wo 2014/176202 A1 | I} 000 00T OO OO AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/176202 A1l

30 October 2014 (30.10.2014) WIPO|PCT

(51) International Patent Classification: (72) Inventors: KAUL, Rajesh; 14 Sheryl Drive, Shrewsbury,
B24B 23/02 (2006.01) B24B 9/08 (2006.01) Massachusetts 01545 (US). TUNSTALL, John; 114 Tim-
. . e berhill Road, Buffalo Grove, Illinois 60089 (US). SIVAS-
(21) International Application Number: PCT/USI014/034897 UBRAMANIAN, Shivshankar; 164 Rivers(ige )St., Apt #
1, Lowell, Massachusetts 01854 (US). RAMANATH,
(22) International Filing Date: Srinivasan; 28 Avery Road, Holden, Massachusetts 01520
22 April 2014 (22.04.2014) (US). UPADHYAY, Rachana; 11 Amherst Road, Shrews-
. . bury, Massachusetts 01545 (US). KHAUND, Arup K.; 18
(25) Filing Language: English Hfgﬂock Drive, Northborou(gh, %\/[assachusetts 01552 (Us).
(26) Publication Language: English TIAN, Yinggang; 26 Hillando Drive, Shrewsbury, Mas-
L. sachusetts 01545 (US). PEARLMAN, John; 23 Coburn
(30) Priority Data: , Road, Berlin, Massachusetts 01503 (US). CHENG, Mi-
61/815,889 25 April 2013 (25.04.2013) us chael D.; 3169 Renard Lane, St. Charles, Illinois 60175
61/815,942 25 April 2013 (25.04.2013) us (US). MEJEAN, Cecile O.; 1405 Applebriar Lane, Marl-

(71) Applicants: SAINT-GOBAIN ABRASIVES, INC. borough, Massachusetts 01752 (US).

[US/US]; One New Bond Street, Worcester, Massachusetts
01615 (US). SAINT-GOBAIN ABRASIFS [FR/FR]; Rue
de I'Ambassadeur, F-78700 Conflans-Sainte-Honorine
(FR).

(74

Agents: ABEL LAW GROUP, LLP et al.; 8911 N. Capit-
al of Texas Hwy, Bldg 4, Suite 4200, Austin, Texas 78759

(US).

[Continued on next page]

(54) Title: GRINDING AND POLISHING TOOL

(57) Abstract: A grinding tool includes a shank having an axis, and at least
two abrasive portions mounted directly to and in contact with the shank

(?2 \/“20
25 |
29
—~——21

-SSR

~—23
FIG.1

without a hub therebetween. Each of the abrasive portions has a substantially
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GRINDING AND POLISHING TOOL
BACKGROUND OF THE INVENTION
Field of the Disclosure

[0001] The present invention relates in general to abrasive tools and, in particular, to a profiled
grinding and polishing tool.

Description of the Related Art

[0002] The edges of thin glass substrates are usually ground and polished to achieve a desired surface
finish. The conventional technique used to grind and polish the edges sequentially uses several
abrasive tools, each of which provides a progressively finer surface along the edges of the thin glass.
For example, a first coarse grinding tool is installed and used to achieve a coarse surface finish. The
first course grinding tool is then removed and replaced by a fine grinding tool to improve the thin
glass edge to a fine grind. The fine grinding tool is then removed and by a polishing tool to achieve
the desired surface finish. Although these tools and this process are workable, improvements in
grinding and polishing the edges of thin glass continue to be of interest.

SUMMARY

[0003] Embodiments of a grinding and polishing tool are disclosed. For example, an abrasive article
may comprise a shank having an axis, and at least two abrasive portions mounted directly to and in
contact with the shank in an axial array. Each of the abrasive portions may have a substantially
identical profile formed therein.

[0004] The foregoing and other objects and advantages of these embodiments will be apparent to
those of ordinary skill in the art in view of the following detailed description, taken in conjunction
with the appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] So that the manner in which the features and advantages of the embodiments are attained and
can be understood in more detail, a more particular description may be had by reference to the
embodiments thereof that are illustrated in the appended drawings. However, the drawings illustrate
only some embodiments and therefore are not to be considered limiting in scope as there may be other
equally effective embodiments.

[0006] FIG. 1 is sectional side view of an embodiment of a tool.

[0007] FIG. 2 is an enlarged sectional side view of an embodiment of a profile formed in the tool of
FIG. 1.

[0008] FIGS. 3-5 are sectional side views of other embodiments of a tool.

[0009] FIGS. 6A and 6B are sectional side and half top views, respectively, of another embodiment
of a tool.

[0010] FIGS. 7 and 8 are sectional side views of additional embodiments of a tool.
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[0011] FIGS. 9A and 9B are sectional side and half top views, respectively, of another embodiment
of a tool.

[0012] FIGS. 10 and 11 are sectional side views of other embodiments of a tool.

[0013] FIGS. 12A and 12B are sectional side and half top views, respectively, of another
embodiment of a tool.

[0014] FIGS. 13 and 14 are sectional side views of additional embodiments of a tool.

[0015] The use of the same reference symbols in different drawings indicates similar or identical
items.

DETAILED DESCRIPTION

[0016] Embodiments of a grinding and polishing tool are disclosed. For example, FIG. 1 depicts an
abrasive article 20 comprising a shank 21 having a rotational axis 23 and at least two abrasive
portions 25, 27 (a third abrasive portion 29 is shown). Each abrasive portion 25, 27, 29 may be
configured to grind or polish glass, such as the perimeter edge of glass, depending on the application.
For example, the glass to be ground or polished may comprise a chemically-strengthened, ion
exchange glass.

[0017] Each abrasive portion 25, 27, 29 may be mounted to the shank 21. The abrasive portions 25,
27, 29 may be mounted on the shank 21 and each other by a variety of methods, such as adhesive
bonding, with a fastener, or a combination thereof. In some versions, the abrasive portions 25, 27, 29
are not electroplated on the shank 21. The abrasive portions 25, 27, 29 may be configured on the
shank 21 in an axial array as shown.

[0018] Each abrasive portion 25, 27, 29 may comprise an identical shape or they may differ in shape.
In FIG. 1, the abrasive portions 25, 27, 29 comprise flat circular disks (e.g., a wheel) with a central
opening or axial bore, a diameter and an axial thickness. In some versions, the diameter of each
abrasive portion 25, 27, 29 may be not greater than about 25 mm, such as not greater than about 20
mim, not greater than about 15 mm, not greater than about 12 mm, or even not greater than about 10
mm.

[0019] Again referring to FIG. 1, the shank 21 may comprise a single spindle having a proximal
portion with a first diameter d1, a distal portion with a second diameter d2 that is smaller than the first
diameter d1, and a shoulder s therebetween. Each of the abrasive portions 25, 27, 29 may have a
diameter in excess of the diameters d1 and d2 of the shank 21. The diameter d2 of the shank 21 can
be at least about 1 mm, such as at least about 2 mm, at least about 3 mm, at least about 4 mm, or even
at least about 5 mm. The diameter d2 of the shank 21 can be not greater than about 10 mm, such as
not greater than about 8§ mm, or even not greater than about 6 mm.

[0020] In some embodiments, the diameters d1 and d2 may be expressed as a ratio d2/d1. In some

versions, the ratio d2/d1 may be greater than or equal to 0.5. The distal portion of the shank 21
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having diameter d2 has an axial length a2. The axial length a2 may be substantially equal in length to
a total axial length of the abrasive portions 25, 27, 29.

[0021] The abrasive portions 25, 27, 29 may be directly mounted to and in contact with the distal
portion of shank 21. One of the abrasive portions 29 may be mounted directly to and in axial
abutment with the shoulder s. Other ones of the abrasive portions 25, 27 may axially abut the
abrasive portion 29 (or other abrasive portions) and may be axially spaced apart from the shoulder S
as shown.

[0022] Embodiments of the abrasive portions 25, 27, 29 may comprise a metal bond. The metal
bond may comprise copper and tin. For example, some versions of the metal bond may comprise
about 79% copper, about 20% tin and about 1% phos-copper powder. Phos-copper powder may
comprise a mix of phosphorus and copper with the phosphorus not exceeding about 6% of the total
volume mix.

[0023] Some embodiments of the abrasive portions 25, 27, 29 may not comprise a resin bond. The
abrasive portions 25, 27, 29 may comprise abrasive particles such as diamond grit or cubic boron
nitride.

[0024] Each of the abrasive portions 25, 27, 29 may comprise abrasive particles that differ from each
other in a chosen parameter, such as size, type or grade. For example, a first one of the abrasive
portions 25 may comprise a grit size of not greater than about 700 grit, such as not greater than about
600 grit, not greater than about 500 grit, or even not greater than about 400 grit. In other
embodiments, the first one of the abrasive portions 25 may comprise a grit size of at least about 100
grit, such as at least about 200 grit, or even at least about 300 grit. The grit size of the first one of the
abrasive portions 25 may comprise a value between any of these minimum and maximum values.
[0025] Embodiments of a second one of the abrasive portions 27 may comprise a grit size of not
greater than about 1100 grit, such as not greater than about 1000 grit, not greater than about 900 grit,
or even not greater than about 800 grit. In other embodiments, the first one of the abrasive portions
25 may comprise a grit size of at least about 500 grit, such as at least about 600 grit, or even at least
about 700 grit. The grit size of the second one of the abrasive portions 27 may comprise a value
between any of these minimum and maximum values.

[0026] Some embodiments of a third one of the abrasive portions 29 may comprise a grit size of not
greater than about 2000 grit, such as not greater than about 1500 grit, not greater than about 1400 grit,
or even not greater than about 1200 grit. In other embodiments, the third one of the abrasive portions
29 may comprise a grit size of at least about 900 grit, such as at least about 1000 grit, or even at least
about 1100 grit. The grit size of the third one of the abrasive portions 29 may comprise a value
between any of these minimum and maximum values.

[0027] In some versions, one or more of the abrasive portions 25, 27, 29 may comprise a profile 31

(FIGS. 1 and 2) formed therein. The profiles 31 may be formed in exterior surfaces or perimeters of
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the abrasive portions 25, 27, 29 such that they are completely circumscribed by the profiles 31.
Embodiments of the profiles 31 may be formed by electrical discharge machining (EDM) in some
cases. Versions of the profiles can be re-profiled without damaging the abrasive article 20. For
example, the profiles may be re-profiled by EDM so that the abrasive article 20 can be reused.

[0028] Embodiments of the profiles 31 may be identical or different. For example, the profiles differ
from each other by less than about 1%, less than about 0.5%, less than about 0.25%. Some versions
of each profile may comprise a flat profile, a flat and arris profile (shown in FIG. 2), or a bullnose
profile. The profile 31 may have an axial dimension 33 of not greater than about 1.5 mm, such as not
greater than about 1.3 mm, not greater than about 1 mm, not greater than about 0.7 mm, not greater
than about 0.5 mm, or even not greater than about 0.3 mm. In other versions, the axial dimension 33
can be at least about 0.1 mm, such as at least about 0.2 mm, or even at least about 0.3 mm. The axial
dimension may comprise a value between any of these minimum and maximum values.

[0029] Versions of the profile 31 can have has a radial grind depth 35 of at least about (.1 mm, such
as at least about 0.2 mm, at least about 0.3 mm, or even at least about 0.4 mm. Other embodiments of
the radial grind depth 35 can be not greater than about 0.9 mm, such as not greater than about 0.7 mm,
or even not greater than about 0.5 mm. The radial grind depth 35 may comprise a value between any
of these minimum and maximum values.

[0030] As shown in FIG. 3, embodiments of the abrasive article 20 may have at least one abrasive
portion 25, 27, 29 that comprises cerium oxide. For example, a finest one of the abrasive portions 29
may comprise cerium oxide. FIG. 3 also illustrates an embodiment where the abrasive portions 25,
27, 29 are mounted to a hub 30, rather than directly to the shank 21. The hub 30 is mounted directly
to the shank 21, such that the abrasive portions 25, 27, 29 are radially spaced apart from shank 21 and
axially abut each other. FIG. 10 depicts an alternate embodiment of an abrasive article 100 having at
least one abrasive portion 105 comprising cerium oxide and mounted directly to the shaft 101 without
a hub therebetween.

[0031] FIG. 4 depicts an embodiment of an abrasive article 40 having abrasive portions 45, 47, 49,
each with more than one profile 43 (i.e., at least two profiles 43) formed therein. The profiles 43
within each of the abrasive portions 45, 47, 49 can be substantially identical or different. In some
versions, a coarsest one of the abrasive portions 45 may comprise the fewest number of profiles 43,
and a finest one of the abrasive portions 49 may comprise the highest number of profiles 43. An
intermediate abrasive portion 47 may be is finer than the coarsest abrasive portion 45, and coarser
than the finest abrasive portion 49. The intermediate abrasive portion 47 may comprise a number of
profiles 43 that is greater than that of the coarsest abrasive portion 45, and less than that of the finest
abrasive portion 49. For example, the abrasive portions 45, 47, 49 may comprise 2, 3 and 5 profiles,

respectively, in one embodiment.
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[0032] FIG. 11 depicts an alternate embodiment of an abrasive article 110 having abrasive portions
115, 117, 119. At least one of the abrasive portions 115, 117, 119 has more than one profile 113. In
the version shown, abrasive portion 119 has three profiles 113, while abrasive portions 115, 117 each
have one profile 113.

[0033] In some embodiments, the profiles 43 may be at a substantially same radial distance relative
to the axis 23, but at different axial locations. For example, the profiles 43 may be axially spaced
apart from each other in substantially identical increments, or at different increments.

[0034] Although some embodiments of the abrasive portions have an outer surface that is
substantially cylindrical, they are not so limited. For example, the abrasive portions can have an outer
surface that is non-cylindrical (FIG. 5), such as a conical shape or steps, such that the respective outer
surfaces thereof have different maximum radial dimensions D1, D2, D3. In some versions, each
abrasive portion 55, 57, 59 may comprise a plurality of steps, each having a profile 53. Each step can
have a different maximum radial dimension within each abrasive portion 55, 57, 59.

[0035] FIGS. 6A and 6B illustrate an embodiment of an abrasive article 60 having abrasive portions
65, 67, 69 with have an outer surface. At least one recess 66 extends axially along at least a portion of
the outer surface of at least one of the abrasive portions 65, 67, 69. Embodiments of the recess 66
may comprise a slot, notch or groove, and may extend along an entire axial length of the abrasive
portions 65, 67, 69. Versions of the recess 66 may comprise a plurality of recesses 66, which may be
symmetrically spaced apart about the outer surface. For example, the abrasive article 60 may
comprise six of the recesses 66, which may be angularly offset (relative to the axis) from adjacent
ones thereof by 60 degrees.

[0036] FIGS. 12A and 12B depict an alternate embodiment of an abrasive article 120 having at least
one abrasive portion 125 with an outer surface. Abrasive portion 125 is mounted directly to shaft 121
with no hub therebetween. At least one recess 126 extends axially along at least a portion of the outer
surface of at least one of the abrasive portion 125. Embodiments of the recess 126 may comprise a
slot, notch or groove, and may extend along an entire axial length of the abrasive portions 125.
Versions of the recess 126 may comprise a plurality of recesses 126, which may be symmetrically
spaced apart about the outer surface. For example, the abrasive article 120 may comprise four of the
recesses 126, which may be angularly offset (relative to the axis) from adjacent ones thereof by 90
degrees.

[0037] Some embodiments of the abrasive article 70 (FIG. 7) may have one or more abrasive
portions 75, 77, 79 that comprise a porosity. The porosity may be in a range of, for example, about 1
vol% to about 5 vol%. In some versions, the porosity may be formed by hollow glass and/or ceramic
beads. FIG. 13 depicts an alternate embodiment of an abrasive article 130 having at least one abrasive
portion 135 mounted directly to shaft 131 with no hub therebetween. Abrasive portion 135 likewise

has porosity that may be formed by glass and/or ceramic beads during fabrication.
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[0038] In still another embodiment of the abrasive article 80 (FIG. 8), the shank 81 may comprise a
metallic material or a non-metallic material, such as carbon fiber. Non-metallic materials such as
carbon fiber offer improved vibration and noise dampening. FIG. 14 depicts an alternate embodiment
of an abrasive article 140 having at least one abrasive portion 145 mounted directly to shaft 141 with
no hub therebetween. Shaft 141 likewise may be formed from a non-metallic material such as carbon
fiber.

[0039] Embodiments of an abrasive article 90 (FIGS. 9A and 9B) may comprise one or more fluid
passages 92 for delivering a liquid coolant and/or lubricant. For example, the shank 91 and/or at least
one of the abrasive portions 95, 97, 99 may comprise a fluid passage 92, 94, respectively. The fluid
passages 92, 94 may be interconnected and configured to permit a liquid to flow therethrough. The
fluid passages 94 may extend not only through the abrasive portions 95, 97, 99, but also through a
portion of the shank 91 and/or a hub 96 mounted between shank 91 and them. One or more of the
abrasive portions 95, 97, 99 may have a profile 93 formed therein. One or more fluid passages 94 94
in the abrasive portions 95, 97, 99 may intersect the profiles 93, respectively. A closure, such as a
plug, may be used on one end of fluid passage 92.

[0040] In still other embodiments, an abrasive article may comprise one or more of any of the
features described herein.

[0041] In operation, the abrasive articles described may be used in a method of grinding and
polishing a workpiece having an edge profile. Embodiments of the method may comprise providing a
workpiece having a perimeter/peripheral edge; chucking the workpiece to resist movement of the
workpiece; grinding the perimeter edge of the workpiece with a tool to form a first surface finish on
the perimeter edge; and then polishing the perimeter edge of the workpiece with the same tool to form
a second surface finish on the perimeter edge, wherein the second surface finish is finer than the first
surface finish.

[0042] Embodiments of grinding and polishing each may comprise circumscribing an entirety of the
perimeter edge of the workpiece. In some versions, the workpiece may have a thickness of not greater
than about 1.3 mm. Moreover, grinding and polishing each may comprise rotating the tool at a speed
of about 5,000 rpm to about 50,000 rpm. In addition, chucking may comprise vacuum chucking
opposing surfaces of the workpiece.

[0043] Embodiments of a method of forming a tool may comprise forming at least two abrasive
portions in separate molds, each of the abrasive portions comprising a different size; removing the at
least two abrasive portions from the separate molds; pressing the at least two abrasive portions
together to form an abrasive article; and then mounting the abrasive article on a shank such that the at
least two abrasive portions form an axial array on the shank. In some embodiments the method may
further comprise forming a profile in each abrasive portion, such as with EDM. Mounting may

comprise bonding the abrasive article to the shank with an adhesive, and/or securing the abrasive
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article to the shank with a screw threaded axially into the shank adjacent a distal end of the abrasive
article.

[0044] Embodiments of forming may comprise forming each abrasive portion as a solid object and,
prior to mounting, further comprise forming a bore in the abrasive article, such that mounting
comprises extending the shank through the bore. Forming may comprise separately cold pressing
each of the abrasive portions. Pressing may comprise hot pressing and sintering the abrasive portions
together to form the abrasive article.

[0045] Additional embodiments may include one or more of the following items.

[0046] Item 1. An abrasive article, comprising:

[0047] a shank having an axis; and

[0048] at least two abrasive portions mounted directly to and in contact with the shank in an axial
array, each of the abrasive portions having a substantially identical profile formed therein.

[0049] Item 2. The abrasive article of any of these items, wherein a first one of the abrasive portions
comprises a grit size of not greater than about 700 grit, not greater than about 600 grit, not greater
than about 500 grit, not greater than about 400 grit.

[0050] Item 3. The abrasive article of any of these items, wherein a second one of the abrasive
portions comprises a grit size of not greater than about 1100 grit, not greater than about 1000 grit, not
greater than about 900 grit, not greater than about 800 grit, and at least about 500 grit, at least about
600 grit, at least about 700 grit.

[0051] Item 4. The abrasive article of any of these items, wherein a third one of the abrasive portions
comprises a grit size of not greater than about 2000 grit, not greater than about 1500 grit, not greater
than about 1400 grit, not greater than about 1200 grit, and at least about 900 grit, at least about 1000
grit, at least about 1100 grit.

[0052] Item 5. The abrasive article of any of these items, wherein each of the abrasive portions
comprises a profile formed therein.

[0053] Item 6. The abrasive article of any of these items, wherein the profile is formed in an exterior
surface or perimeter of each abrasive portion, and circumscribes each abrasive portion.

[0054] Item 7. The abrasive article of any of these items, wherein the profile is formed by electrical
discharge machining (EDM).

[0055] Item 8. The abrasive article of any of these items, wherein the profile can be re-profiled
without damaging the abrasive article.

[0056] Item 9. The abrasive article of any of these items, wherein the profile is re-profiled by
electrical discharge machining (EDM).

[0057] Item 10. The abrasive article of any of these items, wherein the profile has an axial

dimension of not greater than about 1.5 mm, not greater than about 1.3 mm, not greater than about 1
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mm, not greater than about 0.7 mm, not greater than about 0.5 mm, not greater than about 0.3 mm,
and the axial dimension is at least about 0.1 mm, at least about 0.2 mm, or at least about 0.3 mm.
[0058] Item 11. The abrasive article of any of these items, wherein the profile comprises a flat
profile, a flat and arris profile, or a bullnose profile.

[0059] Item 12. The abrasive article of any of these items, wherein the profile has a radial grind
depth of at least about 0.1 mm, at least about 0.2 mm, at least about 0.3 mm, or at least about 0.4 mm,
and not greater than about 0.9 mm, not greater than about 0.7 mm, or not greater than about 0.5 mm.
[0060] Item 13. The abrasive article of any of these items, wherein the profile in each abrasive
portion is substantially identical.

[0061] Item 14. The abrasive article of any of these items, wherein the profiles are at a substantially
same radial distance relative to the axis, but at different axial locations.

[0062] Item 15. The abrasive article of any of these items, wherein the profiles differ from each
other by less than about 1%, less than about 0.5%, less than about 0.25%.

[0063] Item 16. The abrasive article of any of these items, wherein the profiles are axially spaced
apart from each other in substantially identical increments.

[0064] Item 17. The abrasive article of any of these items, wherein the abrasive portions do not
comprise a resin bond.

[0065] Item 18. The abrasive article of any of these items, wherein the abrasive portions comprise a
metal bond.

[0066] Item 19. The abrasive article of any of these items, wherein the metal bond comprises copper
and tin.

[0067] Item 20. The abrasive article of any of these items, wherein the abrasive portions comprise at
least three abrasive portions.

[0068] Item 21. The abrasive article of any of these items, wherein each abrasive portion is
configured to grind or polish glass.

[0069] Item 22. The abrasive article of any of these items, wherein the glass comprises a chemically-
strengthened, ion exchange glass.

[0070] Item 23. The abrasive article of any of these items, wherein the abrasive portions are not
electroplated on the shank.

[0071] Item 24. The abrasive article of any of these items, wherein the abrasive portions are
mounted on the shank with an adhesive bond.

[0072] Item 25. The abrasive article of any of these items, wherein the abrasive portions comprise
diamond grit.

[0073] Item 26. The abrasive article of any of these items, wherein each abrasive portion comprises

a wheel having an axial bore, a diameter and an axial thickness.
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[0074] Item 27. The abrasive article of any of these items, wherein the diameter of each wheel is not
greater than about 25 mm, not greater than about 20 mm, not greater than about 15 mm, not greater
than about 12 mm, or not greater than about 10 mm.

[0075] Item 28. The abrasive article of any of these items, wherein the shank is a single spindle
having a proximal portion with a first diameter, a distal portion with a second diameter that is smaller
than the first diameter, and a shoulder therebetween.

[0076] Item 29. The abrasive article of any of these items, wherein the abrasive portions are
mounted on the distal portion, one of the abrasive portions abuts the shoulder, and another one of the
abrasive portions abuts said one of the abrasive portions and is axially spaced apart from the shoulder.
[0077] Item 30. The abrasive article of any of these items, wherein each of the abrasive portions has
a diameter in excess of a diameter of the shank.

[0078] Item 31. The abrasive article of any of these items, wherein the diameter of the shank is at
least about 1 mm, at least about 2 mm, at least about 3 mm, at least about 4 mm, at least about 5 mm,
and not greater than about 10 mm, not greater than about 8 mm, not greater than about 6 mm.

[0079] Item 32. The abrasive article of any of these items, wherein the abrasive portions are
mounted directly to and in axial abutment with each other.

[0080] Item 33. The abrasive article of any of these items, wherein the at least two abrasive portions
have an outer surface that is substantially cylindrical.

[0081] Item 34. An abrasive article, comprising:

[0082] a shank having an axis;

[0083] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

[0084] at least one of the abrasive portions has at least two of the substantially identical profiles
formed therein.

[0085] Item 35. An abrasive article, comprising:

[0086] a shank having an axis;

[0087] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

[0088] at least one of the abrasive portions comprises cerium oxide.

[0089] Item 36. An abrasive article, comprising:

[0090] a shank having an axis;

[0091] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

[0092] the abrasive portions have an outer surface that is non-cylindrical.

[0093] Item 37. An abrasive article, comprising:

[0094] a shank having an axis;
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[0095] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

[0096] at least one of the abrasive portions has an outer surface, and further comprising a recess
extending axially along at least a portion of the outer surface.

[0097] Item 38. An abrasive article, comprising:

[0098] a shank having an axis;

[0099] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

[00100] at least one of the abrasive portions comprises a porosity in a range of about 1 vol% to about
5 vol%.

[00101]Item 39. An abrasive article, comprising:

[00102] a shank comprising carbon fiber and having an axis; and

[00103] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein.

[00104]Item 40. An abrasive article, comprising:

[00105] a shank having an axis;

[00106] at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

[00107] the shank and each of the abrasive portions comprises a fluid passage, and the fluid passages
are interconnected and configured to permit fluid flow therethrough.

[00108]Item 41. The abrasive article of any of these items, wherein a coarsest one of the abrasive
portions comprises the fewest profiles, and a finest one of the abrasive portions comprises the most
profiles.

[00109]Item 42. The abrasive article of any of these items, further comprising an intermediate
abrasive portion that is finer than the coarsest one, and coarser than the finest one, and the
intermediate abrasive portion comprises a number of profiles that is less than that of the finest one.
[00110]Item 43. The abrasive article of any of these items, wherein a finest one of the at least one of
the at least two abrasive portions comprises cerium oxide.

[00111]Item 44. The abrasive article of any of these items, wherein the recess comprises a slot, notch
or groove, and extends along an entire axial length of the at least two abrasive portions.

[00112]Item 45. The abrasive article of any of these items, wherein the recess comprises a plurality
of recesses, symmetrically spaced apart about the outer surface.

[00113]Item 46. The abrasive article of any of these items, wherein the porosity is formed by glass or

ceramic beads.
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[00114]Item 47. The abrasive article of any of these items, wherein each of the at least two abrasive
portions has a profile formed therein, and the fluid passages in the at least two abrasive portions
intersect the profiles, respectively.

[00115]Item 48. The abrasive article of any of these items, wherein a first one of the abrasive
portions comprises a grit size of not greater than about 700 grit, not greater than about 600 grit, not
greater than about 500 grit, not greater than about 400 grit.

[00116]Item 49. The abrasive article of any of these items, wherein a second one of the abrasive
portions comprises a grit size of not greater than about 1100 grit, not greater than about 1000 grit, not
greater than about 900 grit, not greater than about 800 grit, and at least about 500 grit, at least about
600 grit, at least about 700 grit.

[00117]Item 50. The abrasive article of any of these items, wherein a third one of the abrasive
portions comprises a grit size of not greater than about 2000 grit, not greater than about 1500 grit, not
greater than about 1400 grit, not greater than about 1200 grit, and at least about 900 grit, at least about
1000 grit, at least about 1100 grit.

[00118]Item 51. The abrasive article of any of these items, wherein the profile is formed in an
exterior surface or perimeter of each abrasive portion, and circumscribes each abrasive portion.
[00119]Item 52. The abrasive article of any of these items, wherein the profile is formed by electrical
discharge machining (EDM).

[00120]Item 53. The abrasive article of any of these items, wherein the profile can be re-profiled
without damaging the abrasive article.

[00121]Item 54. The abrasive article of any of these items, wherein the profile is re-profiled by
electrical discharge machining (EDM).

[00122]Item 55. The abrasive article of any of these items, wherein the profile has an axial
dimension of not greater than about 1.5 mm, not greater than about 1.3 mm, not greater than about 1
mm, not greater than about 0.7 mm, not greater than about 0.5 mm, not greater than about 0.3 mm,
and the axial dimension is at least about 0.1 mm, at least about 0.2 mm, or at least about 0.3 mm.
[00123]Item 56. The abrasive article of any of these items, wherein the profile comprises a flat
profile, a flat and arris profile, or a bullnose profile.

[00124]Item 57. The abrasive article of any of these items, wherein the profile has a radial grind
depth of at least about 0.1 mm, at least about 0.2 mm, at least about 0.3 mm, or at least about 0.4 mm,
and not greater than about 0.9 mm, not greater than about 0.7 mm, or not greater than about 0.5 mm.
[00125]Item 58. The abrasive article of any of these items, wherein the profile in each abrasive
portion is substantially identical.

[00126]Item 59. The abrasive article of any of these items, wherein the profiles are at a substantially

same radial distance relative to the axis, but at different axial locations.
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[00127]Item 60. The abrasive article of any of these items, wherein the profiles differ from each
other by less than about 1%, less than about 0.5%, less than about 0.25%.

[00128]Item 61. The abrasive article of any of these items, wherein the profiles are axially spaced
apart from each other in substantially identical increments.

[00129]Item 62. The abrasive article of any of these items, wherein the abrasive portions do not
comprise a resin bond.

[00130]Item 63. The abrasive article of any of these items, wherein the abrasive portions comprise a
metal bond.

[00131]Item 64. The abrasive article of any of these items, wherein the metal bond comprises copper
and tin.

[00132]Item 65. The abrasive article of any of these items, wherein the abrasive portions comprise at
least three abrasive portions.

[00133]Item 66. The abrasive article of any of these items, wherein each abrasive portion is
configured to grind or polish glass.

[00134]Item 67. The abrasive article of any of these items, wherein the glass comprises a chemically-
strengthened, ion exchange glass.

[00135]Item 68. The abrasive article of any of these items, wherein the abrasive portions are not
electroplated on the shank.

[00136]Item 69. The abrasive article of any of these items, wherein the abrasive portions are
mounted on the shank with an adhesive bond.

[00137]1tem 70. The abrasive article of any of these items, wherein the abrasive portions comprise
diamond grit.

[00138]Item 71. The abrasive article of any of these items, wherein each abrasive portion comprises
a wheel having an axial bore, a diameter and an axial thickness.

[00139]Item 72. The abrasive article of any of these items, wherein the diameter of each wheel is not
greater than about 25 mm, not greater than about 20 mm, not greater than about 15 mm, not greater
than about 12 mm, or not greater than about 10 mm.

[00140]Item 73. The abrasive article of any of these items, wherein the shank is a single spindle
having a proximal portion with a first diameter, a distal portion with a second diameter that is smaller
than the first diameter, and a shoulder therebetween.

[00141]Item 74. The abrasive article of any of these items, wherein the abrasive portions are
mounted on the distal portion, one of the abrasive portions abuts the shoulder, and another one of the
abrasive portions abuts said one of the abrasive portions and is axially spaced apart from the shoulder.
[00142]Item 75. The abrasive article of any of these items, wherein a diameter of the shank is at least
about 1 mm, at least about 2 mm, at least about 3 mm, at least about 4 mm, at least about 5 mm, and

not greater than about 10 mm, not greater than about 8 mm, not greater than about 6 mm.
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[00143]Item 76. The abrasive article of any of these items, wherein each of the abrasive portions is
mounted directly to and in contact with the shank, or to a hub that is directly mounted to the shank,
such that the hub is located between the abrasive portions and the shank.

[00144]Item 77. The abrasive article of any of these items, wherein the abrasive portions are
mounted directly to and in axial abutment with each other.

[00145]Item 78. The abrasive article of any of these items, wherein the abrasive portions have an
outer surface that is substantially cylindrical.

[00146]Item 79. The abrasive article of any of these items, wherein the abrasive portions have an
outer surface that is conical.

[00147]Item 80. The abrasive article of any of these items, wherein the abrasive portions are stepped
such that outer surfaces thereof have different maximum radial dimensions.

[00148]Item 81. The abrasive article of any of these items, wherein each abrasive portion comprises
a plurality of steps, each step has the profile, and each step has a different maximum radial dimension
within each abrasive portion.

[00149] This written description uses examples to disclose the embodiments, including the best mode,
and also to enable those of ordinary skill in the art to make and use the invention. The patentable
scope is defined by the claims, and may include other examples that occur to those skilled in the art.
Such other examples are intended to be within the scope of the claims if they have structural elements
that do not differ from the literal language of the claims, or if they include equivalent structural
elements with insubstantial differences from the literal languages of the claims.

[00150] Note that not all of the activities described above in the general description or the examples
are required, that a portion of a specific activity may not be required, and that one or more further
activities may be performed in addition to those described. Still further, the order in which activities
are listed are not necessarily the order in which they are performed.

[00151]In the foregoing specification, the concepts have been described with reference to specific
embodiments. However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an illustrative rather than a

restrictive sense, and all such modifications are intended to be included within the scope of invention.

¢ 9% Ger LR T3

[00152] As used herein, the terms “comprises,” “comprising,” “includes,” “including,” “has,”
“having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For example,
a process, method, article, or apparatus that comprises a list of features is not necessarily limited only
to those features but may include other features not expressly listed or inherent to such process,
method, article, or apparatus. Further, unless expressly stated to the contrary, “or” refers to an

inclusive-or and not to an exclusive-or. For example, a condition A or B is satisfied by any one of the
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following: A is true (or present) and B is false (or not present), A is false (or not present) and B is
true (or present), and both A and B are true (or present).

[00153] Also, the use of “a” or “an” are employed to describe elements and components described
herein. This is done merely for convenience and to give a general sense of the scope of the invention.
This description should be read to include one or at least one and the singular also includes the plural
unless it is obvious that it is meant otherwise.

[00154] Benefits, other advantages, and solutions to problems have been described above with regard
to specific embodiments. However, the benefits, advantages, solutions to problems, and any
feature(s) that may cause any benefit, advantage, or solution to occur or become more pronounced are
not to be construed as a critical, required, or essential feature of any or all the claims.

[00155] After reading the specification, skilled artisans will appreciate that certain features are, for
clarity, described herein in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features that are, for brevity, described in the context of
a single embodiment, may also be provided separately or in any subcombination. Further, references

to values stated in ranges include each and every value within that range.
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WHAT IS CLAIMED IS:
1. An abrasive article, comprising:

a shank having an axis; and

at least two abrasive portions mounted directly to and in contact with the shank in an axial
array, each of the abrasive portions having a profile formed therein, and the profiles are substantially
identical.
2. An abrasive article, comprising:

a shank having an axis;

at least two abrasive portions coupled to the shank in an axial array, each of the abrasive
portions having a substantially identical profile formed therein; and

at least one of the abrasive portions has at least two of the substantially identical profiles
formed therein.
3. The abrasive article of claim 1 or 2, wherein a first one of the abrasive portions comprises a grit
size of not greater than about 700 grit, and a third one of the abrasive portions comprises a grit size of
not greater than about 2000 grit and at least about 900 grit.
4. The abrasive article of any one of the preceding claims, wherein the profiles are at a substantially
same radial distance relative to the axis, but at different axial locations.
5. The abrasive article of any one of the preceding claims, wherein the abrasive portions comprise a
metal bond.
6. The abrasive article of any one of the preceding claims, wherein the abrasive portions are not
electroplated on the shank.
7. The abrasive article of any one of the preceding claims, wherein the abrasive portions are mounted
directly to and in axial abutment with each other.
8. The abrasive article of claim 1, wherein at least one of the abrasive portions has at least two of the
profiles formed therein.
9. The abrasive article of any one of the preceding claims, wherein at least one of the abrasive
portions comprises cerium oxide.
10. The abrasive article of any one of the preceding claims, wherein at least one of the abrasive
portions has an outer surface, and further comprising a recess extending axially along at least a
portion of the outer surface, and the recess extends along an entire axial length of the at least two
abrasive portions.
11. The abrasive article of any one of the preceding claims, wherein at least one of the abrasive
portions comprises a porosity in a range of about 1 vol% to about 5 vol%, and the porosity is formed
by glass or ceramic beads.

12. The abrasive article of any one of the preceding claims, wherein the shank comprises carbon fiber.

15
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13. The abrasive article of any one of the preceding claims, wherein the shank and each of the
abrasive portions comprises a fluid passage, the fluid passages are interconnected and configured to
permit fluid flow therethrough, and the fluid passages in the at least two abrasive portions intersect the
profiles, respectively.

14. The abrasive article of any one of the preceding claims, wherein a coarsest one of the abrasive
portions comprises a fewest number of profiles, and a finest one of the abrasive portions comprises a
largest number of profiles.

15. The abrasive article of any one of the preceding claims, wherein the abrasive portions are stepped

such that outer surfaces thereof have different maximum radial dimensions.

16



WO 2014/176202 PCT/US2014/034892

IR
~
~d

S T

Aaan




PCT/US2014/034892

WO 2014/176202

2/7

|_/‘23

m
<t

YV
‘S

/
/

/7

/ / \

/s
7
e \\

S
/

A

SEN

7
/
\ /

7S s y

)

(=

“\21

FIG. 4

FIG. 3



WO 2014/176202 PCT/US2014/034892

3/7
D3
D2
k D1
SPTELR NN
57— NN\
NN
59
50— 60—
FIG.5 FIG. 6A
66 60




WO 2014/176202

70—/‘

FIG. 7

4/7

PCT/US2014/034892

80—/‘

FIG. 8




WO 2014/176202 PCT/US2014/034892

5/7
96
94
95
(
(S| XA
G 4 Y NEE)
97 (ES \(4.::.:%%93
(] ~ N A L HRR!
99
91/7
90—

—\%Mgz
/

FIG. 9A




WO 2014/176202

105

o
oy
Q
[WKN
o

125

FIG. 12A

PCT/US2014/034892

6/7

X

hﬂ
el
2
Y
e

120~\\\y

126 | 126

FIG. 12B




WO 2014/176202

135

FIG. 13

PCT/US2014/034892

7/7

145

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/034892

A. CLASSIFICATION OF SUBJECT MATTER
B24B 23/02(2006.01)i, B24B 9/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B24B 23/02; B24B 5/00;, B24B 23/00; B27C 5/10;, B27M 1/00; B24B 9/08

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords:shank, axis, abrasive portion, profile, grinding tool, polishing

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5951381 A (VIDECOQ et al.) 14 September 1999 1-3,8
See column 2, lines 5-29 and figures 1-2.

A KR 10-2010-0106056 A (CHANGWON NATIONAL UNIVERSITY INDUSTRY ACADEMY COOPERAT 1-3,8
ION CORPS.) 01 October 2010
See paragraphs [0013]-[0025] and figure 1.

A US 2007-0157993 A1l (YOON, YOUNG SE) 12 July 2007 1-3,8
See paragraphs [0026]-[0029] and figures 1-2.

A US 3190045 A (ZUZELO, EDWARD A) 22 June 1965 1-3,8
See claims 1-3 and figures 1-6.

A WO 96-11771 Al (EVENSEN, KENNETH) 25 April 1996 1-3,8
See claims 1-10 and figures 1-6.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

g

o

o

"pr

e

'

myn

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

29 August 2014 (29.08.2014)

Date of mailing of the international search report

29 August 2014 (29.08.2014)

Name and mailing address of the [ISA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer

LEE, Jeong Hak § i
1Y Maaiaxld
L ST
AR RS
e TR T
Telephone No. +82-42-481-8218 e

SN
SR

"\,
TURS,
SRR RIS,

o

%

o

s

3
3
N

Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/034892

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:;

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-79-15

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/034892

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5951381 A 14/09/1999 EP 0805734 Al 12/11/1997
WO 97-18922 Al 29/05/1997

KR 10-2010-0106056 A 01/10/2010 KR 1073237 Bl 06/10/2011

US 2007-0157993 Al 12/07/2007 KR 10-0764035 Bl 09/10/2007
KR 10-2007-0067269 A 28/06/2007

US 3190045 A 22/06/1965 None

WO 96-11771 Al 25/04/1996 AU 1999-52686 Al 02/12/1999
AU 3890695 A 06/05/1996
EP 0787060 Al 12/06/2002
EP 0787060 A4 30/09/1998
JP 11-511698 A 12/10/1999
US 5365628 A 22/11/1994
US 5564971 A 15/10/1996
US 5567197 A 22/10/1996
US 5662515 A 02/09/1997
US 5890953 A 06/04/1999
US 5921854 A 13/07/1999
WO 96-11771 Al 25/04/1996
WO 97-38824 Al 23/10/1997

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

