as the con-
struction machine needs to be moved to the tool that needs to be picked up, the tool potentially being situ-
ated remote from the current working position.

Summary of the invention

The construction machine according to the present invention comprises a machine frame or machine body
and an articulated boom, which is pivotably mounted to the machine frame. The construction machine is
configured to be operated in a loader mode, in which a first tool is mounted to the articulated boom, and in
an excavator mode, in which a second tool, which is different from the first tool, is mounted to the articulat-
ed boom. In the loader mode, the construction machine is arranged to perform conventional loader, option-
ally wheel loader, tasks. Optionally, the construction machine is configured to perform conventional dozer
tasks in the loader mode. In the excavator mode, the construction machine is arranged to perform conven-
tional excavator tasks. The configuration of the construction machine to be operated in the loader and ex-
cavator modes implies that the machine is arranged, e.g. programmed, to perform said conventional loader
and excavator tasks.

The articulated boom of the construction machine may be a multi-armed working device, in particular a
three-armed boom. Arms of the boom may be connected by articulations or joints. The articulated boom
may exhibit different effective configurations between the different operational modes of the construction
machine. For example, in the loader mode, the articulated boom may be effectively configured as a two-
armed boom and/or, in the excavator mode, the boom may be effectively configured as a three-armed
boom. A proximal arm of the articulated boom may be locked to the machine frame in the loader mode,
wherein, in the excavator mode, this proximal arm of the articulated boom may not be locked to the ma-
chine frame.
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The construction machine further comprises a tool storage for storing the first tool and/or the second tool.
The tool storage is configured to store a tool, which is not mounted to the boom and which is therefore cur-
rently not in use. The construction machine is configured to replace one of the first tool and second tool,
which is mounted to the articulated boom, with the other one of the first tool and second tool, which is not
mounted to the boom but stored in the tool storage. The tool storage may be a tool deposit and/or a tool
retainer. The first tool and the second tool can be different, for example have different sizes, volumes
and/or shapes. The configuration of the construction machine to replace the tool, which is mounted to the
boom, with the tool, which is provided in the tool storage, implies that the machine is arranged, e.g. pro-
grammed, to conduct this task.

A core idea of the invention resides in the fact that a construction machine with a single multi-functional
boom is configured to change its mode of operation in situ. In other words, the construction machine is de-
signed to completely change its tools and its mode of operation at an arbitrary position, as the machine
itself carries the different tools for the different modes of operation. Accordingly, a tool change can be car-
ried out without macroscopically moving the machine. A further advantageous effect may be seen in that a
tool, which is not in use, does not have to be put aside or stored in a warehouse, but is directly available on
the construction machine for use when needed.

The construction machine according to the invention may comprise a chassis, wherein the machine frame
may be pivotably mounted to the chassis. The machine frame may be pivotable with respect to the chassis
around a vertical axis. The chassis may comprise an arrangement for locomotion of the construction ma-
chine on the ground. For that purpose, the chassis may comprise a chain drive and/or a wheel drive. The
chassis may also be defined as a lower machine frame of the construction machine. The articulated boom
can be mounted to the machine frame and/or the chassis.

The tool storage may comprise a first tool carrier adapted to carry the first tool and a second tool carrier
being separate from the first tool carrier and being adapted to carry the second tool. The first tool carrier
and/or the second tool carrier may comprise a tool shelf and/or a tool holder. The first tool carrier and the
second tool carrier may be provided at different locations of the construction machine. The provision of a
first and a second tool carrier on the construction machine has the advantage that picking and depositing of
the first and second tools during a change of the mode of operation may be carried out without putting
down one of the tools on the ground. Thus, both the first tool and the second tool may be provided on the
construction machine during all phases of operation. The first tool carrier and/or the second tool carrier may
comprise a housing for enclosing the first and/or second tool.

The first and/or second tool carrier can be arranged on the construction machine in a movable manner.
Said tool carrier can be arranged on the machine frame or on the chassis in a pivotable and/or shiftable
manner such that it can be pivoted and/or shifted with respect to the machine frame or to the chassis. The
tool carrier can be arranged on the left or right side of the machine frame, and can be pivoted to the front or
rear side of the construction machine with respect to the forward moving direction thereof. Thus, tools can
be picked or deposited by the articulated boom at the front or rear of the machine without the need of pivot-
ing the boom around a vertical axis, as the tool carrier itself is able to pivot towards the boom.

According to an embodiment of the construction machine according to the invention, the first tool carrier is
arranged at the chassis and the second tool carrier is arranged at the machine frame of the construction
machine. For picking and depositing the first tool from/in the first tool carrier, the articulated boom may be
pivoted to the first tool carrier by pivoting the machine frame relative to the chassis. For picking and depos-
iting the second tool from/in the second tool carrier, the second tool carrier may be moved, in particular
pivoted, towards the articulated boom. This embodiment has the advantage that the first tool for the loader
mode, which is usually bulky and rather heavy, may be provided at a lower portion of the construction ma-
chine so as to minimize loading. Additionally, this embodiment allows for an optimal utilization of space on
the construction machine for storing the different tools.



WO 2019/227469 PCT/CN2018/089545

The first tool carrier may comprise first retaining means for holding the first tool and/or the second tool car-
rier may comprise second retaining means for holding the second tool. A retaining means may comprise at
least one clamp for engaging with a tool to be carried. The retaining means may be adapted to exert a
pressing force onto the tool to be held. Alternatively or additionally, the retaining means may comprise at
least one pin for engaging with the tool to be carried. The pin may be hydraulically or electrically driven.
Providing a retaining means may increase a safe stowing of tools on the construction machine.

According to an embodiment, the construction machine according to the invention comprises a first tool
mountable to the articulated boom in the loader mode and a second tool mountable to the articulated boom
in the excavator mode. The first tool and the second tool as well as the articulated boom may be configured
such that the tools may be picked by a tool mount at the distal end of the articulated boom, optionally with-
out the support of an operator. In other words, picking and depositing of a tool can be conducted by the
construction machine itself.

The first tool may be a loader bucket, and the second tool may be an excavator bucket. The first tool carrier
may be adapted to carry the loader bucket and the second tool carrier may be adapted to carry the excava-
tor bucket. The loader bucket may have a larger bucket volume compared to the excavator bucket. The
loader bucket may be wider than the excavator bucket. The loader bucket may be configured to be used as
a dozer tool.

Pursuant to an embodiment of the construction machine according to the invention, the tool storage is fur-
ther configured to simultaneously store a third tool. The second tool carrier may be configured to carry the
third tool additionally to the second tool. Optionally, the second tool carrier comprises a retaining means for
locking the second and a further retaining means for locking the third tool. Alternatively or additionally, the
construction machine may comprise an additional third tool carrier for carrying the third tool. The third tool
carrier may be separate from the first and/or second tool carrier. The construction machine may be config-
ured to pick and deposit the third tool from the tool storage with the articulated boom. Hence, the construc-
tion machine according to the invention may be a multiple tool construction machine with three tools for
different operational tasks, wherein all of these tools may be carried simultaneously by the construction
machine.

The construction machine according to the invention may comprise a third tool mountable to the articulated
boom in the excavator mode. The third tool may be a hammer. The hammer may be a hydraulic hammer
for loosening of concrete and/or rock. Additionally or alternatively, the construction machine may comprise
a cutter head, a crusher, a drilling tool, a fork for lifting pallets, a hook and/or a basket for lifting a human.
Optionally, the tool storage is configured to carry the additional tool(s), and the construction machine is
configured to automatically pick and deposit the tool(s) from/in the tool storage with the articulated boom.
Pursuant to an embodiment of the construction machine according to the invention, the articulated boom
comprises multiple, optionally three, arms pivotably connected in series to each other, wherein the con-
struction machine further comprises a locking device for selectively locking the arm of the articulated boom,
which is directly connected to the machine frame, so as to block any relative movement between said arm
and the machine frame in the loader mode. The arm of the articulated boom, which is directly connected to
the machine frame, may also be defined as a proximal arm. The proximal arm may be connected to an in-
termediate arm and the intermediate arm may be connected to a distal arm. The locking device allows for
an easy change of the operational mode of the construction machine between the loader mode and the
excavator mode. Specifically, via the locking device, the effective configuration of the articulated boom can
be changed from a three-armed boom in the excavator mode to a two-armed boom in the loader boom,
allowing for an increased stiffness in the loader mode and an increased operational flexibility in the excava-
tor mode.

Furthermore, the present invention relates to a method of changing an operational mode of a construction
machine with an articulated boom. The construction machine may be the construction machine according
any of the above described embodiments. The method comprises the step of depositing, by the articulated
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boom, a tool, which is mounted to the articulated boom, for one of a first and second operational modes.
Subsequently, the method comprises the step of picking, by the articulated boom, a tool for the other one of
the first and second operational modes from a tool storage provided on the construction machine. Picking
the first tool or the second tool by the articulated boom may comprise mounting or installing the selected
tool on a tool mount at a distal end of the boom. This step can be carried out automatically by the boom
without manual intervention.

Pursuant to an embodiment of the method according to the invention, the tool is deposited in the tool stor-
age. Thus, the tool for one of the first and second operational modes, which is mounted to the articulated
boom, may be deposited in the tool storage before picking the tool for the other one of the first and second
operational modes from the tool storage. Depositing and picking is carried out by the articulated boom itself.
This embodiment has the advantage that both tools are provided on the machine during a tool change.
Thus, none of the tools has to be put down on the ground or somewhere else. A further advantage resides
in the fact that no additional machine or tool is needed for conducting a tool change.

According to a further aspect of the invention, a method of selecting an operational mode of a construction
machine with an articulated boom is provided. The construction machine is operable in a first operational
mode and in a second operational mode, which is different from the first operational mode. Optionally, the
construction machine is the construction machine according to any of the above described embodiments.
The method comprises the step of simultaneously providing a first tool for the first operational mode and a
second tool for the second operational mode on the construction machine, and selecting and picking one of
the first tool and second tool by the articulated boom for operation of the construction machine in the first or
second operational mode. Providing the first tool and the second tool on the construction machine may be
understood as carrying, holding and/or supporting these tools on or by the construction machine. In other
words, the construction machine may simultaneously carry, hold and/or support at least two tools.

Pursuant to an embodiment, a method according to the invention comprises the step of locking an arm of
the articulated boom that is directly connected to a machine frame, i.e. a proximal arm, to the machine
frame of the construction machine so as to block any relative movement between said arm and the ma-
chine frame. Locking the proximal arm may enable the construction machine to operate in a loader mode,
and unlocking the proximal arm may enable the construction machine to operate in an excavator mode.
The articulated boom may be a three-armed boom, which may effectively be reduced to a two-armed boom
by locking the proximal arm.

Pursuant to an embodiment, the first operational mode is a loader mode and the second operational mode
is an excavator mode.

The present invention further relates to a control system which is configured to execute the method of se-
lecting a tool on a construction machine and/or the method of changing a tool on a construction machine
according any of the above described embodiments.

Brief description of the figures

Fig. 1 shows a side view of a construction machine according to an embodiment of the present inven-
tion in an excavator mode.

Fig. 2 shows a perspective view of the construction machine of Fig. 1 during an operational mode
change from or to the excavator mode shown in Fig. 1.

Fig. 3 shows a side view of the construction machine of Fig. 1 in a hammer mode.

Fig. 4 shows a perspective view of the construction machine of Fig. 1 during an operational mode
change from or to the hammer mode shown in Fig. 3.

Fig. 5 shows a side view of the construction machine of Fig. 1 in a loader mode.

Fig. 6 shows a side view of the construction machine of Fig. 1 in a dozer mode or during an operational
mode change from or to the loader mode shown in Fig. 5.
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Fig. 7 shows a plan view of the bottom side of an upper structure of the construction machine of Fig. 1
with a tool changer in a stowed condition.

Fig. 8 shows a plan view of the upper side of the upper structure of the construction machine of Fig. 1
with the tool changer in the stowed condition.

Fig. 9 shows a plan view of the bottom side of the upper structure of the construction machine of Fig. 1
with the tool changer in an alignment condition.

Fig. 10 shows a plan view of the upper side of the upper structure of the construction machine of Fig. 1
with the tool changer in the alignment condition of Fig. 9.

Fig. 11 shows a plan view of the bottom side of the upper structure of the construction machine of Fig. 1
with the tool changer in a further alignment condition.

Fig. 12 shows a plan view of the upper side of the upper structure of the construction machine of Fig. 1
with the tool changer in the further alignment condition of Fig. 11.

Fig. 13 shows a side view of a loaded tool changer of the construction machine of Fig. 1 according to an
embodiment of the present invention.

Fig. 14 shows a further side view of the loaded tool changer of Fig. 13.

Fig. 15. shows a plan view from above of the loaded tool changer of Fig. 13.

Fig. 16  shows a side view of the tool changer of Fig. 13 without tools.

Fig. 17 shows a further side view of the tool changer of Fig. 16.

Fig. 18. shows a plan view from above of the tool changer of Fig. 16.

Fig. 19 shows a perspective view of an arrangement comprising a machine frame and an articulated
boom of the construction machine of Fig. 1 according to an embodiment of the present invention
in an unlocked configuration.

Fig. 20 shows a sectional side view of the arrangement of Fig. 19.

Fig. 21 shows a perspective view of the arrangement of Fig. 19 in a locked configuration.

Fig. 22 shows a sectional side view of the arrangement of Fig. 21.

Detailed description of embodiments
Embodiments of the present invention are subsequently described with reference to the attached Figs. 1 to

22.

Figs. 1 to 6 show a multi tool construction machine 1 according to an embodiment of the present invention,
wherein the construction machine 1 is shown in different operational modes. The construction machine 1
comprises a chassis 4, an upper structure 5 and an articulated boom 2.

The chassis 4 may be a chain-driven chassis 4 or a wheel-driven chassis (not shown). The upper structure
5 may be arranged on the chassis 4 in a pivotable manner to be rotatable with respect to the chassis 4. The
rotatability of the upper structure 5 with respect to the chassis 4 may be provided around a vertical axis of
rotation. Optionally, the upper structure 5 is 360°-rotatable with respect to the chassis 4.

The upper structure 5 may comprise a machine frame 6 as a base frame or basic framework of the upper
structure 5. The upper structure 5 may further comprise a driver’s cabin 9, an engine-hydraulic unit 15,
and/or a counterweight 16. The upper structure 5 may further comprise at least one battery (not shown)
and at least one electric motor (not shown), which may be connected to the battery for operating the multi
tool construction machine 1 or at least one component thereof. For example, the chassis 4, the upper struc-
ture 5 and/or the articulated boom 2 may be operated by the electric motor. A hydraulic pump (not shown)
for operating hydraulic actuators and a swing drive (not shown) for rotating the upper structure 5 with re-
spect to the chassis 4 may further be provided. The electric motor may drive the hydraulic pump. The driv-
er's cabin 9, the engine-hydraulic unit 15, and the counterweight 16 may be arranged on the machine frame
6. The upper structure 5 may further comprise a recess 7. The recess 7 may be formed above the machine
frame 6 for accommodating at least part of the articulated boom 2, i.e. the proximal arm 62, when being
folded towards or against the machine frame 6. The driver cabin 9, the engine-hydraulic unit 15 and/or the
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counterweight 16 may be arranged around the recess 7. In other words, the recess 7 may be surrounded
by the driver cabin 9, the engine-hydraulic unit 15 and/or the counterweight 16. As illustrated in Figs. 8, 10
and 12, the engine-hydraulic unit 15 may be arranged on both sides of the recess 7. The driver cabin 9 as
well as the engine-hydraulic unit 15 may be arranged on opposite sides of the upper structure 5 and the
machine frame 6, respectively. The articulated boom 2 may be arranged between the driver cabin 9 and the
engine-hydraulic unit 15.

The articulated boom 2 may be arranged on the upper structure 5, wherein the articulated boom 2 may be
in particular a three-armed boom 2 or optionally a two-armed boom (not shown). At one boom end, the ar-
ticulated boom 2 may be pivotably attached to the machine frame 6 by means of a first articulation 61. The
first articulation 61 may be a pivot joint. The first articulation 61 may be provided at a central position of the
machine frame 6 in widthwise direction of the upper structure 5 and in front of to the vertical axis of rotation
of the upper structure 5 in lengthwise direction of the upper structure 5. At the other end of the articulated
boom 2, which is not attached to the machine frame 6, a tool mount 3 may be pivotably arranged.

The articulated boom 2 may comprise a proximal arm 62, an intermediate arm 64 and a distal arm 66. The
proximal arm 62 may be hinged to the machine frame 6 by means of the first articulation 61, the intermedi-
ate arm 64 may be hinged to the proximal arm 62 by means of a second articulation 63 and/or the distal
arm 66 may be hinged to the intermediate arm 64 by means of a third articulation 65. The articulations 61,
63, 65 may be designed as pivoting joints. The first articulation 61 may interconnect the proximal arm 62
and the upper structure 5 and the machine frame 6, respectively, the second articulation 63 may intercon-
nect the intermediate arm 64 and the proximal arm 62 and the third articulation 65 may interconnect the
distal arm 66 and the intermediate arm 64.

The articulated boom 2 may further comprise a first positioning cylinder 82 for pivoting the proximal arm 62,
a second positioning cylinder 84 for pivoting the intermediate arm 64, a third positioning cylinder 86 for piv-
oting the distal arm 66 and/or a fourth positioning cylinder 88 for pivoting the tool mount 3.

The first positioning cylinder 82 may be hinged to the machine frame 6 rearward of the first articulation 61.
Furthermore, the first positioning cylinder 82 may be hinged to the backside of the distal end of the proximal
arm 62, the backside being that side which is facing away from the intermediate arm 64. The first position-
ing cylinder 82 may be a boom cylinder for pivoting the entire articulated boom 2 with respect to the ma-
chine frame 6. The second positioning cylinder 84 may be hinged to the distal end of the proximal arm 62
and to a distal end of the intermediate arm 64. The second positioning cylinder 84 may be arranged be-
neath the intermediate arm 64. The third positioning cylinder 86 may be hinged to a proximal end of the
intermediate arm 64 and to a proximal end of the distal arm 66. The third positioning cylinder 86 may be
arranged above the intermediate arm 64 and/or above the second positioning cylinder 84. The second posi-
tioning cylinder 84 and the third positioning cylinder 86 may be arranged substantially parallel to each other
in all operating positions of the boom. The fourth positioning cylinder 88 may be hinged to a proximal end of
the distal arm 66 and to the tool mount 3 at the distal end of the distal arm 66. The fourth positioning cylin-
der 88 may be arranged above the distal arm 66, i.e. on that side of the distal arm 66 which is facing away
from the proximal arm 62.

Different tools 10, 20, 30 may be provided on the construction machine 1, which are configured to be
mounted to the tool mount 3 that may be pivotably attached to the distal arm 66. A fourth articulation 67
may interconnect the distal arm 66 and the tool mount 3. Tools 10, 20, 30 not mounted to the tool mount 3
are carried by the construction machine 1. A first tool 10 may be a loader bucket 11, a second tool 20 may
be an excavator bucket 21 and a third tool 30 may be a hammer 31, wherein at least the loader bucket 11
and the excavator bucket 21 may be provided on the construction machine 1. The hammer 31 may be a
hydraulic hammer. Alternatively, only two tools out of the different tools 10, 20, 30 may be provided on the
machine.

The chassis 4 may comprise a first tool carrier 40 and the upper structure 5 may further comprise a second
tool carrier 50, wherein the first tool carrier 40 and/or the second tool carrier 50 may provide a tool storage
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on the construction machine 1. The second tool carrier may be configured as a tool changer 50. The first
tool carrier 40 may be arranged at the rear side of the chassis 4 and may be configured to carry the first
tool 10. The first tool carrier 40 may be tiltable and may be moved between an upward position as shown in
Figs. 1 to 5 and a downward position as shown in Fig. 6. The upward position may serve for carrying the
first tool 10 and the downward position may serve for utilizing the first tool 10, e.g. the loader bucket 11, for
carrying out dozer work with the construction machine 1. In other words, in the upward position, the first
tool 10 is spaced from the ground, whereas it is in contact with or at least in proximity of the ground in the
downward position. The first tool carrier 40 and/or the second tool carrier 50 may be powered by the at
least one battery (not shown) and the at least one electric motor (not shown).

The second tool carrier 50 may be arranged at the front end of the upper structure 5, wherein the second
tool carrier 50 may be positioned adjacent to the articulated boom 2 and/or in front of the engine-hydraulic
unit 15. The articulated boom 2 may be arranged in between the driver cabin 9 and the second tool carrier
50. The second tool carrier 50 may be accommodated in a frame recess 8 of the machine frame 6 and may
be pivoted from a stowed position, as shown in Figs. 1, 3, 5 and 6, to at least one pivot position, as shown
in Figs. 2 and 4. Hereto, the second tool carrier 50 may be pivotably attached to the machine frame 6. A
pivoting movement of the second tool carrier 50 may be provided by a positioning cylinder 52, for example
a hydraulic positioning cylinder. Two tools 20, 30 may be carried on the second tool carrier 50. The tools 20,
30 may be the excavator bucket 21 and the hammer 31, both mountable to the tool mount 3.

Alternatively, with respect to the movable attachment of the second tool carrier 50 to the machine frame 6,
the second tool carrier 50 may also be attached to the machine frame 6 with at least two links or articula-
tions (not shown). The links may be arranged on the machine frame 6 and/or on the second tool carrier 50,
wherein the links may comprise swivel joints or pivot joints for supporting and pivotably moving the second
tool carrier 50 from a stowed position, as for example shown in Figs. 1, 3, 5 and 6, to at least one pivot po-
sition, as for example shown in Figs. 2 and 4. The links may thus interconnect the second tool carrier 50
and the machine frame 6 in a hinge-like manner. The links may further provide a four-bar linkage or a crank
rocker for pivoting the second tool carrier 50. The four-bar linkage may comprise four joints, two of those
may be arranged on the machine frame 6. The second tool carrier 50 may be pivotably or rigidly attached
to at least one of the two further joints of the four-bar linkage, which are not arranged on the machine frame
6 and which are both pivotably movable with respect to the machine frame 6. According to one of these
mechanisms, the second tool carrier 50 may be moved on a segment of a circular arc. Such an attachment
design of the second tool carrier 50 to the machine frame 6 may be advantageous, as it may provide more
flexibility in positioning the second tool carrier 50 for a tool change.

Further alternatively, with respect to the movable attachment of the second tool carrier 50 to the machine
frame 6, the second tool carrier 50 may also be attached to the machine frame 6 with at least one not
pivotable link (not shown), preferably with two not pivotable links. The not pivotable one link may be ar-
ranged on the machine frame 6 and/or on the second tool carrier 50, wherein the not pivotable one link may
be a slide or runner for carrying and linearly moving the second tool carrier 50 from a stowed position, as
for example shown in Figs. 1, 3, 5 and 6, to at least one moved out position, as for example shown in Figs.
2 and 4. The not pivotable one link may thus interconnect the second tool carrier 50 and the machine frame
6 in a linearly adjustable manner. Herewith, the second tool carrier 50 may be moved along a linear path of
movement. Thus, the at least one link may provide a linear pullout of the second tool carrier 50.

Different operational modes of the construction machine 1 are subsequently described with reference to the
Figs. 110 6.

Fig. 1 shows the construction machine 1 in an excavator mode being an operational mode of the construc-
tion machine 1. In this operational mode, the articulated boom 2 may be arranged in an unlocked configura-
tion such that all boom articulations 61, 63, 65, 67 are unlocked and all arms 62, 64, 66 are movable. In this
excavator mode, the excavator bucket 21 may be mounted to the tool mount 3. The loader bucket 11 and
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the hammer 31 may be carried by the construction machine 1 by depositing them in the tool storage, i.e.
the first 10 or second tool carrier 50.

Fig. 2 shows the construction machine of Fig. 1 during a step of selecting or picking of the excavator bucket
21 by the tool mount 3 attached to the distal arm 66 of the articulated boom 2 for operation of the construc-
tion machine 1 in the excavator mode as shown in Fig. 1. Hereto, the excavator bucket 21 may be taken by
the tool mount 3 from a first tool retaining portion 152 of the second tool carrier 50. To allow for such a
pickup, the second tool carrier 50 may be pivoted from a stowed position as shown in Fig. 1 to a first
changing position. In the first changing position of the second tool carrier 50, the excavator bucket 21 may
be picked from the tool carrier 50 by the tool mount 3. Thus, said first changing position is situated in a
working space of the articulated boom 2, i.e. at a position that is reachable by the tool mount 3 of the articu-
lated boom 2. The tool mount 3 may snap in the excavator bucket 21 automatically. For reaching the first
changing position, the second tool carrier 50 may be pivoted from the stowed position by 90°, as derivable
from a comparison of Figs. 1 and 2.

Fig. 3 shows the construction machine 1 in a hammer mode as a further operational mode of the construc-
tion machine 1. In this operational mode, the articulated boom 2 may be arranged in an unlocked configura-
tion, in which all boom articulations 61, 63, 65, 67 are movable. The hammer 31 may be mounted on the
tool mount 3, and the loader bucket 11 and the excavator bucket 21 may be carried by the construction
machine 1.

Fig. 4 shows the construction machine 1 in a step of selecting or picking of the hammer 31 by the tool
mount 3 attached to the distal arm 66 of the articulated boom 2 for operation of the construction machine 1
in the hammer mode as shown in Fig. 3. Hereto, the hammer 31 may be taken from a second tool retaining
portion 154 of the second tool carrier 50 by the tool mount 3. To allow for such a pickup, the second tool
carrier 50 may be pivoted from a stowed position as shown in Fig. 3 to a second changing position. In the
second changing position of the tool carrier 50, the hammer 31 may picked from the tool carrier 50 by the
tool mount 3. Thus, said second changing position is situated in a working space of articulated boom 2. The
tool mount 3 may snap into the hammer 31 automatically. For reaching the second changing position, the
second tool carrier 50 may be pivoted from the stowed position by an angle less than 90°, as derivable from
a comparison of Figs. 3 and 4.

Fig. 5 shows the construction machine 1 in a loader mode as a further operational mode of the construction
machine 1. In this operational mode, the articulated boom 2 may be arranged in a partly locked configura-
tion, in which the first articulation 61 may be blocked by interlocking the proximal arm 62 of the articulated
boom 2 with the upper structure 5 and/or the machine frame 6 of the construction machine 1. In the loader
mode, the articulated boom 2 may be de facto a two-armed boom. The loader bucket 11 may be mounted
to the tool mount 3, and the excavator bucket 21 and the hammer 31 may be carried by the construction
machine 1.

Fig. 6 shows the construction machine 1 in a dozer mode as a further operational mode of the construction
machine 1. In this operational mode, the articulated boom 2 may be not operated. The construction ma-
chine 1 exhibits an identical configuration as that shown in Fig. 6 during a change of the operational mode
to an excavator mode. For conducting such a change, the loader bucket 11 may be taken by the tool mount
3 from the first tool carrier 40 by pivoting the upper structure 5 around a vertical rotation axis to move the
tool mount 3 of the articulated boom above the loader bucket 11 attached to the first tool mount 40. The
upper structure 5 may be pivoted about 180 degrees from the front of the chassis 4 to the rear of the chas-
sis 4 for picking up the loader bucket 11. The tool mount 3 may snap in the loader bucket 11 automatically.
After picking of the loader bucket 11 with the tool mount 3, the upper structure may be rotated by 180 de-
grees with respect to the chassis. Thereafter, the proximal arm 62 may be interlocked with the upper struc-
ture 5 and the machine frame 6, respectively, as shown in Fig. 5.

The configuration of the second tool carrier 50, i.e. the tool changer, is subsequently described with refer-
ence to Figs. 7 to 12. In these figures, only the upper structure 5 of the construction machine 1 together

8



WO 2019/227469 PCT/CN2018/089545

with the tool changer 50 is illustrated from above and below. The tool changer 50 comprises the positioning
cylinder 52 and a tool carrier articulation 54, for example a pivot joint.

The positioning cylinder 52 may be pivotably attached to the machine frame 6 adjacent to the vertical axis
of rotation of the upper structure 5 and further pivotably attached to a base plate 55 of the second tool car-
rier 50. When extending a piston rod 53 of the positioning cylinder 52, the second tool carrier 50 may be
pivoted outwardly to at least one changing position, i.e. to the first and second changing positions, and
when retracting the piston rod 53, the second tool carrier 50 may be pivoted back inwardly into its stowed
position.

For providing a defined pivoting movement of the second tool carrier 50 by means of the positioning cylin-
der 52, the tool carrier articulation 54 of the second tool carrier 50 may be arranged on the upper structure
5 and the machine frame 6, respectively. The second tool carrier 50 may be hinged to the tool carrier ar-
ticulation 54 via a hinging portion 156, which may be attached to the base plate 55 and may be constructed
as a pivot arm 157 for providing said pivoting movement. As described above, this may also be realized
with a four-bar linkage.

Figs. 7 and 8 show the second tool carrier 50 in a stowed position, in which the second tool carrier 50 is
accommodated in the upper structure 5 and the machine frame 6, respectively. Specifically, in the stowed
position, the second tool carrier 50 is positioned in the frame recess 8 within the upper structure 5 and the
machine frame 6, respectively. Said recess 8 can be seen from above in Figs. 10 and 12, for example. If
the second tool carrier 50 is in said stowed position, the construction machine 1 may be in a loader mode,
in which the excavator bucket 21 and the hammer 31 may be carried by the tool carrier 50 as shown in Fig.
8. The stowed position of the tool changer 50 may also be defined as an initial position of a tool exchange
process.

Figs. 9 and 10 show the second tool changer 50 in the first changing position, in which the tool changer 50
is pivoted outwardly and away from the machine frame 6. This first changing position may be an alignment
condition, in which a hammer 31 that is provided on the second tool carrier 50 may be picked up with the
tool mount 3 of the articulated boom 2 (both not shown). By picking the hammer with the articulated boom 2
from the second tool carrier 50, the operational mode of the construction machine 1 may be changed to a
hammer mode. In said hammer mode, the excavator bucket 21 may still be carried on the second tool car-
rier 50.

Figs. 11 and 12 show the tool changer 50 in the second changing position pivoted outwardly and away from
the machine frame 6. This second changing position may be an alignment condition, in which an excavator
bucket 21 that is provided on the second tool carrier 50 may be picked up with the tool mount 3 of the artic-
ulated boom 2 (both not shown). By picking the excavator bucket 21 from the second tool carrier 50, the
operational mode of the construction machine 1 may be changed to an excavator mode. In said excavator
mode, the hammer 31 may still be carried on the second tool carrier 50.

Figs. 13 to 18 show the tool changer 50 with and without tools 20, 30. The excavator bucket 21 and the
hammer 31 may be arranged adjacent to each other on the second tool carrier 50, wherein the excavator
bucket 21 may be arranged next to the positioning cylinder 52 and the hammer 31 may be arranged next to
the hinging portion 156. The excavator bucket 21 and the hammer 31 may be situated at opposite portions
of the tool carrier 50. In the stowed position of the tool changer 50, the excavator bucket 21, i.e. a sym-
metry plane thereof, may be arranged perpendicular to a working plane of the articulated boom 2, in which
the proximal arm 62, the intermediate arm 64 and the distal arm 66 of the articulated boom 2 are moved.
The hammer 31 may be arranged obliquely with respect to the excavator bucket 21 in a top view from
above. Furthermore, the tools 21, 31 may be arranged on the second tool changer 50 in such a way that
they are aligned, i.e. such that a symmetry plane thereof is parallel, with the working plane of the articulated
boom 2 in the first (excavator bucket 21) and second changing positions (hammer 31), respectively, as il-
lustrated in Figs. 2, 4, 10 and 12.
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Alternatively, with respect to the arrangement of the excavator bucket 21 and the hammer 31 on the se-
cond tool carrier 50, the excavator bucket 21 may be arranged next to the hinging portion 156 and the
hammer 31 may be arranged next to the positioning cylinder 52 (this arrangement is not shown). In other
words, the excavator bucket 21 and the hammer 31 may be arranged in an interchanged manner as shown
and described above. Also in this alternative arrangement, in the stowed position of the tool changer 50,
the excavator bucket 21, i.e. a symmetry plane thereof, may be arranged perpendicular to the working
plane of the articulated boom 2. However, it is also possible that the excavator bucket 21 is arranged
obliquely with respect to the working plane of the articulated boom 2 in the stowed position of the tool
changer 50. The hammer 31 may be arranged obliquely with respect to the excavator bucket 21 in a top
view from above. In an embodiment, a symmetry plane of the hammer 31 is arranged obliquely with respect
to a symmetry plane of the excavator bucket 21 in said top view. Furthermore, also in this alternative ar-
rangement, the tools 21, 31 may be arranged on the second tool changer 50 in such a way that they are
aligned, i.e. such that a symmetry plane thereof is parallel, with the working plane of the articulated boom 2
in the first (excavator bucket 21) and second changing positions (hammer 31), respectively. In this alterna-
tive arrangement, for reaching the first changing position, the second tool carrier 50 may be pivoted from
the stowed position by an angle of 90°, as described above. However, for reaching the second changing
position in this alternative arrangement, the second tool carrier 50 may be pivoted from the stowed position
by an angle larger than 90°. This alternative arrangement may be advantageous, as the construction ma-
chine 1 might be operated more often with the excavator bucket 21 than with the hammer 31, the arrange-
ment of the excavator bucket 21 next to the hinging portion 156 allowing for quick installation. This alterna-
tive arrangement of the tools 21, 31 on the second tool carrier 50 may further improve visibility of a driver
sitting in the driver’s cabin 9.

The second tool carrier 50 may have two tool retaining portions 152, 154. The excavator bucket 21 may be
carried at the first tool retaining portion 152 and the hammer 31 may be carried at the second tool retaining
portion 154. The base plate 55 may be divided into said two retaining portions 152, 154. Within the first tool
retaining portion 152, a seating 56 may be provided for supporting an excavator bucket 21. The seating 56
may comprise an inclined surface for accommodating the excavator bucket 21.

For securing the tools, the second tool carrier 50 may comprise clamping means 153, 155 for holding the
tools. A first clamping means 153 may be provided as a clamp on the first tool retaining portion 152 for
holding the excavator bucket 21 and a second clamping means 155 may be provided as a further clamp on
the second tool retaining portion 154 for holding the hammer 31. Both clamping means 153, 155 may be
actuated by a hydraulic cylinder 151. The first clamping means 153 may be of a pusher-type or pestle-type
to exert a pressing force onto the excavator bucket 21 against the seating 56. The second clamping means
155 may be of a pliers-type to exert a holding or pressing force onto the hammer 31 from two opposite
sides thereof.

For securing the loader bucket 11 to the first tool carrier 40, an interface might be provided on the machine
frame 6, which may comprise at least one element for engaging with the loader bucket 11. For example,
pins are driven into a wedge for realizing the engagement.

Figs. 19 to 22 show an arrangement 100 comprising at least part of the machine frame 6, the articulated
boom 2, which is pivotably attached to the machine frame 6, and a locking device 70. The articulation 61 of
the proximal arm 62 of the articulated boom 2 may be arranged at the front portion of the machine frame 6
and the locking device 70 may be arranged at the rear portion of the machine frame 6. The distance lying
therebetween may substantially correspond to the length of the proximal arm 62.

Furthermore, Figs. 19 to 22 show a folded-in position of the proximal arm 62 and the intermediate arm 64 of
the articulated boom 2, wherein the machine frame 6 and the proximal arm 62 as well as the proximal arm
62 and the intermediate arm 64 each form an acute angle. Folded in, the first positioning cylinder 82, the
second positioning cylinder 84 and the third positioning cylinder 86 of the articulated boom 2 are substan-
tially parallel to each other.

10
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The locking device 70 may comprise a double hook 72 or a single hook (not shown) and an arm support 74.
The arm support 74 provides a rest surface, against which the proximal arm 62 can be supported. The
hook 72 may be actuated by a hydraulic cylinder 73. The hook 72 may be arranged to engageable with a
pin 89 that is mounted to the proximal arm 62. Besides, the pin 89 may primarily serve for fixing a piston
rod eye 90 of the first positioning cylinder 82 of the proximal arm 62.

Figs. 19 and 20 show an unhooked condition, in which the hook 72 does not engage with the pin 89. How-
ever, the proximal arm 62 rests on the arm support 74 allowing for hooking up of the hook 72. In this un-
hooked condition, the articulated boom 2 may be operated as a three-armed boom, for example in the ex-
cavator or hammer mode.

Figs. 21 and 22 show a hooked-up condition, in which the hook 72 engages with the pin 89. The proximal
arm 62 rests on the arm support 74 for stabilizing the arrangement 100. Based on this hooked-up condition,
the articulated boom 2 may be operated as a two-armed boom, for example in the loader or dozer mode. In
this hooked-up condition, the proximal arm 62 is interlocked with the machine frame 6.

According to the embodiments of the present invention as shown in Figs. 1 to 22, a single construction ma-
chine 1 may be efficiently operated in several different operational modes as a plurality of tools 10, 20, 30 is
directly provided on the machine body. These tools may be automatically changed by utilizing the tool
changer 50, wherein a multiple-armed boom 2 may be partly blocked to allow for variable boom operations
tailored to the different operational modes of the construction machine 1.

11
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CLAIMS

10.
11.

12.

Construction machine (1), comprising

a machine frame (6); and

an articulated boom (2), which is pivotably mounted to the machine frame (6);

the construction machine (1) being configured to be operated in a loader mode in which a first tool
(10) is mounted to the articulated boom (2), and in an excavator mode in which a second tool (20) is
mounted to the articulated boom (2);

wherein the construction machine (1) further comprises a tool storage (40, 50) for storing the first
tool (10) and/or the second tool (20); and

wherein the construction machine (1) is configured to replace one of the first tool (10) and second
tool (20) when mounted to the articulated boom (2) with the other one of the first tool (10) and se-
cond tool (20) when stored in the tool storage (40, 50).

Construction machine (1) according to claim 1, further comprising

a chassis (4);

wherein the machine frame (6) is pivotably mounted to the chassis (4).

Construction machine (1) according to claim 1 or 2, the tool storage (40, 50) comprising

a first tool carrier (40) adapted to carry the first tool (10); and

a second tool carrier (50) being separate from the first tool carrier (40) and being adapted to carry
the second tool (20).

Construction machine (1) according to claims 2 and 3,

wherein the first tool carrier (40) is arranged at the chassis (4) and the second tool carrier (50) is ar-
ranged at the machine frame (6) of the construction machine (1).

Construction machine (1) according to claim 3 or 4,

wherein the first tool carrier (40) or the second tool carrier (50) comprises retaining means for hold-
ing the first tool (10) or second tool (20).

Construction machine (1) according to any one of claims 1 to 5, comprising

a first tool (10) mountable to the articulated boom (2) in the loader mode; and

a second tool (20) mountable to the articulated boom (2) in the excavator mode.

Construction machine (1) according to claim 6, wherein the first tool (10) is a loader bucket (11) and
the second tool (20) is an excavator bucket (21).

Construction machine (1) according to any one of the preceding claims,

wherein the tool storage (40, 50) is further configured to simultaneously store a third tool (30).
Construction machine (1) according to any one of the preceding claims, further comprising

a third tool (30) mountable to the articulated boom (2) in the excavator mode.

Construction machine (1) according to claim 9, wherein the third tool (30) is a hammer (31).
Construction machine (1) according to any one of the preceding claims,

the articulated boom (2) comprising multiple, optionally three, arms pivotably connected in series to
each other;

wherein the construction machine (1) further comprises

a locking device (70) for selectively locking the arm of the articulated boom (2), which is directly
connected to the machine frame (6), so as to block any relative movement between said arm and
the machine frame (6) in the loader mode.

Method of changing an operational mode of a construction machine (1) with an articulated boom (2),
the construction machine (1) optionally being the construction machine according to any one of
claims 1to 11,

comprising the steps:

12
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14.

15.

16.

17.
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depositing, by the articulated boom (2), a tool for one of a first and second operational modes that is
mounted to the articulated boom (2); and

subsequently picking, by the articulated boom (2), a tool for the other one of the first and second
operational modes from a tool storage (40, 50) provided on the construction machine (1).

Method according to claim 12,

wherein the tool is deposited in the tool storage (40, 50).

Method of selecting an operational mode of a construction machine (1) with an articulated boom (2),
the construction machine (1) being operable in a first operational mode and a second operational
mode, which is different from the first operational mode, the construction machine optionally being
the construction machine according to any one of claims 1 to 11, comprising the steps:
simultaneously providing a first tool (10) for the first operational mode and a second tool (20) for the
second operational mode on the construction machine (1); and

selecting and picking one of the first tool (10) and second tool (20) by the articulated boom (2) for
operation of the construction machine (1) in the first or second operational mode.

Method according to any one of claims 12 to 14, further comprising

locking an arm (62) of the articulated boom (2) that is directly connected to a machine frame (6) of
the construction machine (1) so as to block any relative movement between said arm (62) and the
machine frame (6).

Method according to any one of claims 12 to 15,

wherein the first operational mode is a loader mode and the second operational mode is an excava-
tor mode.

Control system that is configured to execute one of the methods according to any one of claims 12
to 16.

13
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