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o (57) Abstract: This invention relates generally to elastomeric sensors of the type where two electrodes are placed on opposite sides
of an elastomeric corrugated core. More specifically, this invention relates to the application of such sensors as a shear force sensor
structure. It is a task of this invention to disclose a device, by means of which elastomeric sensors can be used for sensing shear

forces.
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Structure for shear force sensing

This invention relates generally to elastomeric sensors of
the type where two electrodes are placed on opposite sides
of an elastomeric corrugated core. More specifically, this
invention relates to the application of such sensors as a

shear force sensor structure.

Examples of such sensors exist, where the basic elements
often are a strain gauge consisting of resistive elements
composing each side of a bridge formation, like a Wheat-
stone bridge circuit. The resistive elements are charac-
terized by a change in resistance, when forces, like a
shear force, are applied thereto. In the application DE
100 40 287 Al four such strain gauges are placed plane and
orthogonal to each other on a sheet, and each consists of
two connected bridges placed mutual diagonal on the sheet.
The idea to place several strain gauges in such a forma-
tion, is to eliminate the influence of parasitic forces

and moments on the measurements.

It is the subject of this invention to eliminate the need
of strain gauges, and to produce a cheap and easily manu-
factured shear force sensor, based on the fact that the
capacity alters when the distance between the to elec-
trodes and/or the area of the two electrodes of a capaci-

tor are changed.

Elastomeric actuators with a corrugated core, and having
anisotropic properties, are known from DE 100 54 247 C2.
The actuator described in DE 100 54 247 C2 has an elas-
tomeric corrugated core, onto which an electrode is depos-
ited by for example physical vapor deposition processes.

The electrode, evaporated onto opposite sides of the core,

CONFIRMATION COPY
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onto which an electrode is vaporised. The electrode, va-
porised onto opposite sides of the core, will follow the
corrugation, and will therefore give the actuator a higher
ability of deformation in a direction across the corruga-
tion, than in a direction along the corrugation. Conse-
quently, when an electrical field is applied to two oppo-
site electrodes, forcing the two electrodes towards each
other, the thickness of the core will decrease, and con-
vert into an extension only in the direction across the

corrugation.

The actuator of DE 100 54 247 C2 will also work as a ca-
pacitive sensor, described in PCT/DK02/00861. Mechanical
deformation or influence in one direction across the cor-
rugation will be converted into a variation in thickness
and the area, and this will change the distance to area
ratio, and thus the capacitance, between the two elec-

trodes on opposite sides.

It is an object of this invention to disclose a device, by
means of which elastomeric sensors can be used for sensing
shear forces. This object could be achieved in that the
shear force sensor is made as a structure comprising a
base plate, at least one pair of planes positioned around
a centre plane, saild centre plane raised as a normal to
said base plate, each of said pair of planes comprising:

- a first plane inside the structure having defined on it
a first and a second endline, said two endlines placed
at different vertical distances relative to said base
plate and different horizontal distances relative to
sald centre plane,

- a second plane inside the structure opposing said first
plane through said centre plane and having defined on it
a first and a second endline, said two endlines placed

at different vertical distances relative to said base
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plate and different horizontal distances relative to

said centre plane,
where the first and second planes do not necessarily have
identical profiles, and where the first plane and the sec-
ond plane are provided with similar elements, each element
consisting of an elastomeric core with a compliant elec-
trode on each side. The corrugation of the elastomeric
sensors runs along the base plate and the centre plane,
deformations across the centre plane being converted into

dimension variations in each of the two elements.

In a prefered embodiment of the invention, the shear force
sensor consists of multiples of such pairs of first and
second planes, where the first plane of a second pair is
following in succession of the second plane of a first

pair.

Preferably the structure can be formed as a massive elas-
tomeric body, moulded with the two elements inside. This
will give the structure a high degree of deformation, de-
pending on the elastomeric material, and thus the shear
force sensor could be useful in applications with a low

level of forces, but at high relative deformation.

In one specific embodiment the structure could be moulded
as only one unit, where only the two elements are forming
the first and second plane inside the structure. This will
provide a very simple structure, which in production will

be easy to handle.

In another specific embodiment of the invention the elas-
tomeric body can be formed by a bottom part and a top

part, where the geometry of the bottom and top part forms
the first and the second plane. Further gspecific, the bot-

tom and the top part are separate sub-structures, which
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are assembled with the two elements between them in a way
that provides an interlock of the two sub-structures.
Hereby a multi-element structure is provided, and the
shear force sensor is formed upon assembly of the sub-

structures.

As the structure is a sensor element, it is preferable
that the capacitance of each of the elements is detect-
able. Detection of the capacitance difference could give
the sensor signal, depending on the level of shear forces
and shear deformation. An advantage obtained through dif-
ference sensing, is that influences from temperature |
variations, influences from force or deformations in other
directions than pure shear force, or the like will have
same impact on both elements, and therefore have no influ-

ence on the difference detection.

In a specific embodiment of the invention, the two ele-
ments could be mounted or fixed in a loaded position, when
the structure is in an unstressed situation, meaning that
an increase as well as a decrease in capacitance is de-
tectable. When an element is in an unloaded position, the
capacitance can only be increased through an extension of
the element across the direction of the corrugation, as a
reduction of the element beyond the no-load position is
impossible. This could be overcome by pre-loading each

element.

It is preferable that only deformations in said shear

force direction is detectable. This could reduce detection
errors from forces in other directions than the pure shear
forces. Despite this the invention is not to be limited to
detecting shear forces alone. The sensor may measure shear

force by detecting a change in the capitance difference,
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or a normal force by detecting a change in the sum of ca-

pacitances.

In yet another specific embodiment of the invention, the
structure could further comprise an electronic circuit,
and yet further the electronic ciréuit could be connected
with each element to perform the force detection. Hereby
is achieved that the structure exposes a complete sensor
unit, where the output signal corresponds directly to the

shear force.

Now having described the invention in general terms, a de-
tailed embodiment of the invention will be described with

reference to the drawings, showing:

Fig. 1: An exploded view of a multi-element structure

Fig. 2: The multi-element structure of figure 1 assembled

Fig. 3: The shear force sensor block in a sensing posi-
tion

Fig. 4: The shear force sensor block in another sensing
position

Fig. 5: The shear force sensor made of two blocks.

Fig. 6: Sideview of a second embodiment of the shear
force sensor.

Fig. 7: Sideview of a third embodiment of the shear force

sSensor.

Figure 1 shows a structure, generally indicated as posi-
tion 1, in an exploded view. The structure comprises a
bottom part 2, a top part 3 and elements 4 and 5, each
formed as an elastomeric sensor with a corrugated core.
Two axes 6 and 7 are indicated on figure 1, by means of

which the geometry of the structure is to be explained.
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The bottom part 2 has a base plate 8, and on the opposite
surface a first plane 9 and a second plane 10 are formed.
The two planes 9 and 10 in this embodiment are facing each
other through a centre plane, the centre plane being the

plane with the axes 6 and 7.

The top part 3 has a bottom surface with a geometry simi-
lar to that of the top surface of the bottom part 2, and

between the top part 3 and the bottom part 2, the two ele-
ments 4 and 5 are placed on the two planes 9 and 10. Put-
ting the elements of figure 1 together will give figure 2

as result.

On each plane is defined a first endline 14 and a second
endline 15, where it is seen that the first endline 14 is
placed above the second endline 15, and the first endline
14 is placed closer to the normal plane 7 than the second

endline 15.

The structure of figure 2 has been explained through an
exploded view in figure 1, simply for the explanation. The
preferred embodiment is a homogenous structure, moulded in
one piece with the two elements 4 and 5 fixed in position
before the structure is moulded. This will give the struc-
ture of figure 2, with the two elements 4 and 5 inside the
structure. Wiring be;ween an electronic circuit and the
electrodes on each element of 4 and 5 are not shown in
figures 1 and 2, and the electronic circuit itself ig not
shown either. Applying this is simply a matter of using
known techniques, and shall therefore not be subject to

further explanation.

The defined endlines 14 and 15 are seen to have different

vertical distances to the base plate 26, and different
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horizontal distances to the center plane defined by the

axis 6 and 7.

Figure 3 shows the shear force sensor 1 in a sensing posi-
tion, where pure shear forces are applied as a couple in-
dicated as positions 12 and 12’. The couple 12 and 12’
will increase element 4 and decrease element 5, whereby
the capacitance of element 4 is increased and the capaci-
tance of element 5 is reduced. Figure 4 shows another
sensing position where a couple 13 and 13’ are applied as
pure shear force. In figure 4, the element 4 is decreased
and element 5 is increased, whereby the capacitance of
element 4 is reduced and the capacitance of element 5 is

increased.

On figure 5 a shear force sensor is illustrated comprising
two pairs of planes of the type shown in figure 1. The
view is here from the side and the electrodes are not
shown. A first pair 20 consists of the two planes 21 and
22, the second pair 23 consists of the two planes 24 and
25. The pairs are positioned so that the first plane 24 of
the second pair 23 follows in succession of the second
plane 22 of the first pair 20. Any number of such pairs as

20 and 23 may be used in the shear force sensor.

Figure 6 shows a sideview of a second embodiment of the
invention, dimensions not being correct, where the two op-
posing planes 16 and 17 are facing each other through the
center plane, the black parts 18 and 19 being the elec-
trodes (the corrugations not shown). Here the profile
takes on a curved shape. The two planes 16 and 17 are

shown not to be symmetrical around the normal plane.

Figure 7 shows a sideview of a third embodiment of the in-

vention, wheré endpoints 30 and 31 of the first plane 33
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not are at the same vertical level as the endpoints 34 and

35 of the second plane 36.
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Claims

Shear force sensor made as a structure comprising a
base plate, at least one pair of planes positioned
around a centre plane, said centre plane raised as a
normal to said base plate, each of said pair of
planes comprising:

- a first plane inside the structure having de-
fined on it a first and a second endline, said two
endlines placed at different vertical distances
relative to said base plate and different horizontal
distances relative to said centre plane,

- a second plane inside the structure facing
said first plane through said centre plane and hav-
ing defined on it a first and a second endline, said
two endlines placed at different vertical distances
relative to said base plate and different horizontal
distances relative to said centre plane,
where gaid first plane and said second plane are
supplied with similar elements, each element con-
sisting of an elastomeric core with a compliant

electrode on each side.

Structure in accordance with claim 1, characterised
in that it forms a massive elastomeric body, moulded

with said pairs of elements inside.

Structure in accordance with claim 2, characterised
in that said pairs of elements are forming said

first and second plane inside said structure.
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Structure in accordance with claim 1, characterised
in that said body is formed by a bottom part and a
top part, and where the geometry of said bottom and

top part forms said first and second plane.

Structure in accordance with claim 4, characterised
in that said bottom and said top part are separate
sub-structures, which are assembled with said two
elements between them in a way that provides an in-

terlock of the two sub-structures.

Structure in accordance with claim 1, characterised
in that the capacitance of each of said elements is

detectable.

Structure in accordance with claim 6, characterisged
in that shear forces relative to said centre plane
induce deformations, which will influence said ca-

pacitance.

Structure in accordance with claim 7, characterisged
in that said influence on said capacitance is de-

tectable.

Structure in accordance with claim 8, characterised
in that an increase as well as a decrease in capaci-

tance is detectable.

Structure in accordance with claim 7, characterised
in that only deformations in said shear force direc-

tion is detectable.

Structure in accordance with claim 1, characterised

in that it further comprises an electronic circuit.
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12. Structure in accordance with claims 11 and 6, char-
acterised in that said electronic circuit is con-

nected with each element to perform said detection.

5 13. Structure in accordance with claim 7, characterised
in that said structure is formed of an elastomeric
material with characteristics in accordance with the
magnitude of the mechanical stress in the applica-

tion.
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