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(567)  Apparatus to actively control the vibrations of an
articulated arm, for example for pumping concrete, con-
sisting of a plurality of segments pivoted to each other in
correspondence to their own pivoting ends and of drive
actuators each cooperating with two of said segments in
orderto extend and/or fold back the articulated arm. Each
of the drive actuators is connected to a drive circuit in
order to act on a vertical plane substantially defined by
the two segments of the articulated arm to which it is
associated. Said apparatus also comprises at least one
auxiliary actuator associated to at least one of said seg-

ments of the articulated arm in proximity to at least one
of the pivoting ends, said auxiliary actuator being provid-
ed with atleast two operative ends, each of said operative
ends being connected to a corresponding support, said
supports being provided on said segment distanced to
each other along the longitudinal development of said
corresponding segment and defining, on the segment,
respective application zones, said auxiliary actuator be-
ing selectively activable to induce, in said application
zones, compensation forces acting on a damping plane
which is different from said vertical plane.
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Description
FIELD OF THE INVENTION

[0001] The present invention concerns an apparatus,
and the corresponding method, to control the vibrations
of an articulated arm, in particular but not only used for
pumping concrete and associated with transport vehicles
in so-called truck-mounted pumps.

[0002] More particularly, the invention concerns an ap-
paratus for active control used to reduce the vibrations
to which the various segments of an articulated arm are
subjected, which articulated armis used for pumping con-
crete in operating machines such as for example truck-
mounted pumps, concrete mixer trucks or suchlike. A
device to control the vibrations of an articulated arm to
pump concrete is disclosed in EP-A-2347988.

BACKGROUND OF THE INVENTION

[0003] Heavy work vehicles are known, used in the
building trade, normally consisting of a truck on which an
articulated arm is mounted to distribute and cast con-
crete. The trucks may or may not be equipped with a
concrete mixer.

[0004] Extendible articulated arms of a known type
consist of a plurality of segments pivoted to each other
atthe respective ends and able to be folded back on each
other, by driving suitable actuators, so they can assume
a folded configuration, close up to the truck, and work
configurations that allow them to reach areas that can
even be very far from the truck.

[0005] One of the most important characteristics of
these extendible arms is, on the one hand, they are able
to reach the greatest possible heights and/or lengths, so
as to guarantee maximum flexibility and versatility with
the same truck and, on the other hand, they can reduce
the weight, given the same overall length.

[0006] It is also known that one disadvantage for the
correct operations of such arms, which as the overall
length and/or lightness of the arm and the number of
segments increases becomes a more serious problem,
is the phenomenon of oscillations, or rather vibrations,
to whichthe armis subjected inits entirety as the concrete
is delivered and when the arm is moved. This disadvan-
tage, magnified when arms made at least partly of carbon
are used, entails considerable operating difficulties both
for the operator responsible for the positioning and man-
ual orientation of the exit pipe of the concrete, and also
for the operator who moves the arm using remote control.
[0007] Furthermore, these vibrations limit the working
life of the machine and reduce safety for the operators.
[0008] The vibrations, intended as oscillation forces,
can be resolved both on a vertical plane in which the
articulated arm in its extended condition is contained,
that is, in the direction in which the actuators that move
the arm act, and also in lateral directions, that is, inclined
and substantially transverse with respect to the vertical
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plane.

[0009] An important contribution to the entity of these
vibrations also derives from the type of these machines
and the relative characteristics of inertia, elasticity and
thinness, as well as the type of construction.

[0010] Furthermore, the forced pulsed functioning as-
sociated with the piston pump used for pumping the con-
crete is also added to these effects, which often takes
place at frequencies near those of the machine itself.
[0011] Apparatuses are known for controlling and
damping the vibrations of an articulated arm which pro-
vide that the action of controlling, reducing and possibly
canceling the vibrations is performed by the drive actu-
ators themselves, which move the articulated arm to
open and close it. In this case, each of the actuators is
connected to a hydraulic drive circuit, in order to drive
the arm, and to an auxiliary control circuit, to control the
vibrations to which the arm is subjected.

[0012] One disadvantage of these known apparatuses
is that they are able to control and damp only the vibra-
tions that are generated on the vertical plane defined by
the articulated arm in its extended condition.

[0013] Purpose of the present invention is to obtain an
apparatus, and corresponding method, to control and
damp the vibrations of an articulated arm, which is able
to improve the action of controlling and damping the vi-
brations of the articulated arm during use.

[0014] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.

SUMMARY OF THE INVENTION

[0015] The present invention is set forth and charac-
terized in the independent claims, while the dependent
claims describe other characteristics of the invention or
variants to the main inventive idea.

[0016] Inaccordance withthe above purpose, a control
apparatus according to the presentinvention, which over-
comes the limitations of the state of the artand eliminates
the defects present therein, is used to control and damp
the vibrations of an articulated arm, for example used for
pumping concrete.

[0017] Thearticulated arm consists of a plurality of seg-
ments pivoted to each other in correspondence with their
pivoting ends, and of drive actuators each cooperating
with one of the segments in order to extend and/or fold
back the articulated arm.

[0018] Each of the drive actuators is connected to a
drive circuitto act on a vertical plane defined substantially
by the two segments of the arm to which it is associated.
[0019] According to one feature of the present inven-
tion, the control apparatus comprises at least one auxil-
iary actuator associated to at least a corresponding seg-
ment of the articulated arm in proximity to at least one of
said pivoting ends. The auxiliary actuator is disposed so
as to act on a damping plane which is different from said
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vertical plane, so as to be selectively activated to damp
the lateral vibrations to which the articulated arm can be
subjected.

[0020] One or more auxiliary actuators are therefore
associated with a corresponding segment to contrastand
damp the lateral vibrations that known apparatuses using
the same drive actuators are unable to contrast.

[0021] Inoneembodiment, the auxiliary actuatoris pro-
vided with at least two operative ends, each of said op-
erative ends being connected to a corresponding sup-
port. The supports are located on the corresponding seg-
ment distanced to each other along the longitudinal de-
velopment of the segment and they define, on said seg-
ment, respective application zones. The auxiliary actua-
tor is selectively activable to induce, in said application
zones, compensation forces acting on a damping plane
which is different from said vertical plane.

[0022] In one form of embodiment, each segment of
the articulated arm is associated with one or more aux-
iliary actuators.

[0023] The auxiliary actuators are in addition to the
drive actuators which, as we said, can damp only the
vibrations that act on the vertical plane containing the
segments.

[0024] This characteristic entails a greater control of
the machine, both in terms of performance and in terms
of safety for the operators.

[0025] According to another feature of the present in-
vention, each of the auxiliary actuators is connected to
a control circuit that is independent of the drive circuit.
[0026] Advantageously, the presence of the independ-
ent control circuit allows a greater control, saferand more
effective, of the vibrations in question, since it is partic-
ularly configured for this application.

[0027] According to another feature of the present in-
vention, the damping plane is orthogonal with respect to
the vertical plane.

[0028] Therefore, the orthogonal disposition allows a
consistent damping of the lateral vibrations to which the
articulated arm is subjected.

[0029] According to another feature of the present in-
vention, each of the auxiliary actuators is associated with
an adjustment device able to adjust the inclination of the
auxiliary actuator with respect to the corresponding seg-
ment of the articulated arm.

[0030] This allows to selectively adjust the direction in
which the auxiliary actuator is disposed, so as to adapt
the configuration of the auxiliary actuator as a function
of the entity and/or direction of the lateral vibrations to
which the articulated arm is subjected.

[0031] According to another feature of the present in-
vention, each of the auxiliary actuators is able tobe driven
by drive components of the electrical type, associated
with one or more sensors disposed in proximity to the
pivoting ends and able to detect parameters necessary
for the functioning of the electrical type component.
[0032] According to another feature of the present in-
vention, each of the sensors is able to detect at least one
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parameter including amplitude of oscillation and frequen-
cy of oscillation of the pivoting end, and configuration of
the articulated arm.

[0033] The control action is thus determined, for ex-
ample, as a function of a mathematical algorithm that
takes into consideration said three parameters.

[0034] According to a variant, each of the sensors is
able to detect a speed of oscillation of the pivoting end
on which it is disposed.

[0035] According to another feature of the present in-
vention, each of the auxiliary actuators is able to be driven
by drive components of the piezoelectric type, associated
with one or more sensors disposed in proximity to the
pivoting end.

[0036] Therefore, each of the components of a piezo-
electric type is able to supply a force to the corresponding
auxiliary actuator.

[0037] According to another feature of the present in-
vention, each of the auxiliary actuators is connected to
a voltage source outside the articulated arm.

[0038] For example, the external voltage source can
be the 24V source already present on the vehicle on
which the articulated arm is mounted for pumping con-
crete.

[0039] According to a variant, each of the auxiliary ac-
tuators is connected to a solar energy source. Advanta-
geously, in this case, the auxiliary actuator does not need
any electric supply.

[0040] The present invention also concerns a method
to actively control the vibrations of an articulated arm, for
example for pumping concrete, consisting of a plurality
of segments pivoted to each other in correspondence
with their pivoting ends, and of drive actuators each co-
operating with two of the segments in order to extend
and/or fold back the articulated arm. Each of the drive
actuators is connected to a drive circuit to acton a vertical
plane defined substantially by the two segments of the
articulated arm to which it is associated.

[0041] According to one feature of the present inven-
tion, the method provides atleastadamping step in which
at least one auxiliary actuator, associated to at least one
of the segments of the articulated arm in proximity to at
least one of the pivoting ends, acts on a damping plane
which is different from the vertical plane.

[0042] According to another feature of the present in-
vention, the damping step comprises at least a first sub-
step in which one or more sensors detect parameters
associated to the corresponding pivoting end, a second
sub-step in which the sensors send a signal to a drive
component, and a third sub-step in which the drive com-
ponent drives the auxiliary actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] These and other characteristics of the present
invention will become apparent from the following de-
scription of a preferential form of embodiment, given as
a non-restrictive example with reference to the attached
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drawings wherein:

- fig. 1shows schematically an operating machine with
an articulated arm, in a first configuration, for distrib-
uting concrete in which the controlapparatus accord-
ing to the present invention is applied;

- fig. 2 shows schematically the operating machine in
fig. 1, in a second configuration;

- fig. 3is a schematic view of an enlarged detail of the
operating machine in figs. 1 and 2.

DETAILED DESCRIPTION OF ONE FORM OF EM-
BODIMENT

[0044] With reference to fig. 1, an extendible articulat-
ed arm 11, able to distribute concrete or analogous ma-
terial for the building trade, is shown in a position mounted
on a heavy work vehicle 12, in a folded condition used
for transport, and comprises a control apparatus 10 to
control and damp the vibrations to which the articulated
arm 11 is subjected during working conditions.

[0045] The articulated arm 11 is configured to pass
from the folded condition shown in fig. 1 to an extended
condition, or work condition, of which an example is
shown in fig. 2.

[0046] The heavy work vehicle 12 comprises a driver’s
cabin 13 and a support frame 14 on which the articulated
arm 11 is mounted.

[0047] The articulated arm 11 comprises a plurality of
articulated segments, for example, in the solution shown,
six segments, respectively a first 15, a second 16, a third
17, a fourth 18, afifth 19 and a sixth 20, pivoted to each
other at their respective pivoting ends 23, and a flexible
terminal segment 21, from the free end of which the con-
crete is delivered.

[0048] The first segment 15 is pivoted in a known man-
ner to a turret 22 attached to the support frame 14 and
is rotatable around a vertical axis by means of its own
actuator so as to allow the end of the articulated arm 11
to reach all the points surrounding the turret 22.

[0049] In a known manner, and with systems that are
not shown here, the combination of the segments 15-20
can thus be rotated, even by 360°.

[0050] When they are in the folded condition (fig. 1),
the segments 15-20 of the articulated arm 11 are, in their
entirety, disposed so as to occupy substantially the whole
width of the heavy work vehicle 12.

[0051] From the work condition (fig. 2), it can be ap-
preciated how the segments 15-20 are substantially dis-
posed, in relation to the overall development of the artic-
ulated arm 11, on the same vertical movement plane, in
any case considering the misalignment between the seg-
ments to allow them to be folded back into the transport
condition.

[0052] Itis clear that the vertical drive plane varies de-
pending on the rotation of the turret 22.

[0053] The segments 15-20, as we said, are sequen-
tially pivoted to each other at their respective pivoting
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ends 23 and can be driven individually, in the vertical
plane, by means of their own drive actuators 24, in this
case of the oil-dynamic type and disposed between the
respective segments 15-20 in proximity to said pivoting
ends 23.

[0054] Eachdrive actuator 24 is driven by a drive circuit
25 (fig. 3) commanded by an operator.

[0055] The drive actuators 24 can be connected not
only to the drive circuit 25 but also to a control circuit 26,
selectively activated to damp, in the vertical movement
plane, vibrations that are generated along the articulated
arm 11, especially in proximity to the pivoting ends 23 of
each segment.

[0056] In the solution shown here by way of example,
on each segment 15-20 there are also corresponding
supports 27a, 27b on which a respective auxiliary actu-
ator 28 is mounted, able to damp lateral vibrations that
occur on the segment and more generally on the whole
arm, especially in correspondence with the pivoting ends
23.

[0057] In particular, each of the auxiliary actuators 28
is provided with at least two operative ends 28a and 28b.
Each operative ends 28a, and 28b is connected to one
of the supports 27a, 27b. The supports 27a, 27b define
corresponding application zones 127a and 127b of the
forces of the auxiliary actuator 28.

[0058] The supports 27a, 27b are distanced to each
other along the longitudinal development of the segment
15-20. Said auxiliary actuator 28 is selectively activable
to induce, in the application zones 127a and 127b, com-
pensation forces that are suitable to control the lateral
vibration of the articulated arm 11 and, therefore, to pre-
vent lateral oscillation of the latter with respect to the
vertical plane.

[0059] Inoneembodimentofthe presentinvention, the
auxiliary actuator 28 is a linear actuator.

[0060] In other embodiments, the auxiliary actuator 28
is disposed and connected substantially parallel to the
longitudinal development of the segment 15-20.

[0061] According to some embodiments of the present
invention, the auxiliary actuator 28 is connected to the
segment 15-20 laterally with respect to the cross section
bulk of the segment 15-20.

[0062] The auxiliary actuator 28 induces compression
or traction forces in the segment 15-20 and, in particular,
in the area comprised between the two application zones
127a, 127b, that compensate the lateral vibrations that
act on a plane different from that where the segments
and the respective actuators lie.

[0063] Inone embodiment atleast one of the segment
15-20 has a tubular shape, is provided with a plurality of
walls reciprocally connected to each other in a single
body.

[0064] According to one embodiment, the auxiliary ac-
tuator 28 is connected to one of the walls of the segment
15-20 thatlie on a plane substantially parallel with respect
to the vertical plane. In other words, the auxiliary actuator
28 is not connected to the extrados or intrados walls of



7 EP 2 730 531 A1 8

the segment 15-20, on which the action of the auxiliary
actuator 28 is not effective for the lateral oscillations.
[0065] The auxiliary actuator 28 can be disposed on
the external side of the respective wall, as disclosed in
fig. 3 or, according to a variant not shown, can be dis-
posed on the internal side of the wall.

[0066] The lateral vibrations can be generated for ex-
ample by windy atmospheric conditions or other unfavo-
rable atmospheric conditions, or by particular configura-
tions of the articulated arm 11.

[0067] It comes within the field of the invention to pro-
vide that not all the segments are equipped with the aux-
iliary actuator 28.

[0068] It also comes within the field of the invention to
provide that one segment is equipped with two or more
auxiliary actuators 28, all acting in a respective plane,
different from the movement plane where the drive actu-
ators 24 act.

[0069] In this case, in order to damp the lateral vibra-
tions, each auxiliary actuator 28 is disposed with its lon-
gitudinal development parallel to the vertical plane on
which the drive actuator 24 acts.

[0070] The lateral forces in play during the lateral vi-
brations of the structure are generally less than those
that act in the vertical plane. This characteristic allows to
use auxiliary actuators 28 of a type different from oil-
dynamic ones.

[0071] Inthis case, and merely by way of example, the
auxiliary actuators 28 are the electrical type, for example
driven by drive components, such as an electric motor
29 connected to one or more sensors 30 able to detect
three parameters, that is, the amplitude and frequency
of vibration of the corresponding pivoting end 23 and the
configuration of the articulated arm 11.

[0072] In this case, the control circuit 26 is connected
both to the electric motor 29 and also to the sensor 30,
so as to drive the auxiliary actuator 28.

[0073] The control apparatus 10 also comprises a sup-
ply source, in this case advantageously already present
on the heavy work vehicle 12, which for example could
be the 24V power source, not shown in the drawings, to
supply the electric motor 29.

[0074] According to a variant, the control apparatus 10
comprises a solar energy supply source.

[0075] Accordingto avariant, the sensor 30 connected
to the electric motor 29 that drives the auxiliary actuator
28 is the type able to detect the speed of oscillation of
the attachment points of the auxiliary actuator 28. In this
case too, the control apparatus 10 comprises a voltage
source already present on the heavy work vehicle 12 or
a solar energy source.

[0076] According to a variant, the auxiliary actuators
28 are the piezoelectric type, exploiting the deformation
of a piezoelectric element disposed near the pivoting end
23 of the corresponding segment. In this case, the pie-
zoelectric element is able to supply a force able to drive
the corresponding auxiliary actuator 28, depending on
the deformation to which itis subjected. Advantageously,
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in this case the supply source is not required.

[0077] The control apparatus 10 described is very sim-
ple to instal and at the same time allows to damp the
lateral vibrations that known apparatuses are not config-
ured to damp.

[0078] Furthermore, the combination on one hand of
the orientation and on the other hand the type of auxiliary
actuators 28 confers a limited bulk on the control appa-
ratus 10 and the articulated arm 11 in its entirety.
[0079] Itis clear that modifications and/or additions of
parts may be made to the control apparatus as described
heretofore, without departing from the field and scope of
the present invention.

[0080] Itis also clear that, although the present inven-
tion has been described with reference to some specific
examples, a person of skill in the art shall certainly be
able to achieve many other equivalent forms of control
apparatus, having the characteristics as set forth in the
claims and hence all coming within the field of protection
defined thereby.

Claims

1. Apparatus to actively control the vibrations of an ar-
ticulated arm (11), for example for pumping concrete,
said articulated arm (11) comprising a plurality of
segments (15-20) pivoted to each other in corre-
spondence to pivoting ends (23) of said segments
(15-20), and drive actuators (24) each cooperating
with two of said segments (15-20) in order to extend
and/or fold back said articulated arm (11), each of
said drive actuators (24) being connected to a drive
circuit (25) in order to act on a vertical plane sub-
stantially defined by the two segments (15-20) of said
articulated arm (11) to which it is associated, char-
acterized in that it comprises at least one auxiliary
actuator (28) associated to at least one of said seg-
ments (15-20), said auxiliary actuator (28) being pro-
vided with at least two operative ends (28a, 28b),
each of said operative ends (28a, 28b) being con-
nected to a corresponding support (27a, 27b), said
supports (27a, 27b) being provided on said segment
(15-20) distanced to each other along the longitudi-
nal development of said corresponding segment
(15-20) and defining, on the segment (15-20), re-
spective application zones (127a, 127b), said auxil-
iary actuator (28) being selectively activable to in-
duce, in said application zones (127a, 127b), com-
pensation forces acting on a damping plane which
is different from said vertical plane.

2. Apparatus asin claim 1 or 2, characterized in that
said auxiliary actuator (18) is associated, to the cor-
responding segment (15-20), in proximity to at least
one of said pivoting ends (23).

3. Apparatus asin claim 1 or 2, characterized in that
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each of said auxiliary actuators (28) is connected to
a control circuit (26) which is independent from said
drive circuit (25).

Apparatus as in claim 1, 2 or 3, characterized in
that said damping plane is orthogonal to said vertical
plane.

Apparatus as in any claim hereinbefore, character-
ized in that each of said auxiliary actuators (28) is
associated to an adjustment device able to adjust
the orientation of said auxiliary actuator (28) with re-
spect to the corresponding segment (15-20).

Apparatus as in any claim hereinbefore, character-
ized in that each of said auxiliary actuators (28) is
able to be driven by drive components (29) of the
electrical type associated to one or more sensors
(30) disposed in proximity to said pivoting end (23)
and able to detect parameters for the functioning of
said drive components (29) of the electrical type.

Apparatus as in claim 5, characterized in that each
of said one or more sensors (30) is able to detect at
least a parameter including amplitude of oscillation
and frequency of oscillation of said pivoting end (23),
and configuration of said articulated arm (11).

Apparatus as in claim 5 or 6, characterized in that
each of said one or more sensors (30) is able to
detect an oscillation speed of said pivoting ends (23)
on which it is disposed.

Apparatus as in any claim hereinbefore, character-
ized in that each of said auxiliary actuators (28) is
able to be driven by drive components of the piezo-
electric type associated to one or more sensors dis-
posed in proximity to said pivoting end (23).

Apparatus as in claim 9, characterized in that each
of said components of the piezoelectric type is able
to supply a force to said auxiliary actuator (28).

Apparatus as in any claim hereinbefore, character-
ized in that each of said auxiliary actuators (28) is
connected to a voltage source outside said articulat-
ed arm (11).

Apparatus as any claim hereinbefore, character-
ized in that each of said auxiliary actuators (28) is
connected to a solar energy source.

Method to actively control the vibrations of an artic-
ulated arm (11), for example for pumping concrete,
consisting of a plurality of segments (15-20) pivoted
to each other in correspondence with their own piv-
oting ends (23), and of drive actuators (24) each co-
operating with two of said segments (15-20) in order
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14.

to extend and/or fold back said articulated arm (11),
each of said drive actuators (24) being connected to
a drive circuit (25) in order to act on a vertical plane
substantially defined by the two segments (15-20)
of said articulated arm (11) to which it is associated,
characterized in that it comprises at least a damp-
ing step in which at least one auxiliary actuator (28)
selectively induces to at least one of said segments
(15-20) compensation forces acting on a damping
plane which is different from said vertical plane, said
auxiliary actuator (28) being provided with at least
two operative ends (28a, 28b), each of said operative
ends (28a, 28b) being connected to a corresponding
support (27a, 27b), said supports (27a, 27b) being
provided on said segment (15-20) distanced to each
otheralong the longitudinal development of said seg-
ment (15-20) and defining, on said segment (15-20),
respective application zones (127a, 127b) where
said compensation forces act.

Method as in claim 13, characterized in that said
damping step comprises at least a first sub-step in
which one or more sensors (30) detect parameters
associated to the corresponding pivoting end (23),
a second sub-step in which said sensors (30) send
a signal to a drive component (29), and a third sub-
step in which said drive component (29) drives said
auxiliary actuator (28).
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