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Description

TECHNICAL FIELD

[0001] The present invention relates to a surface tex-
ture measuring apparatus. More specifically, the inven-
tion relates to a surface texture measuring apparatus
having a stylus which is brought into contact with a sur-
face of a subject of measurement.

RELATED ART

[0002] Surface texture measuring apparatuss are
known which move a stylus along a surface of a subject
of measurement with the stylus kept in contact with the
surface, detects displacements of the stylus that are
caused by a surface shape, surface roughness, or the
like of the subject of measurement, and recognizes a
surface texture such as a surface shape, surface rough-
ness, or the like of the subject of measurement based on
the detected displacements of the stylus.
[0003] Usually, a surface texture measuring apparatus
is equipped with a detector having a measurement arm
which is supported so as to be able to swing about an
axis of rotation (supporting point), a stylus provided at
the tip of the measurement arm, and a detection unit for
detecting swing amounts of the measurement arm. The
surface texture measuring apparatus is also equipped
with a stage to be mounted with a subject of measure-
ment and a relative movement mechanism for causing a
relative movement between the detector and the stage.
[0004] The detection unit detects swing amounts of the
measurement arm while the relative movement mecha-
nism causes a relative movement between the detector
and the stage with the stylus kept in contact with a surface
of the subject of measurement. A surface texture of the
subject of measurement is recognized based on the de-
tected swing amounts.
[0005] To measure, for example, a top inner surface
and a bottom inner surface of a cylindrical work using a
surface texture measuring apparatus of the above kind,
it is necessary to perform a measurement on the bottom
inner surface of the cylindrical work by attaching an arm
having a downward-directed stylus at the tip to a detector
body, then remove the arm and redirect the stylus up-
ward, and finally perform a measurement on the top inner
surface of the cylindrical work by attaching the arm to the
detector body again. The measurements take long time
because the arm needs to be removed and attached
again.
[0006] In view of the above, a surface texture measur-
ing apparatus has been proposed which is configured so
as to be able to measure a top inner surface and a bottom
inner surface of a cylindrical work without the need for
removing and again attaching a measurement arm (refer
to Patent document 1).
[0007] In this surface texture measuring apparatus, an
upward stylus and a downward stylus are provided at the

tip of a measurement arm. A top inner surface of a cylin-
drical work is measured with the tip of the measurement
arm urged upward, and then a bottom inner surface of
the cylindrical work is measured by switching the posture
of the measurement arm so that its tip is urged downward.

[Prior Art Reference]

[Patent documents]

[0008] [Patent document 1] JP-A-58-83201
[0009] However, in the above conventional surface
texture measuring apparatus, almost no friction occurs
between the measurement arm and the axis of rotation
so that the stylus can follow a surface shape or the like
of a subject of measurement. This results in a problem
that as shown in Fig. 11 the stylus 26A or 26B may collide
with a subject of measurement W during a switching op-
eration of the measurement arm 24 to damage the tip of
the stylus 26A or 26B or the subject of measurement W.
[0010] US-A-2005/0011078 describes a measuring
head which is provided with a retracting device for a sens-
ing pin, comprising an electric motor-driven feed screw,
a nut shifted by the feed screw and an inclined face
formed on the nut; a seesaw member to which the sens-
ing pin is fitted is swung by the linear motion of the inclined
face to retract the sensing pin; not only can the retracting
speed and the returning speed of the sensing pin be con-
trolled as desired but also can the retracting action of the
sensing pin be stopped on the way to make possible its
fine positioning. Further, the electric motor may be pro-
vided with a manual knob, and the sensing pin would be
thereby enabled to be manually retracted.
[0011] Other examples of touch signal probes are de-
scribed in US-B-6360176, EP-A-1988356 and US-B-
6327788.

SUMMARY

[0012] The object of the invention can be attained by
an apparatus according to the independent apparatus
claim 1. Preferred embodiments are subject of the de-
pendent claims 2 to 5. Exemplary embodiments of the
invention provide a surface texture measuring apparatus
in which a stylus or a subject of measurement is hardly
damaged even if the posture of the measurement arm is
switched in measuring an inner surface of a hole.
[0013] A surface texture measuring apparatus accord-
ing to the invention for measuring a surface texture of a
subject of measurement based on swing amounts of a
measurement arm comprises:

a detector having the measurement arm supported
so as to be able to swing with an axis of rotation as
a supporting point, and a detection unit configured
to detect the swing amounts of the measurement
arm, wherein the detector has a pair of styli projecting
from a tip of the measurement arm in a swing direc-
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tion of the measurement arm,
a posture switching mechanism configured to switch
a posture of the measurement arm between a pos-
ture in which the measurement arm is urged in one
swing direction to bring one of the styli to a meas-
urement position contacting the subject of measure-
ment and a posture in which the measurement arm
is urged in the other swing direction to bring the other
of the styli to a measurement position contacting the
subject of measurement and
a speed control mechanism configured to control a
switching speed of posture switching of the meas-
urement arm to a preset speed when the posture of
the measurement arm is switched by the posture
switching mechanism.

[0014] The surface texture measuring apparatus may
further comprise:

a stage configured to mount the subject of measure-
ment thereon; and
a relative movement mechanism configured to
cause a relative movement between the detector and
the stage,
wherein:

the detection unit detects the swing amounts of
the measurement arm while the relative move-
ment mechanism causes a relative movement
between the detector and the stage in a state
that one of the pair of styli is in contact with a
surface of the subject of measurement.

[0015] With this configuration, to measure an inner sur-
face of a hole, first, the posture of the measurement arm
is switched by the posture switching mechanism so that
the tip of the measurement arm is urged in one swing
direction, whereby one of the pair of styli is brought into
contact with the inner surface of the hole.
[0016] For example, where the measurement arm is
supported so as to be able to swing in the vertical direction
with its axis of rotation as a supporting point, the posture
of the measurement arm is switched by the posture
switching mechanism so that the tip of the measurement
arm is urged upward in the swing direction, whereby one
of the pair of styli (e.g., upward stylus) is brought into
contact with a top surface of the hole. In this state, as the
relative movement mechanism causes a relative move-
ment between the detector and the stage in the axial
direction of the hole, the detection unit detects swing
amounts of the measurement arm. A surface texture of
the top surface of the hole is recognized based on the
detected swing amounts.
[0017] Then, to measure a bottom surface of the hole,
the posture of the measurement arm is switched by the
posture switching mechanism so that the tip of the meas-
urement arm is urged in the other swing direction (down-
ward), whereby the other of the pair of styli (e.g., down-

ward stylus) is brought into contact with the bottom sur-
face of the hole. When the posture of the measurement
arm is switched, that is, when its urging direction is
changed from the one direction (upward) to the other
direction (downward), the switching speed of the posture
switching of the measurement arm is controlled to a pre-
set speed by the speed control mechanism. Since the
switching speed of the measurement arm can be made
lower than or equal to a prescribed speed, the impact
that occurs when each stylus collides with the inner sur-
face of the hole (measurement subject) can be sup-
pressed and hence the damage of each stylus and the
subject of measurement can be made small.
[0018] Then, as the relative movement mechanism
causes a relative movement between the detector and
the stage in the axial direction of the hole, the detection
unit detects swing amounts of the measurement arm. A
surface texture of the bottom surface of the hole is rec-
ognized based on the detected swing amounts.
[0019] In the surface texture measuring apparatus,
the detection unit may comprise a position detector dis-
posed along a swing range of the measurement arm,
configured to output pulse signals corresponding to the
swing amounts of the measurement arm,
the posture switching mechanism may comprise a voice
coil configured to urge the measurement arm in the one
swing direction or the other swing direction with the axis
of rotation as the supporting point, and
the speed control mechanism may comprise a speed de-
tector configured to detect the switching speed of the
measurement arm based on the pulse signals supplied
from the position detector, a signal generator configured
to generate an instruction speed signal indicating an in-
struction speed corresponding to a switching direction,
a difference output module configured to output a differ-
ence between the instruction speed and the switching
speed, and a constant current circuit configured to gen-
erate a current to flow through the voice coil based on
the difference supplied from the difference output mod-
ule.
[0020] With this configuration, when the urging direc-
tion of the tip of the measurement arm is switched from
one swing direction to the other by the relative movement
mechanism, pulse signals are output from the position
detector corresponding to a swing amount of the meas-
urement arm. The speed detector detects a switching
speed of the measurement arm based on the pulse sig-
nals supplied from the position detector. A difference be-
tween the detected switching speed and an instruction
speed indicated by an instruction speed signal supplied
from the signal generator is determined, and the current
to flow through the voice coil is controlled based on the
determined difference. In this manner, the switching
speed of the measurement arm can be kept equal to the
instruction speed indicated by the instruction speed sig-
nal that is output from the signal generator. Since the
switching speed of the measurement arm can be kept at
an arbitrary instruction speed, it can be set at a speed
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that is suitable for the material of a subject of measure-
ment and other factors.
[0021] Furthermore, since the speed control mecha-
nism uses pulse signals supplied from the position de-
tector which detects swing amounts of the measurement
arm, it is not necessary to provide a dedicated speed
detector for detecting a switching speed of the measure-
ment arm. Thus, a compact speed control mechanism
can be constructed at a low cost.
[0022] In the surface texture measuring apparatus,
the detection unit may comprise a position detector dis-
posed along a swing range of the measurement arm,
configured to output pulse signals corresponding to the
swing amounts of the measurement arm,
the posture switching mechanism may comprise a voice
coil configured to urge the measurement arm in the one
swing direction or the other swing direction with the axis
of rotation as the supporting point, and
the speed control mechanism may comprise a signal out-
put module configured to calculate the switching speed
of the measurement arm based on the pulse signals sup-
plied from the position detector and to output such a con-
trol signal that the measurement arm is given a switching
speed that is equal to a preset instruction speed, and a
constant current circuit configured to generate a current
to flow through the voice coil based on the control signal
supplied from the signal output module.
[0023] With this configuration, when the urging direc-
tion of the tip of the measurement arm is switched from
one swing direction to the other by the relative movement
mechanism, pulse signals are output from the position
detector corresponding to a swing amount of the meas-
urement arm. The computation controller calculates a
current switching speed of posture switching of the meas-
urement arm based on the pulse signals supplied from
the position detector, and generates such a control signal
that the measurement arm is given a switching speed
that is equal to a preset instruction speed. The constant
current circuit generates a current to flow through the
voice coil is controlled based on the control signal sup-
plied from the calculation controller. In this manner, the
switching speed of the measurement arm can be kept
equal to the instruction speed. Since the switching speed
of the measurement arm can be kept at an arbitrary in-
struction speed, it can be set at a speed that is suitable
for the material of a subject of measurement and other
factors.
[0024] Furthermore, since the speed control mecha-
nism uses pulse signals supplied from the position de-
tector which detects swing amounts of the measurement
arm, it is not necessary to provide a dedicated speed
detector for detecting a switching speed of the measure-
ment arm. Thus, a compact speed control mechanism
can be constructed at a low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a perspective view of a surface texture meas-
uring apparatus according to an embodiment of the
present invention.
Fig. 2 is a view showing an X-axis drive mechanism
and a stylus displacement detector in the embodi-
ment.
Fig. 3 is a view showing a posture switching mech-
anism of a measurement arm in the embodiment.
Fig. 4 is a block diagram of a speed control mecha-
nism in the embodiment.
Fig. 5 is a view showing a state that an inner surface
of a hole is measured in the first embodiment.
Fig. 6 is an enlarged view showing how the inner
surface of the hole is measured.
Fig. 7 is a view showing how the inner diameter of a
bearing is measured in the embodiment.
Fig. 8 is a view showing how a thickness is measured
in the embodiment.
Fig. 9 is an enlarged view showing how a thickness
is measured in the embodiment.
Fig. 10 is a block diagram of a speed control mech-
anism according to a modification of the embodi-
ment.
Fig. 11 is a view showing a problem of a conventional
posture switching mechanism of a measurement
arm.

DETAILED DESCRIPTION

<Configuration of surface texture measuring apparatus 
(Figs. 1-4)>

[0026] As shown in Fig. 1, a surface texture measuring
apparatus according to an embodiment is equipped with
a base 1, a stage 10, a stylus displacement detector 20,
and a relative movement mechanism 40. The stage 10
is placed on the base 1 and is to be mounted with a
subject of measurement on its top surface. The stylus
displacement detector 20 has styli 26A and 26B to be
brought into contact with a surface of a subject of meas-
urement. The relative movement mechanism 40 causes
a relative movement between the stylus displacement
detector 20 and the stage 10.
[0027] The relative movement mechanism 40 is
equipped with a Y-axis drive mechanism 41, a column
42, a Z slider 43, a Z-axis drive mechanism 44, and an
X-axis drive mechanism 45. The Y-axis drive mechanism
41 is disposed between the base 1 and the stage 10 and
moves the stage 10 in one horizontal direction (Y-axis
direction). The column 42 is erected from the top surface
of the base 1. The Z slider 43 is attached to the column
42 to as to be movable in the vertical direction (Z-axis
direction). The Z-axis drive mechanism 44 elevates and
lowers the Z slider 43 in the vertical direction. The X-axis
drive mechanism 45 is attached to the Z slider 43 and
moves the stylus displacement detector 20 in the direc-
tion (X-axis direction) that is perpendicular to the move-
ment direction (Y-axis direction) of the stage 10 and the
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elevation/lowering direction (Z-axis direction) of the Z
slider 43. As such, the relative movement mechanism 40
is a three-dimensional moving mechanism including the
Y-axis drive mechanism 41 for moving the stage 10 in
the Y-axis direction, the Z-axis drive mechanism 44 for
moving the stylus displacement detector 20 in the Z-axis
direction, and the X-axis drive mechanism 45 for moving
the stylus displacement detector 20 in the X-axis direc-
tion.
[0028] Although not shown in Fig. 1, each of the Y-axis
drive mechanism 41 and the Z-axis drive mechanism 44
has, for example, feed screw mechanism including a ball
screw shaft and a nut member that is threadedly engaged
with the ball screw shaft.
[0029] As shown in Fig: 2, the X-axis drive mechanism
45 is equipped with a drive mechanism body 46, a guide
rail 47, an X slider 48, an X-axis position detector 49, and
a feed mechanism 50. The drive mechanism body 46 is
fixed to the Z slider 43. The guide rail 47 is disposed in
the drive mechanism body 46 so as to be parallel with
the X-axis direction. The X slider 48 is disposed so as to
be movable along the guide rail 47, that is, in the X-axis
direction. The X-axis position detector 49 detects a po-
sition of the X-slider 48 in the X-axis direction. The feed
mechanism 50 moves the X-slider 48 along the guide rail
47.
[0030] The feed mechanism 50 is composed of a feed
screw shaft 51, a motor 52 as a drive source, and a ro-
tational power transmission mechanism 53. The feed
screw shaft 51 is attached to the drive mechanism body
46 so as to be parallel with the guide rail 47 and is thread-
edly engaged with the X slider 48. The rotational power
transmission mechanism 53 transmits rotational power
of the motor 52 to the feed screw shaft 51. For example,
the rotational power transmission mechanism 53 is com-
posed of a gear train, a belt, a pulley, and other compo-
nents.
[0031] As shown in Fig. 2, the stylus displacement de-
tector 20 includes a bracket 22, a measurement arm 24,
a pair of styli 26A and 26B, a detection unit 27, and a
casing 28. The bracket 22 is detachably supported by
(hung from) the X slider 48 via bolts 21. The measure-
ment arm 24 is supported by the bracket 22 so as to be
able to swing in the vertical direction about an axis of
rotation 23 (supporting point). The pair of styli 26A and
26B are provided at the tip of the measurement arm 24.
The detection unit 27 detects a swing amount of the
measurement arm 24. The casing 28 covers the bracket
22, the measurement arm 24, and the detection unit 27.
[0032] The measurement arm 24 is composed of a first
measurement arm 24A and a second measurement arm
24B. The first measurement arm 24A is supported by the
bracket 22 so as to be able to swing in the vertical direc-
tion about the axis of rotation 23 (supporting point). The
second measurement arm 24B is attached exchangeably
to the tip of the first measurement arm 24A via an attach-
ment/detachment mechanism 25.
[0033] The styli 26A and 26B project from the second

measurement arm 24B in the swing direction. More spe-
cifically, the upward stylus 26A and the downward stylus
26B project from the second measurement arm 24B per-
pendicularly in the vertical direction.
[0034] The detection unit 27 has a position detector
which is disposed along a swing range of the measure-
ment arm 24 and outputs pulse signals in a number that
corresponds to a swing amount of the measurement arm
24. For example, the detection unit 27 is equipped with
a scale 27A which is attached to the casing 28 so as to
extend along the swing range of the measurement arm
24 and a detection head (not shown) which is attached
to the measurement arm 24 so as to be opposed to the
scale 27A.
[0035] The measurement arm 24 (more specifically,
the first measurement arm 24A) is provided with, at a
halfway position, a measurement arm posture switching
mechanism 60 (which is hereinafter referred as a posture
switching mechanism 60) and a speed control mecha-
nism 70. The posture switching mechanism 60 switches
the posture of the measurement arm 24 between a pos-
ture in which the measurement arm 24 is urged in one
swing direction (e.g., upward direction) and a posture in
which the measurement arm 24 is urged in the other
swing direction (e.g., downward direction). The speed
control mechanism 70 controls the switching speed of
the measurement arm 24 to a preset speed when the
posture of the measurement arm 24 is switched by the
posture switching mechanism 60.
[0036] As shown in Fig. 3, the posture switching mech-
anism 60 is composed of a cylindrical magnet 61 and a
voice coil 62. The cylindrical magnet 61 is disposed at a
halfway position of the first measurement arm 24A. The
voice coil 62 which is inserted in the magnet 61, is fixed
to the casing 28, and serves to urge the measurement
arm 24 in one swing direction (upward) and the other
swing direction (downward) about the axis of rotation 23
(supporting point). Therefore, when a current flows
through the voice coil 62, the voice coil 62 attracts the
magnet 61 of the measurement arm 24 through the in-
teraction between the electromagnetic force generated
by the voice coil 62 and the magnetic force of the magnet
61 to cause the measurement arm 24 to take a posture
in which its tip is urged upward or downward. While no
current is flowing through the voice coil 62, no force for
measurement is produced, that is, the weight of the first
measurement arm 24A and that of the second measure-
ment arm 24B are kept balanced with each other with
the axis of rotation 23 as a supporting point.
[0037] As shown in Fig. 4, the speed control mecha-
nism 70 includes an instruction speed signal generator
72 (which is hereinafter referred as a signal generator
72)(e.g., CPU), a digital-to-analog converter 73, a fre-
quency-to-voltage converter 74, a subtractor 75, and a
constant current circuit 76. The signal generator gener-
ates a voltage A (instruction speed signal) corresponding
to a preset speed according to a switching instruction
(upward or downward switching instruction) that is output
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from a control apparatus 71 (e.g., personal computer
(PC)). The digital-to-analog converter 73 converts the
voltage A (digital signal) supplied from the signal gener-
ator 72 into an analog signal. The frequency-to-voltage
converter (speed detector) 74 generates a voltage B
(switching speed signal) corresponding to a switching
speed of posture switching of the measurement arm 24
based on pulse signals (representing a frequency) sup-
plied from the detection unit 27. The subtractor (differ-
ence output module) 75 outputs a difference voltage C
between the instruction speed signal (voltage A) and the
switching speed signal (voltage B). The constant current
circuit 76 converts the difference voltage C supplied from
the subtractor 75 into a current and gives the current to
the voice coil 62 of the posture switching mechanism 60.
The voltage A (instruction speed signal) which is gener-
ated by the signal generator 72 is set so as to represent
such a speed that the stylus 26A or 26B or a subject of
measurement is not damaged when the stylus 26A or
26B is brought into contact with the subject of measure-
ment.

<Measurement example-1 (Figs. 5 and 6)>

[0038] Measurement example-1 is an example in
which the inner surface of a hole H of a subject of meas-
urement W1 is measured.
[0039] As shown in Fig. 5, the subject of measurement
W1 is placed on the stage 10. Then, the styli 26A and
26B of the measurement arm 24 are placed inside the
hole H of the subject of measurement W1 by driving the
relative movement mechanism 40. Then, the posture of
the measurement arm 24 is switched by the posture
switching mechanism 60 so that the tip of the measure-
ment arm 24 is urged downward, for example, whereby
the downward stylus 26B is brought into contact with the
bottom surface of the hole H (see Fig. 6).
[0040] In this state, as the relative movement mecha-
nism 40 causes a relative movement between the stylus
displacement detector 20 and the stage 10 in the axial
direction of the hole H (X-axis direction), the detection
unit 27 detects swing amounts of the measurement arm
24. A surface texture of the bottom surface or the hole H
is recognized based on the detected swing amounts.
[0041] Then, the posture of the measurement arm 24
is switched by the posture switching mechanism 60 so
that the tip of the measurement arm 24 is urged upward,
whereby the upward stylus 26A is brought into contact
with the top surface of the hole H. When the posture of
the measurement arm 24 is switched, that is, when its
urging direction is changed from downward to upward,
the switching speed of the posture switching of the meas-
urement arm 24 is controlled to a preset speed by the
speed control mechanism 70.
[0042] More specifically, when the posture of the
measurement arm 24 is switched by the posture switch-
ing mechanism 60 so that the tip of the measurement
arm 24 is urged upward, pulse signals are output from

the detection unit 27 in a number corresponding to a
swing amount of the measurement arm 24. The frequen-
cy-to-voltage converter 74 (speed detector) generates a
voltage B which corresponds to a switching speed of the
measurement arm 24 based on the pulse signals sup-
plied from the detection unit 27. A difference voltage C
between the voltage B and a voltage A which corre-
sponds to an instruction speed signal supplied from the
signal generator 72 is determined, and the current to flow
through the voice coil 62 is controlled based on the dif-
ference voltage C. In this manner, the switching speed
of the measurement arm 24 can be kept equal to the
instruction speed indicated by the instruction speed sig-
nal that is output from the signal generator 72.
[0043] Since the switching speed of the measurement
arm 24 can be made lower than or equal to a prescribed
speed, the impact that occurs when the stylus 26A or
26B collides with the inner surface of the hole H can be
suppressed and hence the damage of the stylus 26A or
26B and the subject of measurement W1 can be made
small.
[0044] Since the switching speed of the measurement
arm 24 can be kept at an arbitrary instruction speed, it
can be set at a speed that is suitable for the material of
the subject of measurement W1 and other factors.
[0045] Furthermore, since the speed control mecha-
nism 70 uses a swing amount of the measurement arm
24, that is, pulse signals supplied from the detection unit
27 which detects displacements of the stylus 26A or 26B,
it is not necessary to provide a dedicated speed detector
for detecting a switching speed of the measurement arm
24. Thus, a compact speed control mechanism 70 can
be constructed at a low cost.
[0046] Then, as the relative movement mechanism 40
causes a relative movement between the stylus displace-
ment detector 20 and the stage 10 in the axial direction
of the hole H (X-axis direction), the detection unit 27 de-
tects swing amounts of the measurement arm 24. A sur-
face texture of the top surface of the hole H is recognized
based on the detected swing amounts.

<Measurement example-2 (Fig. 7)>

[0047] Measurement example-2 is an example in
which a measurement is performed on a subject of meas-
urement W2 which is a ball bearing.
[0048] As shown in Fig. 7, in a ball bearing 80 (com-
posed of balls 81 and a ring-shaped holder 82 which
holds the balls 81), the inner circumferential surface of
the holder 82 is formed with a ball containing groove 83
which is convex in cross section and the balls 81 are held
in the ball containing groove 83. In order to evaluate the
ball bearing 80, it is necessary to measure the diameter
PD of a pitch circle that connects the centers of the balls
81 which are contained in the ball containing groove 83.
[0049] In this case, a lower convex surface of the ball
containing groove 83 is measured in the same manner
as in measurement example-1 and the center of the lower

9 10 



EP 2 498 047 B1

7

5

10

15

20

25

30

35

40

45

50

55

convex surface is determined based on measurement
results. Then, the urging direction of the measurement
arm 24 is switched to upward and an upper convex sur-
face of the ball containing groove 83 is measured. The
center of the upper convex surface is determined based
on measurement results. The distance between the two
centers is determined as the diameter PD of a pitch circle
that connects the centers of the balls 81 which are con-
tained in the ball containing groove 83.

<Measurement example-3 (Figs. 8 and 9)>

[0050] Measurement example-3 is an example in
which a thickness of a plate-like subject of measurement
W3 is measured.
[0051] As shown in Fig. 8, the subject of measurement
W3 is placed on the stage 10 via a fixing jig 91. Then,
the styli 26A and 26B of the measurement arm 24 are
moved so as to be located below the bottom surface of
the subject of measurement W3 by driving the relative
movement mechanism 40. Then, the posture of the
measurement arm 24 is switched by the posture switch-
ing mechanism 60 so that the tip of the measurement
arm 24 is urged upward, for example, whereby the up-
ward stylus 26A is brought into contact with the bottom
surface of the subject of measurement W3 (see Fig. 9).
[0052] In this state, as the relative movement mecha-
nism 40 causes a relative movement between the stylus
displacement detector 20 and the stage 10 in the X-axis
direction, the detection unit 27 detects swing amounts of
the measurement arm 24. A surface texture of the bottom
surface of the subject of measurement W3 is recognized
based on the detected swing amounts.
[0053] Then, the styli 26A and 26B of the measurement
arm 24 are moved so as to be located above the top
surface of the subject of measurement W3 by driving the
relative movement mechanism 40. Then, the posture of
the measurement arm 24 is switched by the posture
switching mechanism 60 so that the tip of the measure-
ment arm 24 is urged downward, whereby the downward
stylus 26B is brought into contact with the top surface of
the subject of measurement W3. In this state, as the rel-
ative movement mechanism 40 causes a relative move-
ment between the stylus displacement detector 20 and
the stage 10 in the X-axis direction, the detection unit 27
detects swing amounts of the measurement arm 24. A
surface texture of the top surface of the subject of meas-
urement W3 is recognized based on the detected swing
amounts.
[0054] A thickness t, a step height d, etc. of the subject
of measurement W3 can be determined correctly based
on the measured surface texture of the bottom surface
and the top surface of the subject of measurement W3.

<Modifications (Fig. 10)>

[0055] The invention is not limited to the above em-
bodiment and encompasses modifications, improve-

ments, etc. as long as they can attain the object of the
invention.
[0056] For example, the configuration of the speed
control mechanism 70 is not limited to the one used in
the embodiment. For example, as shown in Fig. 10, the
speed control mechanism 70 may be composed of a com-
putation controller 77, a digital-to-analog converter 73,
and a constant current circuit 76. The computation con-
troller 77 calculates a switching speed of posture switch-
ing of the measurement arm 24 based on pulse signals
(position information) supplied from the detection unit 27
and generates such a voltage (control signal) that the
switching speed is kept at a preset instruction speed. The
digital-to-analog converter 73 converts the voltage (con-
trol signal) supplied from the computation controller 77
into an analog signal. The constant current circuit 76 gen-
erates a current to flow through the voice coil 62 based
on the output of the digital-to-analog converter 73.
[0057] With the above configuration, when the posture
of the measurement arm 24 is switched from a posture
in which it is urged in one swing direction to a posture in
which it is urged in the other swing direction, pulse signals
(position information) are output from the detection unit
27 in a number corresponding to a swing amount of the
measurement arm 24. The computation controller 77
measures an elapsed time from a start of the movement,
calculates a current switching speed of the measurement
arm 24 which is performing the posture switching based
on the measured elapsed time and the pulse signals (po-
sition information) from the detection unit 27. Then, the
computation controller 77 compares the calculated
switching speed with an instruction speed indicated by a
switching instruction supplied from the control apparatus
71, and generates such a voltage (control signal) that the
switching speed is made equal to the instruction speed.
Since the constant current circuit 76 generates a current
to flow through the voice coil 62 based on the control
signal supplied from the computation controller 77, the
switching speed of the measurement arm 24 can be kept
at the instruction speed. It is expected that the modifica-
tion provides the same advantages as the embodiment
does.
[0058] Although in the embodiment the posture switch-
ing mechanism 60 includes the voice coil 62 for urging
the measurement arm 24 in one swing direction or the
other about the axis of rotation 23 (supporting point), it
may use a linear motor mechanism, for example.
[0059] The swing direction is not limited to the vertical
direction and may be a horizontal direction or an oblique
direction.
[0060] Although in the embodiment the styli 26A and
26B project from the measurement arm 24 perpendicu-
larly in the vertical direction, the invention is not limited
to such a case. The styli 26A and 26B may project in
directions that are inclined from the direction that is per-
pendicular to the measurement arm 24. The projection
angle is not limited as long as the styli 26A and 26B have
considerable components projecting in the swing direc-
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tion of the measurement arm 24.
[0061] In the embodiment, the pressure (measurement
pressure) at which the stylus 26A or 26B contacts a sub-
ject of measurement depends on the current flowing
through the voice coil 62. Therefore, the control appara-
tus 71 may issue, in addition to a switching instruction
(upward or downward switching instruction), an instruc-
tion indicating an arbitrary switching speed being equal
to or lower than a speed that does not cause damage to
the stylus 26A or 26B or a subject of measurement to
adjust pressure (measurement pressure) at which the
stylus 26A or 26B contacts the subject of measurement.
This makes it possible to perform a measurement at a
measurement pressure that is most suitable for the ma-
terial of a subject of measurement.
[0062] Although in the embodiment the relative move-
ment mechanism 40 moves the stage 10 in the Y-axis
direction and moves the stylus displacement detector 20
in the X-axis direction and the Z-axis direction, the inven-
tion is not limited to such a case. In essence, either the
stage 10 or the stylus displacement detector 20 may be
moved as long as they can be moved relative to each
other in three dimensions.
[0063] For example, the invention can be applied to
automatic measurement of a surface texture of an inner
surface of a hole and the thickness of a plate-like subject
of measurement.

Claims

1. A surface texture measuring apparatus for measur-
ing a surface texture of a subject of measurement
based on swing amounts of a measurement arm
(24), said apparatus comprising:

a detector (20) having the measurement arm
(24) supported so as to be able to swing with an
axis of rotation as a supporting point (23), and
a detection unit (27) configured to detect the
swing amounts of the measurement arm, where-
in the detector (20) has a pair of styli (26A,26B)
projecting from a tip of the measurement arm
(24) in a swing direction of the measurement
arm, and
a posture switching mechanism (60) configured
to switch a posture of the measurement arm (24)
between a posture in which the measurement
arm is urged in one swing direction to bring one
of the styli (26A,26B) to a measurement position
contacting the subject of measurement and a
posture in which the measurement arm (24) is
urged in the other swing direction to bring the
other of the styli (26A,26B) to a measurement
position contacting the subject of measurement,
characterised in that the apparatus further
comprises
a speed control mechanism (70) configured to

control a switching speed of posture switching
of the measurement arm (24) to a preset speed
when the posture of the measurement arm is
switched by the posture switching mechanism.

2. The surface texture measuring apparatus according
to claim 1, further comprising:

a stage (10) configured to mount the subject of
measurement thereon; and
a relative movement mechanism (40) config-
ured to cause a relative movement between the
detector and the stage,
wherein:

the detection unit (27) detects the swing
amounts of the measurement arm (24)
while the relative movement mechanism
(40) causes a relative movement between
the detector and the stage in a state that
one of the pair of styli is in contact with a
surface of the subject of measurement.

3. Apparatus according to claim 1 or claim 2, wherein:

the detection unit (27) comprises a position de-
tector (27A) disposed along a swing range of
the measurement arm (24), configured to output
pulse signals corresponding to the swing
amounts of the measurement arm,
the posture switching mechanism (60) compris-
es a voice coil (62) configured to urge the meas-
urement arm (24) in the one swing direction or
the other swing direction with the axis of rotation
(23) as the supporting point, and
the speed control mechanism (70) is configured
to obtain the switching speed of the measure-
ment arm (24) based on the pulse signals sup-
plied from the position detector so as to control
the measurement arm (24).

4. Apparatus according to claim 1 or claim 2, wherein:

the detection unit (27) comprises a position de-
tector (27A) disposed along a swing range of
the measurement arm (24), configured to output
pulse signals corresponding to the swing
amounts of the measurement arm,
the posture switching mechanism (60) compris-
es a voice coil (62) configured to urge the meas-
urement arm (24) in the one swing direction or
the other swing direction with the axis of rotation
(23) as the supporting point, and
the speed control mechanism (70) comprises a
speed detector (74) configured to detect the
switching speed of the measurement arm based
on the pulse signals supplied from the position
detector, a signal generator (72) configured to
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generate an instruction speed signal indicating
an instruction speed corresponding to a switch-
ing direction, a difference output module (75)
configured to output a difference between the
instruction speed and the switching speed, and
a constant current circuit (76) configured to gen-
erate a current to flow through the voice coil
based on the difference supplied from the differ-
ence output module.

5. Apparatus according to claim 1 or claim 2, wherein:

the detection unit (27) comprises a position de-
tector (27A) disposed along a swing range of
the measurement arm (24), configured to output
pulse signals corresponding to the swing
amounts of the measurement arm,
the posture switching mechanism (60) compris-
es a voice coil (62) configured to urge the meas-
urement arm (24) in the one swing direction or
the other swing direction with the axis of rotation
(23) as the supporting point, and
the speed control mechanism (70) comprises a
signal output module (77) configured to calcu-
late the switching speed of the measurement
arm (24) based on the pulse signals supplied
from the position detector and to output such a
control signal that the measurement arm is given
a switching speed that is equal to a preset in-
struction speed, and a constant current circuit
configured to generate a current to flow through
the voice coil based on the control signal sup-
plied from the signal output module.

Patentansprüche

1. Oberflächenstruktur-Messvorrichtung zur Messung
einer Oberflächenstruktur eines Messobjekts auf der
Grundlage von Schwenkbeträgen eines Messarms
(24), wobei die Vorrichtung umfasst:

einen Detektor (20), bei welchem der Messarm
(24) so gehalten ist, dass er in der Lage ist zu
schwenken, wobei eine Drehachse als ein Hal-
tepunkt (23) dient, und eine Detektiereinheit
(27), die ausgebildet ist, die Schwenkbeträge
des Messarms zu erfassen, wobei der Detektor
(20) ein Paar aus Stiften (26A, 26B) aufweist,
die von einem vorderen Ende des Messarms
(24) in einer Schwenkrichtung des Messarms
hervorstehen, und
einen Stellungsumschaltmechanismus (60), der
ausgebildet ist, eine Stellung des Messarms
(24) zwischen einer Stellung, in der der Mess-
arm in einer Schwenkrichtung bewegt wird, um
einen der Stifte (26A, 26B) zu einer Messposi-
tion zu bewegen, in der das Messobjekt kontak-

tiert wird, und einer Stellung umzuschalten, in
der der Messarm (24) in der anderen Schwen-
krichtung so bewegt wird, dass der andere Stift
(26A, 26B) an eine Messposition bewegt wird,
in der das Messobjekt kontaktiert wird, dadurch
gekennzeichnet, dass die Vorrichtung ferner
umfasst
einen Geschwindigkeitssteuermechanismus
(70), der ausgebildet ist, eine Umschaltge-
schwindigkeit für die Stellungsumschaltung des
Messarms (24) auf eine vorgegebene Ge-
schwindigkeit zu steuern, wenn die Stellung des
Messarms durch den Stellungsumschaltmecha-
nismus umgeschaltet wird.

2. Oberflächenstruktur-Messvorrichtung nach An-
spruch 1, die ferner umfasst:

eine Halterung (10), die ausgebildet ist, um dar-
auf das Messobjekt zu befestigen; und
einen Relativbewegungsmechanismus (40),
der ausgebildet ist, eine Relativbewegung zwi-
schen dem Detektor und der Halterung hervor-
zurufen,
wobei:

die Detektiereinheit (27) die Schwenkbeträ-
ge des Messarms (24) erfasst, während der
Relativbewegungsmechanismus (40) eine
Relativbewegung zwischen dem Detektor
und der Halterung in einem Zustand hervor-
ruft, in welchem einer der beiden Stifte mit
einer Oberfläche des Messobjekts in Kon-
takt ist.

3. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei:

die Detektiereinheit (27) einen Positionsdetek-
tor (27A) aufweist, der entlang eines Schwenk-
bereichs des Messarms (24) angeordnet und
ausgebildet ist, Pulssignale, die den Schwenk-
beträgen des Messarms entsprechen, auszuge-
ben,
der Stellungsumschaltmechanismus (60) eine
Schwingspule (62) aufweist, die ausgebildet ist,
den Messarm (24) in der einen Schwenkrich-
tung oder der anderen Schwenkrichtung zu be-
wegen, wobei die Drehachse (23) als der Hal-
tepunkt dient, und
der Geschwindigkeitssteuermechanismus (70)
ausgebildet ist, die Umschaltgeschwindigkeit
des Messarms (24) auf der Grundlage der von
dem Positionsdetektor gelieferten Pulssignale
zu ermitteln, um den Messarm (24) zu steuern.

4. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei:
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die Detektiereinheit (27) einen Positionsdetek-
tor (27A) aufweist, der entlang eines Schwenk-
bereichs des Messarms (24) angeordnet und
ausgebildet ist, Pulssignale, die den Schwenk-
beträgen des Messarms entsprechen, auszuge-
ben,
der Stellungsumschaltmechanismus (60) eine
Schwingspule (62) aufweist, die ausgebildet ist,
den Messarm (24) in der einen Schwenkrich-
tung oder der anderen Schwenkrichtung zu be-
wegen, wobei die Drehachse (23) als der Hal-
tepunkt dient, und
der Geschwindigkeitssteuermechanismus (70)
einen Geschwindigkeitsdetektor (74) aufweist,
der ausgebildet ist, die Umschaltgeschwindig-
keit des Messarms auf der Grundlage der von
dem Positionsdetektor gelieferten Pulssignale
zu erfassen, einen Signalgenerator (72) auf-
weist, der ausgebildet ist, ein Sollgeschwindig-
keitssignal zu erzeugen, das eine Sollgeschwin-
digkeit entsprechend einer Umschaltrichtung
kennzeichnet, ein Differenzausgangsmodul
(75) aufweist, das ausgebildet ist, eine Differenz
zwischen der Sollgeschwindigkeit und der Um-
schaltgeschwindigkeit auszugeben, und eine
Konstantstromschaltung (76) aufweist, die aus-
gebildet ist, einen Stromfluss durch die
Schwingspule auf der Grundlage der von dem
Differenzausgangsmodul gelieferten Differenz
zu erzeugen.

5. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei:

die Detektiereinheit (27) einen Positionsdetek-
tor (27A) aufweist, der entlang eines Schwenk-
bereichs des Messarms (24) angeordnet und
ausgebildet ist, Pulssignale auszugeben, die
den Schwenkbeträgen des Messarms entspre-
chen,
der Stellungsumschaltmechanismus (60) eine
Schwingspule (62) aufweist, die ausgebildet ist,
den Messarm (24) in der einen Schwenkrich-
tung oder der anderen Schwenkrichtung zu be-
wegen, wobei die Drehachse (23) als der Hal-
tepunkt dient, und
der Geschwindigkeitssteuermechanismus (70)
ein Signalausgangsmodul (77) aufweist, das
ausgebildet ist, die Umschaltgeschwindigkeit
des Messarms (24) auf der Grundlage der von
dem Positionsdetektor gelieferten Pulssignale
zu berechnen und ein Steuersignal derart aus-
zugeben, dass der Messarm eine Umschaltge-
schwindigkeit erhält, die gleich einer vorgege-
benen Sollgeschwindigkeit ist, und eine Kon-
stantstromschaltung aufweist, die ausgebildet
ist, einen Stromfluss durch die Schwingspule
auf der Grundlage des von dem Signalaus-

gangsmodul gelieferten Steuersignals zu erzeu-
gen.

Revendications

1. Appareil de mesure de texture de surface pour me-
surer une texture de surface d’un sujet de mesure
sur la base des quantités d’oscillation d’un bras de
mesure (24), ledit appareil comprenant :

un détecteur (20) comportant le bras de mesure
(24) supporté de manière à être capable d’os-
ciller avec un axe de rotation en tant que point
de support (23), et une unité de détection (27)
configurée pour détecter les quantités d’oscilla-
tion du bras de mesure, dans lequel le détecteur
(20) comporte une paire de stylets (26A, 26B)
s’étendant d’une extrémité du bras de mesure
(24) dans une direction d’oscillation du bras de
mesure, et
un mécanisme de commutation de posture (60)
configuré pour commuter une posture du bras
de mesure (24) entre une posture dans laquelle
le bras de mesure est poussé dans une direction
d’oscillation pour amener l’un des stylets (26A,
26B) à une position de mesure en contact avec
le sujet de mesure et une posture dans laquelle
le bras de mesure (24) est poussé dans l’autre
direction d’oscillation pour amener l’autre des
stylets (26A, 26B) à une position de mesure en
contact avec le sujet de mesure, caractérisé en
ce que l’appareil comprend en outre
un mécanisme de commande de vitesse (70)
configuré pour commander une vitesse de com-
mutation pour la commutation de posture du
bras de mesure (24) à une vitesse prédétermi-
née lorsque la posture du bras de mesure est
commutée par le mécanisme de commutation
de posture.

2. Appareil de mesure de texture de surface selon la
revendication 1, comprenant en outre :

un étage (10) configuré pour monter le sujet de
mesure sur celui-ci ; et
un mécanisme de déplacement relatif (40) con-
figuré pour provoquer un déplacement relatif en-
tre le détecteur et l’étage,
dans lequel :

l’unité de détection (27) détecte les quanti-
tés d’oscillation du bras de mesure (24)
alors que le mécanisme de déplacement re-
latif (40) provoque un déplacement relatif
entre le détecteur et l’étage dans un état
dans lequel l’un de la paire de stylets est en
contact avec une surface du sujet de me-
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sure.

3. Appareil selon la revendication 1 ou la revendication
2, dans lequel :

l’unité de détection (27) comprend un détecteur
de position (27A) disposé le long d’une plage
d’oscillation du bras de mesure (24), configuré
pour délivrer des signaux impulsionnels corres-
pondant aux quantités d’oscillation du bras de
mesure,
le mécanisme de commutation de posture (60)
comprend une bobine d’excitation (62) configu-
rée pour pousser le bras de mesure (24) dans
ladite une direction d’oscillation ou l’autre direc-
tion d’oscillation avec l’axe de rotation (23) en
tant que point de support, et
le mécanisme de commande de vitesse (70) est
configuré pour obtenir la vitesse de commuta-
tion du bras de mesure (24) sur la base des si-
gnaux impulsionnels délivrés par le détecteur
de position de manière à commander le bras de
mesure (24).

4. Appareil selon la revendication 1 ou la revendication
2, dans lequel :

l’unité de détection (27) comprend un détecteur
de position (27A) disposé le long d’une plage
d’oscillation du bras de mesure (24), configuré
pour délivrer des signaux impulsionnels corres-
pondant aux quantités d’oscillation du bras de
mesure,
le mécanisme de commutation de posture (60)
comprend une bobine d’excitation (62) configu-
rée pour pousser le bras de mesure (24) dans
ladite une direction d’oscillation ou l’autre direc-
tion d’oscillation avec l’axe de rotation (23) en
tant que point de support, et
le mécanisme de commande de vitesse (70)
comprend un détecteur de vitesse (74) configu-
ré pour détecter la vitesse de commutation du
bras de mesure sur la base des signaux impul-
sionnels délivrés par le détecteur de position,
un générateur de signal (72) configuré pour gé-
nérer un signal de vitesse d’instruction indiquant
une vitesse d’instruction correspondant à une
direction de commutation, un module de sortie
de différence (75) configuré pour sortir une dif-
férence entre la vitesse d’instruction et la vitesse
de commutation, et un circuit de courant cons-
tant (76) configuré pour générer un courant des-
tiné à circuler à travers la bobine d’excitation sur
la base de la différence fournie par le module
de sortie de différence.

5. Appareil selon la revendication 1 ou la revendication
2, dans lequel :

l’unité de détection (27) comprend un détecteur
de position (27A) disposé le long d’une plage
d’oscillation du bras de mesure (24), configuré
pour délivrer des signaux impulsionnels corres-
pondant aux quantités d’oscillation du bras de
mesure,
le mécanisme de commutation de posture (60)
comprend une bobine d’excitation (62) configu-
rée pour pousser le bras de mesure (24) dans
ladite une direction d’oscillation ou l’autre direc-
tion d’oscillation avec l’axe de rotation (23) en
tant que point de support, et
le mécanisme de commande de vitesse (70)
comprend un module de sortie de signal (77)
configuré pour calculer la vitesse de commuta-
tion du bras de mesure (24) sur la base des si-
gnaux impulsionnels fournis par le détecteur de
position et pour sortir un signal de commande
tel qu’une vitesse de commutation qui est égale
à une vitesse d’instruction prédéterminée est
appliquée au bras de mesure, et un circuit de
courant constant configuré pour générer un cou-
rant destiné à circuler à travers la bobine d’ex-
citation sur la base du signal de commande four-
ni par le module de sortie de signal.
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