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(54) MEASURING DEVICE

(57) A measuring device (1) suitable for different
types of machines and usable in retrofit operations com-
prises a transducer (21) configured to convert a force
into an electrical signal. A sending unit (22) is connected
to the transducer (21) and is preferably powered by the
transducer (21). The sending unit (22) is configured to
receive and process the electrical signal, and to transmit
a wireless signal indicative of the application of force to
the transducer (21). A mechanical interface (3) is asso-
ciated with the acquisition unit (2), and can be switched
from an inactive configuration to an active configuration
upon the application of a mechanical action on a detec-
tion portion (31a). The mechanical interface (3) is con-
figured to apply a force to the transducer (21) in the active
configuration. The mechanical interface (3) preferably in-
cludes a lever (31) acting on a piston (32). Further con-
version members (6) can be provided to adapt the re-
spective physical quantities to be measured to the inter-
face (6).
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Description

Field of the invention

[0001] The invention relates to the field of measure-
ments of quantities relating to machines for industrial pro-
duction. In particular, the invention relates to a compact,
portable, inexpensive measuring device, which can be
adapted to different types of machines.

Description of the state of the art

[0002] The evolution of communication, storage,
processing and control systems, with the possibility of
managing ever-increasing volumes of data, has been
leading in recent years to a revolution in information, lo-
gistics and industrial production called industry 4.0.
[0003] In this context, the data acquisition allows mon-
itoring the operation of the machines much more than in
the past. This plays a key role in increasing the automa-
tion of individual machines and systems requiring an in-
teraction between different machines as well as in in-
creasing the safety of a work environment requiring the
simultaneous presence of man and machine.
[0004] Moreover, an analysis of production data col-
lected for long periods allows evaluating the performance
of individual machines to judge their efficiency as well as
to predict any malfunction and carry out preventive main-
tenance operations. It is therefore possible to identify the
most appropriate interventions to be implemented in or-
der to optimize a production process in all its phases,
thus smartly obtaining a quality product by reducing pro-
duction costs, production times and labour required.
[0005] EP 2806255 describes a device for measuring
the forces applied in a brake bench. The device is de-
signed to be interposed between a brake pedal of a ve-
hicle and a body pressing the pedal, e.g. a foot. The de-
vice is then subjected to the same force acting on the
pedal, which deforms an arched plate of the device. The
deformation is measured by means of extensometers
and communicated externally in wireless mode thanks
to the presence of a battery. The electronics can be kept
off to save energy, and then turned on when a capacitive
button detects the application of a force.
[0006] US 201577085 describes a device for measur-
ing tensile forces of a rope or other similar bodies. The
device provides for the passage of the rope in a deflecting
structure. Within this structure, the tensile force that tends
to avoid the deflection of the rope is counteracted by a
spring. The device therefore recognizes a correspond-
ence between the deformation of the spring and the de-
flecting force, thus obtaining a measure of the force that
is then externally communicated in wireless mode.
[0007] US 3988931 describes an apparatus for meas-
uring forces associated with the movement of a ski boot
in various directions. In particular, vertical forces are
transmitted through a lever to a bellows, and then hy-
draulically to traditional indicators.

Problem of the prior art

[0008] The design and construction of production
plants with the related measurement, communication
and control tools are now often tailored on the product
to be obtained. On the other hand, adapting a machine
to a different task than the one for which the machine
had been originally designed, or modernizing an existing
machine to introduce it into a new production chain cre-
ates greater difficulties. The applicant has in fact ob-
served that even perfectly operating machines are often
not designed to accommodate sensors in the desired po-
sitions, and therefore their use in an automated or oth-
erwise modified environment compared to a previous
work context is difficult and expensive.
[0009] Therefore there is a need for sensors designed
to adapt to the problems of different types of machines,
which can be applied to a machine in positions where
the presence of a sensor had not been initially envisaged,
and which can collect useful data without hindering the
machine operation.

Summary of the invention

[0010] The object of the present invention is to provide
a small-sized measuring device that is designed to ac-
quire operating data of different natures from various
types of machines without hindering their operation.
[0011] A further object of the invention is to provide a
simple, robust and inexpensive measuring device.
[0012] These and other objects are achieved by a
measuring device according to any one of the appended
claims. The measuring device according to the invention
comprises:

- an acquisition unit comprising:
- a transducer having a measuring portion, the trans-

ducer being configured to harvest and convert the
energy associated with a force applied to the meas-
uring portion, and to convert it into an electrical signal
supplied to the acquisition unit, and

- a sending unit connected to the transducer, the send-
ing unit being configured to receive and process said
electrical signal and to transmit a wireless signal con-
taining information representative of the force ap-
plied to the measuring portion of the transducer,

- a mechanical interface associated with the acquisi-
tion unit and having a detection portion, the mechan-
ical interface being switchable from an inactive con-
figuration to an active configuration for the applica-
tion of a mechanical action on the detection portion,
the mechanical interface being configured to apply
a force, in the active configuration, to the measuring
portion of the transducer.

[0013] Advantageously, the device requires a small
number of components, easily obtainable in a small size,
so that it can be made at low cost and can be arranged
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in positions of the machine that are inaccessible to other
measuring devices.
[0014] In particular, the data acquired by the device
can be sent to an external unit receiving, storing and an-
alysing the collected information. On the other hand, it is
not necessary for the measuring device to include an
analysis unit or a memory. Furthermore, a plurality of
measuring devices associated with different data of the
same machine or with separate machines can all be in
communication with a single analysis unit.
[0015] Advantageously, the communication of the ac-
quired data is obtained without the use of wires, which
can hinder the movements of the machine and which in
any case represent a risk factor to be evaluated in relation
to the safety of the work environment.
[0016] Advantageously, the device can be adapted to
machines of different nature by making relatively small
changes to the position or to the conformation of the me-
chanical interface.
[0017] In an embodiment, the mechanical interface
comprises:

- an application member connected to the acquisition
unit and movable with respect to the acquisition unit,
said detection portion being associated with the ap-
plication member, and

- a transmission member associated with the meas-
uring portion of the transducer, the transmission
member being configured to counteract the passage
of the application member from a first position in the
inactive configuration to a second position in the ac-
tive configuration, and to transmit to the measuring
portion of the transducer a force applied to the de-
tection portion of the application member in the ac-
tive configuration.

[0018] In particular, the application member is hinged
to the acquisition unit and is configured to transfer to the
transmission member a force applied to the detection
portion acting as a lever.
[0019] Furthermore, the transmission member com-
prises a first cylinder-piston system arranged between
the application member and the measuring portion of the
transducer, the first cylinder-piston system being config-
ured to perform a compression stroke upon the passage
of the application member from the first position to the
second position.
[0020] Advantageously, the transmission member with
the cylinder-piston system allows acquiring data relating
to a mechanical action that involves a significant dis-
placement of the point of application, and therefore a
movement of the application member, without the trans-
ducer being subjected to excessive deformations. The
lever-shaped application member further increases the
adaptability of the device to similar mechanical actions.
[0021] This allows the use of the device to measure
the working forces of machines that perform repetitive
motions with impulsive forces. For example, such a de-

vice can be arranged near the stroke end point of a mov-
able part of the machine, which will act on the lever meet-
ing a mechanical resistance which is limited thanks to
the presence of the cylinder-piston system, and which is
modulated by the lever.
[0022] In a similar condition of use, the known device
disclosed in EP 2806255 would instead have only limited
possibilities of deformation, being free of movable parts
before the sensor head, and would oppose a high resist-
ance to the motion of the machines. The possible con-
sequences, depending on the intensity of the force to be
measured, are for example a break in the device or an
interruption of the machine work.
[0023] Optionally, the measuring device comprises a
connection system comprising first and second connec-
tion members. The connection system can be switched
between a first connection configuration and a second
connection configuration. In the first connection config-
uration, the application member is hinged to the acquisi-
tion unit at the first connection members and is configured
to act on the transmission member according to a first
leverage ratio, whereas in the second connection con-
figuration the application member is hinged to the acqui-
sition unit at the second connection members and is con-
figured to act on the transmission member according to
a second leverage ratio different from the first leverage
ratio.
[0024] Advantageously, therefore, it is sufficient to
reconfigure the connection system by repositioning the
application member to allow the adaptation of different
entity forces to the same transducer.
[0025] Alternatively, the application member can be
shaped like a second cylinder-piston system adapted to
be activated thanks to the pressure of an external fluid,
instead of being lever-shaped.
[0026] In the preferred embodiment, the acquisition
unit is configured to be electrically powered by converting
the force applied to the measuring portion into the elec-
trical signal by means of the transducer.
[0027] Advantageously, therefore, no external power
supply is required for the device, and in particular, the
use of dedicated wires is not necessary. Moreover, the
device is particularly reliable in that it does not require
batteries or similar storage systems, and consequently
it is not necessary to provide for its periodical replace-
ment, nor is there a risk that data acquisition will be in-
terrupted due to a lack of energy.
[0028] Optionally, the acquisition unit includes a rigid
housing, the transducer and the sending unit being
housed in the housing, the application member being at-
tached to the acquisition unit at the housing.
[0029] Optionally, the device comprises at least one
conversion member configured to convert a respective
physical quantity to be measured into a mechanical ac-
tion applied to the detection portion of the mechanical
interface.
[0030] The at least one conversion member can com-
prise for example a third cylinder-piston system designed
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to face a fluid duct and configured to press on the detec-
tion portion of the mechanical interface upon the passage
of a fluid in the duct, in particular in the case of a lever-
shaped application member.
[0031] An alternative conversion member may com-
prise a first wire secured to the lever-shaped application
member and slidable with respect to the casing.
[0032] The at least one conversion member may fur-
ther comprise a coupling member attached to a support
body, to which the casing is fastened, remaining movable
with respect to the support body, and a second wire con-
nected to the coupling member. The coupling member
is configured to bring the mechanical interface into the
active configuration by applying a mechanical tension to
the second wire.
[0033] The device can be provided in a kit containing
various application members and/or different conversion
members.
[0034] Advantageously, even if the acquisition device
and the application member were too invasive for the
introduction into a specific position of a machine, or the
nature of the datum to be measured were not suitable to
develop a mechanical action directly on the application
member, the conversion elements allow modifying the
nature of the datum to be measured or moving the point
of application of a mechanical action, further reducing
the encumbrance of the device in the part of the machine
where the data must be acquired.

Brief description of the drawings

[0035] The characteristics and advantages of the
present invention will become apparent from the follow-
ing detailed description of a possible practical embodi-
ment, shown by way of a non-limiting example in the en-
closed drawings, in which:

- Figure 1 shows a side view of a measuring device
according to a first embodiment of the present inven-
tion,

- Figure 2 shows an exploded perspective view of the
device of Figure 1,

- Figure 3 shows a side view of a measuring device
according to a second embodiment of the present
invention, and

- Figure 4 shows a perspective view of the measuring
device of Figure 3,

- Figure 5 shows a schematic side view of a measuring
device according to a third embodiment of the inven-
tion,

- Figures 6, 7 and 8 show distinct parts of the device
of Figure 5, and

- Figure 9 shows an exploded view of a measuring
device according to a fourth embodiment of the in-
vention.

Detailed description

[0036] The figures show a measuring device according
to the invention, generally designated by the reference
number 1. The device 1 comprises an acquisition unit 2
which, as will be described more in detail below, is con-
figured to generate a wireless signal representative or in
any case indicative of a force appropriately applied to the
acquisition unit 2, for example indicating the exceeding
of a minimum force threshold, or alternatively, being pro-
portional to the value of the force.
[0037] In particular, the acquisition unit 2 comprises a
transducer 21, which has a measuring portion 21a adapt-
ed to receive a force to be measured, such as a surface
of the transducer 21 on which the force must be applied.
The transducer 21 is sensitive to forces included in a
range of values ranging from a minimum value of detect-
able force, corresponding to the minimum force thresh-
old, to a maximum safety value of force. The transducer
21 further comprises a plurality of electrical terminals, for
example two electrical terminals (not shown in the fig-
ures).
[0038] The transducer 21 is configured to convert the
force applied to the measuring portion 21a into an elec-
trical signal, preferably consisting of a voltage signal be-
tween the electrical terminals of the transducer 21. More
in detail, the transducer 21 is configured to harvest en-
ergy associated with the force applied to the measuring
portion 21a, and to convert this energy into the electrical
signal, which is adapted to electrically supply the acqui-
sition unit 2.
[0039] The transducer 21 can be for example a trans-
ducer of the piezoelectric type. As already known, in fact,
the application of a force to a piezoelectric material along
to an appropriate direction causes a deformation of the
material, generally in the order of nanometres, and gives
rise to a difference in the electrical potential between two
opposite faces of the material, which can each be con-
nected to a respective electric terminal to make a trans-
ducer.
[0040] Alternatively, the transducer 21 comprises a
magnetic element (not shown), such as a permanent
magnet, and a circuit portion magnetically coupled to the
magnetic element. The magnetic element is movable to
induce the electrical signal in this circuit portion. The elec-
trical terminals of the transducer are connected to the
circuit portion.
[0041] According to this example, the transducer 21
further comprises a mounting element (not shown) that
supports the magnetic element. The mounting element
is snap-movable in a first direction when the force applied
to the measuring portion 21a exceeds the minimum force
threshold, and in a second direction opposite the first
when the force falls below the minimum force threshold.
The magnetic element is movable together with the
mounting element.
[0042] The signal is then generated following both
snap movements. It is possible to distinguish the snap
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movements in the first and in the second direction since
the signal is generated with two respective opposite
signs.
[0043] The generated electrical signal is representa-
tive or in any case indicative of the force applied to the
measuring portion 21a. In the preferred embodiments, in
fact, the signal indicates the exceeding of the minimum
force threshold, as it occurs for piezoelectric transducers
or in the presence of the magnetic element. On the other
hand, in other embodiments of the transducer 21 not
shown, with forces having values within a predetermined
range of values, the electrical signal can be substantially
proportional to the force applied to the measuring portion
21a.
[0044] In these embodiments, no external electrical
supply is required for the transducer 21, which generates
the electrical signal starting from a conversion of the me-
chanical energy associated with the force applied to the
measuring portion 21a, which corresponds to the energy
associated with the deformation/snap movement relative
to the transducer 21.
[0045] The acquisition unit 2 further comprises a send-
ing unit 22, electrically connected to the transducer 21,
and in particular to the electrical terminals of the trans-
ducer 21. The sending unit 22 is configured to receive
and process the electrical signal generated by the trans-
ducer 21. Based on this processing, the sending unit 22
is then configured to generate and transmit a wireless
signal containing a measurement information represent-
ative or indicative of the electric signal received. There-
fore, ultimately, the measurement information of the wire-
less signal is representative of the force applied to the
measuring portion 21a of the transducer 21, based on
whether the minimum force threshold is exceeded or ac-
cording to a proportionality ratio. The wireless signal can
be either an analog or a digital signal.
[0046] In detail, the sending unit 22 comprises an elec-
tronic processing unit 22a, configured to process the
electric signal of the transducer 21 originating a proc-
essed signal, and an antenna 22b, configured to gener-
ate the wireless signal by transmitting the signal proc-
essed by the electronic processing unit 22a.
[0047] In the preferred embodiment, the sending unit
22 is configured to be electrically powered exclusively by
means of the electrical signal generated by the transduc-
er 21. The electrical signal is therefore used by the send-
ing unit 22 both as an electrical supply and as a reference
signal for the measurement information transmitted via
the wireless signal.
[0048] In this embodiment, therefore, the whole acqui-
sition unit 2 is configured to be electrically powered ex-
clusively through the conversion of the energy associated
with the force applied to the measuring portion into an
electrical signal by means of the transducer 21. There-
fore, the acquisition unit 2 can be considered as a passive
element, which is activated upon the application of a force
to the measuring portion 21a and is deactivated when
this force is nullified. Preferably, therefore, there are nei-

ther batteries or other energy storage systems connected
to the acquisition unit 2 nor wires for the connection to
an external electric power source.
[0049] Generally, the conversion of a force into an elec-
trical signal by means of a transducer 21 makes only
small amounts of energy available, and therefore it is not
possible to supply via the electrical signal electronic units
that consume relatively high amounts of energy, or that
continuously absorb energy. However, it is provided that
the sending unit can have additional measurement sen-
sors integrated therein.
[0050] Furthermore, there is the possibility that the
measuring device 1 forms part of a measuring system
comprising at least one receiving unit (not shown in the
figures), which can be fed, generally continuously, by us-
ing any possible means of electric supply known to those
skilled in the art, such as batteries or an electrical con-
nection to an electric power source. This receiving unit
is generally spaced from the measuring device 1. The
receiving unit is configured to receive the wireless signal
sent by the sending unit 22. Further details on a meas-
uring system comprising at least one measuring device
1 and a receiving unit will be given later in the description.
[0051] The acquisition unit 2 preferably comprises a
rigid housing 23 so that the transducer 21 and the sending
unit 22 are housed in the housing 23, which defines a
seat designated for their positioning, the seat being her-
metically sealed with respect to the outside. The housing
23 therefore protects the transducer 21 and the sending
unit 22 and ensures the compactness of the acquisition
unit 2. The housing 23 can further comprise fastening
elements 23a configured to fasten the housing 23 to a
wall, for example a wall of a machine. The fastening el-
ements 23a can for example comprise slots housing the
stems of respective screws.
[0052] As shown in Figure 2, the housing 23 is formed
by two rigid parts 23e, 23f adapted to be coupled to each
other. A gasket 23g is arranged between the two parts
23e, 23f of the housing 23 to seal the housing 23. The
acquisition unit 2 can also provide a further rigid support
24 arranged in the housing 23. The transducer 21 and
the electronic processing unit 22a are fastened to the
rigid support 24.
[0053] In one embodiment, the housing 23 comprises
a first opening 23b and the antenna 22b of the sending
unit 22 extends through the first opening 23b. The first
opening is preferably sealed by a gasket arranged
around the antenna 22b. Alternatively, the antenna 22b
can be completely contained in the housing 23 without
needing dedicated openings, as in the case of the anten-
nas of the "mushroom" type.
[0054] The device 1 comprises a mechanical interface
3 associated with the acquisition unit 2 and active on the
measuring portion 21a of the transducer 21. In particular,
the mechanical interface 3 is attached to the acquisition
unit 2 at the housing 23. For this purpose, the device 1
comprises a connection system 4, which will be de-
scribed more in detail below.
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[0055] The mechanical interface 3 has a detection por-
tion 31a and is switchable from an inactive configuration
to an active configuration by applying a mechanical ac-
tion on the detection portion 31a. The mechanical action
is generally represented by a force applied to the detec-
tion portion 31a, which causes a movement of at least a
part of the mechanical interface 3, as described more in
detail below. The mechanical interface 3 is also config-
ured to remain in the inactive configuration when no me-
chanical action is applied on the detection portion 31a.
[0056] In the preferred embodiment, the mechanical
interface 3 comprises an application member 31, which
is external with respect to the housing 23 of the acquisi-
tion unit 2. In the embodiments of Figures 1 to 6, the
application member 31 is defined by a plate. The detec-
tion portion 31a is associated with the application mem-
ber 31, and for example can be represented by a surface
of the application member 31.
[0057] The application member 31 is attached to the
acquisition unit 2 and is movable with respect to the ac-
quisition unit 2. As shown in Figures 1-6, the application
member 31 can be hinged to the acquisition unit 2, and
in particular to the housing 23. An alternative application
member is instead shown in Figure 9, as described more
in detail below.
[0058] In the inactive configuration, the application
member 31 is in a first position with respect to the acqui-
sition unit 2, and in the active configuration the application
member 31 is in a second position with respect to the
acquisition unit 2. In detail, in the first position the detec-
tion portion 31a is in a position spaced with respect to
the acquisition unit 2, while in the second position the
detection portion 31a is in a position close to the acqui-
sition unit 2. The application member 31 in detail is mov-
able with respect to the acquisition unit 2 upon the appli-
cation of the mechanical action on the detection portion
31a.
[0059] The mechanical interface 3 is configured to ap-
ply a force, in the active configuration, to the measuring
portion 21a of the transducer 21. In the inactive config-
uration, instead, the mechanical interface does not sub-
stantially apply any force to the measuring portion 21a,
or if a force of this kind is present, it is lower than the
minimum force threshold detectable by the transducer
21. The active and inactive configuration can therefore
be distinguished based on the force applied by the me-
chanical interface on the measuring portion 21a, which
is higher in the active configuration and lower or zero in
the inactive configuration.
[0060] In particular, the mechanical interface 3 com-
prises a transmission member 32 associated with the
measuring portion 21a of the transducer 21. In the pre-
ferred embodiment, the transmission member 32 com-
prises a first cylinder-piston system 32a arranged be-
tween the application member 31 and the measuring por-
tion 21a of the transducer 21.
[0061] The housing 23 of the acquisition unit has a sec-
ond opening 23c and the transmission member 32 ex-

tends through the second opening 23c. The second
opening is preferably sealed by a gasket, formed as an
O-ring 23d, arranged around the transmission member
32.
[0062] In detail, the first cylinder-piston system 32a is
configured to perform a compression stroke upon the
passage of the application member 31 from the first po-
sition to the second position. More in detail, the first cyl-
inder-piston system 32a comprises a stationary part,
such as a cylinder, fastened to the acquisition unit 2 at
the sensitive portion 21a of the transducer 21, and a mov-
able part, like a first piston, slidingly associated with the
stationary part.
[0063] Compression stroke means the movement by
which the moving part moves in an insertion direction in
the stationary part. The motion of the moving part in an
extraction direction opposite the insertion direction in the
stationary part corresponds instead to an expansion
stroke.
[0064] The transmission member 32 is therefore con-
figured to transmit to the measuring portion 21a of the
transducer 21 a force applied to the detection portion 31a
of the application member 31, in the active configuration.
Moreover, the transmission member 32 is configured, in
particular during the compression stroke, to counteract
the passage of the application member 31 from the first
position to the second position, as well as to maintain the
application member 31 in the first position in the absence
of a mechanical action acting on the detection portion
31a.
[0065] A resilient member and/or a pressurized fluid
can be arranged between the stationary part and the
movable part of the first cylinder-piston system 32a. With
the movement of the application member 31 from the first
to the second position, the elastic member and/or the
pressurized fluid are compressed and develop a force
acting on the movable part of the first cylinder-piston sys-
tem 32a, thus counteracting the movement of the appli-
cation member, and also acting on the measuring portion
21a of the transducer 21, activating the transducer 21.
When each force acting on the detection portion 31a
ceases, the elastic member and/or the pressurized fluid
are no longer compressed and go back to a rest condition
bringing the application member 31 from the second po-
sition to the first position. In other words, the movable
part is pressed in the extraction direction by the elastic
member and/or by the pressurized fluid.
[0066] The application member 31 acts on the trans-
mission member 32, which in turn is configured to transfer
to the measuring portion 21a of the transducer 21 a force
applied to the detection portion 31a.
[0067] In the embodiments of Figures 1-6, the applica-
tion member 31 acts on the transmission member 32 as
a lever, according to a predetermined leverage ratio be-
tween the force applied to the detection portion 31a and
the force developed by the transmission member 32 re-
sisting to the passage of the application member 31 from
the first to the second position.
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[0068] In the embodiment of Figure 9, on the other
hand, the application member is substantially shaped like
a second cylinder-piston system, as further detailed be-
low.
[0069] In the case of a lever-shaped application mem-
ber 31, the device 1 is able to measure a mechanical
action, produced for example by an element of a ma-
chine, acting directly on the detection portion 31a of the
mechanical interface 3. The mechanical interface 3 al-
lows this mechanical action to be adapted to the trans-
ducer 21. In particular, it should be noted that the appli-
cation member 31 can perform even significant move-
ments between the first and second positions when it is
subjected to a mechanical action generated by a ma-
chine. On the other hand, the force developed by the
transmission member 32 on the measuring portion 21a
of the transducer 21 is a force whose application point
remains substantially stationary, except for the deforma-
tion of the transducer, which as explained above can be
for example in the order of nanometres in the case of a
piezoelectric transducer. To ensure at the same time that
the housing 23 is hermetically sealed and continuously
centred during the operation of the transmission member
32, an O-ring 23d can be provided, as in the preferred
configuration.
[0070] In the absence of such a mechanical interface,
if for example a machine acts directly on a transducer,
this latter, having limited possibilities of deformation,
would develop a high force resistant to the movement of
the machine, with the risk of blocking the machine or
destructing the transducer. Instead, thanks to the me-
chanical interface 3, the machine meets a lower resist-
ance, substantially given by the resistant force developed
by the transmission member 32, and in particular by the
elastic member and/or by the pressurized fluid of the first
cylinder-piston system 32a, optionally modified accord-
ing to the leverage ratio.
[0071] The appropriate conformation of the mechani-
cal interface 3 is also advantageous with regard to the
adaptation of the minimum detectable force threshold,
which can be transformed to take different values be-
tween the measuring portion 21a of the transducer 21
and the detection portion 31a of the mechanical interface
3. The maximum safety value of force is analogously
adapted.
[0072] To increase the possibilities of adaptation of the
device 1 to mechanical actions of different entities and
therefore to different machines, an embodiment provides
a measuring device 1, in which a plurality of different
leverage ratios are obtainable by repositioning the me-
chanical interface 3 as described below with reference
to the connection system 4 between the application mem-
ber 31 and the acquisition unit 2.
[0073] The connection system 4 comprises at least one
hinge formed by a connection member 41a, 41b and by
an auxiliary member 42. The connection member 41a,
41b is shaped to be rotationally attached to the auxiliary
member 42. In the embodiment shown in the figures,

each connection member 41 is represented by a pin as-
sociated with the acquisition unit 2, and each auxiliary
member 42 is represented by a seat associated with the
application member 31, for example a support with a cir-
cular hole. However, a person skilled in the art can easily
invert the positions of the pins and of the seats and/or of
the connection members 41 with the auxiliary members
42 between the acquisition unit 2 and the application
member 31.
[0074] The application member 31 is therefore hinged
to the acquisition unit 2 at the connection member 41a,
41b, namely through the hinge formed by the connection
member 41 and the auxiliary member 42. The detection
portion 31a of the application member 31 is arranged in
a distal position of the application member 31 with respect
to the auxiliary member 42.
[0075] To provide different values of the leverage ratio,
the connection system 4 comprises a plurality of connec-
tion members 41a, 41b, and in particular first connection
members 41a and second connection members 41b
spaced from the first connection members 41a. In the
embodiment shown in the figures, the first connection
members 41a are arranged at a first end portion of the
housing 23, whereas the second connection members
41b are arranged at a second end portion of the housing
23 opposite the first end portion. The auxiliary members
42 can be connected alternatively to the first and to the
second connection members 41a, 41b.
[0076] In particular, the connection system 4 is switch-
able between a first connection configuration and a sec-
ond connection configuration. In the first connection con-
figuration, the application member 31 is removably
hinged to the acquisition unit 2 at the first connection
members 41a, whereas in the second connection con-
figuration the application member 31 is removably hinged
to the acquisition unit 2 at the second connection mem-
bers 41b.
[0077] The first and the second configurations are mu-
tually exclusive. In other words, in the first connection
configuration, the application member 31 is not hinged
to the acquisition unit 2 at the second connection mem-
bers 41b, and in the second connection configuration the
application member 31 is not hinged to the acquisition
unit 2 at the first connection members 41a.
[0078] For the passage from the first to the second
configuration, it is therefore possible to separate the ap-
plication member 31 from the first connection members
41a and connect the application member 31 to the sec-
ond connection members 41b.
[0079] In the first connection configuration, the appli-
cation member 31 is configured to act on the transmission
member 32 according to a first leverage ratio, whereas
in the second connection configuration the application
member 31 is configured to act on the transmission mem-
ber 32 according to a second leverage ratio different from
the first leverage ratio. The two different leverage ratios
are obtained for example due to the different distance of
the transmission member 32 from the first connection
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members 41a and from the second connection members
41b.
[0080] In an embodiment, as shown in Figures 3 and
4, the device 1 comprises a support body 5. The support
body 5 preferably comprises a fastening plate 51 and a
container (not shown). The acquisition unit 2 is fastened
to the support body 5, and preferably the acquisition unit
2 and the mechanical interface 3 are arranged inside the
support body 5, in particular inside the container.
[0081] In some embodiments, the device 1 comprises
at least one conversion member 6. The conversion mem-
ber 6 can be connected directly or indirectly to the acqui-
sition unit 2 and/or to the mechanical interface 3. For
example, in the embodiments of the Figures 3 and 4, the
conversion member 6 is connected to the support body
5, and precisely to the fastening plate 51 (in Figure 4,
however, the support body is not shown for the sake of
a greater visibility of the remaining components).
[0082] The conversion member 6 is configured to con-
vert a respective physical quantity to be measured into
a mechanical action applied to the detection portion 31a
of the mechanical interface 3. The physical quantity to
be measured can be, for example, the pressure of a fluid.
In another case that will be further shown below, the phys-
ical quantity to be measured may be a mechanical action,
which is difficult to apply directly to the detection portion
31a of the mechanical interface 3.
[0083] According to an example, the at least one con-
version member 6 comprises a third cylinder-piston sys-
tem 61. The third cylinder-piston system 61 is designed
to face a fluid duct 7 and is configured to press on the
detection portion 31a of the mechanical interface 3 upon
the passage of a fluid in the duct 7. In this case, the
physical quantity to be measured is given by the pressure
or by the flow rate of the fluid in the duct 7. The third
cylinder-piston system 61 in detail comprises a stationary
part and a movable part. The stationary part is fastened
to the support body 5 and faces the detection portion
31a. The movable part is slidably associated with the
stationary part and is configured to act on the detection
portion 31a upon the passage of a fluid in the duct 7. The
appropriate choice of the third cylinder-piston system 61
provides a considerable installation flexibility, thus allow-
ing having again optimum values at the interface 31 and
in particular related to the force pressing the detecting
portion 31a.
[0084] In an alternative embodiment, as shown in Fig-
ures 5, 6, 7 and 8, the conversion member 6 comprises
a first wire 64. More details of the first wire 64 are visible
in Figures 7 and 8, while Figure 5 shows a schematic
overview of this embodiment and Figure 6 shows a view
from which the first wire 64 has been excluded.
[0085] In this embodiment, the application member 31
comprises a gripping element 33, preferably arranged at
the detection portion 31a, and the first wire 64 is secured
to the gripping element 33 to move the application mem-
ber 31 between the first and the second positions when
subjected to traction or compression. For example, the

gripping element 33 can identify a first slot 34, and the
first wire 64 can comprise a bead 65 unextractable from
the first slot 34, the first wire 64 extending through the
first slot 34. The bead 65 is preferably arranged at a first
end of the first wire 64.
[0086] Still referring to figures 5-8, the conversion
member 6 comprises a channel element 66, comprising
for example a rigid sheath, secured to the acquisition unit
2. In particular, the channel element 66 is attached at a
second slot 25 formed in the acquisition unit 2. The first
wire 64 is slidable within the channel element 66, and
preferably extends through the second slot 25.
[0087] In this embodiment, the conversion member 6
preferably comprises a bias element 67, comprising for
example a spring, active between the first wire 64 and
the channel element 66 to counteract the sliding of the
first wire 64 in the channel element 66 in a first orientation,
and to help the sliding of the first wire 64 in the channel
element 66 in a second orientation opposite the first ori-
entation. Movements of the first wire 64 in the first and/or
second orientation correspond to movements of the ap-
plication member 31 between the first and second posi-
tions. Preferably, the bias element 67 is connected be-
tween an abutment portion 68 of the channel element 66
and a second end of the first wire, where a further bead
69 can be provided.
[0088] The channel element 66 comprises an adjust-
ment element 66a configured to adjust the length of the
channel element 66 between a longer length configura-
tion and a shorter length configuration. Preferably, the
adjustment element 66a is arranged between the acqui-
sition unit 2 and the bias element 67.
[0089] In detail, in the shown embodiment, the channel
element 66 comprises a first segment 66b and a second
segment 66c connected to each other at the adjustment
element 66a. The adjustment element 66a is therefore
configured to lock the first and second segments 66b,
66c together in a plurality of positions to which corre-
sponds a respective plurality of lengths of the channel
element 66. The adjustment element 66a can be manu-
factured as a register, commonly available on the market,
or in various other ways known to the persons skilled in
the art.
[0090] In the shorter length configuration of the chan-
nel element 66, the bias element 67 is configured to coun-
teract the movement of the application member 6 from
the first to the second position. In fact in this configuration,
due to the shortening of the channel element 66, while
the first wire 64 maintains its length constant in a condi-
tion in which the first wire 64 is secured to the application
member 31 whereas the channel element 66 is secured
to the acquisition unit 2, the bias element 67 presses the
first wire 64 in a sliding direction oriented from the acqui-
sition unit 2 towards the application member 31.
[0091] Conversely, in the greater length configuration
of the channel element 66, the bias element 67 is con-
figured to counteract the movement of the application
member 31 from the second to the first position. In fact,
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given the lengthening of the channel element 66 while
the first wire 64 does not change its length, the bias el-
ement 67 presses the first wire 64 in a sliding direction
oriented from the application member 31 towards the ac-
quisition unit 2.
[0092] Advantageously, by changing between the con-
figurations of greater and shorter length, it can alterna-
tively be obtained that, in the absence of further external
stresses on the first wire 64, the mechanical interface 3
is maintained in the active configuration or is maintained
in the inactive configuration. Correspondingly, thrust
stresses or tensile stresses on the first wire 64 can be
detected in an alternative way.
[0093] According to another embodiment, the at least
one conversion member 6 comprises a coupling member
62 attached to the support body 5 and movable relative
to the support body 5. The conversion member 6 further
comprises a second wire 63 connected to the coupling
member 62. The coupling member 62 is configured to
bring the mechanical interface 3 into the active configu-
ration upon the application of a mechanical tension to
the second wire 63. In this case, the physical quantity to
be measured is precisely the mechanical tension of the
second wire 63.
[0094] For example, the coupling member 62 compris-
es a cam 62a hinged to the support body 5. The cam 62a
has an engaging element 62b adapted to be attached to
the second wire 63. In this way, the tension of the second
wire 63 can rotate the cam 62a with respect to the support
body 5. Furthermore, the cam 62a has a thrust portion
62c configured to develop a force on the detection portion
31a of the mechanical interface 3 when the cam 62a ro-
tates with respect to the support body 5.
[0095] In the embodiments just shown, the presence
of the conversion member 6 therefore allows measuring
physical quantities connected to the operation of a ma-
chine without the measuring device 1 being arranged in
the position where the physical quantity develops.
[0096] This is particularly advantageous when the ma-
chine is not strong enough to act directly on the detection
portion 31a, in conditions of too severe temperature or
when for reasons of size it is not possible to introduce
the measuring device 1 into the machine in a position
where the machine could act directly on the detection
portion 31a.
[0097] For example, if the operation of a machine gen-
erates a significant flow of air or another fluid, it is possible
to measure the presence of pressure or flow rate of the
fluid instead of the force associated with a specific move-
ment of the machine. For this purpose, it is sufficient to
intercept the flow of fluid of interest by providing a fluid
duct 7 that transports the fluid to the device 1 equipped
with the correct conversion member 6, in this case the
third cylinder-piston system 61.
[0098] Alternatively, instead of positioning the meas-
uring device 1 where the detection portion 31a can be
directly operated, the second wire 63 can be attached to
a part of interest of the machine, with a significantly re-

duced encumbrance, to then be connected to the cou-
pling member 62 of the device, acting indirectly on the
detection portion 31a.
[0099] Preferably, the device 1 comprises a plurality
of conversion members 6, each conversion member 6
being associated with a different physical quantity.
Therefore, the device 1 is designed to measure physical
quantities of different nature in a non-invasive manner
with the minimum adaptations necessary to direct the
physical quantity of interest to the relative conversion
member. This entails considerable advantages in terms
of flexibility of the device 1.
[0100] In this case, as shown in Figure 4, the device 1
can provide a first and a second acquisition unit 2a, 2b
and a first and a second mechanical interface 3a, 3b re-
spectively associated with the first acquisition unit 2a and
the second acquisition unit 2b. A first conversion member
6a, for example comprising the third cylinder-piston sys-
tem 61, is configured to act on the first mechanical inter-
face 3a, while a second conversion member 6b, for ex-
ample comprising the coupling member 62 and the sec-
ond wire 63, is configured to act on the second mechan-
ical interface 3b.
[0101] The first and second acquisition units 2a, 2b are
fastened to a single, same support body 5, to which both
the first and the second conversion member 6a, 6b are
also connected.
[0102] Alternatively, a plurality of conversion members
6 can be interchangeably applied to a single acquisition
unit 2.
[0103] According to another embodiment, shown in
Figure 9, the measurement of different physical quanti-
ties can be obtained by means of a different conformation
of the application member 31 rather than with the addition
of conversion members 6. A single measuring device 1
can also be provided with different interchangeable ap-
plication elements 31.
[0104] In particular, in this embodiment the application
member 31 can be part of a second cylinder-piston sys-
tem for detecting the pressure of fluids in a manner similar
to what already described for the third cylinder-piston
system 61.
[0105] More in detail, the device 1 comprises a casing
81 attached to the acquisition unit 2. The casing 81 de-
fines a chamber housing the transmission member 32.
The casing 81 further comprises a connection opening
82 configured for the connection with an external fluid
duct 7 so as to be able to receive a variable pressure
fluid from the external duct 7.
[0106] Preferably, the casing 81 is rotatable with re-
spect to the acquisition unit 2 to be connectable to exter-
nal ducts 7 with different orientations. Specifically, the
casing 81 is rotatable about an axis A-A which extends
substantially in the direction of the compression stroke
of the first cylinder-piston system 32a.
[0107] For this purpose, the housing 23 comprises a
hook element 83 configured to hold the casing 81 joined
to the acquisition unit 2, allowing in any case the afore-
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mentioned rotation.
[0108] For example, the housing 23 of the acquisition
unit 2 can comprise a rib 84 arranged around the trans-
mission member 32, the housing 23 being rotatably as-
sociated with the rib 84. The hook element 83 comprises
at least one fastening portion for fastening to the rib and
at least one protrusion 85 facing the casing. The casing
81 in turn has a circular groove 86 designed to receive
the projection 85 of the hook element 83.
[0109] Thanks to the circular shape of the groove 86,
the casing 81 can rotate upon the sliding of the projection
85 in the groove 86, while movements of the projection
85 transverse with respect to the groove 86 are not al-
lowed, such as the separation of the casing 81 from the
acquisition unit 2.
[0110] The rib 84 is preferably shaped like an arc of
circumference, and the hook element 83 comprises a
sealing portion shaped like an arc of circumference in a
manner complementary to the rib.
[0111] The application member 31 comprises a sealing
diaphragm 87 arranged inside the chamber of the casing
81. The diaphragm 87 divides the chamber into a first
region, in which the transmission member 32 is arranged,
and into a second region, in which the connection open-
ing 82 for the external duct 7 is formed. A fluid coming
from the connection opening 82 therefore preferably fills
only the second region.
[0112] The diaphragm 87 is disposed in abutment with
the transmission member 32. The detection portion 31a
in this embodiment can be identified in the diaphragm
87, which is movable in the chamber from the first to the
second position, i.e. toward the acquisition unit 2, upon
a pressure increase in the chamber, and in particular in
the second portion of the chamber.
[0113] In the preferred embodiment, the diaphragm 87
comprises a second piston 88, which identifies the sec-
ond cylinder-piston system with the casing 81, and an
annular gasket 89 between the second piston 88 and the
casing 81.
[0114] By providing a device 1 with several inter-
changeable application members 31, changing the op-
erating mode might require to replace not only the appli-
cation member 31 but also one or more parts 23e, 23f of
the housing 23. In particular, it is preferable to use a hous-
ing 23 having the rib 84 for using the application member
31 in the version with the second cylinder-piston system,
while the lever-shaped version can use a housing 23
where the rib 84 is missing, with the replacement of one
or more parts 23e, 23f of the housing 23.
[0115] As previously mentioned, the measuring device
1 can be used in a measuring system comprising at least
one measuring device 1 and a receiving unit. The meas-
uring system in general can comprise a plurality of meas-
uring devices 1 and/or a plurality of receiving units. The
measuring system preferably further comprises an anal-
ysis unit connected to the receiving units and configured
to store and optionally process the measurement infor-
mation, as well as any other information contained in the

wireless signals sent by the sending units of the meas-
uring devices 1 and received by the receiving units.
[0116] Advantageously, depending on the type of
processing required, a single receiving unit and a single
analysis unit may be enough to manage the signals trans-
mitted by various measuring devices 1. In particular, it is
not necessary for each measuring device 1 to be provided
with an analysis unit, nor is it necessary for the measuring
device 1 to store any measurement information in a mem-
ory after sending it through the wireless signal.
[0117] In an embodiment in which the measuring sys-
tem comprises a plurality of receiving units spaced apart
from each other, the analysis unit can be configured to
process signal information relating to wireless signals,
which are sent by a single measuring device 1 and re-
ceived by distinct receiving units. This processing is car-
ried out so as to determine a position of the measuring
device 1 with respect to the receiving units. This can oc-
cur following different triangulation algorithms known to
the person skilled in the art. In particular, the signal in-
formation to be used for the triangulation can comprise
a wireless signal amplitude and/or a wireless signal re-
ception time.
[0118] When the measuring device is fastened to a ma-
chine, this allows monitoring the position of the machine,
with a considerable advantage in terms of safety.
[0119] The invention has been described up to now in
relation to some preferred embodiments. Obviously a
person skilled in the art will still be able to make numerous
modifications to these embodiments without departing
from the scope of protection of the appended claims.

Claims

1. Measuring device (1), comprising:

- an acquisition unit (2), comprising:

- a transducer (21) having a measuring por-
tion (21a), the transducer (21) being config-
ured to harvest energy associated with a
force applied to the measuring portion (21a)
and to convert said energy into an electrical
signal suitable to electrically supply the ac-
quisition unit (2), and
- a sending unit (22) connected to the trans-
ducer (21), the sending unit (22) being con-
figured to receive and process said electric
signal and to transmit a wireless signal con-
taining a measurement information repre-
sentative of a force applied to the measuring
portion (21a) of the transducer (21),

- wherein the acquisition unit (2) is configured
to be electrically powered exclusively through
the conversion of said energy into said electrical
signal by the transducer (21),
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- a mechanical interface (3) associated with the
acquisition unit (2), the mechanical interface (3)
comprising:

- an application member (31) hinged to the
acquisition unit (2) and movable with re-
spect to the acquisition unit (2), the applica-
tion member (31) having a detection portion
(31a),
- the mechanical interface (3) is switchable,
upon the application of a mechanical action
on the detection portion (31a), from an in-
active configuration, in which the applica-
tion member (31) is in a first position where
the detecting portion (31a) is spaced from
the acquisition unit (2), to an active config-
uration, in which the application member
(31) is in a second position where the de-
tecting portion (31a) is close to the acquisi-
tion unit (2),
- a transmission member (32) associated
with the measuring portion (21a) of the
transducer (21), the application member
(31) being configured to transfer to the
transmission member (32) a force applied
to the detection portion (31a) acting as a
lever,
- the transmission member (32) comprises
a first cylinder-piston system (32a) ar-
ranged between the application member
(31) and the measuring portion (21a) of the
transducer (21), the first cylinder-piston sys-
tem (32a) being configured to perform a
compression stroke during the passage of
the application member (31) from the first
position to the second position,
- the first cylinder-piston system (32a) being
configured, during the compression stroke,
to counteract the passage of the application
member (31) from the first position to the
second position,
- the first cylinder-piston system (32a) being
configured to transmit to the measuring por-
tion (21a) of the transducer (21) a force ap-
plied to the detection portion (31a) of the
application member (31) in the active con-
figuration.

2. The device (1) according to claim 1, comprising a
connection system (4) comprising first and second
connection members (41a, 41b), the connection sys-
tem (4) being switchable between a first connection
configuration, in which the application member (3)
is removably hinged to the acquisition unit (2) at the
first connection members (41a) and is configured to
act on the transmission member (32) according to a
first leverage ratio, and a second connection config-
uration, in which the application member (31) is re-

movably hinged to the acquisition unit (2) at the sec-
ond connection members (41b) and is configured to
act on the transmission member (32) according to a
second leverage ratio different from the first leverage
ratio, the first and second configurations being mu-
tually exclusive.

3. The device (1) according to claim 1 or 2, wherein the
acquisition unit (2) comprises a rigid housing (23),
the transducer (21) and the sending unit (22) being
housed in the housing (23), the mechanical interface
(3) being attached to the acquisition unit (2) at the
housing (23).

4. The device (1) according to any one of the claims
from 1 to 3, comprising at least one conversion mem-
ber (6) configured to convert a respective physical
quantity to be measured into a mechanical action
applied to the detection portion (31a) of the mechan-
ical interface (3).

5. The device (1) according to claim 4, wherein the ap-
plication member (31) comprises a gripping element
(33), and the conversion member (6) comprises a
first wire (64) secured to the gripping element (33)
to move the application member (31) between the
first and second positions when subjected to traction
or compression.

6. The device (1) according to claim 5, wherein the con-
version member (6) comprises a channel element
(66) secured to the acquisition unit (2), the first wire
(64) being slidable within the channel element (66).

7. The device (1) according to claim 6, wherein the con-
version member (6) comprises a bias element (67)
active between the first wire (64) and the channel
element (66) to counteract the sliding of the first wire
(64) in the channel element (66) in a first orientation
and to help the sliding of the first wire (64) in the
channel element (66) in a second orientation oppo-
site the first orientation.

8. The device (1) according to claim 7, wherein the
channel element (66) comprises an adjustment ele-
ment (66a) configured to adjust the length of the
channel element (66) between a greater length con-
figuration and a shorter length configuration, in the
shorter length configuration of the channel element
(66) the bias element (67) being configured to coun-
teract the movement of the application member (31)
from the first to the second position, in the greater
length configuration of the channel element (66) the
bias element (67) being configured to counteract the
movement of the application member (31) from the
second to the first position.

9. The device (1) according to claim 4, comprising a

19 20 



EP 3 524 952 A1

12

5

10

15

20

25

30

35

40

45

50

55

support body (5), the acquisition unit (2) being fas-
tened to the support body (5), wherein the at least
one conversion member (6) includes:

- a coupling member (62) attached to the support
body (5) and movable with respect to the support
body (5), and
- a second wire (63) connected to the coupling
member (62),

the coupling member (62) being configured to bring
the mechanical interface (3) in the active configura-
tion upon the application of a mechanical tension to
the second wire (63).

10. The device (1) according to claim 9, wherein the cou-
pling member (62) comprises a cam (62a) rotation-
ally attached to the support body (5), the cam (62a)
having an engaging element (62b) adapted to be at-
tached to the second wire (63) and a thrust portion
(62c) configured to develop a force on the detection
portion (31a) of the mechanical interface (3) when
the cam (62a) rotates with respect to the support
body (5).

11. Kit comprising:

- a device (1) according to any one of the claims
from 1 to 10, wherein the application member
(31) is removable from the acquisition unit (2),
- a casing (81), adapted to be connected to the
acquisition unit (2) of the device (1) when said
application member (31) is removed from the
acquisition unit (2), the casing (81) defining a
chamber housing the transmission member
(32), the casing (81) comprising a connection
opening (82) configured for connecting with an
external fluid duct (7) and for receiving a variable
pressure fluid from the external duct (7),
- a further application member comprising a
sealing diaphragm (87) abutting the transmis-
sion member (32) and having a respective de-
tection portion (31a) associated with the dia-
phragm (87), the diaphragm (87) being movable
in said chamber, upon a pressure increase in
said chamber, from a respective first position, in
which the respective detection portion (31a) is
spaced with respect to the acquisition unit (2),
to a respective second position, in which the re-
spective detection portion (31a) is close to the
acquisition unit (2).
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