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Measurement arm receptacle device of a measurement system

[0001] The invention refers to a measurement arm recepta-
cle device of a measurement system for arranging a measure-—
ment arm at the measurement system. For example, the measure-
ment system can be a measurement system of a stylus instru-
ment. For example, the measurement system can be a measure-
ment system of a stylus instrument. For example, the measure-
ment system can be used to detect measurement values during
determination of a roughness of a surface, geometry or shape
of an object. The measurement system has a measurement arm
that is pivotably supported and carries a measurement element
at its free end facing away from the measurement system. The
measurement element can be a contactless measuring measure-
ment element or a tactile measuring measurement element, e.g.
a probe tip, a probe skid or a probe ball. For the tactile
measurement the measurement arm is brought into contact with
the surface of the object that deflects the measurement arm
according to the parameter to be measured, if the measurement
arm or the measurement system is moved relative to the ob-
ject. The deflection during pivoting of the measurement arm
is detected by the measurement system and a measurement value
for the measurement parameter to be determined can be deter-

mined therefrom.

[0002] It can be necessary to replace the measuring ele-
ment or a measurement arm for different measuring tasks. For
this the measurement system must provide a suitable measure-
ment arm receptacle device. In the stylus instrument known

from DE 44 37 033 Al the probe tip that is used for roughness



measurement can be exchanged with a free probe system for

measuring the waviness or shape of an object. A micro-stylus
of a free probe system comprises a sliding skid at its free
end that is mounted by means of a screw connection. For free

probing the sliding skid can be removed.

[0003] DE 196 17 023 Cl describes a surface measurement
apparatus having a permanent magnetic coupling device, with
which a probe element can be arranged at the apparatus. Sup-
port locations are present at a rocker of the apparatus,
wherein respectively one permanent magnet or one permanent
magnet pair is assigned to each support location. Due to an
effect of the magnet-retaining forces displaced from the cen-
ter relative to the support locations, torques can be created

for establishment of the coupling.

[0004] DE 10 2004 048 095 Al describes a stylus instrument
having a probe magazine. The probe arm can comprise an RFID-
chip, the data of which can be read to identify the probe
arm. The probe arm can be arranged or removed from support of
the stylus instrument without tools by means of a retaining

magnet.

[0005] An identification of a measurement element, e.g. a
probe, by using a two-dimensional code (QR-code) is known

from DE 20 2015 004 013 Ul.

[0006] The identification of an exchangeable probe head by
means of a readable chip is further described in DE 10 2004
048 095 Al. There the support locations between the exchange-
able probe head and a probe head receptacle are used to es-

tablish an electrically conducting connection with the chip



in order to allow readout. Thus, the support locations serve
for a defined static support and additionally for establish-

ing an electrical connection.

[0007] Starting therefrom it is an object of the present
invention to improve the exchangeability of a measurement arm

of a measurement system.

[0008] This object is solved by an arrangement of a meas-
urement arm receptacle device and a measurement arm according

to claim 1.

[0009] The measurement arm receptacle device comprises a
holding device and the measurement arm comprises a counter
holding device that are configured to cooperate during estab-
lishment of the connection between the measurement arm recep-
tacle device and the measurement arm. For this purpose the
holding device has a first retaining magnet (which corre-
sponds to the first retaining magnet 53 mentioned below) and
a second retaining magnet (which corresponds to the fifth re-
taining magnet 57 mentioned below). The magnetic poles (north
pole and south pole) of the first retaining magnet are ar-
ranged along a first magnet axis (which corresponds to the
first magnet axis Al mentioned below) in a row. For example,
the magnet axis can form a longitudinal axis or center axis
through the center of gravity and/or the geometric center
point of the retaining magnet. The magnetic poles of the
second retaining magnet are arranged along a second magnet
axis (which corresponds to the fifth magnet axis A5 mentioned
below) in a row. The second magnet axis is orientated paral-

lel to the first magnet axis.



[0010] At the counter holding device a third retaining
magnet (which corresponds to the second retaining magnet 54
mentioned below) is present that cooperates with the first
retaining magnet during the establishment of a mechanical
connection. The magnetic poles of the third retaining magnet
are arranged along a third magnet axis (which corresponds to
the second magnet axis A2 mentioned below) in a row. If the
releasable connection between the measurement arm and the
measurement arm receptacle device or the holding device and
the counter holding device is established, the first magnet
axis is not identical with the third magnet axis, i.e. that
the first magnet axis and the third magnet axis are not ori-
entated coaxially. The first magnet axis and the third magnet
axis are displaced from each other and preferably do not com-
prise an intersection point. The first magnet axis and the
third magnet axis can be orientated parallel to each other or
inclined to each other. When the magnet axes extend coaxially
to each other, the magnetic force is effective exclusively
along or parallel to the magnet axes. By not orientating or
arranging the magnet axes coaxially, the created magnetic
force has a force component that is effective obliquely or
orthogonal to the first magnet axis and/or the third magnet
axis. In doing so, a magnetic force with a vector can be cre-
ated that has two or three force components in different
space directions, wherein the space directions refer to a
Cartesian coordinate system that is fixedly located relative
to the measurement arm receptacle device. In doing so, it is
possible to create a magnetic force with one pair of a re-
taining magnet and a counter retaining magnet that suffi-
ciently fixes the measurement arm at the measurement arm re-

ceptacle device in all space directions of the Cartesian co-



ordinate system that is fixedly located relative to the meas-

urement arm receptacle device.

[0011] The counter holding device further includes a
fourth retaining magnet (which corresponds to the sixth re-
taining magnet 58 mentioned below), the magnetic poles of
which are arranged along a fourth magnet axis (which corre-
sponds to the sixth magnet axis BA6 mentioned below) in a row.
The fourth magnet axis is orientated parallel to the third

magnet axis.

[0012] The first retaining magnet and the second retaining
magnet can be arranged at a common side or in a common sur-
face of the measurement arm receptacle device or the holding
device. Preferably the first retaining magnet and the second
retaining magnet are arranged in a row in a measurement di-
rection, in which the measurement arm moves along the object
to be measured during the measurement, e.g. along the meas-
urement plane, in which the measurement element can be moved

by the pivot movement of the measurement arm.

[0013] In a preferred embodiment the holding device has a
fifth retaining magnet (which corresponds to the third re-
taining magnet 55 mentioned below), the magnetic poles of
which are arranged along a fifth magnet axis (which corre-
sponds to the third magnet axis A3 mentioned below) in a row.
The first magnet axis and the fifth magnet axis are orientat-
ed inclined under an angle relative to each other, preferably
orthogonal. The counter holding device comprises a sixth re-
taining magnet (which corresponds to the fourth retaining
magnet 56 mentioned below), the magnetic poles of which are

arranged along a sixth magnet axis (which corresponds to the



fourth magnet axis R4 mentioned below) in a row. The sixth
retaining magnet cooperates with the fifth retaining magnet
for the establishment of the releasable connection between
the holding device and the counter holding device. If the
connection between the counter holding device and the holding
device 1s established, the fifth magnet axis and the sixth
magnet axis are not orientated coaxially, i.e. not congruent.
As described with regard to the first and the third magnet
axis, in doing so a magnetic force is created that has two or
three force components relative to the Cartesian coordinate
system that is fixedly located relative to the measurement

arm receptacle device.

[0014] It is also preferred, that the first magnet axis
and the fifth magnet axis are orientated orthogonal to each
other and/or if the third magnet axis and the sixth magnet
axis are orientated orthogonal to each other. In such an em-
bodiment sufficiently large magnetic forces can be created in
all space directions without requiring an additional pair of
magnets the magnet axes of which are orientated in this addi-

tional third space direction.

[0015] The second retaining magnet and the third retaining
magnet repel each other, such that any attracting magnetic
force between the second and the third retaining magnet dur-
ing insertion of the measurement arm is avoided and, e.g. an
attracting magnetic force is only created when the third re-
taining magnet and the second retaining magnet have been
moved past each other. In doing so, the correct establishment
of the releasable connection between the measurement arm and

the measurement arm receptacle device is simplified.



[0016] Advantageous embodiments of the invention are de-
rived from the dependent claims, the description and the
drawings. In the following preferred embodiments of the in-
vention are discussed in detail with reference to the at-

tached drawings. The drawings show:

[0017] Figure 1 a schematic perspective view of a measure-
ment apparatus with a measurement system, wherein a measure-
ment arm arranged at the measurement system takes a substan-

tially horizontal position,

[0018] Figure 2 a measurement apparatus with the measure-
ment system of figure 1, wherein the measurement arm takes a

substantially vertical position,

[0019] Figure 3 a schematic perspective illustration of an
embodiment of a measurement system with an inventive measure-
ment arm receptacle device and a measurement arm that is re-

leasably arrangeable thereon,

[0020] Figure 4 a schematic block diagram-like partly sec-
tional illustration of an embodiment of a measurement system
with a highly schematically illustrated measurement arm re-

ceptacle device,

[0021] Figure 5 a circuit diagram that schematically il-
lustrates the electric connection between an electric correc-
tion device and electric connections provided at an assembly
that is rotatably supported relative to the connection de-

vice,



[0022] Figure 6 a perspective illustration of a measure-

ment arm receptacle device of figure 3,

[0023] Figure 7 a perspective illustration of an embodi-
ment of a portion of a measurement arm that is configured to
be connected with the measurement arm receptacle device of

figure 6,

[0024] Figure 8 a schematic illustration of the electric
connection of a support device of the measurement arm recep-

tacle device with a reference potential,

[0025] Figure 9 a perspective illustration of an embodi-
ment of a contact part support device for supporting a con-

tact part of the measurement arm receptacle device,

[0026] Figures 10 and 11 a schematic sectional illustra-
tion of the contact part of figure 9 in different positions

respectively, and

[0027] Figures 12 and 13 a highly schematic principle il-
lustration of retaining magnets of the measurement arm recep-
tacle device and retaining magnets of the measurement arm in
different relative positions of the measurement arm and the

measurement arm receptacle device respectively and

[0028] Figures 1 and 2 show a measurement apparatus 10
that can be used for measuring the surface roughness of a
surface 11 of a workpiece or an object 12 for example. With
such a measurement apparatus 10 also geometries or shape de-

viations of the object 12 can be measured.



[0029] The measurement apparatus 10 comprises a feed axis
14 and a measurement system 15 with a measurement arm 16. The
measurement arm has a free end, at which a measurement ele-
ment 17, e.g. a probe element for tactile or contact measure-
ment of the object 12 is carried. At the end opposite the
measurement element 17 the measurement arm 16 is received or
held at a measurement arm receptacle device 18 of the meas-
urement system 15. The measurement arm receptacle device is

rotatably or pivotably supported about a rotation axis D.

[0030] By the feed axis 14 the measurement system 15 with
the measurement arm 16 arranged thereon can be moved in a
measuring direction during the measurement, e.g. in a hori-
zontal measuring direction Mx or vertical measuring direction
Mz. If the measurement element 17 is in contact with the sur-
face 11 of the object 12 and is moved in the measuring direc-
tion along the surface 11 of the object 12, the measurement
arm 16 is deflected by the measurement element 17 depending
on the form, the geometry or the roughness of the surface 11.
The measurement system 15 is configured to detect the pivot
position of the measurement arm receptacle device 18 about
the rotation axis D. During tactile measurement the pivot po-
sition is transmitted from the measurement arm 16 on the
measurement arm receptacle device 18. Additionally, the posi-
tion of the measurement element 17 in measuring direction Mx,
Mz can be determined via the position of the feed axis 14.
The measurement value pairs describing the pivot position and
the respective associated position of the measurement element
17 in measuring direction can be used for determination of
the roughness of the surface 11 or the shape or the geometry

of the object 12.



[0031] Between the measurement arm 16 and the measurement
arm receptacle device 18 a corresponding mechanical and elec-
trical interface is created in order to mechanically connect
or disconnect the measurement arm 16 with or from the meas-
urement arm receptacle device 18. According to the example,
this connection can be established and released without

tools.

[0032] The measurement arm receptacle device 18 comprises
a receptacle body 19 that is pivotably supported about the
rotation axis D by a rotatable part 19a and extends substan-
tially radially away from the rotation axis D. The receptacle
body 19 can be configured integrally with the rotatable part
19a or can be commonly moveably connected with it. In the em-
bodiment the receptacle body 19 has a first reference surface
20 or first reference side and a preferably orthogonal to the
first reference surface 20 orientated second reference sur-—
face 21 or second reference side. In the illustrated embodi-
ment the second reference surface 21 is arranged in a radial
plane relative to the rotation axis D. With reference to a
Cartesian coordinate system K that is locally fixed relative
to the measurement arm receptacle device 18 or the receptacle
body 19, the second reference plane 21 extends in a plane
that is spanned by an x-direction and a z-direction of the
coordinate system K. The first reference plane 20 extends at
least in a back surface section 20a in a plane that is
spanned by the x-direction and the y-direction of the coordi-
nate system K. Another front surface section 20b is inclined
relative to the back surface section 20a of the first refer-
ence plane 20 and in doing so, extends parallel to the y-

direction.



[0033] For a mechanical connection the measurement arm re-—
ceptacle device 18 comprises a holding device 25 that cooper-
ates with a counter holding device 26 of the measurement arm
16 for establishing the releasable connection. The holding
device 25 comprises a support device 27 that cooperates with
a counter support device 28 of the measurement arm in order
to predefine a defined relative position and relative orien-
tation between the measurement arm 16 and the measurement arm
receptacle device 18 when the connection is established. Ac-
cording to the example, the support device 27 defines a first
support location 30, a second support location 31 and a third
support location 32, wherein each support location is ar-
ranged either directly adjacent to or in the first reference
surface 20 or second reference surface 21. The first support
location 30 is formed by a conically narrowing support cavity
33. Starting from the first reference surface 20 and accord-
ing to the example, the back surface section 20a, the support
cavity 33 narrows to the inside of the receptacle body 19. It
provides a truncated cone skin surface-like support surface
for a respective counter support location for the counter
support device 28. The support surface can be arranged at a
conical insert part that is inserted into the receptacle

body.

[0034] According to the example, the second support loca-
tion 31 is formed by a groove-shaped support cavity 34. In
the embodiment the groove-shaped support cavity 34 is created
in that two support pins 35 are arranged directly adjacent to
each other and that the groove-shaped support cavity 34 is
limited between the two support pins 35. The two support pins
35 are arranged in a respective cavity 36 of the receptacle

body 19 that is open toward the first reference surface 20.



Thus, the groove-shaped support cavity 34 is also open toward
the first reference surface 20. According to the example, the
support pins 35 and the cavity 36 is located in the front
section of the receptacle body 19 and adjoin the front sur-
face section 20b of the first reference surface 20. According
to the example, the support cavity extends in an x-z-plane

orthogonal to the y-direction.

[0035] The third support location 32 is formed at the sec-
ond reference surface 21 and according to the embodiment
formed by a preferable planar support surface that is present
at support insert 37. According to the example, the support
surface is orientated in the x-z-plane. The support surface
of the support insert 37 can be located in the same plane as
the second reference surface 21 or can be slightly shifted

therefrom.

[0036] The counter support device 28 is particularly shown
in figure 7. It comprises a first counter support location
40, a second counter support location 41 and a third counter
support location 42. The first counter support location 41 is
configured to cooperate with the first support location 30.
The first counter support position 31 comprises a support
projection 43 that is configured to match with the conical
support cavity 33 in a way that a contact at least at three
points and according to the example, a line-shaped contact
along a closed circular path is created when the holding de-
vice 25 is connected with the counter holding device 26. For
example, the support projection 43 can have a spherical or at

least in section spherical outer surface.



[0037] According to the example, the second counter sup-
port location 41 is also formed by a support projection 43
that is configured identically or similar to the support pro-
jection 43 of the first counter support location 40. The sup-
port projection 43 of the second counter support location 41
is configured to engage into the groove-shaped support cavity
34 and to establish a point-like contact with each of the two
flanks of the groove-shaped support cavity 34 that is formed
by the support pins 35, according to the example.

[0038] According to the embodiment the third counter sup-
port location 42 comprises a ball 44 or a ball scraper that
also forms a support projection and is configqured for abut-
ment with the support surface of the support insert 37. Be-
tween the support projection of the third counter support lo-
cation 42 and the support surface of the third support loca-
tion 32, a point-shaped contact is created when the connec-
tion between the support device 27 and the counter support
device 28 is established. Instead of a ball 44 or a ball
scraper, also another convex curved support projection can be

present at the third counter support location 42.

[0039] If the support device 27 and a counter support de-
vice 28 are in connection with each other, the support pro-
jection 43 of the first counter support location 40 engages
into the conical support cavity 33 of the first support loca-
tion 30 and defines the position between the measurement arm
16 and the measurement arm receptacle device 18 in three
space directions x, y and z of the coordinate system K. The
support projection 43 of the second counter support location
41 engages into the groove-shaped support cavity 34 and de-

fines the pivot position about the z-direction and the y-



direction of the coordinate system K, due to the contact be-
tween the second support location 31 and the second counter
support location 42 when the connection is established. Thus,
only one single degree of freedom remains, namely the pivot
position about the x-direction. This degree of freedom is de-
fined by the contact between the third support location 32
and the fourth support location 42. In doing so, a statically
unambiguously defined relative location (position and orien-
tation) between the measurement arm receptacle device 18 and
the measurement arm 16 is achieved by the support device 27

and the counter support device 28.

[0040] As can be seen in figure 7, the measurement arm 16
comprises at its end opposite the measurement element 17 a
mounting section 48. The mounting section has a mounting cav-
ity 49 that is at least open at three sides, in which the re-
ceptacle body 19 engages when the connection between the
measurement arm receptacle device 18 and the measurement arm
16 is established. The mounting cavity 49 is limited at one
side by a first wall 50 and at another side by a second wall
51. In the first wall 50 the first counter support location
40 and the second counter support location 41 are arranged.
Matching the two surface sections 20a and 20b the first wall
50 can comprise two wall sections that extend inclined with
regard to each other. The second wall 51 extends substantial-
ly orthogonal to the first wall 50. At the second wall 51 the

third counter support location 42 is arranged.

[0041] It has to be noted that no further mechanical parts
are present between the holding device 25 and the counter
holding device 26 that could hinder the defined abutment be-

tween the support device 27 and the counter support device 28



when the connection between the holding device 25 and the

counter holding device 26 is established.

[0042] The holding device 25 and/or the counter holding
device 26 further comprise means in order to create a retain-
ing force between the measurement arm receptacle device 18
and the measurement arm 16. The retaining force can be creat-
ed in a way that the support device 27 and the counter sup-
port device 28 maintain a defined relative location during
the measurement. In the embodiment described herein the re-

taining force is created by at least one magnetic force.

[0043] According to the example, the measurement arm re-
ceptacle device 18, as well as the measurement arm 16, each
comprise at least one retaining magnet. In the preferred em-
bodiment a plurality of retaining magnets are present at the
measurement arm receptacle device 18 and the measurement arm
16 respectively. In the embodiment three magnet pairs are

formed by

- a first retaining magnet 53 and a second retaining
magnet b54;

- a third retaining magnet 55 and a fourth retaining
magnet 56;

- a fifth retaining magnet 57 and a sixth retaining

magnet b58.

[0044] As illustrated in figure 6, 12 and 13, the first
retaining magnet 53 having a first magnet axis Al is arranged
directly adjacent to the first reference surface 20 of the
receptacle body 19. In the embodiment the first magnet axis

Al corresponds to the longitudinal center axis of the first



retaining magnet 53. In the embodiment the first retaining
magnet 53 has a cylindrical shape and preferably a cylindri-
cal shape with a circular cross-section. A north pole N and a
south pole S of the first retaining magnet 53 are arranged
along the first magnet axis Al in a row. In the embodiment
the first magnet axis Al extends in z-direction of the coor-
dinate system K. The first retaining magnet 53 is arranged
between the first support location 30 and the second support
location 31 and in doing so, closer at the first support lo-
cation 30 and according to the example, adjoins at the first

support location 30 or the conical support insert.

[0045] Adjoining the first reference surface 20 and ac-
cording to the example, adjoining at the back surface section
20a, the fifth retaining magnet 57 is also arranged between
the first support location 30 and the second support location
31. Tts fifth magnet axis A5 extends parallel to the first
magnet axis Al according to the example. In the embodiment
the fifth retaining magnet 57 is configured identically or

similar to the first retaining magnet 53.

[0046] The fifth retaining magnet 57 is arranged closer to
the second support location 31 as to the first support loca-

tion 30.

[0047] Additionally, the third retaining magnet 55 is pro-
vided at the receptacle body 19 directly adjoining the second
reference surface 21. The third magnet axis A3 of the third
retaining magnet 55 extends obliquely and according to the
example orthogonal to the first magnet axis Al and the fifth
magnet axis A5 and according to the embodiment in y-direction

of the coordinate system K.



[0048] A retaining magnet 54, 56, 58 at the mounting sec-
tion 48 of the measurement arm 16 is assigned to each retain-
ing magnet 53, 55, 57 arranged at the receptacle body 19. Ac-
cording to the example, the second retaining magnet 54 and
the sixth retaining magnet 58 are arranged in the first wall
50 adjacent to the mounting cavity 49. The second magnet axis
A2 of the second retaining magnet 54 and the sixth magnet ax-
is A6 of the sixth retaining magnet 58 extend parallel to

each other in the embodiment.

[0049] The fourth retaining magnet 56 is arranged in the
second wall 51 of the mounting section 48. The fourth magnet
axis A4 extends orthogonal to the extension direction of
measurement arm 16 according to the example and thus orthogo-
nal to the measuring direction Mx, Mz. The second magnet axis
A2 and the fourth magnet axis A4 extend also orthogonal to
the extension direction of the measurement arm 16 according
to the example. The fourth magnet axis A4 of the fourth re-
taining magnet 56 is orientated orthogonal to the second mag-
net axis A2 and the sixth magnet axis A6. The fourth magnet
axis A4 extends in y-direction of the coordinate system K and
according to the example, parallel to the rotation axis D, if
the connection between the measurement arm 16 and the meas-
urement arm receptacle device 18 is established. The second
magnet axis A2 and the sixth magnet axis A6 are orientated in
z—direction of the coordinate system K, if the connection is

established.

[0050] In all of the magnets the respective magnetic north
pole N and the respective magnetic south pole S are arranged

along the respective magnet axis adjacent to each other. Ac-



cording to the example, all of the retaining magnets have a
cylindrical shape and preferably a circular cross-section.
The magnet axes correspond to the respective longitudinal
center axis. The magnetic north poles N are illustrated in
figures 12 and 13 with diamond hatch. The magnetic south
poles S are illustrated in figures 12 and 13 by non-filled

white areas.

[0051] For creating the retaining force one north pole N
of a retaining magnet cooperates with one south pole S of a
respective other retaining magnet of a common magnet pair re-
spectively. Due to the attraction force, the measurement arm
16 is retained at the measurement arm receptacle device 18 or

the receptacle body 19.

[0052] As illustration in figure 12, the first retaining
magnet 53 and the fifth retaining magnet 57 are arranged in
z—direction with inverse arrangement of the magnetic poles in
the receptacle body 19. According to the example, a face of
the north pole N of the first retaining magnet 53 is arranged
adjacent to the first reference surface 20, whereas a face of
the south pole S of the fifth retaining magnet is arranged
adjacent to the first reference surface 20. The second re-
taining magnet 54 at the mounting section 48, that is as-
signed to the first retaining magnet 53, is arranged in the
first wall 50 in a way that the south pole S is facing the
mounting cavity 49, whereas the north pole N of the sixth re-
taining magnet 58 faces the mounting cavity 49. Different to
this embodiment, all of the retaining magnets 53, 54, 57, 58
could be arranged in the respective inverse orientation of

the magnetic poles.



[0053] Due to the arrangement in an opposite sense so to
speak of the first retaining magnet 53 and the fifth retain-
ing magnet 57, it is achieved that no attraction force be-
tween the second retaining magnet 54 and the fifth retaining
magnet 57 is created during connection of the mounting sec-
tion 48 with the receptacle body 19, but on the contrary, a
magnetic repulsion is created between the two similar magnet-
ic poles, the south poles S according to the example. The re-
pulsion is schematically illustrated in figure 12 by double
arrows. In doing so, it is avoided that already an attraction
force occurs between the second retaining magnet 54 and the
fifth retaining magnet 57 and the measurement arm 16 is unin-
tentionally arranged in an erroneous relative position at the
measurement arm receptacle device 18. Only when the second
retaining magnet 54 reaches the proximity of the third re-
taining magnet 55 and the sixth retaining magnet 58 reaches
the proximity of the fifth retaining magnet 57, the retaining
force or magnetic force is created in order to establish a
mechanical connection. In doing so, the precise orientation
is defined by the support device 27 and the counter support
device 28, as it is explained above. The respectively as-
signed retaining magnets of one magnetic pair do not directly
abut, if the connection is established, but are arranged with
a slight distance to each other in order to not impede the
precise orientation by support device 27 and the counter sup-

port device 28.

[0054] The arrangement of the magnetic poles for the third
retaining magnet 55 and the fourth retaining magnet 56 is not
explicitly illustrated in figures 12 and 13. For example, the
magnetic north pole N of the third retaining magnet 55 can be

arranged directly adjacent to the second reference surface



21, wherein the magnetic south pole S of the fourth retaining
magnet 56 is facing the mounting cavity 49. Also a respective

inverse arrangement of the magnetic poles is possible.

[0055] In figures 6, 7 and 13 it is further schematically
illustrated that a parallel displacement between the first
magnetic axis Al of the first retaining magnet 53 and the
second magnet axis A2 of the second retaining magnet 54 re-
mains, 1f the connection is established. Due to this dis-
placement, not only a magnetic attraction force parallel to
the magnet axis Al, A2 is created, but additionally a magnet-
ic force component Fx orthogonal to the magnet axes Al, A2
and according to the example in x-direction of the coordinate

system K is created.

[0056] According to the example, also a parallel displace-
ment between the third magnet axis A3 and the fourth magnet
axis A4 exists. The third magnet axis A3 and the fourth mag-
net axis A4 are displaced parallel to each other and orthogo-
nal to the y-direction of the coordinate system K. In doing
so, not only an attraction force in y-direction is created
between the third retaining magnet 55 and the fourth retain-
ing magnet 56, but additionally also a magnetic force compo-
nent Fx in x-direction and/or a magnetic force component in
Fz in z-direction is created, wherein these two additional
components commonly yield to a magnetic force component Fxz

(compare particularly figure 13).

[0057] In the embodiment described herein no retaining
magnets are present having magnet axes that extend substan-
tially or exactly in x-direction. Magnetic force components

in x-direction are created in that a respective displacement



between the magnet axes Al, A2 and A3, R4 of the retaining
magnets 53, 54 or 55, 56 associated to each other exists, if
the connection between the holding device 25 and the counter
holding device 26 is established. In doing so, the number of
magnetic pairs can be reduced. Generally, it may be suffi-
cient that one single magnet pair i1s present that creates a
magnetic force with force components in all three directions
x, y, z of the Cartesian coordinate system K. In the embodi-
ment discussed herein such a magnetic force is created by a
magnet pair consisting of the third retaining magnet 55 and
the fourth retaining magnet 56. The two retaining magnets 55,
56 attract in y-direction and due to the displacement of the
magnet axis, additional magnetic force components in x- and
z—direction are created. The magnet pairs that are addition-
ally present are provided in order to obtain a sufficiently
high magnetic force in all three space directions. A fine
tuning of the magnetic force or the magnetic force components
can be defined by the amount of the distance of the magnet
axes of a magnet pair and/or the distance of the retaining
magnets of a common magnet pair parallel to the magnet axes

when the connection is established.

[0058] As 1t is particularly illustrated in figure 13, the
fifth magnet axis A5 and the sixth magnet axis A6 are orien-
tated coaxially to each other, i.e. they are congruent, if
the connection is established. It is thus not necessarily re-
quired that the two retaining magnets of each magnet pair are
arranged offset. In modification to the illustrated embodi-
ment also a displacement of the fifth magnet axis A5 and the
sixth magnet axis A6 could be provided, if the connection is

established, e.g. in y-direction and/or x-direction.



[0059] The measurement arm receptacle device 18 also com-
prises an electric contact device 65 in order to be able to
create an electric connection to the measurement arm 16 and
particularly to the mounting section 48 of the measurement
arm 16. This is particularly advantageous with measurement
arms 16 that comprise a data carrier 66, on which at least
one indication with regard to the measurement arm 16 is
stored. The indication can be used, e.g. for identification
of the measurement arm or the type of measurement arm. Also
technical data can be stored, e.g. the length of the measure-
ment arm 16 (i.e. the distance between the rotation axis D
and the measurement element 17), the weight of the measure-
ment arm or the like. It is, however, sufficient to store an
indication for characterizing the measurement arm type on the
data carrier 66 in order to transmit this information to an
evaluation device 67 of the measurement system 15. The evalu-
ation device 67 can use the information in order to control
the measurement system 15 dependent from the actually ar-
ranged measurement arm 16 at the measurement arm receptacle
device 18. The evaluation device 67 can be part of a control

device of the measurement system 15.

[0060] A measurement arm contact 68 is provided adjacent
to the mounting cavity 59, e.g. in the second wall 51. Ac-
cording to the example, the measurement arm contact 68 is
electrically connected with the data carrier 66. In the em-
bodiment described herein the data carrier 66 is a chip,
wherein the measurement arm contact 68 is directly arranged

at the chip in the form of a contact surface.

[0061] A contact device 65 of the measurement arm recepta-

cle device 18 comprises a contact part 69 in order to be able



to establish an electric connection with the measurement arm
contact 68. The contact part 69 can consist of a single inte-
gral electrically conductible part. In the embodiment the
contact part 69 is built from several and according to the
example, two separate electrically conductible parts, namely
a contact pin 70 and an electrically conductible contact
sleeve 71 that is mechanically connected with the contact pin
70 and that surrounds the contact pin 70 coaxially to its
longitudinal axis L (figures 9-11) and that can be screwed

onto the contact pin for example.

[0062] The contact part 69, e.g. the contact pin 70, ex-
tends partly through a through-hole 72 out of the receptacle
body 19, such that its free end 70a is arranged outside the
receptacle body 19 and projects according to the example be-
yond the second reference surface 21 (figures 6, 10 and 11).
With the free end 70a of the contact pin 70 the contact part
69 can be brought into abutment with the measurement arm con-
tact 68 in order to create an electric connection between the

contact part 69 and the measurement arm contact 68.

[0063] The contact part 69 is moveable between a rest po-
sition I (figure 11) and a working position II (figure 10).

The end section of the contact pin 70 adjoining the free end
70a that extends beyond the second reference surface 21 from
the receptacle body 19 is longer in the rest position I than

in the working position IT.

[0064] At the side opposite the free end 70a the contact
part 69 is exposed to a biasing force by a biasing means that
acts into a normal direction R. In the rest position I the

normal direction R is orientated parallel to the longitudinal



axis L, if no force is applied onto the contact part 69
transverse to its longitudinal direction. The normal direc-
tion R is preferably orientated orthogonal to the surface of
the measurement arm contact 68, i1f the measurement arm 16 is
arranged at the measurement arm receptacle device 18 (figure

10).

[0065] In the embodiment the biasing means 73 creating the
biasing force in normal direction R is formed by a spring
contact 74. The spring contact 74 has a spring contact sleeve
75, in which a spring contact pin 76 is shiftably arranged in
normal direction R. The spring contact pin 76 extends with a
section adjoining to the outer end 77 from the spring contact
sleeve 75. In the spring contact sleeve 75 a force generating
element is arranged that creates the biasing force and urges
the spring contact pin 76 with the biasing force out of the
spring contact sleeve 75 according to the example. In the em-

bodiment the force generating element is a spring element 78.

[0066] According to the example, the outer end 77 is con-
figured in the form of a spherical segment or a hemisphere
and defines a rotation or wobbling point for the contact part
69 and according to the example, the contact pin 70, the ro-
tation or wobbling point being defined by the center point of
the spherical segment. At the end opposite the free end 70a,
the contact part 69 and according to the example, the contact
pin 70, is supported at the spring contact pin 76. For this a
contact pin 70 has a conical cavity 79. Inside the conical
cavity 79 the spherical surface of the outer end of the
spring contact pin 76 thus abuts at a circular-shaped line
about the longitudinal axis L of the contact pin 70 at the
contact pin 70. The contact pin 70 and thus the contact part



69 is moveable in all three rotational degrees of freedom
about the rotation or wobbling point defined by the spring
contact pin 76, which is schematically illustrated in figure
10 by the double arrow that exemplarily illustrates a wob-
bling movement T. During this wobbling movement T the longi-
tudinal axis L is inclined relative to the normal direction R
about a common intersection point between the longitudinal
axis L and the normal direction R that forms a rotational

wobbling point.

[0067] The contact part 69 is urged against a stop surface
83 in the rest position I. According to the example, the con-
tact sleeve 71 abuts against the stop surface 83. The stop
surface 83 is formed as a ring surface at a ring part 84 that
is aligned with the through-hole 72 or surrounds the through-
hole 72 at an inner aperture in a ring-shaped manner. The
ring part 84 must not necessarily be shaped as a circular
ring. A through-opening is sufficient that is aligned with
the through-hole 72, such that the contact part 69 and ac-
cording to the example, the contact pin 70 can extend through

the through-opening and the through-hole 72.

[0068] According to the example, the stop surface 83 at
the ring part 84 is configured as electrically conductible
surface. For example, the ring part 84 can be configured as
circuit board with an electrically conductible surface, at
which the contact sleeve 71 abuts in the rest position I. The
stop surface 83 is electrically connected with a reference
potential. According the example, the reference potential is
a ground potential GND. Thus the contact part 69 is electri-
cally connected with the ground potential GND in the rest po-

sition T.



[0069] Also a electric spring contact could be present
that is radially effective and that abuts at the contact part
69 in the rest position I in order to electrically connect
the contact part 69 in the rest position I with the reference
potential and according to the example, the ground potential
GND. The electric connection with the reference potential
(ground potential GND) via the stop surface 83 is the pre-
ferred, but not the only possibility to realize this electric

connection.

[0070] A contact part support device 85 is present to sup-
port the contact part 69, such that the spring contact pin 76
remains in engagement with the conical cavity 79. The contact
part support device 85 is configured to allow the contact
part 69, the wobbling movement T and/or the movement trans-
verse to the normal direction R. According to the example,
the contact part support device 85 allows a tilting of the
longitudinal axis L relative to the normal direction R, as

explained above.

[0071] In the embodiment the contact part support device
85 has a solid body support 86. The solid body support 86 is
preferably formed by a leaf spring 87, the configuration of
which is particularly illustrated in figure 9. The leaf
spring 87 has a fastening section 88, with which it is fixed-
ly connected with a support plate 89, e.g. a circuit board,
according to the example by means of a screw connection. In
the rest position I the leaf spring 87 extends substantially
in a plane that is orientated orthogonal to the normal direc-
tion R and/or to the longitudinal axis L. In the normal di-

rection R no or only a negligible small force is created in



normal direction R by the leaf spring 87 compared with the
biasing force of the biasing means 73. The fastening section
88 comprises a connection area 90 from which two arms 91 ex-
tend away in different directions and according to the exam-
ple, substantially orthogonal to each other. At an end oppo-
site to the connection area 90, each of the arms 91 are fixed
on a foot 93 by means of a fastening screw 92. The feet 93
are fixedly connected with the support plate 89. The height
of the feet 93 starting from the support plate 89 is equal.

[0072] Additionally, the leaf spring 87 comprises a coil
spring section 94, wherein the leaf spring extends from an
outer winding with decreasing radius and increasing curvature
to an inner winding 95. At the inner winding 95 the coil
spring section 94 is connected with the contact part 69 and,
for example, held by clamping between the contact sleeve 71
and an end flange 70b of the contact pin 70. For example, the
contact sleeve 71 can be screwed onto the contact pin 70,
such that the inner winding 95 can be clamped axially between
the contact sleeve 71 and the end flange 70b by the screw

connection.

[0073] The coil spring section 94 is connected with the
fastening section 88 and according to the example, with the
connection area 90 via at least one and according to the ex-
ample via a plurality of spring ligaments. According to the
embodiment, the spring ligaments 96 are arranged in pairs re-
spectively, wherein the two spring ligaments 96 of one pair
are separated by a slot and extend parallel to each other.
The middle pair of two ligaments 96 extends substantially
straight from the connection area 90 to the coil spring sec-

tion 94. On both sides of this middle pair one additional
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pair of two spring ligaments 96 is arranged respectively,
each having an arc-shaped curved extension. In the middle
section between the connection area 90 and the coil spring
section 94 the two arc-shaped pairs of spring ligaments 96
have the largest distance from each other and approach each
other starting from this middle section toward the connection
area 90 as well as toward the coil spring section 94. Each
spring ligament 96 is connected with one of the windings in
the coil spring section 94, wherein a plurality of the spring

ligaments 96 can also be connected with the same winding.

[0074] The leaf spring 87 is preferably integrally config-
ured as one piece without seam and connection location. In
doing so, it can be separated from a plate-shaped or foil-

shaped initial part by means of a separation process.

[0075] In the embodiment the contact part 69 is electri-
cally connected with the evaluation device 67 in the rest po-
sition I as well as in the working position II. According to
the example, this is achieved by the electric connection of
the spring contact 74 with the evaluation device 67 via an
electric conductor 100. The spring contact 76 is electrically
conductible and abuts against the contact part, such that an
electric connection is established between the contact part

69 and the conductor 100 and thus the evaluation device 67.

[0076] The contact part 69 is moved out of the rest posi-
tion I in the working position II, if the connection between
the holding device 25 and the counter holding device 26 is
established. The movement in the working position II is car-
ried out, because the measurement arm contact 78 abuts

against the free end 70a of the contact pin 70 and moves it



against the biasing force of the biasing means 73 and accord-
ing to the example, the spring contact 74 in working direc-
tion ITI. In the working direction II the electric connection
between the contact part 69 and the reference potential, ac-
cording to the example the ground potential GND, is inter-
rupted. The interruption of this electric connection is car-
ried out, because the contact part 69 is moved away from the
stop surface 83, if it is located in the working position IT
(figure 10). The contact part 69 abuts at the measurement arm
contact 68 wvia the contact pin 70, such that an electric con-
nection between the evaluation unit 67 and the measurement
arm contact 68 and thus the data carrier 66 (e.g. chip) is
established. Thus in the working position II the evaluation
device 67 can readout information stored on the data carrier

66.

[0077] Because the contact part support device 85 does not
effect a precise guiding of the contact part 69 in normal di-
rection R, but rather allows a movement in at least one rota-
tional or linear degree of freedom additionally to the move-
ment in normal direction R, the free end 70a of the contact
pin 70 is not always abutted exactly against the same loca-
tion at the measurement arm contact 68. Rather during ar-
rangement of the measurement arm 16 at the measurement arm
receptacle device 18 a transverse or wobbling movement T of
the contact part 69 is effected, such that the free end 70a
can slide along the surface of the measurement arm contact 68
until it takes its final position. In doing so, it is avoided
that smaller dirt particles hinder a reliable electric con-
tacting between the contact part 69 and the measurement arm

contact 68. Such dirt particles are removed due to the slid-



ing movement between the free end 70a of the contact pin 70

and the measurement arm contact 68.

[0078] By evaluation of the electric potential at the con-
tact part 69 or the electric conductor 100 the evaluation de-
vice 67 can determine, whether a measurement arm 16 is ar-
ranged at the measurement arm receptacle device 18. If no
measurement arm 16 is present, the contact part 69 takes the
rest position I and is electrically connected with the refer-
ence potential and according to the example, the ground po-
tential GND. In the deflected working position II the connec-
tion to the ground potential GND is interrupted and the con-
tact part abuts against the measurement arm contact 68. If at
the conductor 100 no ground potential GND is recognized, the
evaluation device 67 can conclude that a measurement arm 16
is arranged at the measurement arm receptacle device 18 and
readout of information on the data carrier 66 can be carried
out. For example, the readout of information can be automati-
cally started, if the electric potential at the conductor 100
is changed in a way that it is no longer equal to the refer-

ence potential (here: ground potential GND).

[0079] It can be necessary to provide a reference poten-
tial, and according to the example a ground potential GND, to
the data carrier, such that it is electrically connected with
the ground potential GND via a respective connection. Accord-
ing to the example, this is achieved by connecting one or
more support locations 31, 32, 33 of the support device 27
with the ground potential GND, which is schematically shown
in figure 8. Preferably at least two or all three support lo-
cations 31, 32, 33 are electrically connected with the ground

potential GND. For this purpose the support pins 35 and/or



the insert 37 and/or a conical insert forming the conical
support cavity 33 is at least partly made of electrically
conductible material. In accordance to this the associated
support projections 43 or the ball 44 of the counter support
device 28 also consist of electrically conductible material.
If the connection is established, then also an electric con-
nection between the respective support location 30, 31, 32 at
the measurement arm receptacle device 18 and the counter sup-
port location 40, 41, 42 at the measurement arm 16 is creat-
ed. At least one counter support location and preferably all
counter support locations 40, 41, 42 can be electrically con-
nected with a respective connection at the data carrier 66.
Because the electric connection for providing the reference
potential is established over at least two support locations
and associated counter support locations, a redundancy is
achieved such that a fault can be excluded with high proba-
bility when supplying the reference potential.

[0080] The measurement system 15 is schematically illus-
trated in figure 4. The receptacle body 19 is pivotably sup-
ported about the rotation axis D, according to the example by
means of the rotatable part 1%a. In the embodiment the rotat-
able part 19a is rotatably supported about the rotation axis
D via a ball guide unit 101. The ball guide unit 101 compris-
es an axle pin 102 that extends along the rotation axis D.
Coaxially around the axle pin 102 a ball guide sleeve 103 is
arranged that comprises a plurality of ball receptacles, in
each of which one ball 104 is arranged. The ball guide sleeve
103 can also be named as ball cage. Additionally, a support
sleeve 105 that is coaxially arranged about the ball guide
sleeve 103 is part of the ball guide unit 101. The balls 104
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allow a roller contact bearing of the support sleeve 105 onto

the axle pin 102.

[0081] The rotatable part 19a is torque-proof seated on
the support sleeve 105. Additionally, a rotor 106 of an elec-
tric motor 107 is torque-proof fastened with the support
sleeve 105. The stator 108 of the electric motor 107 is

torque-proof connected with the axle pin 102.

[0082] Additionally, a housing 109 is torque-proof ar-
ranged at the axle pin 102. The housing 109 and the electric
motor 107 are arranged on different axial sides of the rotat-

able part 19%9a.

[0083] An electric connection device 110 with a plurality
of electric connections 111 is arranged at the housing 109.
The electric connections 111 are thus torque-proof relative
to the axle pin 102. They serve for electric contacting of
the measurement system 15 in the measurement apparatus 10.
The electric connections 111 of the electric connection de-
vice 110 are electrically connected via an electric connec-
tion device 112 with winding connections 113 for the rotor
windings 114 of the rotor 106 as well as measurement arm re-
ceptacle connections 115, that in turn are electrically con-
nected with the contact part 69 or one or more support devic-

es 30, 31, 32 (figure 5).

[0084] The connection device 112 is configured to allow a
relative rotation of the parts that are rotatably supported
about the axle pin 102 and particularly of the rotor 106 and
the rotatable 19a or the receptacle body 19 relative to the

electric connection device 110. For this purpose slidable or
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rollable electric contacts can be provided for example, e.g.
via brush contacts as it is known from electric motors, rota-
ry transmitters or the like. The connection device 112 can
also comprise a respective spiral conductor connected with
the electric connection 111, the spiral conductor extending
in a plane radial to the rotation axis D and being electri-
cally connected with its outer end with a connection 111 and
with its inner end either with a winding connection 113 or
with a measurement arm receptacle connection with the refer-
ence sign 115 after measurement arm receptacle connection.
The spiral conductors are only highly schematically illus-

trated in figure 5.

[0085] The measurement system 15 additionally comprises a
measurement device 120. The measurement device 120 serves to
detect the rotation angle position of the measurement arm re-
ceptacle device 18 or the receptacle body 19 about the rota-
tion axis D. For example, a scale part 121 can be torque-
proof connected with the measurement arm receptacle device 18
and according to the example, the rotatable part 19a for this
purpose. At the housing 109 or at another part that is
torque-proof relative to the axle pin 102, a detection unit
122 can be arranged that cooperates preferably contactless
with the scale part 121, e.g. optically or inductively. Dur-
ing a rotation of the scale part 121 about the rotation axis
D the rotation movement can be detected by the detection unit

122 and the actual rotation angle position can be determined.

[0086] For measuring the roughness, the geometry or the
shape of the object 12, the measurement system 15 is moved in
the respective measuring direction Mx, Mz by means of the

feed axis 14. During this movement the actual rotation angle



position of the measurement arm 16 as well as the position of
the measurement system 15 and thus the measurement element 17
in measuring direction Mx or Mz are determined. From the
measurement values for the pivot angle position and respec-
tive associated position in measuring direction the rough-
ness, the form or the geometry of the object 12 can be deter-

mined.

[0087] The invention refers to a measurement arm recepta-
cle device 18 of a measurement system 15 for releasably ar-
ranging a measurement arm 16. The measurement arm receptacle
device 18 can comprise a holding device 25 for this purpose
that cooperates with a counter holding device 26 of the meas-
urement arm 16. In one embodiment the holding device 25 as
well as the counter holding device 26, respectively comprise
at least one retaining magnet. Because the magnet axes of the
two retaining magnets extend offset from each other when the
connection is established, a magnetic retaining force with a
force component is created that extends transverse to the
magnet axes. Thus by a single pair of two retaining magnets,
a magnetic force can be created with a vector in two or three
spacial directions. In a further inventive embodiment the
measurement arm receptacle device 18 comprises an electric
contact part 66 that can be moved between a rest position I
and a working position II. In the rest position I the contact
part is electrically connected with an electric reference po-
tential and in the working position II the electric contact
part is electrically connected with a measurement arm contact
68 of the measurement arm 16. Thus it can be unambiguously
determined via the contact part 69, if a measurement arm 16
is arranged at the measurement arm receptacle device 18 and

additionally a data carrier of the measurement arm 16 elec-



trically connected with the measurement arm contact can be

read out.



List of reference signs:

10 measurement apparatus
11 Surface

12 Object

14 feed axis

15 measurement system

16 measurement arm

17 measurement element

18 measurement arm receptacle device

19 receptacle body

19a rotatable part

20 first reference surface

20a back surface section of the first reference surface
20b  front surface section of the first reference surface

21 second reference surface

25 holding device

26 counter holding device

27 support device

28 counter support device

30 first support location

31 second support location

32 third support location

33 conical support cavity

34 groove-shaped support cavity
35 support pin

36 Cavity

37 support insert
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40 first counter support location

41 second counter support location
42 third counter support location
43 support projection

44 Ball

48 mounting section

49 mounting cavity

50 first wall

51 second wall

53 first retaining magnet
54 second retaining magnet
55 third retaining magnet
56 fourth retaining magnet

57 fifth retaining magnet

58 sixth retaining magnet
65 contact device

66 data carrier

67 evaluation device

68 measurement arm contact

69 contact part

70 contact pin

70a free end of the contact pin
70b end flange

71 contact sleeve

72 through-hole

73 biasing means

74 spring contact

75 spring contact sleeve
76 spring contact pin
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77 outer end of the spring contact pin

78 spring element
79 conical cavity
83 stop surface

84 ring part

85 contact part support device
86 solid body support

87 leaf spring

88 fastening section

89 support plate

90 connection area

91 Arm

92 fastening screw

93 Foot

94 coil spring section
95 inner winding

96 spring ligament

100 electric conductor
101 Dball guide unit

102 axle pin

103 Dball guide sleeve
104 Ball

105 support sleeve

106 Rotor

107 electric motor

108 Stator

109 Housing

110 electric connection device
111 electric connection

112 connection device
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113
114
115

120
121
122

Al
A2
A3
A4
AD
A6

Fx
Fxz
Fz
GND

winding connection
rotor winding

measurement arm receptacle connection

measurement device
scale part

detection unit

rest position

working position

first magnet axis

second magnet axis

third magnet axis

fourth magnet axis

fifth magnet axis

sixth magnet axis

rotation axis

magnetic force component in x-direction
magnetic force component in y-direction
magnetic force component in z-direction
mass potential

coordinate system

longitudinal axis of the contact pin
horizontal measuring direction

vertical measuring direction

north pole

normal direction

south pole

wobbling movement

x-direction



Y

4

y—-direction

z-direction
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Claims:

1. Arrangement comprising a measurement arm receptacle de-

vice of a measurement system and a measurement arm,

wherein the measurement arm receptacle device comprises
a holding device and the measurement arm comprises a counter
holding device that are configured for cooperation in order
to releasably arrange the measurement arm at the measurement

arm receptacle device,

wherein the holding device comprises a first retaining
magnet the magnetic poles of which are arranged along a first
magnet axis in a row, and a second retaining magnet the mag-
netic poles of which are arranged along a second magnet axis
in a row that is orientated parallel to the first magnet ax-

is,

wherein the counter holding device comprises a third re-
taining magnet the magnetic poles of which are arranged along
a third magnet axis in a row and that is associated with the
first retaining magnet, and a fourth retaining magnet the
magnetic poles of which are arranged along a fourth magnet
axis in a row that is orientated parallel to the third magnet

axis,

wherein the first magnet axis and the third magnet axis
are not aligned coaxially to each other when the counter

holding device is connected with the holding device, and

wherein the second retaining magnet and the third re-

taining magnet repel each other.
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2. Arrangement according to claim 1, wherein the second re-
taining magnet and the fourth retaining magnet attract each

other.

3. Arrangement according to claim 1 or claim 2, wherein the
second retaining magnet is located further away from the
measurement arm than the first retaining magnet in a direc-
tion parallel to an extension direction of the measurement

arm.

4. Arrangement according to any of the preceding claims,
wherein the holding device comprises a fifth retaining magnet
the magnetic poles of which are arranged along a fifth magnet
axis in a row, wherein the first magnet axis and the fifth
magnet axis extend inclined to each other, wherein the coun-
ter holding device comprises a sixth retaining magnet the
magnetic poles of which are arranged along a sixth magnet ax-
is in a row and that is associated with the fifth retaining
magnet, and wherein the fifth magnet axis and the sixth mag-
net axis are not aligned coaxially to each other when the

counter holding device is connected with the holding device.

5. Arrangement according to claim 4, wherein the measure-
ment arm receptacle device is pivotally supported about a ro-
ation axis, and wherein the first magnet axis and the third
magnet axis extend orthogonal to the rotation axis and the
fifth magnet axis and the sixth magnet axis extend parallel
to the rotation axis when the counter holding device is con-

nected with the holding device.
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6. Arrangement according to claim 4 or 5, wherein the first
magnet axis and the fifth magnet axis are orientated orthogo-
nal to each other and/or the third magnet axis and the sixth

magnet axis are orientated orthogonal to each other.

7. Arrangement according to any of claims 4 to 6, wherein
the fifth and sixth retaining magnets do not directly abut,
but are spaced apart from each other when the counter holding

device is connected with the holding device.

8. Arrangement according to any of the preceding claims,
wherein the first and third retaining magnets do not directly
abut, but are spaced apart from each other when the counter

holding device is connected with the holding device.



	Page 1 - BIBLIOGRAPHY
	Page 2 - DRAWINGS
	Page 3 - DRAWINGS
	Page 4 - DRAWINGS
	Page 5 - DRAWINGS
	Page 6 - DRAWINGS
	Page 7 - DRAWINGS
	Page 8 - DRAWINGS
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - CLAIMS
	Page 50 - CLAIMS
	Page 51 - CLAIMS

