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Description
TECHNICAL FIELD

[0001] The invention generally belongs to the field of
construction, and more particularly to the detection of
deformation in elastomeric supports used in construc-
tion, such as in bridges.

STATE OF THE ART

[0002] Several constructions, such as bridges, are
conventionally supported on elastomeric supports. An
elastomeric support is usually a block made of layers of
an elastomeric material alternating with metal plates.
Elastomeric supports can be subject to deformations
caused by the behaviour of the construction supported
thereon, e.g. in response to changes in the load support-
ed by the construction. These deformations must be
measured in order to determine the structural condition
of the elastomeric support. A number of known elasto-
meric supports therefore comprise an embedded defor-
mation sensor.

[0003] Document US20180202878A1 discloses a
high-damping rubber isolation bearing including a top
bearing plate, a bottom bearing plate, a high-damping
rubber bearing body, a nano rubber sensor, a base plate,
a limit unit and top and bottom anchor bolts.

[0004] Document KR20140001586 discloses a bridge
elastomeric support having an embedded sensor for
measuring the vertical deformation thereof. The sensor
is embedded within the elastomeric support in a vertical
direction. A wireless transmission module enables wire-
less transmission of the data provided by the deformation
sensor.

[0005] Document KR20190081052 discloses a bridge
elastomeric support having sensors for measuring dis-
placement of the end plates of the support along axes x,
y and z. The sensors are installed on opposite surfaces
of the upper and lower end plates of the elastomeric sup-
portfor detecting distance and tilt between the end plates.
[0006] Document DE4402608 discloses an elastomer-
ic support for a bridge having a strain gauge for meas-
uring the force distribution across an upper pressure pad.
In particular, the strain gauge is placed along a horizontal
direction into a cavity provided within an upper and lower
pad of the elastomeric support.

[0007] Prior art elastomeric supports usually require
the provision of dedicated placement sites for the instal-
lation of the sensors, which are typically embedded within
the block, such as parallelepipedic block. Disadvanta-
geously, this entails carrying out a time-consuming sen-
sor installation process. Further, the volume of the sen-
sors provided within the elastomeric supports adversely
affects the resistance of the supports. Even further, prior
art sensors frequently require complex interrogation
electronic circuits for acquiring the relevant signals from
the sensor.
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DESCRIPTION OF THE INVENTION

[0008] The present invention solves the aforemen-
tioned drawbacks by means of a novel sensorized elas-
tomeric support comprising atleast one deformation sen-
sor based on buckypaper and a method for manufactur-
ing a sensorized elastomeric support comprising at least
one deformation sensor based on buckypaper.

[0009] Buckypaper is a thin sheet made from an ag-
gregate of carbon nanotubes or carbon nanotube grid
paper. The production of buckypaper sheets typically in-
cludes making a suspension of carbon nanotubes dis-
persed in a liquid medium and filtering the suspension
by a filter membrane, such that the carbon nanotubes
are deposited directly on the filter membrane as the fluid
medium flows through the filter membrane. The bucky-
paper sheet is typically dried and thereafter separated
from the filter membrane. Document US7459121 B2 dis-
closes an exemplary method for producing buckypaper.
Document EP3524339A1 discloses a method for in-
creasing the thickness of a buckypaper sheet.

[0010] The electrical resistance of a buckypaper strip
changes in response to deformation. The applicant ad-
vantageously uses this property of buckypaper for em-
ploying buckypaper strips as deformation sensors, thus
providing a sensorized elastomeric support that over-
comes the drawbacks disclosed above. Therefore, in this
description, the buckypaper strip is referred to as buck-
ypaper strip sensor or buckypaper strip deformation sen-
SOfr.

[0011] Inthe present document, the term "elastomeric
block" refers to a block made of an elastomeric material
and possibly comprising a number of metal plates em-
bedded therein. An elastomeric block may have different
shapes, such as parallelepipedic or cylindrical.

[0012] Inthe present document, the terms "horizontaf"
and "vertical" are interpreted with reference to the orien-
tation of the elastomeric support when in normal use.
More specifically, when the elastomeric support is in use,
the vertical direction corresponds to the direction of the
weight supported by said elastomeric support, while the
horizontal direction is perpendicular to the vertical direc-
tion. Similarly, the terms "upper”, "lower" and the like are
interpreted according to said vertical direction.

[0013] In the present document, the term "face” refers
to each distinct side of the elastomeric support. An elas-
tomeric support, when in use, generally comprises a nor-
mally horizontal lower face or base resting on a surface
(such as on the ground or on another construction part,
such as buttress), a normally horizontal upper face sup-
porting the construction (i.e. bridge or bridge board) and
one or more lateral faces. The faces need not be planar,
e.g. the lateral faces of a cylindrical elastomeric support
are curved.

[0014] In this context, the term "diagonal" refers to a
direction contained in a lateral face that is neither vertical
nor horizontal when the elastomeric block is in use. In
other words, a diagonal direction refers to a vector com-
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prising a vertical component and a horizontal component.
[0015] Afirstaspectofthe presentinvention is directed
to a method for manufacturing a sensorized elastomeric
support. The method comprises the following steps:

- Adhering a first sheet of elastomeric material onto a
lateral face of an elastomeric block.

- Adhering a buckypaper strip deformation sensor on-
to said first sheet of elastomeric material. The buck-
ypaper strip deformation sensor is adhered along a
diagonal direction of the first sheet of elastomeric
material. This enables measuring deformations of
the elastomeric block both in a vertical and a hori-
zontal direction.

- Adhering a second sheet of elastomeric material on-
to the first sheet of elastomeric material, such that
the buckypaper strip deformation sensor is sand-
wiched therebetween.

- Submitting the elastomeric bock, with the first sheet,
the buckypaper deformation sensor and the second
sheet adhered thereto, to a vulcanization process.

[0016] The result of this method is a sensorized elas-
tomeric support where the buckypaper deformation sen-
sor is embedded, diagonally, within a lateral face of the
elastomeric block. This sensorized elastomeric support
can therefore detect deformations both in the vertical and
horizontal directions.

[0017] The elastomeric block may have parallelepi-
pedic shape. In this case, the buckypaper strip deforma-
tion sensor preferably extends diagonally from a lower
corner of the lateral face to an upper corner of said lateral
face.

[0018] The elastomeric block may have cylindrical
shape. In this case, the buckypaper strip deformation
sensor preferably extends diagonally from a central por-
tion of the lateral face, for example to an upper corner of
said lateral face, or to a lower corner thereto, or towards
a corner without reaching the corner itself.

[0019] In embodiments of the invention, the method
comprises an initial step of combining the buckypaper
strip with a polymeric material, or soaking the buckypaper
strip deformation sensor in a polymeric solution, for in-
creasing its elongation capacity. In a non-limiting exam-
ple, the polymeric solution is polyvinyl alcohol.

[0020] The soaking step may comprise the following
steps:

- Obtaining a polyvinyl alcohol solution having be-
tween 0.5-15% in weight of polyvinyl alcohol.

- Soaking the buckypaper strip deformation sensor in
said polyvinyl alcohol solution for a period of 15-25
hours.

- Drying the buckypaper strip deformation sensor in a
vacuum oven.

[0021] In embodiments of the invention, electrical
wires are then connected to respective opposite ends of
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the buckypaper strip deformation sensor. Each wire con-
nection may comprise a protective epoxy layer. The
epoxy layer ensures that the connections withstand the
pressure and temperature conditions during the vulcan-
ization process disclosed below.

[0022] Any appropriate means can be employed for
adhering the first sheet and the second sheet of elasto-
meric material one to the other, as well as to a lateral
face of the elastomeric block. In a particular embodiment
of the invention, the method further comprises a step of
impregnating the first sheet and the second sheet with a
viscous bitumen prior to placing the buckypaper strip de-
formation sensor therebetween. A manual pressure can
then be applied on the second sheet of elastomeric ma-
terial prior to the vulcanization step for ensuring a firm
fixation of the first and second elastomeric sheets one to
the other with the buckypaper strip deformation sensor
sandwiched therebetween.

[0023] The method may further comprise adhering an-
other buckypaper strip deformation sensor onto another
lateral face of the elastomeric block, sandwiched be-
tween corresponding sheets of elastomeric material.
[0024] The method may further comprise adhering an-
other pair of buckypaper strip deformation sensors in two
other lateral faces of the elastomeric block, sandwiched
between corresponding sheets of elastomeric material.
[0025] Once the first and second elastomeric sheets
and the buckypaper sensor are adhered to the lateral
face of the elastomeric block, the vulcanization process
can begin. In embodiments of the invention, the vulcan-
ization process comprises submitting the elastomeric
block, with the first sheet, the buckypaper deformation
sensor, and the second sheet adhered thereto, to a tem-
perature of 120°C-160°C and to a pressure of 15 kg/cm?2-
25 kg/cm?2,

[0026] The application of pressure during the vulcani-
zation process may be carried out by means of a press.
The press needs to be modified in order to allow for a
uniform application of pressure while ensuring that no
damage is caused to the wires. In a particular embodi-
ment the press may comprise two moulds, in which case
the method may comprise making holes in at least one
of the moulds for the passage of the electrical wires con-
nected to opposite ends of the buckypaper strip defor-
mation sensor towards the outside of said press. There-
fore, only a portion of each wire remains within the press
during the step of vulcanization, while the main portion
thereof exits through the hole made in the at least one
mould.

[0027] A second aspect of the present invention is di-
rected to a sensorized elastomeric support comprising
an elastomeric block and further comprising a buckypa-
per strip deformation sensor embedded in a diagonal di-
rection of a lateral face of said elastomeric block.
[0028] The buckypaper strip deformation sensor is em-
bedded between afirst sheet and a second sheet of elas-
tomeric material disposed on (adhered to) said lateral
face of the elastomeric block.
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[0029] The buckypaper strip deformation sensoris pro-
vided in a diagonal direction for measuring deformations
of the elastomeric block both in a vertical and a horizontal
direction.

[0030] The elastomeric support may have different
shapes. In embodiments of the invention, the support
has parallelepipedic shape. In embodiments of the in-
vention, the support has cylindrical shape. Other shapes
are also possible depending on the application and its
requirements.

[0031] When the elastomeric block may have parallel-
epipedic shape, the buckypaper strip deformation sensor
preferably extends diagonally from a lower corner of the
lateral face to an upper corner of said lateral face.
[0032] When the elastomeric block may have cylindri-
cal shape, the buckypaper strip deformation sensor pref-
erably extends diagonally from a central portion of the
lateral face to an upper corner of said lateral face, or to
alower corner thereto, or towards a corner without reach-
ing the corner itself.

[0033] Inembodiments oftheinvention, the sensorized
elastomeric support comprises one pair of buckypaper
strip deformation sensors. For example, the pair of buck-
ypaper strip deformation sensors may be disposed on
adjacent lateral faces of the elastomeric block. With this
configuration, horizontal deformations caused by both
transversal and longitudinal displacement of the support
can be measured. This is applicable to parallelepipedic
supports and to cylindrical supports.

[0034] Alternatively, the pair of buckypaper strip defor-
mation sensors may be disposed on opposite lateral fac-
es of the elastomeric block. This configuration is specially
suitable for a support having parallelepipedic shape, and
in which in use of the support, one of the directions of
displacement -typically the transversal one- is constraint.
In other words, because the parallelepipedic shape sup-
port can only suffer longitudinal displacement, the two
sensors may be disposed on opposite lateral faces of the
support (the two longitudinal lateral faces with respect to
the displacement to be suffered by the support).

[0035] Inembodimentsoftheinvention,the sensorized
elastomeric support comprises two pairs of buckypaper
strip deformation sensors, where the buckypaper strip
deformation sensors of each pair are provided on respec-
tive opposite lateral faces of the elastomeric block.
[0036] These configurations advantageously allow for
detecting deformations of the elastomeric block both in
the vertical and horizontal directions. Indeed, by embed-
ding the buckypaper strip deformation sensor diagonally
within a lateral face of the elastomeric block, both hori-
zontal and vertical deformations of said block cause a
change in the length of the buckypaper strip. In turn, said
change in the length of the buckypaper strip causes a
change in the resistance. This resistance change can be
easily detected by using a simple electric circuit. By com-
bining the information obtained from pairs of diagonal
buckypaper strip deformation sensors provided in adja-
cent sides of the elastomeric block, the deformation of
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the elastomeric support in both the horizontal and vertical
directions is optimized. Further, as disclosed in detail
hereinbelow, the installation of this buckypaper strip de-
formation sensor in the elastomeric block is economic
and simple.

[0037] This novel sensorized elastomeric support may
be specially employed in the construction of bridges.
[0038] A third aspect of the present invention is direct-
ed to a bridge comprising at least one sensorized elas-
tomeric support comprising an elastomeric block and fur-
ther comprising at least one pair of buckypaper strip de-
formation sensors embedded in a corresponding number
of lateral faces of said elastomeric block.

BRIEF DESCRIPTION OF THE DRAWINGS
[0039]

Fig. 1 shows a schematic flow diagram of the method
according to an embodiment of the present inven-
tion.

Figs. 2a-2c show the steps of the method of the
present invention.

Figs. 3a-3b show closeup views of finished senso-
rized supports according to embodiments of the in-
vention.

Figs. 4a and 4b show results of tests of a sensorized
support when submitted to a vertical load.

Figs. 5a and 5b show results of tests of a sensorized
support when submitted to a horizontal load.

Fig. 6 shows a cylindrical sensorized supportaccord-
ing to an embodiment of the present invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0040] The method of the invention is now disclosed
with reference to the attached figures. In particular, the
steps of the method shown in Fig. 1 are disclosed in detail
below.

[0041] As mentioned earlier in the present document,
an elastomeric block is a block made of an elastomeric
material, possibly having a number of horizontal metal
plates embedded therein. The elastomeric material may
be, for example, natural rubber (NR), such as chloro-
prene rubber (CR), also referred to as neoprene. In a
particular embodiment, the elastomeric block is made of
NR or CR plus a maximum amount of 5% (weight) of
other polymers according to EN1337-3.

[0042] When in use, an elastomeric block has a hori-
zontal upper face, a horizontal lower face and one or
more lateral faces. More specifically, in the particular em-
bodiment herein disclosed (see for example Fig. 2b-2c),
the elastomeric block 2 has a parallelepipedic shape hav-
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ing six faces, the six faces being parallelograms. The six
faces form three pairs of parallel faces. One of the faces
is the horizontal lower face, or base, of the elastomeric
block 2, the four faces perpendicular to said base are the
lateral faces, and the face opposite the base is the hor-
izontal upper face. The base of the elastomeric block 2
usually rests on the ground or on a part or portion of a
construction or structure, such as on a buttress, while
the horizontal upper face supports a construction, e.g.
bridge, or a part thereof. In use of a support made of the
elastomeric block 2, for example in a bridge, the support
will move horizontally in two possible directions: longitu-
dinally and transversally with respect to the bridge.
Therefore, horizontal deformations will be caused by both
transversal and longitudinal displacement of the support.
In certain conditions, however, the support will move hor-
izontally only in one possible direction, typically longitu-
dinally with respect to the construction (e.g. bridge). This
occurs when the other horizontal displacement (trans-
versal to the construction) is physically constraint.
[0043] In the following, a method for manufacturing a
sensorized elastomeric support 1 as shown for example
in Fig. 3a is disclosed. The method comprises steps for
embedding a buckypaper strip deformation sensor 3
within a lateral face of an elastomeric block 2, thereby
rendering the sensorized elastomeric support 1. As dis-
closed earlier in the present document, a buckypaper
strip deformation sensor 3 is a deformation sensor based
on a buckypaper strip.

[0044] Firstly, in order to improve the elongation ca-
pacity of the buckypaper strip deformation sensor 3, en-
suring that the buckypaper strip deformation sensor 3
can stretch together with the elastomeric block 2 when
embedded therein, the buckypaper strip deformation
sensor is preferably combined with a polymeric material.
Preferably, flexible polymers are used. Non-limiting ex-
amples of polymers that may be used are: polydimethyl-
siloxane (PDMS), polyimide (Pl), polyethylene tereph-
thalate (PET), polypropylene (PP), polyvinyl, natural rub-
ber and epoxy resins. These polymer substrates can im-
prove the linear response, strain range, and stability of
the sensor. For example, a polyvinyl alcohol bath may
be applied.

[0045] Therefore, step 11 shown in Fig. 1 preferably
comprises combining the buckypaper strip with a poly-
meric material, or soaking the buckypaper strip deforma-
tion sensor 3 in a polymeric solution, for increasing its
elongation properties. If, for example, a polyvinyl alcohol
solution is used, the solution may have between 0.5 and
15% in weight of polyvinyl alcohol. The solution may be
prepared by dissolving polyvinyl alcohol powder in dis-
tilled water by means of bath ultrasonication for 30 min-
utes, followed by a magnetic stirring at 600 rpm and
120°C for 2 hours. The buckypaper strip deformation sen-
sor 3 is soaked in this solution for several hours, such as
21 hours. Finally, the buckypaper strip deformation sen-
sor 3 is dried -for example overnight- for example in a
vacuum oven at about 60°C. The resulting buckypaper
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strip deformation sensor 3 is shown to be more elastic.
[0046] Then, according to step 12 of Fig. 1, electrical
wires 32 are connected to respective opposite ends of
the buckypaper strip deformation sensor 3. Silver resin
can be used for this purpose. In addition, epoxy resin can
be applied for protecting the connections 31 between the
buckypaper strip sensor 3 and the electrical wires 32 dur-
ing the vulcanization process carried out as the last step
of the present method. The result of this step is shown
in Fig. 2a.

[0047] Then, as shown in step 13 of Fig. 1, afirst sheet
41 of elastomeric material is adhered onto a lateral face
of the elastomeric block 2. Normally, the first sheet 41 is
made of the same elastomeric material as the elastomer-
ic block 2, e.g. NR, CR or the like. In order for the first
sheet41 to firmly adhere to the elastomeric block 2, sheet
41 may first be impregnated with viscous bitumen and
then adhered to the lateral face of the elastomeric block 2.
[0048] Next, as shown in step 14 of Fig. 1, the bucky-
paper strip deformation sensor 3 is placed on the first
sheet 41 in a diagonal direction. A BP disposed in diag-
onal direction permits to capture vertical and horizontal
deformation as a vectorial decomposition. For example,
in the parallelepipedic elastomeric block 2 shown in Fig.
2b, the buckypaper strip deformation sensor 3 may ex-
tend diagonally from a lower corner of the lateral face to
an upper corner of said lateral face. It has been observed
that the longer the buckypaper strip deformation sensor
(thus covering a largest diagonal direction of the lateral
face on which it is disposed), the more sensible it is to
deformations. As disclosed earlier in the present docu-
ment, a diagonal direction is a direction contained in the
lateral face of the elastomeric block 2 -and therefore in
the first layer 41 now adhered to a corresponding lateral
face of block 2- that is neither horizontal nor vertical when
the elastomeric block 2 is in use. The buckypaper strip
deformation sensor 3 adheres to the first sheet 41 by
means for example of the viscous bitumen. Normally, a
horizontal component of the diagonal direction is larger
than a vertical component thereof, as shown in Fig. 2b.
The sensorized elastomeric support 1 obtained by the
present method, and shown for example in Fig. 3a, when
in normal use, will therefore be more sensitive to hori-
zontal deformations than to vertical deformations.
[0049] Subsequently, as shown in step 15 of Fig. 1, a
second sheet 42 of elastomeric material, also preferably
impregnated with viscous bitumen, is adhered onto the
first sheet 41 (on which sensor 3 has been placed). The
buckypaper strip deformation sensor 3 is thus sand-
wiched between the two sheets 41, 42 with the cables
32 of the buckypaper strip deformation sensor 3 protrud-
ing from respective opposite ends of the lateral face of
the elastomeric block 2. The result of this step is shown
in Fig. 2c. In Fig. 2c, the cables 32 show up at opposite
corners of the lateral face of the block 2 on which the
sensor 3 is disposed. Alternatively, the cables 32 could
show up at different positions on the edges of the lateral
face of the elastomeric block 2. In Fig. 2c, dotted traces
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represent the embedded sensor 3 and embedded por-
tions of the cables 32, covered by the second sheet 42.
It is remarked that the first sheet 41 of elastomeric ma-
terial is not shown in Fig. 2c because it has been over-
lapped by the second sheet 42.

[0050] Preferably, the former steps for embedding a
buckypaper strip deformation sensor 3 within a lateral
face of an elastomericblock 2, are repeated atleast once.
In particular, a second sensor is preferably embedded
-following the same steps- within a second lateral face
of the elastomeric block 2, as shown in Fig. 3b. For ex-
ample, the first sheet 41 of elastomeric material sur-
rounds or wraps two adjacent lateral faces of the block,
and the second sheet 42 of elastomeric material sur-
rounds or wraps these two adjacent lateral faces of the
block once the two sensors 3 are disposed on respective
faces (on the first sheet 31). When the elastomeric block
2 is parallelepipedic, this second lateral face is preferably
perpendicular (adjacent) to the lateral face within which
the first sensor has been embedded. The two sensors 3
are preferably diagonally oriented towards a common
corner of the block 2, as shown in Fig. 3b. In use of the
final product (support with sensors), at least two BP sen-
sors enable a more optimized measurement of a de-
formed position of the block, because two sensors permit
to extract the vector components (vertical and horizontal)
of the deformation suffered by the sensor in use of the
support. As already mentioned, in use of a support made
of the elastomeric block 2, for example in a bridge, the
support will typically move horizontally in two possible
directions: longitudinally and transversally with respect
to the bridge. Therefore, horizontal deformations will be
caused by both transversal and longitudinal displace-
ment of the support. In this case, the two BP sensors are
preferably disposed on adjacent lateral faces of the block
2. The deformation obtained by each sensoris combined.
Thus, the deformation suffered by the support in the two
horizontal directions (longitudinal and transversal) is ob-
tained. In certain conditions, however, the support will
move horizontally only in one possible direction, typically
longitudinally with respect to the construction (e.g.
bridge). This occurs when the other horizontal displace-
ment (transversal to the construction) is physically con-
straint. In this case, the two BP sensors may be disposed
on opposite lateral faces of the block 2.

[0051] In a another embodiment, the former steps for
embedding a buckypaper strip deformation sensor 3
within a lateral face of an elastomeric block 2, are repeat-
ed three times, such that four sensors 3 are embedded
within four lateral faces of the block 2, thus enabling a
most optimized measurement of a deformed position of
the parallelepipedic block 2. Again, a single first sheet
41 of elastomeric material may be used, surrounding the
four lateral faces of the block, and a single second sheet
42 of elastomeric material may be used, surrounding the
four lateral faces of the block once the four sensors have
been placed. Because two position vectors of two differ-
ent points of the upper face of the support are obtained,
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amore precise knowledge of the behaviour of the support
is therefore obtained.

[0052] As shown in step 16 of Fig. 1, the elastomeric
block 2 having the sheets 41, 42 and the deformation
sensor 3 adhered thereon (or more than one sensor and
corresponding pairs of sheets, in respective lateral faces
of the block 2) is then vulcanized using a press having
mould clamps 100. For example, lateral mould clamps
are made of several metallic parts configured to laterally
confine the block 2, in such a way that an upper press
applies pressure on the mould clamps and block 2 con-
fined therein. In particular, the press may apply a pres-
sure of between 15 kg/cm2-25 kg/cm? to the elastomeric
block 2. In order to prevent the cables 32 from being
damaged, they exit the press through dedicated holes 5
provided in the mould clamps 100. The epoxy layer dis-
closed above ensures that the cable connections, which
remain within the press during the vulcanization process,
are not damaged by the high temperature and pressure.
Fig. 2d shows the elastomeric block 2 introduced in the
press (mould clamps) with the cables 32 exiting through
the holes 5 provided in the mould clamps 100. Subse-
quently, compression is carried out by means of an upper
plate moving downwards from above.

[0053] Fig. 3a shows the final result of this method. A
finished sensorized elastomeric support 1 comprising an
elastomeric block 2 having a buckypaper strip deforma-
tion sensor 3 embedded on a lateral face thereof is pro-
duced. During use, a two-wire data acquisition equipment
connected to the wires 32 suffices for obtaining the re-
sistance of the buckypaper strip deformation sensor 3.
No amplifiers or signal conditioners are necessary. This
novel sensorized elastomeric support 1 can be used in
any type of supports used in construction, e.g. type A, B,
etc., as defined for example in UNE-EN 1337-3:2005. As
already explained, the final support 1 may have more
than one embedded sensor 3. For example, it may have
2 embedded sensors in perpendicular (adjacent) lateral
faces of the block 2, as shown in Fig. 3b. Or it may have
4 embedded sensors, each sensor being embedded in
each of the four lateral faces of the parallelepipedic block
2.

[0054] Finally, Figs. 4a-b and 5a-b show the result of
tests carried out when the sensorized elastomeric sup-
port 1 having one sensor (Fig. 3a) is submitted respec-
tively to vertical and horizontal loads. The change in the
electrical resistance of the buckypaper strip deformation
sensor 3 during the tests is determined. Fig. 4a-b respec-
tively show sensor resistance (R, in Ohms) and vertical
displacement (VD, in millimetres) versus time (t, in sec-
onds), while Fig. 5a-b respectively show sensor resist-
ance (R, in Ohms) and horizontal displacement (HD, in
millimetres) versus time (t).

[0055] As explained, the method disclosed above can
be employed for producing a sensorized elastomeric sup-
port having one or two pairs of buckypaper strip defor-
mation sensors 3 embedded on opposite lateral sides of
the elastomeric block 2. By combining the information
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obtained from each of the buckypaper strip deformation
sensors 3, this configuration allows for detecting the de-
formation of the elastomeric block 2.

[0056] Fig. 6 shows a sensorized elastomeric support
1 comprising a cylindrical elastomeric block 2 and two
pairs of buckypaper strip deformation sensors 3. There-
fore, the lateral cylindrical surface of the cylindrical elas-
tomeric block 2 is divided into four similar portions. In
order to maintain the wording used so far, each of said
portions is referred to herein as a lateral face. In partic-
ular, each lateral face is a section of the lateral cylindrical
surface of the cylindrical elastomeric block 2 having a
curvature of approx. 90°. A respective buckypaper strip
deformation sensor 3 is provided diagonally, for example
from substantially a center of each lateral face to an upper
corner of said lateral face. The buckypaper strip defor-
mation sensors 3 are provided in the same geometrical
position on all four lateral faces. None of the four buck-
ypaper strip deformation sensors 3 contacts any other
buckypaper strip deformation sensor 3. Note that only
three of the buckypaper strip deformation sensors are
visible in the figure, the fourth buckypaper strip deforma-
tion sensor being hidded behing the elastomeric block 2.
These buckypaper strip deformation sensors 3 can be
embedded on the lateral faces of this elastomeric block
2 by means of the method of the invention disclosed ear-
lier in the present document.

[0057] When this sensorized elastomeric support 1 is
submitted to a load, the cylindrical elastomeric block 2
deforms. The characteristics of the deformation suffered
by the elastomeric block 2 depend on the direction, mag-
nitude and localization of the load. In any case, in re-
sponse to said deformation of the elastomeric block 2,
each of the four buckypaper strip deformation sensors 3
provided on the lateral faces thereof also deform. As pre-
viously disclosed with respect to the support 1 of Fig. 3a-
3b, the deformation causes a change in the resistance
of the buckypaper strip deformation sensors 3, and this
change in resistance is detected by the respective ac-
quisition equipment. A vector analysis of the electrical
signal received from the four buckypaper strip deforma-
tion sensors 3 then allows for obtaining the deformation
of the elastomeric block 2.

[0058] Although the support 1 shown in Fig. 6 has four
embedded BP sensors, in a more general embodiment,
the cylindrical block 2 may comprise a single BP sensor
embedded in one of its lateral faces. Alternatively, it may
comprise two BP sensors embedded in different lateral
faces thereof.

[0059] Theinventionis obviously notlimited to the spe-
cific embodiment(s) described herein, but also encom-
passes any variations that may be considered by any
person skilled in the art (for example, as regards the
choice of materials, dimensions, components, configu-
ration, etc.), within the general scope of the invention as
defined in the claims.
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Claims

1. Amethod for manufacturing a sensorized elastomer-
ic support (1), characterized by comprising the fol-
lowing steps:

adhering a first sheet (41) of elastomeric mate-
rial onto a lateral face of an elastomeric block (2);
adhering a buckypaper strip deformation sensor
(3) along a diagonal direction of said first sheet
(41) of elastomeric material for measuring de-
formations of the elastomeric block (2) both ina
vertical and a horizontal direction;

adhering a second sheet (42) of elastomeric ma-
terial onto the first sheet (41) of elastomeric ma-
terial, such that the buckypaper strip deforma-
tion sensor (3) is sandwiched therebetween;
submitting the elastomeric bock (2), with the first
sheet (41), the buckypaper deformation sensor
(3) and the second sheet (41) adhered thereto,
to a vulcanization process.

2. The method of claim 1, wherein when the elastomer-
ic block (2) has parallelepipedic shape, the bucky-
paper strip deformation sensor (3) extends diago-
nally from a lower corner of the lateral face to an
upper corner of said lateral face.

3. The method of claim 1, wherein when the elastomer-

ic block (2) has cylindrical shape, the buckypaper
strip deformation sensor (3) extends diagonally from
a central portion of the lateral face.

4. The method of any one of claims 1-3, further com-

prising an initial step of soaking the buckypaper strip
deformation sensor (3) in a polymeric solution or
combining the buckypaper strip deformation sensor
(3) with a polymeric material, for increasing its elon-
gation capacity.

5. The method of claim 4, wherein the buckypaper strip
deformation sensor (3) is soaked in a polymeric so-
lution, wherein the soaking step further comprises:

obtaining a polyvinyl alcohol solution having be-
tween 0.5-15 % in weight of polyvinyl alcohol;
soaking the buckypaper strip deformation sen-
sor (3) in said polyvinyl alcohol solution for a
period of 15-25 hours; and

drying the buckypaper strip deformation sensor
(3) in a vacuum oven.

6. The method of any one of claims 1-5, further com-
prising connecting electrical wires (32) to respective
opposite ends of the buckypaper strip deformation
sensor (3).

7. The method of any one of claim 1-6, further compris-



10.

1.

12.

13.

14.

13 EP 3 929 357 B1 14

ing impregnating the first sheet (41) and the second
sheet (42) with a viscous bitumen prior to placing the
buckypaper strip deformation sensor (3) therebe-
tween.

The method of any one of claim 1-7, further compris-
ing adhering another buckypaper strip deformation
sensor onto another lateral face of the elastomeric
block, sandwiched between corresponding sheets
of elastomeric material.

The method of any one of claims 1-8, wherein the
vulcanization step comprises submitting the elasto-
meric block (2), with the embedded buckypaper de-
formation sensor or sensors (3), to a temperature of
120°C-160°C and to a pressure of 15 kg/cm2-25
kg/cm?2,

A sensorized elastomeric support (1) comprising an
elastomericblock (2), characterized in that the sen-
sorized elastomeric support (1) comprises a bucky-
paper strip deformation sensor (3) embedded in a
diagonal direction of a lateral face of the elastomeric
block (2),

wherein the buckypaper strip deformation sensor (3)
is embedded between afirstsheet (41) and a second
sheet (42) of elastomeric material adhered to said
lateral face of the elastomeric block (2).

The sensorized elastomeric support (1) of claim 10,
wherein the elastomeric block (2) has parallelepi-
pedic shape, the buckypaper strip deformation sen-
sor (3) extending diagonally from a lower corner of
the lateral face to an upper corner of said lateral face.

The sensorized elastomeric support (1) of claim 10,
wherein the elastomeric block (2) has cylindrical
shape, the buckypaper strip deformation sensor (3)
extending diagonally from a central portion of the
lateral face.

The sensorized elastomeric support (1) of any one
of claims 10-12, comprising one pair of buckypaper
strip deformation sensors (3).

The sensorized elastomeric support (1) of any one
of claims 10-12, comprising two pairs of buckypaper
strip deformation sensors (3), the buckypaper strip
deformation sensors (3) of each pair being provided
on respective opposite lateral faces of the elasto-
meric block (2).

Patentanspriiche

1.

Verfahren zur Herstellung eines sensorisierten Elas-
tomerlagers (1),
gekennzeichnet durch folgende Schritte:
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Anbringen einer ersten Bahn (41) eines elasto-
meren Werkstoffs auf einer Seitenflache eines
Elastomerblocks (2);

Anbringen eines Buckypapierstreifen-Verfor-
mungssensors (3) entlang einer diagonalen
Richtung der ersten Bahn (41) eines elastome-
ren Werkstoffs, um Verformungen des Elasto-
merblocks (2) sowohl in vertikaler als auch in
horizontaler Richtung zu messen;

Anbringen einer zweiten Bahn (42) eines elas-
tomeren Werkstoffs auf der ersten Bahn (41) ei-
nes elastomeren Werkstoffs derart, dass der
Buckypapierstreifen-Verformungssensor  (3)
dazwischen angeordnet ist,

Durchfiihrung eines Vulkanisationsverfahrens
bei dem Elastomerblock (2), einschlieRlich der
daran anhaftenden ersten Bahn (41), des Bu-
ckypapierstreifen-Verformungssensors (3) und
der daran anhaftenden zweiten Bahn (41).

Verfahren nach Anspruch 1, bei dem der Elastomer-
block (2) die Form eines Parallelepipeds hat und der
Buckypapierstreifen-Veformungssensor (3) sich di-
agonal von einer unteren Ecke der Seitenflache zu
einer oberen Ecke der Seitenflache erstreckt.

Verfahren nach Anspruch 1, bei dem der Elastomer-
block (2) eine zylindrische Form hat und der Bucky-
papierstreifen-Verformungssensor (3) sich von ei-
nem mittigen Bereich der Seitenflache diagonal er-
streckt.

Verfahren nach einem der Anspriiche 1-3, das au-
Rerdem einen anfanglichen Schritt aufweist, beidem
der Buckypapierstreifen-Veformungssensor (3) mit
einer Polymerlésung getrankt wird oder der Bucky-
papierstreifen-Verformungssensor (3) mit einem po-
lymeren Werkstoff kombiniert wird, um seine Lange-
nanderungskapazitat zu erhéhen.

Verfahren nach Anspruch 4, bei dem der Buckypa-
pierstreifen-Verformungssensor (3) mit einer Poly-
merldsung getrankt wird, wobei der Schritt des Tran-
kens aulRerdem aufweist:

Erstellen einer Polyvinylalkohollésung mit
0,5-15 Gew.% Polyvinylalkohol;

Tranken des  Buckypapierstreifen-Verfor-
mungssensors (3) mit der Polyvinylalkoholl6-
sung Uber einen Zeitraum von 15-25 Stunden;
und

Trocknen des Buckypapierstreifen-Verfor-
mungssensors (3) in einem Vakuumtrockeno-
fen.

6. Verfahren nach einem der Anspriiche 1-5, das au-

Rerdem das Verbinden elektrischer Drahte (32) mit
jeweils entgegengesetzten Enden des Buckypapier-
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streifen-Verformungssensors (3) aufweist.

Verfahren nach einem der Anspriiche 1-6, das au-
Rerdem das Impragnieren der ersten Bahn (41) und
der zweiten Bahn (42) mit einem viskosen Bitumen
vor dem Platzieren des Buckypapierstreifen-Verfor-
mungssensors (3) zwischen den Bahnen aufweist.

Verfahren nach einem der Anspriiche 1-7, das au-
Rerdem aufweist, einen weiteren Buckypapierstrei-
fen-Verformungssensor auf einer weiteren Seiten-
flache des Elastomerblocks anzubringen, angeord-
net zwischen entsprechenden Bahnen eines elasto-
meren Werkstoffs.

Verfahren nach einem der Anspriiche 1-8, bei dem
der Schritt der Vulkanisation aufweist, den Elasto-
merblock (2) mit dem eingebetteten Buckypapier-
streifen-Verformungssensor oder den -sensoren (3)
einer Temperatur von 120°C-160°C und einem
Druck von 15 kg/cm2-25kg/cm?2 auszusetzen.

Sensorisiertes Elastomerlager (1), das einen Elas-
tomerblock (2) aufweist, dadurch gekennzeichnet,
dass das sensorisierte Elastomerlager (1) einen Bu-
ckypapierstreifen-Verformungssensor (3) aufweist,
der in einer diagonalen Richtung einer Seitenflache
des Elastomerblocks (2) eingebettet ist,

wobei der Buckypapierstreifen-Verformungssensor
(3) zwischen einer ersten Bahn (41) und einer zwei-
ten Bahn (42) eines elastomeren Werkstoffs einge-
bettet ist, die an der Seitenflaiche des Elastomer-
blocks (2) angebracht sind.

Sensorisiertes Elastomerlager (1) nach Anspruch
10, bei dem der Elastomerblock (2) die Form eines
Parallelepipeds hat und der Buckypapierstreifen-
Veformungssensor (3) sich diagonal von einer unte-
ren Ecke der Seitenflache zu einer oberen Ecke der
Seitenflache erstreckt.

Sensorisiertes Elastomerlager (1) nach Anspruch
10, bei dem der Elastomerblock (2) eine zylindrische
Form hat und der Buckypapierstreifen-Verfor-
mungssensor (3) sich von einem mittigen Bereich
der Seitenflache diagonal erstreckt.

Sensorisiertes Elastomerlager (1) nach einem der
Anspriiche 10-12, das ein Paar Buckypapierstreifen-
Verformungssensoren (3) aufweist.

Sensorisiertes Elastomerlager (1) nach einem der
Anspriiche 10-12, das zwei Paar Buckypapierstrei-
fen-Verformungssensoren (3) aufweist, wobei die
Buckypapierstreifen-Verformungssensoren (3) ei-
nes jeden Paars auf jeweils gegeniberliegenden
Seitenflachen des Elastomerblocks (2) vorgesehen
sind.
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Revendications

Méthode de fabrication d’un support élastomére mu-
ni de capteurs (1), caractérisée en ce qu’elle com-
prend les étapes suivantes :

le collage d’'une premiére feuille (41) de maté-
riau élastomeére sur une face latérale d’'un bloc
élastomere (2) ;

le collage d’un capteur de déformation en bande
de feuille de nanotubes (3) le long d’'une direc-
tion diagonale de ladite premiére feuille (41) de
matériau élastomere pour mesurer les déforma-
tions du bloc élastomere (2) a la fois dans une
direction verticale et une horizontale ;

le collage d’une seconde feuille (42) de matériau
élastomere sur la premiére feuille (41) de maté-
riau élastomére, de telle sorte que le capteur de
déformation en bande de feuille de nanotubes
(3) soit pris en sandwich entre les deux ;

la soumission du bloc élastomere (2), avec la
premiere feuille (41), le capteur de déformation
en bande de feuille de nanotubes (3) et la se-
conde feuille (41) collés dessus, a un procédé
de vulcanisation.

Méthode selon la revendication 1, dans laquelle
quand le bloc élastomére (2) a une forme parallélé-
pipédique, le capteur de déformation en bande de
feuille de nanotubes (3) s’étend en diagonale depuis
un coin inférieur de la face latérale vers un coin su-
périeur de ladite face latérale.

Méthode selon la revendication 1, dans laquelle
quand le bloc élastomeére (2) a une forme cylindrique,
le capteur de déformation en bande de feuille de
nanotubes (3) s’étend en diagonale depuis une par-
tie centrale de la face latérale.

Méthode selon I'une quelconque des revendications
1 a 3, comprenant en outre une étape initiale d’'im-
mersion du capteur de déformation en bande de
feuille de nanotubes (3) dans une solution polymé-
rigue ou de combinaison du capteur de déformation
en bande de feuille de nanotubes (3) avec un maté-
riau polymere, pour augmenter sa capacité d’allon-
gement.

Méthode selon la revendication 4, dans laquelle le
capteur de déformation en bande de feuille de na-
notubes (3) est immergé dans une solution polymé-
riqgue, dans laquelle I'étape d'immersion comprend
en outre :

I'obtention d’'une solution d’alcool polyvinylique
ayant entre 0,5 et 15 % en poids d’alcool
polyvinylique ;

I'immersion du capteur de déformation en bande
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de feuille de nanotubes (3) dans ladite solution
d’alcool polyvinylique pendant une durée de 15
a 25 heures ; et

le séchage du capteur de déformation en bande
de feuille de nanotubes (3) dans un four a vide.

Méthode selon I'une quelconque des revendications
1 a5, comprenant en outre la connexion de fils élec-
triques (32) a des extrémités opposées respectives
du capteur de déformation en bande de feuille de
nanotubes (3).

Méthode selon I'une quelconque des revendications
1 a 6, comprenant en outre I'imprégnation de la pre-
miére feuille (41) et de la seconde feuille (42) avec
un bitume visqueux avant de placer le capteur de
déformation en bande de feuille de nanotubes (3)
entre les deux.

Méthode selon I'une quelconque des revendications
1a7, comprenant en outre le collage d’'un autre cap-
teur de déformation en bande de feuille de nanotu-
bes sur une autre face latérale du bloc élastomere,
pris en sandwich entre des feuilles correspondantes
de matériau élastomere.

Méthode selon I'une quelconque des revendications
1 a 8, dans laquelle I'étape de vulcanisation com-
prend la soumission du bloc élastomere (2), avec le
ou les capteurs de déformation en bande de feuille
de nanotubes (3) intégrés, a une température de
120°C & 160°C et a une pression de 15 kg/cm? & 25
kg/cm2,

Support élastomére muni de capteurs (1) compre-
nant un bloc élastomeére (2), caractérisé en ce que
le support élastomere muni de capteurs (1) com-
prend un capteur de déformation en bande de feuille
de nanotubes (3) intégré dans une direction diago-
nale d’une face latérale du bloc élastomere (2),
dans lequel le capteur de déformation en bande de
feuille de nanotubes (3) est intégré entre une pre-
miére feuille (41) et une seconde feuille (42) de ma-
tériau élastomeére collées a ladite face latérale du
bloc élastomére (2).

Support élastoméere muni de capteurs (1) selon la
revendication 10, dans lequel le bloc élastomere (2)
a une forme parallélépipédique, le capteur de défor-
mation en bande de feuille de nanotubes (3) s’éten-
dant en diagonale depuis un coin inférieur de la face
latérale vers un coin supérieur de ladite face latérale.

Support élastoméere muni de capteurs (1) selon la
revendication 10, dans lequel le bloc élastomere (2)
a une forme cylindrique, le capteur de déformation
en bande de feuille de nanotubes (3) s’étendant en
diagonale depuis une partie centrale de la face laté-
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Support élastomére muni de capteurs (1) selon 'une
quelconque des revendications 10 a 12, comprenant
une paire de capteurs de déformation en bande de
feuille de nanotubes (3).

Support élastomére muni de capteurs (1) selon 'une
quelconque des revendications 10 a 12, comprenant
deux paires de capteurs de déformation en bande
de feuille de nanotubes (3), les capteurs de défor-
mation en bande de feuille de nanotubes (3) de cha-
que paire étant disposés sur des faces latérales op-
posées respectives du bloc élastomeére (2).
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