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DESCRIPTION

Title of Invention

POLISHING DEVICE AND POLISHING METHOD

Technical Field

[0001] The present invention relates to a polishing device and a
polishing method of workpieces. The present invention relates to a
polishing device and a polishing method that are used for small
workpieces.

Background Art

[0002] Processing, which is performed by an air blast device, is widely
used as the polishing of workpieces. The air blast device is a device
that performs polishing, such as the debuiring of surfaces of
workpieces, the adjustment of surface roughness, rounding, and the
removal of a surface layer, by injecting an abrasive from a nozzle
together with compressed air so that the abrasive collides with
workpieces.

[0003] The size of a workpiece is mnot particularly limited in the
polishing that is performed by a blast device, but a demand for the
polishing of small workpieces has increased in recent years. For
example, when the workpieces are electronic components, a demand for
the polishing of small workpieces has further increased due to the
spread of smart phones or tablet terminals.

[0004] Since a lot of workpieces can be polished at a time in the
polishing performed by an air blast device, the processability of the

polishing performed by an air blast device is good. However, since the
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abrasive is blown to the workpieces together with compressed air as a
solid-gas two-phase flow, workpieces having a certain size or weight are
scattered. A polishing device and a polishing method, which polish
small workpieces, are disclosed in Patent Literature 1. In Patent
Literature 1, as illustrated in Fig. 11, auxiliary tumblers into which
workpieces are charged are put in a tumbler of a tumbler-type blast
device commercially-supplied for general use and blasting is performed
during polishing. Accordingly, polishing can be efficiently performed.
However, since the auxiliary tumblers are used, the amount of
workpieces to be processed is small in regard to the volume of the
tumbler. For this reason, a polishing device having higher productivity
is required.

[0005] Further, there is a case in which workpieces cannot be polished
well by a polishing method known in the related art depending on the
shape- of the workpiece as in cases in which workpieces are very small,
are flat, and include grooves. For example, when workpieces
including narrow grooves are polished by barrel polishing, polishing
media do not easily enter the grooves. For this reason, the workpieces
cannot be polished well.

Citatiom List

Patent Literature

[0006] Patent Literature 1: Japanese Unexamined Patent Application
Publication No. 2002-301664

Summary of Invention

Technical Problem

[0007] That is, a polishing device and a polishing method using new
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processes instead of the processing using an air blast device are required
in this technical field.

Solution to Problem

[0008] A polishing device according to an aspect of the invention,
which polishes surfaces of workpieces, includes: a processing vessel
that includes a bottom surface portion allowing an abrasive to pass
therethrough and allows the workpieces to stay on the bottom surface
portion; a fluidizing unit that fluidizes the workpieces in the processing
vessel; an abrasive-feeding unit that feeds the abrasive to the
workpieces present in the processing vessel; and a suction unit that
generates an air flow in a direction in which the abrasive passes through
the processing vessel, and recovers the abrasive by suction.

[0009] An air flow directed toward the suction unit is generated near
the processing vessel and in the processing vessel by a suction force that
is generated by the suction unit. Since a plurality of workpieces are
charged into the processing vessel, the abrasive fed to the workpieces,
which are charged into the processing vessel, from the abrasive-feeding
unit is directed toward the suction unit by this air flow. The surfaces of
the workpieces are polished by the flow of the abrasive. In this case,
the workpieces charged into the processing vessel are fluidized in the
processing vessel by the fluidizing unit, so that the workpieces are
agitated. For this reason, since the surfaces of the workpieces charged
into the processing vessel are arbitrarily oriented, all the surfaces of all
the workpieces can be uniformly polished. The suction unit may
include a suction member, which is disposed so that a gap is formed

between the suction member and the processing vessel, in order to
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efficiently generate this air flow near the processing vessel and in the
processing vessel.

Meanwhile, the “feeding of abrasive”, which is mentioned here,
means that the abrasive is not blown to the workpieces present in the
processing vessel unlike in the air blast device and the abrasive is
merely fed to the workpieces. For example, when the abrasive-feeding
unit is disposed above the processing vessel, the abrasive-feeding unit
may merely naturally drop the abrasive toward the processing vessel.
Further, the abrasive may be sucked by the suction unit so as fo be
supplied to the processing vessel. Furthermore, the abrasive may be
supplied to the processing vessel by a small force of wind that does not
allow the abrasive to be scattered to the surroundings.

[0010} In an embodiment, the fluidizing unit may be a vibrating unit
that vibrates the processing vessel or a rotating unit that rotates the
processing vessel about a center of the bottom surface portion as an
axis. According to this embodiment, it is possible to efficiently
fluidize the workpieces by a simple structure.

[0011] In an embodiment, the fluidizing unit may further include a

fluidization confrol unit that changes a fluidization state. Aéc'ording to

this embodiment, it is possible to change the fluidization state of the
workpieces according to the shapes, the mass, or the like of the
workpieces. For this reason, it is possible to polish all the workpieces.

[0012] In an embodiment, the fluidizing unit may be the rotating unit,
and the processing vessel may be supported by the rotating unit so as to
be inclined with respect to a horizontal plane. According to this

embodiment, it is possible to fluidize the workpieces well by
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appropriately selecting the rotational speed and the inclination angle of
the processing vessel according to the properties of the workpieces.
Further, when the inclination angle of the processing vessel is selected
from the range of 30° to 70° with respect to the horizontal plane, it is
possible to more uniformly fluidize the workpieces.

[0013] In an embodiment, the bottom surface portion of the processing
vessel may be provided with an opening. In this embodiment, the
opening allows only the abrasive to pass through the bottom surface
portion of the processing vessel by the suction force of the suction unit.
That is, only the abrasive, which is present in the processing vessel, can
be selectively sucked by the suction unit.

[0014] In an embodiment, the opening may be formed in a mesh shape

- and a mesh size of the opening may be in the range of 70 um to 1109

um. Since the opening ratio of the mesh-shaped opening is high in this
embodiment, an air flow directed toward the suction unit can be

efficiently generated near the processing vessel and in the processing

- vessel. Further, when the mesh size of the opening is set in the
- above-mentioned range, it is possible to allow the abrasive to pass

through the opening without ailowing the workpieces to pas.s through

the opening,

[0015] In an embodiment, when suction is performed by the suction
unit, an abrasive suction portion where the abrasive passes through the
processing vessel and is sucked by the suction unit may be formed on a
part of the bottom surface portion of the processing vessel. There is a
case in which the fluidization of the workpieces is inhibited when the

abrasive suction portion is formed on the entire processing vessel. Itis
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possible to prevent the inhibition of the fluidization of the workpieces,
which is caused by suction, by forming the abrasive suction portion on a
part of the processing vessel. In an embodiment, for the facilitation of
the uniform fiuidization of the workpieces, an area of the abrasive
suction portion can be set in the range of 1/8 to 1/4 of an area of the
bottom surface portion. Further, in an embodiment, a suction speed of

the abrasive passing through the abrasive suction portion may be 5

- m/sec or more and.lower than 100 m/sec. Furthermore, in an

embodiment, a center of the abrasive suction portion may be positioned
so as to be distant from a direction, which is toward a lower end of a
peripheral edge portion of the bottom surface portion from the center of
the bottom surfacc;, portion of the processing vessel, by a predetermined
angle in a rotation direction of the processing vessel.

[0016] Moreover, in an embodiment, an air flow control member, which
controls an air flow allowing the abrasive to pass through the processing
vessel, may be disposed at the center of the bottom surface portion of
the processing vessel. There is a case in which the fluidization of the

workpieces is inhibited when air is sucked near the center of the bottom

. surface portion of the processing vessel. In this embodiment, it is-

possible to prevent the inhibition of the fluidization of the workpieoes,

- which is caused by suction, by disposing the air flow control member at

the center of the bottom surface portion of the processing vessel.

[0017] In an embodiment, the abrasive-feeding unit may include a
storage tank that stores the abrasive, an abrasive feeding port through
which the abrasive is fed to the workpieces, aud a conveyance unit that

conveys the abrasive supplied from the storage tank toward the abrasive
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discharge port. It is possible to continuously feed the abrasive to the
workpieces by this structure.

[0018] The conveyance unit may include a conveyance screw that
includes spiral blades provided on a rotating shaft, and a trough in
which the conveyance screw is provided and which includes the
abrasive feeding port formed at a lower portion of an end thereof (front
side) and an abrasive supply port formed at an upper surface of a rear
portion thereof (rear side) so as to be connected to the storage tank.
An inner space of the trough may be divided into a space that is formed
by the conveyance screw and the trough and a space that is positioned in
front of the conveyance screw and includes the abrasive feeding port,
and a regulating plate, in which a crushing portion through which the
abrasive can pass is formed (opened), may be disposed between an end
(front end) of the conveyance screw and the abrasive feeding port. An
abrasive feeding portion can remove gas by pressing the abrasive that is
sent from the abrasive conveyance portion. In this case, the abrasive is
solidified. The solidified abrasive continues to be further advanced
and passes through the regulating plate. When the solidified abrasive
passes through the crushing portion formed in the regulating plate, the
solidified abrasive is crushed and a fixed quantity of the abrasive is
conveyed to the supply port. . For this reason, the change of the bulk
specific gravity of the abrasive; which is caused when gas is mixed to
the abrasive in the conveyance unit, does not occur. Further, the
deterioration of accuracy of the supply of the abrasive, which is caused
by the non-uniformity of the feed of the conveyance unit, does not

occur. Accordingly, a fixed quantity of the abrasive can be supplied to
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the workpieces.

[0019] Furthermore, in an embodiment, the workpiece may be made of
a hard and brittle material. The above-mentioned polishing device
may be used for metal products including castings, forgings, and cut
products and nonmetallic products including rubber and plastics, as
workpieces. Particularly, the above-mentioned polishing device may
also be used for the polishing of workpieces made of hard and brittle
materials, which have a hard property and a brittle property, such as
ceramics, silicon, ferrite, and crystalline materials, among them.
Moreover, in the case of a workpiece made of a hard and brittle
material, the above-mentioned polishing device may also be used for the
polishing of a component used as a small electronic component like a
component, such as a multilayer ceramic capacitor or an inductor.

[0020] According to another aspect of the invention, there is provided a
polishing method using a polishing device including a processing vessel
into which workpieces are charged, a fluidizing unit that fluidizes the
workpieces, an abrasive-feeding unit that feeds an abrasive to the
workpieces present in the processing vessel, and a suction unit that
recovers the abrasive by suction. The polishing method may include: a
workpiece-charging step of charging the workpieces into the processing
vessel; an air flow generating step of generating an air flow in a
direction in which the abrasive passes through the processing vessel by
the suction unit; a fluidizing step of fluidizing the workpieces, which are
charged into the processing vessel, by the fluidizing unit; an
abrasive-feeding step of feeding the abrasive to the workpieces, which

are present in the processing vessel, from the abrasive-feeding unit; a
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polishing step of polishing the workpieces by allowing the abrasive to
pass between the workpieces charged into the processing vessel; and an
abrasive recovering step of recovering the abrasive by the suction unit.
Since the abrasive is not blown to the workpieces in the
above-mentioned method unlike in the processing performed by an air
blast device, the scattering of the abrasive or the workpieces to the
surroundings is prevented. Meanwhile, in the above-mentioned
method, the respective steps may be performed in sequence and two or
more steps may be simultaneously performed.

[0021] A. polishing method according to another aspect of the invention
uses a polishing device including a processing vessel that includes a
bottom surface portion allowing an abrasive to pass therethrough and
allowing workpieces to stay thereon and a discharge portion through
which the workpieces are discharged to the outside, a fluidizing unit that
fluidizes the workpieces, an abrasive-feeding unit that feeds the.abrasive
to the workpieces present in the processing vessel, and a suction unit
that recovers the abrasive by suction. The polishing method includes:
a workpiece-charging step of continuously or intermittently charging the
workpieces into the processing vessel; an air flow generating step of
generating an air flow in a direction in which the abrasive passes .
through the processing vessel by the suction unit; a fluidizing-advancing
step of fluidizing the workpieces, which are present in the processing
vessel, by the fluidizing unit and advancing the workpieces, which are
charged in the workpiece-charging step, toward the discharge portion;
an abrasive-feeding step of feeding the abrasive to the workpieces, -

which are present in the processing vessel, from the abrasive-feeding
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unit; a polishing step of polishing the workpieces by allowing the
abrasive to pass between the workpieces that are present in the
processing vessel; an abrasive recovering step of recovering the
abrasive by the suctionm unit; and a workpiece recovering step of
recovering the workpieces that are discharged from the discharge
portion. Meanwhile, in the above-mentioned method, the respective
steps may be performed in sequence and two or more steps may be
simultaneously performed.

[0022] In ‘an embodiment, a passage speed of the abrasive, which
passes between the workpieces charged into the processing vessel, can
be 5 m/sec or more and lower than 100 m/sec.

[0023] In an embodiment, the fluidizing unit may be a rotating unit that
rotates the processing vessel about-a center of the bottom surface
portion as an axis, and, in the fluidizing step, the processing vessel may

be rotated in the range of 5% to 50% of a critical rotational speed by the

-rotating unit. Since the workpieces can be efficiently fluidized during

polishing in this embodiment, it is possible to achieve uniform polishing
without the non~uniformity of the finishing accuracy of all the
workpieces.

Advantageous Effects of Invention

[0024] According to various aspects and various embodiments of the
invention, it is possible to provide a polishing device and.a polishing
method for small components, which use new processes instead of
polishing using an air blast device, and workpieces that are processed by
the polishing device. Since an abrasive is not injected to workpieces

together with compressed air as a solid-gas two-phase flow in these

10
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aspects and embodiments, the workpieces are not scattered to the
outside of the processing vessel by the solid-gas two-phase flow.
Accordingly, the degradation of a product yield, which is caused by the
scaftering of the workpieces, does not occur. Further, since the
abrasive is not scattered to the surroundings, the degradation of work
environment caused by the scattering of the abrasive does not occur.
Brief Description of Drawings

[0025] Fig. 1 is a schematic diagram illustrating the structure of a
polishing device of a first embodiment.

Fig. 2 is a diagram illustrating the shape of a processing vessel
of the first embodiment. Fig. 2A is a schematic diagram illustrating
the section of the processing vessel viewed from the side, and Fig, 2B is
a schematic diagram of the processing vessel viewed in a direction of
arrows A-A of Fig, 2A.

Fig. 3 is a schematic diagram illustrating a modification of the
processing vessel of the first embodiment. Fig. 3A is a side view of a
processing vessel of which a sidewall is formed in a partially spherical
shape. Fig. 3B is a bottom view of a processing vessel of which a -
bottom surface portion is formed in a polygonal shape. Fig. 3C1is a
sectional view of a processing vessel that includes a flange portion
formed at an upper end portion thereof.

Fig. 4 is a schematic diagram illustrating the flow of workpieces
in the processing vessel of the first embodiment.

Fig. 5 is a schematic diagram illustrating the structure of an
abrasive-feeding unit of the first embodiment.

Fig. 6 is a diagram illustrating the position of an abrasive suction

11



10

15

20

25

portion of the first embodiment.

Fig. 7 is a schematic diagram illustrating the structure of a
polishing device of a second embodiment. Fig. 7A is a schematic
diagram illustrating the entire polishing device, and Fig. 7B is a
schematic diagram illustrating a positional relationship between a first
weight and a second weight.

Fig. 8 is a schematic diagram illustrating the flow of workpieces
in a processing vessel of the second embodiment. Fig. 8A is a
schematic plan view and Fig. 8B is a schematic sectional view.

Fig. 9 is a plan view schematically illustrating the structure of a
polishing device of a third embodiment.

Fig. 10 is a cross-sectional view taken along line X-X of Fig. 9.

Fig. 11 is a schematic diagram illustrating a.polishing device in
the related art.

Descripticn of Embodiments

. [0026] An example of an embodiment of a polishing device will be

described with reference to the drawings. A wvertical direction and a
horizontal direction in the following description mean directions in the
drawings as long as not mentioned. Meanwhile, the invention is not
limited to the structure of this embodiment and can be appropriately
modified as necessary.

[0027] (First embodiment)

As illustrated in Fig. 1, a polishing device 1 of this embodiment
includes a processing vessel 10, a fluidizing unit, an abrasive-feeding
unit 30, and a suction unit 40. In this embodiment, the polishing
device includes a rotating unit 20 as the fluidizing unit.

12
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[0028] As illustrated in Fig., 2A, the processing vessel 10 includes a
wall portion 11 and a bottom surface portion 12. The wall portion 11
has, for example, a cylindrical shape and extends from an edge of the
bottom surface portion 12 in a direction crossing the bottom surface
portion 12. That is, the wall portion 11 defines a space, which is
present on the bottom surface portion 12, from the side. The bottom
surface portion 12 is provided with an opening 13. The opening 13
may be formed so as to be partially opened like punching metal, and
may be formed so as to be opened as a whole like a mesh shape. In
this embodiment, the opening 13 of the bottom surface portion 12 is
formed using a mesh-shaped member as illustrated in Fig. 2B.

[0029] The opening 13 needs to have a size that allows an abrasive to
pass but does not allow workpieces to pass. The diameter of the
opening 13 or the mesh size when the opening 13 is formed in a mesh
shape, may be set in the range of 70 pm to 1100 pum and may be set in
the range of 70 pm to 500 pm. When the bottom surface portion 12 is
provided with the opening 13 having a diameter smaller than the size of
the workpiece and larger than the particle size of the abrasive, it is
possible to allow the abrasive to pass through the bottom surface portion
12 and to allow the workpieces to stay on the bottom surface portion 12.
[0030] The shape of the processing vessel 10 may not have a
rectangular longitudinal section illustrated in Fig. 2. For example, the
processing vessel may be formed in a partially spherical shape as
illustrated in Fig. 3A. The spherical shape, which is mentioned here, .
includes not only a simple spherical shape but also an elliptical shape.

Further, the processing vessel may be formed in the shape of a box of

13
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which a bottom surface portion 12 has a polygonal planar shape as
illustrated in Fig. 3B.

[0031] Furthermore, the processing vessel may include a flange portion
14 formed at an upper end portion thereof as illustrated in Fig. 3C so
that workpieces W do not flow out of the processing vessel 10. The
flange portion 14 extends from an upper end portion of the wall portion
11 so as to be inclined toward the inside of the processing vessel 10
with respect to the extending direction of the wall portion 11. An
angle between the wall portion 11 and the flange portion 14 can be in
the range of 90° fo 150°. In more detail, the angle between the wall
portion 11 and the flange portion 14 can be in the range of 90° to 120°.
When the angle between the wall portion 11 and the flange portion 14 is
excessively small, there is a concern that workpieces W may be caught
in a space formed by the wall portion 11 and the flange portion 14.
When the angle between the wall portion 11 and the flange portion 14 is
excessively large, an effect of the formation of the flange portion 14
cannot be obtained.

[0032] As illustrated in Fig. 1, the rotating unit 20 includes a holder 21,
a motor 22, and a rotation transmission member 23. The holder 21
has, for example, a cylindrical shape and fixes the processing vessel 10
so as to concenfrically surround the wall portion 11 of the processing
vessel 10 from the outside. The motor 22 includes a rotating shaft that
is rotated by the driving of the motor 22. The rotation transmission
merber 23 has, for example, a cylindrical shape or a columnar shape
and is fixed to an end of the rotating shaft of the motor 22 so that the

direction of a central axis of the rotation transmission member 23
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corresponds to the direction of an axis of rotation of the motor 22. A
cylindrical member made of a material having a large coefficient of
friction, such as rubber, can be used as the rotation. transmission
member 23. Since the outer peripheral surface of the rotation
transmission member 23 comes into contact with the holder 21, the
rotation transmission member 23 transmits the torque of the motor 22 to
the holder 21. Further, the holder 21 is supported by a pedestal (not
illustrated) so as to be rotatable about an axis T of rotation orthogonal to
the center of the circular cross-section of the holder. When the motor
22 is operated after the processing vessel 10 is fixed to the holder 21,
the rotation of the motor 22 is transmitted to the holder 21 through the
rotation fransmission member 23. Since the holder 21 is rotatably
supported by the pedestal, the holder 21 and the processing vessel 10
fixed to the holder 21 are rotated about the axis T of rotation, that is, the
center of the bottom surface portion 12 as an axis. Meanwhile, a
method of rotating the processing vessel 10 is not limited to the
above-mentioned structure. For example, a structure in which teeth are
formed on the outer peripheral surface of the holder 21 and a gear
capable of meshing with the teeth is fixed to the rotating shaft of the
motor 22, a structure in which a pulley is fixed to each of the outer
peripheral surface of the holder 21 and the rotating shaft of the motor 22
and the pulleys are connected to each other by a belt, and other known
structures may be appropriately used as other structures.

[0033] In one embodiment, the holder 21, that is, the processing vessel
10 may be supported by the rotating unit 20 so as to be inclined with
respect to a horizontal plane by a predetermined angle 8.  Accordingly,

15
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it is possible to facilitate the fluidization of the workpieces W by the
rotation of the processing vessel 10 and the action of the gravity.
Specifically, as illustrated in Fig. 4, the workpieces W charged into the
processing vessel 10 are moved along the wall portion 11 of the
processing vessel 10 by a centrifugal force. However, since an
influence of the gravity is larger than an influence of the centrifugal
force when the workpieces W reach a predetermined position, the
workpieces W fall downward. In one embodiment, in order to make
this fluidization state, it is possible to set an inclination angle 6 of the
processing vessel 10 with respect to a horizontal plane in the range of
30° to 70°, and more specifically, to set the inclination angle 9 in the
range of 40° to 60°. When the inclination angle 6 is excessively small,
an effect of facilitating the fluidization of the workpieces by the gravity
is small. Since the gravity is excessively large relative to a céntrifugal
force when the inclination angle © is excessively large, the rotational
speed of the processing vessel 10 should be increased.

[0034] Further, in one embodiment, the rotational speed of the
processing vessel 10 may be set in the range of 5% to 50% of a critical
rotational speed, and more specifically, may be set in the range of 10%
to 30% thereof. The critical rotational speed means a rotational speed
that is obtained when a centrifugal force applied to the workpieces W
charged into the processing vessel 10 exceeds the gravity and the
workpieces W do not fall from the wall portion 11 of the processing
vessel 10 while the rotational speed of the processing vessel 10 is
increased. Since an influence of the gravity is excessively larger than

an influence of the centrifugal force when the rotational speed is
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excessively low, the workpieces W are not sufficiently moved along the
wall portion 11 of the processing vessel 10. As a result, the
fluidization of the workpieces W caused by the fall of the workpieces is
not sufficiently performed. Since the gravity is excessively smaller
than the centrifugal force when the rotational speed is excessively high,
the workpieces W not falling while being pressed against the wall
portion 11 of the processing vessel 10 are present. Accordingly, the
fluidization of the workpieces W is not sufficiently performed.

[0035] When the workpieces: W fall, the workpieces W pass through
near ceptral portion of the bottom surface portion 12. Since the
fluidization, that is, agitation of the workpieces W is performed by the
fall of the workpieces W, it is not preferable that the flow of the falling
workpieces is disturbed. When the flow of the falling workpieces is
disturbed and agitation is inhibited due to the generation of the
following suction force at this position, an air flow control member 50
may be provided. In this embodiment, a disc-shaped member is
attached to the back of the bottom surface portion 12 as the air flow
control member 50 so that a suction force is not generated near the
central portion of the bottom surface portion 12 of the processing vessel
10. The diameter of the air flow control member 50 can be in the

range of 10% to 40% of the diameter of the bottom surface portion 12.

- [0036] As illustrated in Fig. 5, the abrasive-feeding unit 30 includes a

storage tank 31 and a conveyance unit 32. The conveyance unit 32
includes a cylindrical trough 32a of which both end faces are closed, a
conveyance screw 32f that is provided in the trough 32a, and 2

conveyance motor 32i that is connected to the conveyance screw 32f.
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The conveyance screw 32f includes a conveyance shaft 32g and
conveyance blades 32h. The conveyance blades 32h are spirally fixed
to the outer peripheral surface of the conveyance shaft 32g so that
adjacent blades are arranged side by side at a predetermined interval.
An abrasive supply port 32b is formed on the upper surface of a
rear portion (the left side in Fig. 5) of the trough 32a, and an abrasive
discharge port 32¢ is formed at a lower portion of an end (the right side
in Fig. 5). In addition, an inner space of the trough 32a is divided into
an abrasive conveyance portion 32c that is formed by the trough 32a
and the conveyance screw 32f and an abrasive discharge portion 32d
that is positioned in front of the conveyance screw. 32f and includes the
abrasive discharge port 32e.
[0037] The storage tank 31 is a vessel that temporarily stores an
abrasive, and includes a straight body that has the same cross-sectional
shape toward the lower side and a reduced portion which is connected to
the lower end of the straight body and of which a cross-sectional area is
reduced toward the lower side. The cross-sectional shape of the
straight body may be a circular shape or a polygonal shape. The
cross-sectional shape of the straight body is a quadrangular shape in this
embodiment. The lower end of the reduced portion is connected to the
abrasive supply port 32b to which a base portion of the conveyance unit
32 is exposed.
[0038] The rear end of the conveyance shaft 32g passes through the rear
end of the trough 32a and is connected to the conveyance motor 32i that
can be rotated at an arbitrary speed. When the conveyance motor 32i

is operated at an arbitrary speed, the conveyance. screw 321 is rotated.
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An abrasive, which is charged into the trough 32a from the abrasive
supply port 32b, is advanced to the right side in Fig. 5 at a constant
speed by the rotation of the conveyance screw 32f. That is, a target
amount of abrasive can be advanced at a constant speed.

[0039] The abrasive, which has passed through the abrasive conveyance
portion 32c, enters the abrasive discharge portion 32d and continues to
be further advanced. A regulating plate 32j is disposed at the end of
the conveyance screw 32f. The regulating plate 32j may be fixed to
the end of the conveyance shaft 32g, and the peripheral edge portion of
the regulating plate 32j may be fixed to the inner wall of the trough 32a.
Further, the regulating plate 32j is provided with a crushing portion (not

+ illustrated) through which the abrasive passes. Since the abrasive is

compressed by the regulating plate 32j, air contained in the abrasive is
removed and bulk specific gravity is increased. Further, since the
crushing portion is formed at the regulating plate 32j, the abrasive of
which density reaches a predetermined density in front of the regulating
plate 32j and which forms a large lump is crushed when passing through -
the crushing portion and continues to be advanced. Then, the abrasive
is discharged to the outside of the abrasive-feeding unit 30 from the -
gbrasive discharge port 32e. As described above, the abrasive can be
fed to the abrasive discharge port 32¢ by a fixed quantity through the
action of the regulating plate 32j without being affected by the change
of the bulk specific gravity that is caused when gas is mixed to the
abrasive stored in the storage tank 31, being affected by the
non-uniformity of the feed speed of the conveyance screw 32f. The

abrasive, which forms a large lump, has only to be crushed by the
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"erushing portion” and has only to be capable of passing through the
"crushing portion". For example, as the crushing portion, holes having
arbitrary shapes may be formed on the surface of the regulating plate
32j and grooves may be formed at the peripheral edge portion of the
regulating plate 32j.

[0040] Further, a gap, which is formed between the regulating plate 32j
fixed to the end of the conveyance shaft 32g and the inner wall of the
trough 32a, may be used as the crushing portion. The abrasive of
which density reaches a predetermined density in front of the regulating
plate 32j and which forms a large lump is crushed when passing through
the gap of the crushing portion and continues to be advanced. Then,
the abrasive is discharged to the outside of the abrasive-feeding unit 30
from the abrasive discharge port 32e. Furthermore, the crushing .
portion may be formed of the combination of the holes formed on the
surface of the regulating plate 32j or the grooves formed at the
peripheral edge portion and the gap formed between the regulating plate
32j and the inner wall of the trough 32a that have been described above.
[0041] The abrasive, which is discharged from the abrasive discharge
port 32e, falls toward the workpieces W charged into the processing
vessel 10. In this case, a hollow abrasive-feeding member 33 of which
both ends are opened may be counnected to the abrasive discharge port
32e in order to guide the abrasive so that the abrasive falls toward the
workpieces W without being scattered.

{0042] Meanwhile, the abrasive has been advanced by the rotation of
the conveyance screw 32f in this embodiment. However, instead of

this structure, the abrasive may be advanced by the rotation of, for
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example, a belt stretched forward and rearward or may be advanced by
vibration.

[0043] The suction unit 40 includes a suction member 4! that is
disposed so that a gap is formed between one end face of the suction
member 41 and the bottom surface portion 12 of the processing vessel

10, a dust collector 42 that generates a suction force, and a hose 43 that

connects the suction member 41 to the dust collector 42.. The suction.

member 41 includes a cylindrical straightening portien 41a of which
both ends are opened and which continuously has the same

cross-section, and a conical suction portion 41b which is connected to

one end face of the straightening portion 4la and of which a:

cross-sectional area is reduced as it goes away from the straightening

portion 41a. The hose 43 is connected to a reduced-diameter end of .

the suction portion 41b, and the other end of the hose 43 is connected to
the dust collector 42 that can recover the abrasive by suction.
Accordingly, the suction member 41 and the dust collector 42 are
connected to each other,

[0044] The suction unit 40 generates an air flow in a direction in which
the abrasive passes through the bottom surface portion 12 of the
processing vessel 10, that is, an air flow directed toward the suction
member 41 from the abrasive-feeding member 33. The straightening
portion 41a of the suction member 41 serves to straighten the air flow so
that the air flow generated during -suction flows toward the dust
collector 42 without flowing back to the outside.- Further, the suction
portion 41b serves to accelerate the air flow so that the air flow haviog

passed through the straightening portion 41a efficiently flows toward
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the dust collector 42. Meanwhile, if the abrasive can be sucked by
only the suction portion 41b without being scattered to the outside of the
suction member 41, the straightening portion 41a may not be provided.

[0045] The size of an open end of the suction member 41 (an end of the
suction member 41 opposite to the reduced-diameter end) may be
slightly larger than the size of the bottom surface portion 12 of the
processing vessel 10 so that the abrasive can be sucked from the entire
bottom surface portion 12. Alternatively, the size of the open end of
the suction member 41 may be smaller than the size of the bottom
surface portion 12 so that the abrasive can be sucked from a part of the
bottom surface portion 12. Further, the open end of the suction
member 41 may be disposed so that a gap is formed between the open
end of the suction member 41 and the bottom surface portion 12 of the
processing vessel 10. In this embodiment, the size of the open end of
the suction member 41 is smaller than the size of the bottom surface
portion 12 of the processing vessel so that the abrasive can be sucked.
from a part of the bottom surface portion.12, and the abrasive-feeding

unit 30 is disposed so that the abrasive can be fed to a position facing

- the open end. Meanwhile, if the abrasive can be sucked by only the

hose 43 without being scattered to the outside, the suction member 41
may not be provided.

[0046] When the dust collector 42 is operated, an abrasive suction
portion B where the abrasive passes through the bottor surface portion
12 and is sucked by the suction member 41 is formed at a position on
the bottom surface portion 12 facing the open end of the suction
member 41 as illustrated in Fig. 6. That is, the abrasive suction portion
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B is a region of the bottom surface portion 12 through which the
abrasive passes. The area of the abrasive suction portion B may be set
in the range of 10% to 40% of the area of the bottom surface portion 12
of the processing vessel 10. Further, in one embodiment, the area of
the abrasive suction portion B may be set in the range of 1/8 to 1/4 of
the area of the bottom surface portion 12. Since superfluous
workpieces W are fixed to the bottom surface portion 12 when the area
of the abrasive suction portion B is excessively large, the agitation of
the workpieces W is insufficient. When the area of the abrasive
suction portion B is excessively small, it is not possible to sufficiently
perform the suction of the abrasive. Meanwhile, the shape of the
abrasive suction portion B is a circular shape in an example illustrated
in Fig. 6, but the shape of the abrasive suction portion B is not limited to
a circular shape. For example, the shape of the abrasive suction
portion B may be a polygonal shape, a belt shape that is formed along
the edge of the bottom surface portion 12, or a fan shape of which a part
of the outer periphery is formed along the edge of the bottom surface
portion 12. It is possible to change the shape of the abrasive suction
portion B into a desired shape by changing the planar shape of the open

end of the suction member 41.

- [0047] In one embodiment, the suction speed of the abrasive passing

through the abrasive suction portion B may be 5 m/sec or more and
lower than 100 m/sec, may be 5 m/sec or more and lower than 50 m/sec,
and may be 5 m/sec or more and lower than 30 m/sec. Since a force
for sucking the abrasive fed from the abrasive-feeding unit 30 to the

suction unit 40 is small when the suction speed is excessively low, it is
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not possible to sufficiently suck the abrasive. Since the workpieces W
charged into the processing vessel 10 are fixed to the bottom surface
portion 12 by a suction force generated from the dust collector 42 when
the suction speed is excessively high, the fluidization of the workpieces
W is inhibited.

[0048] In addition, the passage speed of the abrasive, which passes
between the workbieces W charged into the processing vessel 10, needs
to be adjusted to 5 m/sec or more and lower than 100 m/sec. This
passage speed may be 5 m/sec or more and lower than 50 m/sec, and
more specifically, may be 5 m/sec or more and lower than 30 m/sec.
Since a force causing the abrasive to collide with or come into contact
with the workpieces W is small when the passage speed is excessively
low, it is not possible to perform the polishing of the workpieces W.
Since a force causing the abrasive to cellide with or come into contact
with the workpieces W is large when the passage speed is excessively
high, cracks or chippings are likely to be generated on the workpieces
W during the polishing. A method of adjusting the passage speed may
be performed by the adjustment of a distance between the
abrasive-feeding unit 30 and the processing vessel 10, and may be
performed by the adjustment of the suction force of the dust collector
42. ‘
[0049] Further, the position of the abrasive suction portion B may be set
so that the center of the abrasive suction portion B is positioned at a
position distant from a direction, which is toward the lower end of the
peripheral edge portion of the bottom surface portion 12 of the

processing vessel 10 (an imaginary line extending toward the lower end
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in Fig, 6, that is, an imaginary line L extending from the center of the
bottom surface portion 12 in an inclination direction of the bottom
surface portion 12), by a predetermined angle o in a rotation direction
of the processing vessel 10 as illustrated by a mark "x" of Fig. 6. The
reason for this is that the workpieces W are moved in the rotation
direction in accordance with the rotation of the processing vessel 10 as
illustrated by a dotted line when the processing vessel 10 is rotated.
The angle o may be selected from a range that is larger than 0° and not
larger than 45°. When the angle « is excessively large, the agitation of
the workpieces W cannot be efficiently performed.

[0050] In another embodiment in which the abrasive suction portion B
is formed only on a part of the bottom surface portion 12 of the
processing vessel 10, a plate, which includes openings such as slits
formed on the back of a bottom surface portion 12 thereof, may be
disposed so that a gap is formed between the plate and the bottom
surface portion 12. In this case, the size of the open end of the suction
member 41 may be slightly larger than the size of the bottom surface
portion 12 of the processing vessel 10. Since the abrasive can be
sucked from the entire processing vessel 10 due to this structure, the
scattering of the abrasive can be further suppressed. As a result, the
degradation of wotk environment can be reduced.

[0051] Since the inside of the suction member 41 is sucked through the
hose 43 when the dust collector 42 is operated, the abrasive having
passed through the processing vessel 10 is sucked toward the suction
member 41. In this case, since an air flow directed inward from the

outside is generated near the open end of the suction member 41, the
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abrasive having passed through-the processing vessel 10 is not scattered
to the outside of the suction member 41. However, since the outside
air cannot be sufficiently sucked when the gap formed between the
processing vessel 10 and the open end of the suction member 41 is
excessively small, the air flow directed inward from the outside of the
suction member 41 is not generated. Further, when the gap is
excessively large, the air flow directed inward from the outside of the -
suction member 41 is not generated due to a pressure loss.
Accordingly, there is a concern that the abrasive having passed through
the processing vessel 10 may be scattered to the outside of the suction
member 41 even when the gap is excessively large or excessively small.

The gap, which is formed between. the processing vessel 10 and the

- suction member 41 when the- processing vessel 10 is closest to the

suction member 41, may be set in the range of 1 mm to 25 mm and, and
more specifically, may be set in the range of 5 mm to 15 mm.

[0052] The abrasive, which is recovered by the dust collector 42,
contains fine particles, such as an abrasive of which the size is reduced
due to the'generation of cracks or chippings caused by the contact -
between the workpieces ‘W and the abrasive or polishing waste of the

workpieces W, in addition to abrasive that can be used again. A

classifying unit may be further provided to recover the abrasiv;e, which

can be used again, from the abrasive and the fine particles. The

abrasive. is classified into the abrasive, which can be used again, and

fine particles by the classifying unit, and the abrasive, which can be-
used again, can be refurned to the storage tank 31. The classifying unit

may be provided on a path, which is directed toward the dust collector
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42 from the suction member 41, and may be provided on a separate
path. The classifying unit can include a known devics, such as an air
flow classifier or a sieve.
[0053] A fluidization control unit (not illustrated), which controls
(changes) the fluidization state of the workpieces W present in the
processing vessel 10, may be further used. . Examples of the
fluidization control unit include a unit that arbifrarily changes the
inclination angle 0 of the processing vessel 10 and a unit that arbitrarily
changes the rotational speed of the motor 22. It is possible to change
the fluidization state of the workpieces W by changing the angle or the
speed according to the progression of polishing. Accordingly, the
workpieces W can be fluidized under conditions corresponding to
properties and the like of all the workpieces W. In addition, when
chippings or cracks of the workpieces W are easily generated, it is
possible to prevent the chippings or cracks of the workpieces W at the .
time of the start of fluidization.
[0054] Next, an example of a polishing method using the polishing
device of this embodiment will be described with reference to the
drawings. Here, a polishing method of rounding corners of ceramics
{(dimensjons; 0.5 mm x 0.5 mm x 1.0 mm), which are made of a mixture
of SiC and Al, O, as the workpieces W will be described.
[0055] (Step 1: preparing step)

An abrasive is charged into the storage tank 31 illustrated in Fig. -
1 in advance. - The size of the abrasive, which is charged in this case, is
smaller than the diameter of the opening 13 of the processing vessel 10

or the mesh size when the opening 13 is formed in a mesh shape. The
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reason for this is to allow the abrasive to pass through the opening 13 of
the processing vessel 10 during polishing.  Further, polishing
conditions are input to a controller (not illustrated) that is provided at an
arbitrary position on the polishing device 1 and controls the motor 22,
the conveyance motor 32i, and the dust collector 42. The "polishing
conditions", which are mentioned here, means polishing time, operating
conditions of the motor 22, the feeding rate of the abrasive (the amount
of the abrasive to be fed per unit time), an operating pattern, and the
like.

[0056] The abrasive can be appropriately selected from various
particles, such-as metallic or nonmetallic shots, grids, or cut wires,
ceramics-based particles, plant-based particles, and resin-based
particles, according to the material or shape of the workpiece and
processing purposes. It is possible to select an alumina-based particle,
a silicon carbide-based particle, a zirconia-based particle, and the like,
which are high-hardness particles, as the abrasive, for example, to round
the workpieces with a large radius to remove firm burrs. = Further, -

particles, which are made of the same material as the workpieces, may

" be used as the abrasive for the prevention of the adhesion of foreign

materials, which are caused by polishing, to the workpieces. In this
case, when a magnetic material, which is the same.material as the
workpiece, is used as the abrasive for the po]ishing of an electronic
component made of, for example, a magnetic material, foreign materials
do not adhere to the surfaces of the polished workpiece. Accordingly,
it is possible to prevent the deterioration of the performance of the

electronic component that is caused by foreign materials.
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The shape of the abrasive may be a spherical shape, a columnar
shape, the shape of a rectangular parallelepiped, an anisotropic shape, or
the like without being particularly limited, and can be appropriately
selected according to the material or shape of the workpiece and
processing purposes.

Likewise, the particle size of the abrasive can also be
appropriately selected according to the material or shape of the
workpiece and processing purposes. For example, when.
ceramics-based particles are used as the abrasive, a particle size defined
by JIS (Japanese Industrial Standards) B6001 can be appropriately
selected from F220 or the range of #240 to #1000.

An anisotropic alumina-based particle having a particle size of
#800 is used as the abrasive of this embodiment.

[0057] (Step 2: workpiece-charging step)

Next, the workpieces W are charged into the processing vessel
10. After that, the processing vessel 10 is fixed to the holder 21 by
bolts or the like.

[0058] (Step 3: air flow generating step)

Next, when an operation switch (not illustrated) of the controller
is turned omn, the dust collector 42 is operated and an air flow to be
sucked toward the suction member 4] is generated near the abrasive
suction portion B. Here, the dust collector 42 can adjust the suction
force generated by the dust collector 42 so that the passage speed of the
abrasive passing between the workpieces W charged into the processing
vessel 10 is in the above-mentioned range. In addition, a distance

between the processing vessel 10 and the abrasive-feeding unit 30 can
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be adjusted.
[0059] (Step 4: fluidizing step)

Further, when the motor 22 is operated and the holder 21, that is,
the processing vessel 10 is rotated, the workpieces W present in the
processing vessel 10 are fluidized and agitated as illustrated in Fig, 4.
Here, the rotational speed of the processing vessel 10 can be set in the
range of 5% to 50% of a critical rotational speed, and more specifically,
can be set in the range of 10% to 30% thereof as described above.
[0060] (Step 5: abrasive-feeding step)

Next, the conveyance motor 321 of the abrasive-feeding unit 30
is operated and the abrasive is fed to (falls toward) the workpieces W,
wﬁich are charged into the processing vessel 10, from the abrasive
discharge port 32e at a constant speed.

[0061] (Step 6: polishing step)

In the processing vessel 10, an air flow to be sucked toward the
suction member 41 is also generated in the gap between the workpieces
W that are being fluidized. The abrasive charged into the processing
vessel 10 is allowed to pass through the gap between the workpieces W
by this air flow, and is directed toward the suction member 41. In this
case, since the abrasive and the workpieces W are rubbed with each
other, the workpieces W are polished. Further, since the workpieces W
are being fluidized in the processing vessel 10 as illustrated in Fig, 4, it
is possible to uniformly polish all the -workpieces W without the
non-uniformity of the finishing accuracy of all the workpieces W. -
Since the polishing device of this embodiment does not blow the

abrasive to the workpieces W together with compressed air as a

30



10

15

20

25

solid-gas two-phase flow unlike an air blast device, the workpieces W
can be polished without being scattered from the processing vessel even
though the workpieces W are small and light.

[0062] (Step 7: abrasive recovering step)

The abrasive having passed through the processing vessel 10 is
directed toward the suction member 41 by the air flow to be sucked
toward the dust collector 42. Since a small gap is formed between the
processing vessel 10 and the suction member 41, an air flow directed
inward from the ouiside of the suction member 41 is generated by the
suction of ouiside air. For this reason, all the abrasive having passed
through the processing vessel 10 is directed toward the suction member
41 without being scattered to the outside.

[0063] The abrasive present in the suction member 41 is recovered
through the hose 43 by the dust collector 42.

[0064] It is possible to polish the workpicces W by the
above-mentioned steps.

[0065] When the polishing time input fo the controller has passed, the
abrasive-feeding unit 30 is automatically stopped so that the feeding of
the abrasive is stopped. In this case, since the motor 22 and the dust
collector 42 continue to be operated, the abrasive remaining in the
processing vessel 10 -is recovered by the dust collector 42. After a
predetermined time has passed, the motor 22 is stopped and the dust
collector 42 is then stopped.

[0066] After the processing vessel 10 is separated from the holder 21
and the workpieces W are recoveréd, polishing is completed.

[0067] It was possible to round. the workpieces W by using the
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above-mentioned polishing method.

[0068] Next, results of the polishing of workpieces, which is performed
using the polishing device of the first embodiment, will be described.
Here, polishing was performed to round the corners of workpieces,
fluidization (fluidization state) was evaluated, polished workpieces were
evaluated, and environment after polishing was evaluated.

[0069] (Evaluation of fluidization)

First, the evaluation of fluidization will be described. A raw
material (a material that is not sintered yet) of ceramics, which are made
of a mixture of SiC and Al,Os, was used as the workpieces W. The
workpiece W had dimensions of 0.5 mm x 0.5 mm x 1.0 mm. The
half of the workpieces W was painted in black with an oil paint.

[0070] Next, the workpieces W are charged into the processing vessel
10 so as to occupy about 1/5 of the volume of the processing vessel 10.
The workpieces W were charged so that a ratio of the unpainted
workpieces fo the painted workpiecesis 1: 1.

[0071] Then, after the dust collector 42 is operated, the processing
vessel 10 is rotated for 30 minutes to fluidize the workpieces W.
Meanwhile, conditions of the fluidization (agitation) were set as in
Table 1. The respective evaluation conditions of Table 1 are as
follows:

Inclination angle (deg.); an inclination angle 6 of the processing
vessel 10 with respect to a horizontal plane

Rotational speed (%); the rotational speed of the processing
vessel 10/the critical rotational speed x 100

Area; the area of the abrasive suction portion B/the area of the
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bottom surface portion 12 of the processing vessel 10

Suction speed (mun/s); the speed of wind to be sucked at the
abrasive suction portion B

Position (deg.); a phase angle o in the rotation direction of the
processing vessel 10 from an imaginary- line that extends toward the
lower end of the peripheral edge portion of the bottom surface portion
12 from the center of the bottom surface portion 12 as a reference

Presence or absence of the air flow control member 50; whether
or net the air flow control member 50 having a diameter of 1/3 of the
diameter of the bottom surface portion is disposed on the back of the
bottom surface portion 12 of the processing vessel 10
[0072] When 30 minutes has passed, the operation of the processing
vessel 10 and the dust collector 42 is stopped. After the operation is
stopped, 100 workpieces W are collected at each of the positions where
the above-mentioned phase angle is 0°, -10°, and 10° and the number of
unpainted workpieces was counted. This work was performed three
times and an average value of the numbers of the unpainted workpieces
obtained three times at three positions was calculated for the evaluation
of the fluidization state of the workpieces W. Evaluation criteria are as
follows:

©® ... The number of unpainted workpieces is in the range of 45
o 55.

O ... The number of unpainted workpieces is in the range of 40
to 44 or the range of 56 to.60.

A\ ... The number of unpainted workpieces is in the range of 30
to 39 or the range of 61 to 70.
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X ... The number of unpainted workpieces is 29 or less or 71 or

nore.
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[Table 1]
Evaluation condition Bveluation of
. . Suction portion Presence or absence of sas e
Inclination angle (deg) Rotational speed (%) Suction speed (m/s) Arca | Position (deg.) control member fiuldization
Example 1-1 20 65 15 1/5 45 Absence JAN
Example 1-2 40 65 15 1/5 45 Absence O
Example 1-3 50 65 15 1/5 45 Absence (@)
Example 1-4 60 65 15 1/5 45 Absence O
Example 1-5 45 50 15 i/5 45 Absence A
Example 1-6 45 60 15 s 45 Absence O
Example 1-7 45 70 15 175 45 Absence O
Examplc 1-8 45 30 15 1/5 45 Absence O
Example 1-9 45 65 5 1/5 45 Absence O
Example 1410 45 65 10 1/5 45 Absence o
Example 1-11 45 65 30 1/5 45 Absence O
Example 1-12 45 65 50 1/5 45 Absence A
Example 1-13 45 65 100 1/5 45 Absence A
Example 1-14 20 50 15 1/8 45 Abscnce A
Example 1-15 20 50 15 1/6 45 Absence G
Exampie 1-16 20 50 15 -4 45 Absence o
Example 1-17 20 50 15 1/5 10 Absence A
Example 1-18 20 50 15 1/5 40 Absence o)
Examplo 1-19 20 50 15 175 50 Abseunce O
Example 1-20 20 50 i5 1/5 60 Absence oy
Example 1-21 45 65 15 1/5 45 Presence ®
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[0074] The evaluation of fluidization was summarized in Table 1. In
Examples 1-1 to 1-20, the air flow control member 50 was not disposed
and the workpieces W were agitated. As a result, evaluation was "A"
or "O" even in every condition. The evaluation "A" is a level in
which the occurrence of non-uniformity does not cause problems about
actual workpieces when polishing is actually performed, and it was
confirmed by experiments that practical problems were not generated.
Further, the evaluation "A" is a level that is changed into the evaluation
"O" by the optimization of the other conditions. Accordingly, it was
confirmed that the workpieces W could be agitated well under the
conditions of Table 1. Meanwhile, Example 1-4 had evaluation "O" in
terms of qualitative evaluation, but was slightly inferior to Example 1-3
in terms of quantitative evaluation. Likewise, Example 1-9 was
slightly inferior to Example 1-10 in terms of quantitative evaluation.

Further, when the air flow control member 50 was disposed on
the back of the bottom surface portion 12 of the processing vessel 10
(Example 1-20), -evaluation "®" was obtained. Accordingly, it was
confirmed that workpieces could be more uniformly agitated.
[0075] (Evaluation of polished workpieces and evaluation of
environment after po'lishi.ng) |

Next, the evaluation of i)o]jshed workpieces and the evaluation
of environment after polishing will be described. Results of polishing
of workpieces, which is perforrned for polishing time of 30 minutes
after alumina abrasive grains (WA#800 manufactured by Sintokogio,
Litd.) are fed at a feeding rate of 20 g/min by the abrasive-feeding unit

30, will be described. Six types of workpieces were used in this
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evaluation. The detail of the workpieces will be described below.

Workpiece A; a raw material of ceramics made of a mixture of
SiC and Al,O; (dimensions; 0.5 mm x 0.5 mm x 1.0 mm)

Workpiece B; a raw material of ceramics made of a mixture of
SiC and Al,Os (dimensions; 0.15 mm x 0.15 mm x 0.20 mm)

Workpiece C; a raw material of ceramics made of a mixture of
SiC and Al,Os (dimensions; 1.0 mm x 1.0 mm x 1.5 mm)

Workpiece D; ferrite (dimensions; 0.5 mm x 0.5 mm x 1,0 mm)

Workpiece E; glass (dimensions; 0.5 mm x 0.5 mm x 1.0 mm)

Workpiece F; copper (dimensions; 0.5 mm x 0.5 mm x 1.0 mm)
[0076] The workpieces are charged into thé processing vessel 10 so as
to occupy about 1/5 of the volume of the processing vessel 10.
Further, after the dust collector 42 is operated, the processing vessel 10
is rotated for 30 minutes to fluidize the workpieces. Meanwhile,
conditions of the fluidization (agitation) were set as in Table 2. In
terms of the respective evaluation conditions of Table 2, an inclination
angle, a rotational speed, an area, a position, and the presence or
absence of the air flow control member are the same as the contents of
the evaluation conditions déscribed in the evaluation of fluidization. A
passage speed, which is an evaluation condition different from the
conditions for the evaluation of fluidization, will be described below.

Passage speed (mm/s); the speed of the abrasive that passes
between the workpieces charged into the processing vessel 10

The passage speed was evaluated through the measurement of
the fluid speed of the abrasive that is performed by a flow rate
measuring system {(a PIV system manufactured by Flowtech Research
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Inc.).  Specifically, the speed of the sabrasive was measured
immediately before the abrasive fed from the abrasive-feeding unit 30
comes into contact with the workpieces W, and a measured value was
defined as the passage speed.
[0077] Next, alumina abrasive grains (WA#800 manufactured by
Sintokogio, Ltd.) were charged into the storage tank 31 and the
conveyance mofor 32i was operated so that the feeding rate of the
abrasive was 20 g/min. The processing vessel 10 and the dust
collector 42 were operated to perform polishing for 30 minutes.
[0078] Polished workpieces were evaluated. Specifically, "processing
accuracy”, "surface state”, and "remaining of abrasive" were evaluated.
Evaluating methods and evaluation criteria for "processing accuracy”,
"surface state", and "remaining of abrasive" are as follows:

<Processing accuracy>

10 workpieces polished under each condition were collected and
were observed by a microscope (VHX-2000 manufactured by Keyence
Corporation), and the rounding of the corners of the workpieces was
evaluated. Evaluation criteria for the processing accuracy are as
follows:

O ... All workpieces are rounded.

A ... The number of workpieces, which are not subjected to
rounding, is in the range of 1 to 3.

X ... The number of workpieces, which are not subjected to
rounding, is 4 or more.

<Surface state>

10 workpieces W polished under each condition were collected
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and were observed by a microscope (VHX-2000 manufactured by
Keyence Corporation), and the surface states {the presence or absence
of cracks, chippings, and scratches) of the workpieces were evaluated.
Evaluation criteria for the surface states are as follows:

O ... Cracks or chippings are not observed from all workpieces.

A ... The number of workpieces on which cracks or chippings
are present is in the range of 1 to 3.

X .. The number of workpieces on which cracks or chippings
are present is 4 or more. |

<Remaining of abrasive>

Workpieces polished under each condition are classified into
polished workpieces and adhered materials, which are adhered to the
workpieces, by sieving using an ultrasonic vibration sieve. The mesh
size of a sieve used for sieving is set so that the polished workpieces do
not pass through the sieve and only adhered materials pass through the
sieve. Then, the weight of the workpieces from which the adhered
materials have been removed and the weight of the gdhered materials
are measured. Further, the residual ratio of the abrasive was calculated
from "(the weight of the adhered maférials)/(the weight of the
workpieces from which the adhered materials have been removed) x
100{%)", and the remaining of the abrasive was evaluated. Evaluation
criteria for the "remaining of abrasive" are as follows:

O ... The residual ratio of the abrasive is lower than 1%.

A\ ... The residual ratio of the abrasive is in the range of 1% to
3%.

X ... The residual ratio of the abrasive is 3% or more.
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[0079] In addition, environment after polishing was evaluated.
Specifically, "scattering of abrasive" was evaluated. An evaluating
method and evaluation criteria are as follows:

<Scattering of abrasive>

After workpieces are polished under each condition, the
"scattering of abrasive” was evaluated for the investigation of the degree
of the abrasive that was scattered to the periphery of the polishing
device 1 having completely performed polishing during the polishing
step. Evaluation criteria for the "scattering of abrasive" are as follows:

O ... Abrasive is not visually observed outside the processing
vessel 10 after polishing,

X ... Abrasive is visually observed outside the processing vessel

10 after polishing,
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[0080]

[Table 2]
Tyoe of . Evaluation condit:ion Evaluation of wotkpiece Scatteri
wai’l}«:piece Inclination Rotational Suction portion Presence or absence of Processing | Surface | Remaining of ab:“flg
angle (deg.) | speed (%) | Passage speed (m/s) | Area Position (deg.} control member accuracy state of abrasive asive

Example 2-1 | Workpiece A 20 65 15 1/5 45 Absence A o A O
Example 2-2 | Workpiece A 40 65 15 1/5 45 Absence Q O O [e)
Example 2-3 | Workpiece A 50 65 15 1/5 45 Absence QO (o] [e) &)
Example 2-4 | Workpiece A 60 05 15 1/5 45 Absence A A N [e)
Example 2-5 | Workpiecc A. 45 50 15 1/5 45 Absence A C O O
Example 2-6 | Workpicce A 45 60 15 175 45 Absence o] O (@) O
Example 2-7 | Workpiecc A 45 70 15 1/5 45 Absence O ¢} (@] (@)
Example 2-8 | Workpiece A 45 80 15 1/5 45 Absence Q A A o)
Example 2-9 | Workpicce A 45 65 5 1/5 45 Absence A O A O
Bxample 2-10 | Workpiece A 45 65 10 1/5 45 Abscnce O O O O
Bxample 2-11 | Workpiece A 45 65 30 115 45 Absence O O O [e)
Example 2-12 | Workpiece A 45 65 50 Us 45 Absence O A O O
Example 2-13 | Workpiecc A 45 65 100 1/5 45 Absence O A O [e)
Example 2-14 | Workpicce A 20 50 15 1/8 45 Absence A O @) [e)
Example 2-15 | Workpiece A 20 50 15 1/6 45 Absence Q @) [e) O
Example 2-16 | Workpiece A 20 50 15 1/4 45 Absence A Q O [)
Examplc 2-17 | Workpiece A 20 50 15 1/5 10 Abseace A [®) O O
Example 2-18 | Workpicce A 20 50 13 13 40 Absence ¢} O [@) [9)
Example 2-19 | Workpiece A 20 50 15 175 50 Absence O O [¢) Q
Example 2-20 | Workpiece A 20 50 15 1/5 60 Abseice A O O O
Example 2-21 | Workpicce A 45 65 15 1/5 45 . Presence €] 0 O O
Bxample 2-22 | Workpiece B 45 65 15 /5 45 - Presence Q O 6] O
Example 2-23 | Workpiece C 45 65 15 1/5 45 Presence O O [®) [@)
Example 2-24 | Workpiece D 45 65 15 1/5 45 Presence @) O O [¢)
Example 2-25 ; Workpiece B 45 65 15 /5 45 Pregence [*] o O O
| Example 226 | Workpiece F 45 63 15 /5 45 Presence ) @) @) O
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[0081] The evaluation of polished workpieces and the evaluation of
environment after polishing were summarized in Table 2. In Examples
2-1 to 2-21, the workpieces A were polished. As a result, evaluation
was "A" or "O" even in every condition. The quality of the

workpiece, which is evaluated as "A" .is about quality where the

-workpiece as a product does not substantially have a problem. Further,

the evaluation "A" is a level that is substantially changed into the

evaluation "O" by the optimization of the other conditions. It is

possible to confirm that every example has a difference in results of

processing accuracy, the surface state, and. the remaining of abrasive.

However, there is a difference in results, but the quality of the

workpiece does not cause problems about any of the conditions of

Examples 2-1 t0 2-21.  Accordingly, it was possible to confirm that the

workpiece A could be polished well in all Examples of Table 2.

[0082] Moreover, in Examples 2-22 and 2-23, the dimensions of the

workpieces were changed and the workpieces were evaluated under the -
same evaluation conditions as the Example 2-21. As a result .of the

evaluation, it was possible to confirm that the workpiece could be -
polished well regardless of the dimensions of the workpiece. Further,

in BExamples 2-24 fo 2-26, the materials of the workpieces were changed

and the workpieces. were evalvated under the same evaluation

condition§ as the Example 2-21. As a result of the evaluation, it was

possible to confirm that the workpiece could be polished well in any

case of ferrite, glass, and metal (copper).

[0083] Furthermore, in Examples 2-1 to 2-26, the scattering of the

abrasive was evaluated together with the workpiece. Since the-
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remarkable scattering of the abrasive could not be confirmed, it was
possible to confirm that the abrasive fed from the abrasive-feeding unit
30:was recovered by the dust collector 42 without being scattered to the
outside of the processing vessel 10 after the polishing of the workpieces
present in the processing vessel 10 in any example.

[0084] (Second embodiment)

Next, 4 polishing device, which includes a vibrating unit as a
fluidizing unit, as an example of a polishing device of- another -
embodiment, will be described as a second embodiment. Meanwhile,
only differences between the first and second embodiments will be
described in the following description.

[0085] As illustrated in Fig. 7A, a polishing -device' 101 of this

“embodiment includes a processing vessel 110, a vibrating unit 120 that

is a fluidizing unit, an abrasive-feeding unit 130, and a suction unit 140.
[0086] A vessél, which has the same structure as the processing vessel
10 described in the first embodiment, is used as the processing vessel
110. ‘

[0087] The vibrating. unit 120 includes a holder 121 that holds the
processing vessel 110, a vibration force-generating unit 122, and a
pedestal 123. The holder 121 has the shape of a cylinder of which a
bottom surface is closed and which includes a flange portion formed at a

bottom portion thereof. The bottom portion is provided with an

‘opening into which the following suction member 141 canbe inserted.

[0088] The vibration force-generating unit 122 includes a rotating shaft
122a that is rotatably held at the center of a bottom portion of the holder
121, first and second weights 122b and 122c that are held on the

43



10

15

20

25

rotating shaft 122a, a motor 1224 that is fixed to the pedestal 123, a
rotation transmission member 122e that fransmits the rotation of the
motor 122d to the rotating.shafc 122a, and connecting members 122f
that connect the holder 121 to the pedestal 123 so as to allow the holder
121 to vibrate.

[0089] The first and second weights 122b and 122c are rectangular or
fan-shaped members. An opening to which the rotating shaft 122a can
be fitted is formed at one end portion of each of the first and second
weights 122b and 122¢, and the first and second weights 122b and 122¢
are fixed by bolts or the like while the rotating shaft 122a is inserted
into the openings. Since the rotating shaft 122a is made eccentric by

the first and second weights 122b and 122¢, vibration is applied to the

' holder 121, that is, the processing vessel 110 during the rotation of the

rotating shaft 122a, In this case, it is possible to adjust the fluidization

state of the workpieces W by adjusting a phase difference f of the
second weight 122¢ with reference to the first weight 122b illustrated in

" Fig. 7B. When the workpieces W are fluidized by the vibrating unit

120, a flow in which flows Y directed toward the circumference, a flow
X moving along the circumference, and flows Z moving in a vertical
direction are combined is generated. When the phase difference B is
excessively small, the flows Y directed toward the circumference
linearly extend toward the circumference. When the phase difference
B is excessively large, the flows Y directed toward the circumference are -
changed into flows directed toward the center of the bottom portion.
For example, it is possible to set the phase difference B in the range of

30° to 75°, more preferably, in the range of 45° to 60° in order to more
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uniformly agitate the workpieces.

[0090] The rotation transmission member 122e includes pulleys that are
fixed to the rotating shaft 122a and a rotating shaft of the motor 1224,
and a belt that is stretched between the pulleys. The rotation of the
motor 122d can be transmitted to the rotating shaft 122a by this
structure. ,

[0091] The holder 121 to which the vibration force-generating unit 122
is connected to an upper portion of the pedestal 123 with the connecting
members 122f interposed therebetween. . The connecting members
122f have only to connect the holder 121 so as to allow the holder 121
to vibrate. For example, springs, rubber, or the like can be used as the
connecting members. In this embodiment, springs are used as the
connecting members. A plurality of (in this embodiment, eight)
protrusions, each of which can fix one end of the spring, are provided
on each of portions of the flange portion of the holder 121 and the
pedestal 123, which face each other, at regular intervals, and the holder
121 is connected to the pedestal 123 by the springs so as to be capable

- of vibrating.

[0092] Meanwhile, in order to facilitate a flow directed toward the
flows Z moving in the vertical direction in Fig. 8, an agitation
facilitating member (not illustrated) may be provided between a bottom
surface portion 112 of the processing vessel 110 and the holder 121.

‘For example, when a plurality of spherical bodies made of rubber are

provided as the agitation facilitating member, the agitation facilitating
member strikes the back of the bottom surface portion 112 of the
processing vessel 110 during the vibration of the holder 121.
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Accordingly, a flow directed toward the flows Z moving in the vertical
direction is facilitated.
[0093] A unit, which has the same structure as the abrasive-feeding unit

30 described in the first embodiment, is used as the abrasive-feeding

“unit 130.

[0094] The suction unit 140 includes a suction member 141 that is
disposed so that a gap is formed between one end face of the suction
member 141 and the bottom surface portion 112 of the processing vessel
110, a dust collector 142 that generates a suction force, and a hose 143
that connects the suction member 141 to the dust collector 142, The
suction member 141 includes a cylindrical straightening portion 141a of
which both ends are opened and which continuously has the same
cross-section, and a conical suction portion 141b which is connected to
one end face of the straightening portion 14la and of which a |

cross-sectional area is reduced as it goes away from the straightening

. portion 141a. The hose 143 is connected to a reduced-diameter end of

the suction portion i41b, and the other end of the hose 143 is connected
to the dust collector 142 that can recover the abrasive by suction.
Accordingly, the suction member 141 and the dust collector 142 are
connected to each other.

{0095] The straightening portion 14la of the suction member 141
serves to straighten an air flow so that the air flow generated during
suction flows toward the dust collector 142 without flowing back to the
open end of the straightening portion 14la. Further, the suction
portion 141b serves to accelerate the air flow so that the air flow having

passed through the straightening portion 141a efficiently flows toward
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the dust collector 142. Meanwhile, if the abrasive can be sucked by

only the suction portion 141b without being scattered to the outside of

- the suction member 141, the straightening portion 14la may not be

provided.
[0096] The size of an open end of the suction member 141 (an end of

“the suction member 141 opposite to the reduced-diameter end) may be

slightly larger than the size of the bottom swface portion 112 of the
processing vessel 110 so that the abrasive can be sucked from the entire
bottom surface portion 112. Alternatively, the size of the open end of
the suction member 141 may be smaller than the size of the bottom
surface portion 112 so that the abrasive can be sucked from a part of the
bottom surface portion 112. Further, the open end of the suction
member 141 may be disposed so that a gap is formed between the open
end of the suction member 141 and the bottom surface portion 112 of
the processing vessel 110. In this embodiment, the size of the open
end is smaller than the size of the bottom surface portion 112 of the
processing vessel so that the abrasive can be sucked from a ﬁart of the
bottom surface portion 112, and the abrasive-feeding unit 130 is
disposed so that the abrasive can be fed to a position facing the open
end. Meanwhile, if the abrasive can be sucked by only the hose 143
without being scattered to the outside, the suction member 141 may not

be provided.

{0097] When the dust collector 142 is operated, an abrasive suction

portion B where the abrasive passes and is sucked is formed at a
position on the bottom surface portion 112 facing the open end of the

suction member 141. The size of the abrasive suction portion B can be
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set in the range of 10% to 40% of the area of the bottom surface portion
112 of the processing vessel 110.  Since superfluous workpieces W are
fixed to the bottom surface portion 12 when the area of the abrasive
suction portion B is excessively large, the agitation of the workpieces W
is insufficient. When the area of the abrasive suction portion B is
excessively small, it is not possible to sufficiently perform the suction of
the abrasive.

[0098] Since an air flow directed toward the dust collector 142 from the
suction member 141 is generated when the dust collector 142 is
operated, the abrasive having passed through the processing vessel 110
is sucked toward the .suction member 141. In this case, since an air
flow directed inward from the outside is generated near the open end of

the suction member 141, the scattering of the abrasive, which has

" passed through the processing vessel 110, to the outside of the suction

member 141 is prevented. However, since the outside air cannot be
sufficiently sucked when the gap formed between the processing vessel
110 and the open end of the suction member 141 is excessively small,
the air flow directed inward from the outside of the suction member 141
is not generated. Further, when the gap is excessively large, the air
flow directed inward from the outside of the suction member 141 is not
generated due to a pressure loss. ~ Accordingly, there is a concern that
the abrasive having passed through the processing vessel 110 may be
scattered to the outside of the suction member 141 even when the gap is
excessively large or excessively small. The gap, which is formed
between the processing vessel 110 and the suction member-141 when

the processing vessel 110 is closest to the suction member 141, can be
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set in the range of | mm to 25 mm and, and more specifically, can be set
in the range of 5 mm to 15 mm.

[0099] The abrasive, which is recovered by the dust collector 142,
contains fine particles, such as an abrasive of which the size is reduced
due to the generation of cracks or chippings caused by the contact
between the workpieces W and itself or polishing waste of the
workpieces W, in addition to abrasive that can be used again. A
classifying unit may be further provided to recover the abrasive, which
can be used again, from the abrasive and the fine particles. The
abrasive is classified into the abrasive, which can be used again, and
fine particles by the classifying unit, and the abrasive, which can be
used again, can be returned to the storage tank 131. The classifying
unit may be provided on a path, which is directed toward the dust
collector 142 from the suction member 141, and may be provided on a
separate path. The classifying unit can include a known device, such
as an air flow classifier or a sieve.

[0100] A fluidization control unit (not illustrated), which controls the
fluidization state of the workpieces W present in the processing vessel
110, may be further used.- Examples of the fluidization control vnit

include a unit that arbitrarily changes the rotational speed of the motor

122d. 1t is possible to change the fluidization state of the workpieces
- W by changing the angle or the speed according to the progression of

polishing. Accordingly, the workpieces W can be fluidized under
conditions corresponding to properties and the like of all the workpieces
W. In addition, when chippings or cracks of the workpieces W are
easily generated, it is possible to prevent the chippings or cracks of the
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workpieces W at the time of the start of fluidization.
{0101] (Third embodiment)

Next, a polishing device and a polishjng method according to a
third embodiment will be described. The polishing device and the
polishing method according to this embodiment continucusly polish
workpieces. Meanwhile, only difference between the polishing device
and the polishing method according to the first embodiment and the
polishing device and the polishing method according to the third
embodiment will be mainly described in the following description.
[0102] A polishing device 201 according to the third embodiment is
illustrated in Figs. 9 and 10, Fig. 9 is a plan view of the polishing
device 201, and Fig. 10 is a cross-sectional view taken along line X-X
of Fig. 9. Meanwhile, in the following description, a width direction
of a processing vessel 210 is described as an x direction, a longitudinal
direction of the processing vessel 210 is described as a y direction, and a
direction orthogonal to the x direction and the y direction is described as
a z direction. The polishing device 201 includes the processing vessel
210, a vibrating-advancing unit 220, connecting members 222, and a
pedesta] 223. ,

[0103] As illustrated in Fig. 9, the. processing vessel 210 has
substantially the shape of a box having substantially a rectangular planar
shape that is longer in the y direction than in the x direction. The
processing vessel 210 includes a bottom surface portion 212 and a wall
portion 211. In an example illustrated in Fig. 9, the bottom surface
portion 212 includes wires disposed in a mesh shape and regions

surrounded by the wires form openings 213. The width of the opening
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213 is larger than the particle size of an abrasive and is smaller than the
width of a workpiece W. Accordingly, the bottom surface portion 212
allows the abrasive to pass therethrough and allows the workpieces to
stay thereon. The wall portion 211 stands along an edge portion of the
bottom surface portion 212 and defines a space, which is present on the
bottom surface portion 212, from the side. A discharge portion 214,

which does not include the wall portion 211, is formed at one end

‘portion (a right edge portion in Fig. 9) of the processing vessel 210 in

the y direction. The discharge portion 214 is used to discharge the
workpieces W, which are present in the processing vessel 210, to the
outside.

[0104] As illustrated in Fig. 10, the processing vessel 210 is supported
by the pedestal 223 with the connecting members 222 interposed
therebetween so as to be capable of vibrating. The connecting
members 222 may be formed of, for example, springs, rubber, or the
like.

[0105] The vibrating-advancing unit 220 is provided on the back, that
is, the lower surface of the bottom surface portion 212. The
vibrating-advancing unit 220 fluidizes the workpieces W, which are
present in the processing vessel 210, and advances the workpieces W,

which are charged into the processing vessel 210, toward the discharge

portion 214 by applying vibration to the processing vessel 210. For

example, an eccentric motor can be used as the vibrating-advancing unit
220.

[0106] A workpiece-charging unit 260 is provided above the other end
portion (a lefi side in Fig. 9) of the processing vessel 210 in the y
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direction. The workpiece-charging unit 260 continuously or
intermittently charges workpieces W into the processing vessel 210,
Here, "continuously charging workpieces W" means that a
predetermined amount of workpieces W continues to be charged into
the processing vessel 210. Meanwhile, "intermittently charging
workpieces W" means that a predetermined amount of workpieces W is
charged into the processing vessel 210 at intervals. For example, a
known mechanism, such as a vibrating feeder, a belt conveyor, or a
bucket conveyor, can be used as the workpiece-charging unit 260.

[0107] The polishing device 201 further includes an abrasive-feeding
unit and a suction unit. For the convenience of description, the
abrasive-feeding unit and the suction unit are not illustrated in Figs. 9
and 10, Units, which have the same structures as the abrasive-feeding
unit 30 and the suction unit 40 illustrated in Fig. 1, can be used as the
abrasive-feeding unit and the suction unit. A suction member of the
suction unit is disposed on the back side, that is, the lower side of the
bottom surface portion 212. Further, the abrasive-feeding unit is
disposed on the surface side, that is, the upper side of the bottom surface
portion 212.

[0108] Next, the polishing method according to the third embodiment
will be described. In this polishing method, the vibrating-advancing
unit 220, the suction unit, and the abrasive-feeding unit are operated
first. Next, workpieces W are continuously or intermittently charged
into the processing vessel 210 by the workpiece-charging unit 260
(workpiece-charging step). The workpieces W, which are charged into

the processing vessel 210, are fluidized in the processing vessel 210 by
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the vibration of the processing vessel 210. In addition, the workpiece

W present in the processing vesset 210 are moved, that is, advanced .

toward the discharge portion 214 from the other end portion of the
processing vessel 210 in the y direction (fluidizing-advancing step).

[0109] Further, in the polishing method of this embodiment, the

- abrasive is fed to the workpieces W, which are present in the processing

vessel 210, from the abrasive-feeding unit (abrasive-feeding. step).
Furthermore, an air flow directed to pass through the processing vessel
210, that is, an air flow directed toward the back side from the surface
side of the bottom surface portion 212 is generated by the suction unit
(air flow generating step). Accordingly, an abrasive suction portion B
similar to the abrasive suction portion illustrated in Fig. 6 is formed on
the surface of the bottom surface portion 212. While the workpieces
W present in the processing vessel 210 are advanced toward the
discharge portion 214, the workpieces W pass above the abrasive
suction portion B. In this case, the abrasive fed from the
abrasive-feeding unit passes between the workpieces W while riding the
air flow, and is rubbed with the workpieces W. As a result, the
workpieces W are polished (polishing step). It is possible to adjust the
degree of polishing of the workpieces W by adjusting the magnitude of

the vibration that is applied by the vibrating-advancing unit 220 and

changing the speed of the workpieces W.that pass through the abrasive
suction portion B, The polished workpieces W having passed through
the abrasive suction portion B continue to be further advanced, are
discharged to the outside of the processing vessel 210 from the

discharge portion 214, and are recovered (workpiece recovering step).
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Meanwhile, the abrasive having passed through the bottom surface
portion 212 is recovered by the suction unit (abrasive recovering step).
According to the polishing method of the third embodiment, it is
possible to continuously polish the workpieces W.

Industrial Applicability

[0110] Examples in which the corners of the rectangular parallelepiped
workpieces are rounded have been described in the embodiments, but
the types of the workpieces and the processing purposes of the
workpieces are not limited thereto. -Not only hard and brittle materials,
which have a hard property and a brittle property, such as ceramics,.
silicon, ferrite, and crystalline materials, but also various composite
materials, such as a resin, as workpieces can be polished well. Further,
the processing purposes may be the adjustment of the surface roughness
of the workpieces, deburring, the removal of a surface layer, and the
like. For example, when the polishing method is applied to the
removal of the surface layer of ceramics, the surface layer is removed.
Accordingly, when a film, such as a coating, is formed in a post process,
it is possible to improve the adhesion between the film and the
ceramics.

[0111] A polishing device according to an. aspect of the invention is
particularly suitably used for the polishing of a small component. - For
example, when a workpiece is a component, such as a multilayer
ceramic capacitor or an inductor, not only a component of which the
length of one side is the range of about 800 pm to 1600 pm, but also a
very small component of which the length of one side is the range of

about 100 wm to 200 pum can be polished well.
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[0112] Further, as long as workpieces can be fluidized in the processing
vessel, not only small workpieces but also larger workpieces can be
polished. For example, a workpiece of which the length of one side is
the range of about 10 mm to 30 mm can be polished well.
Reference Signs List
[0113] 1, 101 polishing device, 10, 110, 210 processing  vessel, 11
wall portion, 12, 112,212 bottom surface portion, 13, 213
opening, 14  flange portion, 20 rofating unif, 21, 121
holder, 22 motor, 23 rotation transmission member, 30,
130  abrasive-feeding unit, 31, 131 storage tank, 32
-conveyance unit, 32a trough, 32b  abrasive supply port, 32¢
abrasive conveyance portion, 32d  abrasive discharge
portion, 32¢  abrasive discharge port, 32f conveyance screw, 32g
conveyance shaft, 32h conveyance blade, 32i conveyance
motor, 32j regulating plate, 33 abrasive-feeding member, 40, 140
suction unit, 41, 141  suction member, 41a, 141a
straightening portion, 41b, 141b suction portion, 42, 142
dust collector; 43, 143 hose, 50 air flow control member,
120 vibrating unit, 122 vibration force-generating unit, 122a
rotating shaft, 122b  first weight, 122¢ second  weight,
122d motor, 122e  rotation transmission member, 122f 222
connecting member, 123, 223 pedestal, 214 discharge portion,
220  vibrating-advancing unit, 260 workpiece-charging  unit, B
abrasive suction portion, L. imaginary line, T axis of

rotation, W  workpiece
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CLAIMS
1. A polishing device that polishes surfaces of workpieces, the
polishing device comprising:

a processing vessel that includes a bottom surface poriion
allowing an abrasive to pass therethrough and allows the workpieces to
stay on the bottom surface portion;

a fluidizing unit that fluidizes the workpieces in the processing
vessel;

an abrasive-feeding unit that feeds the abrasive tfo the
workpieces present in the processing vessel; and

a suction unit that generates an air flow in a direction in which
the abrasive passes through the processing vessel, and recovers the
abrasive by suction.

2. The polishing device according to claim 1,

wherein the fluidizing unit is a vibrating unit that vibrates the
processing vessel or a rotating unit that rotates the processing vessel
about a center of the bottom surface portion as an axis.

3. The polishing device according to claim 2,

wherein the fluidizing unit further includes a fluidization control
unit that changes a fluidization state.

4. - The polishing device according to claim 2,

wherein the fluidizing unit is the rotating unit, and

the processing vessel is supported by the rotating unit so as to be
inclined with respect to a horizontal plane.

5. The polishing device according to claim 4,

wherein an inclination angle of the processing vessel is in the
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range of 30° to 70° with respect to the horizontal plane.
6. The polishing device according to claim i,

wherein the bottom surface portion of the processing vessel is
provided with an opening.
7. The polishing device according to claim 6,

wherein the opening is formed in a mesh shape and a mesh size
of the opening is in the range of 70 pm fo 1100 pm.
8. The polishing device according to claim 1,

wherein when suction is performed by -the suction unit, an
abrasive suction portion where the abrasive passes through the
processing vessel and is sucked by the suction unit is formed on a part
of the bottom surface portion of the processing vessel.
9. The polishing device according to claim 8,

wherein an area of the abrasive suction portion is in the range of
1/8 to 1/4 of an area of the bottom surface portion of the processing
vessel.
10.  The polishing device according to claim 8,

wherein a suction speed of the abrasive passing through the

abrasive suction portion is 5 m/sec or more and lower than 100 m/sec.

.11, The polishing device according to claim 10,

wherein a center of the abrasive suction portion is positioned so
as to be distant from a direction, which is toward a lower end of a
peripheral edge portion of the bottom surface portion from the center of
the bottom surface portion of the processing vessel, by a predetermined
angle in a rotation direction of the processing vessel.

12.  The polishing device according to claim 2,
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wherein an air flow control member, which conirols an air flow
allowing the abrasive to pass through the processing vessel, is disposed.
at the center of the bottom surface portion of the processing vessel.
13.  The polishing device according to claim 1,
wherein the abrasive-feeding unit includes:
a storage tank that stores the abrasive;
an abrasive discharge port through which the abrasive is fed to.
the workpieces;
and a conveyance unit that conveys the abrasive supplied from
the storage tank toward the abrasive discharge port,
- the conveyance unit includes: -
‘a conveyance screw that includes spiral blades provided on a
rotating shaft; and
| a trough in which the conveyance screw is provided and which
includes the abrasive discharge port formed at a lower portion of an end -
thefeof and an abrasive supply port formed at an upper surface of a rear
portion thereof so as to be cennected to the storage tank,-

an inner space of the trough is divided into a space that is

- formed by the conveyance screw and the trough and a space that is

positioned in front of the conveyance screw and includes the abrasive
discharge port, and

a regulating plate, in which a crushing portion through which the
abrasive passes is formed, is disposed between an end of the
conveyance screw and the abrasive discharge port. .
14.  The polishing device according to claim 1,

wherein the workpiece is made of a hard and brittle material.
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15.  The polishing device aceording to claim.14,

wherein the workpiece is a component of a multilayer ceramic
capacitor or an inductor.
i6. A polishing method using a polishing device including a
processing vessel that includes a bottom surface portion allowing an
abrasive to pass therethrough and allowing workpieces to stay thereon, a
fluidizing unit that fluidizes the workpieces, an abrasive-feeding unit
that feeds the abrasive to the workpieces present in the processing
vessel, and a suction unit that recovers the abrasive by suction, the
polishing method comprising: -

a workpiece-charging step of charging the workpieces into the
processing vessel;.

an air flow generating step of generating an air flow in a
direction in which the abrasive passes through the processing vessel by
the suction unit;

a fluidizing step of fluidizing the workpieces, which are charged
into the processing vessel, by the fluidizing unit;

an abrasive-feeding step of feeding the abrasive to the
workpieces, which are present in the processing vessel, from the
abrasive~ feeding unit;

a polishing step of polishing the workpieces by allowing the
abrasive to pass between the workpieces charged into the processing
vessel; and - |

an abrasive recoveriﬁg step of recovering the abrasive by the
suction unit.

17. A polishing method using a polishing device including a
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processing vessel that includes a bottom surface portion allowing an
abrasive to pass therethrough and allowing workpieces to stay thereon
and a discharge portion through which the workpieces are discharged to
the outside, a fluidizing unit that fluidizes the workpieces, an
abrasive-feeding unit that feeds the abrasive to the workpieces present
in the processing vessel, and a suction unit that recovers the abrasive by
suction, the polishing method comprising:

a workpiece-charging step of continuously or intermittently

. charging the workpieces info the processing vessel;

an air flow generating step of generating an air flow in a
direction in which the abrasive passes through the processing vessel by

the suction unit;

a fluidizing-advancing step of fluidizing the workpieces, which.

.are present in the processing vessel, by the fluidizing unit and advancing

the workpieces, which are charged in the workpiece-charging step,
toward the discharge portion;

an abrasive-feeding step of feeding the abrasive to the
workpieces, which are present in the processing vessel, from the
abrasive-feeding unit;

- a polishing step of polishing the workpieces by allowing the
abrasive to pass between the workpieces that are present in the
processing vessel;

an abrasive recovering step of recovering the-abrasive by the
suction unit; and
a workpiece recovering step of recovering the workpieces that

are discharged from the discharge portion.
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18.  The polishing method according to claim 16 or 17,

wherein a passage speed of the abrasive, which passes between
the workpieces charged into the processing vessel, is 5 m/sec or more
and lower than 100 m/sec,
19.  The polishing method according to claim 16,

wherein the fluidizing unit is a rotating unit that rotates the
processing vessel about a center of the bottom surface portion as an
axis, and

in the fluidizing step, the processing vessel is rotated in the

range of 5% to 50% of a critical rotational speed by the rotating unit.
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