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(57) ABSTRACT

A measurement device includes: a probe part including a
probe configured to measure a surface of an object to be
measured and is attached so as to swing around a swing
center according to a shape of the surface of the object to be
measured; a scale configured to measure displacement by
swinging of the probe part; a scale head configured to read
a scale mark of the scale; and an arm part to which the probe
part is attached, the arm part is attached so as to swing
around the swing center integrally with the probe part, and
the scale is attached to the arm part. When thermal expan-
sion coeflicients of the probe part, the arm part and the scale
are o,  and y respectively, the measurement device satisfies
a condition of (a+y)-1/2a=f=(a+y)+1/2c.
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1
MEASUREMENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a Continuation of PCT Inter-
national Application No. PCT/JP2021/006600 filed on Feb.
22, 2021 claiming priority under 35 U.S.C § 119(a) to
Japanese Patent Application No. 2020-080058 filed on Apr.
30, 2020. Each of the above applications is hereby expressly
incorporated by reference, in their entirety, into the present
application.

BACKGROUND OF THE INVENTION
Field of the Invention

The presently disclosed subject matter relates to a mea-
surement device and relates in particular to a measurement
device for measuring a shape, roughness or a contour or the
like of a surface of an object to be measured.

Description of the Related Art

A measurement device for measuring a shape, roughness
or a contour or the like of a surface of an object to be
measured has been known. For example, Patent Literature 1
discloses a surface property measurement device that mea-
sures a surface property of a measurement target surface of
an object to be measured by bringing a stylus projectingly
provided on a distal end of a measurement arm into contact
with the measurement target surface of the object to be
measured to perform scanning and detecting minute vertical
movements of the stylus. In the surface property measure-
ment device described in Patent Literature 1, the measure-
ment arm is supported so as to swing (move in a circular arc)
in an up-down direction with a rotary shaft as a fulcrum.
Then, a rotation angle by swinging of the measurement arm
is detected by using a scale having a scale mark along a
swing direction of the measurement arm.

Patent Literature 1: Japanese Patent Application Laid-Open

No. 2020-003436

SUMMARY OF THE INVENTION

In the measurement device described above, when an
ambient temperature changes, a length of the measurement
arm changes due to thermal expansion. Therefore, there is a
problem that a measurement result of displacement of the
stylus fluctuates due to the ambient temperature.

The presently disclosed subject matter is implemented in
consideration of such a circumstance, and it is an object to
provide a measurement device capable of suppressing influ-
ence exerted on a measurement result by an ambient tem-
perature.

In order to solve the problem described above, a mea-
surement device according to a first aspect of the presently
disclosed subject matter includes: a probe part including a
probe configured to measure a surface of an object to be
measured and is attached so as to swing around a swing
center according to a shape of the surface of the object to be
measured; a scale configured to measure displacement by
swinging of the probe part; a scale head configured to read
a scale mark of the scale; and an arm part to which the probe
part is attached, the arm part is attached so as to swing
around the swing center integrally with the probe part, and
the scale is attached to the arm part, and when thermal
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2

expansion coeflicients of the probe part, the arm part and the
scale are a, p and y respectively, the measurement device
satisfies a condition of (c+y)-Y2a=f=(a+y)+Y20.

A measurement device according to a second aspect of the
presently disclosed subject matter is configured such that, in
the first aspect, the thermal expansion coefficients of the
probe part, the arm part and the scale satisfy a condition of
p=o+y.

A measurement device according to a third aspect of the
presently disclosed subject matter is configured such that, in
the first or second aspect, the scale is a circular arc scale
formed in a circular arc shape along a swing direction of the
arm part.

A measurement device according to a fourth aspect of the
presently disclosed subject matter is configured such that, in
any one of the first to third aspects, at least one of the probe
part, the arm part and the scale is formed of a plurality of
members having different thermal expansion coefficients,
and materials and lengths of the plurality of members are
adjusted so as to satisfy the condition.

A measurement device according to a fifth aspect of the
presently disclosed subject matter includes: a probe part
including a probe configured to measure a surface of an
object to be measured and attached so as to swing around a
swing center according to a shape of the surface of the object
to be measured; a scale configured to measure displacement
by swinging of the probe part; a scale head configured to
read a scale mark of the scale; an arm part to which the probe
part is attached, the arm part is attached so as to swing
around the swing center integrally with the probe part, and
the scale is attached to the arm part; a temperature sensor
configured to measure an ambient temperature; and a con-
troller configured to calculate actual displacement x, of a
distal end part of the probe part by following expressions,
when thermal expansion coefficients of the probe part, the
arm part and the scale are o, § and y respectively, a measured
value of displacement of the distal end part of the probe part
is X, and a change amount of the ambient temperature when
measuring the measured value X is AT.

X1 Cxr

c=(1+0AT)/{1+(B-VAT}

According to the presently disclosed subject matter, influ-
ence exerted on a measurement result by an ambient tem-
perature can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a measurement device
according to a first embodiment of the presently disclosed
subject matter;

FIG. 2 is a diagram illustrating a case where thermal
expansion coefficients of an arm part and a scale are equal;

FIG. 3 is a diagram for explaining influence of thermal
expansion in the case where the thermal expansion coeffi-
cients of the arm part and the scale are different;

FIG. 4 is a diagram illustrating a measurement device
according to a modification 2;

FIG. 5 is a diagram illustrating a measurement device
according to a second embodiment of the presently disclosed
subject matter; and

FIG. 6 is a diagram illustrating a measurement device
according to a third embodiment of the presently disclosed
subject matter.
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DESCRIPTION OF THE EMBODIMENTS

Hereinafter, embodiments of a measurement device
according to the presently disclosed subject matter are
explained according to the attached drawings.

First Embodiment

(Measurement Device)

First, a configuration of the measurement device accord-
ing to the first embodiment of the presently disclosed subject
matter is explained with reference to FIG. 1. FIG. 1 is a
diagram illustrating the measurement device according to
the first embodiment of the presently disclosed subject
matter. In the following explanation, a three-dimensional
orthogonal coordinate system for which an XY plane is a
horizontal plane and a Z direction is a vertical direction
(perpendicular direction) is used.

A measurement device 10 is a device for measuring a
shape, roughness or a contour or the like of a surface of an
object W to be measured. The measurement device 10 is
attached to a column (not illustrated) and is made movable
in XYZ directions to the column by an actuator (not illus-
trated) provided on the column. The column to which the
measurement device 10 is attached is fixed to a table (not
illustrated) where the object W to be measured is to be
mounted.

As illustrated in FIG. 1, the measurement device 10
includes a probe part 14, an arm part 16, a swing shaft 20,
a scale 22, a swing shaft fixing part 24 and a scale head 26.
Here, illustrations of the exterior (casing or the like) of the
measurement device 10 are omitted.

The probe part 14 is fixed so as to be roughly straight to
the arm part 16. The probe part 14 and the arm part 16 are
attached so as to integrally swing around the swing shaft 20
fixed to the swing shaft fixing part 24. For the swing shaft
20, an attaching angle to the column of the measurement
device 10 is adjusted so as to be roughly parallel to the XY
plane. Hereinafter, the probe part 14 and the arm part 16 are
referred to as a swing part 18. Here, the configuration of the
swing part 18 is not limited to an example of being roughly
straight as illustrated in FIG. 1. For example, the probe part
14 or the arm part 16 may have an L-shaped bend part and
the probe part 14 and the arm part 16 may be attached so as
to be roughly parallel.

On a distal end of the probe part 14, a probe 12 is
provided. The probe 12 extends in a lower direction (-Z
direction) in the figure. When the probe 12 is brought into
contact with the surface of the object W to be measured,
which is mounted on the table, with a predetermined pres-
sure, the swing part 18 swings around the swing shaft 20
according to a height and ruggedness of the surface of the
object W to be measured at a contact position. Note that the
configuration of the probe part 14 is not limited to the
example illustrated in FIG. 1. For example, the configuration
may be a T-shaped stylus for which a probe is provided in
an up-down direction in the figure of the probe part 14 or an
L-shaped stylus for which a projection amount of the probe
in a lower direction in the figure is longer than that in the
example illustrated in FIG. 1.

To a scale attaching position 16B on a proximal end part
side of the arm part 16, the scale 22 is attached, and the scale
22 is displaced according to swinging of the swing part 18.
The arm part 16 is a member which connects a swing center
20C of the swing shaft 20 and the scale head 26 (which
defines a distance between the swing center 20C of the
swing shaft 20 and the scale head 26).

10

15

20

25

30

35

40

45

50

55

60

65

4

The scale 22 is a circular arc scale (angle scale) formed in
a circular arc shape along a swing direction of the arm part
16, and scale markers indicating a rotation angle (corre-
sponding to a scale head detection angle ¢ in FIG. 2) of the
scale 22 are formed along a circular arc direction of the scale
22. The scale 22 is attached so that a center (zero point) of
the scale markers of the scale 22 coincides with a scale head
read point (read position) to be read by the scale head 26, in
the case where the swing part 18 is horizontal (hereinafter,
referred to as a reference position).

The scale head 26 is a device which reads displacement of
the scale 22 according to the swinging of the swing part 18.
While a kind of the scale head 26 is not limited in particular,
as the scale head 26, for example, a photoelectric sensor or
a non-contact type sensor including an imaging element for
reading the scale marker may be used.

In the present embodiment, materials of individual mem-
bers are selected so as to satisty a condition of f=c+y in the
case where the thermal expansion coefficients (linear ther-
mal expansion coeflicients) of the probe part 14, the arm part
16 and the scale 22 are o,  and y respectively (details are
to be described later).

To the measurement device 10, a control device 50 is
connected, and the displacement of the scale 22 read by the
scale head 26 is outputted to the control device 50. The
control device 50 controls the actuator provided on the
column, and acquires a detection signal for the displacement
at each position on the surface of the object W to be
measured while relatively moving the object W to be mea-
sured and the probe 12 of the measurement device 10. Thus,
the shape, roughness or contour or the like of the surface of
the object W to be measured can be measured.

As illustrated in FIG. 1, the control device 50 includes a
controller 52, an input unit 54 and a display 56. As the
control device 50, for example, a personal computer or a
workstation or the like may be used.

The controller 52 includes a CPU (Central Processing
Unit) for controlling the individual units of the control
device 50, a memory (for example, a ROM (Read Only
Memory)) where a control program for the control device 50
or the like is stored, and a storage (for example, an HDD
(Hard Disk Drive)) where various kinds of data are stored.
The controller 52 outputs control signals for controlling the
individual units of the control device 50 according to
operation input from the input unit 54, and outputs control
signals for controlling the measurement device 10 and
control signals for controlling the actuator or the like for
moving the measurement device 10 or the like.

The input unit 54 is a device for receiving the operation
input from an operator, and includes a keyboard, a mouse
and a touch panel, for example.

The display 56 is a device for displaying images, and is
an LCD (Liquid Crystal Display), for example. The display
56 displays, for example, a GUI (Graphical User Interface)
for operations of the control device 50, the measurement
device 10 and the actuator or the like and measurement
results of the shape, roughness or contour or the like of the
surface of the object W to be measured.

(Influence Exerted to Measurement Result by Ambient
Temperature)

(Case where thermal expansion coeflicients of arm part 16
and scale 22 are equal (f=y))

Next, the configuration for suppressing influence exerted
on the measurement result by the ambient temperature is
explained. First, the case where the thermal expansion
coeflicients of the arm part 16 and the scale 22 are equal
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(P=y), that is, the example of not satisfying the condition
p=o+y of the present embodiment is explained with refer-
ence to FIG. 2.

FIG. 2 is a diagram illustrating the case where the thermal
expansion coeflicients of the arm part 16 and the scale 22 are
equal (B=y). In FIG. 2, the movements of the individual parts
of the measurement device 10 are simplified and illustrated.

Portion (a) of FIG. 2 illustrates a state where an axis AX
of the swing part 18 is horizontal (reference position 8=0),
and portions (b) and (c) of FIG. 2 illustrate the state where
the swing part 18 is inclined by an angle 6 from the reference
position. Then, portion (¢) of FIG. 2 illustrates the state
where the arm part 16 and the swing part 18 are thermally
expanded in portion (b) of FIG. 2.

When an ambient temperature T is a reference tempera-
ture T,, a distance L from a distal end part 14E (position
corresponding to a distal end position of the probe 12 in
contact with the surface of the object W to be measured) of
the probe part 14 to the swing center 20C of the swing part
18 is defined as L, and a distance M from the swing center
20C of the swing part 18 to the scale attaching position 16B
of the arm part 16 is defined as M,,.

As illustrated in portion (b) of FIG. 2, in the case where
the ambient temperature T is the reference temperature T,
(the case where there is no thermal expansion), when the
swing part 18 is inclined by the angle 0 from the reference
position and the probe part 14, the arm part 16 and the scale
22 move to positions of signs 14R, 16R and 22R respec-
tively, the scale head detection angle ¢ is equal to a rotation
angle 0 from the reference position of the arm part 16. In this
case, displacement x,; of the distal end part 14E of the probe
part 14 is expressed by an expression (1) below.

x;=Lysin 0=Lysin ¢

ey
When the expression (1) is generalized without considering
the thermal expansion, a computation expression of dis-
placement x of the distal end part 14E of the probe part 14
is expressed by an expression (2) below.

xg=Lysin ¢

@

As illustrated in portion (¢) of FIG. 2, when the ambient
temperature T changes to T=T,+AT, the probe part 14, the
arm part 16 and the scale 22 are designated by signs 14RE,
16RE and 22RE respectively due to the thermal expansion.
In this case, the distance L from the distal end part 14E to
the swing center 20C of the swing part 18 changes as an
expression (3) below.

L=Ly(1+aAT) ©)

At the time, actual displacement x - of the distal end part 14E
of the probe part 14 is expressed by an expression (4) below.

x7=L-sin 6=Lysin O(1+aAT) 4
From the expression (2) and the expression (4), an error X,,,.
between a true value x, and a calculated value x. of the
displacement of the distal end part 14E of the probe part 14
due to the change of the ambient temperature T to T=T,+AT
is expressed by an expression (5) below.

KXerr=X7=Xp

X =Ly 0AT'sin 0 (5)

(Case where thermal expansion coefficients of arm part 16
and scale 22 are different (=y))

Next, the influence of the thermal expansion in the case
where the thermal expansion coefficients of the arm part 16
and the scale 22 are different (f=y) is explained with
reference to FIG. 3. FIG. 3 is a diagram for explaining the
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6

influence of the thermal expansion in the case where the
thermal expansion coefficients of the arm part 16 and the
scale 22 are different (f=y).

As illustrated in FIG. 3, the thermal expansion coefficient
[ of the arm part 16 and the thermal expansion coefficient vy
of'the scale 22 are different (p=y) and the scale 22 is attached
to a proximal end part of the arm part 16. Therefore, an angle
reference center 22C to be a reference of the angle of the
scale 22 is shifted from the swing center 20C. That is, it is
¢=0.

When the thermal expansion is taken into consideration,
the distance (=~a length of the arm part 16) M from the swing
center 20C of the swing part 18 to the scale attaching
position 16B of the arm part 16 is expressed by an expres-
sion (6) below.

M=M,(1+BAT) (6)

On the other hand, the position of the scale 22 is expanded
by the thermal expansion coefficient y of the scale 22 with
the attaching position of the scale 22 as the reference. Thus,
a distance f from the scale attaching position 16B of the arm
part 16 to the angle reference center 22C is expressed by an
expression (7) below.

R=My(1+yAT) M

When a distance between the swing center 20C and the angle
reference center 22C is AM, an expression (8) below is
obtained from the expression (6) and the expression (7).

AM=M-R

AM=Mo(p-1)AT ®)

As illustrated in FIG. 3, when an angle p is defined, the
angles 0, ¢ and p satisfy a relation of $=6+p. Since M ,=M-
AMcos8 is obtained, an expression (9) below is obtained.

tan p=AM-sin 6/M,

tan p=AM-sin 6/(M—AM-cos ) ()]

When approximation for which p and 6 are minute angles

is used, an expression (10) below is obtained.
p~AM:-sin O/My=(B-1)AT (10)

When a computation expression (2) for the displacement x,.
of'the distal end part 14E of the probe part 14 is transformed
using the expression (10), it is transformed as follows.

xg=Lysin ¢
Xp=Lysin(0+p)

xg=Lo(sin O cos p+cos O sin p)

When the approximation for which p is the minute angle
is used, an expression (11) below is obtained.

xp=Lo(sin 0+p-cos 0)

Xp=Lq'sin 0{1+(B-y)AT-cos 6} (11)

On the other hand, since the actual displacement x; is
obtained by the expression (4), the error x,,,. is expressed by
an expression (12) below.

X =X7Xp
X,,,=Lgsin O(1+0AT)-Lsin 6{1+(B-y)ATcos 6}

X o =LoATsin 0{a—(p-y)cos 0} (12)
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Here, when the condition of f=c+y is satisfied, an expres-
sion (13) below is obtained.

X =LoATarsin 6{1-cos 0} (13)

Thus, while the error x_,, in the case of not satisfying the
condition f=a.+y of the present embodiment (expression (5))
is X,,,=L,-aATsin O (the case of f=y), x,,, in the case of
satisfying the condition described above is x_,,=[.,ATcosin
8{1-cos 6}.

Generally, a detection range in the measurement device 10
is near 6=0°. At the time, it is (1-cos 6)<<l. Thus, by
selecting the materials of the individual members so as to
satisfy the condition of p=a+y, the error x,,, between the
true value x-and the calculated value x of the displacement
of the distal end part 14E of the probe part 14 can be
substantially reduced. Accordingly, the influence exerted on
the measurement result of the measurement device 10 by the

ambient temperature T can be suppressed.

EXAMPLE

In the case of using carbon fiber (CFRP: Carbon Fiber
Reinforced Plastics) as the material of the probe part 14, iron
as the material of the scale 22 and glass as the material of the
arm part 16, the thermal expansion coefficients o, § and y are
0=3.6x107% y=8.5x107°, and p=12.1x107°. According to
the above-described combination of the materials, the con-
dition of f=ca+y can be satisfied.

(Modification 1)

While the thermal expansion coefficients a, § and y of the
probe part 14, the arm part 16 and the scale 22 satisfy the
condition of f=c+y in the present embodiment, the presently
disclosed subject matter is not limited thereto.

When the expression (12) is transformed, an expression
(14) below is obtained.

X =LoATo~sin 6{1-{(B-y) a}cos 6} (14)

When comparing the expression (5) and the expression
(14), the error x,, in the expression (14) is a value for which
the expression (5) is multiplied with {1-{(B-y)/ca}cos 6}.

Practically, when the error x,,, due to the change of the
ambient temperature T can be reduced to % or less, it can be
defined that there is significant resistance to the change of
the ambient temperature T.

A condition of practically useful thermal expansion coef-
ficients is expressed by an expression (15a) below.

11-{(B-yYa}cos BI=1/2 (15a)

Here, since the detection range in the measurement device
10 is near 6=0°, when approximation to cos 6=1 is per-
formed, an expression (15b) below is obtained.

1-(B-y)/als1/2 (15b)

When the expression (15b) is solved for R, an expression
(16) below is obtained.

(a+y)-120=P=(0+y)+1/2a (16)

Thus, when the thermal expansion coefficient f§ of the arm
part 16 is within a range of +%42c with (ci+y) as the reference,
it can be defined that there is practically significant resis-
tance to the change of the ambient temperature T.

(Modification 2)

While the probe part 14, the scale 22 and the swing shaft
fixing part 24 are formed of a single material respectively in
the present embodiment, it is also possible to adjust the
thermal expansion coefficients c, y and [ by combining the
plurality of materials respectively.
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FIG. 4 is a diagram illustrating a measurement device
according to the modification 2. In a measurement device
10-1 illustrated in FIG. 4, the probe part 14 is formed by
joining members 14A, 14B and 14C formed of three differ-
ent materials having different thermal expansion coeffi-
cients. When the thermal expansion coefficients of the
members 14A, 14B and 14C are o, o, and o and the
lengths are 1,, 1, and 15 respectively, the thermal expansion
coeflicient a of the entire probe part 14 is expressed by an
expression (17) below.

a=(0L 7 +0,15+0303)/ (1 ++3) 17)

Generally, the thermal expansion coeflicient is a value
intrinsic to the material and it is difficult to adjust it to an
arbitrary value. Then, by combining the plurality of mate-
rials and adjusting the lengths of the individual materials, it
becomes possible to adjust the thermal expansion coeffi-
cients of the probe part 14, the scale 22 and the swing shaft
fixing part 24 to arbitrary values. Thus, the measurement
device which satisfies the condition of p=o+y is easily
created.

Second Embodiment

FIG. 5 is a diagram illustrating a measurement device
according to the second embodiment of the presently dis-
closed subject matter. In the following explanation, same
signs are attached for the configuration similar to the
embodiment described above and the explanation is omitted.

A measurement device 10-2 according to the present
embodiment includes an exchangeable probe 30 attachable
and detachable to/from the measurement device 10-2,
instead of the probe part 14.

The exchangeable probe 30 includes a first member 30A
provided with the probe 12 and a second member 30B. A
proximal end part of the second member 30B has such a
shape that attachment (for example, engagement and fitting)
to a probe attaching base part 16A is possible. In the present
embodiment, the exchangeable probe 30 and the probe
attaching base part 16 A form a probe part 32 together, and
the probe part 32 and the arm part 16 form a swing part 34
together.

The thermal expansion coefficients of the first member
30A and the second member 30B are o, and o, respectively,
the lengths are 1; and 1,, the thermal expansion coefficient of
the probe attaching base part 16A is a; and the length (the
length between a left end part in the figure and the swing
center 20C of the swing shaft 20) is 1;. In this case, similarly
to the modification 2, the thermal expansion coefficient . of
the entire probe part 32 formed of the exchangeable probe 30
and the probe attaching base part 16A is expressed by an
expression (18) below.

a=(0 1+ l+asl)/ (1 +i+)

(18)

Thus, when the condition to be satisfied is f=c+y, a
condition of an expression (19) below should be satisfied.

(e ]+ 0ol t0als)/ (U ++a)=B-y 19

According to the present embodiment, similarly to the
modification 2, the thermal expansion coefficient o can be
adjusted to an arbitrary value by the combination of the
members configuring the exchangeable probe 30 and the
length. In addition, according to the present embodiment,
since the thermal expansion coefficient o can be adjusted
only by the exchangeable probe 30, the influence exerted on
the measurement result by the ambient temperature T can be
suppressed even in an existing measurement device (the
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measurement device for which y and [ are not adjusted).
Furthermore, in the present embodiment, a margin may be
given to [ similarly to the modification 1.

In the present embodiment, it is preferable that the shape
of'the probe attaching base part 16A is turned to such a shape
(for example, a diameter and the shape of a fitting hole) that
only the exchangeable probe 30 satisfying the condition of
the expression (19) is attachable. Thus, an exchangeable
probe not suitable for suppressing the influence exerted on
the measurement result by the ambient temperature T can be
prevented from being attached to the measurement device.

Third Embodiment

While the condition that the thermal expansion coeflicient
a of the probe part 14, the thermal expansion coefficient §
of'the arm part 16 and the thermal expansion coefficient y of
the scale 22 satisfy is obtained in order to suppress the
influence exerted on the measurement result by the change
of the ambient temperature in the embodiment described
above, it is also possible to measure the temperature change
amount AT of the ambient temperature T and correct the
measurement result using the temperature change amount
AT.

FIG. 6 is a diagram illustrating a measurement device
according to the third embodiment of the presently disclosed
subject matter. In the following explanation, the same signs
are attached for the configuration similar to the embodiment
described above and the explanation is omitted.

A measurement device 10-3 according to the present
embodiment includes a temperature sensor 60. The tempera-
ture sensor 60 is for measuring the ambient temperature (air
temperature) of an environment where measurement is per-
formed using the measurement device 10-3, and is provided
on a surface of a casing of the measurement device 10-3, for
example.

Here, as the temperature sensor 60, it is also possible to
use a contact type or non-contact type temperature sensor
(for example, a radiation thermometer or a thermistor) for
measuring the temperature (for example, a surface tempera-
ture) of at least one of the probe part 14 and the arm part 16
as the ambient temperature.

In the present embodiment, the controller 52 acquires a
measured value of the ambient temperature T from the
temperature sensor 60 when measuring the displacement x.
of'the distal end part 14E of the probe part 14, and stores the
displacement X, and the ambient temperature T in associa-
tion with each other in the storage. Then, the controller 52
calculates the actual displacement x, of the distal end part
14E of the probe part 14 based on the displacement x.
(measured value) and the temperature change amount AT of
the ambient temperature T. Specifically, the actual displace-
ment X, of the distal end part 14E of the probe part 14 is
calculated from the displacement x. (measured value) using
a correction coeflicient ¢ indicated in an expression (20)
below.

CxF=XT 20

As already described, the displacement X, of the distal
end part 14E of the probe part 14 in the case of taking the
thermal expansion into consideration is obtained by the
expression (11).

Xp=Lq'sin 0{1+(B-y)AT-cos 6} 1
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10
On the other hand, the actual displacement x, of the distal
end part 14E of the probe part 14 is obtained by the
expression (4).
x7=L-sin 6=L-sin O(1+aAT) 4
When the expression (11) and the expression (4) are
substituted for the expression (20) and the approximation
(cos 0=1) for which 0 is the minute angle is used, an
expression (21) below is obtained.

C=Xy/Xp

=(1+aATY/{1+(Bp-y)AT-cos 6}

~(1+aAT){1+(B-V)AT}

That is, when the approximation for which 6 is the minute
angle is used, the correction coefficient ¢ is obtained by the
thermal expansion coefficient o of the probe part 14, the
thermal expansion coefficient § of the arm part 16, the
thermal expansion coefficient y of the scale 22 and the
temperature change amount AT of the ambient temperature
T.

@n

By substituting the correction coefficient ¢ expressed by
the expression (21) for the expression (20) and correcting
the displacement x.. (measured value) of the distal end part
14E of the probe part 14, the actual displacement X, of the
distal end part 14E can be calculated. Thus, the influence
exerted on the measurement result by the change of the
ambient temperature can be suppressed.

REFERENCE SIGNS LIST

10, 10-1, 10-2, 10-3 . . . measurement device, 12 . . .
probe, 14 . . . probe part, 16 . . . arm part, 18 . . . swing part,
20 . . . swing shaft, 22 . . . scale, 24 . . . swing shaft fixing
part, 26 . . . scale head, 26P . . . scale head read point,
30 . .. exchangeable probe, 32 . . . probe part, 34 . . . swing
part, 50 . . . control device, 52 . . . controller, 54 . . . input
unit, 56 . . . display, 60 . . . temperature sensor

What is claimed is:

1. A measurement device comprising:

a probe part including a probe configured to measure a
surface of an object to be measured and is attached so
as to swing around a swing center according to a shape
of the surface of the object to be measured;

a scale configured to measure displacement by swinging
of the probe part;

a scale head configured to read a scale mark of the scale;
and

an arm part to which the probe part is attached, the arm
part being attached so as to swing around the swing
center integrally with the probe part, and the scale
being attached to the arm part,

wherein, when thermal expansion coefficients of the
probe part, the arm part and the scale are a, f§ and y
respectively, the measurement device satisfies a condi-
tion of

(a+y)-1/20=P=(0+y)+1/2a.

2. The measurement device according to claim 1, wherein
the thermal expansion coefficients of the probe part, the
arm part and the scale satisfy a condition of f=c+y.
3. The measurement device according to claim 1, wherein
the scale is a circular arc scale formed in a circular arc

shape along a swing direction of the arm part.
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4. The measurement device according to claim 1, wherein

at least one of the probe part, the arm part and the scale
is formed of a plurality of members having different
thermal expansion coefficients, and

materials and lengths of the plurality of members are
adjusted so as to satisfy the condition.

5. A measurement device comprising:

a probe part including a probe configured to measure a
surface of an object to be measured and attached so as
to swing around a swing center according to a shape of
the surface of the object to be measured;

a scale configured to measure displacement by swinging
of the probe part;

a scale head configured to read a scale mark of the scale;

an arm part to which the probe part is attached, the arm
part being attached so as to swing around the swing
center integrally with the probe part, and the scale
being attached to the arm part;

a temperature sensor configured to measure an ambient
temperature; and

a controller configured to calculate actual displacement x -
of a distal end part of the probe part by following
expressions, when thermal expansion coefficients of the
probe part, the arm part and the scale are o, f§ and y
respectively, a measured value of displacement of the
distal end part of the probe part is X, and a change
amount of the ambient temperature when measuring the
measured value x is AT,

X Cxm
c=(1+0AT)/{1+(B—y)AT}.
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