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(57) A shafted grinder (1) includes a grinder (2) and
a shaft (3) extending from the grinder (2). The grinder (2)
includes a plurality of fiber bundles (22) of a plurality of /

FIG.5

inorganic filaments bundled together (21) bonded by a
resin (23). When a stiffness of the shaft (3) is S, the shaft
(3) satisfies the following conditional expression (A).
When a region 30 mm from a rear end of the shaft (3) as
a shank section (4) is fixed, a rear end of an outer pe-
ripheral end (2a) of the grinder (2) is pushed from a di-
rection orthogonal to an axis (L), a push-in load is F (N),
and an amount of displacement of a front end of the shaft
3 is 8 (mm), the stiffness of the shaft is determined by
using the following formula (B).

0.4 £5 <100 (A)

S =F/0 (B)

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 434 676 A1 2

Description
Field
[0001] The presentinvention relates to a shafted grind-

er chucked into a hand-held rotary tool to be used, and
to a polishing tool with a shafted grinder chucked into a
hand-held rotary tool.

Background

[0002] A shafted grinder chucked into a hand-held ro-
tary tool such as a rotary pneumatic drill to be used is
described in Patent Literature 1. The shafted grinder in
this literature includes a grinder and a shaft coupled to
the grinder. The grinder has a shape rotationally sym-
metrical about the axis of the shaft. The grinder is an
inorganic filament-reinforced resin body and includes a
plurality of grinding element bundles of a plurality of in-
organicfilaments bundled together and a resin thatbonds
the grinding element bundles. The shaft includes a sup-
port member coupled to the grinder and a rod-shaped
shank coupled to the support member. The shank is a
portion to be chucked into a rotary tool. The shaftis elas-
tically deformable at the support member in a direction
orthogonal to the axial direction. In a polishing process,
an outer peripheral surface of the grinder of the shafted
grinder is brought into contact with a section to be pol-
ished of a workpiece.

[0003] Since the shafted grinder in this literature has
a flexible shaft, the grinder can be pressed against a
workpiece elastically. Thus, when a polishing process is
performed with a rotary tool gripped by hand, the posi-
tioning accuracy in bringing the grinder into contact with
a workpiece can be low. In addition, because of the shaft
being flexible, when excessive force is applied to the
grinder, such force is absorbed by elastic deformation of
the shaft. The grinder therefore does not excessively
shave a workpiece. Furthermore, since the grinder can
be pressed against the workpiece elastically, the grinder
does not bounce on a surface of the workpiece. Thus,
the grinding elements can be brought into contact with a
surface of the workpiece evenly, resulting in satisfactory
deburring and polishing.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open Publication No. 2006-35414

Summary
Technical Problem

[0005] Unfortunately, in a shafted grinder having a flex-
ible shaft, the grinder may be unevenly worn during a
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polishing process. The uneven wear of the grinder results
in uneven contact of the grinder with a workpiece, which
may lead to failure in satisfactory deburring and polishing.
Further, once uneven wear of the grinder occurs, the
shape of the grinder does not return to its original rota-
tionally symmetrical shape during a polishing process,
resulting in further deformation of the grinder. This caus-
es a phenomenon in which the grinder bounces on a
surface of the workpiece during a polishing process, for
example. The bouncing of the grinder results in uneven
contact of the grinder with the workpiece, which leads to
failure in satisfactory deburring and polishing.

[0006] In view of the above problems, an object of the
present invention is to provide a shafted grinder that can
suppress uneven wear of the grinder during a polishing
process even when the shaft is flexible. Another object
is to provide a polishing tool including such a shafted
grinder.

Solution to Problem

[0007] Theinventors ofthe presentinvention have con-
ducted elaborate studies and found that uneven wear of
the grinder is caused by vibrations generated by reso-
nance of the shafted grinder during a polishing process.
More specifically, it has been found that when the grinder
vibrates due toresonance, the grinder repeatedly collides
against a surface of a workpiece, and the impact of the
collision causes a portion of the grinder to drop off, re-
sulting in uneven wear. The present invention is based
on these findings by the inventors.

[0008] To solve the above problem, the presentinven-
tion provides a shafted grinder including: a shaft having
a shank section at a rear end; and a grinder having a
rotationally symmetrical shape around an axis of the shaft
and fixed to a front end of the shaft, the grinder having
an outer peripheral end located on an outer peripheral
side with respect to the shaft, the shank section being
chucked into a hand-held rotary tool to polish a workpiece
with the outer peripheral end of the grinder, wherein the
grinder includes a plurality of grinding element bundles
of a plurality of inorganic filaments bundled together and
includes a resin bonding the grinding element bundles,
a natural frequency has a value that does not cause res-
onance during a polishing process when the following
conditional expression is satisfied:

0.4 <5 <100

where S is a stiffness of the shaft, and

when a region 30 mm from the rear end of the shaft as
the shank section is fixed to a jig and a rear end of the
outer peripheral end of the grinder is pushed from a di-
rection orthogonal to the axis, the stiffness of the shaft
is determined by using the following formula:
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S = F/®

where F (N) is a push-in load, and & (mm) is an amount
of displacement of the front end of the shaft.

[0009] In the shafted grinder of the present invention,
the stiffness of the shaft is set to a value within a prede-
termined range defined by the conditional expression.
With this configuration, the natural frequency of the shaft-
ed grinder has a value that does not cause resonance
during a polishing process. Thus, uneven wear of the
grinder resulting from vibrations of the grinder due to res-
onance of the shafted grinder can be suppressed. Fur-
ther, setting the stiffness of the shaft to a value within a
predetermined range defined by the conditional expres-
sion can prevent or suppress bouncing of the grinder on
a surface of a workpiece in a polishing process. With this
configuration, the contact of the grinder with a workpiece
becomes even, thereby preventing or suppressing failure
in satisfactory deburring and polishing.

[0010] In other words, when the value of the stiffness
of the shaft is below the lower limit of the conditional
expression, the stiffness of the shaft is lower, and the
natural frequency of the shafted grinder becomes lower.
Accordingly, resonance is more likely to occur during a
polishing process, and uneven wear of the grinder is more
likely to occur due to vibrations caused by resonance.
On the other hand, when the value of the stiffness of the
shaft exceeds the upper limit of the conditional expres-
sion, the stiffness of the shaft is too high. In other words,
if the stiffness of the shaft is high, the natural frequency
of the shafted grinder is high, thus preventing occurrence
of resonance in the shafted grinder during a polishing
process. However, if the stiffness of the shaft is too high,
the shaft is unable to sufficiently absorb the vibrations
transmitted from the workpiece side to the shafted grinder
during a polishing process, and the grinder easily bounc-
es on a surface of the workpiece during a polishing proc-
ess. Thus, the stiffness of the shaft is set to a value equal
to or smaller than the upper limit of the conditional ex-
pression to suppress the bouncing of the grinder during
a polishing process. This configuration facilitates favora-
ble deburring and polishing of a section to be polished.

[0011] Further, the grinder includes a plurality of grind-
ing element bundles of a plurality of inorganic filaments
and a resin bonding these grinding element bundles.
Compared to a grinder with abrasive grains bonded with
aresin, when the grinder composed of such an inorganic
filament-reinforced resin body is impacted, a part of the
grinder is less likely to collapse. In other words, in a grind-
er with abrasive grains solidified with a resin, each indi-
vidual abrasive grain collapses when impacted, and un-
even wear is more likely to occur, whereas in the grinder
with a plurality of grinding element bundles solidified with
the resin, such collapse of each individual abrasive grain
does not occur. Uneven wear of the grinder is therefore
easily suppressed.

[0012] Here, when a polishing process is performed
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with a shafted grinder having a flexible shaft attached to
a hand-held rotary tool, vibrations generated during de-
burring removal or the like are absorbed by the shaft and
sometimes do not reach the operator who grips the rotary
tool. In such a case, the operator is unable to have a
feeling of whether the polishing process is being per-
formed satisfactorily. Thus, when a shafted grinder hav-
ing a flexible shaft is used to process a section to be
polished that is difficult to see, for example, to polish an
inner wall surface of a deep hole in a workpiece, the op-
eratoris unable to performthe polishing process efficient-
ly, resulting in reduced workability. In this respect, the
inventors of the present invention have verified that if the
value of stiffness of the shaft satisfies the conditional ex-
pression, the stiffness of the shaft does not become too
low, and the vibrations generated during deburring re-
moval of the like reach the operator through the shaft and
the rotary tool. The operator therefore can determine by
afeeling whether a polishing process is being performed
as desired, even when processing a section to be pol-
ished that is difficult to see. Thus, reduction in workability
of the polishing process can be suppressed.

[0013] Conventionally, there has been a demand for
increasing the length of the shaft in order to allow the
grinder to reach a section to be polished deep in a hole
when an inner wall surface of a hole in a workpiece is
polished. In general, however, as the length of the shaft
having elasticity increases, the stiffness of the shaft de-
creases accordingly. Increasing the length of the shaft
therefore causes resonance in a polishing process, so
that the grinder is more likely to be unevenly worn. Fur-
ther, when the length of the shaft is increased, the oper-
ator may be unable to determine by a feeling whether a
polishing process is being performed as desired. Thus,
it has not been easy to increase the length of the shaft
while suppressing reduction in workability of a polishing
process. In contrast, according to the present invention,
when the value of stiffness of the shaft satisfies the con-
ditional expression, uneven wear of the grinder can be
suppressed regardless of the length of the shaft, and the
operator can determine by a feeling whether a polishing
process is being performed as desired. According to the
present invention, therefore, the length of the shaft can
be increased while reduction in workability of a polishing
process is suppressed.

[0014] Here, conventionally, commercially available
shafted grinders having flexible shafts typically have a
length dimension shorter than 50 mm from the rear end
of the shaft to the grinder. In contrast, in the present in-
vention, the length dimension from the rear end of the
shaft to the grinder may be 50 mm or more.

[0015] In the present invention, the outer diameter di-
mension of the shaft may be less than 6 mm. This setting
can prevent or suppress the shaft from becoming too
thick and the value of stiffness of the shaft from exceeding
the upper limit of the conditional expression. If the outer
diameter dimension of the shaft is less than 6 mm, shad-
ing on a section to be polished by the shaft and obstruct-
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ing visibility can be easily avoided when the operator grip-
ping the rotary tool observes the section to be polished.
[0016] In the presentinvention, the grinder may weigh
0.8 g or less. In this way, the bouncing of the grinder on
a surface of a workpiece is easily suppressed, for exam-
ple, when force is applied to the shafted grinder from the
workpiece side during a polishing process.

[0017] In the present invention, the shafted grinder
may further include a fixing mechanism configured to re-
movably fix the grinder to the front end of the shaft. With
such a fixing mechanism, the grinder can be replaced
with a new grinder when it is worn.

[0018] In the present invention, the grinder may be
square or circular when viewed from a direction orthog-
onal to the axis.

[0019] In the present invention, the grinder may have
an outer diameter dimension of 3 mm or more, and an
outer diameter dimension of the shank section and a
thickness in a direction of the axis of the grinder may be
smaller than the outer diameter dimension of the grinder.
In this way, the grinder has a shape longer in the radial
direction than in the axial direction, and the outer periph-
eral end of the grinder is located on the outer peripheral
side with respect to the shaft. With this configuration, it
is easier to bring the outer peripheral end of the grinder
into contact with a section having burrs in a workpiece.

[0020] In the present invention, the grinder may have
a shape that tapers toward an outer peripheral side when
viewed from a direction orthogonal to the axis. In this
case, the shape of the grinder viewed from a direction
orthogonal to the axis is an isosceles triangle, a rhombus,
an oval, or the like.

[0021] Inthe presentinvention, the grinder may be rec-
tangular when viewed from a direction orthogonal to the
axis. When the shape of the grinder viewed from a direc-
tion orthogonal to the axis is a rectangle, the radially outer
peripheral end which is a polishing surface of the grinder
has a constant width in the axial direction.

[0022] In the present invention, a length dimension
from the rear end of the shaft to the grinder may exceed
150 mm. In this way, it is easier to allow the grinder to
reach a section to be polished deep in a hole in a work-
piece.

[0023] Apolishingtoolofthe presentinventionincludes
the shafted grinder described above and a rotary tool into
which the shank section of the shafted grinder is chucked.

Advantageous Effects of Invention

[0024] In the shafted grinder of the present invention,
uneven wear of the grinder can be suppressed during a
polishing process even when the shaft has elasticity.
Brief Description of Drawings

[0025]

FIG. 1 is a perspective view of a shafted grinder.
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FIG. 2is an exploded perspective view of the shafted
grinder.

FIG. 3 is an illustration of a polishing tool including
the shafted grinder and a rotary tool.

FIG. 4 is an illustration of a grinder.

FIG. 5 is an illustration of a measurement method
for measuring stiffness of a shaft of the shafted grind-
er.

FIG. 6 is a table that lists stiffness of a shank, total
length, and rotation speed in a polishing process of
the shafted grinder in examples and comparative ex-
amples.

FIG. 7 is an illustration of a workpiece for use in an
evaluation test.

FIG. 8 is an illustration of the evaluation test.

FIG. 9 is a table listing evaluation results of Evalua-
tion Test 1.

FIG. 10 is a table listing evaluation results of Evalu-
ation Test 2.

FIG. 11 is a table listing evaluation results of Evalu-
ation Test 3.

FIG. 12 is an illustration of modifications of the shaft-
ed grinder.

Description of Embodiments

[0026] A shafted grinder and a polishing tool according
toembodiments of the presentinvention will be described
below with reference to the drawings.

[0027] FIG. 1 is a side view of a shafted grinder. FIG.
2 is an exploded perspective view of the shafted grinder.
FIG. 3 is an illustration of a polishing tool including the
shafted grinder and a rotary tool. FIG. 3 depicts a state
in which an operator is gripping the polishing tool. FIG.
4 is an illustration of a grinder. FIG. 5 is an illustration of
ameasurement method for measuring stiffness of a shaft
of the shafted grinder. In the following description, the
direction along the axis L of a shaft 3 of a shafted grinder
1 is defined as the axial direction X. In the axial direction
X, the side where the grinder 2 is located is defined as
front side X1 of the shafted grinder 1, and the opposite
side is defined as back side X2 of the shafted grinder 1.
[0028] The shafted grinder 1includes the grinder 2 and
the shaft 3 extending from the grinder 2 to the back side
X2. The shaft 3 has a shank section 4 at its rear end. As
illustrated in FIG. 3, the shank section 4 is a portion of
the shaft 3 that is chucked into a rotary tool 10. The grind-
er 2 has arotationally symmetrical shape around the axis
L of the shaft 3. In this example, the grinder 2 is disk-
shaped. With the grinder 2 fixed to a tip end of the shaft
3, an outer peripheral end 2a of the grinder 2 is located
on the outer peripheral side with respect to the shaft 3.
[0029] The grinder 2 is fixed to the shaft 3 through a
fixing mechanism 6. The fixing mechanism 6 removably
fixes the grinder 2 to the shaft 3. As illustrated in FIG. 2,
the fixing mechanism 6 includes a head screw 7 with a
head section 7a and a threaded section 7b protruding
from the head section 7a. The fixing mechanism 6 also
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includes a fixing hole 8 that passes through the center
of the grinder 2 in the axial direction X and a threaded
hole 9 on a front end face of the shaft 3. The head screw
7 has the threaded section 7b screwed into the threaded
hole 9 through the fixing hole 8 and has the head section
7a abutting on the grinder 2. The grinder 2 may be directly
fixed to the shaft 3. In this case, the grinder 2 has a fixing
hole at its center in which the tip end of the shaft 3 can
be fitted. The fixing hole opens to the back side X2. With
the tip end of the shaft 3 inserted into the fixing hole, the
grinder 2 is fixed to the shaft 3 by adhesive applied to
the tip end of the shaft 3 or an inner peripheral surface
of the fixing hole.

[0030] As illustrated in FIG. 3, the shafted grinder 1 is
chucked into the rotary tool 10 and used as a polishing
tool 15. In this example, the rotary tool 10 is a hand-held
electric grinding machine or a hand-held rotary pneumat-
ic drill. In other words, in the polishing tool 15 in this ex-
ample, the rotary tool 10 has a grip section 11 that is
gripped by an operator. Inthe shafted grinder 1, the shank
section 4 is held in a chuck mechanism 12 of the rotary
tool 10. In a polishing process, the operator holds the
rotary tool 10 in hand and brings the grinder 2 into contact
with a section to be polished of a workpiece.

(Grinder)

[0031] The grinder 2 is a rotating body. As illustrated
in FIG. 1, the grinder 2 has an outer diameter dimension
D of 3 mm or more. The outer diameter dimension D of
the grinder 2 is larger than the outer diameter dimension
O of the shaft 3. The outer peripheral end 2a of the grinder
2 is therefore located on the outer peripheral side with
respect to the shaft 3. Further, the outer diameter dimen-
sion D of the grinder 2 is larger than the thickness E in
the axial direction X of the grinder 2. The grinder 2 is
therefore longer in the radial direction than in the axial
direction X. The grinder 2 has a weight of 0.8 g or less.
[0032] In this example, the shape of the grinder 2
viewed from a direction orthogonal to the axis L is a rec-
tangle thatis longer in the radial direction than in the axial
direction X. The radially outer peripheral end 2a which is
a processing surface of the grinder 2 therefore has a
constant width in the axial direction X. In this example,
the outer diameter dimension D of the grinder 2is 15 mm
and the thickness of the grinder 2 is 2 mm. The weight
of the grinder 2 is 0.8 g.

[0033] The grinder 2 is what is called an inorganic fil-
ament-reinforced resin body. As illustrated in FIG. 4, the
grinder 2 includes a plurality of fiber bundles 22 of a plu-
rality of inorganic filaments 21. The grinder 2 also in-
cludes a resin 23 that bonds these fiber bundles 22. The
resin 23 is a binder that solidifies the fiber bundles 22. In
this example, the resin 23 is a thermosetting resin and
impregnates each of the fiber bundles 22 to be cured.
The tip ends of the inorganic filaments 21 reach the outer
peripheral end 2a which is the processing surface of the
grinder 2.
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[0034] More specifically, the grinder 2 has a plurality
of first fiber bundles 22A oriented in a first direction at
predetermined intervals and a plurality of second fiber
bundles 22B oriented in a second direction intersecting
thefirstfiber bundles 22A at predetermined intervals. The
first fiber bundle 22A and the second fiber bundle 22B
are in a state in which one of the fiber bundles 22A and
22B partially overlaps the other of the fiber bundles 22A
and 22B. Thefiberbundles 22A and 22B are impregnated
with the resin 23 and cured. The resin 23 bonds the fiber
bundles 22 together. Epoxy resin, unsaturated polyester
resin, vinyl ester resin, bismaleimide resin, phenolic res-
in, or the like is used as the resin 23.

[0035] Glass filaments, alumina filaments, boron fila-
ments, or silicon carbide flaments are used as the inor-
ganic filaments 21. In this example, alumina filaments
are used as the inorganic filaments 21. As the inorganic
filaments 21, those with an average fiber diameter of
monofilament of 3 um to 40 um are used. As the fiber
bundles 22, those with 500 to 3000 Tex are used. In this
example, a base material of the grinder 2 is formed by
impregnating thin fiber bundles 22 of about 500 Tex with
the resin 23, aligning a plurality of grinding element bun-
dles into an arrangement illustrated in FIGS. 4(a) and
4(b), and then impregnating and curing them with the
resin 23 again.

(Shaft)

[0036] The shaft 3 is rod-shaped and has elasticity to
flex in a direction orthogonal to the axis L. The shaft 3 is
a rotating body with a rotationally symmetrical shape
around the axis L. As illustrated in FIG. 1, the shaft 3
includes the shank section 4 and a neck section 5 in this
order from the back side X2 toward the front side X1. The
shank section 4 is a region 30 mm from the rear end of
the shaft 3. The neck section 5 is a region located be-
tween the shank section 4 and the grinder 2 in the axial
direction X. The neck section 5 has a large-diameter por-
tion 5a atits front end side thathas a larger outer diameter
dimension than that of the rear side therefrom of the shaft
3. The threaded hole 9 for fixing the grinder 2 to the shaft
3 is formed on a front end face of the large-diameter
portion 5a. In this example, the shaft 3 is made of stain-
less steel.

[0037] The shaft 3 satisfies the following conditional
expression (A) when its stiffness is S.

0.4 <5 <100 (A)

[0038] When the stiffness of the shaft 3 is measured,
a region 30 mm from the rear end of the shaft 3 is fixed
as the shank section 4 to a jig 30, as illustrated in FIG.
5. Then, a predetermined push-in load is applied to a
load application position P at the rear end of the outer
peripheral end 2a of the grinder 2, from a direction or-
thogonal to the axis L. The stiffness of the shaft 3 is de-
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termined by the following formula (B):

S = F/d (B)

where F (N) is the push-inload, and & (mm) is the amount
of displacement of the front end of the shaft 3.

[0039] Here, the shaft 3 may be of any material, total
length M, and outer diameter dimension O, as long as its
stiffness satisfies the conditional expression (A). Howev-
er, the total length M of the shaft 3 is preferably 50 mm
or more. The total length M of the shaft 3 is the length
dimension from the rear end of the shaft 3 to the grinder
2. Thus, in the shafted grinder 1 in which the grinder 2 is
fixed to the shaft 3 with the tip end of the shaft 3 inserted
into the fixing hole of the grinder 2, the total length M of
the shaft 3 is a length dimension from the rear end of the
shaft 3 to the opening edge of the fixing hole of the grinder
2.

[0040] Further, the outer diameter dimension O of the
shaft 3 is preferably less than 6 mm. This setting can
prevent or suppress the shaft 3 from becoming too thick
and the value of stiffness of the shaft 3 from exceeding
the upper limit of the conditional expression (A). Here,
the outer diameter dimension O of the shaft 3 is the outer
diameter dimension of the thickest portion of the shaft 3.
In this example, therefore, the outer diameter dimension
O of the shaft 3 is the outer diameter dimension of the
large-diameter portion 5a.

(Examples and Comparative Examples)

[0041] Hereinafter, seven shafted grinders 1(1) to 1(7)
with the same grinder 2 and fixing mechanism 6 but with
varying stiffness and total length M of the shaft 3 will be
described. FIG. 6 is a table that lists shaft stiffness, shaft
total length, and rotation speed in a polishing process for
the shafted grinders in examples and comparative ex-
amples. Among the shafted grinders 1(1) to 1(7), the
shafted grinders 1(2) to 1(5) are examples of the present
invention, and the stiffness of the shaft 3 is within the
range of the conditional expression (A). The shafted
grinders 1(1), (6), and (7) are comparative examples, and
the stiffness of the shaft 3 is outside the range of the
conditional expression (A).

[0042] In the shafted grinders 1(1) to 1(7), the grinder
2 is made of an inorganic filament-reinforced resin body.
The outer diameter dimension D of the grinder 2 is 15
mm. The thickness E in the axial direction X of the grinder
2 is 2 mm. The material of the shaft 3 is stainless steel
(SUS303). On the other hand, the shafted grinders 1(1)
to 1(7) differ from each other in the stiffness of the shaft
3 and the total length M of the shaft 3. The shafted grind-
ers 1(1) to 1(7) also differ from each other in the rotation
speed at which the rotary tool 10 rotates each shafted
grinder 1 when performing a polishing process.

[0043] In the shafted grinder 1(1), the stiffness of the
shaft 3 is 0.2 N/mm. The stiffness of the shaft 3 is below
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the lower limit of the conditional expression (A). The total
length M of the shaft 3 is 261 mm. The length dimension
N of the neck section 5 excluding the shank section 4 to
be chucked into the rotary tool 10 is 231 mm. The rotation
speed in a polishing process is 2000 revolutions/min.
[0044] In the shafted grinder 1(2), the stiffness of the
shaft 3 is 0.4 N/mm. The stiffness of the shaft 3 satisfies
the conditional expression (A). The total length M of the
shaft 3 is 213 mm. The length dimension N of the neck
section 5 is 183 mm. The rotation speed in a polishing
process is 3000 revolutions/min. In the shafted grinder
1(3), the stiffness of the shaft 3 is 5 N/mm. The stiffness
of the shaft 3 satisfies the conditional expression (A). The
total length M of the shaft 3 is 109 mm. The length di-
mension N of the neck section 5 is 79 mm. The rotation
speed in a polishing process is 5000 revolutions/min. In
the shafted grinder 1(4), the stiffness of the shaft 3 is 10
N/mm. The stiffness of the shaft 3 satisfies the conditional
expression (A). The total length M of the shaft 3 is 93
mm. The length dimension N of the neck section 5 is 63
mm. The rotation speed in a polishing process is 8000
revolutions/min. In the shafted grinder 1(5), the stiffness
of the shaft 3 is 100 N/mm. The stiffness of the shaft 3
satisfies the conditional expression (A). The total length
M of the shaft 3 is 59 mm. The length dimension N of the
neck section 5is 29 mm. The rotation speed in a polishing
process is 10000 revolutions/min.

[0045] In the shafted grinder 1(6), the stiffness of the
shaft 3is 110 N/mm. The stiffness of the shaft 3 exceeds
the upper limit of the conditional expression (A). The total
length M of the shaft 3 is 58 mm. The length dimension
N of the neck section 5 is 28 mm. The rotation speed in
apolishing processis 10000 revolutions/min. In the shaft-
ed grinder 1(7), the stiffness of the shaft 3 is 120 N/mm.
The stiffness of the shaft 3 exceeds the upper limit of the
conditional expression (A). The total length M of the shaft
3 is 57 mm. The length dimension N of the neck section
5is 27 mm. The rotation speed in a polishing process is
10000 revolutions/min.

(Evaluation Test)

[0046] Evaluation Tests 1 to 3 were conducted on the
shafted grinders 1(1) to 1(7). In Evaluation Tests 1 to 3,
each of the shafted grinders 1(1) to 1(7) is chucked into
the rotary tool 10 and rotated at the aforementioned ro-
tation speed to remove burrs on a section to be polished
of a workpiece 50. Evaluation Test 1 evaluated whether
a feeling that the grinder 2 was polishing the workpiece
was transferred to the operator through the grinder 2, the
shaft 3, and the rotary tool 10 during a polishing process.
In Evaluation Test 2, the bouncing of the grinder 2 during
a polishing process was evaluated. In Evaluation Test 3,
the uneven wear of the grinder 2 during a polishing proc-
ess was evaluated. FIG. 7 is a perspective view of the
workpiece used in Evaluation Tests 1 to 3. FIG. 8 is an
illustration of Evaluation Tests 1 to 3. In FIG. 8, the work-
pieceis depictedin cross section. InFIG. 8, the workpiece
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and the shafted grinder 1 are depicted without the rotary
tool 10.

[0047] The workpiece 50 is made of carbon steel for
machine structural use. As illustrated in FIG. 7, the work-
piece 50 is cylindrical. The workpiece 50 has an outer
diameter dimension R of 30 mm and an inner diameter
dimension T of 20 mm. As illustrated in FIG. 8, an annular
groove 51 is provided on an inner peripheral surface 50a
of the workpiece 50 at a distance Q of 20 mm from an
end of the workpiece 50. The annular groove 51 has a
width dimension U of 5 mm and a depth dimension V of
2.5 mm. The workpiece 50 also has a bore hole 52 with
a diameter W of 3 mm at a position overlapping with the
annular groove 51 when viewed from the radial direction.
The bore hole 52 is provided by allowing a drill to pene-
trate the workpiece 50 from the radially outside to the
inside. The opening edge of the bore hole 52 in an annular
bottom surface 51a of the annular groove 51 is a section
to be polished. The section to be polished has burrs. It
can be said that such a section to be polished is located
deep in a deep hole in the workpiece 50.

[0048] In Evaluation Test 1, the grinder 2 rotated is
aimed at the opening edge of the bore hole 52 in the inner
peripheral surface 50a of the workpiece 50 and brought
into contact with the workpiece 50 to perform deburring.
In Evaluation Test 1, each of three evaluators determines
whether burrs are being removed by a feeling transferred
to the hand through the grinder 2, the shaft 3, and the
rotary tool 10.

[0049] Thetestresults of Evaluation Test1are aslisted
in FIG. 9. In FIG. 9, "poor" indicates that the evaluator
was unable to determine whether burrs were being re-
moved by the feeling transferred to the hand, and "good"
indicates that the evaluator was able to determine wheth-
er burrs were being removed by the feeling transferred
to the hand. As illustrated in FIG. 9, when a polishing
process was performed with the shafted grinder 1(1)
chucked into the rotary tool 10, each of the three evalu-
ators was unable to determine whether burrs were being
removed by the feeling transferred to the hand through
the grinder 2, the shaft 3, and the rotary tool 10. In other
words, the shaft 3 of the shafted grinder 1(1) had low
stiffness and flexed easily, so vibrations and the like gen-
erated during burr removal were absorbed by the shaft
3 and did not reach the evaluator. When a polishing proc-
ess was performed with the shafted grinders 1(2) to (7)
chucked into the rotary tool 10, all of the three evaluators
felt that burrs were being removed at the section to be
polished.

[0050] Evaluation Test 1 is a test to confirm whether
the shafted grinders 1(1) to 1(7) can be used for a pol-
ishing process in which a section to be polished is unable
to be visually checked directly. According to the test re-
sults, the shafted grinders 1(2) to 1(7) can be used for a
polishing process in which a section to be polished is
unable to be visually checked directly.

[0051] In Evaluation Test 2, the grinder 2 rotated is
aimed at the opening edge of the bore hole 52 in the inner
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peripheral surface 50a of the workpiece 50 and brought
into contact with the workpiece 50 to perform deburring.
In Evaluation Test 2, each of three evaluators determines
whether the grinder 2 is bouncing during a polishing proc-
ess by a feeling transferred to the hand through the shaft
3 and the rotary tool 10.

[0052] Thetestresults of Evaluation Test2 are as listed
in FIG. 10. In FIG. 10, "poor" indicates that the evaluator
felt the bouncing of the grinder 2, and "good" indicates
that the evaluator did not feel the bouncing of the grinder
2. As illustrated in FIG. 10, when a polishing process was
performed with the shafted grinders 1(1) to 1(5) chucked
into the rotary tool 10, none of the three evaluators felt
the bouncing of the grinder 2 during the polishing proc-
ess. When a polishing process was performed with the
shafted grinder 1(6) chucked into the rotary tool 10, one
of the three evaluators felt the bouncing of the grinder 2
during the polishing process. When a polishing process
was performed with the shafted grinder 1(7) chucked into
the rotary tool 10, all of the three evaluators felt the bounc-
ing of the grinder 2 during the polishing process. The
three evaluators had the impression that the polishing
tool 15 was difficult to use when the grinder 2 bounced
during a polishing process. The three evaluators also had
the impression that when the grinder 2 bounced, the vi-
brations transmitted to the operator’'s hand caused fa-
tigue accumulation in the operator.

[0053] In Evaluation Test 3, the grinder 2 rotated is
aimed at the opening edge of the bore hole 52 in the inner
peripheral surface 50a of the workpiece 50 and brought
into contact with the workpiece 50 to start deburring. The
deburring is then finished when the outermost diameter
of the grinder 2 reaches 10 mm. The deburring operation
is interrupted every 15 seconds from the start to the end
of deburring to observe the grinder 2 and the workpiece
50. Such observation is made by three evaluators on a
plurality of workpieces 50 without replacing each of the
shafted grinders 1 with a new one.

[0054] If the evaluator recognizes all of three factors
"the profile of the grinder is not circular”", "wear of the
grinder 2 has rapidly progressed, compared to the pre-
vious observation", and "bouncing of the grinder 2 is felt"
until the deburring is finished, and when the evaluator
observes the workpiece 50 after deburring is finished and
determines that "unevenness is found in the finished
edge of the opening edge of the bore hole 52 in the an-
nular bottom surface 51a", the grinder 2 was assessed
as having uneven wear.

[0055] Thetestresults of Evaluation Test3 are aslisted
in FIG. 11. In FIG. 11, "poor" indicates that uneven wear
occurred in the grinder 2, and "good" indicates that un-
even wear did not occur in the grinder 2. As illustrated in
FIG. 11, when a polishing process was performed with
the shafted grinder 1(1) chucked into the rotary tool 10,
all of the three evaluators assessed the grinder 2 as hav-
ing uneven wear. When a polishing process was per-
formed with the shafted grinders 1(2) to 1(7) chucked
into the rotary tool 10, all of the three evaluators assessed
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the grinder 2 as not having uneven wear.

[0056] According to Evaluation Tests 1 to 3, it is clear
that if the shafted grinders 1(2) to 1(5) with the stiffness
of the shaft 3 that satisfies the conditional expression (A)
are chucked into the rotary tool 10 to perform a polishing
process, uneven wear of the grinding element during a
polishing process can be prevented or suppressed, and
bouncing of the grinding element during a polishing proc-
ess can be prevented or suppressed. Itis also found that
if the shafted grinders 1(2) to 1(5) with the stiffness of
the shaft 3 that satisfies the conditional expression (A)
are chucked into the rotary tool 10 to perform a polishing
process, the operator can determine that the polishing
process is being performed by the feeling transferred to
the hand, and fatigue accumulation in the operator is sup-
pressed.

(Operation Effects)

[0057] Inthe shafted grinders 1(2) to 1(5) in this exam-
ple, the stiffness of the shaft 3 is set to a value within a
predetermined range defined by the conditional expres-
sion (A). With this configuration, the natural frequency of
the shafted grinder 1 has a value that does not cause
resonance during a polishing process. Thus, uneven
wear of the grinder 2 resulting from vibrations of the grind-
er 2 due to resonance of the shafted grinder 1 can be
suppressed. In the shafted grinders 1(2) to 1(5) in this
example, since the stiffness of the shaft 3is setto a value
within a predetermined range defined by the conditional
expression (A), bouncing of the grinder 2 on a surface of
the workpiece 50 can be prevented or suppressed in a
polishing process.

[0058] In other words, when the value of stiffness of
the shaft 3 is below the lower limit of the conditional ex-
pression (A), as in the shafted grinder 1(1), the stiffness
of the shaft 3 is lower, and the natural frequency of the
shafted grinder 1 becomes lower. Accordingly, reso-
nance is more likely to occur during a polishing process,
and uneven wear of the grinder 2 is more likely to occur
due to vibrations caused by resonance. Here, uneven
wear of the grinder 2 results in uneven contact of the
grinder 2 with the workpiece 50, which may lead to failure
in satisfactory deburring and polishing. Further, once un-
evenwear ofthe grinder 2 occurs, the shape of the grinder
2 does not return to its original rotationally symmetrical
shape during a polishing process, resulting in further de-
formation of the grinder 2. This causes a phenomenon
in which the grinder 2 bounces on a surface of the work-
piece 50 during a polishing process, for example. The
bouncing of the grinder 2 results in uneven contact of the
grinder 2 with the workpiece 50, which leads to failure in
satisfactory deburring and polishing. In the shafted grind-
ers 1(2) to 1(5) in this example, therefore, the stiffness
of the shaft 3 is set to a value equal to or greater than
the lower limit of the conditional expression (A) to prevent
or suppress uneven wear of the grinder 2. Thus, occur-
rence of such inconvenience can be avoided.
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[0059] On the other hand, when the value of stiffness
of the shaft 3 exceeds the upper limit of the conditional
expression (A), as in the shafted grinder 1(6) and the
shafted grinder 1(7), the stiffness of the shaft 3 is too
high. In other words, if the stiffness of the shaft 3 is high,
the natural frequency of the shafted grinder 1 is high,
thus preventing occurrence of resonance in the shafted
grinder 1 during a polishing process. However, if the stiff-
ness of the shaft 3 is too high, the shaft 3 is unable to
sufficiently absorb the vibrations transmitted from the
workpiece 50 side to the shafted grinder 1 during a pol-
ishing process, and the grinder 2 easily bounces on a
surface of the workpiece 50 in a polishing process. Here,
the bouncing of the grinder 2 results in uneven contact
of the grinder 2 with the workpiece 50, which leads to
failure in satisfactory deburring and polishing. Further,
the bouncing of the grinder 2 may cause the grinder 2 to
come into contact with a section different from a section
to be polished of the workpiece 50 and damage the work-
piece 50. Furthermore, the bouncing of the grinder 2
causes fatigue accumulation in the operator due to vi-
brations transmitted to the operator’s hand. In the shafted
grinders 1(2) to 1(5) in this example, therefore, the stiff-
ness of the shaft 3 is set to a value equal to or smaller
than the upper limit of the conditional expression (A) to
suppress the bouncing of the grinder 2 during a polishing
process. Thus, occurrence of such inconvenience can
be avoided.

[0060] Here, when the value of stiffness of the shaft 3
is within the range of the conditional expression (A), the
natural frequency of the shafted grinder 1 can be in-
creased to the extent that resonance can be prevented,
regardless of the material, the total length M, and the
outer diameter dimension O of the shaft 3. The natural
frequency of the shafted grinder 1 is higher than the ex-
citation frequency, which depends on the rotation speed
of the shafted grinder 1 in a polishing process. Thus,
when the value of stiffness of the shaft 3 is within the
range of the conditional expression (A), resonance of the
shafted grinder 1 can be prevented or suppressed, re-
gardless of the rotation speed of the shafted grinder 1
during a polishing process.

[0061] The grinder 2 of the shafted grinder 1 is an in-
organicfilament-reinforced resin body and includes a plu-
rality of fiber bundles 22 composed of a plurality of inor-
ganic filaments 21 and the resin 23 that bonds these fiber
bundles 22. Compared to a grinder with abrasive grains
bonded with a resin, when such a grinder 2 is impacted,
a part of the grinder 2 is less likely to collapse. In other
words, in a grinder with abrasive grains solidified with a
resin, each individual abrasive grain collapses when im-
pacted, and uneven wear is more likely to occur, whereas
inthe grinder 2 with a plurality of fiber bundles 22 solidified
with the resin 23, such collapse of each individual abra-
sive grain does not occur. Uneven wear of the grinder 2
during a polishing process is therefore easily sup-
pressed.

[0062] In this example, the total length M of the shaft
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3is 50 mm or more. Here, conventionally, there has been
a demand for increasing the total length M of the shaft 3
in order to allow the grinder 2 to reach a section to be
polished deep in a hole when an inner wall surface of a
hole in a workpiece is polished. In general, however, as
the total length M of the shaft 3 having elasticity increas-
es, the stiffness of the shaft 3 decreases accordingly.
Increasing the total length M of the shaft 3 therefore caus-
es resonance in a polishing process, so that the grinder
is more likely to be unevenly worn. Further, when the
total length M of the shaft 3 is increased, the operator
may be unable to determine by a feeling whether a pol-
ishing process is being performed as desired. Thus, it
has not been easy to increase the length of the shaft 3
while suppressing reduction in workability of a polishing
process. In contrast, in the shafted grinders 1(2) to 1(5)
in this example, since the value of stiffness of the shaft
3 satisfies the conditional expression (A), uneven wear
of the grinder 2 can be prevented regardless of the total
length M of the shaft 3. Further, the operator can deter-
mine by a feeling whether a polishing process is being
performed as desired. In the shafted grinders 1(2) to 1(5)
in this example, therefore, the total length of the shaft 3
can be increased while reduction in workability of a pol-
ishing process is suppressed.

[0063] Here, conventionally, commercially available
shafted grinders having flexible shafts typically have a
length dimension shorter than 50 mm from the rear end
of the shaft 3 to the grinder. In contrast, the shafted grind-
ers 1(2) to 1(5) in this example have a length dimension
of 50 mm or more from the rear end of the shaft 3 to the
grinder.

[0064] Further, currently, no shafted grinder 1 with a
flexible shaft 3 having a total length of the shaft 3 exceed-
ing 150 mm has been provided. The reason for this is as
follows. In a polishing process for an inner peripheral
surface of a deep hole that requires the use of the shafted
grinder 1 having a total length of the shaft 3 exceeding
150 mm, it is difficult for the operator to visually check a
section to be polished of a workpiece during the polishing
process, while it is difficult for the operator to have a feel-
ing that desired processing is being done during the pol-
ishing process through the rotary tool 10 gripped by the
operator. In this respect, in the shafted grinder 1(2) in
this example with a total length of the shaft 3 exceeding
150 mm, since the value of stiffness of the shaft 3 satisfies
the conditional expression (A), the operator can have a
feeling that desired processing is being done during a
polishing process even when the operator is unable to
visually check a section to be polished of a workpiece.
Further, when the stiffness of the shaft 3 is set to a value
that satisfies the range of the conditional expression (A),
occurrence of uneven wear in the grinder 2 can be pre-
vented or suppressed, and bouncing of the grinder 2 dur-
ing a polishing process can be prevented or suppressed.
Deburring and polishing therefore can be performed sat-
isfactorily by the shafted grinder 1(2) with a total length
of the shaft 3 exceeding 150 mm.
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[0065] In this example, the outer diameter dimension
O of the shaft 3 is less than 6 mm. This setting easily
prevents or suppresses the shaft 3 from becoming too
thick and the value of stiffness of the shaft 3 from ex-
ceeding the upper limit of the conditional expression (A).
If the outer diameter dimension O of the shaft 3 is less
than 6 mm, shading on a section to be polished by the
shaft 3 and obstructing visibility can be easily avoided
when the operator gripping the rotary tool 10 observes
the section to be polished.

[0066] In this example, the grinder 2 weighs 0.8 g or
less. The bouncing of the grinder 2 on a surface of the
workpiece 50 is therefore easily suppressed, for exam-
ple, when force is applied to the shafted grinder 1 from
the workpiece 50 side during a polishing process.
[0067] In this example, the shafted grinder 1 has the
fixing mechanism 6 that removably fixes the grinder 2 to
the front end of the shaft 3. Thus, when the grinder 2 is
worn, the worn grinder 2 can be replaced with a new
grinder 2.

(Modifications)

[0068] FIGS. 12(a) to (f) illustrate shafted grinders of
first to sixth modifications. In all of shafted grinders 1A
to 1F of the first to sixth modifications illustrated in FIGS.
12(a) to (f), the stiffness of the shaft 3 satisfies the con-
ditional expression (A). FIG. 12 depicts a load application
position P for measuring the stiffness of the shaft 3 of the
shafted grinders 1Ato 1F of the first to sixth modifications.
[0069] The shafted grinder 1A of the first modification
illustrated in FIG. 12(a) has a square shape when the
grinder 2 is viewed from a direction orthogonal to the axis
L. The grinder 2is therefore cylindrical. The shafted grind-
er 1B of the second modification illustrated in FIG. 12(b)
has a circular shape when the grinder 2 is viewed from
adirection orthogonal to the axis L. The grinder 2 is there-
fore spherical.

[0070] Next,the grinder2may have ashape thattapers
toward the outer peripheral side when viewed from a di-
rection orthogonal to the axis L. In this case, the grinder
2 canhave anisosceles triangle shape when viewed from
a direction orthogonal to the axis L, as in the shafted
grinder 1C of the third modification illustrated in FIG. 12(c)
and the shafted grinder 1D of the fourth modification il-
lustrated in FIG. 12(d). In the shafted grinder 1C of the
third modification, the grinder 2 has a conical shape with
the apex pointing to the front side X1. In the shafted grind-
er 1D of the fourth modification, the grinder 2 as a whole
has a conical shape with the apex pointing to the back
side X2. In this case, the grinder 2 can have a rhombus
shape when viewed from a direction orthogonal to the
axis L, asin the shafted grinder 1E of the fifth modification.
In this case, the grinder 2 can have an oval shape when
viewed from a direction orthogonal to the axis L, as in
the shafted grinder 1F of the sixth modification.

[0071] In each of the shafted grinders 1A to 1F of the
first to sixth modifications, the grinder 2 has a fitting hole
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25 at its center into which the tip end of the shaft 3 can
be fitted. The fitting hole 25 opens to the back side X2.
With the tip end of the shaft 3 inserted into the fitting hole
25, the grinder 2 is fixed to the shaft 3 by adhesive applied
to the tip end of the shaft 3 and the inner peripheral sur-
face of the fitting hole 25. In each of the shafted grinders
1A to 1F of the first to sixth modifications, uneven wear
of the grinder 2 and bouncing of the grinder 2 during a
polishing process can also be suppressed.

Claims

1. Ashafted grinder comprising: a shaft having a shank
section at a rear end; and a grinder having a rota-
tionally symmetrical shape around an axis of the
shaft and fixed to a front end of the shaft, the grinder
having an outer peripheral end located on an outer
peripheral side with respect to the shaft, the shank
section being chucked into a hand-held rotary tool
to polish a workpiece with the outer peripheral end
of the grinder, wherein

the grinder includes a plurality of grinding ele-
mentbundles of a plurality of inorganic filaments
bundled together and includes a resin bonding
the grinding element bundles,

a natural frequency has a value that does not
cause resonance during a polishing process
when the following conditional expression is sat-
isfied:

0.4 <5 <100

where S is a stiffness of the shaft, and

when a region 30 mm from the rear end of the
shaft as the shank section is fixed to a jig and a
rear end of the outer peripheral end of the grinder
is pushed from a direction orthogonal to the axis,
the stiffness of the shaft is determined by using
the following formula:

S = F/d

where F (N) is a push-in load, and 3 (mm) is an
amount of displacement of the front end of the
shaft.

2. The shafted grinder according to claim 1, wherein a
length dimension from the rear end of the shaft to
the grinder is 50 mm or more.

3. Theshafted grinder according to claim 1 or 2, where-
in the shaft has an outer diameter dimension of less
than 6 mm.
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10

4.

10.

1.

The shafted grinder according to any one of claims
1 to 3, wherein the grinder weighs 0.8 g or less.

The shafted grinder according to any one of claims
1 to 4, further comprising a fixing mechanism con-
figured to removably fix the grinder to the front end
of the shaft.

The shafted grinder according to any one of claims
1 to 5, wherein the grinder is square or circular when
viewed from a direction orthogonal to the axis.

The shafted grinder according to any one of claims
1 to 5, wherein

the grinder has an outer diameter dimension of
3 mm or more, and

an outer diameter dimension of the shank sec-
tion and a thickness in a direction of the axis of
the grinder are smaller than the outer diameter
dimension of the grinder.

The shafted grinder according to claim 7, wherein
the grinder has a shape that tapers toward an outer
peripheral side when viewed from a direction orthog-
onal to the axis.

The shafted grinder according to claim 7, wherein
the grinder is rectangular when viewed from a direc-
tion orthogonal to the axis.

The shafted grinder according to any one of claims
1t0 9, wherein a length dimension from the rear end
of the shaft to the grinder exceeds 150 mm.

A polishing tool comprising:

the shafted grinder according to any one of
claims 1 to 10; and

a rotary tool into which the shank section of the
shafted grinder is chucked.
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FIG.5
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FIG.6

Stifness | (Rotation speed _ |, Fotation speed
[N/mm] | ina pohs[l::;f]process) [revolutions/min]

The shafted grinder1(1) 0.2 261(231) 2,000

The shafted grinder1(2) 0.4 213(183) 3,000

The shafted grinder1(3) 5 109(79) 5,000

The shafted grinder1(4) 10 93(63) 8,000

The shafted grinder1(5) 100 59(29) 10,000

The shafted grinder1(6) 110 58(28) 10,000

The shafted grinder1(7) 120 57(27) 10,000
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FIG.7
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FIG.8
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FIG.9
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Stiffness | The evaluator | The evaluator | The evaluator
[N/mm] 1 2 3

The shafted grinder1(1) 0.2 X X X

The shafted grinder1(2) 0.4 @) O O

The shafted grinder1(3) 5 O O O

The shafted grinder1(4) 10 O O O

The shafted grinder1(5) 100 O O O

The shafted grinder1(6) 110 O O O

The shafted grinder1(7) 120 O O O
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FIG.10

Stiffness | The evaluator | The evaluator | The evaluator
[N/mm] 1 2 3

The shafted grinder1(1) 0.2 O O O

The shafted grinder1(2) 0.4 O O O

The shafted grinder1(3) 5 O O O

The shafted grinder1(4) 10 O O O

The shafted grinder1(5) 100 O O O

The shafted grinder1(6) 110 O X X

The shafted grinder1(7) 120 X X X
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FIG.11

Stiffness | The evaluator | The evaluator | The evaluator
[N/mm] 1 2 3

The shafted grinder1(1) 0.2 X X X

The shafted grinder1(2) 0.4 @) O O

The shafted grinder1(3) 5 O O O

The shafted grinder1(4) 10 O O O

The shafted grinder1(5) 100 @) O O

The shafted grinder1(6) 110 O O O

The shafted grinder1(7) 120 O O O
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FIG.12
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