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Description
TECHNICAL FIELD
[0001] The present invention relates to an inner diameter measuring device for measuring an inner diameter
of a hollow member.
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[0002] As a device for measuring an inner diameter of
a hollow member, a non-contact type inner diameter
measuring device is known, which projects a laser beam
over total circumference, forms an optical ring on inner
surface, takes an image of an optical ring thus formed,
and measures inner diameter, shape, and profile of the
hollow member on the image. Also, an inner diameter
measuring device is known, which brings contact to inner
surface of the hollow member with a contact, and measures the inner diameter.
[0003] As a non-contact type inner diameter measuring device, the devices disclosed in the Patent Documents 1,2 and 4 are known.Each of the Patent : Documents 1, 2 and 4 discloses a non-contact type inner diameter measuring device, a laser beam is projected over
total circumference, an optical ring formed on inner surface of a cylindrical object is photographed and shape
and diameter of the optical ring is measured on the image.
[0004] Further, as a contact type inner diameter measuring device, a device disclosed in the Patent Document
3 is known. According to the Patent Document 3, a pipe
to be inspected is rotatably supported by a pipe rotation
supporting device, and the device comprises a running
carriage device where a pair of upper and lower inner
diameter measuring sensors are provided in closely separable manner. By operating the running carriage device,
the inner diameter measurement sensor is inserted into
the inside of the pipe to be inspected. By separating the
inner diameter measuring sensor in upper and lower directions, the sensor is brought into contact with inner
surface of the pipe to be inspected. Further, the pipe to
be inspected is rotated by the pipe rotation supporting
device, and inner diameter of the pipe to be inspected is
measured.
[0005] By the non-contact type inner diameter measuring device in the former case, a shape and a condition
of the inner surface can be quickly identified, and it is
advantageous in that the measurement can be carried
out within shorter time, and the conditions of inner surface
such as graded step, taper, etc. at one time, and entire
shape and condition can be identified, while there is a
problem that the measurement with high accuracy cannot
perform.
[0006] By the contact type inner diameter measuring
device in the latter case, the measurement results with
high accuracy can be obtained, while measurement must
be performed one by one and much time is required.
Further, measurement must be performed at a multiple
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of points for measuring a shape of inner surface, and a
long time is required for the measurement. Also, there
are problems in that it is difficult to identify the conditions
of inner surface such as graded step, taper, etc. Further,
an inner diameter measuring device comprising both a
contact and a non-contact measuring unit is known from
Patent Document 5.
[0007] To solve the problems as described above, it is
an object of the present invention to provide an inner
diameter measuring device, by which it is possible to
quickly identify the conditions of the inner surface and
entire shape, and moreover, to obtain the measurement
results with higher accuracy.
CONVENTIONAL ART REFERENCES
[0008]
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Patent Document 1 : JP-A-H10-197215
Patent Document 2 : JP-A-2010-164334
Patent Document 3 : JP-A-2000-136923
Patent Document 4: WO97/02480 A1
Patent Document 5: JP-A-H09-311034
DISCLOSURE OF THE INVENTION
[0009] The present invention relates to an inner diameter measuring device, having a non-contact measuring
unit and a contact measuring unit arranged so as to be
connected or disconnected from each other along the
same center line, wherein the non-contact measuring unit
comprises an image pickup unit arranged on the center
line, a laser beam emitting unit, and a laser beam diffusing unit having a cone mirror, wherein a laser beam projected from the laser beam emitting unit to the cone mirror
is reflected over a total circumference by the cone mirror,
the image pickup unit takes an optical ring which is
formed by projecting the reflected laser beam to an inner
surface of a hollow portion, at least one of an inner diameter or a shape of the inner surface is measured based
on an image picked up, and wherein the contact measuring unit comprises a contact measuring head and a
circulation unit for circulating the contact measuring head
around the center line, wherein the contact measuring
head has a contact measuring unit having a contact at a
forward end and for detecting a displacement of the contact, an advancing/retreating unit for advancing and retreating the contact measuring unit in radial direction, and
a scale unit for measuring an advancing/retreating distance of the contact measuring unit, wherein the noncontact measuring unit is connected to a rod-like supporting member, the non-contact measuring unit and the
contact measuring unit is supported by the supporting
member and inserted to a hollow object to be measured
on a non-contact basis and is moved in an axial direction.
[0010] Further, the present invention relates to an inner
diameter measuring device, wherein the non-contact
measuring unit and the contact measuring unit are con-
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figured so as to be included within the same cylindrical
surface.
[0011] Further, the present invention relates to an inner
diameter measuring device, further comprising a centering unit arranged on the same center line, wherein the
laser beam emitting unit is connected to the laser beam
diffusing unit via the centering unit, the position of the
centering unit can be adjusted in two directions perpendicularly crossing with respect to the center line of the
laser beam, and also, a tilting of an optical axis of the
laser beam emitting unit can be adjusted.
[0012] Further, the present invention relates to an inner
diameter measuring device, wherein the contact measuring head is so arranged that a center of gravity of the
contact measuring head exists within a predetermined
range with the center line as the center.
[0013] Further, the present invention relates to an inner
diameter measuring device, wherein the contact measuring unit is provided on a measuring unit holder movable
in radial direction along an advancing/retreating guide
rail, a linear scale is provided in parallel to the advancing/retreating guide rail, a scale sensor is provided on
the measuring unit holder, and the advancing/retreating
distance of the contact measuring unit is measured by
the scale sensor.
[0014] Further, the present invention relates to an inner
diameter measuring device, wherein the contact measuring head has a measuring unit supporting base plate
circulated by the circulation unit, the advancing/retreating
unit is provided on the measuring unit supporting base
plate via two sets of linear guides, each linear guide comprises a pair of advancing/retreating guide rails and a
pair of blocks respectively slidably engaged with the advancing/retreating guide rail, wherein with respect to one
of the linear guides, the advancing/retreating guide rail
is provided on the measuring unit supporting base plate
and the block is provided on the advancing/retreating
unit, and with respect to the other of the linear guides,
the advancing/retreating guide rail is provided on the advancing/retreating unit and the block is provided on the
measuring unit supporting base plate.
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FIG. 1 is an overall side view of an inner diameter
measuring device according to an embodiment of
the present invention.
FIG.2 is a cross-sectional view of a non-contact
measuring unit of the inner diameter measuring device.
FIG.3 is a cross-sectional view of a contact measuring unit of the inner diameter measuring device.
FIG. 4 is a perspective view of the contact measuring
unit in a condition where a circulation unit cover and
a measuring head cover are removed.
FIG.5 is a cross-sectional view of a contact measur-

ing head according to another example of the
present invention.
FIG.6A and FIG.6B are explanatory drawings of a
linear scale in a second embodiment.
FIG. 7A is a plane view of a contact measuring head,
and FIG. 7B is a front view of a condition where the
contact measuring unit is protruded.
BEST MODE FOR CARRYING OUT THE INVENTION
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[0016] Description will be given below on an embodiment of the present invention by referring to the attached
drawings.
[0017] FIG. 1 shows an embodiment according to the
present invention. In FIG. 1, reference numeral 1 denotes
an inner diameter measuring device, and reference numeral 2 denotes a rod-like supporting member for supporting the inner diameter measuring device 1.
[0018] The inner diameter measuring device 1 is designed in a shape, which can be included in a cylindrical
surface. The cylindrical surface can also include the supporting member 2 and the cylindrical surface is designed
to be shorter than the inner diameter of a hollow portion
of an object to be measured.
[0019] The inner diameter measuring device 1 comprises a non-contact measuring unit 3 and a contact
measuring unit 4. The non-contact measuring unit 3 and
the contact measuring unit 4 are arranged along an extension of a center line of the supporting member 2. Further, the non-contact measuring unit 3 and the contact
measuring unit 4 are arranged in such manner that the
contact measuring unit 4 can be connected or disconnected from each other.
[0020] First, description will be given on the non-contact measuring unit 3 by referring to FIG.2.
[0021] The non-contact measuring unit 3 primarily
comprises an image pickup unit 6, a laser beam emitting
unit 7, a centering unit 8, a laser beam diffusing unit 9, a
frame unit 11, etc. Also, an optical axis of the image pickup unit 6, an optical axis of the laser beam emitting unit
7, a center line of the centering unit 8, a center line of the
laser beam diffusing unit 9, and a center line of the frame
unit 11 coincide with the center line of the supporting
member 2.
[0022] The frame unit 11 is constituted in such a manner that a base end ring 12 and a forward end ring 13
are connected with each other by a plurality of supporting
pillars 14. The supporting pillars 14 are arranged on the
same circumference at positions with predetermined distance, e.g. at three equally distanced positions . At the
center of the frame unit 11, a space penetrating from the
base end to the forward end is formed.
[0023] The image pickup unit 6 is mounted on the base
end ring 12. The image pickup unit 6 has a camera holder
15 to be mounted on the base end ring 12 and a camera
16 to be accommodated in the camera holder 15. The
camera holder 15 is connected to the supporting member
2. An optical axis of the camera 16 coincides with the
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center line of the supporting member 2 and the center
line of the frame unit 11.
[0024] The camera 16 has a CCD or a CMOS sensor,
etc., which is an aggregate of pixels, as an image pickup
element. The image pickup element outputs digital image
signals, which are an aggregate of signals from each
pixel, and it is so arranged that signals from each pixel
can identify positions respectively within the image pickup element.
[0025] The centering unit 8 is fixed on the forward end
ring 13, and the laser beam diffusing unit 9 is fixed on a
forward end of the centering unit 8. An axis adjusting
mechanism 18 is accommodated in the centering unit 8,
and the laser beam emitting unit 7 is mounted on a base
end side of the axis adjusting mechanism 18.
[0026] The laser beam emitting unit 7 has a light emitter
holder 19 of pipe-like shape to be fixed on the axis adjusting mechanism 18, and a laser emitter 20 fitted into
and attached to the base end portion of the light emitter
holder 19, and an optical axis of the laser beam 21 emitted
from the laser emitter 20 coincides with optical axis of
the camera 16 and with the center line of the frame unit
11.
[0027] On a central part of the axis adjusting mechanism 18, an optical path hole 23 where the laser beam
21 passes through is formed. The axis adjusting mechanism 18 has an X-axis slider 25, which perpendicularly
crosses the laser beam 21 and slides in a direction perpendicular to paper surface, and also, has a Y-axis slider
26, which is provided on the X-axis slider 25 and slides
in a direction in parallel to the paper surface. It is so arranged that positions of the X-axis slider 25 and the Yaxis slider 26 can be adjusted by adjusting screws (not
shown) respectively.
[0028] The light emitter holder 19 is mounted on the
Y-axis slider 26. Further, the light emitter holder 19 is
fixed at three equally divided positions on circumference
by fixing means 27 having a pair of pushing screw and
pulling screw. By adjusting the fixing means 27, tilting of
the center line of the light emitter holder 19, i.e. tilting of
optical axis of the laser beam 21 can be adjusted.
[0029] It is so arranged that a position of an optical axis
of the laser beam 21 can be adjusted in two directions
perpendicularly crossing each other, i.e. in X-axis direction and in Y-axis direction, and a tilting of the optical axis
can be adjusted by the fixing means 27, and also, that
optical axis of the laser beam 21 can coincide with a
center line of the image pickup unit 6 and a center line
of a cone mirror 29 (to be described later).
[0030] At a forward end of the centering unit 8, a laser
beam diffusing unit 9 is provided, and the laser beam
diffusing unit 9 has a cone mirror 29 on the center line
and a total circumferential light transmitting window 30,
which is concentric to the cone mirror 29. The cone mirror
29 has a conical curved surface with an end pointed toward the laser emitter 20, and vertical angle of the curved
surface is set to 90°, for instance. The cone mirror 29
can be changed as appropriate to the one having different

5

10

15

20

25

30

35

40

45

50

55

4

6

vertical angle, depending on the measurement circumstance, e.g. with vertical angle of 120° or 60°.
[0031] Under the condition that the center line of the
cone mirror 29, the optical axis of the laser beam 21, and
the optical axis of the camera 16 coincide with each other,
when the laser beam 21 is projected from the laser emitter
20, the laser beam 21 enters vertex of the cone mirror
29 and is reflected in total circumferential direction by
conical curved surface. When a reflected laser beam 21’
which passed through the total circumferential light transmitting window 30 is projected to inner surface of hollow
portion, an optical ring is formed. The optical ring is picked
up by the camera 16.
[0032] It is to be noted that there may be two or four
supporting pillars 14. There is no problem in so far as the
supporting pillars 14 can support the image pickup unit
6, the centering unit 8, and the laser beam diffusing unit
9, and no trouble is caused in the image pickup of the
image pickup unit 6.
[0033] As shown in FIG. 2, it is supposed that field angle of the camera 16 is θ, and that a field angle is θ1,
which is turned to a dead angle as the field angle is intercepted by the laser emitter 20, the centering unit 8,
etc. Then, inner diameter of a hollow portion can be
measured in the range of (θ1 to θ). If it is supposed that
a distance from the camera 16 to the vertex of the cone
mirror 29 is L, the range of inner diameter, which can be
measured, will be: (2L tan θ1/2 to 2L tan θ/2).
[0034] A measuring unit main part (not shown) has an
image processing unit. The image processing unit processes the image picked up by the camera 16, and measures an inner diameter and a shape (true circle, ellipse,
etc.), or at least one of the inner diameter and the shape.
Further, under the condition that the reflected laser beam
21’ is projected, when the inner diameter measuring device 1 is moved in axial direction, and images are acquired, an information such as condition of inner surface,
e.g. taper, graded step, etc., can be acquired.
[0035] By referring to FIG. 3 and FIG. 4, description
will be given on the contact measuring unit 4.
[0036] In FIG.3 and FIG.4, reference numeral 41 denotes a circulation unit, reference numeral 42 denotes a
contact measuring head, and reference numeral 43 denotes a center line of the contact measuring unit 4.
[0037] First, description will be given on the circulation
unit 41.
[0038] A center line of the circulation unit 41 coincides
with a center line of the supporting member 2 and with a
center line of the non-contact measuring unit 3. Further,
a connection adapter 44 is provided at a base end, and
the circulation unit 41 is connected to the non-contact
measuring unit 3 via the connection adapter 44 or the
circulation unit 41 is connected with the supporting member 2.
[0039] A shaft holder 45, which is hollow, is mounted
on the connection adapter 44. A center line of the shaft
holder 45 coincides with the center line 43, and a circulation shaft 48 is rotatably supported around the center
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line 43 via bearings 46 and 47. For the purpose of reducing the weight, it is preferable that the circulation shaft
48 is designed as hollow.
[0040] At a forward end (on the left side in FIG.3) of
the circulation shaft 48, a circulation flange 49 is formed.
Further, on base side of the circulation flange 49, a circulation gear 51 is engaged with the circulation shaft 48.
[0041] At a position as required on outer surface of the
shaft holder 45, a circulation motor 52 is provided. A circulation driving gear 53 is fitted and fixed on an output
shaft of the circulation motor 52, and the circulation driving gear 53 is engaged with the circulation gear 51. Further, the circulation motor 52 has an encoder (not shown),
and the amount of rotation of the circulation driving gear
53, i.e. the amount of rotation of the circulation gear 51,
can be detected.
[0042] At a position as required on the shaft holder 45
and at a position not interfering with the circulation motor
52, a circulation restricting means 54 of the circulation
flange 49 is provided. As one example of the circulation
restricting means 54, a limit switch 55 is provided on the
shaft holder 45, and a switch operating piece 56 to operate the limit switch 55 is attached on the circulation
flange 49. In the present embodiment, a proximity switch
is used as the limit switch 55, and a metal piece, which
is set so as to face each other the limit switch 55 at an
interval as required, is used as the switch operating piece
56.
[0043] A circulation unit cover 58 in cylindrical shape
to cover the connection adapter 44, the shaft holder 45,
the circulation flange 49, the circulation motor 52 and the
circulation restricting means 54 is provided to stretch over
from the base end of the connection adapter 44 to the
circulation flange 49. The circulation unit cover 58 is not
contacted with the circulation flange 49.
[0044] Next, description will be given on the contact
measuring head 42.
[0045] The contact measuring head 42 has a circulation base plate 61 at base end, and since the circulation
base plate 61 is fixed on the circulation flange 49, the
circulation unit 41 and the contact measuring head 42
are connected with each other and it is so comprised that
the circulation unit 41 and the contact measuring head
42 are integrated with each other. The contact measuring
head 42 is concentric with the circulation unit 41, i.e. the
contact measuring head 42 is concentric with the laser
beam emitting unit 7. That is, the circulation unit 41, the
contact measuring head 42 and the laser beam emitting
unit 7 are so arranged that the center line and the optical
axis of each of the circulation unit 41, the contact measuring head 42 and the laser beam emitting unit 7 coincide
with the center line 43.
[0046] A measuring unit supporting base plate 62 is
provided vertically on the circulation base plate 61, and
an advancing/retreating unit 63 and a scale unit 64 are
provided on the measuring unit supporting base plate 62.
[0047] First, description will be given on the advancing/
retreating unit 63.
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[0048] An advancing/retreating guide rail 65 extending
in a direction perpendicularly crossing the center line 43
is provided on the measuring unit supporting base plate
62. A measuring unit holder 66 is slidably provided on
the advancing/retreating guide rail 65, and a contact
measuring unit 67 is provided on the measuring unit holder 66. Measuring direction of the contact measuring unit
67 is in parallel to advancing/retreating direction of the
measuring unit holder 66. That is, the contact measuring
unit 67 is so arranged that it is moved in radial direction,
and the contact measuring unit 67 measures displacement in radial direction. As the contact measuring unit
67, an electric micrometer is used, for instance.
[0049] An advancing/retreating motor 68 is integrally
provided on the measuring unit holder 66. The advancing/retreating motor 68 has an output shaft 69 extending
in parallel to the center line 43, and a pinion gear 71 is
fitted on the output shaft 69. On the measuring unit supporting base plate 62, a rack 72 is fixed in a direction to
perpendicularly cross the center line 43, and the pinion
gear 71 is engaged with the rack 72.
[0050] It is to be noted that in the figure, reference numeral 73 denotes an escape hole to avoid interference
with the output shaft 69. When the advancing/retreating
motor 68 is driven, the pinion gear 71 is rotated and it is
so arranged that the advancing/retreating motor 68 and
the advancing/retreating unit 63 are integrally moved forward or backward in radial direction (in up-to bottom direction in the figure).
[0051] It is to be noted that in the figure, reference numeral 75 denotes a contact. The contact 75 is brought
into contact with a measuring point, and a displacement
of the contact 75 is detected by the contact measuring
unit 67.
[0052] The scale unit 64 has a linear scale 76 disposed
in parallel to the advancing/retreating guide rail 65 and
a scale sensor 77 integrally provided with the measuring
unit holder 66, and the scale sensor 77 is displaced integrally with displacement of the measuring unit holder
66. It is so arranged that the scale sensor 77 reads displacement amount from the linear scale 76, and that the
scale sensor 77 detects displacement in radial direction
of the measuring unit holder 66.
[0053] Further, a measured value to be read by the
scale sensor 77 and a position of the contact 75 are a
known value A. For instance, when the known value A
is added to the measured value of the scale sensor 77,
a distance from the center line 43 to the contact 75 can
be obtained.
[0054] An amount of advancing/retreating of the measuring unit holder 66, i.e. a stroke of the contact measuring
unit 67, is related to measurement range of inner diameter, which can be measured by the contact measuring
unit 4. Therefore, stroke of the contact measuring unit 67
is set to the stroke, which can cover measuring range
(2L tan θ1/2 to 2L tan θ/2) of the non-contact measuring
unit 3.
[0055] It is to be noted that in the figure, reference nu-
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meral 78 denotes a cable holder to fix cables and the like
(not shown) .
[0056] The measuring unit supporting base plate 62,
the advancing/retreating unit 63, the scale unit 64, the
cable holder 78, etc. are covered by a measuring head
cover 79 in cylindrical shape, and a measurement window 81 is prepared on the measuring head cover 79 so
that the contact measuring unit 67 can protrude. An outer
diameter of the measuring head cover 79 is the same as
diameter of the circulation unit cover 58, and is shorter
than inner diameter of the object to be measured.
[0057] Further, an arrangement and a weight of the
components (the measuring unit holder 66, the advancing/retreating motor 68, the scale sensor 77, etc.) of the
contact measuring head 42 are set up so that a center
of gravity of the contact measuring head 42 exists on the
center line 43 or approximately on the center line 43 or
that in a case where the measuring unit holder 66 is
moved, the center of gravity of the contact measuring
head 42 exist within a predetermined range with the center line 43 as the center. Further, in a case where the
position of the center of gravity does not come on the
center line 43 only by the arrangement of the components, the position of the center of gravity of the contact
measuring head 42 is adjusted by providing a balance
weight as appropriate. Here, the predetermined range
means a range where no variation occurs on the measured value due to decentering from the center of gravity
when the contact measuring head 42 is circulated.
[0058] Description will be given below about operation.
[0059] The inner diameter measuring device 1 as supported on the supporting member 2 is inserted into a hollow object to be measured (e.g. a pipe to be measured)
on non-contact basis. When the inner diameter measuring device 1 is to be inserted, the contact 75 is set to a
condition where the contact 75 is completely retreated
from outer surface of the measuring head cover 79.
[0060] Measurement is performed while the inner diameter measuring device 1 is being inserted into the pipe
to be measured. The pipe to be measured may be moved
while the inner diameter measuring device 1 is fixed, or
the inner diameter measuring device 1 may be moved
while the pipe to be measured is fixed. When the inner
diameter measuring device is fixed and the pipe to be
measured is moved, a measurement condition is stable
because a vibration caused by the movement is not applied on the inner diameter measuring device 1.
[0061] When a laser beam 21 is projected from the
laser emitter 20, the laser beam 21 is reflected over total
circumference by the cone mirror 29. Reflected laser
beam 21’ passes through the total circumferential light
transmitting window 30 and is projected to inner surface
of the hollow portion, and an optical ring is formed. An
image of this optical ring is picked up by the camera 16,
and an image data is transmitted to the measuring unit
main part. A diameter, and further, a profile are measured
by image processing at the measuring unit main part.
Measurement results are stored in a storage unit of the

5

10

15

20

25

30

35

40

45

50

55

6

10

measuring unit main part.
[0062] Further, at the same time, an inner diameter is
measured by the contact measuring unit 4.
[0063] By the advancing/retreating unit 63, the measuring unit holder 66 is moved immediately before the position where the contact 75 is brought into contact with
inner surface. Then, by moving gradually, the contact 75
is brought into contact with inner surface of the object to
be measured. At this moment, from a detected value of
the contact measuring unit 67 and from an amount of
moving of the measuring unit holder 66 detected by the
scale sensor 77, the inner diameter of the object to be
measured can be measured.
[0064] Further, the circulation motor 52 is driven, and
circulation shaft 48 is rotated via the circulation driving
gear 53 and the circulation gear 51. Further, the contact
measuring head 42 is rotated via the circulation flange
49. By rotating the contact measuring head 42 at a predetermined angular pitch, the inner diameter can be
measured over total circumference of the object to be
measured.
[0065] In this case, because position of the center of
gravity of the contact measuring head 42 is set on the
center line 43, a deviation of the measuring point and a
change of measurement result due to the rotation of the
contact measuring head 42 can be prevented. Further,
because the profile of the hollow portion can be identified
by measurement of the non-contact measuring unit 3,
points to be measured by the contact measuring unit 4
may be fewer, so the measurement time can be shortened. Measurement results by the contact measuring
unit 4 are stored in storage unit of the measuring unit
main part.
[0066] When the measurement of total inner circumference by the contact measuring unit 4 has been completed, the inner diameter measuring device 1 is moved
by a predetermined distance in axial direction, and measurements by the non-contact measuring unit 3 and the
contact measuring unit 4 are repeated. It is to be noted
that, if a moving distance and a moving pitch are set up
so that the points to be measured by the contact measuring unit 4 are measured by the non-contact measuring
unit 3, the result measured by the non-contact measuring
unit 3 can be corrected by the contact measuring unit 4,
and a measurement accuracy of the non-contact measuring unit 3 can be improved.
[0067] By measuring the inner diameter according to
the present embodiment, the inner diameter can be
measured with high accuracy by the contact measuring
unit 4, and at the same time, the profiling of inner surface
by the non-contact measuring unit 3 can be carried out.
Further, by combining a contact type measurement by
the contact measuring unit 4 and a non-contact type
measurement by the non-contact measuring unit 3, the
time required for the measurement can be shortened.
[0068] Further, because the non-contact measuring
unit 3 and the contact measuring unit 4 are designed in
such shapes that these can be included within the same
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cylindrical surface, and further, since an outer diameter
of the supporting member 2 is smaller than the cylindrical
surface, by setting the supporting member 2 to a length
corresponding to the length of the pipe to be measured,
even when the pipe to be measured is a long member,
it is possible to perform the measurement of inner diameter and the measurement of profile over total length.
[0069] Further, the measurement by the non-contact
measuring unit 3 and the measurement by the contact
measuring unit 4 may be carried out at the same time as
described above, or the measurement may be carried
out by one of them.
[0070] Next, by referring to FIG. 5 to FIG. 7, description
will be given below on other examples of the contact
measuring head 42.
[0071] The contact measuring head 42 comprises a
measuring unit supporting base plate 91, a first linear
guide 92 (92a and 92b), and a second linear guide 93
(93a and 93b), a table 94 movably supported on the
measuring unit supporting base plate 91 via the linear
guides 92 and 93, a contact measuring unit 95 to be disposed on front surface of the table 94, and a linear scale
96, which has a scale 96a to be disposed on back surface
of the table 94 and a detecting means 96b to be disposed
on the measuring unit supporting base plate 91 so as to
oppose the scale 96a.
[0072] As shown in FIG.5, the measuring unit supporting base plate 91 is fixed perpendicularly on the circulation unit 41 and rotates integrally with the rotation of the
circulation unit 41. Further, the measuring unit supporting
base plate 91 supports the table 94, which holds the contact measuring unit 95 via the linear guides 92 and 93.
[0073] The first linear guide 92 has two sets of an advancing/ retreating guide rails 92a and a block 92b, and
the second linear guide 93 has two sets of an advancing/retreating guide rail 93a and a block 93b. On each of
the linear guides 92 and 93, the advancing/retreating
guide rails 92a and 93a and the blocks 92b and 93b are
engaged respectively, and the blocks 92b and 93b are
slidably configured along the advancing/retreating guide
rails 92a and 93a.
[0074] FIG.6A is a front view of the measuring unit supporting base plate 91, and FIG.6B is a rear view of the
table 94. As shown in FIG. 5 and FIG. 6A, two advancing/retreating guide rails 92a of the first linear guide 92
are installed perpendicularly cross the center line 43 of
rotation of the circulation unit 41. As shown in FIG. 5 and
FIG. 6B, on rear surface of the table 94, the block 92b of
the first linear guide 92 is installed respectively at a position opposite to each of the advancing/retreating guide
rails 92a.
[0075] Further, as shown in FIG.5 and FIG.6B, on back
surface of the table 94, two advancing/ retreating guide
rails 93a of the second linear guide 93 are disposed to
perpendicularly cross the center line 43. Also, as shown
in FIG. 5 and FIG. 6A, on the measuring unit supporting
base plate 91, the block 93b of the second linear guide
93 is disposed respectively at a position to oppose each
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of the advancing/retreating guide rails 93a.
[0076] Being guided by the linear guides 92 and 93,
the table 94 slides in a direction to perpendicularly cross
the center line 43 on the measuring unit supporting base
plate 91. Also, the contact measuring unit 95 held on the
front surface of the table 94 is moved integrally with the
table 94. The table 94 is moved slidably by the advancing/retreating motor 68. Because the mechanism of advancing/retreating is the same as in the contact type
measuring head 42, description is not given here.
[0077] The contact measuring unit 95 has a contact
95a, and the contact 95a is brought into contact with inner
wall of the object to be measured 100 and measures
displacement of the contact 95a. As described above, a
measuring direction of the contact measuring unit 95 runs
in parallel to advancing/ retreating direction of the table
94. That is, the contact measuring unit 95 moves in radial
direction of the space of the object to be measured 100
and measures a displacement in radial direction. A value
measured by the contact measuring unit 95 is outputted
to a calculating means (not shown) via a cable 95b. The
measuring unit supporting base plate 91 is fixed on the
circulation unit 41 so that a center line 97 in measuring
direction of the contact measuring unit 95 perpendicularly
crosses a rotation axis of the circulation unit 41.
[0078] As shown in FIG. 6B, on back surface of the
table 94, the scale 96a of the linear scale 96 is provided
between two advancing/retreating guide rails 93a in parallel to the advancing/retreating guide rails 93a. Also, at
a position to oppose the scale 96 on the measuring unit
supporting base plate 91, the detecting means 96b of the
linear scale 96 is provided. The linear scale 96 is a means
for detecting length, and a length is measured by the
detecting means 96b in graduation of the scale 96a.
[0079] Based on a value as inputted from the contact
measuring unit 95 and on a value inputted from the linear
scale 96, the calculating means determines inner diameter of the object to be measured 100.
[0080] As described above, each of the advancing/retreating guide rails 92a of the first linear guide 92 are
installed at left-to-right symmetrical positions with the
center line 97 of the contact measuring unit 95 as reference. Also, each of the advancing/retreating guide rails
93a of the second linear guide 93 are installed at left-toright symmetrical positions with the center line 97 of the
contact measuring unit 95 as reference. Further, while
the advancing/retreating guide rails 92a are installed on
the measuring unit supporting base plate 91, the advancing/retreating guide rails 93a are installed on the table
94 to oppose to the measuring unit supporting base plate
91. Therefore, at the contact measuring head 42, the
table 94 can be supported stably in three-dimensional
direction. Values can be measured accurately by the contact measuring unit 95 and the linear scale 96, and measurement results can be obtained with high accuracy. Also, because the linear scale 96 is installed between the
linear guides 92 and 93, stable values can be obtained.
[0081] As described above, according to the present
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embodiment, an accurate inner diameter can be measured with high accuracy.
INDUSTRIAL APPLICABILITY
5

[0082] According to the present invention, an inner diameter measuring device has a non-contact measuring
unit and a contact measuring unit arranged along the
same center line, wherein the non-contact measuring unit
comprises an image pickup unit arranged on the center
line, a laser beam emitting unit, and a laser beam diffusing unit having a cone mirror, wherein a laser beam projected from the laser beam emitting unit to the cone mirror
is reflected over a total circumference by the cone mirror,
the image pickup unit takes an optical ring which is
formed by projecting the reflected laser beam to an inner
surface of a hollow portion, at least one of an inner diameter or a shape of the inner surface is measured based
on an image picked up, and wherein the contact measuring unit comprises a contact measuring head and a
circulation unit for circulating the contact measuring head
around the center line, wherein the contact measuring
head has a contact measuring unit having a contact at a
forward end and for detecting a displacement of the contact, an advancing/retreating unit for advancing and retreating the contact measuring unit in radial direction, and
a scale unit for measuring an advancing/retreating distance of the contact measuring unit. As a result, measurement of inner diameter can be performed with high
accuracy by the contact measuring unit, and a measurement of inner diameter and a shape of inner surface can
be carried out at the same time on non-contact basis by
the non-contact measuring unit. Further, by combining
the measurement of contact type on the contact measuring unit and the measurement of non-contact type on
the non-contact measuring unit, measurement time can
be shortened.
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Claims
1.

An inner diameter measuring device, having a noncontact measuring unit (3) and a contact measuring
unit (4) arranged so as to be connected or disconnected from each other along the same center line
(43),
wherein said non-contact measuring unit comprises
an image pickup unit (6) arranged on said center
line, a laser beam emitting unit (7), and a laser beam
diffusing unit (9) having a cone mirror (29), wherein
a laser beam (21) projected from said laser beam
emitting unit to said cone mirror is reflected over a
total circumference by said cone mirror, said image
pickup unit takes an optical ring which is formed by
projecting the reflected laser beam to an inner surface of a hollow portion, at least one of an inner diameter or a shape of the inner surface is measured
based on an image picked up, and
wherein said contact measuring unit comprises a
contact measuring head (42) and a circulation unit
(41) for circulating said contact measuring head
around said center line, wherein said contact measuring head has a contact measuring unit (67, 95)
having a contact (75, 95a) at a forward end and for
detecting a displacement of said contact, an advancing/retreating unit (63) for advancing and retreating
said contact measuring unit in radial direction, and
a scale unit (64) for measuring an advancing/retreating distance of said contact measuring unit, wherein
said non-contact measuring unit is connected to a
rod-like supporting member (2), said non-contact
measuring unit and said contact measuring unit is
supported by said supporting member and inserted
to a hollow object to be measured on a non-contact
basis and is moved in an axial direction.

2.

An inner diameter measuring device according to
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[0083]
Inner diameter measuring device
Supporting member
Non-contact measuring unit
Contact measuring unit
Image pickup unit
Laser beam emitting unit
Centering unit
Laser beam diffusing unit
Camera
Axis adjusting mechanism
Laser emitter
Laser beam
Cone mirror
Circulation unit
Contact measuring head
Circulation shaft

Circulation flange
Circulation motor
Circulation restricting means
Measuring unit supporting base plate
Advancing/retreating unit
Scale unit
Measuring unit holder
Contact measuring unit
Advancing/retreating motor
Rack
Contact
Linear scale
Scale sensor
Measurement window
Measuring unit supporting base plate
First linear guide
Second linear guide
Table

20

LEGEND OF REFERENCE NUMERALS

1
2
3
4
6
7
8
9
16
18
20
21
29
41
42
48

14

45

50

55

8

15

EP 2 813 813 B1

messeinheit (4) aufweist, die so angeordnet sind,
dass sie entlang derselben Mittellinie (43) miteinander verbunden oder voneinander getrennt werden
können,
wobei die berührungslose Messeinheit eine Bildaufnahmeeinheit (6), die auf der Mittellinie angeordnet
ist, eine Laserstrahl-Emissionseinheit (7) und eine
Laserstrahl-Diffusionseinheit (9), die einen Kegelspiegel (29) aufweist, umfasst, wobei ein Laserstrahl
(21), der von der Laserstrahl-Emissionseinheit auf
den Kegelspiegel projiziert wird, über einen gesamten Umfang durch den Kegelspiegel reflektiert wird,
wobei die Bildaufnahmeeinheit einen optischen Ring
aufnimmt, der dadurch gebildet wird, dass der reflektierte Laserstrahl auf eine innere Oberfläche eines hohlen Abschnitts projiziert wird, wobei ein Innendurchmesser und/oder eine Form der inneren
Oberfläche auf der Basis eines aufgenommenen
Bilds gemessen wird, und
wobei die Kontaktmesseinheit einen Kontaktmesskopf (42) und eine Umlaufeinheit (41), um den Kontaktmesskopf um die Mittellinie umlaufen zu lassen,
wobei der Kontaktmesskopf eine Kontaktmesseinheit (67, 95) aufweist, die einen Kontakt (75, 95a) an
einem vorderen Ende aufweist und zum Detektieren
einer Verlagerung des Kontakts dient, eine Vorwärts-/Rückwärtsbewegungseinheit (63) zum Vorwärts-/Rückwärtsbewegen der Kontaktmesseinheit
in radialer Richtung und eine Skaleneinheit (64) zum
Messen einer Vorwärts-/Rückwärtsbewegungsstrecke der Kontaktmesseinheit umfasst, wobei die berührungslose Messeinheit mit einem stabartigen
Halteelement (2) verbunden ist, wobei die berührungslose Messeinheit und die Kontaktmesseinheit
durch das Halteelement gehalten und bei einem zu
messenden hohlen Objekt berührungslos eingesetzt
und in einer axialen Richtung bewegt werden.

claim 1, wherein said non-contact measuring unit (3)
and said contact measuring unit (4) are configured
so as to be included within the same cylindrical surface.
5

3.

4.

5.

6.

An inner diameter measuring device according to
claim 1, further comprising a centering unit (8) arranged on the same center line (43), wherein said
laser beam emitting unit (7) is connected to said laser
beam diffusing unit (9) via said centering unit, the
position of said centering unit can be adjusted in two
directions perpendicularly crossing with respect to
the center line of said laser beam (21), and also, a
tilting of an optical axis of said laser beam emitting
unit can be adjusted.
An inner diameter measuring device according to
claim 1, wherein said contact measuring head (42)
is so arranged that a center of gravity of said contact
measuring head exists within a predetermined range
with said center line (43) as the center.
An inner diameter measuring device according to
claim 1, wherein said contact measuring unit (67, 95)
is provided on a measuring unit holder (66) movable
in radial direction along an advancing/retreating
guide rail (65), a linear scale (76) is provided in parallel to said advancing/retreating guide rail, a scale
sensor (77) is provided on said measuring unit holder, and the advancing/retreating distance of said
contact measuring unit is measured by said scale
sensor.
An inner diameter measuring device according to
claim 1 or claim 4, wherein said contact measuring
head (42) has a measuring unit supporting base
plate (62) circulated by said circulation unit (41), said
advancing/retreating unit (63) is provided on said
measuring unit supporting base plate via two sets of
linear guides (92, 93), each linear guide comprises
a pair of advancing/retreating guide rails (65, 92a,
93a) and a pair of blocks (92b, 93b) respectively slidably engaged with said advancing/retreating guide
rail,
wherein with respect to one of the linear guides, said
advancing/retreating guide rail is provided on said
measuring unit supporting base plate and said block
is provided on said advancing/retreating unit, and
with respect to the other of the linear guides, said
advancing/retreating guide rail is provided on said
advancing/retreating unit and said block is provided
on said measuring unit supporting base plate.

Patentansprüche
1.
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2.

Innendurchmesser-Messvorrichtung nach Anspruch 1, wobei die berührungslose Messeinheit (3)
und die Kontaktmesseinheit (4) so konfiguriert sind,
dass sie in der gleichen zylindrischen Oberfläche
umfasst sind.

3.

Innendurchmesser-Messvorrichtung nach Anspruch 1, die ferner eine Zentriereinheit (8) umfasst,
die auf derselben Mittellinie (43) angeordnet ist, wobei die Laserstrahl-Emissionseinheit (7) mit der Laserstrahl-Diffusionseinheit (9) mittels der Zentriereinheit verbunden ist, wobei die Position der Zentriereinheit in zwei Richtungen, die sich in Bezug auf
die Mittellinie des Laserstrahls (21) senkrecht kreuzen, eingestellt werden kann und wobei außerdem
eine Neigung einer optischen Achse der LaserstrahlEmissionseinheit eingestellt werden kann.

4.

Innendurchmesser-Messvorrichtung nach Anspruch 1, wobei der Kontaktmesskopf (42) so ange-
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Innendurchmesser-Messvorrichtung, die eine berührungslose Messeinheit (3) und eine Kontakt-
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une bague optique qui est formée en projetant le
faisceau laser reflété sur une surface interne d’une
partie creuse, au moins l’un parmi un diamètre interne ou une forme de la surface interne est mesuré
sur la base d’une vue prise, et
dans lequel ladite unité de mesure par contact comprend une tête de mesure par contact (42) et une
unité de circulation (41) pour faire circuler ladite tête
de mesure par contact autour de ladite ligne centrale,
dans lequel ladite tête de mesure par contact a une
unité de mesure par contact (67, 95) ayant un contact
(75, 95a) au niveau d’une extrémité avant et pour
détecter un déplacement dudit contact, une unité
d’avancement / recul (63) pour faire avancer et reculer ladite unité de mesure par contact dans la direction radiale, et une unité d’échelle (64) pour mesurer une distance d’avancement / recul de ladite
unité de mesure par contact, dans lequel ladite unité
de mesure sans contact est raccordée à un élément
de support en forme de tige (2), ladite unité de mesure sans contact et ladite unité de mesure par contact sont supportées par ledit élément de support et
insérées dans un objet creux à mesurer sur une base
sans contact et sont déplacées dans une direction
axiale.

ordnet ist, dass ein Masseschwerpunkt des Kontaktmesskopfs innerhalb eines vorbestimmten Bereichs
mit der Mittellinie (43) als dem Zentrum vorliegt.
5.

6.

Innendurchmesser-Messvorrichtung nach Anspruch 1, wobei die Kontaktmesseinheit (67, 95) an
einer Messeinheit-Halterung (66) vorgesehen ist,
beweglich in radialer Richtung entlang einer Vorwärts-/Rückwärtsbewegungs-Führungsschiene
(65), wobei eine lineare Skala (76) parallel zu der
Vorwärts-/ Rückwärtsbewegungs-Führungsschiene
vorgesehen ist, wobei ein Skalensensor (77) an der
Messeinheit-Halterung vorgesehen ist und wobei die
Vorwärts-/ Rückwärtsbewegungsstrecke der Kontaktmesseinheit durch den Skalensensor gemessen
wird.
Innendurchmesser-Messvorrichtung nach Anspruch 1 oder Anspruch 4, wobei der Kontaktmesskopf (42) eine Messeinheit-Haltebasisplatte (62) aufweist, die durch die Umlaufeinheit (41) in Umlauf gebracht wird, wobei die Vorwärts-/ Rückwärtsbewegungseinheit (63) an der Messeinheit-Haltebasisplatte mittels zweier Sätze von linearen Führungen
(92, 93) vorgesehen ist, wobei jede lineare Führung
ein Paar Vorwärts-/Rückwärtsbewegungs-Führungsschienen (65, 92a, 93a) und ein Paar Blöcke
(92b, 93b), die jeweils mit der Vorwärts-/Rückwärtsbewegungs-Führungsschiene gleitfähig in Eingriff
gelangen, umfasst,
wobei in Bezug auf eine der linearen Führungen die
Vorwärts-/ Rückwärtsbewegungs-Führungsschiene
an der Messeinheit-Haltebasisplatte vorgesehen ist
und der Block an der Vorwärts-/Rückwärtsbewegungseinheit vorgesehen ist und wobei in Bezug auf
die jeweils andere der linearen Führungen die Vorwärts-/Rückwärtsbewegungs-Führungsschiene an
der Vorwärts-/ Rückwärtsbewegungseinheit vorgesehen ist und der Block an der Messeinheit-Haltebasisplatte vorgesehen ist.
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2.

Un dispositif de mesure de diamètre interne selon la
revendication 1, dans lequel ladite unité de mesure
sans contact (3) et ladite unité de mesure par contact
(4) sont configurées afin d’être comprises dans la
même surface cylindrique.

3.

Un dispositif de mesure de diamètre interne selon la
revendication 1, comprenant en outre une unité de
centrage (8) agencée sur la même ligne centrale
(43), dans lequel ladite unité d’émission de faisceau
laser (7) est raccordée à ladite unité de diffusion de
faisceau laser (9) via ladite unité de centrage, la position de ladite unité de centrage peut être ajustée
dans deux directions qui se croisent perpendiculairement par rapport à la ligne centrale dudit faisceau
laser (21) et également une inclinaison d’un axe optique de ladite unité d’émission de faisceau laser
peut être ajustée.

4.

Un dispositif de mesure de diamètre interne selon la
revendication 1, dans lequel ladite tête de mesure
par contact (42) est agencée de sorte qu’un centre
de gravité de ladite tête de mesure par contact existe
dans une plage prédéterminée avec ladite ligne centrale (43) en tant que centre.

5.

Un dispositif de mesure de diamètre interne selon la
revendication 1, dans lequel ladite unité de mesure
par contact (67, 95) est prévue sur un support d’unité
de mesure (66) mobile dans la direction radiale le
long d’un rail de guidage d’avancement / recul (65),
une échelle linéaire (76) est prévue parallèlement
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Revendications
1.

Un dispositif de mesure de diamètre interne ayant
une unité de mesure sans contact (3) et une unité
de mesure par contact (4) agencées afin d’être raccordées ou déconnectées l’une de l’autre le long de
la même ligne centrale (43),
dans lequel ladite unité de mesure sans contact comprend une unité de prise de vue (6) agencée sur
ladite ligne centrale, une unité d’émission de faisceau laser (7), et une unité de diffusion de faisceau
laser (9) ayant un miroir conique (29), dans lequel
un faisceau laser (21) projeté à partir de ladite unité
d’émission de faisceau laser jusqu’audit miroir conique est reflété sur une circonférence totale par ledit
miroir conique, ladite unité de prise de vue prend
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audit rail de guidage d’avancement / recul, un capteur d’échelle (77) est prévu sur ledit support d’unité
de mesure, et la distance d’avancement / recul de
ladite unité de mesure par contact est mesurée par
ledit capteur d’échelle.
6.

Un dispositif de mesure de diamètre interne selon la
revendication 1 ou la revendication 4, dans lequel
ladite tête de mesure par contact (42) a une plaque
de base de support d’unité de mesure (62) circulée
par ladite unité de circulation (41), ladite unité
d’avancement / recul (63) est prévue sur ladite plaque de base de support d’unité de mesure via deux
ensembles de guides linéaires (92, 93), chaque guide linéaire comprend une paire de rails de guidage
d’avancement / recul (65, 92a, 93a) et une paire de
blocs (92b, 93b) respectivement mis en prise de manière coulissante avec ledit rail de guidage d’avancement / recul,
dans lequel par rapport à l’un des guides linéaires,
ledit rail de guidage d’avancement / recul est prévu
sur ladite plaque de base de support d’unité de mesure et ledit bloc est prévu sur ladite unité d’avancement / recul, et par rapport à l’autre des guides linéaires, ledit rail de guidage d’avancement / recul
est prévu sur ladite unité d’avancement / recul et
ledit bloc est prévu sur ladite plaque de base de support d’unité de mesure.
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