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(87) Abstract

A cylindrical, abrasive grinding wheel (10) having a cylindrical abrasive region (12) with an abrasive surface (18) at an outer circular
band thereof. The abrasive region includes layers (26) of abrasive particles. The layers (26) of abrasive particles can be tilted with respect
to an axis of rotation (23) of the grinding wheel or they can be arranged such that grooving in the grinding wheel and a workpiece ground
by the grinding wheel can be reduced. Alternatively, the abrasive region can be formed from a plurality of abrasive segments each having

layers of abrasive particles. The layers of abrasive particles can be staggered in the direction of the axis of rotation from one segment to |
another. This can also reduce grooving in the grinding wheel and workpieces.
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GRINDING WHEEL

Technical Field

The present invention relates generally to
abrasive or superabrasive tools. 1In particular, the present
invention relates to a rotatable grinding wheel having an

abrasive or superabrasive surface.

Background of the Invention

Certain types of workpieces (plastic and glass
lenses, stone, concrete, and ceramic, for example) can be
advantageously shaped using grinding tools, such as a wheel
or disc, which have an abrasive work surface, particularly a
superabrasive work surface, a superabrasive surface also
being an abrasive surface but having a higher abrasivity.

The work surface of the grinding tool can be made up of an

abrasive band around the outer circumference of the wheel or

disk. The work surface usually includes particles of super

hard or abrasive material, such as diamond, cubic boron

nitride, or boron suboxide surrounded by a bond material
and/or embedded in a metal matrix. It 1g these abrasive

particles that primarily act to cut or grind a workpiece as

1t 1s brought into contact with a rotating work surface of

the grinding tool.

It 1s known to form cutting or grinding wheels

comprising segments of abrasive material. The abrasive
segments can be formed by mixing abrasive particles such as
diamonds and metallic powder and/or other filler or bond
material i1n a mold and pressure molding the mixture at an
elevated temperature. Forming abrasive segments in this

way, however, can create areas having high concentrations of

hard or abrasive particles and areas having low

1
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concentrations of abrasive particles i1n the segment.
Further, the concentration of abrasive particles at an
abrasive surface affects grinding characteristics of the
wheel such as wheel wear rate and grinding rate. As such,
non-uniform or randomly varying concentrations of abrasive
particles can cause unstable cutting or grinding

performance. Also, forming abrasive segments in this way

can be relatively expensive because a relatively high number

of abrasive particles are used.

1a
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To reduce problems associated with non-uniform or randomly varying
concentrations of abrasive particles in abrasive surfaces, it is known to form abrasive
segments 1n which concentrations of abrasive particles vary in an orderly manner. For
example, abrasive segments can be formed having substantially parallel, planar layers of
abrasive particles separated by regions of bond material. Abrasive material having such
layers of abrasive particles are disclosed in, for example, U.S. Patent No. 5,620,489, issued
on April 15, 1997 to Tselesin, entitled Method for Making Powder Preform and Abrasive
Articles Made Therefrom; U.S. Patent No. 5,049,165, issued September 17, 1991 to
I'selesin entitled Composite Material; and Japanese Laid Open Patent Publication J.P. Hei.
3-161278 by Tanno Yoshiyuki, published July 11, 1991 for Diamond Saw Blade
(“Yoshiyuki™).

Yoshiyuki discloses a saw blade for cutting stone, concrete, and/or fire resistant
material. The saw blade is formed from abrasive segments having planar layers of
abrasive particles. The layers of abrasive particles are aligned with a direction of rotation
of the saw blade such that the cut in a workpiece forms grooves, as can be seen in Figure 3
of Yoshiyuki. Such grooves are formed because the areas of bond material between planes
of abrasive particles wear faster than the areas of the planes of abrasive particles.

However, for some applications of a grinding tool, wear grooves are undesirable or
unacceptable. In some cases, it is specifically desirable to be able to produce a smooth,
rounded edge on a workpiece. For example, a type of grinding wheel, known as a pencil
wheel, is generally used to grind the edges of panes of glass to remove sharp edges of the
glass and leave rounded edges free of cracks that could cause the glass to break. The

production of grooves in the rounded edge would be undesirable.

In addition to the foregoing, an improvement over the generally practiced methods
of assembling grinding wheels is desired. Typically, assembly of a grinding wheel
includes either a brazing or a sintering process in order to bond the abrasive material to the
support plate(s). These processes may be disfavored for a number of reasons. For
example, brazing an abrasive layer to an aluminum support plate (a preferred material due
to 1ts light weight) may be difficult to accomplish due to the presence of aluminum oxide
on the surface of the support plate which inhibits wetting-out of the braze material.

Sintering is generally disfavored due to the long time period and high temperature
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required. Furthermore, both sintering and brazing are

incompatible with non-metallic (e.g., polymeric) support

plates. In view of these disadvantages, an improved method

of bonding the abrasive layer to the support plate(s) in a

grinding wheel 1s desired.

Summary of the Invention

According to one aspect of the present invention,
there 1s provided an abrasive grinding wheel that can be
rotated about an axis of rotation, the abrasive grinding
wheel comprising: a means for defining an axis of rotation
Oof the abrasive grinding wheel; a first support plate; a
second support plate; a substantially cylindrical region of
abrasive material sandwiched between the first support plate
and the second support plate and bonded to the first and

second support plates with an adhesive and having a

circumferentially extending abrasive surface at a peripheral

band thereof, wherein the abrasive material comprises a

plurality of layers of abrasive particles, each layer of

abrasive particles extending along at least a portion of the

clrcumference of the abragsive surface and in a radial

g

direction of the substantially cylindrical region of

abrasive material from the abrasive surface toward the axis

of rotation; and wherein any circular path defined by an

intersection of a plane perpendicular to the axis of

rotation of the abrasive grinding wheel and a complete
circumference of the abrasive surface will intersect at

least one of the plurality of layers of abrasive particles.

According to another aspect of the present
1nvention, there is provided an abrasive grinding wheel for

connection to a rotary tool so that the abrasive grinding

wheel can be rotated about an axis of rotation, comprising:
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a means for defining an axis of rotation of the abrasive

grinding wheel; a first support plate; a second support

plate; a substantially cylindrical abrasive region of

abrasive material comprising a plurality of layers otf

abrasive particles, each layer of abrasive particles

extending along at least a portion of the circumference of
the abrasive surface and 1n at least a radial direction of
the substantially cylindrical region of abrasive material,
and wherein the plurality of lavyers of abrasive particles
form an angle of between 0 degrees and 180 degrees,
exclusive, with the axis of rotation of the abrasive

grinding wheel, wherein the substantially cylindrical

abrasive region is sandwiched between the first support
plate and the second support plate and bonded to the first

support plate and the second support plate with an adhesive.

According to another aspect of the present
invention, there is provided an abrasive grinding wheel that
can be rotated about an axis of rotation, comprising: a

means for defining an axis of rotation of said abrasive

grinding wheel; a first support plate; a second support

plate; and a substantially cylindrical region of abrasive

material sandwiched between the first support plate and the

second support plate and formed from a plurality of discrete

abrasive segments, each of the plurality of abrasive
segments having a plurality of layers of abrasive particles
extending along at least a portion of the circumference of
an abrasive surface, and each of the plurality of abrasive
segments being bonded to the first and the second support
plate with an adhesive; wherein at least one of the
plurality of layers of abrasive particles in at least one of
the plurality of abrasive segments are offset in a direction

pr—

of the axis of rotation from at least one of the plurality

3a
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of layers of abrasive particles 1in at least one other of the

F

plurality of abrasive segments.

According to another aspect of the present
invention, there 1s provided a method of fabricating a
grinding wheel for rotating about an axis of rotation,
comprising the steps of: providing a sheet of abrasive
material comprising a plurality of abrasive particle layers;
shaping the sheet of abrasive material into a substantially
cylindrical grinding wheel having a substantially

cylindrical abrasive region, wherein the layer of abrasive

particles extends along at least a portion of the
circumference of the abrasive surface and in a radial
direction of the substantially cylindrical region of
abrasive material from the abrasive surface towards a center
of the grinding wheel; fixedly securing the sheet of
abrasive material between a first support plate and a second
support plate by adhesively bonding the sheet of abrasive
material to the first support plate and the second support
plate; defining an axis of rotation for the grinding wheel
so that the layers of abrasive particles are at an angle of
between 0 degrees and 180 degrees, exclusive with the axis

of rotation.

According to another aspect of the present
invention, there is provided a method of fabricating an
abrasive grinding wheel for rotating about an axis of
rotation, comprising the steps of: providing a plurality of

abrasive segments each having a plurality of lavers of

abrasive particles forming an abrasive surface, the lavers

i

Of abrasive particles extending along at least a portion o:

|

the circumference of the abrasive grinding wheel;
circumferentially spacing the plurality of abrasive segments

between a first support plate and a second support plate;

3b
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bonding the plurality of abrasive segments to the first and
the second support plates with an adhesive such that at
least one of the plurality of layers of abrasive particles
in at least one of the plurality of abrasive segments 1is
staggered 1n the direction of the axis of rotation of the
grinding wheel from at least one of the plurality of lavers

of abrasive particles 1n at least one other of the plurality

of abrasive segments.

According to another aspect of the present
invention, there is provided an abrasive grinding wheel that
can be rotated about an axis of rotation, the abrasive
grinding wheel comprising: a means for defining an axis of
rotation of the abrasive grinding wheel; a substantially
cylindrical region of metal bond abrasive material having a
circumferentially extending abrasive surface; and at least
one support plate; wherein the region of metal bond abrasive

material 1s bonded to the support plate with an adhesive.

According to another aspect of the present
invention, there is provided an abrasive grinding wheel that
can be rotated about an axis of rotation, comprising: a
means for defining an axis of rotation of the abrasive
grinding wheel; a first support plate; a second support

plate; a substantially cylindrical region of metal bond

g—

abrasive material formed from a plurality of discrete

abrasive segments interposed between the first support plate

and the second support plate and bonded to the first and the

second suppcrt plate with an adhesive.

According to another aspect of the present

invention, there is provided a method of making an abrasive

grinding wheel for rotating about an axis of rotation,

comprising the steps of: (i) providing a first support

3C
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plate having an inner and an outer major suriace;

(1i) providing a second support plate having an inner and an

outer major surface; (iii) providing a region of metal bond
abrasive having a first and a second major surface;

(iv) circumferentially spacing the region of metal bond
abrasive between the inner major surface of the first
support plate and the inner major surface of the second
support plate, wherein a first layer of adhesive 1is
interposed between the inner major surface of the first
support plate and the first major surfaces of the metal bond
abrasive layer, and wherein a second layer of adhesive 1s
interposed between the inner major surface of the second

support plate and the second major surfaces of the metal

bond abrasive layer; and (v) curing the first and the second

layers of adhesive to provide an abrasive grinding wheel

having a circumferentially extending abrasive surface.

P

In accordance with embodiments of the present

invention, a grinding wheel exhibits an abrasive surface

having an ordered concentration of abrasive particles to

advantageously produce stable grinding results. But also,

the abrasive surface of the wheel 1s able to produce a

smooth edge on a workpiece. In some i1nstances, the edge

produced on a workpiece may also be rounded.

Some embodiments of the present invention include
a generally cylindrical abrasive grinding wheel which 1is
rotatable about an axis of rotation. A substantially

cylindrical region of abrasive material having an abrasive

surface on an outer peripheral surface thereof is formed

—

from a plurality of layers of abrasive particles. Each

layer of abrasgive particles extends in at least a

circumferential direction and a radial direction of the

cylindrical region of abrasive material. By extending the

3d
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layers in a radial direction, as an edge of an abrasive
particle layer 1s worn away by use of the wheel, a fresh
edge will advantageously be exposed. When a wheel having a
shaped or profiled edge 1s used, however, the edge may have

to be re-profiled as it is worn down.

In one aspect of the invention the layers of
abrasive particles are arranged on the abrasive surface such
that any circular path defined by an intersection of a plane

perpendicular to the axis of rotation of the grinding wheel

and a complete circumference of the abrasive surface will

intersect at least one of the plurality of layers of

abrasive particles.

In another aspect of the i1nvention the layers of
abrasive particles are tilted with respect to the axis of
rotation of the grinding wheel to form an angle of between 0
degrees and 180 degrees, exclusive, therewith. 1In this way,
as the grinding wheel 1s rotated through a 360 degree
rotation, an exposed edge of a single abrasive particle
layer will sweep over an axial distance wider than the width
of the exposed edge of the abrasive particle layver. If the
layers of abrasive particles are tilted with respect to the

pr—

axls of rotation such that the width of the axial distances

over which

3e
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each abrasive particle layer sweeps meet or overlap, then grooving on the surface of a
workpiece can be reduced and preferably eliminated.

Yet another aspect of the invention can be characterized by the grinding wheel
being formed from a plurality of abrasive segments each including layers of abrasive
particles. The layers of abrasive particles are staggered 1n an axial direction from one
segment to another. In this way, the exposed edges of the abrasive particle layers will
SWeep across a greater portion of an axial thickness of the abrasive surface. This can also
reduce grooving on a workpiece. In some embodiments, it may be feasible to reduce
grooving with segments whose abrasive particles are not in layers but are randomly
spaced.

Yet another aspect of the invention can be characterized by the grinding wheel
including a layer of metal bond abrasive which is adhesively bonded to at least one support
plate. As used herein the term “adhesive” refers to a polymeric organic material capable
of holding solid materials together by means of surface attachment. As used herein the
term “metal bond abrasive” refers to an abrasive material comprising a plurality of
abrasive particles distributed throughout a metal bond material. The abrasive particles
may be randomly distributed (i.e., non-uniform or randomly varying concentrations)
throughout the metal bond material or the concentration of abrasive particles may vary in
an orderly manner (e.g., substantially parallel, planar layers of abrasive particles separated
by regions of metal bond material). The layer of metal bond abrasive may comprise a
single mass or more than one mass. In a preferred embodiment, a plurality of discrete
metal bond abrasive segments are circumferrentially spaced between two support plates
and are adhesively bonded to the support plates by a structural adhesive which is

interposed between the abrasive segments and the support plates.

Brief Description of the Drawings

Figure 1 is a perspective view of an abrasive grinding wheel having a tilted

abrasive surface in accordance with the present invention.

Figure 2 is a cross-sectional view of the grinding wheel shown in Figure 1 taken

along section line 2-2 of Figure 1.



10

15

20

25

30

CA 02366868 2001-08-23

WO 00/50202 PCT/US00/04675

Figure 3 1s a front view of the grinding wheel shown in Figure 1 1llustrating layers
ot abrasive particles in an abrasive region thereof.

Figure 4 1s a partial side view in cross section of an abrasive orinding wheel
grinding a workpiece illustrating how layers of abrasive particles between bond regions on

the abrasive surface of the grinding wheel can cause grooving of the grinding wheel and

workpiece.

Figure 5a is a partial front view of a sheet of abrasive material which can be used
to fabricate the grinding wheel shown in Figure 1 showing abrasive particles and abrasive
particle layers exaggerated for purposes of illustration.

Figure 5b is a partial front view of the grinding wheel shown in Figure 1 showing
abrasive particle layers exaggerated for purposes of illustration and tilted with respect to

an axis of rotation of the grinding wheel.

Figure 6 is a perspective view of a laminated block from which the abrasive

grinding wheel shown in Figure 1 can be formed.

Figure 7 1s a top view of a laminated sheet from which an abrasive region of the

grinding wheel shown in Figure 1 can be formed.

Figure 8 is an exploded front view of an example of a laminated sheet such as that

shown 1n Figure 7.

Figure 9 is a top view of a first embodiment of porous material which can be used

to fabricate the laminated sheet shown in Figure 7.

Figure 10 is a top view of a second embodiment of porous material which can be

used to fabricate the laminated sheet shown in Figure 7.

Figure 11 1s a perspective view of a second embodiment of an abrasive grinding

wheel including abrasive segments having abrasive particle layers in accordance with the

present invention.

Figure 12 is a cross-sectional view of the grinding wheel shown in Figure 11 taken

along section line 12-12 of Figure 11.

Figure 13 1s a cross-sectional view of the grinding wheel shown in Figure 12 taken

along section line 13-13 of Figure 12.

Figure 14 1is a cross-sectional view of the grinding wheel shown in Figure 12 taken

along section line 14-14 of Figure 12.
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Figure 15 1s a top cross-sectional view, taken along the same section line as Figure

12, of another embodiment of a grinding wheel in accordance with the present invention.

Figure 16 1s a cross-sectional view of the grinding wheel shown in Figure 15 taken
along line 16-16 of Figure 15.

Figure 17 is a front view of the grinding wheel shown in Figure 11 showing
abrasive particles and abrasive particle layers exaggerated for purposes of illustration.

Figure 18 1s a front view of a third embodiment of an abrasive grinding wheel

including stacked abrasive segments in accordance with the present invention.

Figure 19 is a cross-sectional view of the grinding wheel shown in Figure 18 taken
along section line 19-19 of Figure 18.

Figure 20 1s a front view of another embodiment of an abrasive grinding wheel in
accordance with the present invention having an abrasive surface with the axial position of

the abrasive particle layers varying.

Figure 21 is a perspective view of a spacer which can be used to fabricate the
grinding wheel shown in Figure 20.

Figure 22 is a front view of another embodiment of an abrasive grinding wheel in
accordance with the present invention having an abrasive surface formed from abrasive
segments.

Figure 23 is a front view of another embodiment of an abrasive grinding wheel in
accordance with the present invention having an abrasive layer which is adhesively bonded
to the support plates.

Figure 24 1s a front view of another embodiment of an abrasive grinding wheel in
accordance with the present invention having an abrasive layer which formed from a
plurality of abrasive segments which are adhesively bonded to the support plates.

Figure 25a is a front view of another embodiment of an abrasive grinding wheel in
accordance with the present invention having an abrasive layer which formed from a
plurality of abrasive segments which are adhesively bonded to the support plates.

Figure 25b is an assembly view of the embodiment of Figure 25a.
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Detailed Description

Figure 1 1s a perspective view of cutting or grinding wheel 10 having an abrasive
perimeter surface in accordance with the present invention. Wheel 10 is substantially
cylindrical in shape and includes an abrasive region 12 preterably sandwiched between a
first support plate 14 and a second support plate 16. An outer abrasive surface 18 of
abrasive region 12 is a substantially cylindrical band which extends about a portion of the
circumtferential surface 24 of wheel 10. Wheel 10 includes a bore 20 in the center thereof
which passes entirely though wheel 10. Bore 20 is to allow wheel 10 to be mounted to a
rotatable shaft (not shown) for rotating wheel 10 thereabout. Accordingly, a rotatable
shaft placed through bore 20 would extend along the axis of rotation 23 of wheel 10.
Alternatively, the axis of rotation can be defined by longitudinally aligned shaft portions
fixed within plates 14 and 16. It is also contemplated to attach wheel 10 to a rotatable
shaft by attaching a substantially circular mounting plate (not shown) having a central
shatt (not shown) to wheel via mounting holes 9. It is to be understood, however, that
mounting holes 9 are not necessary. By rotating wheel 10 on or by a rotatable shaft, a
workpiece can be held against the circumferential surface 24 of wheel 10 to be abraded by
abrasive surface 18 so that the workpiece can be appropriately shaped, ground, or cut.

Support plates 14 and 16 are substantially rigid and preferably formed of steel, but
could also be bronze, aluminum, or any other suitably rigid material. Support plates 14
and 16 can be formed from unsintered or sintered powder material. At least one of these
plates can comprise no abrasive particles or can comprise some abrasive particles of lesser
concentration and/or size than abrasive region 12. Plates 14 and 16 have outer surfaces
I4a and 16a respectively which are preferably perpendicular to the axis of rotation 23 of
disk 10. Plates 14 and 16 also have inner surfaces 14b and 16b respectively. As shown in
Figure 3, which is a front view of wheel 10, inner surfaces 14b and 16b are preferably

substantially parallel with one another but tilted to form an angle O with a plane
perpendicular to the axis of rotation 23. It is to be understood, however, and as described
more fully below, that it is also within the ambit of the present invention to have non-
parallel layers of abrasive particles, or layers which may not be parallel but that follow

contours of any adjacent layer. It is also contemplated that inner surfaces 14b and 16b can

be perpendicular to the axis of rotation 23 rather than tilted.
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Abrasive region 12 is preferably substantially cylindrical having an upper surface
31 and a lower surface 33 which are substantially parallel with one another and also
preferably tilted at angle 6 with a plane perpendicular to axis of rotation 23. In this way,
abrasive region 12 can be supported between support plates 14 and 16 at angle 0 to a plane
perpendicular to axis of rotation 23 of wheel 10. Because top surface 14a of plate 14 and
bottom surface 16a of plate 16 can be substantially perpendicular to axis of rotation 23,
surfaces 31 and 33 can be tilted at angle 0 with respect to surfaces 14a and 16a. It is to be
understood that support plates 14 and 16 are optional. To facilitate rotation of a erinding
wheel formed without support plates 14 and 16, a rotatable shaft can be fixed directly to
upper and lower surfaces 31 and 33, respectively.

As shown in Figure 2, which is a sectional view of wheel 10 taken along line 2-2 of

Figure 1, abrasive region 12 is annular, extending radially inward from surface 24 towards

the center of wheel 10. In this way, as outer abrasive surface 18 is worn down by use,
additional abrasive surface is exposed, thus extending the useful life of wheel 10. In the
embodiment shown in Figure 2, abrasive region 12 extends through the entire radial
distance between circumferential surface 24 and bore 20. It is also contemplated,
however, that abrasive region 12 extend radially through only of portion of the region
between surface 24 and bore 20.

Abrasive region 12 contains particles of abrasive or hard material including, but
not limited to, superabrasives such as diamond, cubic boron nitride, boron carbide, boron
suboxide, and other abrasive particles such as silicon carbide. tungsten carbide, titanium
carbide, and chromium boride suspended in a matrix of filler or bond material. As shown
in Figure 3, in accordance with the present invention, the abrasive particles can be
arranged 1n substantially planar, parallel layers 26 in abrasive region 12 with regions of
bond material 28 between the layers 26 of abrasive particles. Abrasive particle layers 26
can define a plane which extends in a radial and circumferential direction in wheel 10. As
shown 1n Figure 3, which is a front view of wheel 10, abrasive surface 18 can be formed to
cut across the layers 26 of abrasive particles, represented by dashed lines. In this way, the

edges of abrasive particle layers 26 can be exposed at abrasive surface 18. Also, the edges

of the regions of bond material 28 are exposed at surface 18.
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Exposing the edges of layers 26 at surface 18 affects the shape, wear profile, or
surface morphology of surface 18 as tool 10 is used. It also affects the profile of a surface
of a workpiece which has been ground using tool 10. This is because the regions of bond
material 28 will wear more rapidly and cut a workpiece less effectively than the abrasive
particle layers 26. Figure 4 is a side view illustrating the wear profile a grinding wheel
310 and a workpiece 308 that has been abraded thereby. Wheel 310 has abrasive region
312 which can be sandwiched between support plates 314 and 316. Abrasive region 312
Includes abrasive particle layers 326 separated by bond material regions 328. Edges of
layers 326 are aligned in a plane perpendicular to the axis of rotation 323 of wheel 310,
and each edge of layer 326 extends continuously around the perimeter of wheel 310. As
shown, grinding the edge of workpiece 308 using wheel 310 can result in grooving in
abrasive region 312. The high spots of the grooves of abrasive region 312 occur at the
edges of abrasive particle layers 326 and low spots occur at the regions of bond material
328. As shown, this grooving can be mirrored in the surface of workpiece 308 which is
being ground because the edges of the abrasive particle layers 326 will remove workpiece
material more rapidly than the surrounding regions of bond material 328.

However, as noted in the Background section, it is generally desirable to produce a
smooth, surface on a workpiece surface. For example, manufacturers of glass for
automobiles and furniture use pencil wheels to grind the edges of glass to be smooth and
relatively free of defects. Therefore, to reduce grooving or other surface anomalies in a
workpiece, as shown in Figure 3, abrasive particle layers 26 can be tilted at an angle 0 to a
plane perpendicular to the axis of rotation 23. Angle 0 is preferably between 0 degrees
and 180 degrees, exclusive. Abrasive particle layers 26 are preferably tilted far enough
such that any path 32 defined by the intersection of a plane perpendicular to the axis of
rotation of wheel 10 and a complete circumference of abrasive surface 18 will intersect or
cut across at least one abrasive particle layer 26. Thus, the entirety of a surface of a
workpiece ground by wheel 10 can be ground at substantially the same rate and fewer
grooves or other anomalies are formed due to a region of the surface being ground only by
bond material or, alternatively, a disproportionately large amount of abrasive particles.

T'he mimimum angle 0,;, at which abrasive region 12 should be tilted to a plane

perpendicular to the axis of rotation of wheel 10 so that any path 32 will cut across at least
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one abrasive particle layer 26 depends upon the size of the particles used in forming
abrasive region 12, the diameter of wheel 10, and the thickness of the regions of bond
material 28 between the abrasive particle layers 26. Figures 5a and 5b show schematic
illustrations of partial views of an abrasive material of the type from which wheel 10 can
be formed. Two abrasive particles 34 and 36 are in adjacent abrasive particle layers 26a
and 26b, respectively, represented by dashed lines. Figure 5a shows a schematic of
cylindrical abrasive region 12 before being tilted in wheel 10 to illustrate a method for
determining O,,. Particles 34 and 36 are diametrically opposed to one another across a
diameter of the wheel 10. Thus, particles 34 and 36 are at a distance from each other
which would equal the diameter D of abrasive region 12. Abrasive particle layers 26a and

26D are at a separation t between each other. An abrasive particle has a diameter d. Thus,

angle 0, 1s given by the equation:
0., =arctan(d+t/D)

For example, for a 4 inch diameter wheel (D=4 inches) having separation between
adjacent particle layers of 0.05 inches (t=0.05 inches) and abrasive particie diameter of
0.01 inches (d=0.01 inches), angle 6, is approximately 0.86 degrees. Figure 5b shows a
schematic illustration of wheel 10 after cylindrical abrasive region 12 has been tilted
through angle 0, ;, and sandwiched between support plates 14 and 16. While the above
equation gives the minimum tilt angle 6, for abrasive region 12 to generally insure that a
path 32 will intersect an edge of an abrasive particle layer, it is also within the ambit of the
present invention to tilt abrasive region 12 at an angle 0 greater than 6. . It is also

considered to tilt abrasive region 12 at an angle less than that given by 0_. . however, if

min?®
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