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(54) INSIDE-DIAMETER MEASUREMENT DEVICE

(57) An inner diameter measuring device (4) for
measuring an inner diameter by inserting an inner diam-
eter measuring unit into an inside of a hollow member to
be measured, comprises a supporting shaft (18) having
the inner diameter measuring unit supported at a forward
end, and a supporting mechanism unit (30) for cantilever-
supporting the supporting shaft, wherein the supporting

mechanism unit has a frame (31), a spherical bearing
(33) and a deflection adjusting unit (35), wherein the shaft
is supported by the frame via the spherical bearing, an
end portion (32) of the supporting shaft is passed through
the spherical bearing and is extended, and a position of
an end of the end portion in vertical direction is adjusted
by the deflection adjusting unit.
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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 - in particular, a hollow member with longer length.

BACKGROUND ART

[0002] As a device for measuring an inner diameter of a hollow member or a hollow shaft, a device disclosed in the
Patent Document 1 is known, for instance.
[0003] In the Patent Document 1, an inner diameter measuring device is disclosed, which comprises a main body
supporting unit, being able to run through interior of a pipe, a main body unit supported on the main body supporting
unit, and an inner diameter measuring unit installed on the main body unit.
[0004] The inner diameter measuring device disclosed in the Patent Document 1 is to measure interior portion of a
pipe, i.e. to measure inner surface by running along an inner surface of the pipe. In a case where there is a step or
surface irregularities on the inner surface, the inner diameter measuring device may not be able to run, or a decentering
may occur on the inner diameter measuring unit due to shock caused when the inner diameter measuring unit moves
over the step or surface irregularities, thereby causing problems such as decrease of measurement accuracy.
[0005] Also, in the Patent Document 2, an optical inspecting device for inspecting inner wall of a tubular product is
disclosed, which comprises a tubular casing supported at the center of a pipe by an aligning device used as a guide to
inspect inner surface of a pipe, an optical system installed inside the tubular casing and used for projecting laser beams
over total circumference, and an electronic camera for taking an image of an optical ring, which is formed when the laser
beams are projected to an inner surface of the pipe, and performing image processing of the optical ring photographed
by the electronic camera.
[0006] The optical inspecting device of the Patent Document 2 also performs aligning by using an inner surface of the
pipe as a guide and moves along the inner surface. There have been problems in that the device cannot run where there
is a step or surface irregularities, or decentering may occur and measurement accuracy is decreased.
[0007] To solve the problems as described above, it is an object of the present invention to provide an inner diameter
measuring device, which can support the inner diameter measuring unit without being brought into contact with inner
surface of the hollow portion, being able to perform inner diameter measurement correctly regardless of a shape or a
property of the inner surface of the pipe and, moreover, able to perform inner diameter measurement even in case an
object to be measured has longer length.

CONVENTIONAL ART REFERENCES

[0008]

Patent Document 1 : JP-A-2011-13060
Patent Document 2 : JP-A-H10-197215

DISCLOSURE OF THE INVENTION

[0009] The present invention relates to an inner diameter measuring device for measuring an inner diameter by inserting
an inner diameter measuring unit into an inside of a hollow member to be measured, comprising a supporting shaft
having the inner diameter measuring unit supported at a forward end, and a supporting mechanism unit for cantilever-
supporting the supporting shaft, wherein the supporting mechanism unit has a frame, a spherical bearing and a deflection
adjusting unit, wherein the shaft is supported by the frame via the spherical bearing, an end portion of the supporting
shaft is passed through the spherical bearing and is extended, and a position of an end of the end portion in vertical
direction is adjusted by the deflection adjusting unit.
[0010] Further, the present invention relates to the inner diameter measuring device, wherein the frame has a front
surface base plate positioned at a forward end side of the supporting shaft and a rear surface base plate installed at a
position separated by a predetermined distance with respect to the front surface base plate, wherein the spherical bearing
is mounted on the front surface base plate, the deflection adjusting unit is mounted on the rear surface base plate via
a horizontal adjusting unit, and the horizontal adjusting unit can adjust a position of the deflection adjusting unit in
horizontal direction.
[0011] Further, the present invention relates to the inner diameter measuring device, wherein the deflection adjusting
unit has a vertical guide block extended in vertical direction and a nut block provided above an end portion of the
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supporting shaft, wherein an end of the end portion is sandwiched by the vertical guide block and is displaceable only
in vertical direction along the vertical guide block, a lower end of a deflection adjusting screw screwed through the nut
block comes into contact with an upper end of the end, a position in vertical direction of the end is adjusted by the
deflection adjusting screw and inserted into the vertical guide block, an end fixing screw movable in up-to-down direction
is screwed into the end, and the end is fixed on the vertical guide block by the end fixing screw.
[0012] Further, the present invention relates to the inner diameter measuring device, wherein the horizontal adjusting
unit has a horizontal position adjusting plate being displaceable in horizontal direction with respect to the rear surface
base plate and being fixable, and a vertical guide block and a nut block are mounted on the horizontal position adjusting
plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG.1 is an overall perspective view to show one example of an inner diameter measuring device, for which the
present invention is applied.
FIG.2A, FIG.2B and FIG.2C are explanatory drawings to show a cantilever-supported condition of an inner diameter
measuring unit in the inner diameter measuring device, where FIG.2A is a drawing to explain a case where deflection
and deflection angle are not corrected, FIG.2B is a drawing to explain a case where deflection and deflection angle
are corrected, and FIG.2C is a drawing to explain a case where deflection is corrected.
FIG.3 is a cross-sectional view of an essential portion of an embodiment of the present invention.
FIG.4 is a side view of the embodiment.
FIG.5 is a cross-sectional view to show another example of a supporting mechanism unit.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] Description will be given below on an embodiment of the present invention by referring to the drawings.
[0015] First, description will be given below on general features of an embodiment of the present invention by referring
to FIG.1.
[0016] In FIG.1, reference numeral 1 denotes a bed. A rail 2 is laid on an upper surface of the bed 1. An object to be
measured supporting carriage 3 is laid on the rail 2, and the object to be measured supporting carriage 3 is arranged
as movable along the rail 2. A position in moving direction of the object to be measured supporting carriage 3 is measured
by a linear scale provided along the rail 2 or by a measuring device or by a scale separately prepared.
[0017] A measuring device main unit 4 is disposed on a base end (shown at the right end in FIG.1) of the bed 1. A
reference guide laser device 5 is mounted on an upper surface of the bed 1. Approximately at the center of the bed 1,
a portal type centering laser device 6 is installed so as to stride over the bed 1. It is to be noted that the installing position
of the centering laser device 6 is preferably at about the center of the bed 1 but is arbitrary if the installing position is a
position where outer diameter reference surfaces 53 and 54 of a pipe to be measured 13 can be measured as to be
described later.
[0018] The object to be measured supporting carriage 3 has a forward end slider 7 and a base end slider 8 being
slidably placed on the rail 2, and the forward end slider 7 and the base end slider 8 are connected by a connecting rod
9 with its length adjustable.
[0019] Pipe holding units 11 and 12 are arranged on the forward end slider 7 and the base end slider 8 respectively,
and the pipe to be measured 13, i.e. a hollow object to be measured with longer length, is placed on the pipe holding
units 11 and 12 so as to span over the pipe holding units 11 and 12. The pipe holding units 11 and 12 are designed to
have the same structure.
[0020] In this case, the pipe to be measured 13 is a long object with axial length of about 3000 mm and with a diameter
of about 70 to 150 mm (φ).
[0021] The pipe holding unit 11 has a pair of sliders 26 and 26, which are positioned opposite to each other and are
arranged symmetrically with respect to the vertical line. The sliders 26 are arranged so that the slides slide is inclining
at a predetermined angle, inclining at 45°, for instance. On an upper end of each of the sliders 26, a freely rotatable
roller 27 is provided, and the pipe to be measured 13 is placed on two rollers 27 and 27.
[0022] It is so arranged that the sliders 26 and 26 are moved up and down respectively by motors (not shown) so that
the position can be controlled. For instance, when the sliders 26 are moved up or down at the same time, position of
the pipe to be measured 13 in vertical direction can be adjusted. By moving either one of them up or down, the position
of the pipe to be measured 13 in horizontal direction can be adjusted.
[0023] At a forward end of the forward end slider 7, a first reference jig unit 14 is erected, and a second reference jig
unit 15 is erected at a base end of the base end slider 8. On each of the first reference jig unit 14 and the second
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reference jig unit 15, a reference ring 16 and a reference ring 17 are provided respectively. Both outer diameter and
inner diameter of the reference ring 16 and 17 are prepared with high precision. The reference rings 16 and 17 are
measured in advance, and outer diameter and inner diameter have values already known.
[0024] The measuring device main unit 4 has a supporting mechanism unit (to be described later) and a control device
(not shown).
[0025] From the measuring device main unit 4, a long supporting shaft 18, which is cantilever-supported on the
supporting mechanism unit, is extended in horizontal direction and toward the forward end, and an inner diameter
measuring unit 19 is mounted on a forward end of the supporting shaft 18. To correspond to the pipe to be measured
13, the supporting shaft 18 has axial length of about 3000 mm and a diameter of about 50 to 130 mm (φ).
[0026] The supporting shaft 18 is designed as hollow, and cables or the like (not shown) connected to the inner
diameter measuring unit 19 is passed through an inside of the supporting shaft 18 and are connected to the control
device of the measuring device main unit 4.
[0027] The control device performs driving control of a motor of the slider 26 and also performs moving control of the
object to be measured supporting carriage 3. A signal obtained at the inner diameter measuring unit 19 is inputted to
the control device. Based on the signal from the inner diameter measuring unit 19, a processing as required such as
calculation, image processing, etc. are carried out and the measurement is performed.
[0028] The inner diameter measuring unit 19 is a contact type or a non-contact type inner diameter measuring unit.
The contact type inner diameter measuring unit and the non-contact type inner diameter measuring unit are designed
to be attachable to or detachable from the forward end of the supporting shaft 18. Depending on the measuring condition,
either the contact type inner diameter measuring unit or the non-contact type inner diameter measuring unit is mounted,
or both of the contact type inner diameter measuring unit and the non-contact type inner diameter measuring unit are
mounted.
[0029] Any type of the measuring unit can be used as the contact type inner diameter measuring unit or as the non-
contact type inner diameter measuring unit. As restriction on shape, the measuring unit is designed in a shape, which
can be accommodated with a cylindrical surface having the same diameter as that of the supporting shaft 18.
[0030] The reference guide laser device 5 has a laser emitter 21. The laser emitter 21 is installed so that optical axis
runs in horizontal direction, and a laser beam 22 is emitted in horizontal direction from the laser emitter 21. The laser
beam 22 will be a reference line of the inner diameter measuring device, and the pipe to be measured 13, the reference
rings 16 and 17, and the supporting shaft 18 are arranged to run concentrically along the optical axis of the laser beam 22.
[0031] The centering laser device 6 has a horizontal laser distance measuring unit 23 for measuring a distance in
horizontal direction and a vertical laser distance measuring unit 24 for measuring a distance in vertical direction. The
horizontal laser distance measuring unit 23 and the vertical laser distance measuring unit 24 are set up so that the
distance measuring light optical axis of the horizontal laser distance measuring unit 23 and the distance measuring light
optical axis of the vertical laser distance measuring unit 24 cross each other on the laser beam 22.
[0032] The inner diameter measuring unit 19 has a measuring instrument (not shown) for measuring inner diameter
of the pipe to be measured under the condition where the inner diameter measuring unit 19 is inserted into the pipe to
be measured 13.
[0033] As the measuring instrument, a contact type inner diameter measuring instrument or a non-contact type inner
diameter measuring instrument is used. As the contact type, an electric micrometer is used, for instance. The electric
micrometer is moved in radial direction, and a probe of the electric micrometer is brought into contact with inner surface
of the pipe to be measured 13, and inner diameter is measured according to displacement of the probe. In the case of
the non-contact type, the laser beam is projected over total circumference, and an optical ring is formed on inner surface
of the pipe to be measured 13, and an image of the optical ring or the like is taken by an image pickup device such as
CCD camera. Based on the image data thus obtained, an inner diameter is determined by image processing according
to shape of the optical ring on the image. Or, a combination of the contact type inner diameter measuring unit and a
non-contact type inner diameter measuring unit may be used.
[0034] The inner diameter measuring unit 19 is cantilever-supported by the supporting shaft 18. Further, for the purpose
of measuring a longer pipe to be measured 13 over total length, the supporting shaft 18 is also designed to be longer.
For this reason, it is inevitable that the supporting shaft is bent even when it is so arranged that the supporting shaft 18
has sufficient rigidity to stably support the inner diameter measuring unit 19, because the supporting shaft 18 has longer
length.
[0035] In the inner diameter measuring device, it is designed that the inner diameter measuring unit 19 is fixed and
the pipe to be measured 13 can be moved, therefore it would suffice if a position and a posture of the inner diameter
measuring unit 19 are designed with such accuracy as to be needed for the measurement. For this reason, a supporting
mechanism unit of the supporting shaft 18 supports the supporting shaft 18 and corrects so that an axis of the inner
diameter measuring unit 19 coincides with the laser beam 22 (reference line) and runs in horizontal direction.
[0036] Referring to FIG.2, description will be given on the supporting mechanism unit 30 of the supporting shaft 18.
[0037] FIG.2A shows a condition where the supporting shaft 18 is cantilever-supported. A forward end of the supporting



EP 2 813 811 A1

5

5

10

15

20

25

30

35

40

45

50

55

shaft 18 is bent at a deflection of δ and is tilted at a deflection angle of φ. That is, the forward end of the supporting shaft
18 is displaced downward by δ with respect to the reference line (the laser beam 22), and also, the forward end of the
supporting shaft 18 is tilted at an angle of φ counterclockwise with respect to the laser beam 22. Therefore, as shown
in FIG. 2B, in order to ensure that the forward end is in a horizontal position (i.e. tilt angle = 0) and the displacement
with respect to the laser beam 22 will be zero, it can be arranged that the supporting shaft 18 is inclined clockwise by
an angle of φ on the supporting mechanism unit side and further is displaced downward by an amount of δ’ with respect
to the laser beam 22 so that the forward end coincide with the laser beam 22. To find out whether the forward end is
aligned with the laser beam 22 or not, it should be confirmed that the laser beam 22 is projected to the center of the
forward end surface of the supporting shaft 18.
[0038] In FIG.2A and FIG.2B, it is drawn rather in exaggerated manner so that the deflection condition can be easily
understood. In a case where the supporting shaft 18 has rigidity as a strong member as in the case of the present
embodiment, the deflection angle δ is slight. Therefore, the forward end is aligned with the laser beam 22 simply by the
rotation of the supporting unit and without giving displacement in downward direction as shown in FIG.2C. In this case,
the deflection angle cannot be corrected perfectly, but there is practically no problem because the deflection angle itself
is very small. In a case where the deflection of the forward end is to be corrected simply by the rotation of the supporting
unit, the rotation angle φ’ of the supporting unit may be as low as: φ’ = tan-1 δ/L (where L represents axial length of the
supporting shaft 18).
[0039] FIG.3 and FIG.4 each represents an example of the supporting mechanism unit 30 of the supporting shaft 18,
and the supporting mechanism unit 30 is provided on an upper part of the measuring device main unit 4. The supporting
shaft 18 is so arranged that a shaft main element 18a and a shaft end portion 32 are connected together by a joint 18b.
[0040] In FIG.3, a reference numeral 31 denotes a box-type frame made of a strong member, and the frame 31 has
a front surface base plate 34, and a rear surface base plate 36 which is mounted at a predetermined distance in horizontal
direction with respect to the front surface base plate 34.
[0041] The shaft end portion 32 is disposed so that the shaft end portion 32 passes through the frame 31 in horizontal
direction. A forward end of the shaft end portion 32 is supported by the front surface base plate 34 of the frame 31 via
a spherical bearing 33 and the shaft end portion 32 is rotatable in all directions within a predetermined range with the
spherical bearing 33 as the center.
[0042] A base end of the shaft end portion 32 passes through the rear surface base plate 36 of the frame 31 and is
supported on the rear surface base plate 36 via a deflection adjusting unit 35 and a horizontal adjusting unit 40. The
deflection adjusting unit 35 is mounted on the rear surface base plate 36 via the horizontal adjusting unit 40.
[0043] First, description will be given on the horizontal adjusting unit 40.
[0044] On a rear surface of the rear surface base plate 36 (on right side in FIG.3), a horizontal position adjusting plate
37 in rectangular shape is arranged, and the horizontal position adjusting plate 37 is fixed on the rear surface base plate
36 by bolts 38 at four points. A hole 39, where the bolt 38 passes through the horizontal position adjusting plate 37, is
designed as a long hole, which is longer in horizontal direction. Under the condition that the bolt 38 is loosened, the
position of the horizontal position adjusting plate 37 can be adjusted by an allowance between the bolt 38 and the hole 39.
[0045] At positions opposite to the two vertical side surface extending in vertical direction of the horizontal position
adjusting plate 37, two nut blocks 41 are disposed each on each of the vertical side surfaces respectively, and the nut
blocks 41 are fixed on the rear surface base plate 36. A horizontal adjusting bolt 42 passes through each of the nut
blocks 41 in horizontal direction, and the horizontal adjusting bolts 42 comes into contact perpendicularly with the vertical
side surface of the horizontal position adjusting plate 37.
[0046] Therefore, by adjusting four horizontal adjusting bolts 42, the position of the horizontal position adjusting plate
37 in horizontal direction can be adjusted. For instance, when the horizontal adjusting bolt 42 on left side (on the left
side in FIG.4) is loosened with respect to the horizontal position adjusting plate 37 and the horizontal adjusting bolt 42
on the right side is fastened, the horizontal position adjusting plate 37 is displace leftward. After the position adjustment,
the bolt 38 is fastened, and the horizontal position adjusting plate 37 is fixed on the rear surface base plate 36. Further,
the horizontal adjusting bolt 42 is fixed by a lock nut 43.
[0047] A counterbore part 44 is prepared on the rear surface base plate 36. The horizontal position adjusting plate 37
is fitted into the counterbore part 44, and the horizontal position adjusting plate 37 can be displaced only in the horizontal
direction with respect to the rear surface base plate 36.
[0048] On the rear surface base plate 36 where the shaft end portion 32 passes through, a hole 45 is prepared, and
the hole 45 has a larger diameter than a diameter of the shaft end portion 32 so that the shaft end portion can be adjusted
in horizontal and vertical directions. Further, a hole 46 is prepared in the horizontal position adjusting plate 37 where
the shaft end portion 32 passes through. The hole 46 is designed as a hole, which is long in vertical direction, and the
hole 46 is a long hole longer in vertical direction than the hole 45.
[0049] Next, description will be given on the deflection adjusting unit 35.
[0050] A nut block 47 is fixed on the horizontal position adjusting plate 37 so that the nut block is positioned on an
upper end of the hole 46. A deflection adjusting screw 48 is engaged with the nut block 47, and the deflection adjusting
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screw 48 passes through the nut block 47 in vertical direction. It is set in such a manner that axis of the deflection
adjusting screw 48 passes through the center of the shaft end portion 32, and a lower end of the deflection adjusting
screw 48 comes into contact with an upper end surface of the shaft end portion 32. The deflection adjusting screw 48
is fixed by a lock nut 49 after adjustment.
[0051] On both sides of the hole 46, vertical guide blocks 50 and 50 extending in vertical direction are fixed respectively
on the horizontal position adjusting plate 37. The vertical guide block 50 comes into contact with an end of the shaft end
portion 32 from lateral direction. The end of the shaft end portion 32 is sandwiched by the vertical guide blocks 50 and
50 and can be displaced only in vertical direction along the vertical guide blocks 50 and 50.
[0052] On each of the vertical guide blocks 50, a long hole 51 longer in vertical direction is formed. An end fixing screw
52 passes through the long hole 51 from horizontal direction, and the end fixing screw 52 is engaged with an end of the
shaft end portion 32. By fastening the end fixing screw 52, an end of the shaft end portion 32 is fixed on the horizontal
position adjusting plate 37 via the vertical guide block 50.
[0053] As described above, the shaft end portion 32 is so designed that the shaft end portion can be rotated in all
directions around the spherical bearing 33 as the center.
[0054] When a horizontal position of the horizontal position adjusting plate 37 is adjusted by adjusting the horizontal
adjusting bolts 52 at opposed positions, a displacement of the horizontal position adjusting plate 37 is transmitted to an
end of the shaft end portion 32 via the vertical guide block 50. By the displacement of the end of the shaft end portion
32 in horizontal direction, the shaft end portion 32 and a shaft main element 18a connected to the shaft end portion 32
is integrally rotated in horizontal direction around the spherical bearing 33 as the center. By the rotation of the shaft main
element 18a in horizontal direction, a position in horizontal direction of the inner diameter measuring unit 19 mounted
at the forward end of the shaft main element 18a is adjusted.
[0055] After the completion of adjustment of the horizontal position of the horizontal position adjusting plate 37, i.e.
when the horizontal position of the inner diameter measuring unit 19 is adjusted, the horizontal position adjusting plate
37 is fixed at the horizontal position by means of the bolt 38.
[0056] Next, a position of the end of the shaft end portion 32 in vertical direction is adjusted by the deflection adjusting
screw 48. By adjustment of the position of the end of the shaft end portion 32 in vertical direction, the shaft end portion
32 is rotated in vertical direction around the spherical bearing 33. Also, the shaft main element 18a is integrally rotated
in vertical direction with the shaft end portion 32, and a position in vertical direction of the inner diameter measuring unit
19 of the forward end of the shaft main element 18a is adjusted. When the position in vertical direction of the inner
diameter measuring unit 19 is adjusted, the position in vertical direction of the end of the shaft end portion 32 is fixed
by the end fixing screw 52.
[0057] Margin for adjustment of the horizontal adjusting bolt 42 is set to such a value as to be sufficiently able to absorb
assembling error in assembling of the object to be measured supporting carriage 3 and the rail 2. Margin for adjustment
of the deflection adjusting screw 48 is set to a value sufficient enough for adjustment of the bending of the supporting
shaft 18 and is determined by a distance between the front surface base plate 34 and the rear surface base plate 36,
by length of the supporting shaft 18, and by rigidity of the supporting shaft 18, etc.
[0058] By the supporting mechanism unit 30, positions of the inner diameter measuring unit 19 in vertical and horizontal
directions can be adjusted.
[0059] Description will be given below on operation of the inner diameter measuring unit according to the present
embodiment.
[0060] First, as preparation prior to the adjusting of the measurement, the position of the inner diameter measuring
unit 19 is adjusted. A judgment as to whether the positioning of the inner diameter measuring unit 19 has been finally
determined or not, depends on the judgment as to whether the laser beam 22 is projected to the center of the forward
end surface of the inner diameter measuring unit 19 or not. For the purpose of facilitating the judgment as to whether
or not the laser beam 22 is projected toward the center of the forward end surface depends upon the judgment as to
whether or not the laser beam is projected to the center of the forward end surface of the inner diameter measuring unit
19. Also, in order to facilitate the judgment as to whether or not the laser beam is projected to the center of the forward
end surface, an index mark such as a cross mark or a small circle to show the center may be provided on the forward
end surface of the inner diameter measuring unit 19.
[0061] A position adjustment of the inner diameter measuring unit 19 in horizontal direction is performed by adjusting
the horizontal adjusting bolt 42 under the condition that the bolt 38 is loosened. Further, a positioning of the inner diameter
measuring unit 19 in vertical direction, i.e. a positioning to correct the bending of the supporting shaft 18, is carried out
by the deflection adjusting screw 48 under the condition that the end fixing screw 52 is loosened (See FIG.2C).
[0062] When the horizontal positioning and the vertical positioning of the inner diameter measuring unit 19 have been
completed, an adj ustment of the obj ect to be measured supporting carriage 3 is performed.
[0063] A length of the connection rod 9 is adjusted and a distance between the pipe holding unit 11 and the pipe
holding unit 12 is adjusted to a condition, which is suitable for supporting the pipe to be measured 13.
[0064] The object to be measured supporting carriage 3 is moved and a reference ring 17 on the base end side is set
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to a measuring position of the centering laser device 6. Outer peripheral surface of the reference ring 17 is measured
from two directions, i.e. in horizontal and vertical directions, and it is determined whether an axis of the reference ring
17 and an axis of the reference ring 16 coincides with the laser beam 22 or not.
[0065] Further, the object to be measured supporting carriage 3 is moved, and measurement is similarly carried out
with respect to the reference ring 16 on the forward end side by the centering laser device 6. If both the axis of the
reference ring 17 and the axis of the reference ring 16 coincide with the laser beam 22, it is certain that the object to be
measured supporting carriage 3 is moving in a direction parallel to the laser beam 22. Then, it is confirmed that the
object to be measured supporting carriage 3 is moving in a direction parallel to the laser beam 22. If the object to be
measured supporting carriage is not running in a direction parallel to the laser beam 22, a position of the rail 2 or the
like are adjusted.
[0066] The pipe to be measured 13 is placed on the pipe holding unit 11 and the pipe holding unit 12 and a centering
of the pipe to be measured 13 is performed. That is, a position of the pipe to be measured 13 is adjusted so that the
axis of the pipe to be measured 13 coincides with the laser beam 22.
[0067] On the pipe to be measured 13, outer diameter reference surfaces 53 and 54 prepared with high accuracy are
set at least at two points of the forward end and the base end and the positions of the outer diameter reference surfaces
53 and 54 are measured by means of the centering laser device 6 and the centering of the pipe to be measured 13 is
carried out. First, the outer diameter reference surface 54 is moved to a measuring position of the centering laser device
6, and a position of the outer diameter reference surface 54 is measured by using the horizontal laser distance measuring
unit 23 and the vertical laser distance measuring unit 24.
[0068] For the centering of the pipe to be measured 13 in horizontal direction, the vertical laser distance measuring
unit 24 is used. Under the condition that the outer diameter reference surface 54 is measured by the vertical laser
distance measuring unit 24, the pipe to be measured 13 is reciprocally moved in horizontal direction and in a direction
perpendicularly crossing the axis by using the pipe holding units 11 and 12. When the measurement value of the vertical
laser distance measuring unit 24 reaches minimum value, horizontal direction of the axis of the pipe to be measured 13
coincides with the laser beam 22.
[0069] Next, for the centering of the pipe to be measured 13 in vertical direction, the horizontal laser distance measuring
unit 23 is used. Under the condition that the outer diameter reference surface 54 is measured by the horizontal laser
distance measuring unit 23, the pipe to be measured 13 is moved up and down by using the pipe holding units 11 and
12. When the measured value of the horizontal laser distance measuring unit 23 reaches minimum value, it means that
a vertical direction of the axis of the pipe to be measured 13 coincides with the laser beam 22.
[0070] The object to be measured supporting carriage 3 is moved, the outer diameter reference surface 53 is set at
the measuring position of the centering laser device 6 and a centering of the outer diameter reference surface 53 is
performed similarly to the case of the measurement of the outer diameter reference surface 54. The centering is performed
at two points, i.e. at the forward end and at the base end of the pipe to be measured 13 and the centering of the entire
pipe to be measured 13 is completed.
[0071] When the centering of the pipe to be measured 13 is completed, an inner diameter measurement by the inner
diameter measuring unit 19 is carried out. By the fact that inner diameters of the reference ring 17 and the reference
ring 16 are measured by the inner diameter measuring unit 19 in advance, a correlation between a known value and
the result of measurement by the inner diameter measuring unit 19 can be obtained. When inner diameter of the pipe
to be measured 13 is measured by the inner diameter measuring unit 19 based on this correlation, an absolute value
(actual dimension) of the inner diameter of the pipe to be measured 13 can be acquired.
[0072] The object to be measured supporting carriage 3 is moved, and the inner diameter measuring unit 19 is gradually
inserted into the pipe to be measured 13. Even under the condition that the inner diameter measuring unit 19 is inserted,
the inner diameter measuring unit 19 is supported by the supporting shaft 18, and the inner diameter measuring unit 19
and the pipe to be measured 13 are maintained in non-contact condition.
[0073] Because a position in axial direction of the inner diameter measuring unit 19 is fixed, a position of the inner
diameter measuring unit 19 in the pipe to be measured 13 can be specified by determining position and amount of
moving of the object to be measured supporting carriage 3 - that is, by determining the position and the amount of moving
of the pipe to be measured 13 (i.e. position in axial direction).
[0074] An inner diameter is measured at a position in axial direction as specified by the inner diameter measuring unit
19, and the result of measurement is stored in the control device by associating with the position in axial direction.
[0075] The inner diameter measuring unit 19 is cantilever-supported by the long supporting shaft 18 and is in a condition
easily vibrated. However, with respect to a measuring position, the pipe to be measured 13 is moved and the inner
diameter measuring unit 19 is fixed and the inner diameter measuring unit 19 and the pipe to be measured 13 are
maintained in non-contact condition with each other, thereby vibration during the moving does not exert influence on
the inner diameter measuring unit 19 and the inner diameter measuring unit 19 is maintained in stable and standstill
condition. Therefore, the measurement by the inner diameter measuring unit 19 is performed in stable condition.
[0076] Further, the inner diameter measuring unit 19 has a supporting method, in which bending of the supporting
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shaft is admitted. As far as the deflection amount of the supporting shaft 18 is within the range of difference between
the outer diameter of the supporting shaft 18 and the inner diameter of the pipe to be measured 13, it does not matter
how long the axial length of the supporting shaft 18 is, and the supporting shaft 18 with sufficient length can be used.
Accordingly, an inner diameter of a pipe to be measured 13 with sufficient length can be determined.
[0077] If the position of the inner diameter measuring unit 19 in horizontal direction can be adjusted at the time of
assembling, the horizontal position adjusting unit such as the horizontal position adjusting plate 37, the nut block 41,
the horizontal adjusting bolt 42, etc. may be omitted.
[0078] It would suffice if the deflection adjusting unit 35 can displace an end portion of the shaft end portion 32 in
vertical direction and can be fixed, and the deflection adjusting unit 35 is not limited to the deflection adjusting screw 48.
For instance, an adjustment may be made by inserting spacer, shim, etc. between the nut block 47 and the shaft end
portion 32.
[0079] FIG. 5 shows another example of the supporting mechanism unit 30. In FIG.5, the same component as shown
in FIG.3 is referred by the same symbol.
[0080] A horizontal position adjusting plate 37 is fixed on a rear surface base plate 36 erected in vertical position. A
hole where the bolt 38 is passed through is designed as a hole 39 long in horizontal direction, and mounting position in
horizontal direction of the horizontal position adjusting plate 37 is designed to be adjustable in horizontal direction (See
FIG.4).
[0081] A lower end of a tilting plate 57 is pivotally attached on the horizontal position adjusting plate 37 via a horizontal
axis 58, and the tilting plate 57 is designed to be rotatable around the horizontal axis 58. An end of the shaft end portion
32 is fixed on and supported by the tilting plate 57.
[0082] On an upper end of the tilting plate 57, a tilt adjusting screw 59 is screwed through and its forward end comes
into contact with the horizontal position adjusting plate 37. When the tilt adjusting screw 59 is turned and its forward end
is protruded from the tilting plate 57, the tilting plate 57 is tilted with the horizontal axis 58 as the center. It is so arranged
that the forward end of the tilting plate 57 is fixed on the horizontal position adjusting plate 37 by a bolt (not shown). On
the horizontal positioning adjusting plate 37, a hole 46 is formed so that no interference occurs when tilting of the
supporting shaft 18 is adjusted.
[0083] In the supporting mechanism unit 30, too, the forward end of the supporting shaft 18 can be set at a position
of the laser beam 22 by adjusting the tilting of the position of the horizontal position adjusting plate 37 in horizontal
direction and by adjusting the tilting of the tilting plate 57.

INDUSTRIAL APPLICABILITY

[0084] According to the present invention, an inner diameter measuring device for measuring an inner diameter by
inserting an inner diameter measuring unit into an inside of a hollow member to be measured, comprising a supporting
shaft having the inner diameter measuring unit supported at a forward end, and a supporting mechanism unit for cantilever-
supporting the supporting shaft, wherein the supporting mechanism unit has a frame, a spherical bearing and a deflection
adjusting unit, wherein the shaft is supported by the frame via the spherical bearing, an end portion of the supporting
shaft is passed through the spherical bearing and is extended, and a position of an end of the end portion in vertical
direction is adjusted by the deflection adjusting unit. As a result, deflection caused when the inner diameter measuring
unit is cantilever-supported can be corrected and the inner diameter measuring unit can be held at an appropriate
position. Also, the inner diameter measuring unit can be inserted deep into the interior of a hollow member to be measured,
and such superior effects can be realized that a member with longer length can be measured.

LEGEND OF REFERENCE NUMERALS

[0085]

1 Bed
2 Rail
3 Object to be measured supporting carriage
4 Measuring device main unit
6 Centering laser device
11, 12 Pipe holding unit
13 Pipe to be measured
14 First reference jig unit
15 Second reference jig unit
16, 17 Reference ring
18 Supporting shaft
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19 Inner diameter measuring unit
22 Laser beam
23 Horizontal laser distance measuring unit
24 Vertical laser distance measuring unit
30 Supporting mechanism unit
31 Frame
32 Shaft end portion
33 Spherical bearing
35 Deflection adjusting unit
37 Horizontal position adjusting plate
42 Horizontal adjusting bolt
43 Lock nut
47 Nut block
48 Deflection adjusting screw
50 Vertical guide block
52 End fixing screw

Claims

1. An inner diameter measuring device for measuring an inner diameter by inserting an inner diameter measuring unit
(19) into an inside of a hollow member (13) to be measured, comprising a supporting shaft (18) having said inner
diameter measuring unit supported at a forward end, and a supporting mechanism unit (30) for cantilever-supporting
said supporting shaft, wherein said supporting mechanism unit has a frame (31), a spherical bearing (33) and a
deflection adjusting unit (35), wherein said shaft is supported by said frame via said spherical bearing, an end portion
(32) of said supporting shaft is passed through said spherical bearing and is extended, and a position of an end of
said end portion in vertical direction is adjusted by said deflection adjusting unit.

2. An inner diameter measuring device according to claim 1, wherein said frame (31) has a front surface base plate
(34) positioned at a forward end side of said supporting shaft (18) and a rear surface base plate (36) installed at a
position separated by a predetermined distance with respect to said front surface base plate, wherein said spherical
bearing (33) is mounted on said front surface base plate, said deflection adjusting unit (35) is mounted on said rear
surface base plate via a horizontal adjusting unit (40), and said horizontal adjusting unit can adjust a position of said
deflection adjusting unit in horizontal direction.

3. An inner diameter measuring device according to claim 1 or claim 2, wherein said deflection adjusting unit (35) has
a vertical guide block (50) extended in vertical direction and a nut block (47) provided above an end portion (32) of
said supporting shaft (18), wherein an end of said end portion is sandwiched by said vertical guide block and is
displaceable only in vertical direction along said vertical guide block, a lower end of a deflection adjusting screw
(48) screwed through said nut block comes into contact with an upper end of said end, a position in vertical direction
of said end is adjusted by said deflection adjusting screw and inserted into said vertical guide block, an end fixing
screw (52) movable in up-to-down direction is screwed into said end, and said end is fixed on said vertical guide
block by said end fixing screw.

4. An inner diameter measuring device according to claim 2, wherein said horizontal adjusting unit (40) has a horizontal
position adjusting plate (37) being displaceable in horizontal direction with respect to said rear surface base plate
(36) and being fixable, and a vertical guide block (50) and a nut block (47) are mounted on said horizontal position
adjusting plate.
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