/048700 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
12 June 2003 (12.06.2003)

PCT

(10) International Publication Number

WO 03/048700 A2

(51) International Patent Classification’: GO01G 3/12,

GO1L 1/14, 1/22
(21) International Application Number: PCT/DK02/00826
(22) International Filing Date: 7 December 2002 (07.12.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

PA2001 01822 7 December 2001 (07.12.2001) DK
PA2002 00298 27 February 2002 (27.02.2002) DK
PCT/DK02/00182 19 March 2002 (19.03.2002) DK

(71) Applicant and
(72) Inventor: EILERSEN, Nils Aage, Juul [DK/DK]; Go-
engehusvej 226, DK-2950 Vedbaek (DK).

(81) Designated States (national): AE, AL, AM, AT, AU, BA,
BB, BG, BR, BY, CA, CH, CN, CZ, DE, DK, EE, ES, FI,
GB, GE, HR, HU, ID, I, IN, IS, JP, KP, KR, KZ, LU, LV,
MK, MX, NO, NZ, PH, PL, PT, RO, RU, SE, SG, SK, TR,
UA, US, UZ, VN, YU, ZA.

(84) Designated States (regional): Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT,

LU, MC, NL, PT, SE, SI, SK, TR).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SEALED LOAD CELL

g (57) Abstract: The invention relates to a precision load cell with an elastic body comprising a base end, a load or force receiving
part and two or more beams connecting said base end and said load or force receiving part. At least one of the beams constitutes a
lever connecting the load or force receiving part and a flexible wall of a sensor cavity placed in the base end. The flexible wall is
adapted for undergoing deformation as the result of a displacement of the load or force receiving part through an action of the lever,
and the sensor means are adapted for measuring the deformation of the flexible wall or the strain in the flexible wall.

=



10

15

20

25

30

35

40

45

50

WO 03/048700 PCT/DK02/00826

Sealed load cell

The invention relates to load cells for measuring mechanical loads and forces, comprising
an elastic body fitted with sensors for measuring the strain in the elastic body or the
deformation of the elastic body in response to the load or force to be measured.

A large group of low cost and low precision load or force sensors exists, where elastic
bodies of various shapes, such as discs or wheels with spokes, are fitted with various strain
gage-, inductive-, capacitive- or optical sensors.

These load or force sensors are dependent on the point of application of the load or force
and are mostly used in OEM applications as simple force sensors, accelerometers and joy
sticks.

The invention relates more specifically to a precision load cell with an elastic body
comprising a base end, a load or force receiving part, two or more beams connecting said
base end and said load or force receiving part, and sensor means adapted for sensing the
strain in the elastic body or the deformation of the elastic body, due to the load or force to
be measured.

The standard type of load cell used by most manufacturers for production of precision
strain gage beam load cells is designed as the well known and classic Roberval mechanism
with a high strength aluminium elastic body, containing a base end for mounting the load
cell on a supporting structure, a load or force receiving part where a load or force may be
applied and two beams connecting the base end and the load receiving part.

Often a third beam is introduced between the two aforementioned beams.

Strain gages are applied in positions on the beams where the strains, produced by the load
or force to be measured, have their maximum and minimum values.

Through the years this concept has been developed to provide rather high accuracies, but
the normal procedure of potting the strain gages with silicone rubber to try to avoid the
problems with failed bonding and decreasing insulation resistance, resulting from
humidity in the environment, and the inherent sensitivity to overloads of the strain gage
technology, means that this type of load cell is not suitable for tough industrial
environments.

Furthermore the extra process steps necessary for interconnecting strain gages distributed
along one or more beams and connecting them to the signal cable followed by the potting
process is rather time consuming and costly.

It is the object of the invention to provide load cells of the aforementioned precision type,
fitted with sensor means which, mounted in sealed cavities, measures the load or force
applied to the load cell, with a high precision in industrial environments.

According to the invention this object is achieved by a load cell of the initially mentioned
precision type, wherein at least one of said beams constitutes a lever connecting the load
or force receiving part and a flexible wall of a sensor cavity placed in the base end, said
sensor cavity includes said sensor means, said flexible wall being adapted for undergoing
deformation as the result of a displacement of the load or force receiving part through an
action of said lever, and said sensor means being adapted for measuring the deformation
of the flexible wall or the strain in the flexible wall.
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This way and according to the invention the load or force to be measured may be
measured by a number of sensor types all separated from the surrounding environment by
walls of the sensor cavities thereby enabling the load cell to function in tough
environments

In a preferred embodiment of a load cell according to the invention, said sensor cavity
includes a plurality of sensors for measuring the deformation of the flexible wall or the
strain in the flexible wall.

An important advantage by this embodiment is the possibility of averaging temperature
effects and also by providing the means for compensation of the effects of bending forces
by adjusting the relative sensitivity of the sensors.

In an embodiment of a load cell according to the invention, sensor means are mounted on
a surface of a sensor carrier, said surface facing the flexible wall, for measuring the
deformation of the flexible wall.

This embodiment provides a sensor system, which because of a well defined distance
between each of the different sensor parts, is simple to install in the load cell, especially if
said surface is flat.

Furthermore an electronic measuring module may be integrated on the backside of the
Sensor carrier.

In still another load cell according to the invention, sensor means are mounted on a sensor
carrier, which again is mounted on a stud, substantially perpendicular to the flexible wall.
This load cell is simple to adjust as the gaps between the sensors and the corresponding
walls of the sensor cavity are easily accessible.

Also in this embodiment an electronic measuring module may be integrated on the
backside of the sensor carrier.

In a preferred embodiment of a load cell according to the invention, the sensor means
includes a sensor system comprising a number of fins, mounted on and substantially
perpendicular to the flexible wall, with sensors placed on one or more of the fins and
being adapted for measuring the deformation of the flexible wall.

The advantage obtained by this embodiment is a very high sensitivity to the measured load
and forces and a high degree of insensitiveness to stresses from mounting the load cell on
its support.

In another preferred embodiment of a load cell according to the invention, the sensor
means includes a sensor system comprising a number of fins, mounted on and
substantially perpendicular to the flexible wall, with sensors placed between one or more
of the fins and being adapted for measuring the deformation of the flexible wall.

The advantage obtained by this embodiment is also a very high sensitivity to the measured
load and forces and an easy adjustment of the sensors as the gaps between the sensors and
the corresponding fins are easily accessible.

In the embodiments of load cells, according to the invention, utilizing a number of fins,
the width of the levers and the fins are smaller than the width of the sensor cavity,
whereby the flexible wall is allowed to be deformed in the area between the inner wall of
the sensor cavity and the edges of the levers and the fins.
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In the embodiments of load cells, according to the invention, utilizing a number of fins,
the fins may advantageously be separate units mounted on the flexible wall.

Hereby the advantage is obtained that the machining of the rather delicate fins is avoided
and substituted by an assembly process of the separate fin units, either to short stubs
machined on the flexible wall or directly to the flexible wall for lowest possible costs.

In another preferred embodiment of load cells, according to the invention, the sensor
means comprises one or more strain sensors mounted on the flexible walls for measuring
the strain in the flexible walls.

The advantage obtained by this embodiment is due to the closed sensor cavity, which
shields against tough environments.

In still another preferred embodiment of load cells, according to the invention, the strain
sensor means comprises one or more strain gages mounted on the flexible walls, for
measuring the strains in the flexible walls.

The advantage obtained by this embodiment is due to the closed sensor cavity, which
shields against tough environments and the possibility of a simple and compact wiring of
the strain gages.

In an embodiment of a load cell, according to the invention, where only two beams are
connecting the base end and the load receiving part of the load cell, one or more of these
two beams may advantageously constitute the lever acting on the flexible wall.

The advantages obtained are a simple construction and no interference from the spring
constants of extra levers.

In an embodiment of a load cell, according to the invention, where the sensor means are
mounted on a sensor carrier, which again is mounted on a short stud, substantially
perpendicular to the flexible wall, electrodes are placed on the sensor carrier, facing the
flexible wall.

The advantage gained by this embodiment is a rather large change of distance between the
electrodes and the flexible wall when the electrodes are placed on the sensor carrier at a
distance from the short stud.

In another embodiment of a load cell, according to the invention, the sensor means
constitute two separate sensor carriers, one above the other, which each are mounted on a
short stud, substantially perpendicular to the flexible wall, with electrodes placed on each
of the sensor carriers, facing the flexible wall. In this embodiment the change of shape of
the flexible wall is used to provide the electrodes of one sensor carrier with an increasing
and the electrodes of the other sensor carrier with a decreasing distance to the flexible wall
when said flexible wall is deformed.

The advantage gained by this embodiment lies in the fact that a tilting of the electrode
carrier on the short stud gives only small measuring errors as for example an increasing
distance at one end of the electrode carrier is largely compensated by a corresponding
decreasing distance at the other end of the electrode carrier.

In a preferred embodiment of the abovementioned invention, with two separate sensor
carriers, two separate levers are engaging the flexible wall, preferably at the positions of
the two short studs carrying the two sensor carriers.

The advantage gained by this embodiment is a high deformation of the flexible wall
directly at the position of the sensor means. -
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In an embodiment of the invention, strain measuring sensors applied to the flexible wall
are activated by two levers engaging the flexible wall, preferably at positions where the
action of the levers results in the maximum deformation of the strain sensors.

The advantage gained by this embodiment is a high deformation of the flexible wall
directly at the position of the sensor means.

In another embodiment of a load cell according to the invention with fins mounted on the
flexible wall, two levers are engaging the flexible wall preferably at positions where the
action of the levers result in maximum deflections of the fins.

The advantage gained by this embodiment is a high deflection of the fins due to a high
deformation of the flexible wall.

In a preferred embodiment of a load cell according to the invention, the base end and the
load receiving part are extended in order to provide a load cell of the S type.

The advantage gained by this embodiment is the possibility to measure tension forces and
hanging loads.

In another preferred embodiment of a load cell according to the invention, the base end is
extended in order to provide a load cell with uncritical mounting means.

The advantage gained by this embodiment is the possibility to produce load cells with a
very high precision, which at the same time may be mounted on rough surfaces and
without any attention to the torque of the mounting screws.

In still another preferred embodiment of a load cell according to the invention the base end
is provided with facilities for mounting the load cell on a vertical surface.

The advantage gained by this embodiment lies in the fact that many applications only
provide vertical surfaces.

In a preferred embodiment of a load cell according to the invention a flexible part of the
lever acting on the flexible wall is placed at a distance from the load receiving part in the
direction of the flexible wall.

The advantage gained by this embodiment is the possibility to optimize the active length
of the lever to the thickness of the flexible wall for different load cell capacities.

In a preferred embodiment of a load cell according to the invention, the base end and the
load receiving part are extended with heavy extensions..

The advantage gained by this embodiment is the possibility to provide a load cell with
robust mounting parts which are separate from the sensitive parts of the sensor system.

In another preferred embodiment of a load cell according to the invention, the base end
and the load receiving part are extended upwards and downwards.

The advantage gained by this embodiment is the great distance between the beams which
provide a load cell which is able to withstand high eccentrically applied loads.

In a preferred embodiment of a load cell according to the invention, the flexible wall is
made thinner at the area next to the solid wall of the sensor cavity.

The advantage gained by this embodiment is that the deformations of the flexible wall is
mainly determined by the dimensions of the flexible wall.
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In still another embodiment of the invention, the flexible wall continues into and
constitutes a part of the lever, acting on the flexible wall.

The sensor means of this embodiment are preferably strain measuring sensors and this
embodiment provides the possibility of the measurement of an almost pure tension and
compression in the flexible wall.

In preferred embodiments of load cells according to the invention, the abovementioned
Sensor means are capacitive.

The advantages obtained by capacitive sensor systems are the very high sensitivity to the
forces and loads applied to the load cells and the non contacting measuring principle,
which gives a high tolerance to shocks and overloads as only the elastic body is
overloaded and not the sensor system.

In preferred embodiments of load cells, according to the invention, the abovementioned
sensor means are inductive.

The advantage obtained by inductive sensor systems, is the possibility of functioning in
extreme environments and the non contacting measuring principle which gives a high
tolerance to shocks and overloads as only the elastic body is overloaded and not the sensor
system.

Figure 1 shows, as prior art, a widely used version of a strain gage load cell.

Figure 2 is a basic embodiment of the invention, shown with a lever connected between
the load receiving part and a flexible wall.

Figure 3 shows the deformation of the different parts of the basic embodiment of figure 2,
exaggerated for clearness.

Figure 4 is an embodiment of the invention, showing capacitive or inductive sensor means
for measuring the deformations of the flexible wall.

Figure 5 is an embodiment of the invention, showing a second type of capacitive or
inductive sensor means for measuring displacements derived from the deformations of the

flexible wall.

Figure 6 is an embodiment of the invention, showing a third type of capacitive or
inductive sensor means for measuring the deformations of the flexible wall.

Figure 7 is the sensor system of figure 6, seen perpendicular to the flexible wall.
Figure 8 is an example of capacitor electrodes placed on fins fastened to the flexible wall.

Figure 9 shows, as an example, capacitor electrodes mounted between fins fastened to the
flexible wall.

Figure 10 is an embodiment of the invention, with strain sensors for measuring the
deformation of the flexible wall.
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Figure 11 is an embodiment of the invention, with the beams connecting the base end and
the load or force receiving part functioning as the lever acting on the flexible wall.

Figure 12 is an embodiment of the invention, showing another type of capacitive or
inductive sensor means for measuring the deformations of the flexible wall.

Figure 13 is an embodiment of the invention, showing still another type of capacitive or
inductive sensor means for measuring the deformations of the flexible wall.

Figure 14 is an embodiment of the invention of figure 13, showing two levers acting on
the flexible wall.

Figure 15 is an embodiment of the invention of figure 10, showing two levers acting on
the flexible wall.

Figure 16 is an embodiment of the invention of figure 9, showing two levers acting on the
flexible wall.

Figure 17 is an embodiment of the invention, where the load cell is adapted for measuring
tension forces and hanging loads

Figure 18 is an embodiment of the invention, where the load cell is adapted for measuring
with high precision, even when mounted on rough surfaces.

Figure 19 is an embodiment of the invention, where the load cell is adapted for mounting
on vertical surfaces.

Figure 20 is an embodiment of the invention, where the load cell may be optimized by
varying the active length of the lever.

Figure 21 is an embodiment of the invention, where the load cell is adapted for mounting
in robust applications.

Figure 22 is an embodiment of the invention, where the load cell is adapted for measuring
with very eccentric loads.

Figure 23 is an embodiment of the invention, where the flexible wall of a load cell is
reduced at the circumference in order to insulate the deformation of the flexible wall from
the wall of the sensor cavity.

Figure 24 is an embodiment of the invention, where the flexible wall continues into and
constitutes a part of the lever, acting on the flexible wall.

The load cell in figure 1, which is shown supported at its left end, with a force or load P to
be measured applied to the right end, demonstrates prior art and is the standard type of
load cell used by most manufacturers for production of strain gage beam load cells.

The elastic body, which is normally fabricated in high strength aluminium, includes the
solid base end 1, two beams 2 and a solid load receiving part 3.
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This elastic body functions as the well known Roberval mechanism by blocking angular
movements of the solid load receiving part 3, when the load P is applied, and thus restricts
the displacements of the part 3 to parallel displacements, even when the load or force P is
applied very eccentric.

This feature, which makes the load cell insensitive to where the load is applied, is a
prerequisite for precision measurements with load cells.

Often a third beam 4 is introduced between the two beams 2.

These load cells undergo deformations only at the two beams 2 and the third beam 4 and
mainly in the positions S1 to S8, while the base end 1 and the load receiving part 3 are
solid and thus not deformed.

Strain gages are therefore normally applied in one or more of these positions S1 to S8,
with a preference for the positions S3 to S6 because the third beam 4, through the action of
the beams 2, is deformed in a well defined S formed shape.

The invention will now be described in further details with reference to figure 2, showing
the basic invention where the elastic body includes the base end 1, the two beams 2, the
load receiving part 3, and furthermore a sensor cavity, being adapted for mounting sensor
means and comprising a flexible wall 5.

Preferably, as shown in figure 2, the sensor cavity is placed in the base end 1.

The third beam 4, which in the invention acts as a lever 4, is furthermore connecting the
flexible wall 5 to the load receiving part 3 of the load cell.

The beams 2, which are stiff in the middle part, but are provided with the flexible ends 6,
tie together the base end 1 and the load receiving part 3, whereby the part 3 is restricted to
parallel displacements, even when the force P is applied very eccentric.

This design, which makes the load cell insensitive to where the load is applied, is a
prerequisite for precision measurements with load cells.

The cover 7 closes the sensor cavity with the flexible wall 5, and the cable 8 for
conducting power and signals to and from the sensor may be mounted in the cover 7.

Figure 3 shows the displacement D of the load receiving part 3, the angular movement of
the beams 2 and the lever 4 and the deformations of the flexible wall 5, when a load P is
applied.

All displacements and deformations are shown exaggerated for clearness.

It is important for the precision of the load cell according to the invention that the elastic
properties and the stiffness of the load cell is determined all most entirely by the
dimensions of the flexible wall, and also very important that the stiffness of the flexible
parts 6 of the beams 2 is all most negligible.

Figure 4 shows the basic invention with a capacitive sensor in the sensor cavity consisting
of the sensor carrier 9, which could be a ceramic disc, with the displacement sensing
electrodes 10 and 11 placed at a distance from, and facing the flexible wall 5, preferably
where the deformations are at a maximum. An optional reference electrode 12 is shown
placed in the middle of the sensor carrier where the average displacement of the flexible
wall is at a minimum, or it could alternatively be placed at the outer perimeter of the
sensor carrier 9, where the displacement is essentially zero

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

40

45

WO 03/048700 PCT/DK02/00826

8

The capacitor electrodes may be connected to a capacitance measuring circuit mounted on
the rear side of the sensor carrier 9.
This circuit could, for example, be according to US patent 4.737.706

Instead of the capacitor electrodes, inductive sensors in the form of small coils may be
placed preferably at the same positions on the sensor carrier 9, as shown for the capacitor
electrodes.

A circuit sensing the variations in the inductance of the coils or sensing the eddy current
effects, when the flexible wall is displaced as a result of the force to be measured, could be
placed on the rear side of the sensor carrier 9.

The lever 4 has preferably, in all embodiments of the invention, a thinner cross section 13,
which normally, is placed at the end where the lever is fastened at the part 3 of the elastic
body, whereby the deformations of the flexible wall 5 is increased, for a certain
displacement of the part 3.

Figure 5 shows the basic invention with another capacitive sensor comprising the sensor
carrier 14, with capacitor electrodes 15 and 16, with the sensor carrier mounted on a stud
17, which could be an extension of the lever 4.

It is readily seen that a displacement of the load receiving part 3, by the action of the lever
4, is transformed into a deformation of the flexible wall 5, which again, by the stud 17, is
transformed in changes of distance of the capacitor electrodes 15 and 16 to the inner walls
of the sensor cavity.

Also in this embodiment of the invention, the capacitor electrodes may be substituted by
inductive sensors

In all embodiments of the invention the sensor cavity may have a circular, a rectangular or
any other cross section and the sensor carrier 9 in figure 4 and the sensor carrier14 in
figure 5 may, advantageously, have a form corresponding to the cross section of the sensor
cavity in order to obtain the maximum capacitance change for a certain deformation of the
flexible wall 5.

If for example the cross section of the sensor cavity in figure S is rectangular, the sensor
carrier 14 is preferably rectangular with the electrodes 15 and 16 covering the upper and
the lower horizontal surfaces of the sensor carrier 14.

The capacitance electrodes may, according to the invention, be placed at the inner wall of
the cavity with the corresponding grounded electrodes placed on the sensor carrier 9 or 14.

In a preferred embodiment of the invention, with still another capacitive sensor system
shown in fig 6, a number of fins 18, 19, 20, 21, 22, and 23 are protruding, preferably
perpendicular, from the flexible wall.

When the flexible wall, through the action of the lever 4, is undergoing deformations as
shown in figure 3, the tips of the fins are readily seen to either increase or decrease their
mutual distances and with capacitor electrodes placed either on the fins or between the
fins, a very sensitive capacitive sensor system is obtained.
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The fins are preferably produced from the material of the elastic body during the
machining of the cavity or, in order to avoid machining the rather long fins, the fins could
be separate units fastened to short stubs machined on the flexible wall or directly on the
flexible wall.

In order to allow the fins to deflect it is, as shown in figure 7, necessary that the width of
the fins is smaller than the width of the flexible wall by an amount which allows the
flexible wall to be deformed in the area between the inner side of the sensor cavity and the
edges of the fins.

Likewise the width of the lever 4 has advantageously, but not necessarily, substantially the
same widths as the fins.

In figure 8, a fin is shown with the capacitor electrodes 24 and 25 mounted on the
insulating layers,

26 and 27.

If for example the fins 19 and 22 are fitted with capacitance electrodes according to figure
8 and the fins 18, 20, 21 and 23 are grounded, the deformations of the flexible wall 5, as
demonstrated in fig. 3, are seen to increase both the capacitances of the electrodes on fin
19, while decreasing the capacitances of the electrodes on fin 22.

According to the invention the number of fins may be increased or decreased, and for
example the fins 20 and 21 may be combined in one fin.

Likewise capacitor electrodes may also be placed at one or both sides at any number of the
fins.

If for example the fins 18 and 23 are fitted with electrodes according to figure 8, one
electrode on each fin will increase while the other will decrease, because the inner walls
together with fins 19 and 22 are acting as counter electrodes.

Likewise fins 20 and 21 may be fitted with electrodes according to figure 8, and a
grounded fin may be placed between fin 20 and 21.

Also in this embodiment of the invention, the capacitor electrodes may be substituted by
inductive sensors.

In the preferred embodiment of the invention, shown in fig 9, separate measuring
electrodes 28 and 29 are placed between the fins and preferably, but not necessarily,
mounted in a fixed position in relation to the flexible wall 5, or in a fixed position in
relation to the inner wall of the sensor cavity.

By placing the fins 30 and 31 in positions of the flexible wall 5, where it undergoes
suitable deformations, the effect may be obtained that while the fin 32, which could be an
extension of the lever 4, is diminishing its distance to the electrode 28, when a load or
force P is applied, the advantageously placed fin 30 may also see its distance to electrode
28 decreasing when the wall is deformed.

Likewise the electrode 29 will see the distances to the fin 32 and the fin 31 increasing.

Also in this embodiment of the invention, the capacitor electrodes may be substituted by
inductive sensors.
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The advantage by all embodiments according to the invention, which does not use the
inner wall of the cavity as a counter electrode, but other electrodes on for example the fins
or separately mounted electrodes, is that distortions of the walls of the sensor cavity,
surrounding the flexible wall 5, due for example to mounting stresses on the load cell,
does not introduce measuring errors.

Figure 10 shows the basic invention fitted with strain sensors, which preferably are in the
form of the strain gages 35 and 36, and which preferably are placed at the positions where
the flexible wall 5 has the maximum deformations and with optionally a reference strain
gage 37 at a position with the minimum deformations.

Compared to strain gage load cells of prior art, the strain gage load cell according to the
invention has the very important advantage that the strain gages, without any further
production steps, are shielded against the environment and has furthermore the added
advantage of a very uncomplicated wiring, as all gages are applied near each other.

For low cost at high production quantities a special strain gage system with all the gages
integrated in one unit could be applied.

The strain in the flexible wall may, according to the invention, also be measures by other
strain measuring means such as optical or inductive.

According to the invention, and as shown in figure 11, the function of the lever 4, from the
aforementioned embodiments, may be performed by one or both of the levers 33 which
could be a part of the beams 2 connecting the base end 1 with the load or force receiving
part 3.

To allow the deformations of the flexible wall to take place, holes or slots, which
advantageously may be positioned as the holes 34 in figure 11, are machined in the base
end 1.

Alternatively, as shown in figure 12, an electrode carrier 37 with sensors 38 and 39, facing
the flexible wall 5 may be mounted on a short stud or fin 40.

The deformation of the flexible wall 5, through the action of the lever 4, is measured by
the changes of distance between the sensors or electrodes 38 and 39,

and the flexible wall 5.

Another arrangement, according to the invention, is shown in figure 13, with two sensor or
electrode carriers 41 and 43, mounted separately on studs or ribs at advantageously placed
positions on the flexible wall 5 and with the electrodes 42 and 44, facing the flexible wall.
The electrodes on one sensor carrier will se an increasing and the electrodes on the other
sensor carrier a decreasing distance to the flexible wall

If each sensor carrier is fitted with only one electrode, covering the surface, a tilting of the
electrode carrier on the short stud will produce only a small error as the decreasing
distance at one end of the electrode carrier will largely be compensated by a corresponding
increasing distance at the opposite end of the electrode carrier.

The load cell according to figure 13 may advantageously, as shown in figure 14, have the

lever 4 divided into two separate levers, each acting directly on the flexible wall,
preferably at the two positions, where the two sensor carriers are mounted on their studs.
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Likewise the load cell according to 10, may advantageously, as shown in figure 15, have
the lever 4 divided into two separate levers, each acting directly on the flexible wall,
preferably at the two positions where the highest strain is generated in the strain sensors.

The load cell according to figure 9, may advantageously, as shown in figure 16, have the
lever 4 divided into two separate levers, each acting directly on the flexible wall,
preferably at the two positions where the maximum deflection of the fins is generated.

Load cells according to the invention, may advantageously, as shown in figure 17, have
the base end 1 and the load receiving part 3 extended with the parts 48 and 49
respectively, in order to provide load cells of the well known S-type which is ideal for
measuring tension forces and hanging loads.

The load cell of figure 17 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

Load cells according to the invention may also, as shown in figure 18, for very high
precision measurements , have the base end 1 extended with the part 48, in order to avoid
that stresses from mounting the load cell will reach the sensor system.

In order to facilitate the accurate machining of the flexible parts 6 of the beams 2, the
grooves 50 at the inside and the outside of the beams are milled at the same time.

The load cell of figure 18 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

In figure 19, a load cell according to the invention, is shown with facilities for mounting
on a vertical surface.

In order to keep mounting stresses from the bolts 51, reaching the sensor system, grooves
52 may be milled on the inside and the outside surfaces of the sensor cavity.

The load cell of figure 19 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

Figure 20 shows a load cell according to the invention where the flexible part 13 of the
lever 4 is moved from a position at the load receiving part to a position nearer the base end
1 by means of the extension 53.

For the highest precision in the measurements, the beams 2 should have the lowest
possible stiffness. This may be obtained either by making the flexible part 6 very thin,
which is not ideal because of the reduction in the strength of the part, or alternatively by
making the beams 2 long.

When the beams 2 are made longer the lever 4 also becomes longer, which gives a
reduction in the deflection of flexible wall for a certain displacement of the load receiving
part 3.

As the deflection of the part 3 should be kept low for high speed measurements an
optimum may be reached by dimensioning the length of the lever 4 relative to the length
of the extension 53 which in connection with the dimensions of the flexible wall 5,
determines the capacity of the load cell.

The load cell of figure 20 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

A load cell, according to the invention, and shown in figure 21 have the solid extensions

57 and 58 of the base end 1 and the load receiving part 3 respectively which facilitates the
mounting of the load cell in robust applications. . :

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

40

45

50

WO 03/048700 PCT/DKO02/00826

12

The load cell body of figure 21 is normally produced by milling the beams 2, the lever 4,
the flexible portions 6, 13, 54 and 55 and the sensor system in the sensor cavity.

The solid extensions 57 and 58 may be produced at a low cost by plasma cutting away the
material at 56.

The exterior load receiving part 59 may be bolted to the load cell by the bolts 60 with no
interference from the bolt tension, because of the solid dimensions of extensions 57, and
likewise the load cell may mounted on the basic construction without interference on the
measurement because of the solid extension 58.

The load cell of figure 21 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

In figure 22 a load cell according to the inventions is shown, where the distance between
the beams 2 is increased in order to reduce the strain in the beams 2 when the load P is
applied very eccentrically.

The load cell of figure 22 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

The flexible wall in the load cell according to the invention, shown in figure 23, is reduced
at the circumference in order to insulate the deformations of the flexible wall from the
wall of the sensor cavity.

This means that the deformation of the flexible wall is all most entirely determined by the
dimensions of the flexible wall itself, which is a prerequisite for precision measurements.
The load cell of figure 23 is shown with the sensor system of figure 9, but any of the
sensor systems according to the invention may be applied.

In figure 24 a load cell is shown where the flexible wall extends into the lever, forming a
cavity 45, providing the possibility of mounting for example strain sensors 46 and 47 into
the cavity.

Other sensor means, of the types mentioned above, may be mounted into or at the surface
of the flexible wall around the cavity 45.

A very important advantage, shared by all embodiments of the invention, is that the
closure of the sensor cavity is performed at a distance from the flexible wall and therefore,
will not interfere with the measurement.

The method of hermetically sealing the sensor system in load cells according to prior art
involves a metal bellows or metal covers, which due to their spring constant, interferes
with the measurement.

Besides this they are costly to mount and not suitable for industrial environments.

Because of the high sensitivity of a capacitive sensor system, the demands on the yield
strength of the material of the elastic body are rather low and manufacturing processes
such as plasma cutting, sintering and casting may be used for low costs at high volumes
when preferably capacitive sensors are used

Due to the fact that preferred embodiments of the invention has been illustrated and

described herein it will be apparent to those skilled in the art that modifications and
improvements may be made to forms herein specifically disclosed.
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Accordingly, the present invention is not to be limited to the forms specifically disclosed.
For example the flexible wall, with the sensor means, may be positioned in the load
receiving part 3, or flexible walls with sensors may be positioned in both the base end and

the load receiving end.

Further the lever 4 may, according to the invention, be placed anywhere between the
flexible wall 5 and the load receiving part 3.

Still further, load cells according to the invention, may have more than two levers

engaging the flexible wall in order to tailor the deformation of the flexible wall to suit
specific sensors.
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Patent claims.

1. Load cell with an elastic body, said load cell comprising a base end, a load or force
receiving part, two or more beams connecting said base end and said load or force
receiving part, and sensor means adapted for sensing the strain of the elastic body, due to a
load or force to be measured,

characterize d inthatatleast one of said beams constitutes a lever connecting
the load or force receiving part and a flexible wall of a sensor cavity placed in the base
end, said sensor cavity includes said sensor means, said flexible wall being adapted for
undergoing deformation as the result of a displacement of the load or force receiving part
through an action of said lever, and said sensor means being adapted for measuring the
deformation of the flexible wall or the strain in the flexible wall.

2. Load cell according toclaim 1, char ac t e r i z ed in that said sensor means
includes a plurality of sensors.

3. Load cell accordingtoclaim 1 or2, character iz ed inthatsaid sensor
means includes at least one sensor mounted on a surface of a sensor carrier, said surface
facing the flexible wall.

4. Load cell according to one or more of claims 1to3, characterized inthat
said sensor means includes at least one sensor, mounted on a sensor carrier which again is
mounted on a stud, substantially perpendicular to the flexible wall.

5. Load cell according to one or more of claims 1 to4, characteri z ed inthat
said sensor means includes a sensor system comprising a number of fins mounted on and
substantially perpendicular to the flexible wall, with sensors placed on one or more of the
fins and being adapted for measuring the deformation of the flexible wall.

6. Load cell according to one or more of claims 1to5, characterized inthat
said sensor means includes a sensor system comprising a number of fins mounted on and
substantially perpendicular to the flexible wall, with sensors placed between one or more
of the fins and being adapted for measuring the deformation of the flexible wall.

7. Load cell according to claims Sor6, char acter iz ed inthatthe width of
the levers and the fins are smaller than the width of the sensor cavity.

8. Load cell according to one or more of claims S5to 7, characteri z ed inthat
the fins are separate units mounted on the flexible wall.

9. Load cell according to one or more of claims 1to4, characteri z ed inthat
said sensor means includes at least one sensor carrier, which again is mounted on a short
stud, substantially perpendicular to the flexible wall, electrodes are placed on the sensor
carrier, facing the flexible wall.

10. Load cell according to one or more of claims 1 to4, character iz ed inthat
said sensor means includes two separate sensor carriers, one above the other, which each
are mounted on a short stud, substantially perpendicular to the flexible wall, with
electrodes placed on each of the sensor carriers, facing the flexible wall.
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11. Load cell according to claim 10, char a c t e r i z ed in that said sensor means
includes two separate levers engaging the flexible wall, at the positions of the two short
studs carrying the two sensor carriers.

12. Load cell according to one or more of claims 1to 11, characterized in
that the sensor means are capacitive.

13. Load cell according to one or more of claims 1to 11, characterized in
that the sensor means are inductive.

14. Load cell according to one or more of claims 1 to 11, characterized in
that said sensor means includes one or more strain sensors mounted on the flexible walls
for measuring the strains in the flexible walls.

15. Load cell according to one or more of claims 1 to 8, characterized in

that said sensor means includes one or more strain gage sensors mounted on the flexible
walls for measuring the strains in the flexible walls.
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