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(57) ABSTRACT

A grindstone is provided with a base (211) and a plurality of
abrasive grains (210) aligned in arow and bonded on a surface
(212) of the base (211). Each of the abrasive grains (210) has
a relief surface (216) with a relief angle of a predetermined

angle (B).
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GRINDSTONE, GRINDSTONE
MANUFACTURING METHOD, BORING
TOOL, ABRASIVE GRAIN POSITIONING JIG,
AND RELIEF SURFACE FORMING METHOD

TECHNICAL FIELD

[0001] The invention relates to a grindstone with abrasive
grains arranged on one surface of a base.

BACKGROUND ART

[0002] Various grindstones have been proposed as atool for
grinding a workpiece. As one of these grindstones, a grind-
stone with abrasive grains arranged on one surface of a base is
known (e.g., see Patent Document 1).

[0003] Patent Document 1 will be described on the basis of
FIGS. 32(a) to 32(c).

[0004] As illustrated in FIG. 32(a), an upper surface 1102
of'a base 1101 is covered by masks 1103 which are spaced
apart from each other at a predetermined distance w. Then, as
illustrated in FIG. 32(b), abrasive grains 1104 are disposed
between the mask 1103 and the mask 1103, and are tempo-
rarily bonded to the base 1101 by a plating layer 1105. After
temporary adhesion, the masks 1103 are removed, and then,
as illustrated in FIG. 32(c), the base is again subjected to a
plating process to mainly bond the abrasive grains 1104 to the
base 1104, so that a grindstone 1110 is completed.

[0005] An outer diameter of the abrasive grain 1104 used
for the grindstone 1110 is larger than the distance w of the
masks 1103, as illustrated in FIG. 32(54). Since the outer
diameter of the abrasive grains 1104 is larger than the prede-
termined distance w, the abrasive grains 1104 are temporarily
bonded in a state in which vertexes 1111 protrude upward.
The temporarily bonded abrasive grains 1104 are mainly
bonded in the state in which the vertexes 1111 protrude
upward, as illustrated in FIG. 32(c).

[0006] As the vertexes 1111 protrude upward, the work-
piece to be ground by the grindstone 1110 comes in contact
with the vertexes 1111. Two faces, between which the vertex
1111 is interposed, serve as a rake surface 1112 and a relief
surface 1113 in an edged tool. As the two faces, between
which the vertex 1111 is interposed, serve as the rake surface
1112 and the relief surface 1113, the workpiece can be effec-
tively ground.

[0007] In order to manufacture the grindstone 1110, it is
necessary to temporarily bond the abrasive grains in the state
in which the masks 1103 are provided, and then, after the
masks 1103 are removed, again mainly bond the abrasive
grains. That is, since it is necessary to divide and provide the
plating layers 1105 in two steps, the number of steps is
increased.

[0008] In addition, Patent Document 2 discloses a grind-
stone in which a plurality of abrasive grains are bonded to a
surface of a base in a state of the grains are arranged in pieces.
In order to set a height from the surface of the base to a vertex
of the abrasive grain, a top of the abrasive grains is removed
through truing.

[0009] FIG. 33(a) is a view illustrating one example of the
abrasive grains. An abrasive grain 2101 is formed in a polygo-
nal shape. The abrasive grain 2101 is displaced on a surface of
abase 2102, and then is bonded thereto by a plating 2103, as
illustrated in FIG. 33(5), thereby manufacturing a grindstone
2103.
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[0010] As illustrated in FIG. 33(c), as the grindstone 2104
is moved in a direction indicated by an arrow (1), a surface of
a workpiece 2015 can be ground.

[0011] InFIG. 33(b), a direction of the abrasive grain 2101
is not controlled. That is, an upper surface 2106 may be
parallel with the surface of the base 2102, or may be inclined
to the surface.

[0012] Ifthe upper surface 2106 is parallel with the surface
of the base 2102, the upper surface 2106 comes in contact
with the surface 2107 of the workpiece 2105, and thus grind-
ing resistance is increased.

[0013] As aresult, machining precision or a lifetime of the
grindstone is deteriorated.

[0014] Meanwhile, in a grindstone 3100 includes a base
3101 and abrasive grains 3103 and 3104 which are bonded to
an upper surface of the base 3101 by a plating layer 3102, as
illustrated in F1G. 34, as vertex portions 3105 and 3106 of the
abrasive grains of the grindstone 3100 are ground at a prede-
termined angle, relief surfaces 3108 and 3109 can be formed.
Since the abrasive grains have the relief surfaces 3108 and
3109, the grindstone 3100 can effectively grind the work-
piece.

[0015] Itis believed that the abrasive grains 3103 and 3104
bonded to the upper surface of the grindstone 3100 are dis-
persed in a longitudinal direction (front and rear direction of
the drawing) of the grindstone 3100, in addition to a width
direction (left and right direction of the drawing).

[0016] Ifthe abrasive grains are dispersed in the longitudi-
nal direction (front and rear direction of the drawing), as
illustrated in FIG. 35, an abrasive grain 3111 indicated by an
imaginary line exists in front of the abrasive grain 3104. As
described above, the abrasive grains 3104 and 3111 are
formed with relief surfaces 3109 and 3112 on the same sur-
face by the grinding.

[0017] Focusingon rake surfaces, arake surface 3114 of the
abrasive grain 3104 and a rake surface 3115 of the abrasive
grain 3111 are not aligned with each other. That is, since the
size, shape or position of the abrasive grains 3104 and 3111 is
different from each other, the rake surfaces 3114 and 3115 are
not aligned with each other.

[0018] A position of an edge portion positioned between
the rake surface and the relief surface is not aligned.

[0019] It is also considered a method of machining the
relief surface, as illustrated in F1G. 36. The grindstone 4110 is
secured to a cylindrical rotating tool 4112, with grindstone
pockets 4111 for receiving the grindstone 4110 being pro-
vided on its circumference. The grindstone 4110 includes a
base 4113 and an abrasive grain 4114 bonded to the base
4113, and the abrasive grain is placed on a center line 4115 of
the rotating tool 4112. The plurality of abrasive grains 4114
are aligned and disposed on the plurality of bases 4113 pro-
vided on the circumference of the rotating tool 4112.

[0020] A truing grindstone 4116 is displaced at a positionin
which the truing grindstone 4116 comes in contact with the
abrasive grain 4114.

[0021] The relief surface is formed on the abrasive grain
4114 by approaching and bringing the truing grindstone 4116
into contact with the rotating tool 4112, which is positioned
and fixed, at a slope of a predetermined angle 0 of a radial line
4118 of the truing grindstone 4116 to the center line 4115 of
the rotating tool 4112, while the truing grindstone 4116 is
rotated as indicated by an arrow (3). After that, the rotating
tool 4112 is rotated at a predetermined angle (90° in FIG. 37)
and then is again positioned and fixed, and the relief surface is
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sequentially formed on the abrasive grains 4114 arranged and
displaced on all bases 4113 on the circumference of the rotat-
ing tool 4112.

[0022] According to the method, however, in order to uni-
formly form the relief surface on the abrasive grains 4114
arranged and displaced on all bases 4113 on the circumfer-
ence of the rotating tool 4112 at high precision, it is necessary
to constantly maintain a center distance between the truing
grindstone 4116 and the rotating tool 4112 when the truing
grindstone 4116 comes in contact with the abrasive grains at
the predetermined angle 6. Since the truing stone 4116 or the
rotating tool 4112 is significantly large relative to the abrasive
grain 4114, even a slight slippage in the predetermined angle
0 or the center distance is not allowed. As a result, it is not
possible to actually form the uniform relief surface of the high
precision.

PRIOR ART DOCUMENTS

Patent Documents

[0023] Patent Document 1: JP-A-2004-358640

[0024] Patent Document 2: JP-A-2001-347453
SUMMARY OF INVENTION

[0025] An embodiment of the present invention provides a

technology of manufacturing a grindstone in a small number
of steps.

[0026] Also, an embodiment of the present invention pro-
vides a grindstone capable of further improving precision of
a finished surface by further reducing a grinding resistance.
[0027] Inaddition, an embodiment of the present invention
provides a grindstone manufacturing technology capable of
aligning rake surfaces of abrasive grains.

[0028] Furthermore, an embodiment of the present inven-
tion provides a technology capable of forming relief surfaces
on a plurality of abrasive grains by an easy method.

[0029] In accordance with embodiments of the present
invention, in grindstones 130, 214, 350 and 10 including
bases 113, 211, 319 and 18 and a plurality of abrasive grains
111, 210, 322 and 19 which are arranged in a row and bonded
to a surface of the base 113, 211, 319 and 18, the plurality of
abrasive grains 111, 210, 350 and 10 may respectively have
relief surfaces 119, 216, 346, 356, 357 and 20 with a prede-
termined relief angle.

[0030] Inaddition, in accordance with embodiments of the
present invention, a grindstone 130 may be manufactured by
the steps of: preparing the base 113, the abrasive grain 111, a
temporary stand 112 to which the abrasive grain 111 is tem-
porarily bonded, and an adhesive 114 temporarily bonding
the abrasive grain 111 to the temporary stand 112; applying
the adhesive 114 to an upper surface 116 of the temporary
stand 112; temporarily bonding the abrasive grain 111 to the
upper surface 116 of the temporary stand 112 by the adhesive
114; inverting the temporary stand 112 to direct the abrasive
grain 111 downward; facing the temporary stand 112 to the
base 113 while the temporary stand 112 is maintained at a
predetermined angle 61; bonding the abrasive grain 111 to the
base 113 by a plating layer 125; and detaching the temporary
stand 112 from the abrasive grain 111.

[0031] Moreover, in accordance with embodiments of the
present invention, a grindstone 350 may be manufactured by
the steps of: preparing the base 319 and the plurality of
abrasive grains 322; arranging the abrasive grains 322 on the
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one surface 337 of the base 319 so that rake surfaces 342 of
the plurality of abrasive grains 322 follow the longitudinal
direction; bonding the abrasive grains 322 to the base 319 by
aplating layer 345 in a state in which the rake surfaces 342 are
arranged on the same surface; and forming relief surfaces 346
on the abrasive grains 322.

[0032] Furthermore, in accordance with embodiments of
the present invention, a abrasive grain positioning jig may
include: a support member 321 which supports the base 319
which is inclined to a horizontal direction; and a contact
portion 323 which extends from the support member 321 to
the one surface 337 of the base 319, and comes in contact with
a predetermined surface of the abrasive grain 332 which is
arranged on the one surface 337 of the base 319.

[0033] Inaddition, in accordance with embodiments of the
invention, a grindstone 10 which is attached to a grindstone
pocket 12 formed in a cylindrical rotating tool 13 may
include: an abrasive grain bonding portion 18 which extends
along an axis 26 of the rotating tool 13 and to which abrasive
grains 19 are bonded; the abrasive grains 19 aligned in a row
in parallel with the axis 26 and bonded to the abrasive grain
bonding portion 18; and a fixing hole 27 through which a
fixing member 25 adapted to fix the abrasive grain bonding
portion 18 to the rotating tool 13 passes. The fixing hole 27
may be configured so that the abrasive grains 19 are changed
from a position on a normal line 14 of the rotating tool to a
position which is offset from the normal line 14.

[0034] Other aspects and advantages of the invention will
be apparent from the following description and the appended
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIGS. 1(a)to 1(e) are diagrams illustrating a prepa-
ration process to an inversion process in a first exemplary
embodiment.

[0036] FIGS. 2(a) to 2(d) are diagrams illustrating an abra-
sive grain bonding process to completion.

[0037] FIGS. 3(a) and 3(b) are diagrams illustrating an
operation of a grindstone according to the first exemplary
embodiment.

[0038] FIGS. 4(a) to 4(d) are diagrams illustrating a
method of manufacturing a grindstone according to a second
exemplary embodiment.

[0039] FIG. 5 is a cross-sectional view of a boring tool
according to the second exemplary embodiment.

[0040] FIG. 6 is a cross-sectional view taken along the line
6-6 in FIG. 5.

[0041] FIG. 7is a cross-sectional view of an abrasive grain.
[0042] FIG. 8 is a side view of a boring tool according to a

third exemplary embodiment.

[0043] FIG. 9is a cross-sectional view taken along the line
99 in FIG. 8
[0044] FIG. 10 is a cross-sectional view of a line boring bar

according to a fourth exemplary embodiment.

[0045] FIG. 11 is across-sectional view taken along the line
11-11 in FIG. 10.

[0046] FIG. 12 is a perspective view of the line boring bar
according to the fourth exemplary embodiment.

[0047] FIG. 13 is a cross-sectional view of a grinding appa-
ratus employing a boring tool according to a fifth exemplary
embodiment.

[0048] FIG. 14 is a perspective view of the boring tool
according to the fifth exemplary embodiment.
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[0049] FIG. 15 is a cross-sectional view of the boring tool
according to the fifth exemplary embodiment.

[0050] FIG.16 s across-sectional view taken along the like
16-16 in FIG. 15.

[0051] FIG. 17 is a diagram illustrating a plating apparatus
equipped with an abrasive grain positioning jig according to
a sixth exemplary embodiment.

[0052] FIG.18isadiagramillustrating a placement process
of an abrasive grain.

[0053] FIG.19isan enlarged view of a section indicated by
the reference numeral 19 in FIG. 17.

[0054] FIG. 20 is a diagram when seen from a direction of
the arrow 20 in FIG. 19.

[0055] FIG. 21 is a diagram illustrating a relief surface
forming process.

[0056] FIGS. 22(a) and 22(b) are diagrams illustrating an
operation of a grindstone manufacturing method according to
the sixth exemplary embodiment.

[0057] FIG. 23 is a diagram illustrating a position relation-
ship between a truing grindstone and a grindstone according
to a seventh exemplary embodiment.

[0058] FIG.24isaplan view of the grindstone according to
the seventh exemplary embodiment.

[0059] FIG. 25 is a front view of the grindstone.

[0060] FIG. 26 is a diagram illustrating a process of bond-
ing a relief surface.

[0061] FIGS. 27(a) to 27(d) are diagrams illustrating a
process of replacing the grindstone.

[0062] FIG. 28 is a diagram illustrating a grinding state.
[0063] FIGS. 29(a) to 29(d) are diagrams illustrating a
grindstone according to an eighth exemplary embodiment.
[0064] FIGS. 30(a) and 30(b) are plan views of the grind-
stone according to the eighth exemplary embodiment.
[0065] FIGS. 31(a) and 31(b) are plan views of the grind-
stone according to a ninth exemplary embodiment.

[0066] FIGS. 32(a) to 32(c) are diagrams illustrating a
basic principle of the related art.

[0067] FIGS. 33(a) to 33(c) are diagrams illustrating a
grindstone according to the related art.

[0068] FIG. 34 are diagrams illustrating a basic configura-
tion of the related art.

[0069] FIG. 35 is a diagram illustrating a problem of the
related art.
[0070] FIG. 36 is a diagram illustrating a relief surface

machining method of the related art (which is not Prior Art).

DESCRIPTION OF EMBODIMENTS

[0071] Exemplary embodiments of the present invention
will now be described with reference to the accompanying
drawings.

First Exemplary Embodiment

[0072] As illustrated in FIG. 1(a), abrasive grains 111, a
temporary stand 112 to which the abrasive grains 111 are
temporarily bonded, a base 113 to which the abrasive gains
111 are bonded, and an adhesive 114 for temporarily bonding
the abrasive grains 111 to the temporary stand 112 are pre-
pared.

[0073] As the abrasive grains 111, abrasive grains of a
truncated octahedron shape generally used can be utilized.
[0074] Next, as illustrated in FIG. 1(b), the adhesive 114 is
applied on an upper surface 116 of the temporary stand 112.
If the adhesive 114 is applied, as illustrated in FIG. 1(c), the
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abrasive grains 111 are moved over the adhesive 114 by a pair
of air tweezers 117, and then the abrasive grains 111 are
temporarily bonded. In this instance, a surface of the abrasive
grain 111 sucked by the air tweezers 117 is referred to as a first
surface 118, and a surface opposite to the first surface 118 is
referred to as a second surface 119.

[0075] As illustrated in FIG. 1(d) which is an enlarged
diagram of a section indicated by the reference numeral d in
FIG. 1(¢), in the case of temporary bonding, the abrasive
grains 111 are pressed against the temporary stand 112 so that
the second surface 119 comes in close contact with the upper
surface 116 of the temporary stand 112.

[0076] In the case where the abrasive grains 111 are tem-
porarily bonded to the adhesive 114, any means other than the
air tweezers 117 (FIG. 1(c)) may be utilized. That is, if a
second surface 119 of the abrasive grain 111 is precisely
brought in close contact with the upper surface 116, any
means can be used. The reason why the second surface 119 is
brought in close contact with the upper surface 116 will be
described later.

[0077] After temporary bonding, as illustrated in FI1G. 1(e),
the temporary stand 112 is inverted so that the abrasive grain
111 faces downward.

[0078] The first surface 118 of the abrasive grain 111 tem-
porarily bonded is bonded to the base 113 (FIG. 1(a)), with a
plating layer being interposed between the first surface and
the base. It will be described in detail with reference to next
drawings.

[0079] As illustrated in FIG. 2(a), the inverted temporary
stand 112 is supported by a robot arm 122, and is opposite to
the base 113 provided in a plating device 123. In the state in
which the stand and the base are opposite to each other, an
anode is connected to a nickel plate 124, while a cathode is
connected to the base 113, before a plating process is carried
out. The plating process is not limited to nickel plating, but
any process can be utilized.

[0080] As illustrated in FIG. 2(b) when seen from a direc-
tion of the arrow b in FIG. 2(a), in the case where the base 113
is seen from one end in a longitudinal direction thereof, the
robot arm 122 supports the abrasive grain 111 at a slope of a
predetermined angle 61 to the base 113. The plating process
is carried out in the state in which the abrasive grain 111 is
inclined.

[0081] As the plating process is carried out, as illustrated in
FIG. 2(c), the abrasive grains 111 are bonded to the base 113
by the plating layer 125. After the abrasive grains 111 are
bonded to the base 113, as the robot arm 122 is lifted, the
abrasive grains 111 are detached from the base temporarily
bonded. In this instance, it is necessary to adjust a thickness of
the plating layer 125 or an amount of the adhesive 114 so that
the abrasive grains 111 are left on the base 113. In this
embodiment, for example, the thickness of the plating layer
125 is within a range of 55% to 60% of an average grain size
of'the abrasive grain 111.

[0082] The grindstone 130 is completed in which the abra-
sive grains 111 are arranged on one surface of the base 113.
[0083] As illustrated in FIG. 2(d) when seen from a direc-
tion of the arrow d in FIG. 2(c), the abrasive grain 111 is
bonded to the base 113 in the state in which the second surface
119 is inclined by 62 to a horizontal direction. In this instance,
in order to reliably incline the second surface 119 at a desired
angle, the second surface 119 is necessarily brought in close
contact with a temporary bonding surface 16 (FIG. 2(a)). As
the second surface 119 is brought close contact with the
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temporary bonding surface, the second surfaces 119 of the
plurality of abrasive grains 111 provided in the front and rear
directions of the drawing can be harmonized with each other
when seen from the longitudinal direction of the base 113.
[0084] According to the first exemplary embodiment, the
grindstone may be manufactured by a method in which the
temporary stand 112 is opposite to the base 113 while the
temporary stand is maintained at a predetermined angle 61,
and the abrasive grains 111 are bonded to the base 113 by the
plating layer 125. As the temporary stand 112 is maintained at
a predetermined angle 01, a vertex 132 of the abrasive grain
111 can be arranged to direct to the direction protruding from
the base 113. Since the temporary stand 112 is opposite to the
base 113, the abrasive grains 111 can be bonded to the plating
layer 125, with the vertex 132 of the abrasive grain 111 being
arranged to direct to the direction protruding from the base
113. That is, since the process of bonding the abrasive grains
111 is completed in one step, the number of steps can be
reduced.

[0085] Also, the height of the abrasive grain 111 can be
managed at the side of the vertex 132 of the abrasive grain
111. Even in the case where the size of the abrasive grains 111
is uneven to a certain degree, the protruding height of the
abrasive grains 111 can be almost equal by managing it at the
side of the vertex 132.

[0086] As illustrated in FIG. 3(a), in a grinding process of
a workpiece 133, the grindstone 130 is brought in contact
with the workpiece 133 so that the vertex 132 of the abrasive
grain 111 comes in contact with the workpiece 133.

[0087] Asillustrated in FIG. 3(5) which is an enlarged view
of a section indicated by the reference numeral b in the FIG.
3(a), two surfaces, between which the vertex 132 is inter-
posed, function as a rake surface 135 and a relief surface 136
which are mentioned in an edged tool. As the two surfaces,
between which the vertex 132 is interposed, function as the
rake surface 135 and the relief surface 136, the workpiece 133
can be effectively ground.

[0088] In the grindstone 130, the second surface 119 is
designated by the relief surface 136, but the second surface
119 may be designated by the rake surface.

Second Exemplary Embodiment

[0089] A second exemplary embodiment of the present
invention will be described with reference to the accompany-
ing drawings.

[0090] Asillustrated in FIG. 4(a), an abrasive grain 210 has
a polygonal shape before a relief surface is formed.

[0091] The abrasive grain 210 according to the second
exemplary embodiment is described by taking a truncated
octahedron for example, but any polygonal shape except for
the truncated octahedron will be fine.

[0092] Asillustrated in FIG. 4(b), a grindstone 214 with no
relief surface is made by laying the abrasive grain 210 on a
surface 2112 of a base 211 and bonding the abrasive grain to
the surface through electrodeposition or an adhesive 213.
[0093] As illustrated in FIG. 4(c), truing of the abrasive
grain 210 is performed by a cylindrical truing grindstone 215.
The truing grindstone 215 is brought in contact with the
abrasive grain 210 from a top of the drawing, and the truing
grindstone 215 is rotated in a direction of the arrow (2),
thereby grinding the abrasive grain 210. Since a diameter of
the truing grindstone 215 is large relative to the size of the
abrasive grain 210, a grinding surface of the abrasive grain
210 becomes almost flat.
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[0094] In this way, as illustrated in FIG. 4(d), a relief sur-
face 216 is formed on the abrasive grain 210 toward the top of
the drawing.

[0095] Next, a using example of the grindstone 210 will be
described.
[0096] Asillustrated in FIG. 5, a boring tool 220 includes a

cylindrical shaft 221 and three rows of grindstones 214 pro-
vided on a circumference 222 of the shaft 221. Explaining its
operation, the boring tool 220 is rotated in a direction of the
arrow (3), so that an inner peripheral surface (surface to be
machined) 224 of a workpiece 223 is ground.

[0097] The rows of grindstones 214 are three in the second
exemplary embodiment, but the present invention is not lim-
ited thereto. For example, the row may be appropriately var-
ied depending upon a material or size of the workpiece 223,
for example, four or five rows. Also, the height of the abrasive
grain 210 is aligned.

[0098] Next, the grindstone 210 will be described with
reference to a cross-sectional view.

[0099] Asillustrated in FIG. 6, the grindstone 214 includes
the base 211 and the plurality of abrasive grains 210 arranged
in one row and bonded to the surface 212 of the base 211. As
the plurality of abrasive grains 210 is arranged in one row, the
relief surface 216 can be formed by once truing.

[0100] Meanwhile, in the second exemplary embodiment,
the number of the abrasive grain 210 is one, but the present
invention is not limited thereto. The number may be appro-
priately varied depending upon the material or size of the
workpiece 223, for example, 20 or 30.

[0101] Next, the shape of the abrasive grain 210 will be
described in detail.

[0102] Asillustrated in FIG. 7, the grindstone 214 includes
the base 211 and the abrasive grain 210 bonded to the surface
212 of'the base 211. The abrasive grain 210 consists of a rake
surface 225 having a rake angle of an angle o which is not
controlled, and a relief angle 216 having a relief angle of a
predetermined angle f§. The abrasive grains 210 illustrated in
FIG. 6 have the same configuration. If the grindstone 214 is
moved in a direction of the arrow (4) in FIG. 7, rub contact of
the relief surface 216 is suppressed to a minimum, and thus a
grinding resistance is decreased, thereby effectively grinding
the workpiece 223 to be ground.

[0103] In addition, since the grinding resistance is
decreased, it also has effects of suppressing chattering, bend-
ing influence due to deficient rigidity of the boring tool 220
(FIG. 5) or the work 223, and generation of burr.

[0104] Further, since a load applied to the boring tool 220,
the rigidity or scale of the equipment can also be decreased.

Third Exemplary Embodiment

[0105] Next, a third exemplary embodiment of the present
invention will be described with reference to the drawings.
The same reference numerals have been used to identify the
same or similar elements as those of the configuration illus-
trated in FIG. 6, and the description thereof will be omitted or
in brief herein.

[0106] As illustrated in FIG. 8, a front end portion of a
shank 226 is provided with the boring tool 220. The grind-
stones 214 are disposed in plural rows, in which the plurality
of abrasive grains 210 are arranged in one row and bonded to
the surface 212 of the base 211 which is the circumference of
the boring tool 220.

[0107] Next, the position relationship between the boring
tool 220 and the workpiece 223 will be described.
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[0108] As illustrated in FIG. 9, the abrasive grains 210
provided on the boring tool 220 are brought in contact with
the inner peripheral surface 224 of the workpiece 223.

[0109] Explaining its operation, as the boring tool 220 is
rotated in a direction of the arrow (5), the inner peripheral
surface 224 of the workpiece 223 is ground.

[0110] Meanwhile, the number of the rows of the abrasive
grains 210 may be appropriately varied depending upon the
workpiece 223 or the machining condition.

Fourth Exemplary Embodiment

[0111] Next, a fourth exemplary embodiment of the present
invention will be described with reference to the drawings.
The same reference numerals have been used to identify the
same or similar elements as those of the configuration illus-
trated in FIG. 5, and the description thereof will be omitted or
in brief herein.

[0112] As illustrated in FIG. 10, the boring tool 220 (line
boring bar 220) includes a cylindrical shaft 221 and one row
of grindstones 214 provided on a circumference 222 of the
shaft 221. The boring tool 220 is rotated to grind a journal
hole 228 of a cylinder block 227.

[0113] Next, the line boring bar 220 will be described with
reference to the cross-sectional view.

[0114] As illustrated in FIG. 11, the line boring bar 220
includes a plurality of grindstones 214 arranged in an axial
direction on the cylindrical shaft 221. Each of the grindstones
214 has the base 211 and a plurality of abrasive grains 210
arranged in one row and bonded to the surface 212 of the base
211. Since the plurality of abrasive grains 210 arranged in one
row is used, the journal hole 228 of the cylindrical block 227
can be effectively ground by the grindstones 214.

[0115] As illustrated in FIG. 12, the cylinder block 227 of
the engine includes the cylinder 227 and the journal hole 228.
For example, for a 4-cylinder engine, five bearings are
installed in the journal holes 228. The line boring bar 220 is
inserted into the journal holes 228 in a state in which an axis
of'the line boring bar 220 is slightly shifted in a few millime-
ters toward a side opposite to the side attached with the
grindstones 214. And then, the line boring bar 220 is returned
to its original state, and is rotated to simultaneously machine
the plurality of journal holes 228.

Fifth Exemplary Embodiment

[0116] Next, a fifth exemplary embodiment of the present
invention will be described with reference to the drawings.
The same reference numerals have been used to identify the
same or similar elements as those of the configuration illus-
trated in FIG. 6, and the description thereof will be omitted or
in brief herein.

[0117] As illustrated in FIG. 13, a grinding apparatus 230
includes a base stand 231, a motor 232 attached to the base
stand 231, a ball screw 233 rotatably attached to the motor
232, and a table 234 which is movable to the base stand 231 by
the ball screw 233. The workpiece 223 is fixed to the table
234.

[0118] Also, the grinding apparatus 230 includes a main
bearing 235 of the boring tool 220 fixed to the base stand 231,
a main shaft 236 rotatably provided in the main bearing 235,
and a spindle motor 237 provided in the main bearing 235 to
rotate the main shaft 236. A cylindrical tool holder 238 is
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attached to one end of the main shaft 236, and the tool holder
238 couples a plurality of tool holders 241 in an axial direc-
tion.

[0119] A draw bar 242 is inserted and penetrated in the tool
holder 238 and the main shaft 236. The other end of the main
shaft 236 is provided with a tension member 244 which is
moved in an axial direction by a thrust motor 243. The draw
bar 242 is connected to the tension member 244.

[0120] The side of tool holder 238 opposite to the main
shaft 236 is rotatably maintained by a spindle receiver 245. A
front end portion of the tool holder 238 is attached with a
cutting-oil supply portion 246 for supplying cutting oil, and
the cutting oil is supplied from the cutting-oil supply portion
246 to a cutting-oil passage 247 formed in the tool holder 238.
[0121] Thebase stand 231 is provided with a rail 248 along
the axial direction of the main shaft 236, and a movable table
251 is movably provided on the rail 248. The spindle receiver
245 is supported by the movable table 251.

[0122] Also, the boring tool 220 is provided at a position
corresponding to the workpiece 223.

[0123] As illustrated in FIG. 14, the boring tool 220
includes the tool holder 238, a plurality of arms 252 swing-
ably provided on the tool holder 238 and having the grind-
stone 214 at its front end portion, and grooves 253 provided in
these arms 252 and formed in parallel with the axis of the tool
holder 238, and bolts 254 for securing the arms to the tool
holder 238.

[0124] Theboringtool 220 will be described with reference
to a cross-sectional view taken along an axial direction.
[0125] As illustrated in FIG. 15, in the boring tool 220, the
draw bar 242 penetrates through the tool holder 238. The
draw bar 242 is provided with a tapered portion 255 for
expanding or retracting the arm 252 in a diameter direction of
the tool holder 238.

[0126] In addition, the tool holder 238 is provided with a
through-hole 256 in the diameter direction. A pin 257 is
slidingly received in the through-hole 256, and comes in
contact with the tapered portion 255.

[0127] The arm is provided with a threaded hole 261, and
an adjustment screw 262 is provided in the threaded hole 261.
One end portion of the adjustment screw 262 abuts against an
end portion (edge) of the pin 257.

[0128] Also, the tool holder 238 is provided with a nozzle
hole 263 which is connected to the cutting-oil passage 247, so
that the cutting oil is supplied from the cutting-oil passage
247 through the nozzle hole 263 to a surface to be ground. A
reference numeral 264 denotes a threaded hole for attaching
the grindstone 214 (FIG. 14).

[0129] Asillustrated in FIG. 16, the arm 252 has a shape to
suit the circumference of the tool holder 238. The arm 252 is
attached to the tool holder 238 by a bolt 266 penetrating an
attachment hole 265 provided on its base end side. The front
end side of the arm 252 is provided with a threaded hole 264
(F1G. 15) for a bolt which is used to attach the grindstone 214.
The grindstone 214 is attached to the arm 252 by the bolt.
[0130] Three arms 252 are provided in a circumferential
direction of the draw bar 242 at equal intervals, so that a
balance of rotation is maintained. Also, even though a plural-
ity of grindstones 214 are provided in a spaced state in the
circumferential direction of the draw bar 242, a rotational axis
of'the tool holder 238 and the plurality of grindstones 214 are
maintained in a balance, when the diameter of the grindstone
214 is increased, thereby maintaining the grinding precision.
A diameter enlarging mechanism 267 for enlarging the diam-
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eter of the arm 252 consists of the tool holder 238, the draw
bar 242, the pin 242 and the adjustment screw 262.

[0131] Meanwhile, the number of the arms 252 is three in
the fifth exemplary embodiment, but four or five arms may be
provided. If the grinding can be performed by enlarging the
diameter of the arm 252, the arms 252 may be provided in
plural.

[0132] The operation of the grinding apparatus 230
described above will now be described.

[0133] InFIG. 15, the draw bar 242 is moved to a right side
in the drawing, and the pin 257 is pushed up. The arm 252
contacting the pin 257 is opened around the groove 253, and
the diameter of the grindstone 214 is increased. In this way, a
protruding amount of the plurality of grindstones 214 all in
the diameter direction is adjusted in accordance with the
moving amount of the draw bar 242.

[0134] Also, the distance between the pin 257 and the arm
252 is adjusted by turning the adjustment screw 262, so that
the protruding amount of the respective grindstones 214 in the
diameter direction can be adjusted.

[0135] Afterthe protruding amount of the grindstone 214 is
adjusted, the center of the hole of the workpiece 223 laid on
the table 234 is aligned with the axis of the boring tool 220.
After the tool is inserted by decreasing the diameter, it is
enlarged to a predetermined diameter, and then the table 234
is moved along the shaft of the tool holder 238 to simulta-
neously grind the inner diameter of the hole of the workpiece
223.

[0136] According to the second exemplary embodiment to
the fifth exemplary embodiment, as illustrated in FIG. 7, in
the grindstone 214 with the plurality of abrasive grains 210
being arranged and bonded to the surface 212 of the base 211
in a row, the plurality of abrasive grains 210 all may be
provided with a relief surface 216 having a predetermined
angle (. That is, the relief surfaces 216 of the plurality of
abrasive grains 210 may be position to be flush with each
other.

[0137] With the configuration, since all abrasive grains 210
is provided with the relief surface 216 having a predetermined
angle P, the grinding resistance can be further reduced, and
the precision of the finished surface can be further improved.
[0138] As illustrated in FIG. 5, the grindstone 214 may be
a grindstone 214 for boring. Since inner-diameter machining
is generally restricted to the shape or circumferential velocity
of the tool, rather than the outer-diameter machining, it is
sometimes difficult to produce the precision of the finished
surface. If the grindstone 214 for boring according to the
present invention is used for the finishing of the hole diameter,
it is possible to further improve the finishing precision of the
hole.

[0139] Asillustrated in FIG. 12, the boring tool includes the
cylindrical shaft 221 and the plurality of grindstones 214
arranged in the axial direction on the cylindrical shaft 221.
With the configuration, for the machining of the journal hole
228 of the cylinder block 227, for example, the four-cylinder
block 227, five bearings are necessarily machined, and thus
the tool may be a long axis, or aluminum and iron may be
simultaneously ground depending upon the kind. As a result,
it is difficult to produce the precision of the finished surface.
In this respect, it is possible to further improve the finishing
precision of the journal hole 228 by using the boring tool 220.

[0140] As illustrated in FIG. 16, the boring tool may
include the arm 252 expanded in the circumferential direction

Mar. 14, 2013

by the diameter enlarging mechanism 267, and the grindstone
214 provided on the front end of the arm 252.

[0141] With the configuration, since the diameter is
adjusted by the diameter enlarging mechanism 267, the fin-
ishing machining of different diameter can be performed by
using one boring tool. For this reason, since a plurality of
boring tools is not required, the cost of the boring tool 220 can
be decreased. Also, for example, in the machining of the
journal hole 228 of the cylinder block 227, if plural diameter
enlarging tools 267 are provided in the axial direction of the
tool (boring tool 220), a plurality of bearing portions can be
simultaneously machined by retracting the diameter and then
introducing the tool, while including the plurality of grind-
stones 214 in the circumferential direction. For this reason, it
is possible to shorten a cycle time. Also, it is possible to fit the
reduction in machining diameter due to grindstone abrasion.
[0142] In the second exemplary embodiment to the fifth
exemplary embodiment, the boring tool 220 is applied to the
shaft 221 having the constant diameter, but a boring tool
including a diameter enlarging means for enlarging the diam-
eter of the grindstone 214 to make the abrasive grain 210
contact with the inner peripheral surface 224 may be applied
to the shaft 221.

Sixth Exemplary Embodiment

[0143] Asillustrated in FIG. 17, an abrasive grain position-
ing jig 310 according to the sixth exemplary embodiment is
provided in a plating bath 312 filled with a plating solution
311. The abrasive grain positioning jig 310 provided in the
plating bath 312 includes a shaft 314, a column 315 stood
from the shaft 314, a pivot plate 317 swingably supported via
a pin 316 connected to the column 315 and inclined to a
horizontal direction, a support member 321 supported by the
pivot plate 317 and supporting a base 319 of a grindstone, a
contact portion 323 extending from the support member 321
to the base 319 and coming in contact with an abrasive grain
322, afixing member 326 detachably provided on the support
member 321 by a bolt 324 and fixing the base 319 laid on a set
surface 325 of the support member 321, and an angle adjust-
ment mechanism 327 for adjusting an inclined angle of the
pivot plate 317.

[0144] The support member 321 and the fixing member 326
are made from an insulator, and are not plated in a plating
process which is performed later.

[0145] The pivot plate 317 includes a body portion 329
supporting the support member 321 or the fixing member
326, a connection portion 331 stood from one end of the body
portion 329 and connected to the column 315 via the pin 316,
and a hole 332 provided in the other end of the connection
portion 331, in which the angle adjustment mechanism 327 is
provided. The connection portion 331 is prevented from fall-
ing in the front of the drawing by a stop member 333.
[0146] Theangleadjustment mechanism 327 includes anut
334 welded to the upper surface of the hole 332 formed in the
pivot plate 317, and a bolt 335 screwed to the nut 334 and
having a front end which is formed in a conical shape.
[0147] By turning the bolt 335, the pivot plate 317 is piv-
oted. As the pivot plate 317 is pivoted, the inclined angle of
the body portion 329 to the horizontal direction is adjusted.
[0148] The fixing member 326 is connected to the support
member 321, after the base 319 is laid on the set surface 325
of'the support member 321. That is, after base 319 is laid, the
fixing member 326 is brought in contact with the side of the
support member 321, and then the fixing member and the
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support member are fixed by the bolt 324. After fixing, the
abrasive grain 322 is placed on the upper surface 337 of the
base 319.

[0149] The nickel plate 338 is provided in the plating bath
312, in addition to the abrasive grain positioning jig 310. The
nickel plate 338 is connected to the anode, while the base 319
is connected to the cathode.

[0150] A method ofarranging the abrasive grain 322 will be
described in detail later with reference to the next drawing.
[0151] As illustrated in FIG. 18, in order to accurately lay
the abrasive grain 322 on the upper surface 337 of the base
319 in the plating bath, a cylindrical guide member 339 is
utilized. The front end of the guide member 339 is opposite to
the upper surface 337 of the base 319, and the abrasive grain
322 is fallen in the guide member 339.

[0152] The fallen abrasive grain 322 slides and rolls over
along the upper surface 337 ofthe inclined base 319. It will be
described in detail later with reference to the next drawing.
[0153] Asillustrated in FIG. 19, as the support member 321
(FIG. 18) is inclined, the upper surface 337 of the base 319 is
also inclined. The abrasive grain 322 arriving at the upper
surface 337 of the inclined base 319 slides and rolls over
along the upper surface 337 of the inclined base 319 until
coming in contact with the contact portion 323.

[0154] A bottom portion 341 extending from the lower end
of the contact portion 323 is spaced apart from the upper
surface 337 of the base 319 by a predetermined distance o.
[0155] The contact portion 323 is provided to have a pre-
determined angle 6 to the upper surface 337 of the base 319.
The predetermined angle 6 is equal to an angle formed by a
rake surface 342 of the abrasive grain 322 grinding the work-
piece to the upper surface 337 of the base 319. By setting the
angle of the contact portion to the upper surface 337 of the
base 319 as the predetermined angle 0 and inclining the base
319, the rake surface 342 of the abrasive grain 322 comes in
contact with the contact portion 323.

[0156] A vibration mechanism may be provided in the sup-
port member 321. As vibration is applied to the base 319 or
the abrasive grain 322 via the support member 321, the rake
surface 342 can reliably come in contact with the contact
portion 323. Also, since the time arriving at the contact por-
tion 323 speeds up, it is possible to shorten the work of
manufacturing the grindstone.

[0157] The abrasive grains 322 arranged on the upper sur-
face 337 of the base 319 will be described in detail with
reference to the next drawing.

[0158] As illustrated in FIG. 20, the abrasive grains 322
arranged toward the longitudinal direction of the base 319 are
arranged in the same direction, as the rake surfaces 342 are
brought in contact with the contact portion 323. That is, the
rake surfaces are arranged in an aligned state. In particular, in
the case where the abrasive grain 322 uses the truncated
octahedron shape, a hexagonal surface having more large area
comes easily in contact with the upper surface 337 of the base
319 and the contact portion 323.

[0159] In the state in which the rake surface 342 of the
abrasive grain 322 comes in contact with the contact portion
323, the plating process is carried out. That is, in the state in
which the abrasive grains 322 are arranged so that the rake
surfaces 342 are overlapped in the longitudinal direction, and
the rake surfaces 342 are arranged on the same surface, the
plating process is carried out.

[0160] As illustrated in FIG. 19, as the distance from the
upper surface 337 of the base 319 to the bottom portion 341 is
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set as 0O, the plating process can be carried out, with the
abrasive grains 322 coming in contact with the contact por-
tion 323. While the rake surface 342 is maintained in the
aligned state, the abrasive grains 322 can be bonded to the
base 319.

[0161] As illustrated in FIG. 21, after the abrasive grains
322 are bonded to the upper surface 337 of the base 319 via
the plating layer 345, the base 319 is removed from the plating
solution 311 (FIG. 17). After removing, the abrasive grains
322 are ground to form relief surfaces 346. As the relief
surfaces 346 are formed, the grindstone 350 is completed.
[0162] As illustrated in FIG. 22(a), a plurality of abrasive
grains 351 and 352 are provided on the upper surface 337 of
the base 319 along the longitudinal direction, and the size of
these abrasive grains 351 and 352 may be different. However,
since these abrasive grains 351 and 352 are subjected to the
plating process in the state in which the abrasive grains come
in contact with the contact portion 323, the rake surfaces 353
and 354 are disposed on the same surface.

[0163] Also, as the rake surfaces 353 and 354 are disposed
and arranged on the same surface, the height of the rake
surfaces 353 and 354 is aligned when the relief surfaces 356
and 357 are formed. That is, an edge portion 358 positioned
between the rake surface 353 and the relief surface 356 and an
edge portion 359 positioned between the rake surface 354 and
the relief surface 357 are overlapped when the grindstone 350
is seen from the longitudinal direction.

[0164] Asillustrated in FIG. 22(5), by using the grindstone
350 in which the height is aligned and the rake surfaces 353
and 354 are provided on the same surface, a workpiece 360
can be uniformly ground. As a result, it is possible to prevent
a difference from occurring in the grinding state of the same
workpiece 360. Also, it is possible to decrease a difference in
the grinding precision depending upon a kind of grindstone.
[0165] According to the sixth exemplary embodiment, the
abrasive grains 351 and 352 are bonded to the base 319 in the
state in which the rake surfaces 353 and 354 are aligned in
advance. After bonding, a yield of the abrasive grains can be
improved, as compared to a method of grinding the abrasive
grain. Since the yield of the abrasive grain is high, a lifespan
of the grindstone can be preferably extended.

[0166] In the method of manufacturing the grindstone
according to the sixth exemplary embodiment, the abrasive
grains are bonded to the base by the plating layer in the state
in which the rake surfaces are arranged on the same surface.
The abrasive grains are bonded to the base by the plating layer
in the state in which the rake surfaces are arranged on the
same surface. The rake surfaces of the abrasive grains can be
arranged by bonding the abrasive grains in the state in which
the rake surfaces are on the same surface. If the grindstone
with the rake surfaces arranged is utilized, the workpiece can
be uniformly ground.

[0167] Also, the abrasive grain positioning jig 310 includes
a contact portion which is brought in contact with a predeter-
mined surface of the abrasive grain arranged toward one
surface of the inclined base. As the base is inclined, the
abrasive grain slides and rolls over along one surface of the
base to the contact portion. The contact portion is provided an
angle to be brought in contact with a predetermined surface of
the abrasive grain. As the contract portion is provided at the
angle to be brought in contact with the predetermined surface
of the abrasive grain, most abrasive grains rolling over along
the one surface of the base comes in contact with the contact
portion at the predetermined surface.
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[0168] As the abrasive grains are bonded to the base in the
state in which the predetermined surface comes in contact
with the contact portion, the grindstone with the rake surfaces
arranged can be obtained. The workpiece can be uniformly
ground by using the grindstone with the rake surfaces
arranged.

[0169] The abrasive grains are bonded to the base by the
nickel plating in the sixth exemplary embodiment, but the
present invention is not limited to the nickel plating.

[0170] Any method canbe employed, even though the abra-
sive grains are bonded to the base.

Seventh Exemplary Embodiment

[0171] A seventh exemplary embodiment will now be
described with reference to the drawings.

[0172] As illustrated in FIG. 23, a cylindrical rotating tool
13 is provided on its circumference with grindstone pockets
12 for receiving a grindstone 10. The grindstone 10 for grind-
ing the workpiece is fixed to the grindstone pocket 12.
[0173] The grindstone pocket 12 includes a bottom surface
15 vertically intersecting with a normal line 14 of the rotating
tool 13, and a lateral surface 16 parallel with the normal line
14 of the rotating tool 13. A line 17 passing the center of the
abrasive grain is offset from the normal line 14 of the rotating
tool 13 by a distance L1. Also, a distance between the line 17
passing the center of the abrasive grain and the lateral surface
16 of the grindstone pocket 12 is set as [.2. The distance
between the normal line 14 of the rotating tool 13 and the
lateral surface 16 of the grindstone pocket 12 is set as L1+1.2.
[0174] The grindstone 10 includes a body portion 28, an
abrasive grain bonding portion 18, and an abrasive grain 19
bonded to the abrasive grain bonding portion 18. In the pro-
cess of bonding the abrasive grain 19 to the relief surface 20,
the abrasive grain 19 is disposed so that the line 17 passing the
center of the abrasive grain coincides with the position which
is offset by the distance L1 from the normal line 14 of the
rotating tool 13.

[0175] While a truing grindstone 21 for bonding the abra-
sive grain 19 to the relief surface 20 comes in contact with the
abrasive grain, the truing grindstone 21 is rotated in a direc-
tion indicated by the arrow (5), and the rotating tool 13 is
rotated in a direction indicated by the arrow (6), thereby
forming the relief surface 20 on the abrasive grain 19.
[0176] In this instance, the abrasive grain 19 is positioned
onthe center line 17 of the grindstone 10 offset by the distance
L1 from the normal line 14.

[0177] At the process of bonding the relief surface, since
the abrasive grain 19 is disposed at the position which is offset
by the distance L1 toward the left in the drawing rather than
the normal line 14 of the rotating tool 13, the rotating tool 13
is fast rotated as the arrow (6), so that the uniform relief
surface 20 of high precision can be formed on the plurality of
abrasive grains 19 all provided on the circumference of the
rotating tool 13 for a short time.

[0178] Next, the process of fixing the grindstone 10 to the
rotating tool 13 will be described.

[0179] Asillustrated in FIG. 24, the truing grindstone 21 is
fixed to the rotating shaft 24 of a forming device 23. Also, the
rotating tool 13 is detachably provided on the rotating shaft,
and the grindstone pocket 12 for receiving the grindstone 10
is provided on the circumference of the rotating tool 13. The
grindstone 10 is fixed to the grindstone pocket 12 by a fixing
member 25.
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[0180] The grindstone 10 includes a tube-shaped body por-
tion 28 extending along an axis 26 of the rotating shaft, the
abrasive grain bonding portion 18 provided on the body por-
tion 28 and extending along the axis 26 of the rotating shaft,
the abrasive grains 19 bonded to the abrasive grain bonding
portion 18 in the state in which the abrasive grains are
arranged in one row in parallel with the axis 26 of the rotating
shaft, the fixing member 25 fixing the grindstone 10 to the
rotating tool 13, and a fixing hole 27 provided in the body
portion 28 through which the fixing member 25 passes. In
addition, the axis 26 of the rotating shaft is overlapped with
the normal line 14. The fixing hole 27 is formed on an offset
line 29 which is offset by a predetermined distance 1.3 from
the line passing the center of the abrasive grains arranged in
one row.

[0181] In the process of fixing the grindstone 10 to the
rotating tool 13, the abrasive grain 19 of the grindstone 10 is
disposed at the left side of the drawing rather than the axis 26,
and the grindstone 10 is fixed to the rotating tool 13 by the
fixing member 25.

[0182] The abrasive grain bonding portion 18 and the body
portion 28 are explained as a separate component in this
embodiment, but the abrasive grain bonding portion 18 and
the body portion 28 may be an integral component. In the case
where abrasive grain bonding portion 18 and the body portion
28 are an integral component, the integral component is
referred to as the abrasive grain bonding portion 18. Also, the
grindstone 10 includes the abrasive grain bonding portion 18
extending along the axis 26 of the rotating shaft and bonded
with the abrasive grain 19, the abrasive grains 19 bonded to
the abrasive grain bonding portion 18 in the state in which the
abrasive grains are arranged in one row in parallel with the
axis 26 of the rotating shaft, the fixing member 25 fixing the
grindstone 10 to the rotating tool 13, and the fixing hole 27
provided in the body portion 28 through which the fixing
member 25 passes.

[0183] As illustrated in FIG. 25, when the rotating tool 13
and the truing grindstone 21 are mutually rotated, the truing
grindstone 21 comes in contact with the abrasive grain 19 of
the grindstone 10, in the state in which the normal line 14 of
the rotating tool 13 is inclined to a straight line 36 connecting
the rotation center 34 of the rotating tool 13 and a rotation
center 35 of the truing grindstone 21. The truing grindstone
21 is rotated in a direction of the arrow (7), and the rotating
tool 13 is rotated in a direction of the arrow (8).

[0184] Next, a mechanism for forming the relief surface
will be described with reference to an enlarged view.

[0185] FIG. 26 is an enlarged view of the contact portion f
the abrasive grain 19 and the truing grindstone 21 in FIG. 25.
[0186] Asillustrated in FIG. 25, since the abrasive grain 19
comes in contact with the truing grindstone 21 at an angle,
and the diameter of the truing grindstone 21 is significantly
large than the abrasive grain 19, the contact surface 20 is
formed in a plane, and the smooth surface 20 (relief surface
20) inclined to the abrasive grain 19 is formed. As a result, it
is possible to form the substantially same relief surface 20 of
high precision on the abrasive grains 19 of the plurality of
grindstones 10, which are disposed on the circumference of
the rotating tool 13, at once.

[0187] Next, a process of replacing the grindstone at an
original position of the grindstone will be described.

[0188] Asillustrated in FIG. 27(a), the fixing member 25 is
detached, and the grindstone 10 is inverted in the front and
rear direction as an arrow (11). Before the fixing member 25
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is detached, as illustrated in FI1G. 27(b), the abrasive grain 19
is placed at the position which is offset by the distance [.1
from the normal line 14 of the rotating tool 13.

[0189] Asillustrated in FIG. 27(¢), the grindstone is fixed to
the rotating tool 13 by the fixing member 25. In this instance,
as illustrated in FIG. 27(d), the abrasive grain 19 is disposed
on the normal line 14 of the rotating tool 13. In the case of
grinding the workpiece, the rotating tool 13 is rotated in a
direction of the arrow (12).

[0190] As illustrated in FIG. 28, first, while the abrasive
grain 19 is offset from the normal line 14 (FIG. 27(5)), it is
possible to grind the abrasive grain 19 formed with the
inclined smooth surface 20 (relief surface 20) by the truing of
the mutual rotation, in the state in which it has the relief
surface 20 of a predetermined relief angle to the workpiece 31
by inverting and placing the grindstone 10 on the normal line
14 through the replacement. In this way, the grinding resis-
tance can be reduced.

Eighth Exemplary Embodiment

[0191] Next, an eighth exemplary embodiment will be
described with reference to the drawings. The same reference
numerals have been used to identify the same or similar
elements as those of the configuration illustrated in FIGS.
27(a) to 27(d), and the description thereof will be omitted or
in brief herein.

[0192] As illustrated in FIG. 29(a), the fixing hole 29
formed in the body portion 28 of the grindstone 10 is an
elongated hole.

[0193] Inthe process of forming the relief surface, as illus-
trated in FIG. 29(b), the abrasive grain 19 is placed at the
position which is offset from the normal line 14 of the rotating
tool 13. By rotating the truing grindstone 21 in a direction of
the arrow (14) and rotating the rotating tool 13 in a direction
of the arrow (15), as illustrated in the enlarged view of FIG.
26, the relief surface 20 can be formed on the abrasive grain
19. Since the abrasive grain 19 comes in contact with the
truing grindstone 21 at an angle, and the diameter of the truing
grindstone 21 is significantly larger than the abrasive grain
19, the contact surface 20 is formed in a plane, and the smooth
surface 20 (relief surface 20) inclined to the abrasive grain 19
is formed. As a result, it is possible to form the substantially
same relief surface 20 of high precision on the abrasive grains
19 of the plurality of grindstones 10, which are disposed on
the circumference of the rotating tool 13, at once.

[0194] In the process of replacing the grindstone to the
original position of the grindstone, as the fixing member 25
illustrated in FIG. 29(a) is loosened, the grindstone 10 is
moved in a direction of the arrow (16).

[0195] As illustrated in FIG. 29(b), a spacer 33 is disposed
between the end portion 32 of the grindstone pocket 12 and
the grindstone 10, and the grindstone 10 is fixed to the rotating
tool 13 by the fixing member 25. As aresult, the abrasive grain
19 formed with the inclined smooth surface 20 (relief surface
20) slides to dispose on the normal line 14, thereby grinding
the workpiece in the state in which the abrasive grain has the
relief surface 20 having the relief angle.

[0196] At grinding, as illustrated in FIG. 29(d), the rotating
tool 13 is rotated in a direction of the arrow (17). In this
instance, the grindstone 10 meets resistance in a direction
opposite to the rotation direction of the rotating tool 13, but
the position of the grindstone 10 is not deviated by the spacer
33.
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[0197] The grindstone 10 according to the eighth exem-
plary embodiment will now be described in detail.

[0198] FIG. 30(a) is a diagram illustrating the case where
the fixing hole 27 is an elongate hole 27. The fixing hole 27 is
the elongate hole 27 perpendicular to the line 17 passing the
center of the abrasive grains arranged in a row. The fixing
member 25 (FIG. 29(a)) is loosened, and the grindstone 10 is
slid to the rotating tool 13 (FIG. 29(a)), and then is fixed by
the fixing member 25, so that the truing position and the
grinding position of the workpiece can be mutually changed.

[0199] Next, other aspect of FIG. 30(a) will now be
described.
[0200] FIG. 30(b) is a diagram illustrating the case where

the fixing hole 27 includes a plurality of hole sections 27. The
fixing hole 27 includes the plurality of hole sections 27
arranged in series in a direction perpendicular to the line 17
passing the center of the abrasive grains arranged in a row.
The fixing member 25 is detached, and the grindstone 10 is
slid to the rotating tool 13 (FIG. 29(a)) to insert and penetrate
other hole section 27 of the fixing member 25. As a result, the
truing position and the grinding position ofthe workpiece can
be mutually changed.

Ninth Exemplary Embodiment

[0201] Next, the ninth exemplary embodiment will be
described with reference to the drawings. The same reference
numerals have been used to identify the same or similar
elements as those of the configuration illustrated in FIG.
30(a), and the description thereof will be omitted or in brief
herein.

[0202] FIG. 31(a) is a diagram illustrating the case where
the fixing hole 27 is an elongate hole 27. The fixing hole 27 is
the elongate hole 27 perpendicular to the line 17 passing the
center of the abrasive grains arranged in a row. The center 37
of the elongate hole 27 in the longitudinal direction is offset
by a predetermined distance from the line 17 passing the
center of the abrasive grains arranged in a row. The fixing
member 25 (FIG. 29(a)) is loosened, and the grindstone 10 is
slid to the rotating tool 13 (FIG. 29(a)), and then is fixed by
the fixing member 25, so that the truing position and the
grinding position of the workpiece can be mutually changed.
In addition, the fixing member 25 is detached, and the grind-
stone 10 is inverted in the front and rear direction to the
rotating tool 13, and then is fixed by the fixing member 25, so
that the truing position and the grinding position of the work-
piece can be mutually changed.

[0203] Next, other aspect of FIG. 31(a) will now be
described.
[0204] FIG. 31(b) is a diagram illustrating the case where

the fixing hole 27 comprises a plurality of hole sections 27.
The fixing hole 27 includes the plurality of hole sections 27
arranged in series in a direction perpendicular to the line 17
passing the center of the abrasive grains arranged in a row.
The center of the plurality of hole sections 27 in the arranged
direction is offset by a predetermined distance from the line
38 passing the center of the abrasive grains arranged in a row.
The fixing member 25 is detached, and the grindstone 10 is
slid to the rotating tool 13 (FIG. 29(a)) to insert and penetrate
other hole section 27 of the fixing member 25. As a result, the
truing position and the grinding position ofthe workpiece can
be mutually changed. In addition, the fixing member 25 is
detached, and the grindstone 10 is inverted in the front and
rear direction to the rotating tool 13, and then is fixed by the
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fixing member 25, so that the truing position and the grinding
position of the workpiece can be mutually changed.

[0205] The contents of the seventh exemplary embodiment
to the ninth exemplary embodiment will now be summarized
and described below.

[0206] As illustrated in FIGS. 24, 29(a) and 29(c), in the
grindstone 10 attached to at least one grindstone pocket 12
which is formed in the cylindrical rotating tool 13 provided on
the rotational shaft, the grindstone 10 includes the abrasive
grain bonding portion 18 extending along the axis 26 of the
rotating shaft and bonded with the abrasive grain 19, the
abrasive grains 19 bonded to the abrasive grain bonding por-
tion 18 in the state in which the abrasive grains are arranged
in one row in parallel with the axis 26 of the rotating shaft, the
fixing member 25 fixing the grindstone 10 to the rotating tool
13, and the fixing hole 27 provided in the body portion 28
through which the fixing member 25 passes. The fixing hole
27 is formed so that the abrasive grain 19 can be changed from
the position on the normal line 14 of the rotating tool 13 to the
position which is offset from the normal line 14.

[0207] With the configuration, in the state in which the
abrasive grain 19 is placed at the position which is offset from
the normal line 14 of the rotating tool 13, the truing grind-
stone 21 and the rotating tool 13 are mutually rotated, and the
abrasive grain is ground by the truing, so that the relief surface
20 having the relief angle of high precision can be easily
formed on all the grindstone 10 (abrasive grain 19).

[0208] Also, in the truing of the related art, the abrasive
grain 19 on the normal line is surface-attached in a flat in
parallel with the plane vertically intersecting with the normal
line 14. In this regard, in the present invention, the abrasive
grain 19 surface-attached by the truing in the state in which it
is offset from the normal line 14 of the rotating tool 13 is
changed to its original position to be positioned on the normal
line 14 of the rotating tool 13, so that the relief surface 20 is
formed on the abrasive grain 19. That is, the positioning
precision or the reproduction precision can be improved, and
the plurality of abrasive grains 19 can be formed with the
relief surface 20 having the uniform relief angle by the easy
method.

[0209] Inaddition, the rotating tool 13 is fast rotated, so that
the uniform relief surface 20 of high precision can be formed
on the plurality of abrasive grains 19 all provided on the
circumference of the rotating tool 13 for a short time.

[0210] Asillustrated in FIG. 24, the fixing hole 27 is formed
on the offset line 29 which is offset by a predetermined
distance from the line passing the center of the abrasive grains
arranged in one row.

[0211] With the configuration, only by detaching the grind-
stone 10 from the rotating tool 13 and inverting the grindstone
in the front and rear direction, the abrasive grain 19 can be
easily changed to the offset position from the normal line 14
of the rotating tool 19.

[0212] Asillustrated in FIG. 30(a), the fixing hole 27 is the
elongate hole perpendicular to the line 17 passing the center
of the abrasive grains arranged in a row.

[0213] With the configuration, the fixing member 25 is
loosened, and the grindstone 10 is slid, so that the abrasive
grain 19 can be easily changed to the offset position from the
normal line 14 of the rotating tool 13.

[0214] As illustrated in FIG. 30(a), the longitudinal center
37 of the elongate hole is offset by a predetermined distance
from the line 17 passing the center of the abrasive grains
arranged in a row.
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[0215] With the configuration, by the method in which the
grindstone 10 is detached from the rotating tool 13, and then
is inverted in the front and rear direction, or the method in
which the grindstone 10 is slid in the state in which the fixing
member 25 is loosened, the abrasive grain 19 can be easily
changed to the offset position from the normal line 14 of the
rotating tool 13.

[0216] As illustrated in FIG. 31(b), the fixing hole 27
includes the plurality of hole sections 27 arranged in series in
a direction perpendicular to the line 17 passing the center of
the abrasive grains arranged in a row.

[0217] With the configuration, the grindstone 10 is
detached from the rotating tool 13, and then the position is
slid to insert and penetrate the fixing member 25, thereby
fixing the grindstone 10. Therefore, the abrasive grain 19 can
be easily changed to the offset position from the normal line
14 of the rotating tool 13.

[0218] As illustrated in FIG. 31(b), an arranged direction
center 38 of the plurality of holes is offset by a predetermined
distance from the line 17 passing the center of the abrasive
grains arranged in a row.

[0219] With the configuration, by the method in which the
grindstone 10 is detached from the rotating tool 13, and then
is inverted in the front and rear direction, or the method in
which the grindstone 10 is detached from the rotating tool 13,
and then the position is slid so that the fixing member 25 is
inserted and penetrated in other hole 27 to fix the grindstone
10, the abrasive grain 19 can be easily changed to the offset
position from the normal line 14 of the rotating tool 13.
[0220] Asillustrated in FIGS. 29(a) to 29(d), the method of
forming the relief surface on the abrasive grain includes the
process of preparing the grindstone 10, the process of moving
the grindstone 10 to the position which is offset by the parallel
movement from the original position of the grindstone when
the grindstone 10 is provided for grinding, and fixing the
grindstone to the rotating tool 13, the process of forming the
relief surface 20 on the abrasive grain 19 by the truing grind-
stone 21, and the process of replacing the grindstone 10 to the
original position of the grindstone.

[0221] With the configuration, the elongate hole 27 can be
inverted or moved in parallel so that it is disposed on the
normal line 14 of the rotating tool 13 or at the position which
is offset from the normal line. In the state in which the abra-
sive grain 19 is offset from the normal line 14, the rotating tool
13 and the truing grindstone 21 are mutually rotated and are
brought in contact with each other, and the uniformly inclined
smooth surface (relief surface 20) is formed on all the abra-
sive grains 19. After that, the grindstone 20 is again attached
so that the abrasive grain 19 is disposed on the normal line 14.
The rotating tool 13 is fast rotated, so that the uniform relief
surface 20 of high precision can be formed on the plurality of
abrasive grains 19 all provided on the circumference of the
rotating tool 13 for a short time.

[0222] Also, only by offsetting the grindstone 10 through
the parallel movement from the original position of the grind-
stone when the grindstone 10 is provided for grinding, the
truing can be easily performed.

[0223] Asillustrated in FIG. 24, FIG. 27(a) and FIG. 27(c),
the method of forming the relief surface on the abrasive grain
includes the process of preparing the grindstone 10, the pro-
cess of inverting the grindstone 10 in the front and rear direc-
tion to the position which is offset from the original position
of the grindstone when the grindstone 10 is provided for
grinding, and fixing the grindstone to the rotating tool 13, the
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process of forming the relief surface 20 on the abrasive grain
19 by the truing grindstone 21, and the process of replacing
the grindstone 10 to the original position of the grindstone.
[0224] With the configuration, since special incidental
equipments are not required, itis possible to reduce the cost of
the equipment. Also, since the grindstone 10 is merely
inverted, it is possible to reduce the number of steps for fixing
the grindstone 10 to the rotating tool 13.

[0225] Meanwhile, in the seventh exemplary embodiment
to the ninth exemplary embodiment, although the rotating
tool 13 is provided with four rows of grindstones 10, the
present invention is not limited thereto. The number of rows
may be appropriately changed depending upon the workpiece
or grinding condition, for example, 8 rows or the like.

DESCRIPTION OF REFERENCE NUMERALS

[0226] 111...abrasive grain, 112 ... temporary stand, 113
...base, 114 ... adhesive, 116 ... upper surface (of temporary
stand), 125 . . . plating layer, 130 . . . grindstone,

[0227] 210...abrasive grain, 211 ...base, 212 .. . surface
of'base, 216 . . . relief surface, 220 . . . boring tool (line boring
bar), 221 ... shaft, 225 . . . rake surface, 228 . . . journal hole,
252...arm, 267 ...diameter enlarging mechanism, .. . . rake
angle, f . . . relief angle,

[0228] 310 ... abrasive grain positioning jig, 319 . . . base,
321 . . . support member, 322 . . . abrasive grain, 323 . . .
contact portion, 337 . . . upper surface (one surface), 342 . ..
rake surface, 345 . . . plating layer, 346 . . . relief surface, 350

.. . grindstone,
[0229] 10... grindstone, 12 . . . grindstone pocket, 13 . . .
rotating tool, 14 . . . normal line, 15 . . . bottom surface of

grindstone pocket, 16 . . . lateral surface of grindstone pocket,
17 . .. line passing center of abrasive grains, 18 . . . base, 19
.. . abrasive grain, 20 . . . relief surface (flat surface), 21 . . .
truing grindstone, 25 . . . fixing member, 26 . . . axis, 27 . ..
fixing hole (elongate hole), 28 . . . body portion, 29 . . . offset
line, 31 . . . work piece, 37 . . . center of elongate hole in
longitudinal direction, 38 . . . center of plurality of holes in
aligning direction
1. A method of manufacturing a grindstone in which an
abrasive grain is arranged on one surface of a base, the
method comprising:
preparing the base, the abrasive grain, a temporary stand to
which the abrasive grain is temporarily bonded, and an
adhesive temporarily bonding the abrasive grain to the
temporary stand;
applying the adhesive to an upper surface of the temporary
stand;
temporarily bonding the abrasive grain to the upper surface
of the temporary stand by the adhesive;
inverting the temporary stand to direct the abrasive grain
downward;
facing the temporary stand to the base while the temporary
stand is maintained at a predetermined angle;
bonding the abrasive grain to the base by a plating layer;
and
detaching the temporary stand from the abrasive grain.
2. A grindstone in which a plurality of abrasive grains are
arranged in a row and bonded to a surface of a base,
wherein each of the plurality of abrasive grains includes a
relief surface having a relief angle of a predetermined
angle.
3. The grindstone according to claim 1, wherein the grind-
stone is a grindstone for boring.
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4. A boring tool comprising:

a cylindrical shaft; and

a plurality of the grindstones according to claim 2 which

are arranged in an axial direction on the shaft.

5. A boring tool comprising:

an arm which is expandable in a circumferential direction

by a diameter enlarging mechanism; and

the grindstone according to claim 2 which is provided on a

front end of the arm.

6. A method of manufacturing a grindstone in which a
plurality of abrasive grains are arranged on one surface of a
base in a longitudinal direction of the base, the method com-
prising:

preparing the base and the plurality of abrasive grains;

arranging the abrasive grains on the one surface of the base

so that rake surfaces of the plurality of abrasive grains
follow the longitudinal direction;

bonding the abrasive grains to the base by a plating layer in

a state in which the rake surfaces are arranged on the
same surface; and

forming relief surfaces on the abrasive grains.

7. A abrasive grain positioning jig capable of positioning a
position of an abrasive grain to a base when the abrasive grain
is bonded to one surface of the base via a plating layer layer,
the abrasive grain positioning jig comprising:

a support member which supports the base which is

inclined to a horizontal direction; and

a contact portion which extends from the support member

to the one surface of the base, and comes in contact with
a predetermined surface of the abrasive grain which is
arranged on the one surface of the base.

8. A grindstone which is attached to a grindstone pocket
formed in a cylindrical rotating tool, the grindstone compris-
ing:

an abrasive grain bonding portion which extends along an

axis of the rotating tool and to which abrasive grains are
bonded;

the abrasive grains aligned in a row in parallel with the axis

and bonded to the abrasive grain bonding portion; and

a fixing hole through which a fixing member adapted to fix

the abrasive grain bonding portion to the rotating tool
passes,

wherein the fixing hole is configured so that the abrasive

grains are changed from a position on a normal line of
the rotating tool to a position which is offset from the
normal line.

9. The grindstone according to claim 8, wherein the fixing
hole is provided on an offset line which is offset by a prede-
termined distance from a line passing centers of the abrasive
grains aligned in the row.

10. The grindstone according to claim 8, wherein the fixing
hole is an elongate hole extending in a direction perpendicular
to a line passing centers of the abrasive grains aligned in the
row.

11. The grindstone according to claim 10, wherein a lon-
gitudinal center of the elongate hole is offset from the line
passing the centers of the abrasive grains.

12. The grindstone according to claim 8, wherein the fixing
hole comprises a plurality of hole sections aligned in series in
a direction perpendicular to a line passing centers of the
abrasive grains aligned in the row.
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13. The grindstone according to claim 12, wherein center
of the plurality of hole sections in the direction that the hole
sections are aligned is offset from the line passing the centers
of the abrasive grains.

14. A method of forming a relief surface, the method
preparing a grindstone set forth in claim 8;

moving the grindstone to a position which is offset from an
original position in which the grindstone is used for a
grinding operation, by a parallel movement, and fixing
the grindstone to a rotating tool in the offset position;

forming a relief surface on an abrasive grain by a truing
grindstone; and
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replacing the grindstone to the original position of the
grindstone.

15. A method of forming a relief surface, thecomprising:

preparing a grindstone set forth in claim 8;

inverting the grindstone in a front and rear direction to a
position which is offset from an original position in
which the grindstone is used for a grinding operation,
andfixing the grindstone to a rotating tool in the offset
position;

forming a relief surface on an abrasive grain by a truing
grindstone; and

replacing the grindstone to the original position of the
grindstone.



