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Description
[0001] 0001 The present invention relates to a measuring probe, and in particular to a measuring probe having
a simple structure and capable of ensuring high measurement sensitivity.
[0002] 0002 Coordinate measuring machines, for example, have been known as measuring apparatus that
are brought into contact with a surface of an object to be
measured to measure the shape of the surface of the
object to be measured. Such a coordinate measuring machine employs a measuring probe that is brought into
contact with an object to be measured to detect the surface shape thereof (Japanese Patent Application LaidOpen No. Hei. 10-288502; hereinafter referred to as Patent Literature 1). The measuring probe described in Patent Literature 1 includes: a stylus having a contact part
to be in contact with (a surface of) an object to be measured; and detection elements capable of detecting a
movement of the contact part. In Patent Literature 1, the
detection elements are fixed to a detection element supporting part formed in the stylus. On the basis of outputs
generated by strains in the detection elements due to the
deformation of the detection element supporting part, a
touch signal (contact sensed signal) is outputted. In other
words, Patent Literature 1 implements the measuring
probe with the simple structure. US 5 345 689 A, DE 101
22 200 A1 and US 2004/118000 A1 are further prior art.
[0003] 0003 In Patent Literature 1, however, a low
measuring force results in a small deformation amount
of the detection element supporting part due to high stiffness of the detection element supporting part. Thus,
there is a possibility of having difficulty in obtaining sufficient outputs from the detection elements.
[0004] 0004 The present invention has been made in
order to solve the above-described problem in the conventional technique, and an object thereof is to provide
a measuring probe having a simple structure and capable
of ensuring high measurement sensitivity.
[0005] 0005 To solve the above-described problem, a
first aspect of the present invention provides a measuring
probe including: a stylus having a contact part to be
brought into contact with an object to be measured; a
probe housing capable of supporting the stylus on an
axial center; and a detection element capable of detecting a movement of the contact part. The measuring probe
further includes: a plurality of supporting members disposed in an axial direction of the probe housing, the supporting members allowing for an attitude change of the
stylus; and a coupling shaft configured to couple the plurality of supporting members together. The detection element is disposed in, among the plurality of supporting
members, a supporting member that is farthest away
from a rotational center position of rotation generated in
the stylus when a measuring force is applied to the contact part from a direction perpendicular to the axial direction, to detect a strain amount of the supporting member.
[0006] 0006 According to the first aspect, the present
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invention further provides the above-described measuring probe, wherein the stylus is configured to be displaceable integrally with the coupling shaft with respect to the
probe housing.
[0007] 0007 A second aspect of the present invention
provides a measuring probe including: a stylus having a
contact part to be brought into contact with an object to
be measured; a probe housing capable of supporting the
stylus on an axial center; and a detection element capable of detecting a movement of the contact part. The
measuring probe further includes: a plurality of supporting members disposed in an axial direction of the probe
housing, the supporting members allowing for an attitude
change of the stylus; and a coupling shaft configured to
couple the plurality of supporting members together. The
detection element is disposed in, among the plurality of
supporting members, a supporting member that is farthest away from a rotational center position of rotation
generated in the stylus when a measuring force is applied
to the contact part from a direction perpendicular to the
axial direction, to detect a strain amount of the supporting
member, wherein the stylus is configured to be displaceable integrally with the probe housing with respect to the
coupling shaft.
[0008] 0008 A third aspect of the present invention provides the above-described measuring probe, wherein
stiffness of the measuring probe in the axial direction and
stiffness of the measuring probe in the direction perpendicular to the axial direction are made identical with each
other.
[0009] 0009 A fourth aspect of the present invention
provides the above-described measuring probe, wherein
stiffness of the supporting member that is farthest away
from the rotational center position is set lower than stiffness of the remaining supporting member.
[0010] 0010 A fifth aspect of the present invention provides the above-described measuring probe, wherein
stiffness of a member supported by the plurality of supporting members and integrally having the contact part
on a tip thereof is set higher than the stiffness of the
supporting member that is farthest away from the rotational center position, in the direction perpendicular to
the axial direction.
[0011] 0011 A sixth aspect of the present invention provides the above-described measuring probe, wherein the
supporting member that is farthest away from the rotational center position among the plurality of supporting
members is disposed closest to the contact part.
[0012] 0012 A seventh aspect of the present invention
provides the above-described measuring probe, wherein
the plurality of supporting members each have a rotationally symmetric shape including three or more deformable arm parts, and the three or more arm parts are
formed on the same plane.
[0013] 0013 An eighth aspect of the present invention
provides the above-described measuring probe, wherein
among the plurality of supporting members, at least a
supporting member that supports the detection element
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is configured to include the arm parts in a multiple of four.
[0014] 0014 A ninth aspect of the present invention
provides the above-described measuring probe, wherein
the supporting member includes, in addition to the arm
part, a central part connected to the coupling shaft, and
a peripheral part coupled to the central part with the arm
part and connected to the probe housing, and the detection element is disposed on a side of the peripheral part
with respect to a center of the arm part.
[0015] 0015 A tenth aspect of the present invention
provides the above-described measuring probe, wherein
the arm part further includes, on the side of the peripheral
part, a narrowed portion having a width smaller than a
width on a side of the central part.
[0016] 0016 An eleventh aspect of the present invention provides the above-described measuring probe,
wherein a terminal part of the detection element is disposed closer to the center of the arm part than a detection
part of the detection element.
[0017] 0017 A twelfth aspect of the present invention
provides the above-described measuring probe, wherein
a signal processing circuit for processing an output of the
detection element is disposed on a side opposite to the
stylus with respect to all of the plurality of supporting
members.
[0018] 0018 A thirteenth aspect of the present invention provides the above-described measuring probe including an over-travel mechanism for changing a position
of the stylus when a force larger than a predetermined
measuring force is applied to the stylus and restoring the
position of the stylus automatically when the large force
disappears, the over-travel mechanism being provided
between the plurality of supporting members and the stylus in the axial direction.
[0019] 0019 A fourteenth aspect of the present invention provides the above-described measuring probe,
wherein facing parts that face the both surfaces of at least
one supporting member among the plurality of supporting
members are provided integrally with the probe housing.
[0020] 0020 A fifteenth aspect of the present invention
provides the above-described measuring probe, wherein
any of a viscous material and an elastic material is filled
in at least part of a gap between a wall member that is
positioned on a side closer to the stylus with respect to
all of the plurality of supporting members, formed integrally with the probe housing, and disposed so as to face
a member for supporting the contact part and the member
for supporting the contact part.
[0021] 0021 A sixteenth aspect of the present invention
provides the above-described measuring probe, wherein
the detection element is disposed in each of two or more
of the supporting members.
[0022] 0022 A seventeenth aspect of the present invention provides the above-described measuring probe,
wherein the detection element is a strain gauge.
[0023] 0023 According to the present invention, the
measuring probe having the simple structure but capable
of ensuring high measurement sensitivity can be ob-
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tained.
[0024] These and other novel features and advantages
of the present invention will become apparent from the
following detailed description of preferred embodiments.
[0025] The preferred embodiments will be described
with reference to the drawings, wherein like elements
have been denoted throughout the figures with like reference numerals, and wherein;
[0026] 0024
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FIG. 1 is a schematic diagram illustrating an example
of a measuring system using a measuring probe according to a first embodiment of the present invention;
FIG. 2 is a schematic diagram illustrating a cross
section of the measuring probe of FIG. 1;
FIG. 3 is a schematic diagram illustrating part of the
cross section of the measuring probe of FIG. 2;
FIG. 4 is a block diagram illustrating a configuration
of the measuring probe of FIG. 2;
FIG. 5 is a schematic diagram illustrating an example
of a supporting member and detection elements
used in the measuring probe of FIG. 2;
FIG. 6A is a schematic diagram illustrating a relationship between two supporting members in the
measuring probe of FIG. 2 under the absence of a
measuring force, and FIG. 6B is a schematic diagram
illustrating a relationship between the two supporting
members in the measuring probe of FIG. 2 under the
presence of a measuring force in a direction perpendicular to an axial direction;
FIG. 7A is a general cross-sectional diagram of the
measuring probe according to the first embodiment
of the present invention, and FIG. 7B is a general
cross-sectional diagram of a measuring probe according to a second embodiment of the present invention; and
FIG. 8A is a schematic diagram of a measuring probe
according to a third embodiment of the present invention having detection elements at different positions, and FIG. 8B is a schematic diagram of a measuring probe according to a fourth embodiment of the
present invention having a differently-shaped supporting member.
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[0027] 0025 An example of an embodiment of the
present invention will be described below in detail with
reference to the drawings.
[0028] 0026 The first embodiment of a measuring system of the present invention will be described with reference to FIGS. 1 to 6B.
[0029] 0027 The general configuration of a measuring
system 100 will be described first.
[0030] 0028 As illustrated in FIG. 1, the measuring system 100 includes: a coordinate measuring machine 200
that moves a measuring probe 300; an operating part
110 having manually-operated joysticks 111; and a motion controller 500 that controlls operations of the coor-
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dinate measuring machine 200. The measuring system
100 also includes : a host computer 600 that operates
the coordinate measuring machine 200 via the motion
controller 500 and processes measured data obtained
by the coordinate measuring machine 200 to determine,
for example, the dimensions and shape of an object W
to be measured; input unit 120 for inputting, for example,
measurement conditions; and output unit 130 for outputting a result of measurement.
[0031] 0029 As illustrated in FIG. 1, the coordinate
measuring machine 200 includes: the measuring probe
300; a surface plate 210; a drive mechanism 220 provided to stand on the surface plate 210, for three-dimensionally moving the measuring probe 300; and a drive
sensor that detects a drive amount of the drive mechanism 220.
[0032] 0030 The general configuration of the measuring probe 300 will be described next.
[0033] 0031 As illustrated in FIG. 2, the measuring
probe 300 includes: a stylus 336 having a contact part
362 to be brought into contact with the object W to be
measured; a probe housing 306 capable of supporting
the stylus 336 on an axial center O; and detection elements 325 capable of detecting a movement of the contact part 362 from the axial center O and a movement of
the contact part 362 on the axial center O. Note that the
stylus 336 is included in a stylus module 304, and the
probe housing 306 and the detection elements 325 are
included in a probe main body 302. The probe main body
302 is supported by a spindle 224 of the drive mechanism
220. The stylus module 304 is coupled to the probe main
body 302 with a kinematic joint (to be described later) in
such a manner that the stylus module 304 can be detached from and attached to the probe main body 302
with high positional reproducibility.
[0034] 0032 The measuring probe 300 will be described below in detail. Note that the longitudinal direction
on the plane of paper in FIG. 2 is defined as a Z direction,
the horizontal direction on the plane of paper is defined
as an X direction, and the direction perpendicular to the
plane of paper is defined as a Y direction for the purpose
of the following description. Therefore, the direction of
the axial center O of the measuring probe 300 (axial direction O) coincides with the Z direction.
[0035] 0033 As illustrated in FIG. 2, the probe main
body 302 includes the probe housing 306, a signal
processing circuit 320, supporting members 322 and
324, the detection elements 325, a coupling shaft 326, a
flange member 328, a permanent magnet 330, and balls
332.
[0036] 0034 As illustrated in FIG. 2, the probe housing
306 includes an attachment part 308, a circuit placement
part 310, a fixing member 314, a bottom member (wall
member) 316, and a main body cover 318.
[0037] 0035 As illustrated in FIG. 2, the attachment
part 308 is a part to be attached to the spindle 224 at the
upper end of the measuring probe 300. The attachment
part 308 is provided with, for example, a head to be in-
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serted into a fitting part provided in the spindle 224. The
attachment part 308 serves also as one connection terminal capable of electrically connecting to the motion
controller 500. The other connection terminal 309 is provided on the axial center O of the attachment part 308.
The attachment part 308 and the connection terminal 309
are connected to the signal processing circuit 320 disposed in the circuit placement part 310 without developing a short circuit with each other by insulating members
Mil to Mi3. The circuit placement part 310 is disposed at
the lower end of the attachment part 308. The circuit
placement part 310 has a generally triangular cross section, which is perpendicular to the axial center O, except
for a disk-shaped upper end part 310A and a disk-shaped
lower flange 312 provided at the lower end thereof . The
signal processing circuit 320 is disposed along the generally triangular outer periphery of the circuit placement
part 310. The circuit placement part 310 is disposed
above the supporting members 322 and 324. In other
words, the circuit placement part 310 is disposed on the
side opposite to the stylus module 304 with respect to
the supporting members 322 and 324 (i.e., the signal
processing circuit 320 is disposed on the side opposite
to the stylus 336 with respect to all of the supporting members 322 and 324). This eliminates a need to provide a
cavity inside the circuit placement part 310. Thus, the
circuit placement part 310 can be shaped with high stiffness. The circuit placement part 310 can be formed from
a low-expansion material in order to reduce expansion
and contraction due to heat generated from the signal
processing circuit 320.
[0038] 0036 As illustrated in FIGS. 2 and 3, the fixing
member 314 is fixed to a lower end peripheral part 312B
of the lower flange 312 via the supporting member 322.
The fixing member 314 has a cylindrical shape provided
with an opening 314A on the axial center O. Note that
facing parts 312C and 314B are provided on the radially
inner side of the lower end peripheral part 312B in the
lower flange 312 and on the upper end side of the inner
circumference of the fixing member 314, respectively.
The facing parts 312C and 314B face both surfaces of
the supporting member 322 without contact (i.e., the facing parts 312C and 314B that face the both surfaces of
the supporting member 322 are provided integrally with
the probe housing 306). A distance between the facing
parts 312C and 314B and the supporting member 322 is
determined so that a displacement of the supporting
member 322 is regulated to fall within the range of elastic
deformation.
[0039] 0037 Four recesses 314C are provided on a
lower end inner surface of the fixing member 314 with
fourfold symmetry. The bottom member 316 is fixed to a
lower end peripheral portion of the fixing member 314
via the supporting member 324 interposed therebetween. In other words, as illustrated in FIG. 2, the bottom
member 316 is configured to be positioned on the side
closer to the stylus 336 with respect to all of the two supporting members 322 and 324, formed integrally with the
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probe housing 306, and disposed so as to face the flange
member 328 for supporting the contact part 362. The
bottom member 316 has an annular shape. The main
body cover 318 has a cylindrical shape. The main body
cover 318 is disposed over the outer peripheries of the
circuit placement part 310, the lower flange 312, the fixing
member 314, and the bottom member 316, so as to cover
the whole of the signal processing circuit 320. The main
body cover 318 is fixed to the fixing member 314 with
bolts.
[0040] 0038 As illustrated in FIG. 4, the signal processing circuit 320 is a circuit that processes the outputs of
the detection elements 325 and outputs a touch signal
(contact sensed signal) Sout for notifying that the object
W to be measured has been in contact with the contact
part 362. In brief, the signal processing circuit 320 is configured to obtain deflection amounts in the three X, Y,
and Z directions from the outputs of the four detection
elements 325, combine the deflection amounts in the
three directions, and output the touch signal Sout when
the contact part 362 has a certain displacement or greater
(i.e., the measuring probe 300 works as a touch signal
probe) . Note that the signal processing circuit 320 may
be provided with a temperature sensor so that a measurement error of the measuring probe 300 generated due
to heat is corrected in accordance with the output of the
temperature sensor. The signal processing circuit 320
may be configured with three circuit boards electrically
connected to one another with a flexible printed wiring
board, for example.
[0041] 0039 As illustrated in FIGS. 2 and 3, the supporting members 322 and 324 are elastically-deformable
members to allow for attitude changes of the stylus 336
and disposed in the axial direction O of the probe housing
306. A stainless steel material, for example, may be used
(other materials may be used) for the supporting members 322 and 324. Specifically, each of the supporting
members 322 and 324 has a rotationally symmetric
shape including the total of four deformable arm parts at
positions shifted from one another by an angle of 90 degrees in the circumferential direction thereof (around the
axial center O), as illustrated in FIG. 4. These four arm
parts are formed on the same plane. The supporting
members 322 and 324 have the same thickness and the
same structures except that widths of their arm parts are
different from each other (without being limited thereto,
the supporting members 322 and 324 may have arm part
thicknesses, lengths, and shapes different from each other, or the entire supporting members 322 and 324 may
have shapes different from each other) . For this reason,
the supporting member 324 in which the detection elements 325 are disposed will be described below and a
description overlapping with that for the supporting member 322 will be omitted. Note that the structures of the
supporting members are not limited to the shapes illustrated in the present embodiment.
[0042] 0040 As illustrated in FIG. 5, the supporting
member 324 is a generally circular plate-shaped member
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including, in addition to rectangular arm parts 324B, a
central part 324A connected to the coupling shaft 326,
and a peripheral part 324C coupled to the central part
324A with the arm parts 324B and connected to the probe
housing 306. The peripheral part 324C is positioned in
the outermost portion of the supporting member 324. The
arm part 324B extends linearly in a radial direction, and
is disposed on the inner side of the peripheral part 324C.
The central part 324A is disposed on the further inner
side of the arm parts 324B. The supporting member 324
is configured in such a manner that the central part 324A
moves vertically and horizontally by a displacement of
the coupling shaft 326 with respect to the probe housing
306 and the arm parts 324B elastically deform accordingly. Note that the hatched portion of the central part
324A is a portion to be in contact with the coupling shaft
326. Also, the hatched portion of the peripheral part 324C
is a portion to be in contact with the fixing member 314
of the probe housing 306.
[0043] 0041 As illustrated in FIG. 5, the detection element 325 is an affixed type strain gauge, for example,
including: a detection part 325A for detecting a strain
amount of the supporting member 324 in which the detection element 325 is disposed; and a terminal part 325B
for taking out the signal of the detection part 325A to the
outside. The detection elements 325 are disposed on,
and fixed to, for example, with an adhesive, the respective arm part 324B of the supporting member 324. In the
supporting member 324, when the contact part 362 is
displaced in an XY direction, the arm part 324B strains
uniformly in the radial direction. When the contact part
362 is displaced in the Z direction, however, the arm part
324B has larger strains in the vicinity of the central part
324A and in the vicinity of the peripheral part 324C. Here,
the aforementioned recesses 314C are provided in the
fixing member 314 so as to correspond to the vicinities
of the peripheral parts 324C in the arm parts 324B. Accordingly, the detection elements 325 are each disposed
on the side of the peripheral part 324C with respect to
the center of the arm part 324B without being in contact
with the fixing member 314. The detection part 325A is
disposed on the side of the peripheral part 324C with
respect to the center of the arm part 324B, and the terminal part 325B is disposed closer to the center of the
arm part 324B than the detection part 325A. Accordingly,
the terminal part 325B can be easily electrically connected to an annular flexible substrate FS illustrated with broken lines in FIG. 5. Note that the flexible substrate FS is
disposed in a floated manner (in a manner not in contact
with the arms) in a radial cavity between the fixing member 314 and the coupling shaft 326, for example.
[0044] 0042 As illustrated in FIGS. 2 and 3, the coupling shaft 326 has a generally cylindrical shape and couples the two supporting members 322 and 324 together.
The coupling shaft 326 is held on the axial center O by
the two supporting members 322 and 324 so as not to
be in contact with the lower flange 312, the fixing member
314, and the bottom member 316. The coupling shaft
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326 integrally supports the flange member 328.
[0045] 0043 As illustrated in FIGS. 2 and 3, the flange
member 328 has a generally disk shape. The flange
member 328 faces the bottom member 316 in the axial
direction O without contact and faces the main body cover
318 in the radial direction without contact. The flange
member 328 supports the stylus module 304 (i.e., the
flange member 328 is a member for supporting the contact part 362, and the stylus 336 is configured to be displaceable integrally with the coupling shaft 326 with respect to the probe housing 306). Here, a viscous material
VM, such as a grease oil, is filled in at least part of a gap
between a facing surface 316B of the bottom member
316 and a facing surface 328B of the flange member 328.
The words "be filled" as used herein mean that the viscous material VM is completely filled in between the bottom member 316 and the flange member 328 in the XY
direction at at least one location (not necessarily required
to be filled axisymmetrically). This allows at least the viscous material VM to damp a displacement of the flange
member 328 with respect to the bottom member 316.
Thus, the occurrence of unwanted vibrations in the XY
direction and the Z direction generated along with a
movement of the measuring probe 300 can be reduced,
thereby preventing an increase in noise associated with
an increase in sensitivity of the measuring probe 300.
The permanent magnet 330 is fixed to the lower surface
of the flange member 328 on the axial center O. The
three balls 332 are disposed with rotational symmetry at
intervals of 120 degrees in the circumferential direction
on a lower end periphery of the flange member 328 so
as to surround the permanent magnet 330.
[0046] 0044 As illustrated in FIG. 2, the aforementioned stylus module 304 includes an over-travel mechanism 334 and the stylus 336 supported by the overtravel mechanism 334 (i.e., the over-travel mechanism
334 is provided between the stylus 336 and the two supporting members 322 and 324 in the axial direction O).
Note that the stiffness of the members (the coupling shaft
326, the flange member 328, the over-travel mechanism
334, and the stylus 336) supported by the two supporting
members 322 and 324 and integrally having the contact
part 362 at the tip thereof is set higher than the stiffness
of the supporting member 324 in the direction perpendicular to the axial direction O in the present embodiment.
[0047] 0045 As illustrated in FIG. 2, the over-travel
mechanism 334 is a mechanism that changes the position of the stylus 336 when a force larger than a measuring force F (predetermined measuring force) upon outputting the touch signal Sout is applied to the stylus 336
and restores the position of the stylus 336 automatically
when such a large force disappears. In other words, the
over-travel mechanism 334 works to change the position
of the stylus 336 upon the application of a large force to
the stylus 336 before the stylus module 304 comes off
from the probe main body 302. Specifically, the overtravel mechanism 334 includes a flange part 338, an extended part 344, a stylus holder 346, and a coil spring
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[0048] 0046 As illustrated in FIG. 2, the flange part 338
is a member corresponding to the flange member 328.
More specifically, the flange part 338 is provided with
three V-grooves 340 at intervals of 120 degrees in the
circumferential direction of the flange portion 338 so as
to be in contact with the balls 332. A magnetic member
(which may be a permanent magnet) 342 attracted to the
permanent magnet 330 is disposed in the flange part 338
so as to face the permanent magnet 330.
[0049] 0047 Here, the V-grooves 340 are each to be
in contact with the surface of the corresponding ball 332
as illustrated in FIG. 2. Thus, when the permanent magnet 330 and the magnetic member 342 are being attracted to each other by a predetermined magnetic force, the
flange part 338 is seated on (in contact with) the flange
member 328 at six points. In other words, the flange
member 328 and the flange portion 338 can be coupled
to each other while achieving high positioning accuracy.
More specifically, the flange portion 338 and the flange
member 328 constitute a kinematic joint (referred to also
as a kinematic coupling; the same applies hereinafter),
which is a coupling mechanism wherein they can be detached from and attached to each other. This kinematic
joint allows for the achievement of high positioning reproducibility even when the probe main body 302 and
the stylus module 304 are repeatedly detached from and
attached to each other. Note that the kinematic joint is
not limited to the combination of the V-groove and the
ball, but may be a combination of a pair of rollers and a
ball. Alternatively, the combination of the V-groove and
the ball with the opposite arrangement may be employed.
In other words, the kinematic joint is not limited to the
combination of the V-groove and the ball as long as the
six-point seating can be achieved (the same applies to
the following kinematic joint) . Note that the stylus module
304 can drop off from the flange member 328 (including
not only a case when the balls 332 are not in contact with
all of the V-grooves 340 but also a case when only part
of the balls 332 is not in contact with the V-grooves 340;
the same applies hereinafter) when a large force is applied to the stylus 336 from the horizontal direction (the
direction perpendicular to the axial direction O), thereby
preventing the breakage of the probe main body 302
(thus, the predetermined magnetic force by which the
permanent magnet 330 and the magnetic member 342
are attracted to each other is a force corresponding to
the aforementioned large force; the same applies hereinafter).
[0050] 0048 As illustrated in FIG. 2, the extended part
344 is formed integrally with the outer periphery of the
flange part 338. The extended part 344 houses the coil
spring 350 capable of expanding and contracting in the
axial direction O therein. The stylus holder 346 is provided at an end of the extended portion 344 in the axial
direction O. The stylus holder 346 is connected to the
extended part 344 with bolts. The upper surface of the
stylus holder 346 closer to the coil spring 350 movably
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supports the flange part 356 of the stylus 336 pressed
by the coil spring 350. Three balls 348 are disposed on
the upper surface of the stylus holder 346 closer to the
coil spring 350 at intervals of 120 degrees in the circumferential direction thereof. Three V-grooves 358 are provided on the lower surface of the flange part 356 at intervals of 120 degrees in the circumferential direction
thereof so as to correspond to the balls 348. Note that
an axial direction of the V-groove 358 is approximately
the same as the radial direction toward the axial center
O. In other words, it can be said that the stylus holder
346 and the flange part 356 constitute the aforementioned kinematic joint.
[0051] 0049 Thus, when the flange part 356 is being
pressed by the coil spring 350 with a predetermined
spring force, the flange part 356 is seated on (in contact
with) the stylus holder 346 at six points. This allows for
positioning at the fixed position. In other words, the overtravel mechanism 334 can achieve the highly-reproducible positioning of the stylus 336 with respect to the flange
part 338 within a range of the measuring force F not greater than the pressing force of the coil spring 350. When a
force larger than the predetermined spring force given
by the coil spring 350 is applied to the stylus 336, the
flange part 356 can be removed off from the stylus holder
346, thereby preventing the dropping off of the stylus
module 304 from the probe main body 302. While the
facing parts 312C and 314B in the present embodiment
always allow the supporting member 322 to fall within
the range of elastic deformation, the predetermined
spring force given by the coil spring 350 is preferably set
smaller than the measuring force F exceeding the range
of elastic deformation of the supporting members 322
and 324.
[0052] 0050 As illustrated in FIG. 2, the stylus 336 includes: the flange part 356 supported by the stylus holder
346 as described above; a rod part 360 extending from
the flange part 356 in the axial direction O; and the contact
part 362 provided at the tip of the rod part 360.
[0053] 0051 As illustrated in FIG. 2, the base end of
the rod part 360 is attached to the flange part 356. The
tip of the rod part 360 is provided with the spherical contact part 362 to be brought into contact with the object W
to be measured (i.e., the stylus 336 includes the contact
part 362 to be brought into contact with the object W to
be measured). Note that when no displacement of the
stylus 336 in the XY direction occurs, the direction of the
central axis of the stylus 336 coincides with the Z direction
(the axial direction O).
[0054] 0052 Next, a rotational center position RC will
be described next with reference to FIGS. 6A and 6B.
Note that FIGS. 6A and 6B are schematic diagrams of
the measuring probe 300 focusing on the relationship
between the supporting members 322 and 324 and the
stylus 336. Note that the reference numeral Dc denotes
a compression strain, and the reference numeral De denotes a tensile strain.
[0055] 0053 The rotational center position RC is sub-
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stantially determined by a stiffness ratio between the supporting member 322 and the supporting member 324.
Here, the width of the arm part in the supporting member
322 is set larger than the width of the arm part 324B in
the supporting member 324 as illustrated in FIG. 4. Thus,
the stiffness of the supporting member 324 is lower than
the stiffness of the supporting member 322. In other
words, in a state in which no measuring force F is applied
to the contact part 362 (FIG. 6A), the rotational center
position RC of rotation generated in the stylus 336, when
the measuring force F is applied to the contact part 362
from the direction perpendicular to the axial direction O,
is positioned closer to the supporting member 322 than
the supporting member 324 in the axial direction O (i.e.,
the supporting member 324 of the two supporting members 322 and 324 is disposed farthest away from the
rotational center position RC and the detection elements
325 are disposed in the supporting member 324; and the
supporting member 324 of the two supporting members
322 and 324 is disposed closest to the contact part 362).
Note that the structures of the supporting members are
not limited to the shapes illustrated in the present embodiment. While the rotational center position RC may
be obtained uniquely by the stiffness ratio between the
supporting member 322 and the supporting member 324,
the rotational center position RC may be obtained in consideration of the bend of the stylus 336.
[0056] 0054 As just described, the stiffness of the supporting member 324 is set lower than the stiffness of the
supporting member 322 in the present embodiment, so
that the supporting member 324 of the two supporting
members 322 and 324 is disposed farthest away from
the rotational center position RC. The detection elements
325 are disposed on such a supporting member 324.
This causes a larger strain in the detection element 325,
thus allowing for high sensitivity detection. Note that the
present invention is not limited thereto. The rotational
center position RC may not be determined by a stiffness
difference between the two supporting members. Alternatively, not two but three or more supporting members
may be used.
[0057] 0055 In the present embodiment, the stylus 336
is displaceable integrally with the coupling shaft 326 with
respect to the probe housing 306. This results in a reduced volume of the member formed integrally with the
stylus 336, thereby achieving a high resonance frequency and thus achieving high-speed measurement.
[0058] 0056 In the present embodiment, stiffness of
the measuring probe 300 in the axial direction O and
stiffness of the measuring probe 300 in the direction perpendicular to the axial direction O can be made identical
with each other. For example, it can be achieved by adjusting the stiffness of the supporting member 322 in the
Z direction and the stiffness of the supporting member
324 in the X and Y directions with respect to each other.
In this case, the same deflection amounts can be easily
obtained by the same force in all of the three X, Y, and
Z directions. Thus, the same measuring force F can be
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exerted in all of the directions and the same deflection
amounts can be thereby obtained. In other words, displacements upon outputting the touch signal Sout can
be made the same regardless of their directions, thereby
easily preventing measurement results from having directional dependency. At the same time, measurement
results of the objects to be measured, made of materials
each having different stiffness can be directly compared
to each other by adjusting the output threshold of the
touch signal Sout. For example, a mock-up made of a
resin and a mass-produced molded product made of a
metal can be compared to each other. Without being limited thereto, stiffness in the axial direction O and stiffness
in the direction perpendicular to the axial direction O may
be different from each other in each of the two supporting
members.
[0059] 0057 In the present embodiment, the stiffness
of the members (the coupling shaft 326, the flange member 328, the over-travel mechanism 334, and the stylus
336) supported by the two supporting members 322 and
324 and integrally having the contact part 362 on the tip
thereof is set higher than the stiffness of the supporting
member 324 that is farthest away from the rotational center position RC, in the direction perpendicular to the axial
direction O. Thus, the deflection of the supporting member 324 is larger than the deflection of the stylus 336,
resulting in a larger detection amount in the detection
element 325 with respect to a displacement of the stylus
336. In other words, a measurement can be performed
with higher sensitivity. Without being limited thereto, the
stiffness of the members supported by the two supporting
members and formed integrally up to the contact part
may be set lower than the stiffness of the supporting
member disposed farthest away from the rotational center position RC, in the direction perpendicular to the axial
direction O.
[0060] 0058 In the present embodiment, the supporting member 324 of the two supporting members 322 and
324 that is farthest away from the rotational center position RC is disposed closest to the contact part 362. In
other words, the detection elements 325 are disposed
closer to the stylus than the rotational center position RC.
Thus, detection errors can be reduced, and a reduction
of noise and an increase in sensitivity can be achieved.
[0061] 0059 In the present embodiment, the two supporting members 322 and 324 each have the rotationally
symmetric shape including the four deformable arm
parts, and the four arm parts are formed on the same
plane. This easily allows for separation into X, Y, and Z
three axis components in the signal processing of the
output signals from the detection elements 325 and sensitivity around the axis of the stylus 336 can be made
isotropic, as compared to a case having three arms. At
the same time, the arm parts supporting the stylus 336
press each other since the arm parts are on the same
plane. Thus, a degree of descent of the contact part 362
when the measuring probe 300 is oriented in the horizontal direction can be reduced. Without being limited
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thereto, the supporting member may have a rotationally
symmetric shape including three or more deformable
arms. Such a rotationally symmetric shape can facilitate
the arithmetic operations of the outputs of the detection
elements correspondingly. However, the supporting
member may not include three or more deformable arm
parts, and the arm parts may not be formed on the same
plane. Needless to say, the number of the arm parts may
differ between the two supporting members. Alternatively, only at least the supporting member that supports the
detection elements may include arm parts in a multiple
of four. In this case, strains in the three X, Y, and Z directions can be easily separated and calculated.
[0062] 0060 In the present embodiment, the detection
element 325 is disposed on the side of the peripheral
part with respect to the center of the arm part 324B. Strain
in the arm part 324B is not entirely uniform. Especially
when the contact part 362 moves in the axial direction
O, large strains are generated between the end of the
arm part 324B connected to the peripheral part 324C and
the end thereof connected to the central part 324A. Although both the peripheral part 324C and the central part
324A need to be supported securely, the supported area
of the peripheral part 324C is large unlike the central part
324A. Thus, even a reduction in the portion of (the fixing
member 314 of) the probe housing 306 that supports the
peripheral part 324C by forming the recesses 314C is
less likely to affect the force for fixing the supporting member 324. In other words, the arrangement of the detection
elements 325 in the present embodiment can stably ensure the supporting of the stylus 336 by the supporting
member 324, and strain in the arm part 324B can be
effectively detected. Without being limited thereto, the
detection element may be disposed so as to cover the
entire arm part or may be disposed closer to the center
of the arm part.
[0063] 0061 In the present embodiment, the terminal
part 325B of the detection element 325 is disposed closer
to the center of the arm part 324B than the detection part
325A of the detection element 325. This allows a wiring
board connected to the terminal part 325B and reaching
the signal processing circuit 320 to be disposed in the
cavity between the fixing member 314 and the coupling
shaft 326 in the radial direction. Therefore, the size of
the probe housing 306 and the size of the coupling shaft
326 can be optimized without paying attention to wiring
for obtaining outputs from the detection elements 325.
Without being limited thereto, the terminal part of the detection element may be disposed closer to the peripheral
part than the detection part of the detection element.
[0064] 0062 In the present embodiment, the signal
processing circuit 320 is disposed on the side opposite
to the stylus 336 with respect to all of the two supporting
members 322 and 324. This can reduce the distance
between the supporting members 322 and 324. Thus,
the members (the circuit placement part 310 and the lower flange 312) for supporting the signal processing circuit
320 can have a light weight but high stiffness. At the same
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time, heat generated in the signal processing circuit 320
can be easily made less likely to be conducted not only
to the supporting members 322 and 324 but also to the
stylus 336. In other words, high accuracy and high stabilization can be achieved in the output of the touch signal
Sout, as compared to a case where the signal processing
circuit is disposed between the supporting members.
Without being limited thereto, the signal processing circuit may not be disposed on the side opposite to the
stylus 336 with respect to all of the two supporting members.
[0065] 0063 In the present embodiment, the over-travel mechanism 334 is provided between the stylus 336
and the two supporting members 322 and 324 in the axial
direction O. This can achieve a quick measurement while
preventing an excessive force from being directly applied
to the two supporting members 322 and 324. In particular,
since the over-travel mechanism 334 is provided in the
stylus module 304, it is possible to reduce such malfunction that the stylus module 304 is disengaged from the
probe main body 302 before the over-travel mechanism
334 works. Without being limited thereto, the over-travel
mechanism 334 may not be disposed between the stylus
and the two supporting members. The measuring probe
300 can then reduce its weight accordingly.
[0066] 0064 In the present embodiment, the facing
parts 312C and 314B, which face the both surfaces of
the supporting member 322 of the two supporting members 322 and 324, are provided integrally with the probe
housing 306. This can reliably limit a displacement of the
supporting member 322 within the range of elastic deformation. At the same time, this can prevent the breakage
and deformation of the supporting member 324. Without
being limited thereto, such facing parts may be provided
with respect to all of the supporting members or no facing
parts may be provided.
[0067] 0065 In the present embodiment, the viscous
material VM is filled in at least part of the gap between
the bottom member 316 and the flange member 328,
where the bottom member 316 is positioned on the side
closer to the stylus 336 with respect to all of the two supporting members 322 and 324, formed integrally with the
probe housing 306, and disposed so as to face the flange
member 328 for supporting the contact part 362. This
allows for the damping of a displacement of the stylus
336, thereby reducing output malfunction when the stylus
336 is moved. Moreover, the position at which the viscous
material VM is filled is external to the two supporting
members 322 and 324. This allows the viscous material
VM to be filled and the filling amount of the viscous material VM to be changed and adjusted, without removing
the supporting members 322 and 324, etc.. In other
words, the existence of a step of filling the viscous material VM does not make the manufacturing process of
the measuring probe 300 to be complicated. Additionally,
damping characteristics can be easily adjusted since refilling of the viscous material VM can be easily performed
even after the manufacturing of the measuring probe 300.
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At the same time, since the viscous material VM is filled
between the bottom member 316 and the flange member
328 and its position is therefore away from the circuit
placement part 310, there is no possibility for the viscous
material VM to adhere to and thereby contaminate the
signal processing circuit 320 even if the viscous material
VM scatters. Without being limited thereto, the position
at which the viscous material VM is filled may not be on
the side closer to the stylus with respect to all of the two
supporting members, or no viscous material VM may be
filled. Alternatively, rubber (an elastic material) such as
silicone may be used instead of the viscous material VM.
In this case, damping can be performed without concerning about scattering as in the viscous material VM.
[0068] 0066 In the present embodiment, the detection
element 325 is an affixed type strain gauge. In other
words, a highly-sensitive and low-cost detection element
can be used as the detection element 325. Moreover,
the position at which the detection element 325 is affixed
can be easily adjusted. The detection element 325 does
not detect a transient impact force only but can send an
output corresponding to the deflection amount stably for
a certain period of time. This can eliminate a need to
provide a circuit for performing temporal adjustments
even if output timing for the deflection amounts in the
three X, Y, and Z directions is shifted from one another
in the detection elements 325. Without being limited
thereto, the detection element may be a strain gauge or
PZT, for example, formed on the arm part by means of
direct deposition, for example.
[0069] 0067 In other words, a simple structure but high
measurement sensitivity can be ensured in the present
embodiment.
[0070] 0068 While the present invention has been described taking the first embodiment as an example, the
present invention is not limited to the first embodiment.
In other words, modifications and design alterations are
obviously possible without departing from the scope of
the present invention.
[0071] 0069 For example, the stylus 336 is configured
to be displaceable integrally with the coupling shaft 326
with respect to the probe housing 306 in the first embodiment. However, the present invention is not limited thereto. For example, the measuring probe may be configured
as in the second embodiment illustrated in FIG. 7B. The
second embodiment is different from the first embodiment only in connection relationships among the probe
housing, the coupling shaft, and the stylus. Accordingly,
a general cross-sectional diagram illustrating only such
a portion is illustrated in FIG. 7B, and a description about
other configurations will be omitted. Note that a general
cross-sectional diagram in FIG. 7A shows the first embodiment.
[0072] 0070 In the second embodiment, a stylus 436
is configured to be displaceable integrally with a probe
housing 406 with respect to a coupling shaft 426 as illustrated in FIG. 7B. In other words, the coupling shaft 426
is fixedly supported by a spindle, and the stylus 436
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formed integrally with the probe housing 406 is configured to be displaceable with respect to the coupling shaft
426 by supporting members 422 and 424. This can reduce the resonance frequency of the stylus 436 and thus
can easily cut vibration noise.
[0073] 0071 In the first embodiment, the supporting
member 324 (on which the detection elements 325 are
disposed) of the two supporting members 322 and 324
that is farthest away from the rotational center position
RC is disposed closest to the contact part 362. However,
the present invention is not limited thereto. For example,
the measuring probe may be configured as in the third
embodiment illustrated in FIG. 8A. The third embodiment
is different from the first embodiment only in the position
of the supporting member on which the detection elements are disposed. Accordingly, a schematic diagram
illustrating only such a portion is illustrated in FIG. 8A,
and a description about other configurations will be omitted.
[0074] 0072 In the third embodiment, of two supporting
members 722 and 724, the width of an arm part in the
supporting member 722 is set smaller than the width of
an arm part in the supporting member 724 as illustrated
in FIG. 8A. Consequently, the rotational center position
RC is positioned closer to the supporting member 724,
and the supporting member 722 is positioned farthest
away from the rotational center position RC. Detection
elements 725 are disposed on the supporting member
722. In other words, the supporting member 722 (on
which the detection elements 725 are disposed) of the
two supporting members 722 and 724 that is farthest
away from the rotational center position RC is disposed
farthest away from a contact part 762. This can reduce
sudden strain transmitted to the detection element 725,
thus reducing the possibility of false detection such as
vibration noise. Without being limited thereto, the detection elements may, of course, be disposed in each of the
two supporting members. In such a case, the use of outputs from a large number of detection elements can increase the sensitivity of the measuring probe and improve the noise resistance thereof.
[0075] 0073 While the shape of the arm part on which
the detection element is disposed has constant width in
its radial direction with no features in the first embodiment, the present invention is not limited thereto. For
example, the measuring probe may be configured as in
the fourth embodiment illustrated in FIG. 8B. The fourth
embodiment is different from the first embodiment only
in the shape of the arm on which the detection element
is disposed. Accordingly, a schematic diagram of a supporting member capable of recognizing the shape of such
an arm is illustrated in FIG. 8B, and a description about
other configurations will be omitted.
[0076] 0074 In the fourth embodiment, an arm part
824B of a supporting member 824 on which a detection
element 825 is disposed includes, on the side of the peripheral part 824C, a narrowed portion 824BB having a
width smaller than a width on the side of the central part
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824A, as illustrated in FIG. 8B. This allows strain to be
concentrated on the narrowed portion 824BB. Thus, the
strain can be detected with high sensitivity and with high
accuracy by the detection element 825 disposed in that
narrowed portion 824BB.
[0077] 0075 While the measuring probe includes the
signal processing circuit that outputs the touch signal
Sout in the above embodiment, the present invention is
not limited thereto. For example, the measuring probe
may be a scanning probe including a signal processing
circuit that outputs displacement signals in accordance
with displacement amounts in the three X, Y, and Z directions.
[0078] 0076 The present invention can be applied
broadly to measuring probes used for measuring threedimensional shapes of objects to be measured. In doing
so, the present invention can be applied not only to measuring probes for coordinate measuring machines but also
to measuring probes used for machine tools.
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Claims
1.

A measuring probe (300) comprising:
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a stylus (336, 436, 736) having a contact part
(362,462,762) to be brought into contact with an
object to be measured;
a probe housing (306, 406) capable of supporting the stylus (336, 436, 736) on an axial center
(O);
a detection element (325, 425, 725, 825) capable of detecting a movement of the contact part
(362, 462, 762);
a plurality of supporting members (322, 324,
422, 424, 722, 724, 824) disposed in an axial
direction (O) of the probe housing (306, 406),
the supporting members (322, 324, 422, 424,
722, 724, 824) allowing for an attitude change
of the stylus (336, 436, 736); and
a coupling shaft (326, 426, 726) configured to
couple the plurality of supporting members (322,
324, 422, 424, 722, 724, 824) together, wherein
the detection element (325, 425, 725, 825) is
disposed in, among the plurality of supporting
members (322, 324, 422, 424, 722, 724, 824),
a supporting member (324, 424, 722, 824) that
is farthest away from a rotational center position
(RC) of rotation generated in the stylus (336,
436, 736) when a measuring force (F) is applied
to the contact part (362, 462, 762) from a direction perpendicular to the axial direction (O), to
detect a strain amount of the supporting member
(324, 424, 722, 824), wherein
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the stylus (336, 736) is configured to be displaceable
integrally with the coupling shaft (326, 726) with respect to the probe housing(306).
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the stylus (436) is configured to be displaceable integrally with the probe housing (406) with respect to
the coupling shaft (426).
3.

4.

rection (O).

A measuring probe (300) comprising:
a stylus (336, 436, 736) having a contact part
(362,462,762) to be brought into contact with an
object to be measured;
a probe housing (306, 406) capable of supporting the stylus (336, 436, 736) on an axial center(O);
a detection element (325, 425, 725, 825) capable of detecting a movement of the contact part
(362, 462, 762);
a plurality of supporting members (322, 324,
422, 424, 722, 724, 824) disposed in an axial
direction(O) of the probe housing (306, 406), the
supporting members (322, 324, 422, 424, 722,
724, 824) allowing for an attitude change of the
stylus (336, 436, 736); and
a coupling shaft (326, 426, 726) configured to
couple the plurality of supporting members (322,
324, 422, 424, 722, 724, 824) together, wherein
the detection element (325, 425, 725, 825) is
disposed in, among the plurality of supporting
members (322, 324, 422, 424, 722, 724, 824),
a supporting member (324, 424, 722, 824) that
is farthest away from a rotational center position
(RC) of rotation generated in the stylus (336,
436, 736) when a measuring force (F) is applied
to the contact part (362, 462, 762) from a direction perpendicular to the axial direction (O), to
detect a strain amount of the supporting member
(324, 424, 722, 824), wherein

The measuring probe (300) according to any one of
claims 1 to 2, wherein stiffness of the measuring
probe (300) in the axial direction (O) and stiffness of
the measuring probe (300) in the direction perpendicular to the axial direction (O) are made identical
with each other.
The measuring probe (300) according to any one of
claims 1 to 3, wherein stiffness of the supporting
member (324, 424, 722, 824) that is farthest away
from the rotational center position (RC) is set lower
than stiffness of the remaining supporting member
(322, 422, 724).
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6.

The measuring probe (300) according to any one of
claims 1 to 5, wherein the supporting member (324,
424, 722, 824) that is farthest away from the rotational center position (RC) among the plurality of supporting members (322, 324, 422, 424, 722, 724, 824)
is disposed closest to the contact part (362, 462,
762).

7.

The measuring probe (300) according to any one of
claims 1 to 6, wherein the plurality of supporting
members (322, 324, 422, 424, 722, 724, 824) each
have a rotationally symmetric shape including three
or more deformable arm parts (324B, 824B), and the
three or more arm parts (324B, 824B) are formed on
a same plane.

8.

The measuring probe (300) according to claim 7,
wherein among the plurality of supporting members
(322, 324, 422, 424, 722, 724, 824), at least a supporting member (324, 424, 722, 824) that supports
the detection element (325, 425, 725, 825) is configured to include the arm parts (324B, 824B) in a
multiple of four.

9.

The measuring probe (300) according to claim 7 or
8, wherein the supporting member (324, 424, 722,
824) includes, in addition to the arm part (324B,
824B), a central part (324A, 824A) connected to the
coupling shaft (326, 426, 726), and a peripheral part
(324C, 824C) coupled to the central part (324A,
824A) with the arm part (324B, 824B) and connected
to the probe housing (306, 406), and the detection
element (325, 425, 725, 825) is disposed on a side
of the peripheral part (324C, 824C) with respect to
a center of the arm part (324B, 824B).

5

10

15

20

25

30

35

40

45

10. The measuring probe according to claim 9, wherein
the arm part (824B) further includes, on the side of
the peripheral part (824C), a narrowed portion
(824BB) having a width smaller than a width on a
side of the central part (824A).
11. The measuring probe (300) according to claim 9 or
10, wherein a terminal part (325B) of the detection
element (325) is disposed closer to the center of the
arm part (324B) than a detection part (325A) of the
detection element (325) .
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5.

The measuring probe (300) according to any one of
claims 1 to 4, wherein stiffness of a member (326,
328, 334, 336) supported by the plurality of supporting members (322, 324) and integrally having the
contact part (362) on a tip thereof is set higher than
the stiffness of the supporting member (324) that is
farthest away from the rotational center position
(RC), in the direction perpendicular to the axial di-
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12. The measuring probe (300) according to any one of
claims 1 to 11, wherein a signal processing circuit
(320) for processing an output of the detection element (325) is disposed on a side opposite to the stylus (336) with respect to all of the plurality of supporting members (322, 324).
13. The measuring probe (300) according to any one of
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claims 1 to 12, comprising an over-travel mechanism
(334) for changing a position of the stylus (336) when
a force larger than a predetermined measuring force
(F) is applied to the stylus (336) and restoring the
position of the stylus (336) automatically when the
large force disappears, the over-travel mechanism
(334) being provided between the plurality of supporting members (322, 324) and the stylus (336) in
the axial direction (O).

(322, 324, 422, 424, 722, 724, 824) aneinander
zu koppeln, wobei
das Detektionselement (325, 425, 725, 825) in
einem Trägerbauteil (324, 424, 722, 824) unter
der Vielzahl von Trägerbauteilen (322, 324, 422,
424, 722, 724, 824) angeordnet ist, das von einer Drehmittelpunktposition (RC) einer Drehung, die im Stift (336, 436, 736) erzeugt wird,
wenn eine Messkraft (F) auf das Kontaktteil
(362, 462, 762) aus einer Richtung senkrecht
zur Achsenrichtung (O) ausgeübt wird, am weitesten entfernt ist, um ein Dehnungsausmaß
des Trägerbauteil (324, 424, 722, 824) zu detektieren, wobei der Stift (336, 736) ausgebildet
ist, einstückig mit der Kopplungswelle (326, 726)
in Bezug auf das Sondengehäuse (306) verschiebbar zu sein.
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14. The measuring probe (300) according to any one of
claims 1 to 13, wherein facing parts (312C, 314B)
that face the both surfaces of at least one supporting
member (322) among the plurality of supporting
members (322, 324) are provided integrally with the
probe housing (306).
15. The measuring probe (300) according to any one of
claims 1 to 14, wherein any of a viscous material
(VM) and an elastic material is filled in at least part
of a gap between a wall member (316) that is positioned on a side closer to the stylus (336) with respect
to all of the plurality of supporting members (322,
324), formed integrally with the probe housing (306),
and disposed so as to face a member (328) for supporting the contact part (362) and the member (328)
for supporting the contact part (362).
16. The measuring probe according to any one of claims
1 to 15, wherein the detection element is disposed
in each of two or more of the supporting members.
17. The measuring probe (300) according to any one of
claims 1 to 16, wherein the detection element (325)
is a strain gauge.

15

2.

Messsonde (300), umfassend:
einen Stift (336, 436, 736), der ein Kontaktteil
(362, 462, 762) aufweist, das mit einem zu messenden Objekt in Kontakt zu bringen ist;
ein Sondengehäuse (306, 406), das imstande
ist, den Stift (336, 436, 736) auf einem Achsenmittelpunkt (O) zu tragen;
ein Detektionselement (325, 425, 725, 825), das
imstande ist, eine Bewegung des Kontaktteils
(362, 462, 762) zu detektieren;
eine Vielzahl von Trägerbauteilen (322, 324,
422, 424, 722, 724, 824), die in einer Achsenrichtung (O) des Sondengehäuses (306, 406)
angeordnet ist, wobei die Trägerbauteile (322,
324, 422, 424, 722, 724, 824) eine Lageänderung des Stifts (336, 436, 736) erlauben; und
eine Kopplungswelle (326, 426, 726), die ausgebildet ist, die Vielzahl von Trägerbauteilen

Messsonde (300), umfassend:
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einen Stift (336, 436, 736), der ein Kontaktteil
(362, 462, 762) aufweist, das mit einem zu messenden Objekt in Kontakt zu bringen ist;
ein Sondengehäuse (306, 406), das imstande
ist, den Stift (336, 436, 736) auf einem Achsenmittelpunkt (O) zu tragen;
ein Detektionselement (325, 425, 725, 825), das
imstande ist, eine Bewegung des Kontaktteils
(362, 462, 762) zu detektieren;
eine Vielzahl von Trägerbauteilen (322, 324,
422, 424, 722, 724, 824), die in einer Achsenrichtung (O) des Sondengehäuses (306, 406)
angeordnet ist, wobei die Trägerbauteile (322,
324, 422, 424, 722, 724, 824) eine Lageänderung des Stifts (336, 436, 736) erlauben; und
eine Kopplungswelle (326, 426, 726), die ausgebildet ist, die Vielzahl von Trägerbauteilen
(322, 324, 422, 424, 722, 724, 824) aneinander
zu koppeln, wobei
das Detektionselement (325, 425, 725, 825) in
einem Trägerbauteil (324, 424, 722, 824) unter
der Vielzahl von Trägerbauteilen (322, 324, 422,
424, 722, 724, 824) angeordnet ist, das von einer Drehmittelpunktposition (RC) einer Drehung, die im Stift (336, 436, 736) erzeugt wird,
wenn eine Messkraft (F) auf das Kontaktteil
(362, 462, 762) aus einer Richtung senkrecht
zur Achsenrichtung (O) ausgeübt wird, am weitesten entfernt ist, um ein Dehnungsausmaß
des Trägerbauteils (324, 424, 722, 824) zu detektieren, wobei der Stift (436) ausgebildet ist,
einstückig mit dem Sondengehäuse (406) in Bezug auf die Kopplungswelle (426) verschiebbar
zu sein.
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Messsonde (300) nach einem der Ansprüche 1 bis
2, wobei Steifheit der Messsonde (300) in der Achsenrichtung (O) und Steifheit der Messsonde (300)
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ter einen verengten Abschnitt (824BB), der eine Breite aufweist, die geringer ist als eine Breite an einer
Seite des mittleren Teils (824A), enthält.

in der Richtung senkrecht zur Achsenrichtung (O)
identisch miteinander gestaltet sind.
4.

Messsonde (300) nach einem der Ansprüche 1 bis
3, wobei Steifheit des Trägerbauteils (324, 424, 722,
824), das am weitesten von der Drehmittelpunktposition (RC) entfernt ist, niedriger eingestellt ist als
Steifheit des verbleibenden Trägerbauteils (322,
422, 724).

24

5

11. Messsonde (300) nach Anspruch 9 oder 10, wobei
ein Endteil (325B) des Detektionselements (325) näher beim Mittelpunkt des Armteils (324B) angeordnet ist als ein Detektionsteil (325A) des Detektionselements (325).

10

5.

Messsonde (300) nach einem der Ansprüche 1 bis
4, wobei Steifheit eines Bauteils (326, 328, 334,
336), das von der Vielzahl von Trägerbauteilen (322,
324) getragen wird und einstückig das Kontaktteil
(362) an einer Spitze davon aufweist, höher eingestellt ist als die Steifheit des Trägerbauteils (324),
das in der Richtung senkrecht zur Achsenrichtung
(O) am weitesten von der Drehmittelpunktposition
(RC) entfernt ist.
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6.

7.

Messsonde (300) nach einem der Ansprüche 1 bis
5, wobei das Trägerbauteil (324, 424, 722, 824) unter
der Vielzahl von Trägerbauteilen (322, 324, 422,
424, 722, 724, 824), das am weitesten von der Drehmittelpunktposition (RC) entfernt ist, dem Kontaktteil
(362, 462, 762) am nächsten angeordnet ist.
Messsonde (300) nach einem der Ansprüche 1 bis
6, wobei die Vielzahl von Trägerbauteilen (322, 324,
422, 424, 722, 724, 824) jeweils eine drehsymmetrische Form aufweisen, die drei oder mehr verformbare Armteile (324B, 824B) enthält, und die drei oder
mehr Armteile (324B, 824B) auf einer selben Ebene
gebildet sind.
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12. Messsonde (300) nach einem der Ansprüche 1 bis
11, wobei eine Signalverarbeitungsschaltung (320)
zum Verarbeiten eines Ausgangs des Detektionselements (325) an einer Seite gegenüber dem Stift
(336) in Bezug auf alle der Vielzahl von Trägerbauteilen (322, 324) angeordnet ist.
13. Messsonde (300) nach einem der Ansprüche 1 bis
12, umfassend einen Überlaufmechanismus (334)
zum Ändern einer Position des Stifts (336), wenn
eine Kraft, die größer als eine vorbestimmte Messkraft (F) ist, auf den Stift (336) ausgeübt wird, und
automatischen Wiederherstellen der Position des
Stifts (336), wenn die große Kraft verschwindet, wobei der Überlaufmechanismus (334) zwischen der
Vielzahl von Trägerbauteilen (322, 324) und dem
Stift (336) in der Achsenrichtung (O) bereitgestellt ist.
14. Messsonde (300) nach einem der Ansprüche 1 bis
13, wobei zugewandte Teile (312C, 314B), die den
beiden Oberflächen mindestens eines Trägerbauteils (322) unter der Vielzahl von Trägerbauteilen
(322, 324) zugewandt sind, einstückig mit dem Sondengehäuse (306) bereitgestellt sind.

35

8.

9.

Messsonde (300) nach Anspruch 7, wobei mindestens ein Trägerbauteil (324, 424, 722, 824) unter der
Vielzahl von Trägerbauteilen (322, 324, 422, 424,
722, 724, 824), das das Detektionselement (325,
425, 725, 825) trägt, ausgebildet ist, die Armteile
(324B, 824B) in einem Vielfachen von vier zu enthalten.
Messsonde (300) nach Anspruch 7 oder 8, wobei
das Trägerbauteil (324, 424, 722, 824) zusätzlich zu
dem Armteil (324B, 824B) ein mittleres Teil (324A,
824A), das mit der Kopplungswelle (326, 426, 726)
verbunden ist, und ein peripheres Teil (324C, 824C),
das mit dem mittleren Teil (324A, 824A) mit dem
Armteil (324B, 824B) gekoppelt ist und mit dem Sondengehäuse (306, 406) verbunden ist, enthält und
das Detektionselement (325, 425, 725, 825) an einer
Seite des peripheren Teils (324C, 824C) in Bezug
auf einen Mittelpunkt des Armteils (324B, 824B) angeordnet ist.
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10. Messsonde nach Anspruch 9, wobei das Armteil
(824B) an der Seite des peripheren Teils (824C) wei-

13

15. Messsonde (300) nach einem der Ansprüche 1 bis
14, wobei ein beliebiges von einem viskosen Material (VM) und einem elastischen Material in mindestens einen Teil eines Spalts zwischen einem Wandbauteil (316), das an einer Seite näher dem Stift
(336) in Bezug auf alle der Vielzahl von Trägerbauteilen (322, 324), die einstückig mit dem Sondengehäuse (306) gebildet sind, positioniert ist und so angeordnet ist, dass es einem Bauteil (328) zum Tragen des Kontaktteils (362) zugewandt ist, und dem
Bauteil (328) zum Tragen des Kontaktteils (362) eingefüllt ist.
16. Messsonde nach einem der Ansprüche 1 bis 15, wobei das Detektionselement in jedem von zwei oder
mehr der Trägerbauteile angeordnet ist.
17. Messsonde (300) nach einem der Ansprüche 1 bis
16, wobei das Detektionselement (325) ein Dehnungsmesser ist.
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Revendications
1.

pour coupler la pluralité d’éléments de support
(322, 324, 422, 424, 722, 724, 824) ensemble,
dans laquelle
l’élément de détection (325, 425, 725, 825) est
disposé dans, parmi la pluralité d’éléments de
support (322, 324, 422, 424, 722, 724, 824), un
élément de support (324, 424, 722, 824) qui est
le plus éloigné d’une position de centre de rotation (RC) d’une rotation générée dans le stylet
(336, 436, 736) lorsqu’une force de mesure (F)
est appliquée à la partie de contact (362, 462,
762) depuis une direction perpendiculaire à la
direction axiale (O), pour détecter une quantité
de contrainte de l’élément de support (324, 424,
722, 824), dans laquelle
le stylet (436) est configuré pour pouvoir être
déplacé en une seule pièce avec le boîtier de
sonde (406) par rapport à l’arbre de couplage
(426).

Sonde de mesure (300) comprenant :
un stylet (336, 436, 736) ayant une partie de
contact (362, 462, 762) à amener en contact
avec un objet à mesurer ;
un boîtier de sonde (306, 406) capable de supporter le stylet (336, 436, 736) sur un centre axial
(O) ;
un élément de détection (325, 425, 725, 825)
capable de détecter un mouvement de la partie
de contact (362, 462, 762) ;
une pluralité d’éléments de support (322, 324,
422, 424, 722, 724, 824) disposés dans une direction axiale (O) du boîtier de sonde (306, 406),
les éléments de support (322, 324, 422, 424,
722, 724, 824) permettant un changement d’attitude du stylet (336, 436, 736) ; et
un arbre de couplage (326, 426, 726) configuré
pour coupler la pluralité d’éléments de support
(322, 324, 422, 424, 722, 724, 824) ensemble,
dans laquelle
l’élément de détection (325, 425, 725, 825) est
disposé dans, parmi la pluralité d’éléments de
support (322, 324, 422, 424, 722, 724, 824), un
élément de support (324, 424, 722, 824) qui est
le plus éloigné d’une position de centre de rotation (RC) d’une rotation générée dans le stylet
(336, 436, 736) lorsqu’une force de mesure (F)
est appliquée à la partie de contact (362, 462,
762) depuis une direction perpendiculaire à la
direction axiale (O), pour détecter une quantité
de contrainte de l’élément de support (324, 424,
722, 824), dans laquelle
le stylet (336, 736) est configuré pour pouvoir
être déplacé en une seule pièce avec l’arbre de
couplage (326, 726) par rapport au boîtier de
sonde (306).
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3.

Sonde de mesure (300) selon l’une quelconque des
revendications 1 et 2, dans laquelle une rigidité de
la sonde de mesure (300) dans la direction axiale
(O) et une rigidité de la sonde de mesure (300) dans
la direction perpendiculaire à la direction axiale (O)
sont rendues identiques l’une à l’autre.

4.

Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 3, dans laquelle une rigidité de
l’élément de support (324, 424, 722, 824) qui est le
plus éloigné de la position de centre de rotation (RC)
est réglée inférieure à une rigidité de l’élément de
support restant (322, 422, 724).

5.

Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 4, dans laquelle une rigidité d’un
élément (326, 328, 334, 336) supporté par la pluralité
d’éléments de support (322, 324) et formant une seule pièce avec la partie de contact (362) sur une pointe
de celui-ci est réglée supérieure à la rigidité de l’élément de support (324) qui est le plus éloigné de la
position de centre de rotation (RC), dans la direction
perpendiculaire à la direction axiale (O).

6.

Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 5, dans laquelle l’élément de support (324, 424, 722, 824) qui est le plus éloigné de
la position de centre de rotation (RC) parmi la pluralité d’éléments de support (322, 324, 422, 424,
722, 724, 824) est disposé le plus près de la partie
de contact (362, 462, 762).

7.

Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 6, dans laquelle la pluralité d’éléments de support (322, 324, 422, 424, 722, 724, 824)
ont chacun une forme symétrique en rotation comprenant au moins trois parties bras déformables
(324B, 824B), et les au moins trois parties bras
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2.

Sonde de mesure (300) comprenant :
un stylet (336, 436, 736) ayant une partie de
contact (362, 462, 762) à amener en contact
avec un objet à mesurer ;
un boîtier de sonde (306, 406) capable de supporter le stylet (336, 436, 736) sur un centre axial
(O) ;
un élément de détection (325, 425, 725, 825)
capable de détecter un mouvement de la partie
de contact (362, 462, 762) ;
une pluralité d’éléments de support (322, 324,
422, 424, 722, 724, 824) disposés dans une direction axiale (O) du boîtier de sonde (306, 406),
les éléments de support (322, 324, 422, 424,
722, 724, 824) permettant un changement d’attitude du stylet (336, 436, 736) ; et
un arbre de couplage (326, 426, 726) configuré
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la pluralité d’éléments de support (322, 324) sont
ménagées en une seule pièce avec le boîtier de sonde (306).

(324B, 824B) sont formées sur un même plan.
8.

Sonde de mesure (300) selon la revendication 7,
dans laquelle parmi la pluralité d’éléments de support (322, 324, 422, 424, 722, 724, 824), au moins
un élément de support (324, 424, 722, 824) qui supporte l’élément de détection (325, 425, 725, 825) est
configuré pour inclure les parties bras (324B, 824B)
dans un multiple de quatre.

5
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9.

Sonde de mesure (300) selon la revendication 7 ou
8, dans laquelle
l’élément de support (324, 424, 722, 824) inclut, en
plus de la partie bras (324B, 824B), une partie centrale (324A, 824A) reliée à l’arbre de couplage (326,
426, 726), et une partie périphérique (324C, 824C)
couplée à la partie centrale (324A, 824A) avec la
partie bras (324B, 824B) et reliée au boîtier de sonde
(306, 406), et
l’élément de détection (325, 425, 725, 825) est disposé sur un côté de la partie périphérique (324C,
824C) par rapport à un centre de la partie bras (324B,
824B).

10. Sonde de mesure selon la revendication 9, dans laquelle la partie bras (824B) inclut en outre, sur le
côté de la partie périphérique (824C), une partie rétrécie (824BB) ayant une largeur plus petite qu’une
largeur sur un côté de la partie centrale (824A).
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11. Sonde de mesure (300) selon la revendication 9 ou
10, dans laquelle une partie terminale (325B) de
l’élément de détection (325) est disposée plus près
du centre de la partie bras (324B) qu’une partie de
détection (325A) de l’élément de détection (325).
12. Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 11, dans laquelle un circuit de
traitement de signal (320) pour traiter une sortie de
l’élément de détection (325) est disposé sur un côté
opposé au stylet (336) par rapport à l’ensemble de
la pluralité d’éléments de support (322, 324).
13. Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 12, comprenant un mécanisme
de surcourse (334) pour modifier une position du stylet (336) lorsqu’une force supérieure à une force de
mesure prédéterminée (F) est appliquée au stylet
(336) et pour restaurer automatiquement la position
du stylet (336) lorsque la force importante disparaît,
le mécanisme de surcourse (334) étant placé entre
la pluralité d’éléments de support (322, 324) et le
stylet (336) dans la direction axiale (O).
14. Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 13, dans laquelle des parties qui
font face (312C, 314B) qui font face aux deux surfaces d’au moins un élément de support (322) parmi
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15. Sonde de mesure (300), selon l’une quelconque des
revendications 1 à 14, dans laquelle l’un quelconque
d’un matériau visqueux (VM) et d’un matériau élastique est rempli dans au moins une partie d’un espace entre un élément paroi (316) qui est positionné
sur un côté plus proche du stylet (336) par rapport
à l’ensemble de la pluralité d’éléments de support
(322, 324), faisant partie intégrante du boîtier de sonde (306), et disposé de façon à faire face à un élément (328) pour supporter la partie de contact (362)
et l’élément (328) pour supporter la partie de contact
(362).
16. Sonde de mesure selon l’une quelconque des revendications 1 à 15, dans laquelle l’élément de détection est disposé dans chacun des au moins deux
éléments de support.
17. Sonde de mesure (300) selon l’une quelconque des
revendications 1 à 16, dans laquelle l’élément de
détection (325) est une jauge de contrainte.
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