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Description

[0001] The presentinvention is related to a method for
producing a strain gauge device according to claim 1 and
an equipment for continually measuring the blood pres-
sure of a user for monitoring purposes according to claim
24,

[0002] US 6,276,214 discloses strain sensors formed
from conductive particle-polymer composites. One meth-
od to make the strain sensors is a molding process
wherein conductive particles such as carbon are mixed
with a molten polymer in a mixer such as a kneader, and
the composite is made in the shape of a film. Electrodes
can be applied during or after the molding process. An-
other method is printing wherein a polymer is dissolved
in a solvent and then conductive particles are mixed with
the solution; and this solution, composed of conductive
particles, the polymer and the solvent, is called ink. The
sensors are made by printing a base film where elec-
trodes have been printed already. It is also possible to
make the sensors by dispensing conductive particles in
the mixture of thermocured plastics and their hardening
agents and then molding them.

[0003] The strain gauge device disclosed in the older
European patent application no. 14 002 103.1 comprises
an elastic band, the strain of which is to be measured.
The sensor comprises at least one elongated measuring
strand changing electrical resistivity in dependence of
the strain of the band. The measuring strand is mounted
with pre-tension to the unstressed band by means of a
layer of glue disposed between the sensor and the band.
An equipment for continually measuring the blood pres-
sure of a user comprises at least one such strain gauge
device. Fixing the sensor with pre-tension demands effort
and skill.

[0004] Itisan objectofthe presentinventionto propose
a simplified method for producing a strain gauge device
and an equipment for continually measuring the blood
pressure of a user for monitoring purposes comprising a
strain gauge device produced accordingly.

[0005] The method according to the present invention
comprises a step of producing a band defining an upper
side, an underside and having flexibility in a measuring
zone. The measuring zone is preferably built by a section
of the band having higher flexibility than the residual sec-
tions of the band on both sides of the measuring zone.
Preferably, the measuring zone takes the whole width of
the band.

[0006] A tensioning direction runs in the longitudinal
direction of the band.

[0007] The method further comprises a step of produc-
ing a sensor comprising at least one elongate measuring
strand changing electrical resistivity in dependence of
the strain. The sensor is arranged at or in the band such
that the measuring strand runs at least almost in the ten-
sioning direction i.e. the longitudinal direction of the band
from one end of the measuring zone to the other end of
the measuring zone. Preferably, the sensor and thus the
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measuring strand are fixed to the band at least in regions
of the band directly following the measuring zone.
[0008] The strain of the band is to be measured by
means of the sensor.

[0009] In production the sensor is arranged in or on
the band without pre-tension. This feature allows a sim-
plified manufacturing and enables the production of the
band and the sensor by 3-D printing, preferably in one
production stage, or by alayered manufacturing method.
[0010] In afurther step the shape of the band, in or at
which the sensor is fixed, is changed into a retaining
working shape, at least in the measuring zone, such that
the sensor, i.e. the measuring strand is pre-tensioned to
a desired amount of pre-tension. Pre-tensioning ensures
that in use the measuring strand is always tensioned.
[0011] In use of the strain gauge device the amount of
pre-tension defines a lower limit of a working range of
the sensor. The pre-tension enables the working of the
sensor in an ideal working range.

[0012] An upper limit of the working range is given by
the elastic limit of the band and the sensor or the char-
acteristics of the sensor.

[0013] In use of the strain gauge device the strain of
the band is measured while stretching in the tensioning
direction.

[0014] Preferably the sensor is arranged between a
bending line of the band and the upper side of the band
or on the upper side of the band. Thus, when bending
the band and especially the measuring zone along the
longitudinal direction in a direction towards the underside
into the working shape the sensor is pre-tensioned as
the sensor is arranged radially outwardly of the bending
line.

[0015] Asamatter of completeness itis mentioned that
the sensor is preferably supported by the band before,
during and after the bending of the band by the band,
preferably over at least almost the whole length of the
measuring strand.

[0016] It is also possible to stretch the band, at least
the measuring zone in the longitudinal direction for
changing the shape into the retaining working shape and
thereby pre-tensioning the sensor. In this case, the band
is designed such that at least the measuring zone does
not return to the original form.

[0017] For that purpose it is possible to use shape
memory polymer or polymer networks as known for ex-
ample from document EP 2 783 834 A1 for the production
of the band, especially in the measuring zone.

[0018] Preferably, the band is produced at least in the
measuring zone so as to be curved along the longitudinal
axis in a direction towards the upper side; i.e. a concave
curve. Thus, pre-tension is attainable by bending the
band, especially the measuring zone, in a plane or in a
convex curvature.

[0019] Preferably, the band is stiffened or reinforced
adjacent to the measuring zone. The sensor is fixed to
these stiffened or reinforced regions and the measuring
strand runs from one of these stiffened or reinforced re-
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gions to the other one. Preferably, the measuring strand
is free of fixation to the measuring zone between the two
stiffened or reinforced regions. But on the other hand it
can be preferred that the sensor is also fixed to the band
in the measuring zone between the stiffened or reinforced
regions so that the sensor is at least almost area wide
attached to the band.

[0020] The band is preferably produced as a cell array
structure. It is possible that the stiffness of the cell array
structure in the measuring zone is the same as in regions
outside the measuring zone. However, a lower stiffness
in the measuring zone is preferred. This leads in use of
the stain gauge device to abigger elongation in the meas-
uring zone than in the regions outside the measuring
zone per unit of length and thus to a more precise meas-
urement of the strain and thus the force with which the
band is stressed.

[0021] Preferably, the cell size of the cells in the meas-
uring zone is larger than a cell size outside the measuring
zone. Larger cells have a lower stiffness than smaller
cells. It is possible to produce the cell walls of the larger
cells smaller than the cell walls of the smaller cells to
reduce the stiffness in the measuring zone. However, it
is preferred that the thickness of the walls of all cells is
at least almost equal. This leads to a simpler production.
[0022] The cells preferably have a similar shape in and
outside the measuring zone. But it is also possible to
have different shapes.

[0023] Preferably, the cell array structure is produced
in a honeycomb or an auxetic form at least in the meas-
uring zone.

[0024] When using a cell array structure at least in the
measuring zone, to prevent the return of the band from
the changed shape (for pre-tension) to the original shape
it is possible to insert foam material in cells, preferably
in all cells of the cell array structure in the measuring
zone.

[0025] In the changed shape of the band, the foam
material lies against the walls of the respective cells.
[0026] In case that foam material is not inserted in all
cells, it is preferred that foam material is inserted in the
cells of at least one row of cells - preferably at least two
rows of cells - running at least approximately in the lon-
gitudinal direction. In such a row of cells the respective
cells follow one another as seen in the longitudinal direc-
tion. Preferably, the row of cells is uninterrupted and runs
from one end of the measuring zone to the other end.
[0027] Preferably closed-cell foam is used.

[0028] It is possible to bond the foam material to only
one wall of the cells.

[0029] Further,itis possible to add atleast in the meas-
uring zone, for example also by a 3D-pringing process,
stop arms, having a free end, to walls of cells. The stop
arm spans the respective cell and the free end cooper-
ates with the other wall of the respective cell and supports
this other wall in the changed shape of the band.
[0030] In case that stop arms are not assigned to all
cells, it is preferred that stop arms are assigned to the
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cells of at least one row of cells - preferably at least two
rows of cells - running at least approximately in the lon-
gitudinal direction. In such a row of cells the respective
cells follow one another as seen in the longitudinal direc-
tion. Preferably, the row of cells is uninterrupted and runs
from one end of the measuring zone to the other end.
[0031] Preferably, an electronic unit is arranged in or
on the band whereby electrical connecting lines connect
the sensor and the electronic unit. The electronic unit can
serve to feed the sensor with an electrical current and to
measure the electrical tension between the two ends of
the sensor or vice versa. Thus, the electrical resistivity
of the sensor in dependence of the strain can be meas-
ured. Further, the electronic unit can be designed for the
processing of the signals generated by the sensor and
to communicate with an external device for transmitting
the measuring result.

[0032] For example, the electronic unit can comprise
a microprocessor for continually measuring the blood
pressure of a user for monitoring purposes, as that is
known from document WO 2010/017973 A1, the disclo-
sure of which is introduced into the present disclosure
by reference.

[0033] The band, the sensor and if applicable the con-
necting lines are particularly preferably produced by 3-D
printing or layered manufacturing methods. Layered
manufacturing methods may be employed such as fusion
deposition modeling (FDM), where a thermoplastic may
be melted and deposited in thin layers in order to build
up a 3D structure.

[0034] Preferably, the shape of the band in the meas-
uring zone into the retaining working shape is changed
such that the amount of pre-tension is between 5% and
70%, preferably between 7% and 20%, most preferably
at least approximately 10%.

[0035] Preferably, using for the production of the sen-
sor a material that comprises, preferably is a mixture of
a thermoplastic elastomer (TPE) and carbon black par-
ticles in the amount of 10wt-% - 60wt-%, preferably of
40wt-% - 55wt-%, more preferably at least approximately
50wt-%.

[0036] Preferably, for the production of the sensor a
material is used that comprises, preferably is a mixture
of a thermoplastic elastomer (TPE) and graphene or na-
notube particles in the amount of 2wt-% - 10wt-%, pref-
erably of about 5wt-%.

[0037] Preferably, for the production of the sensor a
material is used that comprises, preferably is a mixture
of a thermoplastic elastomer (TPE) and electrical con-
ductive particles, preferably particles of a metal or other
inorganic material, preferably copper, silver, indium tin
oxide orfluorine tin oxide, in the amount of 10wt-% - 60wt-
%, preferably 40wt-% - 55wt-%, more preferably at least
approximately 50wt-.

[0038] The sensor is preferably produced as to have
a thickness equal to or less than 0.7 mm, preferably be-
tween 0.1 and 0.5 mm, most preferably of at least ap-
proximately 0.3 mm.
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[0039] Preferably, the measuring strand of the sensor
is produced to have a width between 0.1 mm and 2 mm,
preferably between 0.4 mm and 1 mm, and a length be-
tween 7 mm and 20 mm, preferably 8 mm and 15 mm,
especially of at least approximately 10 mm.

[0040] The sensor is preferably produced to comprise
at least two measuring strands arranged at least approx-
imately parallel over the length of the measuring zone
and electrically connected in series, preferably particu-
larly two measuring stands connected at one end by
means of a common connecting strand so that the sensor
has the shape of an U.

[0041] Preferably, the sensor is produced to have a
reversible flexibility of at least 100/150, preferably of at
least 100/200, in particular of at least 100/250.

[0042] The band is preferably produced to have flexi-
bility following the sensor on both sides, as seen in the
tensioning direction, for at least approximately 10 mm,
preferably for at least 15 mm to 20 mm. However, that
flexibility is preferably smaller than the flexibility of the
measuring zone.

[0043] The present invention further concerns an
equipment for continually measuring the blood pressure
of a user for monitoring purposes. The equipment has at
least one pressure sensor suitable for resting against a
site on the external surface of the body of the user, con-
tinuously measuring the pressure at the site influenced
by the blood pressure and generating a corresponding
electrical pressure signal. The equipment comprises a
strain gauge device produced according to the present
invention. The band is suitable for encompassing the
body and holding the pressure sensor against the surface
at the site with safe, functional contact and the strain
gauge device is suitable for continuously measuring the
strain of the band and generating a corresponding elec-
trical band-tension signal. The equipment comprises an
electronic circuit with a current supply, a microprocessor
for establishing a diastolic and a systolic blood-pressure
value from the contact-pressure signal taking into ac-
count the band-tension signal, and an output device for
displaying or outputting the blood-pressure values.
[0044] The equipment is preferably designed as dis-
closed in document WO 2010/017973 A1, the disclosure
of which is herewith introduced by reference, whereby
the strain gauge device corresponds to the present in-
vention.

[0045] Preferably, the electronic circuit energizes the
strain gauge device, i.e. the sensor with a predetermined
current and measures the voltage as described above.
[0046] The invention will be explained in more details
on the basis of the embodiments illustrated in the draw-
ing, in which in a purely schematic fashion,

Fig. 1 shows a first embodiment of a strain gauge
device in topview having a band, two sensors
and an electronic unit;

Fig. 2 shows a longitudinal section of the first em-
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bodiment along cutting line lI-1l of Fig. 1;

shows a cross section of the first embodiment
along cutting line IlI-11I of Fig. 1;

Fig. 3

Fig. 4 shows in top view a second embodiment of
the strain gauge device having one sensor,
wherein the band is produced as a cell array

structure;

shows a cross section of the second embod-
iment along cutting line V-V of Fig. 4;

Fig. 5

shows a cross section of the second embod-
iment along cutting line VI-VI of Fig. 4;

Fig. 6

Fig.7 shows a longitudinal section of a measuring
zone of the band and the sensor of the strain
gauge device, in the upper part after produc-
tion ofthe band and the sensorundin the lower
part after changing the shape of the band for
pre-tensioning the sensor;

Fig. 8 shows a top view of the measuring zone of the
band with a cell array structure in an auxetic
form after production of the band and before
changing the shape of the band for pre-ten-
sioning the sensor;

Fig. 9 shows a top view of the cell array structure of
Fig. 8 after changing the shape of the band for
pre-tensioning the sensor;

Fig. 10  shows a top view of a third embodiment of the
strain gauge device, the band being produced
as a cell array structure in honeycomb form;

Fig. 11 shows a top view of a forth embodiment of the
strain gauge device, the band being produced
as a cell array structure in honeycomb form
and the sensors being produced as a filament
on the upper face side of cells;

Fig. 12  showsintop view an equipment for continually
measuring the blood pressure of a user having
two strain gauge devices;

Fig. 13  shows in top view a further embodiment of the
equipment for continually measuring the blood
pressure of a user having two strain gauge
devices; and

Fig. 14  shows in top view a vital function data device
having one strain gauge device.

[0047] Fig. 1 to 3 show a strain gauge device 10 pro-
duced according to the present invention. The strain
gauge device 10 comprises a flat band 12 having an up-



7 EP 3 067 678 A1 8

per side 14 and an underside 16 and defining a longitu-
dinal direction L.

[0048] The band 12 exhibits on its upper side 14, and
approximately in the middle as seen in the longitudinal
direction L and in cross direction, a circular recess 18 in
which an electronic unit 20 is arranged.

[0049] As seen in the longitudinal direction L, on each
side of the electronic unit 20 a U-shaped sensor 22 is
arranged in a correspondingly formed sensor recess 24
on the upper side 14 of the band 12. The two sensors 22
are mirror-inverted arranged in a distance to the elec-
tronic unit 20.

[0050] From the two free ends of each sensor 22 an
electrical connection line 26 or path runs to the electronic
unit 20. The connections lines 26 are disposed in respec-
tive channels 28 connecting the sensor recesses 24 with
the recess 18 for the sensors 22.

[0051] Each of the sensors 22 has two measuring
strands 30 running parallel to each other in the longitu-
dinal direction L. The two measuring strands 30 of each
sensor 22 are connected in series by means of acommon
connecting strand 32.

[0052] The whole sensor 22 is made integrally in one
piece whereby the ends of the measuring strands 30
averted from the electronic unit 20 are connected to each
other by the connecting strand 32 and the end of the
measuring strands 30 facing the electronic unit 20 are
connected to the electronic unit 20 by means of the con-
nection lines 26.

[0053] The two end regions 34 of each measuring
strand 30 and the connecting strand 34 are fixed to the
band 12, preferably by means of a material bond by using
affine materials for the band 12 and the sensors 22.
[0054] Itis also possible to fix the sensors 22 thus the
measuring strands 30 area wide to the band 12.

[0055] The band 12 constitutes measuring zones 36
running, as seen in the longitudinal direction L, from the
one end region 34 of the measuring strands 32 to the
other end region 34 whereby each sensor 22 runs in the
longitudinal direction L over the dedicated measuring
zone 36. The two measuring zones 36 take the whole
width of the band 12.

[0056] Atthe end regions 34 of the measuring strands
32 the band 12 can be reinforced or stiffened, preferably
in the form of a reinforced region 38 running in the form
of a band across the band 12. The reinforcement can be
produced by a film of a material having a lower elasticity
than the material ofthe band 12 whereby preferably these
two materials are affine so as to build a material bond.
[0057] In the measuring zone 36 the band 12 has flex-
ibility. Outside the measuring zone 36 the band can also
have flexibility whereby in a preferred manner the flexi-
bility outside the measuring zone 36 is lower than in the
measuring zone 36.

[0058] In a preferred embodiment, the band 10 has
flexibility following the sensors 22 on both sides, as seen
in the longitudinal direction L, for at least 10 mm. How-
ever, that flexibility is preferably lower than the flexibility
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of the measuring zone 36.

[0059] A tensioning direction of the band 12 runs in the
longitudinal direction L. The strain of the band 12 is to be
measured by means of the sensors 22 in use of the strain
gauge device 10.

[0060] The stiffness and flexibility of the structured ma-
terial of the band 12 can be tuned in different ways in
relationship to the material of the sensors 22.

[0061] Preferably, the flexibility of the sensor 22 and
thus the measuring strands 32 is always higher than the
flexibility of the band 12; i.e. the modulus of elasticity of
the sensor 22 is preferably smaller than that of the band
12.

[0062] The strain gauge device 10, especially the band
12 and the sensors 22 can be produced by a known lay-
ered manufacturing method. Thereby, the stiffness of the
band 12 can be tuned by increasing the thickness of a
deposited layer in the zones of higher stiffness and by
reducing the thickness of a deposited layer in the zones
of smaller stiffness, i.e. at least in the measuring zones
36.

[0063] It is also possible to use affine materials but
having different stiffness in the receptive zone.

[0064] The strain gauge device 10 can also be pro-
duced by using a known 3D-printing method. Thereby,
preferably a 3D-printing device having at least two noz-
zles, one for the structural material of the band 10 and
the other one for the structural material of the sensors
22 is used.

[0065] Preferably, a 3D-printing device having three
nozzles is used, the third nozzle for the material of the
electrical connection lines 26. This could be a conductive
ink, for example based on silver-nanotubes or particles,
or a conductive polymer based on graphene, carbon na-
notubes, etc.

[0066] For the production of the band 12 and the sen-
sors 22 the materials as disclosed in the introductory por-
tion and in the claims can be used. Preferably, thermo-
plastic elastomer (TPE) is used.

[0067] The band 12 is preferably 10 mm to 20 mm in
width.
[0068] Preferably, the sensor 22 has a thickness of

about 0.5 mm and a length of about 10 mm to 15 mm
and the measuring strands 30 and the connecting strand
32 have a width of about 5 mm

[0069] In any case, the sensors 22 are produced and
attached to the band 12 without pre-tension in either di-
rection, especially in the longitudinal direction L.

[0070] But after the production of the band 12 and the
sensors 22 the shape of the band 12 is changed in such
a retaining working shape that the measuring strands 30
of the sensors 22 are stretched to an amount of pre-
tension.

[0071] Preferably, the pre-tensionis between 10% and
20% as measured in the longitudinal direction L; this ap-
plies to all embodiments.

[0072] For that purpose, it is possible to use for the
band 12 a shape memory polymer or polymer network
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and to extend the band 12 atleastin the measuring zones
36 in the longitudinal direction L into the retaining working
shape as for example disclosed in document EP 2 783
834 A1, the disclosure of which is herewith introduced
by reference.

[0073] Another option is to stretch the band 12 under
tensile loading to expand the structure so that a perma-
nent deformation can then exist in the material of the
band, in particular if a cell geometry is designed in such
a way.

[0074] In the embodiment of the strain gauge device
10 shown in Fig. 4 to 6 the band 12 is produced in the
form of a cell array structure 40. For the production of
such a band 12 preferably a 3D-printing method is used.
[0075] The cells 42 of the cell array structure 40 are
open at the upper side 14 and the underside 16 of the
band 12. Thus, the cells 42 run through the band 12 from
the upper side 14 to the underside 16.

[0076] Inthe measuring zone 36 the cells 42 have the
same shape and cell walls 44 running at right angles to
the longitudinal direction L. These cell walls 44 are in
each case common to two cells following one another in
the longitudinal direction L, whereby the cell walls 44 of
the cells 42 arranged in a row running at right angles to
the longitudinal direction are connected to one another
and are located in a common plane.

[0077] The walls 44 of each cell 42 are connected to
one another by means of two accordion partitions 46 hav-
ing two flat wall parts 48 being connected to one another
and the respective walls 44 by means of integral hinges
50.

[0078] The accordion partitions 46 of each cell 42 are
directed towards each other such that the wall parts 48
enclose an angle of about 90°.

[0079] The cell array structure 40 on both sides of the
measuring zone 36, as seen in the longitudinal direction
L, is different to that in the measuring zone 36. The flex-
ibility in the measuring zone 36 is higher than in the re-
sidual zones of the band 12 outside the measuring zone
36.

[0080] Outside of the measuring zone 36 the band 12
comprises a multiplicity of hexagonal breakthroughs 52.
By varying the cross section of the breakthroughs 52 and
the thickness of the wall 54 between breakthroughs 52
the flexibility of the band 12 can be set.

[0081] Small cross sections of the breakthroughs 52
result in a higher stiffness than bigger cross sections.
Thick walls 54 increase the stiffness relative to thin walls
54.

[0082] Inthe embodiment shown in Fig. 4 to 6 the band
12 has, subsequent the measuring zone 36 on both sides,
alongside each of the margins a row of three break-
throughs 52 having big crosssection. A middle part has
no breakthroughs and there is between the middle part
and the breakthrough 52 along the margins in each case
a further row of breakthrough 56 but with a smaller cross-
section. Thus, in the middle part the band has a small
flexibility compared with the flexibility of the measuring
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zone 36. But, in the margin regions the flexibility is given
for high wearing comfort of the strain gauge device 10
when worn by a user.

[0083] Subsequent the measuring zone 36 the band
12 has on the upper side 14 a stiffening or reinforcing
covering 56 running in the form an band as a film or tape
over the whole width of the band 12. This covering builds
reinforced or stiffened regions 38 to which the end re-
gions 30 of the measuring strands 30 of the sensor 22
are fixed. The sensor 22 has the same structure as the
sensors 22 shown in and described in connection with
Fig. 1 to 3.

[0084] In the embodiment shown in Fig. 4 to 6 the
measuring strands 30 are preferably not fixed to the cell
array structure 40 in the measuring zone 36.

[0085] Thesensor22isproduced and fixed to the band
12 without pre-tension. After the production of the band
12 and the thereto fixed sensor 22 the band is stretched
in the longitudinal direction so that the wall parts 48 of
the accordion partition 46 are aligned at least approxi-
mately in the longitudinal direction.

[0086] This change of the shape of the band 12 in the
measuring zone 36 stretches the measuring strands 30
to the desired amount of pre-tension.

[0087] To prevent the move back of the band 12 from
the changed shape in the original shape it is possible to
insert foam material in cells 42, preferably in all cells 42
of the cell array structure 40 in the measuring zone. In
the changed shape of the band 12, the foam material lies
against the walls 44 of the respective cells 42. Preferably
closed-cell foam is used. It is possible to bond the foam
material to only one wall 44 of the cells 42. Further, it is
possible to add, for example also by a 3D-pringing proc-
ess, stop arms, having a free end, to walls 44. The stop
arm spans the respective cell 44 and the free end coop-
erates with the other wall 44 of the respective cell 42 and
supports this other wall 44 in the changed shape of the
band 12. These possibilities can be used with all cell array
structures 40.

[0088] Inthe embodiment shown in Fig. 4 to 6 the elec-
tronic unit 20 can be disposed in the middle region of the
band 12 at the right side outside the measuring zone 36.
[0089] Fig. 7 shows a further possibility for changing
the shape of the band 12 in the measuring zone 36 into
the retaining working shape 58.

[0090] The upper part of Fig. 7 shows the measuring
zone 36 of the band 12 during production before the
change of the shape.

[0091] The band 12, atleastin the measuring zone 36,
is produced - for example by a 3D-printing method - so
as to be curved along the longitudinal axis, i.e. longitu-
dinal direction L, in a direction towards the upper side
14. Thus the measuring zone 36 is concave.

[0092] The sensor 22 is arranged on the upper side 14
of the band 12 and produced and fixed without pre-ten-
sion.

[0093] A bending line 60 of the band is denoted by a
broken line.
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[0094] Walls 48 of the cell array structure 40 in the
measuring zone 36 are shown in profile.

[0095] Forchangingthe shape ofthe band 12, the band
12 is bent into a convex curvature as indicated by the
arrows and shown in the lower part of Fig. 7. The retaining
working shape in which the measuring strands 30 are
and thus the sensor 22 is pre-tensioned to the desired
amount is denoted by reference numeral 58.

[0096] A such production of the band 12 and sensor
22 and a such bending procedure can also be used for
the embodiment of Fig. 1 to 6.

[0097] Inthe embodiment shown in Fig. 7 itis possible
to prevent the move back of the band 12 from the changed
shape in the original shape by means of foam material
or stop arms as described above, too.

[0098] Fig. 8 and 9 show the cell array structure 40 in
the measuring zone 36 in an auxetic form, in Fig. 8 before
and in Fig. 9 after changing the shape of the band 12 into
the retaining working shape 58.

[0099] Accordion partitions 46 run in the longitudinal
direction L whereby adjacent accordion partitions 46 are
laterally reversed designed.

[0100] Cell walls 44 are in each case connected to the
integral hinges 50 connecting two wall parts 48 and in
fact there where adjoining wall parts 48 enclose an acute
angle.

[0101] When stretching the measuring zone 36 in the
longitudinal direction L the accordion partitions 46 move
in essentially straight planes running in the longitudinal
direction L as shown in Fig. 9.

[0102] Also in the embodiment shown in Fig. 8 and 9
it is possible to prevent the move back of the band 12
from the changed shape (for pre-tension) in the original
shape by means of foam material or stop arms as de-
scribed above.

[0103] Forasuchcellarray structure 40 the production
and shape changing of the strain gauge device 10 as
shown in and described in connection with Fig. 7 can
also be used.

[0104] Fig. 10 shows an embodiment of the strain
gauge device 10 with a band 12 produced as a cell array
structure in a honeycomb form. The cell size of the cells
42 in the measuring zone 36 is larger, for example about
five times larger, than the cell size of the cells 42 outside
the measuring zone 36. Thus the flexibility of the band
12 in the measuring zone is greater than in the zones
outside the measuring zone 36.

[0105] The end regions 34 of the measuring strands
30 and the connecting strand 32 are fixed to the face side
of the walls 54 of honeycomb cells of smaller dimensions
adjacent the measuring zone 36. They can further be
fixed to the face side of the wall parts of the cells 42 of
the measuring zone 36 joining the cells of smaller size.
[0106] However, it is further possible to reinforce or
stiffen the band 12 at least on the upper side 14 in the
regions adjoining the measuring zone 36 and to fix the
end regions 34 of the measuring strands 32 to these re-
inforced regions 38.
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[0107] The electrical connection lines 26 connecting
the sensor 22 with the electronic unit 20 can be designed
and produced as described below in connection with Fig.
11.

[0108] The band 12 of the strain gauge device 10
shown in Fig. 11 has the same design as that in Fig. 10.
[0109] The two sensors 20 of the strain gauge device
10 shown in Fig. 11 are not anymore designed in a lam-
inar form as shown for example in Fig. 10, but they are
designed in the form of a filament fixed to the upper face
side of the walls 54 running approximately in the longi-
tudinal direction L of in each case two honeycomb cells
42 following each other in the longitudinal direction in the
measuring zone 36. These portions of the filament form
the measuring strands 30 of the sensors 22. A connecting
strand 32 connecting the measuring strands 30 is ar-
ranged at the face side of a wall 54 of the second hon-
eycomb cell 42 running at right angles with respect to the
longitudinal direction L.

[0110] The electrical connection lines 26 leading from
the measuring strands 30 of the sensors 22 to the re-
spective electronic unit 20 are arranged at the upper face
side of cell walls 54 of cells 42 outside the measuring
zone 36.

[0111] The sensors 22 and connection lines 26 of this
type can be produced by a 3D-printing method, too.
[0112] For changing the shape of the band 12, at least
in the measuring zone 36, into the retaining working
shape 58 stretching or bending can be used as disclosed
above.

[0113] The walls 54 of allhoneycomb cells 42 can have
the same thickness. But it is also possible, as shown in
Fig. 10 and 11, to produce the walls 54 of the cells 42 in
the measuring zone 36 thicker than outside. However,
the elasticity of the measuring zone 36 remains greater
than outside due to the larger cell size.

[0114] Itis to be noted that the band 12 can be longer
than shown in Figures.

[0115] Itis also possible that the ends of the band 20
are connected with a band extension and/or a lock, pref-
erably this band extension is flexible.

[0116] Strain gauge devices 10 according to the
present invention are suited for continually measuring
physiological parameters of a user such as pulse, breath-
ing, activity of muscles and so on, for monitoring purpos-
es. Thus, they can be vital data monitoring devices.
[0117] Figure 12 shows an equipment 62 for continu-
ally measuring the blood pressure of a user for monitoring
purposes.

[0118] The equipment 62 comprises a housing 64 with
a bearing plate atthe underside beyond which a pressure
sensor 66 protrudes. The pressure sensor 66 is suitable
for resting against a site on the external surface of the
body of the user, in the present case on the surface of
an arm, for continuously measuring the pressure at the
site influenced by the blood pressure and for generating
a corresponding electrical pressure signal.

[0119] At the housing 64 the ends of two parts of the
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band 12 are fixed. The band 18 in form of a wristband is
suitable for encompassing the arm and holding the pres-
sure sensor 66 against the surface at the site with safe,
functional contact. Each of these two parts of the band
12 constitutes a strain gauge device 10 - aso called band-
tension sensor - for continuously measuring the tensile
stress in the band 12 and generating a corresponding
electrical band-tension signal or band-strain signal.
[0120] The electronic unit 20 with a current supply, a
microprocessor for determination of a diastolic and systo-
lic blood-pressure value from the pressure signal, taking
into account the band tension signal/band strain signal,
and an output device for displaying or outputting the
blood-pressure values, is arranged in the housing 64.
[0121] Such an equipment 62 - with the exception of
different strain gauge devices 10 - is disclosed in the
document WO 2010/017973 A1 the disclosure of which
is hereby introduced into the present disclosure by ref-
erence.

[0122] In the embodiment shown in figure 12 each of
the two strain gauge devices 10 comprises band 12 and
a sensor 22 attached to the band 12 for measuring the
strain and thus the mechanical tension in the band 12.
These strain gauge devices 10 are produced according
to the presentinvention. They can be designed according
to Fig. 1 to 11 and the respective disclosure whereby
each strain gauge device 10 comprises one sensor 22.
The sensors 22 are connected to the electronic unit 20
by means of wires or the electrical connection lines 26.
[0123] The sensors 22 change the electrical resistivity
in dependence of the applied strain.

[0124] For measuring the electrical resistivity of the
sensors 22 and thus the change of the electrical resistivity
of the sensors 22 in dependence of the stain, the sensors
22 are connected with a current supply or a current
source of the electronic unit 20 via the wires or electrical
conductor lines 26 so that the sensors 22 are flown
through by a predefined electrical current. A voltage
measuring portion of the electronic unit 20 continually
measures the voltage between the wires or electrical con-
nection lines 26, respectively, and inputs the voltage-val-
ues to the microprocessor. In this case, the voltage be-
tween the two ends of the sensors 22, i.e. the wires or
electrical connection lines 26 is proportional to the elec-
trical resistivity. Thus, a simple measurement of this volt-
age delivers a proportion of the strain.

[0125] In the equipment 62 as shown in Fig. 12, the
electrical band-tension signals/band-strain signals pro-
duced by the sensors 22 of the two strain gauge devices
10 are preferably independently analysed and compared
by the microprocessor in order to enhance the reliability
and thus then accuracy of the blood pressure values.
[0126] However, the equipment 62 can be equipped
with only one strain gauge device 10.

[0127] The equipment shown in Fig. 13 corresponds
to that of Fig. 12 with the difference that the free end
regions 34 of measuring strands 32 of the sensors 22
are situated just adjacent the housing 64. The strain
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gauge devices 10 can be designed such as shown in Fig.
4, 10 or 11 whereat the band 12 ends and is connected
with the housing 64 with the stiffened regions 38 to which
the free end regions 34 of the measuring strands 30 are
fixed.

[0128] Wires or electric connection lines 26 connect
also in this embodiment the electronic unit 20 with the
sensors 22.

[0129] The equipment 62’ shownin Fig. 14 - also a vital
function data device as the equipment 62 - comprises a
strain gauge device 10 produced according to the present
invention. It can comprise one sensor 22 as also shown
in Fig. 4 and 10 or one of the sensors 22 shown in Fig. 11.
[0130] The sensor 22 can be arranged at a distance
to the electronic unit 20 or directly next to the electronic
unit 20 as disclosed in connection with Fig. 13.

[0131] The electronic unit 20 is preferably arranged in
a housing 64’ that is arranged in the band 12 as for ex-
ample shown in Fig. 1 or on the upper side 14 of the band
12.

[0132] The band 12 is suitable for encompassing the
external surface of the body of the user at a desired site
and with tensile stress so that the vital function data de-
vice, i.e. the equipment 62’ is safely held at the site in-
fluenced by the respective function of the body of the
user to be monitored.

[0133] The strain gauge device 20 is in this case as so
called band-tension sensor for continuously measuring
tensile stress in the band 12 and generating a corre-
sponding electrical band-tension signal or band-strain
signal.

[0134] The electronic unit 20 with the current supply,
the microprocessor for determination of desired values
from the band-tension/band-strain signal and the output
device for displaying or outputting the values, is arranged
in the housing 64.

[0135] For measuring the electrical resistivity of the
sensor 22 and thus the change of the electrical resistivity
of the sensor 22 in dependence of the strain, the sensor
22 is connected with the current supply so that a defined
electrical current flows through the sensor 22. The elec-
tronic unit 20 comprises means for measuring the voltage
between the two wires and electrical connection lines 28,
respectively, and thus the voltage across the sensors 22.
[0136] This voltage is led to the microprocessor and is
proportional to the electrical resistivity of the sensor 22
and thus the change of the voltage is also a proportion
tothe change ofthe electrical resistivity due to the change
of the strain. Thus, a simple measurement of this voltage
delivers a proportion of the strain.

[0137] Preferably, the two ends of the band 12 as
shown in the Fig. 1 to 14 are connected with an elastic
band - i.e. a prolongation -, that is suitable to encompass
together with the band 12 the external surface of the body
of user.

[0138] The amount of pre-tension of the sensors 22
due to the change of the shape of the band 12 defines a
lower limit of the working range of the sensors 22. An
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upper limit of the working range is given by the respective
properties of the band.

[0139] In use the strain gauge device 10 works in the
working range.

Claims

1. A method for producing a strain gauge device (10)
comprising the steps of producing a band (12) having
an upper side (14), an underside (16), defining a ten-
sioning direction (L) running in the longitudinal direc-
tion of the band (12) and having flexibility in a meas-
uring zone (36), producing a sensor (22) comprising
at least one elongate measuring strand (30) chang-
ing electrical resistivity in dependence of the strain
and arranging the sensor (22) without pre-tension at
or in the band such that the measuring strand (30)
runs at least almost in the tensioning direction from
one end to the other end of the measuring zone (36),
changing the shape of the band (12) at least in the
measuring zone (36) into a retaining working shape
(58) and thereby stretching the measuring strand
(30) to an amount of pre-tension, whereat the
amount of pre-tension defines a lower limit of a work-
ing range of the sensor (22).

2. The method according to claim 1, characterized by
arranging the sensor (22) at a distance to a bending
line (60) of the band (12) towards the upper side (14)
and thereafter, for changing the shape of the band
(12) in the retaining working shape (58), bending the
band (12) at least in the measuring zone (36) along
the longitudinal direction (L) in a direction towards
the underside (16) so that thereafter the sensor (22)
is arranged radially outwardly of the bending line
(60).

3. The method according to claim 1, characterized by
mounting the sensor (22) to the upper side (14) of
the band (12), then, for changing the shape of the
band (12) in the retaining working shape (58), bend-
ing the band (12) at least in the measuring zone (36)
along the longitudinal direction (L) in a direction to-
wards the underside (16) so that thereafter the sen-
sor (22) is arranged radially outwardly of the band
line (60).

4. Themethod accordingto claim 2 or 3, characterized
by producing the band (12) at least in the measuring
zone (36) with a curve along the longitudinal direction
(L) directed towards the upper side (14).

5. The method according to claim 1, characterized by
stretching the band (12) in the longitudinal direction
(L) at least in the measuring zone (36) for changing
the shape of the band in the retaining working shape
(58).
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6.

10.

1.

12.

13.

14.

15.

16.

The method according to one of the claims 1 to 5,
characterized by forming stiffened or reinforced re-
gions (38) in the band (12) or on the upper side (14)
of the band (12) adjacent the measuring zone (36)
and attaching the sensor (22) preferably exclusively
to these reinforced regions (38).

The method according to one of the claims 1 to 6,
characterized by attaching the sensor (20) area-
wide to the band (12) and the stiffened or reinforced
regions (38) if applicable.

The method according to one of the claims 1 to 7,
characterized by producing the band (12) as a cell
array structure (40), in the measuring zone (36) the
cells (42) having at most the same preferably a lower
stiffness than outside the measuring zone (36).

The method according to claim 8, characterized by
producing the cells (42) in the measuring zone (36)
with a larger cell size than a cell size outside the
measuring zone (36), preferably the thickness of the
walls (44, 46, 48) of the cells (42) being at least al-
most equal.

The method according to claim 8 or 9, characterized
by producing the cells (42) having a similar shape
in and outside the measuring zone (36).

The method according to claim 8 or 9, characterized
by producing the cells (42) having in the measuring
zone (36) a different shape than outside the meas-
uring zone (36).

The method according to one of the claims 8 to 11,
characterized by producing the cell array structure
(40) in a honeycomb or an auxetic form.

The method according to one of the claims 1 to 12,
characterized by arranging an electronic unit (20)
in or on the band (12) and connecting the sensor
(22) and the electronic unit (20) by means of electri-
cal connecting lines (26).

The method according to one of the claims 1 to 13,
characterized by producing the band (12), the sen-
sor (22) and if applicable the connecting lines (26)
by a 3-D printing or layered manufacturing method.

The method according to one of the claims 1 to 14,
wherein the measuring strand (30) is stretched to an
amount of pre-tension between 5% and 70%, pref-
erably between 7% and 20%, most preferably at
least approximately 10%.

The method according to one of the claims 1 to 15,
wherein for the production of the sensor (22) a ma-
terial is used that comprises, preferably is a mixture
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18.

19.

20.

21.

22.

23.

24.
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of athermoplastic elastomer (TPE) and carbon black
particles in the amount of 10wt-% - 60wt-%, prefer-
ably of 40wt-% - 55wt-%, more preferably at least
approximately 50wt-%.

The method according to one of the claims 1 to 16,
wherein for the production of the sensor (22) a ma-
terial is used that comprises, preferably is a mixture
of a thermoplastic elastomer (TPE) and graphene or
nanotubes particles in the amount of 2wt-% - 10wt-
%, preferably of about 5wt-%.

The method according to one of the claims 1 or 17,
wherein for the production of the sensor (12) a ma-
terial is used that comprises, preferably is a mixture
of a thermoplastic elastomer (TPE) and electrical
conductive particles, preferably particles of a metal
or other inorganic material, preferably copper, silver,
indium tin oxide or fluorine tin oxide, in the amount
of 10wt-% - 60wt-%, preferably 40wt-% - 55wt-%,
more preferably at least approximately 50wt-.

The method according to one of the claims 1 to 18,
wherein the sensor (22) is produced with a thickness
equal to or less than 0.7 mm, preferably between 0.1
and 0.5 mm, most preferably of at least approximate-
ly 0.3 mm.

The method according to one of the claims 1 to 19,
wherein the measuring strand (30) of the sensor is
produced with a width between 0.1 mm and 2 mm,
preferably between 0.4 mmand 1.0 mm, and alength
between 7 mm and 20 mm, preferably 8 mm and 15
mm, especially of at least approximately 10 mm.

The method according to one of the claims 1 to 20,
wherein the sensor (22) is produced as to have at
least two measuring strands (30) arranged at least
approximately parallel over the length of the meas-
uring zone (36) and electrically connected in series,
preferably particularly two measuring stands (30)
connected at one end by means of a common con-
necting strand (32) so that the sensor (22) has the
shape of an U.

The Method according to one of the claims 1 to 21,
wherein the sensor (22) is produced as to have a
reversible flexibility of at least 100/150, preferably of
at least 100/200, in particular of at least 100/250.

The method according to one of the claims 1 to 22,
wherein the band (12) is produced as to have flexi-
bility following the sensor (22) on both sides, as seen
in the tensioning direction and the longitudinal direc-
tion (L), for at least approximately 10 mm, preferably
for at least 15 mm to 20 mm.

Equipment for continually measuring the blood pres-
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10

sure of a user for monitoring purposes, with at least
one pressure sensor (66) suitable for resting against
a site on the external surface of the body of the user,
continuously measuring the pressure at the site in-
fluenced by the blood pressure and generating a cor-
responding electrical pressure signal; and a strain
gauge device (10) produced according to one of the
claims 1 to 23, wherein the band (12) is suitable for
encompassing the body and holding the pressure
sensor (66) against the surface at the site with safe,
functional contact; and the strain gauge device (10)
is suitable for continuously measuring the strain of
the band (12) and generating a corresponding elec-
trical band-tension signal; and an electronic unit (20)
with a current supply, a microprocessor for estab-
lishing a diastolic and a systolic blood-pressure value
from the contact-pressure signal taking into account
the band-tension signal, and an output device for
displaying or outputting the blood-pressure values.
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