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Description

TECHNICAL FIELD

[0001] The following is directed to an abrasive tool, and
particularly directed to an abrasive tool having a partic-
ular porosity distribution.

BACKGROUND ART

[0002] Abrasive wheels are typically used for cutting,
abrading, and shaping of various materials, such as
stone, metal, glass, plastics, among other materials.
Generally, the abrasive wheels can have various phases
of materials including abrasive grains, a bonding agent,
and some porosity. Depending upon the intended appli-
cation, the abrasive wheel can have various designs and
configurations. For example, for applications directed to
the finishing and cutting of metals, some abrasive wheels
are fashioned such that they have a particularly thin pro-
file for efficient cutting.
[0003] US 2001/000838 A1 discloses a resinoid grind-
ing wheel having some porosity, the pores having differ-
ent sizes. However, given the application of such wheels,
the abrasive articles are subject to fatigue and failure. In
fact, the wheels may have a limited time of use of less
than a day depending upon the frequency of use. Ac-
cordingly, the industry continues to demand abrasive
wheels capable of improved performance.

DISCLOSURE OF INVENTION

[0004] According to one aspect, an abrasive tool is dis-
closed according to claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present disclosure may be better under-
stood, and its numerous features and advantages made
apparent to those skilled in the art by referencing the
accompanying drawings.

FIG. 1 includes an illustration of an abrasive tool in
accordance with an embodiment.

FIG. 2 includes a cross-sectional illustration of a por-
tion of an abrasive tool in accordance with an em-
bodiment.

FIG. 3 includes a cross-sectional illustration of a por-
tion of an abrasive tool in accordance with an em-
bodiment.

FIG. 4 includes an enlarge photo of a portion of an
abrasive tool in accordance with an embodiment.

FIG. 5 includes a plot of G-ratio for a conventional
abrasive tool and an abrasive tool of an embodiment.

FIG. 6 includes a plot of linear thermal expansion for
a conventional abrasive tool and an abrasive tool of
an embodiment.

FIG. 7 includes a plot of pore size distribution for an
abrasive tool according to an embodiment.

[0006] The use of the same reference symbols in dif-
ferent drawings indicates similar or identical items.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT(S)

[0007] The following is directed to abrasive tools utiliz-
ing abrasive portions of abrasive grains contained within
a matrix material for cutting, abrading, and finishing of
workpieces. Certain embodiments herein are directed to
large-diameter abrasive wheels incorporating one or
more reinforcing members within the body of the tool that
are particularly suited for cutting and/or shaping metal.
[0008] FIG. 1 includes an illustration of an abrasive tool
in accordance with an embodiment. Notably, the abrasive
tool 100 includes a body 101 having a generally circular
shape as viewed in two dimensions. It will be appreciated,
that in three-dimensions the tool has a certain thickness
such that the body 101 has a disk-like or a cylindrical
shape. As illustrated, the body can have an outer diam-
eter 103 extending through the center of the tool, which
can be particularly large, having a dimension of at least
about 45 cm. In other applications, the body 101 can
have an outer diameter 103, such as on the order of at
least about 60 centimeters, at least about 75 centimeters,
or even at least 100 centimeters. Particular abrasive tools
utilize a body 101 having an outer diameter 103 within a
range between 45 centimeters and about 200 centime-
ters, such as between 45 cm and about 175 cm, and
more particularly between about 45 centimeters and
about 150 centimeters.
[0009] As further illustrated, the abrasive tool 100 can
include a central opening 105 defined by an inner circular
surface 102 about the center of the body 101. The central
opening 105 can extend through the entire thickness of
the body 101 such that the abrasive tool 100 can be
mounted on a spindle or other machine for rotation of the
abrasive tool 100 during operation.
[0010] FIG. 2 includes a cross-sectional illustration of
a portion of an abrasive tool in accordance with an em-
bodiment. The abrasive body 201 can be a composite
article including a combination of portions of different
types of material. In particular, the body 201 can include
abrasive portions 204, 206, 208, and 210 and reinforcing
members 205, 207, and 209. The abrasive tool 200 can
be designed such that the reinforcing members 205, 207,
and 209 can be placed within the body such that they are
spaced apart from each other, and therein, separate each
of the abrasive portions 204, 206, 208, and 210 from
each other. That is, the abrasive tool 200 can be formed
such that the reinforcing members 205, 207, and 209 are
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spaced apart from each other laterally through the thick-
ness 212 of the body 201 and separated by abrasive
portions 206 and 208. As will be appreciated, in such a
design the abrasive portions 206 and 208 can be dis-
posed between the reinforcing members 205, 207, and
209.
[0011] As further illustrated, the reinforcing members
205, 207, and 209 can be substantially planar members
having first planar faces and second planar faces. For
example, the reinforcing member 205 can be formed
such that it is a planar member having a first major surface
215 and a second major surface 216. Moreover, the body
201 can have a design such that the abrasive portions
204, 206, 208, and 210 can overlie the major surface of
the reinforcing members 205, 207, and 209. For example,
the abrasive portion 204 can overlie the first major sur-
face 215 of the reinforcing member 205 and the abrasive
portion 206 overlies the second major surface 216 of the
reinforcing member 205. In particular instances, the body
201 can be formed such that the abrasive portions 204
and 206 cover essentially the entire surface area of the
first major surface 215 and second major surface 216,
respectively. Accordingly, the abrasive portions 204 and
206 can directly contact (i.e. abut) the reinforcing mem-
ber 205 on either sides at the first and second major
surfaces 215 and 216.
[0012] Notably, the abrasive body 201 can be designed
such that the reinforcing members 205, 207, and 209 can
extend through a majority of the diameter 103 of the body
201. In particular instances, the reinforcing members
205, 207, and 209 can be formed such that they extend
through at least about 75%, such as at least about 80%,
or even the entire diameter 103 of the body 201.
[0013] In accordance with an embodiment, the body
201 is formed such that it can have an average thickness
212 measured in a direction parallel to the axial axis 250
extending through the center of the central opening 105.
The average thickness 212 of the body 201 can be par-
ticularly thin such that it is suitable for cutting metal work-
pieces. For example, the average thickness of the body
201 can be not greater than about 3 centimeters. In other
embodiments, the average thickness 212 of the body 201
can be not greater than about 2.5 centimeters, such as
not greater than about 2 centimeters, or even not greater
than about 1.5 centimeters. Still, certain embodiments
may utilize an average thickness 212 within a range be-
tween about 0.5 centimeters and about 3 centimeters,
such as between about 0.5 centimeters and about 2 cen-
timeters.
[0014] The abrasive articles of the embodiments here-
in can have a particular aspect ratio defined as the ratio
between the outer diameter 103 to the average thickness
212 of the body 201. According to certain designs, the
aspect ratio is at least about 10:1, such as at least about
20:1, at least about 50:1, or even at least about 75:1.
Certain embodiments utilize an aspect ratio within a
range between about 10:1 and about 125:1, such as be-
tween about 20:1 and about 125:1.

[0015] In further reference to the reinforcing members
205, 207, and 209, such members can be made of an
organic material, inorganic material, and a combination
thereof. For example, the reinforcing members 205, 207,
and 209 can be made of an inorganic material, such as
a ceramic, a glass, quartz, or a combination thereof. Par-
ticularly suitable materials for use as the reinforcing
members 205, 207, and 209 can include glass materials,
incorporating fibers of glass materials, which may include
oxide-based glass materials.
[0016] Some suitable organic materials for use in the
reinforcing members 205, 207, and 209 can include phe-
nolic resin, polyimides, polyamides, polyesters, aramids,
and a combination thereof. For example, in one particular
embodiment, the reinforcing members 205, 207, and 209
can include Kevlar™, a particular type of aramid.
[0017] Additionally, the reinforcing members 205, 207,
and 209 can include a fibrous material having a coating
overlying and bonded directly to the external surfaces of
the fibers. The coating can be an organic material, inor-
ganic material, or a combination thereof. Certain abrasive
tools can use reinforcing members 205, 207, and 209
utilizing fibers having a coating of an organic material,
which may be a natural organic material or a synthetic
organic material, such as a polymer, which may aid bond-
ing between the reinforcing member and the abrasive
portion. Some suitable organic coating materials can in-
clude resins, which may be thermosets, thermoplastics,
or a combination thereof. Particularly suitable resins can
include phenolics, epoxies, polyesters, cyanate esters,
shellacs, polyurethanes, and a combination thereof. In
one particular instance, the abrasive tool incorporates a
reinforcing member comprising phenolic resin-coated
glass fibers.
[0018] The reinforcing members 205, 207, and 209 can
include a plurality of fibers that are woven together. The
fibers can be woven or stitched together in a variety of
manners. In certain instances, the reinforcing members
can be woven together such that a patterns is formed,
including fibers extending primarily in two perpendicular
directions.
[0019] The reinforcing members 205, 207, and 209 can
have an average thickness 218 that is defined as the
distance between the first major surface 215 and the sec-
ond major surface 216 of the reinforcing member 205.
The average thickness 218 can be less than 0.6 centim-
eters, such as less than 0.6 centimeters, or even less
than 0.4 centimeters.
[0020] In relative percentages, depending upon the de-
sign of the abrasive article, the reinforcing members can
be formed to have certain dimensions such that they com-
pose a certain percentage of the total average thickness
of the body. For example, the reinforcing member 205
can have an average thickness 218 that is at least about
3% of the total average thickness 212 of the body 201.
In other instances, the reinforcing member 205 can have
an average thickness 218 that is at least about 5%, such
as at least about 8%, or even at least about 10% of the
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total average thickness 212 of the body 201. Certain re-
inforcing members can have an average thickness 218
that is within a range between about 3% and about 15%
of the total average thickness 212 of the body 201.
[0021] In accordance with embodiments herein, the
abrasive tool 200 is formed such that the body 201 in-
cludes abrasive portions 204, 206, 208, and 210. Refer-
ence will be made in the following paragraphs to the abra-
sive portion 204, however it will be appreciated that all
of the identified abrasive portions can include the same
features. The abrasive portion 204 can be a composite
material having abrasive grains contained within a matrix
material and further comprising a particular composition
and type of porosity.
[0022] The abrasive grains can include a particularly
hard material suitable for abrading and material removal
applications. For example, the abrasive grains can have
a Vickers hardness of at least about 5 GPa. The hardness
of the abrasive grains can be greater in some tools, such
that the abrasive grains have a Vickers hardness of at
least about 10 GPa, at least about 20 GPa, at least about
30 GPa, or even at least about 50 GPa.
[0023] The abrasive grains can include an inorganic
material. Some suitable inorganic materials can include
oxides, carbides, borides, nitrides, and a combination
thereof. For example, the abrasive portion 204 can be
formed to include abrasive grains consisting essentially
of oxides. Particularly suitable oxides can include alumi-
na, zirconia, silica, and a combination thereof. Some de-
signs can utilize abrasive grains that consist essentially
of alumina. Other designs may utilize abrasive grains that
incorporate a combination of alumina and/or alumina-
zirconia alloys, however in such formulations a greater
percentage of abrasive grains may be formed of alumina
material than the alumina-zirconia alloy material.
[0024] Furthermore, certain abrasive tools may utilize
a superabrasive material as the abrasive grains. Supera-
brasive materials can include diamond, cubic boron ni-
tride, and a combination thereof. In one certain embod-
iment, the abrasive grains consist essentially of diamond.
[0025] The abrasive portions 204, 206, 208, and 210
can be formed such that the abrasive grains are con-
tained within and surrounded by a matrix material to se-
cure the abrasive grains in place for cutting and grinding
operations. Generally, the abrasive portions 204, 206,
208, and 210 can be formed such that at least about 40
vol% of the total volume of the abrasive portion includes
abrasive grains. In other embodiments, the abrasive
grain content within the abrasive portion can be higher,
such as on the order of at least about 44 vol%, such as
at least about 50 vol%, or even at least about 54 vol% of
the total volume of the abrasive portion. Particular em-
bodiments utilize an abrasive portion having between
about 40 vol% and 60 vol%, more particularly between
about 40 vol% and about 54 vol% abrasive grains. In fact,
in one instance, the abrasive portion is made of between
about 42 vol% and about 50 vol% abrasive grains of the
total volume of the respective abrasive portion.

[0026] Generally, the abrasive portion 204 is formed
such that at least about 30 vol% of the total volume per-
cent of the abrasive portion is matrix material. In other
embodiments, the abrasive portion 204 comprises a
greater content of matrix material, such as on the order
of at least about 40 vol%, at least about 42 vol%, at least
about 4445 vol%, or even at least about 46 vol%. Still,
embodiments herein may utilize an amount of matrix ma-
terial within a range between about 30 vol% and about
56 vol%, such as on the order of between about 30 vol%
and about 50 vol%, or between about 40 vol% and about
48 vol%.
[0027] Embodiments herein can utilize a matrix mate-
rial that can include an organic material that may function
as the primary bonding component. Such organic mate-
rials may include natural organic materials, synthetic or-
ganic materials, and a combination thereof. In particular
instances, the organic material can be made of a resin,
which may include thermosets, thermoplastics, and a
combination thereof. For example, some suitable resins
can include phenolics, epoxies, polyesters, cyanate es-
ters, shellacs, polyurethanes, rubber and a combination
thereof, esters
[0028] In particular instances, the matrix material can
be formed such that it comprises a majority amount of
the organic material. For example, at least about 65 vol%
of the total volume of matrix material can be formed of
organic bond material. In other abrasive portions, the
content of organic material within the matrix material may
be greater, such as at least about 70 vol%, or even at
least about 75 vol%. Still, certain embodiments utilize a
matrix material having an organic bond material content
within a range between about 60 vol% and about 85 vol%,
such as between about 65 vol% and about 80 vol%.
[0029] The abrasive portions herein may also include
filler materials incorporated within the abrasive portion.
Certain filler materials may be incorporated as chemically
reactive agents intended to react with the surface being
shaped. Other filler materials may include moisture ab-
sorbers, binders, and various other materials that facili-
tate the forming process. In accordance with one embod-
iment, the filler material can be a pore-forming material,
such as microspheres that facilitate the formation of cer-
tain types of porosity within the final-formed abrasive ar-
ticle.
[0030] As further illustrated in FIG. 2, the body can be
formed such that it incorporates reinforcing members 202
and 203 that abut the outer surfaces of the abrasive por-
tions 204 and 210 about the central opening 105. In cer-
tain designs, the reinforcing members 202 and 203 can
extend for a portion of the outer diameter 103, such as
half the outer diameter 103 of the abrasive body 201.
Provision of the reinforcing members 202 and 203 about
the central opening 105 facilitates reinforcement of the
body 201 at a location where the abrasive tool 200 is
intended to be affixed to a spindle or machine. As will be
appreciated, the reinforcing members 202 and 203 can
have the same features as the reinforcing members 205,
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207, and 209.
[0031] FIG. 3 includes a cross-sectional illustration of
a portion of an abrasive tool in accordance with an em-
bodiment. The portion of the illustrated abrasive tool 300
includes an outer circumference of an abrasive tool
formed in accordance with an embodiment. Particularly,
the portion of the abrasive tool 300 can have a body 201
including abrasive portions 204, 206, 208, and 210 pre-
viously described. Moreover, the abrasive body 201 in-
cludes reinforcing members 205, 207, and 209 disposed
between the abrasive portions 204, 206, 208, and 210
as previously described.
[0032] Notably, the body 201 is formed such that it has
a flat region 301 proximate to the center of the wheel and
surrounding the central opening 105, and a tapered re-
gion 303 at the outer edge of the body 201. As illustrated,
the tapered region 303 is formed such that it has an av-
erage thickness 312 measured at the outer diameter of
the body 201 that is significantly greater than the average
thickness 311 of the body 201 within the flat region 301.
The formation of the tapered region 303 is facilitated by
the extension of a tapered edge 305 of the abrasive por-
tion 210 that extends at an angle to the external
surface308 of the flat region 301 of the abrasive portion
210. The tapered region 303 is further defined by a ta-
pered surface 306 of the abrasive portion 204, which ex-
tends at an angle to the surfaces 310 of the abrasive
portion 204. As illustrated, the tapered region 303 can
form a rim around the outer diameter of the wheel, where-
in the tapered surfaces 305 and 306 extend at an angle
axially outward from the surfaces 308 and 310, respec-
tively. The tapered surfaces 305 and 306 can extend at
an angle to a radius extending from the center of the body
substantially parallel to the surfaces 308 and 310, and
moreover, the tapered surfaces 305 and 306 can extend
at an angle to an axial axis 250 extending through the
center of the body 201.
[0033] According to some embodiments, the tapered
region 303 can extend circumferentially around a portion
of a periphery of the body 201. Certain designs may utilize
a tapered region 303 that extends throughout the entire
circumference of the body 201. While reference is made
herein to abrasive articles incorporating a tapered region
303, it will be appreciated, that a tapered region 303 may
not necessarily be present for certain abrasive articles.
[0034] As illustrated, the tapered region 303 can ex-
tend radially from the flat region 301 of the body 201.
Embodiments herein may form a tapered region 303 hav-
ing a length 330, as measured in a direction parallel to a
radius extending from the center of the body 201, which
can be a particular percentage of the dimension of the
outer diameter 103 of the body 201. For example, the
tapered region 303 can have a length 330 that is at least
about 5% of the dimension of the outer diameter 103. In
other cases, depending upon the intended application,
the body 201 can have a tapered region 303 having a
length 330 of at least about 10%, such as at least about
15%, at least about 20%, at least about 30%, or even at

least about 35%, of the dimension of the outer diameter
103. Particular embodiments can utilize a tapered region
303 wherein the length 330 is within a range between
about 5% and about 50%, and particularly between about
5% and about 35%, or even more particularly between
about 5% and about 20% of the outer diameter 103.
[0035] In other terms, the length 330 of the tapered
region can be at least about 10 centimeters. In some
embodiments, the length 330 of the tapered region 303
can be greater, such as at least about 13 centimeters, at
least about 15 centimeters, or even at least about 20
centimeters. Still, particular embodiments herein can uti-
lize a tapered region 303 having a length 330 within a
range between about 10 centimeters and about 30 cen-
timeters, such as between about 10 centimeters and
about 20 centimeters.
[0036] FIG. 4 includes an enlarged image of an abra-
sive portion from the abrasive tool in accordance with an
embodiment. As illustrated in FIG. 4 the abrasive portion
includes abrasive grains 403 contained within a matrix
material 405. Moreover, the abrasive tool comprises an
abrasive portion having a bimodal distribution of pores
including large pores 401 having an average large pore
size (Pl) and small pores 402 having an average small
pore size (Ps), wherein Pl<Ps. Reference herein to a bi-
modal distribution of pores is reference to a continuous
distribution having two distinct peaks or local maximas
along the curve that are separated from each other. While
certain strict definitions of a bimodal distribution may re-
quire that the means of each of the modes differ by at
least twice the common standard deviation, however, this
may not necessarily be the case for embodiments herein,
and such embodiments may be a mixture of two unimodal
distributions. Accordingly, the curves representing the
distribution of pores according to embodiments herein
can have two (or more) distinct peaks wherein each dis-
tinct peak is associated with a mean pore size of a type
of porosity. FIG. 7 includes a plot of a pore size distribu-
tion curve generated from an abrasive article according
to an embodiment herein. Notably, the pore size distri-
bution demonstrates two distinct maximas and a bimodal
pore size distribution according to embodiments herein.
[0037] The abrasive tools herein can utilize abrasive
portions wherein the percent difference between the av-
erage large pore size and average small pore size is at
least 25% based on the equation ((Pl-Ps)/Pl) x 100)
wherein Pl > Ps. In other embodiments, the percent dif-
ference between the average large pore size (Pl) and the
average small pore size (Ps) is greater, such as on the
order of at least 30%, at least about 50%, at least 75%,
or even at least about 90%. Certain abrasive tools in ac-
cordance with embodiments herein, can utilize a percent
difference between the average large pore size and av-
erage small pore size that is within a range between about
75% and about 99%, such as between about 90% and
about 99%. The features noted in the foregoing are based
upon empirical data generated from measurements tak-
en using enlarged, cross-sectional images of the micro-
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structure of the abrasive tools according to embodiments.
In particular, the size of the pores were measured by
randomly selecting pores and measuring the largest di-
mension of the pore as viewed in cross-section.
[0038] Porosity measurements used to defined the
embodiments herein were carried out using imaging soft-
ware available as ImageJ free source software, which is
capable of distinguishing porosity from other phases
within the body, analyzing the magnified images of cross-
sections of the abrasive tool, and calculating the amount
of porosity for a particular area pictured. The process of
analyzing the porosity of the abrasive tool, and more par-
ticularly determining the percentages of large pores and
small pores and their average sizes can be completed
using one or more images. In a single image providing a
magnified cross-section of the abrasive tool, the large
pores can be analyzed by digitally masking the small
pores within the image and running the software. Using
the same image, the small pores can be analyzed by
digitally masking the large pores and running the soft-
ware on the masked image. As such, for a given cross-
sectional image, the software can calculate and analyze
the large and small pores present in the body.
[0039] In other terms, the difference between the av-
erage large pore size (Pl) and average small pore size
(Ps) can be at least one order of magnitude. That is, for
example, the difference between the average large pore
size and average small pore size can be at least two
orders of magnitude, and more particularly between one
order of magnitude and three orders of magnitude.
[0040] The small pores 402 can have an average small
pore size (Ps) of not greater than about 0.70 mm. For
example, the average small pore size can be not greater
than about 0.65 mm, such as not greater than about 0.60
mm, or even not greater than about 0.50 mm. Particular
embodiments may utilize small pores having an average
small pore size within a range between about 0.01 mm
and about 0.70 mm, such as between about 0.01 mm
and about 0.65 mm, and more particularly between about
0.01 mm and about 0.60 mm.
[0041] In fact, the bimodal pore size distribution can
be controlled such that at least about 80% of the small
pores have a pore size within a range between about
0.01 mm and about 0.70 mm. In other instances, at least
about 90% of the small pores have a pore size within a
range between about 0.01 mm and about 0.70 mm, and
more particularly at least about 95% of the small pores
have a pore size within a range between about 0.01 mm
and about 0.70 mm. Particular abrasive tools can be
formed such that essentially all the small pores have a
pore size within a range between about 0.01 mm and
about 0.70 mm.
[0042] The small pores 402 may be formed by using
pore formers within the matrix material 405. Suitable
pore-forming materials can include organic and/or inor-
ganic materials. For example, beads or microspheres of
a certain material, such as a polymer material, a glass
material, or ceramic material can be incorporated in the

initial mixture, a portion of which can be volatilized during
processing to leave a pore within the final-formed abra-
sive article. As such, a majority of the small pores can
have a circular cross-sectional shape. In fact, in certain
embodiments essentially all the small pores have a cir-
cular cross-sectional shape. The large pores 401 may
be a result of natural porosity that may be produced dur-
ing the forming process.
[0043] Moreover, according to embodiments herein,
the large pores can have an average large pore size (Pl)
of at least about 0.75 mm. In other embodiments, the
large pores can have an average large pore size of at
least about 0.80 mm, such at least about 0.90 mm, at
least about 1 mm, or even at least about 5 mm. Still,
embodiments herein typically utilize large pores having
an average large pore size (Pl) within a range between
0.75 mm and 10 mm, such as between 0.75 mm and 8
mm, and more particularly between about 0.8 mm and
about 5 mm.
[0044] The large pores 401 may be further character-
ized by the fact that at least 80% of the large pores have
a pore size within a range between about 0.75 mm and
about 10 mm. For example, in more particular instances,
at least about 90% of the large pores have a pore size
within a range between 0.75 mm and 10 mm, such as on
the order of at least 95% of the large pores have a pore
size within a range between about 0.75 mm and about
10 mm. In fact, in certain embodiments essentially the
entirety of all large pores have a pore size within a range
between about 0.75 mm and about 10 mm.
[0045] Generally, the abrasive portions of the abrasive
tools herein can have an average total porosity of at least
0.5 vol% of the total volume of the abrasive portion. In
other instances, the percent porosity within the abrasive
portion can be greater, such as at least about 1 vol%,
such as at least about 5 vol%, at least about 8 vol%, at
least about 10 vol%, at least about 12 vol%, at least about
15 vol%, or even at least about 20 vol%. Particular em-
bodiments utilize abrasive portions having a percent po-
rosity within a range between about 0.5 vol% and 30
vol%, such as between about 5 vol% and about 30 vol%,
and particularly between about 8 vol% and 25 vol%.
[0046] The abrasive tools described herein can have
particular features that make the abrasive tool suitable
for improved grinding and/or cutting applications. Nota-
bly, the percent thermal expansion of the abrasive tools
can be minimized. For example, the abrasive articles of
embodiments herein demonstrate an improved percent
thermal expansion as compared to conventional abra-
sive articles over a range of 25°C to 450°C. Notably, for
comparative purposes, the conventional abrasive arti-
cles included abrasives of the same design having the
abrasive portion and reinforcing members. According to
empirical evidence, the abrasive tools of the embodi-
ments herein demonstrated a percent decrease in the
percent thermal expansion of at least about 5% over con-
ventional abrasive tools. The percent decrease is based
on the equation ((TEC-TEN)/TEC) x 100%), wherein TEN
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represents the thermal expansion of an abrasive tool ac-
cording to embodiments herein and TEC represents the
thermal expansion of a conventional abrasive tool. In oth-
er embodiments, the percent decrease of percent ther-
mal expansion is at least about 10%, such as at least
about 20%, at least about 50%, at least about 75%, or
even at least about 100%. Particular embodiments dem-
onstrate a percent decrease of thermal expansion within
a range between about 5% and about 150%, and more
particularly between about 5% and about 100%, and
even more particularly between about 5% and about
75%. Such distinctions were demonstrate using standard
thermo-mechanical analysis (TMA).
[0047] In more particular terms, the percent thermal
expansion over a range of 25°C to 450°C for the abrasive
tools herein is not greater than about 0.7%. It will be ap-
preciated that the percent thermal expansion is a meas-
ure of linear thermal expansion of the abrasive tools as
measured by taking a cross-sectional sample of the abra-
sive tool including all of its component abrasive portions
and reinforcing members. In certain other embodiments,
the percent thermal expansion is not greater than about
0.65%, such as not greater than about 0.6%, or even not
greater than about 0.55%. Certain embodiments can
have a percent thermal expansion that is within a range
between about 0.3% and about 0.7%, such as between
0.3% and about 0.65%, or even more particularly be-
tween about 0.4% and about 0.65%.
[0048] Additionally, abrasive tools described herein
have demonstrated improved grinding and cutting char-
acteristics. For example, the abrasive articles of the em-
bodiments herein demonstrated an improved G-ratio,
which is a measure of the cubic volume of stock removal
divided by the cubic volume of wear of the abrasive arti-
cle, over conventional abrasive articles. Notably, for com-
parative purposes, the conventional abrasive articles in-
cluded abrasives of the same design having the abrasive
portion and reinforcing members. According to empirical
evidence, the abrasive tools of the embodiments herein
demonstrated a percent increase G-ratio of at least about
15% over conventional abrasive tools, wherein the per-
cent increase is based on the equation ((GN-GC)/GC) x
100%), wherein GN represents the G-ratio of an abrasive
tool having large pores and small pores and GC repre-
sents the G-ratio of a conventional abrasive tool. In other
embodiments, the percent increase of G-ratio is at least
about 20%, such as at least about 25%, at least about
30%, at least about 35%, or even at least about 40%.
Particular embodiments demonstrate a percent increase
G-ratio within a range between about 15% and about
200%, such as within a range between about 15% and
about 150%, and more particularly between about 15%
and about 100%, and even more particularly between
about 15% and about 75%.

Examples

[0049] Two types of abrasive articles were formed and

tested to compare certain performance parameters; con-
ventional samples (CS1) and novel samples according
to embodiments herein (NS1). The CS1 samples are pro-
duced by forming an abrasive portion that includes mixing
65.31 wt% of abrasive grains of alumina and alumina-
zirconia alloy grains with 34.7 wt% matrix material. The
matrix material is formed of a mixture having approxi-
mately 57.3 vol% phenolic resin and a remainder amount
comprising a mixture of pyrite fillers, aluminofluoride filler
material, and moisture absorbing filler materials to aid
the formation of the final-formed abrasive article. The
mixture is then combined with layers of coated glass-fiber
reinforcing members commercially available from IPAC
within a forming chamber to form an abrasive preform.
The abrasive preform is then pressed within the forming
chamber at a pressure of 1.6 tons/in2 at room tempera-
ture to form the final-formed abrasive article.
[0050] The NS1 samples are produced by forming an
abrasive portion that includes mixing 62.2 wt% of abra-
sive grains of alumina with 31.5 wt% matrix material. The
matrix material is formed of a mixture having approxi-
mately 72.8 vol% phenolic resin and a remainder amount
comprising a mixture of pyrite fillers, aluminofluoride filler
material, and moisture absorbing filler materials. The
mixture is then combined with layers of coated glass-fiber
reinforcing members commercially available from IPAC
within a forming chamber to produce an abrasive pre-
form. The abrasive preform is pressed within the forming
chamber at a pressure of 0.64 tons/in2 at room temper-
ature to form the final-formed abrasive article.
[0051] Both types of samples are formed to have a 20
inch diameter (51 cm) and an average thickness of ap-
proximately 0.335 inches (0.85 cm). The CS1 and NS1
samples are then performance tested to compare their
abrading efficiency by way of G-ratio. The G-ratio testing
is conducted using a Braun cut-off saw, operating a 120
HP and 20,000 surface feet per minute of wheel speed.
The workpiece is 1018 carbon steel of 1.5 inches bar
stock fed at a rate of approximately 0.21 inches per sec-
ond, and the testing is conducted by cutting one bar at a
time for 200 cuts total. Three wheels are tested and eval-
uated for each of the samples types (CS1 and NS1).
[0052] FIG. 5 includes an illustration of a plot compar-
ing the G-ratio of the CS1 and NS1 samples. As illustrat-
ed, the average G-ratio of the CS1 sample demonstrated
a significantly lower G-ratio than the average G-ratio of
the NS1 sample. In fact, the percentage increase in G-
ratio based on the difference in the average G-ratio be-
tween the samples is approximately 30% greater for the
NS1 sample over the CS1 sample. Accordingly, the sam-
ples formed according to embodiments herein demon-
strated improved and more efficient abrasive capabilities
over conventional abrasive articles.
[0053] The percent linear thermal expansion for the
CS1 and NS1 samples were also tested as a way of
measuring the expected thermal expansion during use
of the article at high temperatures. Both samples were
heated over a range of temperatures between 25°C to
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450°C using an TMA-120 machine from Seiko Corpora-
tion. The samples were heated at a rate of 10 °C/min.
[0054] FIG. 6 includes an illustration of a plot compar-
ing the linear percent thermal expansion for the CS1 and
NS1 samples. As illustrated, the average percent thermal
expansion for the CS1 samples were significantly higher
than the percent linear thermal expansion of the NS1
samples. In fact, the CS1 samples demonstrated nearly
a 30% increase in the average percent linear thermal
expansion over the NS1 samples. Accordingly, the NS1
samples have a significantly lower thermal expansion,
which makes them suitable for aggressive abrasive ap-
plications that generate significant temperatures and are
more likely to avoid thermal-induced strains and failure
during operations at high temperatures, particularly at
interfaces between material components.
[0055] Additionally, FIG. 7, as described herein, in-
cludes a plot of pore size distribution for the sample NS1.
As illustrated, the NS1 sample demonstrates a bimodal
pore size distribution with a maxima at 310 microns rep-
resenting the average small pore size and another dis-
tinct maxima at 4.61 mm representing the average large
pore size.
[0056] The processes and abrasive articles disclosed
herein represent a departure from the state-of-the-art.
Abrasive articles herein can utilize a combination of fea-
tures including abrasive portions having certain abrasive
portions utilizing abrasive grains and a matrix material
for forming abrasive structures having particular aspect
ratios of diameter and thickness. Furthermore, abrasive
articles of the embodiments herein can have a controlled
porosity distribution, particularly a bimodal pore size dis-
tribution that includes large pores and small pores, which
are thought to be responsible, at least in part, for im-
proved performance characteristics. The large pores can
be formed via natural pore-forming pathways through the
formation of the abrasive article and evolution of gases,
while the small pores may be formed via pore-forming
materials, facilitating control of the porosity. Additionally,
the abrasive articles of the embodiments can utilize other
features such as reinforcing members that can include
various features.
[0057] The above-disclosed subject matter is to be
considered illustrative, and not restrictive, and the ap-
pended claims are intended to cover all such modifica-
tions, enhancements, and other embodiments, which fall
within the true scope of the present invention. Thus, to
the maximum extent allowed by law, the scope of the
present invention is to be determined by the broadest
permissible interpretation of the following claims and their
equivalents, and shall not be restricted or limited by the
foregoing detailed description.

Claims

1. An abrasive tool comprising:
a body (201) including an aspect ratio defined as a

ratio between diameter to thickness of at least 10:1,
wherein the body includes:

an abrasive portion (204, 206, 208, 210) having
abrasive grains (403) contained within a matrix
material (405) and porosity with a bimodal dis-
tribution of pores including large pores (401)
having an average large pore size (P1) and small
pores (402) having an average small pore size
(Ps), wherein Pl>Ps, characterized in having a
percent difference between the average large
pore size Pl and average small pore size Ps of
at least 25% based on the equation ((Pl-Ps)/Pl)
x 100);
a first reinforcing member (205, 207, 209) con-
tained within the abrasive portion; and
a percent thermal expansion over a temperature
range for 25°C to 450°C of not greater than
about 0.7%.

2. The abrasive tool of claim 1, wherein the percent
thermal expansion is not greater than about 0.65%.

3. The abrasive tool of claim 1, wherein the percent
thermal expansion is within a range between about
0.3% and about 0.7%.

4. The abrasive tool of claim 1, wherein the percent
difference between the average large pore size and
average small pore size is within a range between
about 75% and about 99%.

5. The abrasive tool of any one of claims 1, 2, and 3,
wherein the small pores (402) have an average small
pore size (Ps) of not greater than about 0.70 mm.

6. The abrasive tool of any one of claims 1, 2, and 3,
wherein the large pores (401) have an average large
pore size (Pl) of at least about 0.75 mm.

7. The abrasive tool of any one of claims 1, 2, and 3,
wherein the matrix material comprises at least about
60 vol% organic material.

8. The abrasive tool of claim 1, wherein the body (201)
comprises a tapered region (303) extending circum-
ferentially around a portion of a periphery of the body
(201).

9. The abrasive tool of claim 8, wherein the tapered
region (303) of the body (201) comprises an average
thickness (312) that is greater than an average thick-
ness (311) of the flat region of the body (201).

10. The abrasive tool of claim 1, wherein the matrix ma-
terial (405) comprises a resin selected from the
group consisting of polyimides, polyesters, polyben-
zimidazols, polyurethanes, shellacs, phenolic res-
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ins, epoxies, cyanate esters, and a combination
thereof.

11. The abrasive tool of claim 1, wherein the abrasive
portion comprises 40 vol % to 60 vol % of abrasive
grains for the total volume of the abrasive portion.

12. The abrasive tool of claim 1, wherein the abrasive
portion comprises 30 vol % to 56 vol % of matrix
material for the total volume of the abrasive portion.

13. The abrasive tool of claim 12, wherein the matrix
material comprises 60 vol % to 85 vol % of an organic
material.

14. The abrasive tool of claim 1, wherein the average
thickness of the first reinforcing member is within a
range between 3% and 15% of the total average
thickness of the body.

Patentansprüche

1. Schleifwerkzeug, Folgendes umfassend:
einen Körper (201), der ein Aspektverhältnis ein-
schließt, das als ein Verhältnis zwischen Durchmes-
ser zu Dicke von wenigstens 10:1 definiert ist, wobei
der Körper Folgendes einschließt:
einen Schleifabschnitt (204, 206, 208, 210) mit
Schleifkörnern (403), die in einem

Matrixmaterial (405) enthalten sind, und einer
Porosität mit einer bimodalen Verteilung von Po-
ren, einschließlich großer Poren (401) mit einer
durchschnittlichen großen Porengröße (P1) und
kleiner Poren (402) mit einer durchschnittlichen
kleinen Porengröße (Ps), wobei P1>Ps, gekenn-
zeichnet durch Aufweisen einer prozentualen
Differenz zwischen der durchschnittlichen gro-
ßen Porengröße P1 und der durchschnittlichen
kleinen Porengröße Ps von wenigstens 25 % be-
zogen auf die Gleichung ((P1-Ps)/P1) x 100);
ein erstes Verstärkungselement (205, 207,
209), das im Schleifabschnitt enthalten ist; und
eine prozentuale Wärmeausdehnung über ei-
nen Temperaturbereich für 25 °C bis 450 °C von
höchstens etwa 0,7 %.

2. Schleifwerkzeug nach Anspruch 1, wobei die pro-
zentuale Wärmeausdehnung höchstens etwa 0,65
% beträgt.

3. Schleifwerkzeug nach Anspruch 1, wobei die pro-
zentuale Wärmeausdehnung in einem Bereich zwi-
schen etwa 0,3 % und etwa 0,7 % liegt.

4. Schleifwerkzeug nach Anspruch 1, wobei die pro-
zentuale Differenz zwischen der durchschnittlichen

großen Porengröße und der durchschnittlichen klei-
nen Porengröße in einem Bereich zwischen etwa 75
% und etwa 99 % liegt.

5. Schleifwerkzeug nach einem der Ansprüche 1, 2 und
3, wobei die kleinen Poren (402) eine durchschnitt-
liche kleine Porengröße (Ps) von höchstens etwa
0,70 mm aufweisen.

6. Schleifwerkzeug nach einem der Ansprüche 1, 2 und
3, wobei die großen Poren (401) eine durchschnitt-
liche große Porengröße (P1) von wenigstens etwa
0,75 mm aufweisen.

7. Schleifwerkzeug nach einem der Ansprüche 1, 2 und
3, wobei das Matrixmaterial wenigstens etwa 60
Vol.-% organisches Material umfasst.

8. Schleifwerkzeug nach Anspruch 1, wobei der Körper
(201) eine konische Region (303) umfasst, die sich
umlaufend um einen Abschnitt eines Umfangs des
Körpers (201) erstreckt.

9. Schleifwerkzeug nach Anspruch 8, wobei die koni-
sche Region (303) des Körpers (201) eine durch-
schnittliche Dicke (312) umfasst, die größer ist als
eine durchschnittliche Dicke (311) der flachen Regi-
on des Körpers (201).

10. Schleifwerkzeug nach Anspruch 1, wobei das Ma-
trixmaterial (405) ein Harz umfasst, das ausgewählt
ist aus der Gruppe bestehend aus Polyimiden, Po-
lyestern, Polybenzimidazolen, Polyurethanen,
Schellacken, phenolischen Harzen, Epoxidharzen,
Cyanatestern und einer Kombination daraus.

11. Schleifwerkzeug nach Anspruch 1, wobei der Schlei-
fabschnitt 40 Vol.-% bis 60 Vol.-% Schleifkörner für
das Gesamtvolumen des Schleifabschnitts umfasst.

12. Schleifwerkzeug nach Anspruch 1, wobei der Schlei-
fabschnitt 30 Vol.-% bis 56 Vol.-% Matrixmaterial für
das Gesamtvolumen des Schleifabschnitts umfasst.

13. Schleifwerkzeug nach Anspruch 12, wobei das Ma-
trixmaterial 60 Vol.-% bis 85 Vol.-% eines organi-
schen Materials umfasst.

14. Schleifwerkzeug nach Anspruch 1, wobei die durch-
schnittliche Dicke des ersten Verstärkungselements
in einem Bereich zwischen 3 % und 15 % der ge-
samten durchschnittlichen Dicke des Körpers liegt.

Revendications

1. Outil abrasif comprenant :
un corps (201) comprenant un rapport d’aspect défini
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comme un rapport diamètre/épaisseur d’au moins
10:1, le corps comprenant :

une partie abrasive (204, 206, 208, 210) ayant
des grains abrasifs (403) contenus dans un ma-
tériau de matrice (405) et une porosité ayant une
distribution bimodale des pores comprenant des
grands pores (401) ayant une taille moyenne
des grands pores (Pl) et des petits pores (402)
ayant une taille moyenne des petits pores (Ps),
Pl étant supérieure à Ps, caractérisé en ce qu’il
a un pourcentage de différence entre la taille
moyenne des grands pores Pl et la taille moyen-
ne des petits pores Ps d’au moins 25 % sur la
base de l’équation ((Pl-Ps)/Pl) x 100) ;
un premier élément de renfort (205, 207, 209)
contenu dans la partie abrasive ; et
un pourcentage de dilatation thermique sur une
plage de températures de 25°C à 450°C d’en-
viron 0,7 % maximum.

2. Outil abrasif selon la revendication 1, dans lequel le
pourcentage de dilatation thermique est d’environ
0,65 % maximum.

3. Outil abrasif selon la revendication 1, dans lequel le
pourcentage de dilatation thermique est dans une
plage comprise entre environ 0,3 % et environ 0,7 %.

4. Outil abrasif selon la revendication 1, dans lequel le
pourcentage de différence entre la taille moyenne
des grands pores et la taille moyenne des petits po-
res est dans une plage comprise entre environ 75 %
et environ 99 %.

5. Outil abrasif selon l’une quelconque des revendica-
tions 1, 2 et 3, dans lequel les petits pores (402) ont
une taille moyenne des petits pores (Ps) d’environ
0,70 mm maximum.

6. Outil abrasif selon l’une quelconque des revendica-
tions 1, 2 et 3, dans lequel les grands pores (401)
ont une taille moyenne des grands pores (Pl) d’au
moins environ 0,75 mm.

7. Outil abrasif selon l’une quelconque des revendica-
tions 1, 2 et 3, dans lequel le matériau de matrice
comprend au moins environ 60 % en volume de ma-
tière organique.

8. Outil abrasif selon la revendication 1, dans lequel le
corps (201) comprend une région conique (303) qui
s’étend de manière circonférentielle autour d’une
partie d’une périphérie du corps (201).

9. Outil abrasif selon la revendication 8, la région co-
nique (303) du corps (201) comprenant une épais-
seur moyenne (312) qui est supérieure à une épais-

seur moyenne (311) de la région plate du corps
(201).

10. Outil abrasif selon la revendication 1, dans lequel le
matériau de matrice (405) comprend une résine
choisie dans le groupe constitué de polyimides, de
polyesters, de polybenzimidazols, de polyurétha-
nes, de gomme-laque, de résines phénoliques,
d’époxydes, d’esters de cyanate et d’une combinai-
son de ceux-ci.

11. Outil abrasif selon la revendication 1, dans lequel la
partie abrasive comprend de 40 % en volume à 60
% en volume de grains abrasifs par rapport au vo-
lume total de la partie abrasive.

12. Outil abrasif selon la revendication 1, dans lequel la
partie abrasive comprend de 30 % en volume à 56
% en volume de matériau de matrice par rapport au
volume total de la partie abrasive.

13. Outil abrasif selon la revendication 12, dans lequel
le matériau de matrice comprend de 60 % en volume
à 85 % en volume d’un matériau organique.

14. Outil abrasif selon la revendication 1, dans lequel
l’épaisseur moyenne du premier élément de renfort
est dans une plage comprise entre environ 3 % et
15 % de l’épaisseur moyenne totale du corps.
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