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prevent contamination of a batch having a particular grain size with grains and particles used
20 in a previous batch. When coarse grain abrasive particles contaminate a fine grain abrasive
batch, use of the contaminated fine grain abrasive batch leads to scratching or scarring of
surfaces being polished or ground. As such, great care is taken by abrasive manufacturers to

limit cross-contamination of abrasive article batches, leading to increased cost.

Furthermore, customers order in batches. For high volume users, ordering in batches

25  results in large working capital outlay, storage and logistics problems once a batch is
received, and problems associated with anticipating abrasive article usage. If usage of the
abrasive articles is underestimated, the consumer may run out of abrasive articles, resulting in

lost productivity and lost revenue.

In addition, traditional methods for manufacturing abrasive articles produce excess

30  waste and are limited in the shape and configuration of abrasive articles that may be formed
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In one particular embodiment, a coated abrasive article includes a substrate and a
patterned set of abrasive structures. Each abrasive structure of the patterned set of abrasive

structures has an engineered microfeature.

25 In another embodiment, an abrasive article includes an outer surface having a poor

mold release contour.,

In a further embodiment, an abrasive article includes a plurality of patterned layers.
Within a layer of the patterned layers, a first region has a first composition and a second

region has a second composition different from the first composition.



FIGS. 3, 4 and 5 include diagranms illustrating exenplary printing
systens for nmanufacturing abrasive articles. FIGS. 6 and 7 include
diagrans illustrating exenplary cartridges for use in systens for 10
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In one particular embodiment, the disclosure is directed to a system for manufacturing
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abrasive articles, such as a solid free form manufacturing system and a rapid tooling system.
20 The system includes a computational circuitry, a cartridge and a production surface. The
cartridge is removably coupled to the system, and abrasive particles and binder may be
dispensed from the cartridge when the cartridge is engaged with the system. The
computational circuitry is configured to control the deposition of or pattern in which the
abrasive particles and binder are disposed on the production surface or substrate to form an

25  abrasive article.

In another exemplary embodiment, the disclosure is directed to a cartridge that stores a
binder and abrasive particles. The cartridge is configured to removably couple to a rapid
tooling system for use in the manufacture of abrasive articles. The cartridge may further be

configured to store a second binder and a second set of abrasive particles,



The abrasive articles may be coated abgfasive articles or bonded
abrasive articles. Coated abrasive articles include articles in
which a layer or layers of abrasive are bonded to a substrate. The
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As disclosed herein, coated abrasives and bonded abrasives may be formed through
rapid tooling methods and solid free form manufacturing methods. Rapid tooling methods,
for example, form an abrasive article, layer-by-[ayer, to produce an article having a desired
grinding characteristic, such as sustained cut-rate, consistent surface finishing, useful life,

30  porosity, and cutting fluid/swarf channeling.

Rapid tooling methods include immersion methods and printing methods. Immersion
methods generally include a bath or container filled with build material, such as a resin or

powder. An object is built, layer-by-layer, upon a platform that is lowered after each build



exanple, a layer of ceramc material pay be bound in a particul ar
pattern by printing binder over the layer in the particular pattern.
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FI G g ill ust‘rat es an exenP system 200 using a powder m xture. A
cont &P ne@rtsggs. The system 100 ustratcd in FIG 1 includes a bath 102 of uncured solution 104
including uncured resin and abrasive particles. An abrasive article 108 is formed on a
platform 106. Energy source 112, such as a laser or ultraviolet (UV) energy source, directs
energy in a pattern along a surface layer of the solution 104 to cure or bind the solution into a
patterned layer. For example, a laser may be scanned across the surface layer to form the
30  pattern on the surface of the solution 104. In another example, UV light is directed through a
mask to form the pattern on the surface of the solution 104. The platform 106 is subsequenily
lowered fractionally and a bar or sweeper 110 sweeps a subsequent layer of uncured solution
over the forming abrasive article 108. The process continues by directing a subsequent

pattern of energy at the surface layer, lowering the platform 106 and sweeping an additional

35  layer over a previously cured layer. Once the abrasive article 108 is complete, platform 106 is



i ncludes a m xture 204 of abrasive pargicles and powder binder. The
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polyneric materials, such as pol yam des and pol ystyrenes, steel and
foundry sasigkd :ﬁ«dpﬂhatatﬁmm 20Blel B8l awmeednd eingeerwiki sdg anlﬁﬁtlh Qe Ocemplary

R I ST T AT

materi al over the abrasive article 208 and the naterl al 204 within
t he cont ai ner Th2Q2kutifX &b Slcmi‘éfﬁﬁrﬁivemyt;cﬂ]ﬁ ankl peistied ror rodtabRdredilt On one

container 214. 15 n en 2 directs patter ed ene
Che. our £ agiertery REOREET B b5 of S ioieiie & CumeBiuiont kyer e, e
abr asi¥ve afeidiaabg U08enetgy DRdiatdxenpbaamy iratine ﬁerp‘et,terhdraiehgne:ﬁgyodssowce
212 is a las ht so directed in tern oy terl 204
2na abr ashethg e e SR E i A Rt ber gt Aot RRrE e Sp ATl I one
abr asi ve panipla} esbodBhéndelic s9sted dhigsitstein FEG. Arihdiideg a ktdrealithPadhe sty er
the formng abrasive article 208 and mat eri al 204 to fonn a | ayer of
the form ng ve article. uent atf rm.206 Jj

| onered to al %g}w%t ﬁugrfa iR ?xeglrﬁ’llagf 38 % 5ﬁtpowbk§trfl gruﬁee CEYAper
t he abr asinvedeard misluee 2881 kigadiwrpaeid|es m’rdaaopddatmmiem B&Gnmmremmm@l ihde
t he ra r e.408 cl.eane

enbodf?d)n_en I&SIXE%? % (%l'll a% CSI'EH{I rﬁowdfrls LPS ?yme 1G Q.';I”lg[ é}l ﬁ pOr}félTnug n'gd Pfrenes
printing Syeétaed@uachﬂ semél aqtldtipen Qa@sﬁommﬁttepamgt bnymttenrsf ab%w@SﬁB)e 208

FI GS. 3, |1 t I

i 11 ustr at e ri)?/l ¥ dﬁg%&% pqatg\?\ﬁmll;]%ga%fllg Earﬂrger%)?qpragy I%Ban mch.r a rf)LEer 210
mat eri al @@89115éuflfédtaﬁeml@ughht’aaﬁma‘@@dw@ﬁlﬂﬁ asl bn nhmdl 2031’Gthn#hpbraita‘1mm
302 and/ t LUS: 0 eina
t hr ee-di %&s%ﬁ%g%%g%lt e% bH%Jé&Pé;EFbl%IQ% lago - :ée%\rﬁrmtl on of a
t hr ee-di nensi onal abrasive article 304. A spool 306 30 includes the
filanent 308, AnEeEsy fawedclde slirady aaffered seare en & sarfepcet Hfabe meferidpl04dei ¢

material folhatsudlenRnheaded algrgﬂpé)ira&b bME ”El 5n% &&Qﬂh@ e%g@iﬁfeﬁtegle eHerkPr M
layers of the abrasjve article ef nopl asti ¢

mat eri al SOMERLUE aalasey ighHispyre @rqst?éiataa éﬁf@nswr exfteriplig8dyend atpasive article

pol ycar bomg! eyltefadvadlmenhany s gm@aave baﬂaa;e manetr of W1RS ve el ARNs .
the system 300 i|lustrated in FIG fused deposition machi ning

(FDV) ~ sy Seesi opsrdhe Priping giesiut @gclaﬁ%%(@rﬁﬁﬂfa}aww’efﬁcf@rﬁt # e ithat fPrgng
syst em 4Q@rakive Whiceh powder is fused at | ocations on an abrasive
article 404. A pl atform402 and/or a deposition head 406 are 5 noved
in a three-dijensi onal C|I|tat formation,

a t t h
| ayer - by- | ayet?sGe %}5 Oﬁ? tzlogl‘% ed 1o ‘S{S’Weﬁﬁaﬁ”‘t“?aﬁ‘ﬁ? &f 2 subsequent
enbodi rTEl]iitterﬁed RgRr Onhd: glaabntiea sititly 208 gsmurrﬁ@lu ﬂﬁ@ﬂatmhn r2ael hsaﬂaisyceandhﬁat
source is,direct e? %@rqgﬁgh tge de Slt 1{;]( 406 a V\%é
di r ect ed PRISTGH IUHE clorged PSR P%‘% 6Bn fEP-aLy ?r%ll?:o %lSYﬁéem
articl e 4dbiratkthén FOWOER inclulle Diddke pixdling F@dtéred andoseleciid Rigeri sit@ing adysteh
to form th abrasive article 404. The powder may be deposited as a
si ng é (SLS).
FIGS. 3, 4 and 5 illustrate exemplary printing systems. FIG. 3 illustrates a system 300
in which a filament of a thermoplastic material 308 is fed through a heated extrusion head
310. A platform 302 and/or the heated extrusion head 310 may move in a three-dimensional
pattern to facilitate the formation of a three-dimensional abrasive article 304. A spool 306
30 includes the filament 308, which includes abrasive particles and the thermoplastic material
that when heated temporarily melts and is deposited to form layers of the abrasive article 304.

Exemplary thermoplastic materials include acrylonitrile-butadiene-styrene  (ABS),
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is configured to store a binder and abrasive particles. In one
exenpl ary enbgdisplis deEJ}ﬁ)e@!aﬁbQ@hl RRoPRTAEE V8 aR&NE hati&Sar Y rabRl tooling

conbi ned together in
printing systems, may be adapted to receive a cartridge. The cartridge may be removably

coupled to the system and house binder and abrasive particles. In one example, the cartridge
includes a container for storing a solution or mixture of abrasive particles and binder. For
30 example, the solution may be a slurry of liquid binder and abrasive particles. Alternatively,
the solution is a powdered mixture of abrasive particles and powder binder. In a further
exemplary embodiment, the cartridge includes a spool for storing a filament composition

including thermoplastic binder and abrasive particles.
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2 provides materzal to a print head that is separate from the cartridge.

FIG. 7 illustrates an exemplary cartridge 700 that includes two or more containers, 702
and 704. The cartridge 700 also includes one or more dispensing nozzles (706 and 712) and
one or more refill ports (708 and 710). In one exemplary embodiment, the binder and
abrasive particles are separated from each other in dedicated compartments, such as

30  containers 702 and 704. The compartments may be configured to dispense the binder and
abrasive particles through a common nozzle, such as nozzle 706. For example, the cartridge
700 may include dispensing structures configured to combine the first binder and first
abrasive particles prior to dispensing such that the first binder and the first abrasive particles

are dispensed through one nozzle. In another example, the compartments may be configured
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25  second solution may be deposited on a release {ilm to form the pressure-sensitive adhesive

backing. The binder and abrasive particles may be deposited over the adhesive backing to
form the abrasive article. The abrasive article may be removed from the release film and

pressed to surfaces of grinding, polishing, or fining equipment.

The one or more refill ports (708 and 710) may be used by a consumer, a service

30 provider or a manufacturer to refill the cartridge 700. In one exemplary embodiment, the
consumer may specify to the service provider or manufacturer the binder and abrasive
particles with which the cartridge should be filled. For example, the consumer may enter the .

unique identifier 714 into a website and specify the desired binder and abrasive particles with
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30  end product after cure.

The radiant power of the source of actinic light can be provided by any conventional

UV source, For example, the coatings or build layers may be exposed to UV light generated
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25  carbon black, and the like; suspending agents, such as fumed silica; anti-loading agents, such
as zinc stearate; lubricants, such as wax; wetting agents; dyes; fillers; viscosity modifiers;

dispersants; and defoamers.

In alternative rapid tooling systems or in combination with the above-described

binders, various thermal curable polymers may be utilized. While thermoplastic and

30  thermoset polymers may be utilized, oftentimes thermoset polymers are emphasized due to
their stable nature, particularly in the context of cutting or finishing operations that generate
excessive heat. According to a particular embodiment, the binder compound includes a

powder, typically formed principally of powder or even essentially entirely powder. In some



10 beneficial changes in the viscosity,of the dispersions. Exanples
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The abrasive grains may be formed of any one of or a combination of known abrasive
gfains, including alumina (fused or sintered), zirconia, zirconia/alumina oxides, silicon
carbide, garnet, diamond, cubic boron nitride and combinations thereof.  Particular

30  embodiments have been created by use of dense abrasive grains comprised principally of
alpha-alumina. The abrasive particles generally have an average particle size from 1 to 150
micron, and more typically from I to 80 micron. For fining and polishing applications, the
average particle size may be about 1-16 micron, such as about 3-3 microns. In general,
however, the amount of abrasive present provides from about 10 to about 90%, such as from

35  about 30 to about 80%, of the weight of the formulation.



menber may be a release film such as-fior use in the manufacturing of
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differences in relative velocity between regions of the adhesive article. In the abrasive article
illustrated in FIG. 8, abrasive placement may be adjusted to provide a desired removal rate
over a curved surface, such as in ophthalmic fining applications. In the abrasive article
illustrated in FIG. 9, abrasive placement and density may be adjusted radially along the petal-

30  like structures 906 of the rosette design 904 to adjust for differences in rotational velocity.
The density may be adjusted by placing additional layers of abrasive in locations in which
greater abrasive density is desired. Alternatively, the number of drops or pixels of an abrasive
solution per unit area may be adjusted to create differences in performance characteristics.
Different abrasive solutions that have different performance characteristics may be applied to

35  different regions of a pattern or in varying amounts at locations across an abrasive article.



Turning to engineered and structured.aprasives, prior art methods for
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where they contact the substrate 1108. Such a contour has poor mold-release characteristics.

Wails or contours that include portions that have a generally negative slope exhibit
30  poor mold-release characteristics. FIG. 13 includes an illustration of an abrasive article 1300
that includes a pattern of abrasive structures 1304 formed over a substrate 1302. The abrasive

structures 1304 have walls that include negatively sloping portions 1306.
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such as engineered cleavage planes. For example, as illustrated in FIG. 14, the abrasive

structure 1404 may include engineered cleavage planes 1406. As illustrated, the cleavage
planes 1406 are not horizontal or vertical and terminate part way through a structure. When
30 the abrasive 1404 is in use, the abrasive structure 1404 is designed to periodically cleave or
fissure along a plane 1406, providing improved abrasion and sharper angles. Such cleavage
planes 1406 may also be used to reduce surface area over which the abrasive contacts a
surface, increasing the pressure exerted by the abrasive surface. In the example illustrated in
FIG. 14, the abrasive structure 1404 may be formed over a substrate 1402. Alternatively, the

35  abrasive structure 1404 may be formed as a bonded abrasive structure.
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contrast, particular enbodinents of the abrasive articles described
herei n i ncl uffecrapariiqylr Fmbpdimenth s gblagive praele deqivdge p feabise.i seh asaiswart
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ray i§1 ¢l ude ll’)éa 1&18£'Sembsogi(r:rﬂangsofra%re:sgfg articles that include cutting fluid channels allow
delivery of cooling fluids and lubricants to grind interfaces. Typical prior art systems direct

cooling fluid to grind interfaces through external tubes. However, the fluid often does not
sufficiently lubricate or coat the surface. As such, the surface may be excessively hot and

may include excess swarf, resulting in poor material removal rates and surface quality. In

30  contrast, particular embodiments of the abrasive articles described herein include cutting fluid
channels that deliver cooling and [ubricating fluids directly to the grinding interface.

Moreover, such cutting fluid channels may be shaped to force fluid onto the surface with

movement (e.g. rotation) of the abrasive article and may be shaped to allow delivery of

cutting fluid even as the abrasive article experiences wear.



1702, 1704, and 1706, having different,abrasive characteristics, such
as particle density, S porosity, bond strength, elastic nodulus, and
conpressive nodulus. In this exanple, region 1702 may have one
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FIG. 19 includes an illustrative exaone i ncl udi ng

per f or mange.
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Such on- denand toolin OWS consuners to reduce i nventor
abr asi Vecq;mos]@peglgiﬁdwlz and 1914 may vary in bond strength, elasticity, abraswe quality,

and wear rate.

Generally, the rapid tooling system and the rapid structuring media cartridge can be

30  adapted to form three-dimensional abrasive structures that include features selected from the
group consisting of microfeatures, three-dimensional abrasive features, a pattern of cutting

fluid channels, a pattern of swarf channels, a pattern of internal voids, and oriented breakage

planes.

In one particular embodiment, the rapid tooling system and removable cartridge may be

35 used to provide on-demand manufacturing capabilities for consumers of abrasive articles.



insures a ready supply of such articl.es. In another exenplary

enbodi ment, use of rapid tooling for manufacturing abrasive articles
reduces waste and ness associated with traditional nethods. For
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manuf acturing of abrasive articles may be facilitated by providing a
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of abr asiAPEsHF eielee ©r faingrrndeelishiag AerisgHont: h%&" YRR BT FGBS BIPY G o8

and produgesihepRbidish ¥esiadlt L& @snd Miasive BF agihcms UAIEH 4sQRe ophthalmic
Al ternative ﬁ onsuner ggé nanufacture q jgswe articles for

|
sale and ! Hissﬁ%‘/?‘%uﬁfé&“u 36& eleptpnigs p AYTaEE FEHC'TY PLECR aRPEGATORS BREaY9 0,
a rapid tamivexﬂ@ ;Sayt&ﬁeemd eﬁmﬂr_m inikeeh m baild Clyers @irfific asboinl lsusitioad. eshcat

2002. For exa ara tooling systemfor nuf act.urin 30
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sel ect a wvadr 4 tapidl taslinlpispden aahchrpapési filled vgthaabrasive compomtmns The consumer

25  may be an internal consumer of abrasive articles, such as a consumer that uses abrasive
articles and produces the abrasive articles for internal consumption. Altematively, the

consumer may manufacture abrasive articles for sale and distribution.

In an exemplary method illustrated in FIG. 20, a rapid tooling system is provided to a

customer, as illustrated at 2002. For example, a rapid fooling system for manufacturing

30  abrasive articles may be leased or sold to a consumer of abrasive materials. Alternatively, the
rapid tooling system for producing the abrasive article may be loaned or given to a

prospective consumer.



size or grain type of abrasive particlie. The abrasive sol ution
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in a package. The package may include a return address and return postage area. The
consumer may reconfigure the package for return, insert the carfridge and send it via the mail
carrier. In addition, the cartridge may include a unique identifier. The consumer may log on
to a website, provide the unique identifier, and specify the type of binders and abrasive
30  particles desired. In one embodiment, the manufacturer sends a second cartridge with the
desired binders and abrasive particles. In another embodiment, the manufacturer or service

provider refills the cartridge with the desired binder and abrasive particles, as illustrated at

2008. However, if the cartridge is worn or inoperable, the cartridge may be replaced.



the cartridge was retrieved or to a different consumer. For exanple,
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25 The above-disclosed subject matter is to be considered illustrative, and not restrictive,
and the appended claims are intended to cover all such modifications, 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

30 be restricted or limited by  the foregoing detailed description.



2. The coated abrasive article of claim 12Wherein an abrasive
structure of the patterned set of abrasive structures includes an
engi neered internal structured pore. 3. The coated abrasive article
of clai m@iAlRerein the abrasive structure includes a pattern of
internal structured pores. 4. The coated abrasive article of claim3, .
wherein the tern. of . : ctured pores is repeated in a
plurality of p%r%%ﬁ%%%?@%%%%é@%&?he pattgrned set of IOabrasi ve
structures. S.asthgrategad ed abrasive article of claim2, wherein the
engi neer ed i nt gLAghedSd bEiblVATRALS, Qh bifve sGidiRSdt the patmetbinf shrdias

di mension variability not_ greater than 50 mcrons. 6. The coated
abrasi ve arti clTaotgps igymgafleavas ein the engi neered internal
structure pore of the abrasive structure has dinension variability
not greater than,g. Ol SLoNSe e dFAGPO At ARLATRuchid dr bl farhedsbiat m
2, wherein the”engi feered Tnternal structure pore of the " abrasive
st r uct ur esbiraise jooeaes ingidesan prefedred igtermad frigiEdPET- t han 50 ni crons. 8.
The coated abrasive article of claim2, wherein the engi neered

internal structure pore has a eonetrijc.cross-section. f# om
a group consi si-i%cwdﬁﬁﬁsﬁ?’@ﬁﬂﬁ‘f‘%%ﬁ%ﬁ’ ‘5‘?’3&‘%% Vi eﬁ?j‘?‘é}?l.gécgﬁ%a%%ré-

coat ed abmp&bNeuchkddipeke of claim 1, wherein an abrasive structure of
the patterned set of abrasive structures includes a surface channel.

4. The coated abrasive article of claim 3, wherein the pattern of internal structured pores is

repeated in a plurality of abrasive structures of the paiterned set of abrasive structures.

3 The coated abrasive article of claim 2, wherein the engineered internal stracture pore of the

abrasive structare has dimension variability not greater than 50 microns,

6. The coated abrasive article of claim 5, wherein the engineered jnternal structure pore of the

abrasive strocture has dimension variability not greater than 8 microns.

7. The coated abrasive artisle of claim 2, wherein the engineered internal structure pore of the

abrasive siructure has location variébility not greater than 50 microns.

8. The coated abrasive article of claim 2, wherein the enginecred internal structure porc hasa

geometric cross-section selected from a gronp consisting of polygonal, circular, and irregular.

9. The coated aﬁrasive article of claim 1, wherein an abrasive structure of the patterned set of

abrasive structures includes a surface channel.



