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@ A ground dust removing apparatus and method for grinding wheel.

@ An apparatus for removing ground dust from the Fig.1
surface of a grinding wheel (1,38,45,55) including a " !
blasting apparatus (9,31,47,57) for application in a 2\ 10 2 &

dry grinding process of ceramic work piece
(7,39,52,60). The blasting apparatus (9,31,47,57)
blasts abrasive grains against the surface of the
grinding wheel (1,38,45,55). A circulating passage
(13,33a,33b), both ends of which are connected with
the blasting apparatus (9,31,47,57), receives the
abrasive grains in the vicinity of the apparatus and
returns them to the blasting apparatus (9,31,47,57).
By such process, the grinding of the work piece
(7,39,52,60) and ground dust removal from the sur-
face of the grinding wheel (1,38,45,55) can be ac-
complished simultaneously, efficiently and speedily.
Further, the blasted abrasive grains are recovered
and recycled, enabling a reduction in grinding pro-
cess costs.
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The present invention generally relates to an
apparatus and a method for removing ground dust
from a grinding wheel that is used to grind ceramic
components, such as g-alumina cylinders used as
the solid electrolyte cylinders of sodium-sulfur bat-
teries.

Generally, g-alumina cylinders and other ce-
ramic components are ground to a predetermined
shape through a dry grinding process which utilizes
a grinding wheel. The dry grinding process does
not require grinding fluid for grinding. The ceramic
components have hygroscopic property, so that
this method is suitable for grinding the ceramic
components. In this case, specifically unsintered 8-
alumina is generally soff, and it is easily ground.
Therefore, as shown in Fig. 20, ground dust of the
B-alumina adheres to the peripheral surface of a
rotating grinding wheel 70, giving rise to the ten-
dency of teeth 71 to become clogged. In a known
method for removing the adhering ground dust
from grinding wheels, a stick 72 of white synthetic
aluminum oxide abrasive sold under the frademark
Alundum (hereinafter referred to as WA) is brought
into contact with and held against the surface of
the grinding wheel 70, as shown in Fig. 21. Another
known dust removal method employs a brush in a
similar manner.

However, these conventional methods have
various inherent disadvantages. For instance, the
WA stick 72 and brush are worn out very quickly,
and requires frequent replacement. Furthermore,
frequent replacing and discarding of the worn out
WA sticks 72 results in increased manufacturing
coats. Moreover, if an operator holds the WA stick
72 manually against the grinding wheel in order fo
remove the dust, the periphery of the grinding
wheel may become inadvertently and unevenly de-
formed as a result of an operator's uneven applica-
tion of WA stick 72 against the grinding wheel. As
a work piece is ground according the a shape of
the unevenly deformed peripheral surface of the
grinding wheel, the quality of the processed work
piece may be lowered. Further, during the remov-
ing operation, manually held stick 72 may break on
the grinding wheel thereby creating a potential haz-
ard to the operator in that pieces of stick 72 might
ricochet off the grinding wheel striking the operator.

Accordingly, it is a primary objective of the
present invention to provide an apparatus, which
contributes to a secure operational condition, for
removing ground dust from a grinding wheel with-
out employing a stick or brush.

Further, another object of the present invention
is to provide an apparatus for removing ground
dust from a grinding wheel, the surface of which is
deformed uniformly so as to contribute to ensure a
high quality of processed work piece.
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Yet, another object of the present invention is
to provide a method for speedily and quickly re-
moving the adhering ground dust from the surface
of a grinding wheel.

To achieve the foregoing and other objects and
in accordance with the purpose of the present
invention, an apparatus for removing ground dust
from the surface of the grinding wheel is used for
applying a dry grinding process to ceramic compo-
nents. The apparatus includes a blasting apparatus
for removing ground dust from the surface of the
grinding wheel by blasting abrasive grains against
the peripheral surface of the grinding wheel, and a
circulating passage being arranged to receive and
supply the grains both from and to the blasting
apparatus.

The invention and preferred objects and advan-
tages thereof, may best be understood by refer-
ence to the following description of the certain
exemplifying embodiments together with the ac-
companying drawings, in which:

Fig. 1 is a schematic front view of an apparatus
for removing ground dust from the surface of a
grinding wheel according to the first embodi-
ment of the present invention;

Fig. 2 is a schematic side view of the apparatus
for removing ground dust from the surface of
the grinding wheel;

Fig. 3 is a schematic plan view of the apparatus
for removing ground dust from the surface of
the grinding wheel;

Fig. 4 is a schematic cross-sectional view of a
gravity feed discharge unit for abrasive grains;
Fig. 5 is a schematic front view of a grinder
according to the first embodiment;

Fig. 6a is a simplified explanatory drawing of a
grinder equipped with a fixed nozzle, a grinding
surface of which is formed around a circum-
ferential surface of a grinding wheel;

Fig. 6b is a simplified explanatory drawing of a
grinder equipped with a fixed nozzle, a grinding
surface of which is formed on a side surface of
a grinding wheel;

Fig. 6¢c is a simplified explanatory drawing of a
grinder equipped with a fixed nozzle, grinding
surfaces of which are formed on both side sur-
faces of a grinding wheel, respectively;

Fig. 7a is a simplified explanatory drawing of a
grinder equipped with a movable nozzle, a
grinding surface of which is formed on a circum-
ferential surface of a grinding wheel;

Fig. 7b is a simplified explanatory drawing of a
grinder equipped with a movable nozzle, a
grinding surface of which is formed on a side
surface of a grinding wheel;

Fig. 8 is a schematic front view of an apparatus
for removing ground dust from a surface of a
grinding wheel according to the second embodi-
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ment of the present invention;

Fig. 9 is a schematic side view of the apparatus
for removing ground dust from the surface of
the grinding wheel as shown in Fig. 8;

Fig. 10 is a schematic side view of the appara-
tus for removing ground dust from the surface of
the grinding wheel as shown in Fig. 8;

Fig. 11a is a simplified explanatory drawing
which indicates a blasting angle of the nozzle
with respect to the grinding surface formed ar-
ound the circumference of the grinding wheel;
Fig. 11b is a simplified explanatory drawing
which indicates a blasting angle of the nozzle
with respect to the grinding surface formed on
the side surface of the grinding wheel;

Fig. 12 is a simplified explanatory drawing which
indicates the positions of a diffuser and the
grinding wheel;

Fig. 13 is a graph showing correlation between
the values K,K* which represent the most prefer-
able condition for removing the dust and the
deformation of the grinding wheel after two hun-
dred times of blasting;

Fig. 14 is a schematic front view of an apparatus
for removing ground dust from a surface of a
grinding wheel according to the third embodi-
ment of the present invention;

Fig. 15 is a schematic side view of the appara-
tus for removing ground dust from the surface of
the grinding wheel as shown in Fig. 14;

Fig. 16 is a schematic front view of the appara-
tus for removing ground dust from the surface of
the grinding wheel as shown in Fig. 14;

Fig. 17 is a schematic front view of an apparatus
for removing ground dust from a surface of a
grinding wheel according to the fourth embodi-
ment of the present invention;

Fig. 18 is a schematic side view of the appara-
tus for removing ground dust from the surface of
the grinding wheel as shown in Fig. 17;

Fig. 19 is a schematic side view of the appara-
tus for removing ground dust from the surface of
the grinding wheel shown in Fig. 17;

Fig. 20 is an enlarged cross-sectional view of
the grinding wheel indicating the condition of the
ground dust clogged between the teeth thereof;
and

Fig. 21 is a perspective view showing a conven-
tional method for removing ground dust from the
surface of the grinding wheel.

A preferred embodiment according the present
invention will now be described referring to the
drawings.

Generally, grinders are classified into two
types; the first type is a grinder equipped with a
ground dust removing unit which has fixed nozzle,
examples 62a, 62b and 62c of which are indicated
in Figs. 6a through 6¢, and the second type is a
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grinder equipped with a ground dust removing unit
which has a movable nozzle, examples 63a and
63b of which are indicated in figs. 7a and 7b,
respectively. In the fixed nozzle type ground dust
removing unit as shown in Fig. 6a, a grinding
surface 65a is formed around the circumference of
a grinding wheel and contains embedded teeth
made of either diamond or cubic sodium boron
(CBN). Width L of the grinding surface 65a is set
narrower than the blasting width a, across which
abrasive grains are blasted through blast nozzle 64.
As shown in Fig. 6b, the grinding surface 65b is
formed on the side surface of the grinding wheel,
and width L of the grinding surface 65b is set
narrower than blasting width a cross which abrasive
grains are blasted from the nozzle 64, in a similar
manner shown in Fig. 6a. As shown in Fig. 6c, the
grinding surfaces 65¢ are formed on the both sides
of the grinding wheel, hence the nozzles 64 are
provided at both sides, respectively. Further, width
L of on both grinding surfaces of 65¢ is set nar-
rower than the blasting width a across which abra-
sive grains are blasted from the nozzle 64.

Alternatively, the movable nozzle type unit
shown in Fig. 7 can be further classified into two
types. One type shown in Fig. 7a has a grinding
surface 66a formed around the circumference of
the grinding wheel, and the other type shown in
Fig. 7b has a grinding surface 66b formed on the
side surface of the grinding wheel.

First Embodiment

The first preferred embodiment of the inven-
tion, as shown in Figs. 1 through 3, illustrates a
grinder includes a movable nozzle type unit for
removing ground dust clogged between a multiplic-
ity of teeth formed around the circumference of the
grinding surface.

A grinding wheel 1 is fastened to a rotatable
shaft 2 by means of a plurality of bolts 3, and
rotated by a motor (not shown). regulating wheel 4
is located at a predetermined distance from the
grinding wheel 1 and is rotatably fastened to a
rotatable shaft 5 by means of a plurality of bolts 6.
The regulating wheel 4 is made of polyurethane
rubber having a hardness of 70 Shore.

An unsintered work piece 7 made of g-alumina
as a ceramic component is supported on a sup-
porting blade 8, such that the work piece 7 along
with the regulating wheel 4 can be moved horizon-
tally with respect to grinding wheel 1. However, in
addition to g-alumina, a-alumina and other ceramic
components can be used to form unsintered work
piece 7. Work piece 7, according to the present
invention is conceived to be, for example, a solid
electrolyte tube of sodium-sulfur battery.
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The upper surface of the blade 8 is slightly
inclined to maintain work piece 7 in contact with
the regulating wheel 4 at all times. While work
piece 7 is rotated slowly by the rotational motion of
regulating wheel 4, the surface of work piece 7 is
ground by grinding wheel 1 rotating at a high
speed with respect to work piece 7 and regulating
wheel 4. This method is known by those familiar
with the art of grinding as the centerless grinding
method. Other conventional grinding method make
use of clamping the axial center of work piece 7
relative to grinding wheel 1, thereby allowing work
piece 7 to be supported during its grinding pro-
cess. However, according to this embodiment, work
piece 7 is not required to be clamped at its axial
center, but rather is supported by means of sup-
porting blade 8 and regulating wheel 4.

According to the present invention, regulating
wheel 4 is preferably made of a synthetic rubber
with a hardness from 50 to 90 Shore which does
not contain abrasive grains. When a Shore hard-
ness is too small, the grinding accuracy of the work
piece 7 tends to be lowered. When a Shore hard-
ness is too large, the work piece 7 may become
damaged during the grinding process. Besides
polyurethane rubber, other synthetic rubbers such
as chloroprene rubber would be a suitable sub-
stitute for the material of the grinding wheel 4.

A blasting apparatus 9 is installed opposite to
the work piece 7 with respect to the grinding wheel
1, and is provided with box-like housing 10 encom-
passing a portion of grinding wheel 1. A pair of
slide doors 11 slidable in the left-and-right direction
are provided in the rear surface of the housing 10.
A blast nozzle 12 is inserted through the open
space of the doors 11 into housing 10. From the
blast nozzle 12, a stream of abrasive grains T are
blasted against grinding wheel 1 in order to remove
the ground dust adhering to the surface of the
grinding wheel 1. The blast nozzle 12 is mounted
on a table (not shown) that can be moved horizon-
tally and vertically under numerical control. The
position of the nozzle 12 with respect to the grind-
ing wheel 1 for blasting is determined by this
numerical control.

The tip of the blast nozzle 12 is positioned at
an angle between 30° and 110°, preferably be-
tween 45° and 90°, relative to the surface of the
grinding wheel 1. The ground dust is most effec-
tively removed within the above range. If the cross
section of the grinding surface 1 includes a round
portion, the blast nozzle 12 is controlled to move
along the arc of the surface of the grinding wheel 1
and to continuously locate on the radius of the arc
at all the time under numerical control. This con-
tinuous repositioning of the nozzle 12 achieves the
effective dust removal from the surface of the
grinding wheel 1.
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Housing 10 is so constructed as to receive the
abrasive grains T blasted against the grinding
wheel 1 through the blast nozzle 12. Bellowed
return pipes 13 are connected to the lower part of
the housing 10 for recovering and recycling the
abrasive grains T. The peripheral edge of housing
10, encompassing grinding wheel 1, is further con-
structed with a lining of bristles 14 connected fo
the peripheral edge of housing 10 and which face
toward grinding wheel 1. These bristles have their
fips in contact with grinding wheel 1 to prevent
abrasive grains T from scattering from the inside fo
the outside of housing 10. A thin flexible rubber
plate or resin plate can be employed in place of
the bristles 14. Housing 10, slide doors 11 and
return pipes 13 form a recovery unit for recovering
the abrasive grains T.

The blasting of the abrasive grains T through
the blast nozzle 12 is achieved by means of a
blaster 15, as illustrated in Fig. 4. Component parts
of blaster 15 include a hopper 16, arranged to hold
a supply of abrasive grains T, with its upper end
open to atmosphere to allow the gravitational flow
of the grains thorough a control valve 21 to an
abrasive grain receiver 20. A cylindrical blaster
barrel 17 has an air inlet 18 and pipes provided at
the upper and bottom portions thereof, respec-
tively. The air inlet 18 is connected to an air
compressor (not shown) while the pipe is con-
nected to the blast nozzle 12. A pipe 19 connecis a
abrasive grain receiver 20 disposed below the hop-
per 16 with blaster barrel 17 for delivering the
abrasive grains T received at the abrasive grain
receiver 20 to the blaster barrel 17. The abrasive
grains T are delivered from the blaster barrel 17 fo
the blast nozzle 12 by the air blowing through the
air inlet 18 to the blast nozzle 12. The amount of
the abrasive grains T to be delivered to blast
nozzle 12 depends both upon the pressure of the
air delivered through air inlet 18 and to the in-
cremental adjustments made to control valve 21.

The operation of the apparatus having the
above-described structure according to this em-
bodiment will now be described.

As shown in Fig. 5, the work piece 7 together
with supporting blade 8 and regulation wheel 4 are
moved toward grinding wheel 1 until work piece 7
contacts grinding wheel 1. While work piece 7 is in
contact with grinding wheel 1, work piece 7 is at
once rotated at a slow speed by the regulating
wheel 4 while at the same time being ground by
grinding wheel 1, which rotates at a high speed.
This grinding condition is adjusted by changing the
rotational speed of the regulation wheel 4 and/or
the pressure with which the work piece 7 is urged
against grinding wheel 1.

While the work piece 7 is being ground, the
abrasive grains T are delivered from the hopper 10
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and blasted through the blaster nozzle 12 toward
the surface of the grinding wheel 1. In this way,
ground dust adhering to the surface of the grinding
wheel 1, formed during the grinding process of
work piece 7, is removed by the blasted abrasive
grains T. The blasted abrasive grains T fall down fo
be recovered in the housing 10, and are recycled
through the return pipe 13. During the grinding
process, bristles 14 lining the peripheral edge of
housing 10 prevent the abrasive grains T from
scattering outside of housing 10.

As clearly described above, the grinding of the
work piece 7 and the ground dust removal from the
surface of the grinding wheel 1 can be accom-
plished simultaneously, efficiently and speedily in
this embodiment. Since the abrasive grains T blast-
ed at the grinding wheel 1 can be recovered and
recycled, WA sticks and brushes are not required.
Therefore, by eliminating the need fo replace WA
sticks as required in conventional grinding method,
the grinding method according to the above de-
scribed invention results in a reduction of operating
costs. Furthermore, since the regulation wheel 4 is
made of polyurethane rubber having the predeter-
mined hardness, the work piece 7 is much less
likely to be damaged than conventional rubber reg-
ulation wheels containing abrasive grains.

This embodiment offers a further advantage
that the vertical and horizontal traveling speed of
the blast nozzle 12 can be adjusted so that ground
dust is evenly removed from the surface of the
grinding wheel 1. This, in turn, minimizes the de-
formation of the periphery of the grinding wheel 1
fo the extent that no significant adverse effect on
the quality of ground products is produced. Fur-
thermore, since ground dust is automatically re-
moved from the grinding wheel 1 in the housing
10, there is no danger involved to the operator of
the grinder in removing ground dust. Moreover,
since the abrasive grains T are prevented from
scattering, other equipments disposed nearby are
kept to be clean from the scattering abrasive grains
T.

Although the ground dust removal unit is em-
ployed in a centerless grinding machine in this
embodiment, this unit can be employed in a con-
ventional cylindrical grinding machine. Further, this
unit can be installed in an automatic grinding line
assembly for processing work such as work piece
7. Instead of continuously and simultaneously car-
rying out both grinding and dust removal oper-
ations, the present invention also allows for both
operations to be alternatively performed, or for the
removal of ground dust after completion of the
grinding operation.

Other embodiments according to the present
invention will now be described referring to Figs. 8
through 19. The components and structures in
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those drawings similar to the above embodiment
are given similar numeric reference numbers so as
to eliminate the explanation thereof.

Second Embodiment

Figs. 8 through 10 show a movable nozzle type
ground dust removing unit, a grinding surface of
which is formed around the circumference of a
grinding wheel 38. Further, a circulation circuit for
abrasive grains and the blasting condition will now
be described in detail.

The circulation circuit for the abrasive grains T
is composed of a blasting apparatus 31, a hopper
32 and connecting pipes 33a,33b which are dis-
posed between the blasting apparatus 31 and the
hopper 32. A control device 34 for controlling the
amount of abrasive grains is disposed at a dis-
charge port 32a located at the bottom portion of
the hopper 32. The connecting pipe 33a is ex-
tended from the control device 34, and connected
fo a blaster 36. The control device 34 controls the
amount of abrasive grains fransferred from the hop-
per 32 to the blaster 36. An air inlet 35 is disposed
at the blaster 36, through which the compressed air
is supplied. The blast abrasive grains T are blasted
against the circumferential surface of the grinding
wheel 38 with its embedded diamond teeth by
means of the flow of compressed air through a
blast nozzle 37 of the blaster 36.

In this occasion, the mesh number of the abra-
sive grains of the grinding wheel 38 is #140, the
average diameter of which is 105 microns. On the
other hand, the mesh number of the blasting abra-
sive grains T is #220, the average diameter of
which is 63 microns. Since the blasting abrasive
grains T are selected finer than those of the grind-
ing wheel 38, the efficiency for removing the adher-
ing ground dust is increased. The «-alumina used
for the abrasive grains T is physically and chemi-
cally similar to the g-alumina forming work piece
39. Thus, should blast abrasive grains T penetrate
the surface of the work piece 39, the work piece 39
is less likely to sustain damage during sintering
were some other blasting material used in place of
the a-alumina.

A diffuser 40 is fastened at the distal end of the
blast nozzle 37. The diffuser 40 controls the area
covered by blasting of the abrasive grains T. That
is, even when the nozzle 37 is kept apart from
grinding wheel 38, in order not to chip a bond
portion of the grinding wheel 38 by blasting inten-
sively, the excess scattering of the abrasive grains
T can be prevented by diffuser 40. Diffuser 40
further prevents the scattering of abrasive grains T
by the airflow generated by the high speed rotation
of grinding wheel 38. As shown in Fig. 12, the
distance | is defined as a length between the
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diffuser 40 and the surface of the grinding wheel. In
this case, the distance | is set less than 30 millime-
ters (mm) in relation to the most preferable blasting
amount of grains T. Therefore, as the blasted area
of the grains T is controlled by means of the
diffuser, a high efficiency rate for removing ground
dust from the surface is securely achieved.

As shown in Fig. 8, the abrasive grains T
collide against adhering dust on the surface of the
grinding wheel 38 so as to remove the dust. The
blasted abrasive grains T and adhering dust fall
into housing 44, and are transferred to the hopper
32 via the connecting pipe 33b. The hopper 32
includes two vertically stacked containers. The mix-
ture of dust particles and abrasive grains trans-
ferred via pipe 33b are exhausted into the upper
vertically stacked container. Due fo their weight,
the heavier abrasive grains T fall down into the
lower vertically stacked container while the lighter
weight dust particles are temporarily suspended in
the upper container until exhausted through dis-
charged port 32b. Thus, according to the invention,
the abrasive grains are separated from the dust
particles and recycled for reuse in the grinding
operation. The recycled abrasive grains are sup-
plemented by a source of new abrasive grains
intfroduced to hopper 32 by a separate source not
shown in Fig. 8.

As shown in Fig. 10, the blast nozzle 37 is
mounted to a base 42 which is movably disposed
along a rail 41, thus the nozzle 37 is horizontally
(i.e., right-and-left direction in the drawing) movable
with respect to the grinding wheel 38. The position
of the nozzle 37 can be adjusted horizontally (i.e.,
front-and-back direction in the drawing) with re-
spect to the grinding wheel 38 by adjusting the
mounting position thereof to the base 42. An angle
between the blast nozzle 12 and the surface of the
grinding wheel for blasting can be likewise ad-
justed. That is, the angle can be adjusted fo pre-
vent the abrasive grains T which are blasted at the
grinding wheel 38 from bounding away through
sliding doors 43. Therefore, one distal end of the
housing 44 is inclined and projectingly expanded to
the side surface of the grinding wheel 38. There-
fore, even when the inclined nozzle 37 is position
at the distal end near the expanded housing 44
side, the abrasive grains T can be evenly blasted
at the surface of the grinding wheel 38.

The most preferable blasting condition for re-
moving the ground dust will now be described.

In the case where the movable nozzle type
ground dust removing unit is employed and where
the grinding surface is formed around the circum-
ference of the grinding wheel 38, the most prefer-
able condition for removing dust according to the
embodiment is directed by the value of Ki* where
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Ki* = (L/V) e W/[@DL) « N]

and where (L/a)>1. According to this equation, L
(meter) indicates width of the grinding wheel 38, a
(meter) indicates blasting width of the blast abra-
sive grains T blasted from the nozzle 37, N (1/sec-
ond) indicates rotational speed of the grinding
wheel 38, W (kilogram/second) indicates mass flow
of the blast abrasive grains T, V (meter/second)
indicates the moving speed of the nozzle, and D
(meter) indicates the diameter of the grinding
wheel 38.

Correlation between the value of Ki* calculated
through the above-described equation and the de-
formation of the grinding wheel after 200 times
blasting is indicated by a graph in Fig. 13 based on
experimental data. The axis of abscissa indicates
the value of Ky*, while the axis of ordinate indicates
the maximum deformation of the periphery of the
grinding machine. The maximum deformation of
the periphery of the grinding wheel is calculated by
comparing the contour of the work piece 39 before
blasting with that of the work piece 39 after 200
times of blasting. This calculation results from a
recognition that the shape of the grinding wheel 38
is transferred to the work piece 39 during the
grinding process. The contour of the work piece 7
can be measured by a three-dimensional measur-
ing machine (UPMC-550 made by CARL ZEISS) on
an arbitrary line extending along the axis of the
work piece 39.

Apparent from the graph, when the value of K
exceeds 0.2, the maximum deformation of the con-
tour is significantly increased. That indicates the
grinding wheel itself is ground and deformed by
blasting. Furthermore, not indicated in the graph,
when the value of Ki* is below 0.005, the removal
of ground dust from the surface is not sufficient,
because the amount of the abrasive grains T is oo
small.

Therefore, the value of Ky* should generally be
set within the range 0.005 £ K;* [kg / (m?s)] £ 0.2.
It is preferable to have K;* set within the range 0.01
< Ki* [kg / (mPs)] £ 0.05, where (L / V) « W
indicates the actual amount of the abrasive grains
T blasted against the grinding wheel 38. (zDL) « N
indicates the total area of grinding wheel 38 multi-
plied by the rotational speed of grinding wheel 38,
in effect, the actual peripheral area of the grinding
wheel per unit time. Therefore, Ky* is an indication
of the weight of the abrasive grains T blasted at a
given area of the grinding wheel. In this case, the
pressure of the compressed air is set within the
range 1 £ P [kgf / cm?] £ 4.

Blasting abrasive grains T under these con-
ditions, result in a grinding wheel 38 which is not
ground and hence not deformed. Moreover, given
the above described conditions, ground dust re-

*
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moval is optimized.

As shown in Fig. 11 (a), a blasting angle ¢ is

defined between the nozzle 37 and the tangent line
of the peripheral surface of the grinding wheel with
respect to the rotational direction. The angle 6 can
be set within the range between 30 degrees and
110 degrees, preferably between 45 degrees and
90 degrees. Within the above-described range, the
efficiency for removing the adhering ground dust is
improved, because the amount of the abrasive
grains T blasted against the surface of the grinding
wheel and collision energy are maximized. The
blasting angle ¢ of the nozzle 37 in this embodi-
ment is set to 70 degrees which achieves the
highest efficiency for removing the adhering dust.
Further, it is preferred that nozzle 37 be disposed
opposite to work piece 39 with respect to the
grinding wheel 38. The nozzle 37 can be disposed
at either upper or lower side of the grinding wheel
38. However, when the nozzle 37 is disposed at the
upper side, the efficiency to recover the abrasive
grains T or adhering dust of the grinding wheel 38
is slightly lowered. When the nozzle 37 is disposed
at the lower side, the abrasive grains T or ground
dust are easily adhered to the nozzle 37 or the
moving mechanism for the nozzle 37, which causes
malfunction of those components.
According to this embodiment, the value of Kj
would be calculated based on the numerical values
indicated below: L = 0.51 (meter), a = 0.05 (me-
ter), N = 18 (revolution per second), W = 0.01
(kilogram/second), V = 0.025 (meter/second), D =
0.5 (meter), P = 2.8 (kilogram force / square
centimeter), 6 = 70 (degrees), | = 8 (millimeter),
the value of Ki* will be 0.0226 (kg/m?s).

*

Third Embodiment

Figs. 14 through 16 show a movable nozzle
type ground dust removing unit, a grinding surface
of which is formed on the side surface of the
grinding wheel.

A grinding wheel 45 has a disc shape, and can
be rotated at a high speed together with a shaft 46.
A housing 48 of a blasting apparatus 47 covers at
least part of grinding wheel 45 located at the one
side of the grinding wheel 45. A blast nozzle 49 is
inserted into the housing 48 through a sliding door
50, and is reciprocally movable between the shaft
46 and the edge of the circumference along a rail
51 in the radius direction. The end surface of a
cylindrical work piece 52 perpendicular to the shaft
is ground by the grinding surface which is arranged
opposite to the blast nozzle 49.

The most preferable blast condition for remov-
ing ground dust, according to this embodiment, is
determined by the value of Kz*, which is similar to
the above-described embodiment, where (L/a) > 1.
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Ke* = (L/V) e W/[(n/4) + {D?- (D - 2L)?} » N]

The value of K>* is similarly set within the range of
0.005 £ Ko* [kg/(m?s)] £ 0.2, and further it is
preferable to be set within the range of 0.01 £ K>~
[kg/(m?s)] £ 0.05.

According to this embodiment, the value of Ko

is calculated based on the numerical values given
below:
Given values of L = 0.1 (meter), a = 0.04 (meter),
N = 33.3 (revolution per second), W = 0.015
(kilogram/second), V = 0.020 (meter/second), D =
0.4 (meter), P = 2.0 (kilogram force/ square centi-
meter), 0 = 90 (degree) and | = 10 (millimeter),
the value of Ky* is calculated as 0.0239 (kg/m?s).

As shown in Fig. 11 (b), a blasting angle ¢ is
defined as an angle of the nozzle 49 with respect
to the grinding wheel. This angle 8 can be set
within the range of 30 through 110 degrees, similar
to the above embodiment with blasting at the cir-
cumferential surface.

*

Fourth Embodiment

Figs. 17 through 19 show a fixed nozzle type
ground dust removing unit, a grinding surface of
which is formed around the circumference of the
grinding wheel.

A grinding wheel 55 has a disc shape, and can
be rotated at a high speed together with a shaft 56.
A housing 58 of a blasting apparatus 57 covers at
least part of grinding wheel 55 at the one side of
the grinding wheel 55. A blast nozzle 59 is inserted
into the housing 58, and secured. A generally small
size work piece 60 is ground by the grinding sur-
face which is formed at the side opposite to a
nozzle 59.

The most preferable blast condition for remov-
ing ground dust according to this embodiment, is

determined by the value of Ky, where 0.7 £ (L / a)
<1.

Ki = (L/a)* W/[(xDL) + NJ

The value of Ky is set within the range of 0.005 <
Ki [kg/(m?s)] £ 0.05, which is similar to the above
embodiment. Further, it is preferable to set within
the range of 0.01 £ Ky [kg/(m?s)] £ 0.05.

According to this embodiment, the value of K,

is calculated based on the numerical values in-
dicated below:
Given values of L = 0.02 (meter), a = 0.022
(meter), N = 41.7 (revolution per second), W =
0.020 (kilogram/second), D = 0.2 (meter), P = 15
(kilogram force/square centimeter), 6 = 90 (de-
gree), and | =2 (millimeter), the value of K; is
calculated to 0.0347 (kg/m?s).
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As clearly described by the preferred con-
ditions of each of the aforementioned embodi-
ments, ground dust in each case can most effi-
ciently be removed using a minimal amount of
abrasive grains during the grinding process. Fur-
ther, since the grinding wheel will not deformed by
grinding itself, the quality of the ground products
can be improved.

Although only four embodiments of the present
invention have been described herein, it should be
apparent to those skilled in the art that the present
invention may be embodied in many other specific
forms.

Therefore, the present examples and embodi-

ments are to be considered as illustrative and not
restrictive.
An apparatus for removing ground dust from the
surface of a grinding wheel (1,38,45,55) including a
blasting apparatus (9,31,47,57) for application in a
dry grinding process of ceramic work piece
(7,39,52,60). The blasting apparatus (9,31,47,57)
blasts abrasive grains against the surface of the
grinding wheel (1,38,45,55). A circulating passage
(13,33a,33b), both ends of which are connected
with the blasting apparatus (9,31,47,57), receives
the abrasive grains in the vicinity of the apparatus
and returns them to the

Claims

1. An apparatus for removing ground dust from a
surface of a grinding wheel (1,38,45,55) for
applying dry grinding process to ceramic com-
ponents (7,39,52,60), the device comprising:

means (9,31,47,57) for blasting abrasive
grains against the surface of the grinding
wheel (1,38,45,55); and

means (16,32) for supplying said abrasive
grains to said blasting means (9,31,47,57).

2. The apparatus according to claim 1, further
including means (10,13,44,58) for recovering
said abrasive grains blasted at the grinding
wheel (1,38,45,55), and circulating said grains
fo said supplying means (16,32).

3. The apparatus according to claim 2, wherein
said recovering means includes a housing
(10,44,58) which accommodates at least a part
of said blasting means (9,31,47,57).

4. The apparatus according to claim 3, wherein
said recovering means further includes means
(14) provided at the edge of said housing
(10,44,58) and extending along the periphery
of the grinding wheel (1,38,45,55) for prevent-
ing said grains from scattering from the inside
to the outside of said housing (10,44,58).
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10.

11.

12,

13.

14.

14

The apparatus according to claim 4, wherein
said recovering means further includes bristles
(14).

The apparatus according to claim 1, wherein
said abrasive grains are made of the same
material as the ceramic components
(7,39,52,60).

The apparatus according to claim 1, wherein
said blasting means (9,31,47,57) blasts said
grains against the grinding wheel (1,38,45,55)
with a blasting angle selectable within the rage
between 45 degrees and 110 degrees.

The apparatus according to claim 1, wherein
said blasting means (9,31,47,57) includes a
nozzle (12,37,49,64) for blasting abrasive
grains by means of compressed air under the
condition that the grains blasted against a giv-
en area of the grinding wheel (K*) weigh within
the range 0.005 £ K* [kg / (m?s)] £ 0.20, under
the pressure (P) of said compressed air within
1< p[kgf/cm?] £ 4.

The apparatus according to claim 7, wherein
said blasting means (9,31,47,57) further in-
cludes a diffuser (40) fastened at a tip of said
nozzle (12,37,49,64), said diffuser (40) being
arranged to define the blasting area of the
surface of the grinding wheel (1,38,45,55).

The apparatus according to claim 7, wherein
said nozzle (12,37,49,64) is movable with re-
spect to the grinding wheel (1,38,45,55).

A method for removing ground dust from a
surface of a grinding wheel comprising the
steps of:

applying the dry grinding process to ce-
ramic components (7,39,52,60) by the grinding
wheel (1,38,45,55); and

blasting abrasive grains against the grind-
ing wheel (1,38,45,55) for removing the ground
dust.

The method according to claim 11, further
including a step of recovering said grains
blasted against the grinding wheel (1,38,45,55).

The method according claim 12, wherein said
grains are Dblasted by Dblasting means
(9,31,47,57), and said grains are recovered by
recovering means (10,13,44,58).

The method according to claim 13, wherein
said recovering means including a housing
(13,44,58) which accommodates at least a part
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20.
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of said blasting means (9,31,47,57).

The method according to claim 14, wherein
said recovering means (10,13,44,58) further in-
cludes means (14) provided at the edge of
said housing (13,44,58) and extending along
the periphery of the grinding wheel
(1,38,45,55) for preventing said grains from
scattering from the inside to the outside of said
housing (13,44,58).

The method according to claim 11, wherein
said abrasive grains are made of the same
material as the ceramic components
(7,39,52,60).

The method according to claim 11, wherein
said abrasive grains are blasted against the
grinding wheel (1,38,45,55) with a blasting an-
gle selectable within the range between 30
degrees and 110 degrees.

The method according to claim 11, wherein
said abrasive grains are blasted by means of
compressed air under the condition that said
grains blasted against a given area of the
grinding wheel (K weigh within the range
0.005 £ K* [kg / (m?s)] £ 0.20, under the
pressure (P) of said compressed air within 1 <
P [kgf / cm?] £ 4.

The method according to claim 18, wherein the
blasting area on the grinding wheel
(1,38,45,55) is limited by a diffuser (40).

The method according to claim 11, wherein
said dry grinding process is applied to said
ceramic components (7,39,52,60) by the grind-
ing wheel (1,38,45,55) when said abrasive
grains are blasted against the grinding wheel
(1,38,45,55) for removing the ground dust.
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