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The Invention relates to a potentiometer comprising (a) at least two electrically conducting segments (12), each of which has a
contact end (14) that is bordered by a circumferential edge (16) and which adjoin each other in a flush manner by means of one
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ABSTRACT

The invention relates to a potentiometer comprising (a) at least two electrically conducting
segments (12), each of which has a contact end (14) that is bordered by a circumferential edge
(16) and which adjoin each other in a flush manner by means of one respective section (18, 20)
of the edges (16) thereof, and (b) a connecting device (38) for electrically connecting a ftirst
contact point (P1) in a first segment to at least one second contact point (P2, P3) mn a second
segment that is different from the first segment. The invention further relates to a method for

determining the angular position of a part by means of said potentiometer.
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POTENTIOMETER

The invention relates tTO a potentiometer, having (a) at
least two electrically conductive segments, which

respectively have a contact side which 1is delimited Dby a

circumferential edge, which respectively adjoln one another

such that a section of theilr edges 1is flush, and (b) a

connecting apparatus ILor clectrically connecting a first

contact point in a first segment to at least one second

N

ferent than

contact point 1in a second segment, which 1s dif

the

angular position for a component using a potentiometer

First segment, and to & method for ascertaining an

| —

according to the invention.

positions, that 1s to say ro ascertain twisting of one body
relative to another. 5o that all angular positions can be

measured, that 1s to say that no dead angle arises, 1t 1is

necessary to make modifications with respect tO conventional

potentiometers. A potentiometer without 4 dead angle 1s

disclosed in Korean Laid-Open Specification KR 10 2001 099

)

the potentiometer

256 A, for example. A drawback O

—

disclosed therein is that it 1s difficult to encapsulate. It

is therefore susceptible TO soiling. A further drawback 1S

P

that both parts of the potentiometer carry current, and the

potentiometer 1s therefore susceptible TO error.

DE 34 27 000 C2 discloses a potentiometer of the tType 1n

gquestion in which two wipers are connected TO one another

and to an output amplifier. AN electric current impressed

——
e

into the segments by means OL

the two wipers is routed to a

further segment from the segments with which contact is made Dby

the wiper and is supplied tO loudspeakers from said further
segment. A drawback of the potentiometer described therein 1s

that the wiper contacts need tO be connected to the current

source at a center of rotation. An electrical resistance which
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changes  at this point results 1n a systematic

measurement error. Another drawback 1S that the

potentiometer can be operated only in an angle range of

0 to 180°. It therefore cannot be used for applications

1n which arbitrary angles need to be able to be set.

DE 10 2005 021 890 Al discloses a potentiometer which
has three concentric conductors. Two rotatably mounted
arms can pe used to connect two respective conductors
to one another. The central one of the three conductors
has an 1ncreased electrical resistance, which means
that 1t 1s possible to use the electrical resistance

between the outer and the inner electrical conductor to

infer a rotary position for the arms. A drawback of the

potentiometer is its complex design.

DE 43 39 931 Cl1 discloses a position sensor for the

gear selector lever 1n a motor vehicle transmission.
The drawback of the position sensor is that it is not

suitable for sensing a rotary movement.

The 1nvention 1is based on the object of proposing a
robust potentiometer which can be used to sense the

angular position of a component at all angles.

The 1nvention solves the problem by means of a

potentiometer of the type 1n question in which an

electrical contact 1is constantly arranged between two

respective segments.

In line with a second aspect, the invention solves the

i

problem by means of a method for ascertaining an

angular position for a component, having the following
steps: (a) the component is mechanically connected to a
connecting apparatus or the segments of a potentiometer
as claimed 1in one of the preceding claims, (b) a
current source or a voltage source is connected to the
potentiometer, so that an electric current flows

through at least one segment, (¢) at least one first
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voltage which drops aCross a portion of the

potentiometer on the basis of the current 1S
ascertained, (d) the at 1least one voltage 1s used to
ascertain a rotary ©position for the connecting
apparatus, and (e) the rotary position of the

connecting apparatus 1s used to ascertalin the angular

position of the component.

An advantage of the potentiometer according to the

invention 1s that 1t 1s not necessary for a current or

P

a voltage to be tapped off from a rotatably mounted

component. It 1s possible to make electrical contact
with either only the segments or only the connecting
apparatus. This means that the potentiometer becomes
particularly robust. A further advantage 1s that 1t 1s

simple to manufacture and hence 1nexpensive to produce.

e

for the potentiometer to be of open

It 1s also possible

des1ign.

Another advantage 1s that 1t can be produced in a flat

design. A further advantage 1s that the potentiometer
can be encapsulated such that no rotatably mounted
components are necessary within the encapsulation. 1In
this way, a fault-resistant potentiometer which can

easlly be used under water 1s obtained.

Within the context of the present invention, 1t 1is
possible, but not necessary, for the connecting

apparatus to electrically connect precisely two contact

points to one another. By way of example, it 1is also
possible for the connecting apparatus to connect

precisely three contact poilnts to one another. It 1is

also possible, but not necessary, for the connecting
apparatus to permanently connect the contact points to
one another. It 1s thus possible to use a connecting
apparatus in which contact is intermittently not made
with the contact point. The connecting apparatus can
electrically bypass the two contact points, that is to

say can connect them to a low resistance 1in comparison
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with other electrical resistances of the potentiometer,
and thus act as a bypass apparatus. Alternatively, the
connecting apparatus can connect the contact points by
virtue of the connecting apparatus being able to be

connected to an external circuit, so that a current

flows through both contact points. In this case, the
connecting apparatus may be 1n the form such that the
two contact points are electrically insulated from one
another when the connecting apparatus 1s not connected

to the external circuilt.

An annularly closed arrangement of the segments 1s
understood particularly to mean that the segments

arranged 1in this manner form an area which 1s not

singly cohesive 1n the mathematical sense. By way of
example, the area may be dually cohesive. To this end,
1t 1s possible, but not necessary, for the annular

arrangement to have a hole in the center. Rather, 1t 1s

sufficient 1f the segments form an annular arrangement

which 1s such that the current 1n a good approximation

does not flow through a center between the segments.

A current source 1s particularly understood to mean an
apparatus which can be wused to apply an electric
current at a prescribed voltage or a prescribed current

to two contacts.

In one preferred embodiment, the segments form a
closed, particularly an annularly closed, arrangement.

In this way, a rotary potentiometer 1is obtained which

can be used to particularly good effect for measuring

angles. However, 1t 1s not necessary for the segments

to form a closed arrangement. Rather, it 1s also
possible for the segments to be arranged in succession

and hence to form a row.

Preferably, the potentiometer comprises electrical
contacts which c¢an be used to impress an electric

current flowing through all segments. It 1is not
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necessary for the current which is impressed by the
electrical contacts to flow constantly through all
segments. By way of example, it 1s possible for the
connecting apparatus 1in one position to bypass an

entire segment, so that the electric current does not

flow through this segment or flows through it only 1n
an infinitesimally small proportion. It 1is particularly

sufficient for there to be a position of the connecting

apparatus 1n which the pair of electrical contacts can

pe used to impress an electric current which flows

through all segments.

In one preferred embodiment, the contact sides are even

and are situated in a common contact side plane. 1In

other words, this means that the segments adjoin one

another such that they form a continuous smooth common
face. In this case, the connecting apparatus can slide

over the common contact side plane particularly easily.

In one preferred embodiment, each segment adjoins
precisely two neighbors flush. This results in an
annularly closed arrangement. In particular, each
segment 1in this arrangement is electrically connected

to both neighbors at the sites at which they adjoin one

another flush. However, it 1is not necessary for each

segment to adjoin precisely two neighbors.

In one preferred embodiment, the segments form circular

ring segments. These circular ring segments form a

closed ring with a ring width which corresponds to the

difference between the outer radius and the inner

radius. Each circular segment then has two boundaries
pent in a partial circle and two boundaries running in
a straight line, with the extensions of the boundaries
running in a straight line meeting at a center of the

circular ring.

With particular preference, the segments are

respectively of the same magnitude. As a result, a
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design which 1s particularly simple to produce 1is

obtained. It 1s preferred for the specific electrical
resistance 1n a segment to be constant. The specific
electrical resistance indicates the electrical

resistance which is present between two contact points

of the segment at a prescribed interval. With
particular preference, the specific electrical
resistances of two adjacent segments are different. In

this case, the magnitude of the difference is more than

10%, for example, but preferably more than 100%. It is
also possible for the specific electrical resistance of

two adjacent segments to be a multiple of one another.

With particular preference, the specific electrical
resistance 1in all segments 1is different. This means
that 1t 1s a particularly simple matter for

measurements of voltages between individual segments to

pe wused to ascertain the rotary position of the

connectlng apparatus.

With particular preference, the connecting apparatus
bypasses preclsely two contact points, so that there is
a low resistance between the two contact points in
comparison with other resistances of the potentiometer.
The result 1is a particularly easily evaluatable voltage
signal for ascertaining an angular position for the

connecting apparatus.

With particular preference, the connecting apparatus is

rotatably mounted at a center of rotation, wherein a
center of rotation coincides with the circular ring
center. In thils way, a voltage result ascertained by
the potentiometer can be particularly easily converted
into an angle of rotation which the connecting
apparatus  has implemented around the <center of

rotation.

In one preferred embodiment, the connecting apparatus

1s designed to produce contact points for electrically
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connecting contact points of the segments, wherein two

respective contact points are offset from the center of

F

rotation by an angle of spread and wherein at least one

angle of spread 1s of such magnitude that the
assoclated contact points cannot be situated in one
segment. This advantageously prevents ambiguities,
which means that voltages measured on the potentiometer
can always be used to explicitly ascertain the rotary

position of the connecting apparatus.

Preferably, the connecting apparatus comprises a

closed, flexible conductor which is arranged with
respect to the electrically conductive segments such
that 1t can be brought into electrical contact with one

of the segments by pressure at a contact point. To this

end, by way of example, a flexible electrical conductor

1s arranged at a physical interval from the contact

sides of the segments. Pressure at the contact point

deforms the flexible conductor and brings it into
contact with the contact side of the segment. If
pressure 1s likewlise applied to the flexible conductor
at a second point, the flexible conductor comes into

contact with segments at two points and thus sets up

electrical contact between the two. The flexible

conductor preferably has a low electrical resistance.
By way of example, the specific electrical resistance
of the flexible conductor is low in comparison with the

F

specific electrical resistance of the segments.

The segments and portions of the connecting apparatus,

particularly the flexible conductor, are surrounded in

a liquid-tight manner by a flexible Jjacket. This
advantageously results in a liquid-tight potentiometer
which can be used to produce a ligquid-tight rotation

SENsSor.

In line with the invention, the potentiometer comprises

a coupling unit for applying a pressure to the flexible

conductor at at least two contact points. By way of
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example, this coupling unit 1is part of the connecting

—

apparatus. By way of example the coupling device 1is

rotatably mounted, so that twisting the coupling device

results 1n the flexible conductor connecting the first
contact point 1n the first segment to the second

contact point 1n the second segment at two changing

contact points. In this way, 1t 1s possible for a
rotary position of the coupling device to be sensed
even 1n liquid environments in which the segments are

surrounded by a liquid-tight jacket.

In one prefterred embodiment, an electrical contact 1is
constantly arranged between two respective segments.
This electrical contact can be used to tap off an

electrical voltage which drops across the segment.

Preferably, the potentiometer comprises a voltage
ascertalnment apparatus and a controller which 1is
designed to connect two respective contacts to a

current source and two contacts to the voltage

ascertainment apparatus. In this case, the controller
1s designed to carry out a method according to the
invention, as 1is described further below. The contacts

may Ppe contacts connected to segments or contacts on

the connecting apparatus.

In one preferred embodiment, the connecting apparatus

connects the first contact point 1n the first segment

to the second contact point in the second segment,

which i1s different than the first segment, and

precisely one third contact point. With particular
preference, this third contact point 1is constantly

situated in a third segment, which is different than

the first and second segments. Of particular benefit 1is

the use of a potentiometer according to the invention

P

as a angle of rotation sensor in a prosthesis, such as

an arm or hand prosthesis. The encapsulatability means

that the prosthesis can also be used under water.
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A method according to the 1nvention preferably

comprises the step of applying the electric current to

-

a second pair of electrical contacts after a first

voltage has been ascertained on the first pair of

electrical contacts.

This means that the method can be performed with Jjust

one current source and jJust one voltage ascertainment

apparatus. In particular, the method comprises

-

ascertaining output voltages between output pairs of

electrical contacts, wherein n > 1 and wherein the n

g

palirs are chosen such that each rotary position of the

connecting apparatus corresponds to precisely one

combination of the output voltages. This means that the

p

rotary position of the connecting apparatus can be

explicitly associated from the measured voltages.

The potentiometer according to the invention may have a

connecting apparatus which 1s 1in contact with the

segments at two, three, four or five contact points.
Embodiments of particularly simple design reqgquire no

more than two or three contact points, however.

Exemplary embodiments of the invention are described in
more detail below with reference to the appended

drawlings, 1in which

b

"1gure la shows a schematic vView of a first

potentiometer according to the invention
with three segments and a connecting

apparatus in a first position,

figure 1lb shows an equivalent circuit diagram of the

potentiometer shown in figure 1la.

figure Z2a shows the potentiometer shown in figure 1la
with a different position for the connecting

apparatus,
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shows the equivalent circult diagram for the

with the shown 1n

potentiometer position

figure Z2a.

shows the potentiometer from figures la and

2a with a third position for the connecting
apparatus, and
the

assocliated with figure 3a.

shows equlvalent circult diagram

shows a second embodiment of a potentiometer
the wilth

in which the connecting apparatus

according to invention S1X

segments,

1s 1in a first position, and
shows the associated equivalent circuit
dliagram.

shows the potentiometer shown in figure 4a,

in which the connecting apparatus 1s 1n a
second position, and

shows the associated equivalent circuit
diagram.

shows the potentiometer shown 1n figure 4a,

in which the connecting apparatus 1s 1in a

third position, and
shows the associated eqguivalent <circuilt
dliagram.

shows the potentiometer shown 1n figure 4ga,

in which the connecting apparatus 1s 1n a
fourth position, and

shows the associated equivalent <circuit
diagram.

shows the potentiometer shown 1n figure 4a,
in which the connecting apparatus 1s 1n a

fifth position, and
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figure

figure
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figure
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10b

11la

11b

12a

12b
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13b
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shows the associated eqguivalent <circult

diagram.

shows the potentiometer shown 1in figure 4a,
in which the connecting apparatus 1s 1n a
sixth position, and

shows the associated equivalent circuit

diagram.

shows the potentiometer shown 1n figure 4a,
in which the connecting apparatus 1s 1n a
seventh position, and

shows the associated equivalent circuit

diagram.

shows the potentiometer shown 1in figure 4a,
in which the connecting apparatus 1s 1n an
eighth position, and

shows the associated equivalent <circuit

diagram.

shows the potentiometer shown 1in figure 4a,
in which the connecting apparatus 1s 1n a
ninth position, and

shows the associated equivalent circuit

diagram.

shows the potentiometer shown in figure 4a,
in which the connecting apparatus 1s 1n a
tenth position, and

shows the associated equivalent cilrcuit

diagram.

shows the potentiometer shown 1n figure 4a,
in which the connecting apparatus 1s 1in an
eleventh position, and

shows the associated equivalent cilrcuit

diagram.
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figure 15a shows the potentiometer shown 1in figure 4a,

in which the connecting apparatus 1s 1n a

twelfth position,
figure 15b shows the associated equivalent circuit

diagram.

Figures 16a and 16b show a cross-section along line A

in figures la and 4a.

figures 17a,17b, 18a,18b, 19a,1%b, 20a,20b, 21a,Z21lb,

and 22a,22b show a third embodiment of a

potentiometer according to the invention and
the respective assoclated equivalent circuit

diagrams.

Figures 23a and Z3b are graphs showing the dependency

g

of voltage drops on contacts ot the

potentiometer shown 1n figures 4a to 15b on
the angle of rotation of the connecting

apparatus.

figure 24 1s a curve profile, resulting from part-
calculations, of the voltage over 360° of
the angle of rotation for a potentiometer as

shown 1n figures l1l/7a to 22Db.

Figure la shows a potentiometer 10 with three segments
12.1, 12.2, 12.3 which respectively have a contact side
14.1, 14.2 and 14.3. The contact side 14.]1 1s delimited
by an edge 16.1 which runs around the segment 12.1
once. In this same way, the contact side 14.2 1is

delimited by an edge 16.2 and the contact side 14.3 1is

delimited by an edge 16.3. Objects of similar type

respectively bear the same reference symbols with

possibly different suffixes used for consecutive

numpering.

The edge 16.1 has a first section 18.1 and a second

section 20.1. In the same way, the edges 16.2 and 16.3
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have first sections 18.1 and 18.3 and second sections
20.2 and 20.3. The segments 12.1, 12.2 and 12.3 have

their first sections 18 and thelr second sections 20

adjacent to one another 1in each case flush, so that
they are 1n electrical contact with one another. The

adjacency means that the segments 12.1 to 12.3, which

are 1n the form of circular ring segments, form a
closed circular ring 1n which each segment 1s

electrically connected to precisely two adjacent

segments on the basis of their flush contact.

The segments 12.1, 12.2 and 12.3 are respectively of

the same magnitude and have a homogeneous - that 1s to
say 1ndependent of locations - specific electrical
resistance. Thus, the segment 12.1 has a specific

electrical resistance r; which differs from a specific

electrical resistance r; for segment 12.272 and a specific

electrical resistance rs for segment 12.3.

Two respective segments have an electrical contact
situated between them. Thus, an electrical contact 22.1
1s situated between the segments 12.1 and 12.2. An
electrical contact 22.2 1s arranged between the
segments 12.2 and 12.3 and an electrical contact 22.3
1s arranged between the segments 12.3 and 12.1. The
electrical contacts 22.1 to 22.3 can be used ¢to

ascertalin a voltage which drops across the respective

segment. In one alternative embodiment, the contacts 22
may also be arranged at any other points on the

segments, for example 1n the respective segment center.

The electrical contacts 22.1, 22.3 can be used to
impress a prescribed current I which can be output by a
current source 24.1. Alternatively, a voltage source

24.2 1s provided which applies a prescribed voltage U;

of 5V, for example, to the electrical contacts 22.1 and
22.3.
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The segments 12.1 to 12.3 shown 1in figure 1 form a
position for the potentiometer 10. Figure 16a shows a
section along the 1line A. As <can be seen, the
potentiometer 10 comprises a support 26 on which the
segments 12.1 to 12.3 are fitted, with figure 16a
showing only the segment 12.2. Along an outer circular
ring radius Keoutsige and an inner circular ring radius
Kinsigzer There are arranged an inner spacing ring 28 and

an outer spacing ring 30 which hold a covering membrane

32 at an 1interval from the support 26. The covering

membrane 32 has a flexible conductor 34 mounted on 1t

g

1in the form of a silver layer which 1is of circular-

ring-shaped design and 1s at an interval from the
segments 12.1 to 12.3.

As figure 1lobb shows, pressure by means of a coupling

device 36 on the covering membrane 32 results in the

flexible conductor 34 being deformed and thus coming
into contact with the respective segment, in this case

with segment 12.2, at a contact point. This sets up

electrical contact between the flexible conductor 34
and the segment 12.2. The covering membrane 32, the
flexible conductor 34 and the coupling device 36 are
parts of a connecting apparatus 38. Alternatively, the
connecting apparatus may also comprise known wiper

contacts which are rotatably mounted.

Figure 1la shows the coupling device 36, which is

mounted at a center M so as to be able to rotate around

P

an angle of rotation ¢. At its ends the coupling device

36 exerts pressure at two contact points P;, P, onto the

covering membrane 32 (figure 16b) and thus shorts the
relevant segments, 1in figure la the segments 12.1 and
12.2, at the contact points P; and P,. As explalined 1n
more detall further below, this alters the voltage

which drops between two segments.

The two contact points P; and P, are spaced apart from

one another with respect to the center M by an angle of
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spread a (figure la) which 1s greater than the angle

range spanned by a segment, in the present case 120°.

Figure 1lb shows the equivalent <c¢ircuit diagram,

F

associated with the angle of rotation ¢, for the

potentiometer 10. The electrical resistance of each
segment 12.1 to 12.3 1is divided 1into two resistance
elements which represent the electrical resistance
clockwise before the contact polnt P, P, and

F'.

thereafter. The sum of the resistance elements, which

r7

are denoted by the suffix “a or “b”, respectively

corresponds to the total resistance r of the segment.
The magnitude of each of the resistance elements 1s
dependent on the angle of rotation ¢, provided that one
of the two contact points P; and P, is situated 1n the

relevant segment.

The equivalent circult diagram shown 1n figure 1lb can

be used to ascertain the voltages U;, U, and Uz by

ﬁ

applying Kirchhoff’s rules, said voltages droppilng

across the segments 12.1, 12.2 and 12.3 for a
prescribed current I or a prescribed voltage and being
able to be measured using the electrical contacts 22.1,
22.2 and 22.3. When a prescribed voltage U; 1s applied,

the voltages U, and Uz can be calculated accordingly.

Figure Z2a shows the potentiometer 10, 1n which the
coupling device 36 1s at another angle of rotation o,
which means that the contact point P; 1s situated 1n the
segment 1Z2.3 and the contact point P; 1s situated in the

segment 12.1. The equivalent circuit diagram shown in

-t

figure Z2b 1s obtained.

Figure 3a shows a third possible position for the
coupling device 36, 1n which the first contact point P;
1s situated in the segment 12.2 and the second contact
point P, 1s situated in the segment 12.3. The eqguivalent

circult diagram shown 1n figure 3b 1s obtained.
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The equivalent circuit diagrams shown in figures 1lb, Z2b
and 3b can be used to ascertain, for a prescribed
current I or prescribed voltage U, a pair, comprising
first voltage U; and second voltage U, for each angle

of rotation ¢ shown, which pair corresponds uniquely toO

the angle of rotation ¢. By ascertaining two of the

three voltages U; to U, 1t 1is therefore possible to

explicitly infer the angle of rotation ¢@.

Figure 4a shows a second embodiment of a potentiometer
10 according to the invention with six segments 12.1,

12.2, 12.3, 12.4, 12.5 and 12.6. The segments 12.1 to

12.6 are arranged as described above for the first

embodiment. Between the individual segments, there are
arranged electrical contacts 22.1 to 22.0. The contacts
22.1 and 22.4 are connected to a voltage source - not

shown - which uses the two electrical contacts to apply

bl

an electrical voltage V of 5 V for example, which

results in a current I which flows through all segments
12.1 to 12.6. Figure 4b shows the equivalent circuilt
diagram for the potentiometer 10 when the coupling
device 36 1is 1in the position shown in figure 4. The

resistances are in turn indicated by Ri, where 1 = 1, 2,
3, 4, 5, 0.

Figures 5a,bb, ©6a,6b, 7a,’b, 8a,8b, 9a,9%, 10a,10b,
11a, 11b, 12a,12b, 13a, 13b, 14a, 14b and 15a,15b
respectively show the further possible positions for

the coupling device 36 and the associated equivalent

circuit diagrams. In connection with the description of

figures 23a,23b, it 1is deduced further below which

voltages can be measured between individual electrical

contacts 22.1 to 22.6 for different angles of rotation

Q.

Figure 17a shows an alternative embodiment of a
potentiometer 10 according to the 1invention which has
two segments 12.1 and 12.2 which have edges 1lo.1 and
16.2. The edges 1lo6.1 and 16.2 adjoin one another flush
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at their respective first sections 18.1 and 18.2, on

the one hand, and their second sectilions 20.1 and 20.Z2

on the other, such that they are 1n electrical contact

with one another.

The two segments 12.1, 12.2 form a circular-ring-shaped
arrangement at whose center M a connecting apparatus 38
is mounted so as to be able to rotate around the center
M. The connecting apparatus 38 has a first arm 40, a
second arm 42 and a third arm 44 which are 1in

electrical contact with the respective segment at theilr

end which 1s remote from the center M at a first

contact point P;, at a second P, and at a third contact

point P3. In this way, wiper contacts are formed.

A first current-flow contact 46 and a second current-
flow contact 48 are used by a current source - not
shown - to 1mpress an electric current I which comes
from the current source and flows via the first arm 40
through the contact point P;, through the segment 12.1
or through the segments 12.1 and 12.2, through the
contact point P, and the second arm 42 back to the
current source. The first arm 40 1is electrically

insulated from the second arm 42, so that a flow of

“rom the first current—-flow contact to the

i1

current

second current-flow contact 1s not possible through the

two arms 40, 42 alone. Alternatively, 1nstead of the

electric current I, 1t 1s also possible to apply an

electrical voltage U to the two current-flow contacts

40, 48.

On the baslis of the electric current described above,
an electrical voltage 1s formed between the contact
points P3; and P; and the contact points P; and P, and can
pbe measured by a voltage measurement apparatus - not
shown. To this end, the voltage 1s measured between the

measurement contact 50 and the first current-flow

contact and the second current-flow contact 48,

respectively.
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Figure 17b shows the equivalent circuit diagram for the

-

potentiometer shown in figure 17a, with the angle of

rotation position ¢ shown therein. The notation for the

resistances corresponds to the notation for the two

exemplary embodiments described above.

Figure 18a shows the potentiometer 1n another annular
position and figure 18b shows the associated equivalent

circult diagram.

Figures 19a,1%b, 20a,20b, 21la,21lb, and 22a,22b show

o
—

further possible positions of the transmission

apparatus 38 and the respective equivalent cilrcult

diagrams.

Calculation of the measured voltages on the basis of

the angle of rotation for the second embodiment

F'rom the equivalent circuilt diagrams shown 1n
figures 17b, 18b, 19b, 20b, 21b and 22b, 1t 1s possible

to calculate, for a prescribed current I, the voltages

measured between the first contact point P; and the

third contact point P3 and between the second contact

point P, and the third contact point P3, as follows.

For the calculations, an angle of spread o between the

two operating elements is assumed to be 90°. For the

P

resistance per unit length, a value of 10Q2 per degree

(°) is assumed. Each segment 12.1 to 12.6 covers 60°,

which means that the resistance of a segment is 600Q.

If, as per figure 4a, a voltage 1s applied between the

connections 22.1 (U=+4+5V) and 22.4(ground) and the angle
@ changes between 0° and 30°, an equivalent circuit as

shown in figure 4b 1s obtained.

The resistance elements 1n figure 4b are calculated as

follows:
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rl = p*10L2

rZ = (60-@) *10Q
r3 = 600€2

r =  600L2

r5 = 600€2

ro =  (30+¢@) *10Q
r7 = (30-¢)*10Q
r8 = 600£2

Kirchhoff’s laws are used to obtain the voltage profile

S

figure 23a in the range 0° < ¢ £ 30° - for

-~ shown 1n
the voltages Ul between the contact 22.2 and ground, UZ

between the contact 22.3 and ground, U3 between the

contact 22.5 and ground and U4 between the contact 22.60

and ground.

— -

f a voltage U 1is applied between the connections 22.1
(+5V) and 22.4 (ground)
between 30° 60° as

equivalent circuit as shown 1n

and the angle ¢ 1s changed

and shown 1n figure 5a, an

figure 5b 1s obtained.

The resistance elements 1in figure 5b are calculated as

follows:

rl = @*10€)

r72 = (60~-@) *10€
r3 = 6000

r4 =  600Q

rS = 6002

ro = 6000

r7 = (@-30) *10€2
r8 =  (90-¢) *10Q

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 30° < ¢ < 60°.

1

in figure 6a, an

| I—_

"~ the angle ¢ is changed between 60° and 90° as shown

equivalent c¢ircuit as shown 1n
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elements 1in

The resilistance

figure 6b are calculated as follows:

figure 6b 1s obtained.

rl =  600€2
r2 = (@-60) *10L2
r3 =  (120-¢) *10Q
r4 =  600€2
rS = 60082
ro =  600€2
r7 = (p-30)*10Q
r8 = (90=-¢@) *10Q

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 60° < ¢ < 90°.

If the angle ¢ is changed between 90° and 120° as shown

circuilt as shown 1n

equlivalent
The

figure 7b are calculated as follows:

in figure 7a, an

obtained. resistance elements 1n

figure 7b 1s

ril = (@-90)*10Q

r2 = (150-¢) *10Q
r3 = (@-60)*100

ré =  600Q2

r5S =  600£2

roé = 600€Q2

r7 = (@-30)*10Q

r 8 = (90-¢) *10Q2

Kirchhoff’s laws are used to obtain the voltage profile
shown in figure 23a in the range 90° < ¢ < 120°.

F

If the angle ¢ and 150° as

an equivalent circuit as shown 1in
The

figure 8b are calculated as follows:

is changed between 120°

shown 1n figure 8a,

obtained. resistance elements 1n

figure 8b 1s

rl =  (@-90)*10Q

r2 = (150-¢)*10Q
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r7 = (p-120)*10Q

r3 = (180-¢) *10Q2

r5 =  600€2

ro6 = 6000

r7 = 600Q2

r8 =  600Q

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 120° < ¢ < 150°

and 180° as
an equivalent circuilit as shown 1n
The

changed between 120°

If the angle ¢ 1s

shown 1n figure 9a,

figure 9o 1is obtained. resistance elements 1n

figure 9b are calculated as follows:

rl = 060002
r2 = (@-150)*10Q
r3 = (210-¢) *10Q
r4 = (-120)*10€Q2
r5 = (180-¢) *10Q2
ro =  ©600€2
r7 = 60082
r8 = 6002

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 150° < ¢ < 180°

and 210° as
an equivalent circuit as shown 1n
The

changed between 180°

If the angle ¢ 1s
shown 1n figure 10g&,

resistance elements 1n

| —

figure 10b 1is obtained.

figure 10b are calculated as follows:

ri =  600€2
r2 = (p-150) *10£2
r3 =  (210-¢) *10L2
r = 60002
r5 = (@-180)*10€2
ro6 = (240-¢) *10Q
r7 =  600€
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r8 =  600Q

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 180° < ¢ < 210°

and 240° as
an eqgquivalent circuit as shown 1in
The

figure 1lb are calculated as follows:

changed between 210°

If the angle ¢ 1is

b

figure 1la,
obtailined.

shown 1in

resistance elements 1n

figure 11lb 1s

ril = 6000
r2 = 6000
r3 =  (@-210)*10€Q
rd = (270-¢) *10Q
r5 = (@-180)*10Q
ro = (240-¢) *10Q2
r7 = 600€
r8 = 6002

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 210° < ¢ < 240°

If a voltage is applied between the connections 22.1
(+5V) and 22.4 and the

angle ¢ 1is changed between 240° as shown in

as shown 1n figure 4a,
and 270°

clrcuilt as

(ground)

eguivalent shown 1n

The

figure 1Z2a, an

figure 12b 1s obtained. resistance elements 1n

figure 12b are calculated as follows:

rl =  600€2
r2 = 6008
r3 = (p-210)*10Q
ri = (270-¢) *10€2
r5 = 60082
ro6 = (p-240) *10€
r’7 = (300-¢)*10Q
r8 = 60002
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Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 240° < ¢ < 270°

If a voltage 1s applied between the connections 22.1
(+5V) and 22.4 the

angle ¢ is changed between 270°

shown 1n figure 4a,
and 300°

circuilt as

(ground) as

as shown 1n

figure 13a, an equlivalent shown in

figure 13b 1s obtailined.

The resistance elements 1in figure 13b are calculated as

follows:

ril = 6000

r2 =  600Q

r3 =  600€2

r4 = (¢-270)*10Q
r5 = (350-¢) *10Q2
roé = (¢-240) *10Q2
r/ = (300-¢@) *10LQ2
r8 =  600Q

Kirchhoff’s laws are used to obtain the voltage profile

shown in figure 23a in the range 270° < ¢ £ 300°

and 330° as
an equivalent circuit as shown 1in
The

If the angle ¢ is changed between 300°

shown 1n figure 1l4a,

obtailned. resistance elements 1n

figure 14b 1s

figure 1l4b are calculated as follows:

rl = 6000
r2 = 6002
r3 =  ©600Q2
r = (@-180)*10£€2
rS = (270-¢) *10Q2
ro = 600€2
r/ =  (@-330)*10€2
r8 = (360-¢)*10L2
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Kirchhoff’s laws are used to obtain the voltage profile
shown in figure 23a in the range 300° < ¢ < 330°.

P

If the angle ¢ 1is and 360° as
an equivalent circuit as shown 1n
The

figure 8b are calculated as follows:

changed between 330°

shown 1in figure 15a,

figure 15b 1s obtained. resistance elements 1n

ril = 6002
r2 =  600€2
r3 = 600€2
r4 =  600€
rS =  (p=330)*10Q
ro = (390-¢) *10£2
r7 = (¢-=300)*10Q
r8 =  (360-¢@)*10Q

Kirchhoff’s laws are used to obtain the voltage profile
shown in figure 23a in the range 330° < ¢ < 360°.

shown in

the curve

obtalned as

Over 0° < ¢ < 360°,
thus

angles of rotation than 360°,

profile

a whole. For larger

figure 23a 1is
the angle of rotation can

always be considered modulo 360°.

If a voltage of U=+5V 1s applied to the contact 22.72

and the contact 22.5 1s connected to ground
the voltage UZ

1s measured at

(figure 4a)
and the voltage Ul 1s measured at 22.3,
the voltage U3

and the voltage U4 1s measured at 22.1,
-60°

rotation @ 1s obtained which i1s shown in figure 23b.

1s measured at 22.14,
22.0,
profile shifted through

a Ccurve

through at the angle of

Ascertaining the angle of rotation ¢ from the measured

voltages

First of all,
22.1 and 22.4.

none of the contacts need to be grounded;

a voltage U=5V 1s applied between the

contacts It goes without saying that

the voltages
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described above are then measured for the potential of
the contact 22.4. A check 1s then performed to
determine whether the conditions U4 = 3.33 * 0.2V and
U3 = 1.066 £ 0.2V are met. If so, the angle of rotation

1s determined from the voltages U4 and U3, as described
further below. If not, the voltage U is applied using

the next contacts 22.2 and 22.5 counterclockwise.

Figure 4a shows an advancement angle [} which, 1in
respect of the center M, 1ndicates the angle between
the contact 22.1 and the contact at which the voltage U
is applied. If the conditions U4 = 3.33 + 0.2V and
U3

1.60 =+ 0.2V are satisfied when the voltage U drops

across the contacts 22.1 and 22.4, P = 0°. If the
conditions are satisfied when the voltage U drops
across 22.2 and 22.5, B = 60°, and so on.

The contacts which are used to apply the voltage U are

thus advanced by one respective segment (f = 60°) until
the conditions U4 = 3.33 + 0.2V and U3 = 1.66 * 0.2V

are satisfied.

The angle of rotation ¢ can be calculated as follows

from the measured voltages.

I£f Ul > 30U 2.5V, then: ¢ = (P+(900-2.5*%U1)/5) mod 360,
If Ul <€ %U = 2.5V, then: ¢ = (B+(900-2.5*U2)/5) mod 360

In this case, mod 360 denotes the modular function for
which (a+z 360°) mod 360 = a for all a between 0° and

360° and all integers z.

Calculation of the measured voltages on the basis of
the angle of rotation for the third embodiment

For the embodiment shown 1in figure 17a, a method
according to the invention is performed by virtue of a

current I being sent by the first and the second
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To this end, either a

current-flow contact 46 and 48.

voltage U or a current I 1s applied.

spread o
120° 1is

a value of

an angle of

three of o =

between the arms 40, 42, 44

assumed. For the resistance per unit length,
10QQ per degree for the segment 12.2 and 100Q per degree

for the segment 12.1 1s assumed.

When the first current-flow contact 46 of the first arm
40 and the the
(figure 17a)
the contact points P; (+5V)

measurement contact 50 ot arm 44

are used to apply a voltage U=>5V between
and Ps;(ground) and the angle
an equivalent circuit

The

@ is changed between 0° and 60°,

obtailined. resistance

as shown 1n figure 17b 1s

elements ri 1in figure 17b are calculated as follows:

rl = no 1nfluence
rZ = 120002

r3 = (60-¢) *10€2
rd =  (60+¢) *100Q
ro = no 1nfluence

P

If, as figure 18a shows,
60° 120°, an
figure 18b 1s obtained.

the angle ¢ 1s changed between

equivalent circuit as shown 1n

The

figure 18b are calculated as follows:

and

resistance elements 1in

rl = no influence
rZ = (180-¢) *10L2
r3 = (@-60)*100Q2
r4 = 1200

r5 = no 1nfluence

I1f, as figure 19a shows, the angle ¢ 1s changed between

120° 180°, an
figure 19p 1s obtained.

equivalent circult as shown 1n

The

figure 19 are calculated as follows:

and

resistance elements 1n
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ril =  (¢-120)*10L2

rZ = no 1nfluence

r3 = (180-¢) *10Q2

rd =  (@-60)*100Q

rS = (240-¢) *100

It, as figure 20a shows, the angle ¢ is changed between

180° and 240°, an

figure 20b 1s obtailned.

equivalent circuit as shown 1in

The

figure 20b are calculated as follows:

resistance elements 1n

ril =  (¢-120)*10Q
re = no 1nfluence
r3 = no 1nfluence
rd = 12 000Q

r5 = (240-¢) *100Q

If, as figure 2la shows, the angle ¢ is changed between

240° 300°, an
figure 21b 1is obtained.

equivalent circuit as shown 1in

The

figure 21b are calculated as follows:

and

resistance elements 1n

rl =  (@-240) *10Q2
r2 = 1200

r3 = no 1nfluence
r4 = no 1influence
r5 =  (360-¢)*100Q

If, as figure 22a shows, the angle ¢ is changed between
300° 360°, an eqgquivalent
figure 22b 1is The

figure 22b are calculated as follows:

and cilrcult as shown 1in

obtalned. resistance elements 1n

rl =  (@—-240) *10£2
rZ = (420-¢) *10Q
r3 = no 1nfluence
rd = no 1nfluence
r5 = (360-¢)*100
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For a voltage U=5V, the above part-calculations result

in the curve profile shown 1n figure 24 for a voltage

Uneas, wWhich 1s applied between the contact point P, and

F

the contact point P3, over the angle of rotation ¢.

If a voltage U 1s applied between the connections

[

P, (+5v) and P;(ground) and the voltage Upess, 2 1S measured

at P3, the result 1s a curve profile shifted through the

advancement angle P = -120°.

If a voltage 1s applied between the connections P;3(+5V)

and P, (ground) and the voltage Upeas, 3 1S measured at Py,

the result 1s a curve profile shifted through the

advancement angle B = +120°.

For measuring the angle, a voltage U 1s first of all
applied between the contact points P and Ps,
subsequently between the contact points P, and P3; and
then Dbetween P3; and P;. The voltages Upeass Uneas,2 and
Uneas,3 described above are respectively measured. Each

F

combination of these three voltages corresponds to

=

precilisely one angle of rotation Q, which 1S

interpolated from a table which 1s stored from 1n a

digital memory of an electrical evaluation circuit 1in

F

the form of a microprocessor.

A prosthesis according to the 1invention comprises two
elements which can be swiveled through a swivel angle

relative to one another. If the prosthesis 1s a knee

prosthesis, for example, the two limbs are the thigh

(shank) and the lower 1leg. The two 1limbs of the

prosthesis are connected to one another such that
swiveling the two limbs relative to one another in a
unique manner prompts rotation of the connecting

apparatus relative to the segments.

In other words, swiveling the two limbs relative to one
another results 1n a movement of the connecting

apparatus of the potentiometer relative to the
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segments, and conversely a rotary movement of the
connecting apparatus of the potentiometer relative to
the segments of the potentiometer can be effected only

1f the two limbs are moved relative to one another.

The potentiometer can then be used, as described above,

to determine the angle at which the lower leg 1s

oriented relative to the thigh, for example. If the

prosthesis according to the 1nvention 1s a forearm

b

prosthesis, for example, the two limbs are the upper

—

arm (stub) and the forearm. If the prosthesis 1s a

finger prosthesis, a corresponding situation applies.

It 1s particularly beneficial 1f the segments and the

flexible conductor are surrounded 1n a liquid-tight

manner by a flexible jacket. In this <case, the

" aad
—

prosthesis can be immersed 1in water without fear of

a
short. It 1s possible for the potentiometer to comprise
an electrical controller which 1s set up to ascertailn

the rotary position of the potentiometer. The

electrical controller 1is then preferably likewilise
surrounded by the jacket. It 1s possible for the
controller to be designed to send the rotary position
to outside the jacket 1n encoded form wirelessly or by

wilre.
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Center

Angle of rotation
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Claims

1. A potentiometer, comprising:

(a) a first electrically conductive segment which has

5 first contact side which is delimited Dy a first
circumferential edge;
(b) at least one second electrically conductive

segment which has a second contact side which is delimited

by a second circumferential edge;

(c) wherein said first contact side and said at least

one second contact side are situated in a common plane;

(d) wherein said first and said at least second

electrically conductive segments form a closed arrangement
in which each segment has exactly one neighboring segment
fo each side and wherein an electrical contact 1s arranged

between two neighboring segments;

(e) a connecting apparatus rotatable about an angle

of rotation and electrically connecting a first contact

point on said first contact side or on said at least one

second contact side to at least one second contact on said

first contact side or on said at least one second contact

on said first contact side or on sald at least one second

contact side;

(f) an electric energy source that 1s connected to at

least two electrical contacts so that an electric current

flows through all segments; and

(g) a voltage ascertainment apparatus that 1s

g—
p—

connected to at least two of said electrical contacts to

measure at least one voltage which depends on said angle

o —

of rotation so that said angle of rotation is derivable

from said measured voltages.
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2. The potentiometer as claimed in claim 1, whereln the

segments are cilrcular ring segments.

3. The potentiometer as claimed in claim 1, wherein the

segments are respectively of the same magnitude.

4 . The potentiometer as claimed in claim 1, wherein the

connecting apparatus connects preclsely two contact

polnts.

0. The potentiometer as claimed in claim 2, whereln the

b

connecting apparatus is rotatably mounted at a center O:

fr—
P

rotation colncides with a

rotation and the center oO:

]

circular ring center.

o . A potentiometer for use in a prosthesis, said

potentiometer comprising:

(a) a first electrically conductive segment which has

a first contact side which is delimited by a first
circumferential edge;
(b) at least one second electrically conductive

segment which has a second contact side which is delimited

by a second circumferential edge;

(c) wherein said first contact side and said at least
one second contact side are even and are situated 1n a

common plane;

(d) wherein said first and said at least one second

electrically conductive segments form a closed arrangement
in which each segment has exactly one neighboring segment
to each side and wherein an electrical contact 1s arranged

between two neighboring segments;
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(e) a connecting apparatus rotatable about an angle

of rotation and electrically connecting a first contact

point on said first contact side or on said at least one

second contact side to at least one second contact on said

5 firaet contact side or on sald at least one second contact

on said first contact side or on said at least one second

contact side;

)

(f) wherein swiveling of said prosthesis results 1n a

movement of said connecting apparatus relative to said

10 first and said at least one second electrically conductive

segments;

(g) an electric energy source that is connected to at

least two electrical contacts so that an electrlic current

flows through said first and said at least second

15 electrically conductive segments; and

(h) a voltage ascertainment apparatus that 1s

—

salid electrical contacts tTO

connected to at least two O!

measure at least one voltage which depends on said angle

—

of rotation so that said angle of rotation 1is derivable

20 from said measured voltages, thereby measuring a swiveling

action of sald prosthesis.

7. The potentiometer as claimed in claim 1, wherein the
connecting apparatus comprises a closed, flexible
55  conductor which is arranged with respect to the

electrically conductive segments such that 1t can be

brought into electrical contact with one of the segments

by pressure at a contact point.

30 8 . The potentiometer as claimed in claim /, whereln the

segments and the flexible conductor are surrounded 1n a

liguid-tight manner by a flexible Jacket.
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0. The potentiometer as claimed in claim 7, further

comprising a coupling device for applyling a pressure TO

the flexible conductor at least two contact points.

10. The potentiometer as claimed in claim 1, wherein the
controller i1s designed to electrically connect two

respective contacts to a current source or voltage source
and at least one respective, particularly two respective,

contacts to the voltage ascertalinment apparatus.

11. A method for ascertaining an angular position for a

component, comprising:

(a) providing a potentiometer having a first

electrically conductive segment which has a first contact

side which is delimited by a first circumferential edge,

at least one second electrically conductive segment, which

has a second contact side which is delimited by a second

circumferential edge, wherein said first contact side and

said at least one second contact side are situated 1n a

common plane, wherein said at least two segments form a
closed arrangement in which each segment has exactly one
neighboring segment to each side and wherein an electrical
contact is arranged between two neighboring segments, a

gr—

connecting apparatus rotatable about an angle of rotation

and electrically connecting a first contact point on said

first contact side or on said at least one second contact

side to at least one second contact on said first contact
side or on said at least one second contact side, an

electric energy source that is connected to at least two

electrical contacts so that an electric current flows

through all segments, and a voltage ascertalnment

.

apparatus that is connected to at least two of said
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electrical contacts to measure at least one voltage which

depends on said angle of rotation so that said angle of

|

rotation 1s derivable from said measured voltages;

(b) mechanically connecting the component to a

connecting apparatus or the segments of a potentiometer;

(c) connecting a current source or a voltage source

to the

potentiometer, so that an electric current flows

through at least one segment;

(d) ascertaining at least one first voltage which

—

drops across a portion of the potentiometer on the basis

of the

curreilit,

(e) ascertaining a rotary position for the connecting

apparatus based on the said at least one first voltage;

and

g—

f) ascertaining an angular position of the component

(

——

based on the rotary position of the connecting apparatus.

12. The method as claimed in claim 11, in which the

current source is connected to the potentiometer such that

the current flows through all segments.

13. The method as claimed in claim 11, wherein the

ascertainment of at least one first voltage comprilises the

ﬁ

f assessing n voltages between n pairs of electrical

step O!

contacts, wherein n>1, particularly n>1, and wherein the n

F

pairs are chosen such that each rotary position of the

connecting apparatus corresponds to precisely one

e

combination of the n voltages.
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14. The method as claimed in claim 11, wherein the

voltages are voltages which drop across preclsely one

segment.

15. The method as claimed 1in claim 11, wherein all

voltages are measured using the same voltage ascertalnment

apparatus.

16. A potentiometer, comprising:

(a) a first electrically conductive segment which has

a first contact side which is delimited by a first

circumferential edge;
(b) a second electrically conductive segment, which

has a second contact side which is delimited by a second

circumferential edge;
(c) at least a third electrically conductive segment,

which has at least a third contact side which 1s delimited

by at least a third circumferential edge;

(d) wherein said first contact side and said at
second contact side and said third contact side are even

and are situated 1n a common plane;

(e) wherein said segments form a closed arrangement
in which each segment has exactly one neighboring segment
to each side and wherein an electrical contact 1s arranged

between two neighboring segments;

(f) a connecting apparatus rotatable about an angle

ﬁ

of rotation and electrically connecting a first contact

P

point on said first contact side of said first segment tO

at least one second contact on said second contact side or

on salid third contact side;



10

15

20

29

CA 02676196 2012-08-09

(g) an electric energy source of that is connected tO

a2t least two electrical contacts so that an electric

current flows through all segments; and
(h) a voltage ascertainment apparatus that 1is

connected to at least two of said electrical contacts to

p

and

measure a voltage which depends on said angle of rotation

so that said angle of rotation is derivable from said

measured voltages.

17. A potentiometer for use in a prosthesis, the

prosthesis having a first limb and a second limb which can
be swiveled through a swivel angle relative to one

another, the potentiometer comprising:

(a) a first electrically conductive segment which has

a first contact side which 1s delimited by a first

circumferential edge;

(b) a second electrically conductive segment which

has a second contact side which is delimited by a second

circumferential edge;

(c) at least a third electrically conductive segment

which has at least a third contact side which 1s delimited

by at least a third circumferential edge;

(d) wherein said first contact side and said at
second contact side and said third contact side are even

and are situated in a common plane;

(e) wherein said segments form a closed arrangement
in which each segment has exactly one neighboring segment

to each side and wherein an electrical contact 1s arranged

between two neighboring segments;
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P

(f) a connecting apparatus rotatable about an angle

yro——
—

of rotation and electrically connecting a first contact

—

point on said first contact side of said first segment tTO

a2t least one second contact on said second contact side or

on salid third contact side;

p—

(g) a electric energy source of that 1s connected to

3t least two electrical contacts so that an electric

current flows through all segments;

(h) a voltage ascertainment apparatus that 1s

p—

connected to at least two of said electrical contacts to

measure a voltage;

(i) wherein swiveling said to limbs relative to one

another results in a movement of said connecting apparatus
relative to said segments; and

(i) a controller which calculates said swivel angle

from sald measured voltages.

18. The potentiometer as claimed in claim 5, wherein said

connecting apparatus is in a form such that said first

contact point is arranged so as to be offset from said

F- P
—

second contact point by an angle of spread which 1s of

such magnitude that said contact points cannot be situated

in one segment.

19. The potentiometer as claimed in claim 6, wherein the
prosthesis is an arm prosthesis, a hand prosthesis or a

knee prosthesis.

20. The potentiometer as claimed in claim 7, wherein the

specific electrical resistance in a segment 1s the same.
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21. The potentiometer as claimed in claim 3, wherein the

ectrical resistance of two adjacent segments 1s

specific e.

the same.
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