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for manufacturing abrasive articles. BACKGROUND ART
Abrasive articles, such as coated abrasives and bonded
abrasives, are used in various industries to machi ne
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Furthermore, customers order in batches. For high volume users, ordering in batches
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

waste and are limited in the shape and configuration of abrasive articles that may be formed
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amount of unused material as waste. When manufacturing
a bonded abrasive article, traditional methods use a

wordodiopF1pr ocess that includes (i) preparing aP@BUSIN06605915

slurry, (ii) pouring the slurry into a mold, (iii)
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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.
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tooling of abrasive articles. FIGS. 3, 4 and 5 include
diagranms illustrating exenplary printing systens for

worvagistiur i ng abrasive articles. FIGS. 6 and FCT/nstooe@s915

diagrams illustrating exenplary cartridges for use in

f r of abrasive articles. FIGS.
B ,B,S ,T? OB LHE DEAWINGS 15 “16° 17, 18 and 19

include diagrans illustrating exenplary abrasive
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t G&6$.nG0syst & frstudesBow ndiegvemsratiudirating resergplaryb mgthioge for

.Gl e ] tridge may further be configured to

Immg%g?é&%aggggﬁﬁﬁ%%nder and a second set of abrasive

particles. The disclosure is also directed to a method
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Mmﬂ&ﬁﬁggéng an abrasive article design data set to a

rapid tooling systemand form ng an abrasive article

based on the abrasive article design data set. The

MODES Ref ¢ ARRYENG DOl gdesrvanemodi ng a second abrasi ve

article design data set and form ng a second abrasive
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dispgrr?sgi1 %jon{rat){e 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

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 cariridge may further be

configured to store a second binder and a second set of abrasive particles.
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al so include retrieving the used cartridge, refilling
the cartridge with the binder and abrasive particles,

war@op9s¥vd di ng the refilled cartridge. The abrBsi/v82006/005915

articles may be coated abrasive articles or bonded
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solfodi ments, an energy source, such as a laser or W
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poros1ty, 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



10

15

20

25

30

35

Exenpl ary i mmersi on nmet hods include Iiquid nethods and
powder net hods. For exanple, liquid nethods include
W@ t@em21514 hogr aphy i n which an object is constPODUSINNG/ON5915

a pool of liquid resin. Powder nethods include binder
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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

layer over a previously cured layer. Once the abrasive article 108 is complete, platform 106 is
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irradiation, UV energy irradiation, e-beamirradiation
or patterned |ight nethods. By directing the energy or

wo @hoism a pattern, a |layer of an abrasive arpPCTIUS200&005915

be formed. In one exenplary enbodi nent, the system
.illustrated. in 1 .incl ud . a |th
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extrusi on head 310 nay nove in a three-dinensi onal
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ted m
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a S rinti stem 400 i ich.
3107 TR Tp Hedi i hosd P hRY AR bt HRY/B 2 gPer dpnsiona
pattélﬁ4o fRil{tdte tie PoAafOZ o dfré&ldlmelﬁbﬁmasaﬁrasﬁfﬁ afeid30406A 3pel 306

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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noved in a three-di nmensional pattern to facilitate the

formation, |ayer-by-layer, of abrasive article 404. In

wor@epsarsié cul ar enbodi nent, a | aser, high-int ePST/U$2006/005915
i ght source, or radiative heat source is directed

ror BERUAE o TG B B oAD RO L AL o

ﬂlumatedsm Bl6s. arid 4 fubed dépotitiol nmclpongl§iDN psystemt er ed, nel t ed,

or cured in a pattern to formthe abrasive artlcle

h t .

015 » RRAEEH SHBHpIRT, HERATh, A7 Al B B ShIH AL i

ﬁlsetdwblogatlonmomamamp gitialy 49{1 r & ahtfornp e and/@lr o dq:mgtlabheaé HQteare

rii € LY, -
mo‘%ﬁ ﬁ% g.(r“t ér%t? %ﬁfkq(sj; né%l‘%?’ﬂ {onigé’%lc Jtegtge g({l’lge dn; lagég:gﬂ?%}aer, of abrasive
arti¢lé #@¢hi Impneopartédulaniembodimen, a)heereklammtelsﬁx hight ppace oz radiative

T of
hea! JELYSETRRE o Seb M FepBlE GOl AIRARE: TR R roPibugh mbe
4084 sonvisigelrnathe swéice phatirastve artinde HwBlre pogvdethis siltareds imedied, or
I: I [ e
cur ih b e ot R abmhive Bl B, P RN CHETRL B s o inele
stregf of |owdsts inglading \pbrasive @alﬁlelpmmh bmﬁera@1 asetwar o1 wbes @@mrgmg
I - Q /
strefipd Bt WA A0 ot Bld By A AL, YGRS bfider
inclader mefpls- $yak @l stsdl| eppentifanivay, pta@lp@med Inzgpe rexaraplé,gherprocess
1ncl¥1&§ d@;ws %\éestr@efntl 'of: })(ﬁzvcé%g me-Jc-zh Gndl gﬁja Vég %ﬁlg sﬁtgllﬂdﬁé ?ﬁ%l Ihg‘atmg

subsequen cur ed cilitate t e formation o

the é@pag@n/@eaawﬂlﬁ ¢loger 5o@se thepayrfisr iotenbrasivy adiselsdditnent , t h e
printing nethod includes a resin-based deposition
Meff0d fildtaddl dddihdr SxdhplfydRRsRioR Ghritih g8y Bbb Qﬁ‘at includes
i ncl udi ng abrasive particles in a patterned bui

prinfipg ef sucessveyerntq frm ap ebptive atislaged Axlatlopnsed al@(béoruwrmt

heall 506 bref hVTH 3N 2 GRNEL-GineRQIHAE Eatteﬁlu&rfa@lﬁtaé cfeﬁ&s'ltﬁ;n' d#'} resin-based
source 508. In one exenpla enbodi nment rint

solyigm dn 8 patteregsblayr Jo deran Be ahﬂi%l&e élélFllSltinéﬂsThP rreﬁ@a qsed prRlutioq is

sub&ﬁﬁje%ﬁy threfi W& faL:ih'ia?et e ff&fnﬁ%d o Ebr%@&reaﬁﬂléke 5@t ]lncb'n@ exemplary
avi ng desired sh apes and m cr of eat ures, such

ethé@mg yhecpstipg metigd gishides 4 fpsindassd lsrgsiign émeé@@é'gaé prints a UV

curé?)llead&%/%de SdMstioR WAl {dirz B RGOS MIJ&% 8 Y&ileBiER bRy drPSebsequently,
above in relation to FIGs 1- nd, in particular, %

the pyildh layer doppaggd it PNtlishgiray élf %‘h%%y SoHsFe, k?éCha%fa?ﬁ?@éFlctnch“m 508,

In oh€ G)?éni{ﬂ’arﬁ emBbdimbA8e prifi@es&PS 06! defSifs BRYorlfort SSRYARB Y patterns
coupled to the system and house binder and abrasive

in oider tq faeididate formegion of Ry artielpehayviietdesitrdeshanes padyeicrofeatures,

sucle bR 86ntfoBE §Jr6’s'it5/ r&éﬁe&é& dl’éakr&-@é pohnedThad sWa?f cﬁ£nnels
abrasive particles and bi nder or exanple, the
sol uti on e.a slurry of |iquj bi nder and abrasi v
parhei S&?tgg@&rﬁéﬂ ARV wﬁéﬂ%tﬁéﬂ%} g@vfb i pagticylag, Shigyapid fooling

prln?hg(ﬁjﬁsféhlspﬁlaﬁllbé ATApIR nf &gdeiv@ae&rtﬁﬁgia pDHW@E'tgbgenﬂ@}V lbe lrd&h(ﬂrably

urt r exe odl ment the cartridge In a

coug‘ﬁw n%ﬁdeﬁ%s indey apdehesivoRPEFY i1BANS el ﬁ*@ cartridge

inclhd¥g rar&a{aaﬁi fo? skrifgl@lsolefich @Gy 6f masweqja&&leElaﬁii bﬁder For
illu tr&tes one, particul ar  enbodi

exa@ple, e SPlPHQR MBHPe? Y P iy pigder gu a*?r?ﬁ“@ qartfc}?ﬁ ﬁdteww@lx

the klfich fsQOpdRABreayHkRe of BRI Jatticlds hBd GowHdr WigRr.1 3n a further
operable to s%gcesslvely deposit bi nder. an

exepla YR AReRAG PHTIGE Ay a o) dPESipEne B HisPigat composition

incladih@hbM@dplastic binder and abrasive particles.




10

15

20

25

30

structure, such as a coated abrasive structure or a
bonded abrasive structure. For exanple, the cartridge

WG oBeens19 enovabl y couple to a deposition pri nPCTYS2006/005915

rapid tooling system The cartridge 600 includes a
C ainer 602 and.a.dis sin 0zzl e. .604.
21t Mireteo oy i s PRR B0 {5 e S prittpetia sagrides
for ﬁ@)ﬁnwpxlmiﬁhg tﬂ)eUﬁpHUBoh@ef)Meﬁl eGen&@aﬂly, 'ﬂ’reeca(mﬁge‘ lisd ggeerbB:0to
conf i gur.ed ore a binder an
succesSivEly et b, ﬁ@%rﬁé’ﬁﬁ’lv%rg?“}?ﬁ%é‘é“ﬁ% RE SRR e aave
strudl?é, a8¢hviR apadted zﬂirﬁﬁvem’&yctlhe ocobdadeteabrdsivg elrimewre i Borgxample, the

art u ntal ner 60 t
cmré‘%mglap n‘%’&‘iva yl'ﬁ%upg ﬁ)dae ?epoﬁl bt as 8/ &P el ?lﬁh& glgte%l'r elhe
cartrGtigs [gem Blebildésr DEOneaito ﬂﬂmﬁndrm&lsﬁeﬁsm@wzkle &94.n0he taatrid@1600| thay

the bin abr asi cles and
also Eﬂcﬁl&%? T ioé 8%?3) lﬂclu SUCH g I&éla'mé %P {r)%/ of 1iquid
bi nder and solid abrasive particles. If the binder is
pait icartlidy 500t Wecoabgasl westpard bpdersamingbrisivedpartidless mngone
exerg}? rt Cltj): g %nr%%tg]tﬁ(et é)'imc? I a&'l((l.’l:] &Eﬂggreeéﬁﬁaésa&xa%m8ﬂbﬂﬁd] E(ig
commay cirepactureat) bwehtak p«mnzgirer 69D isthe ealtrmigahOdy B frindercang abraSIVe
part1cf5‘§?rﬁ d?SSéth gdefr rrg Fl )‘/:8%1%583 d&%ﬁ Auklggktnsog 586?40 ‘;ﬁ g?%“klb&ghﬂmh Mhe
abrasmd paticles alubblpéfrrtﬁoml @ssofution, Fraeh pne Islyde sofdliquisk binder and solid
abraswe %ﬁrﬁlcl%p atIf Ith‘icé &H&e@% %aﬁ%ﬁlﬁg }a aﬁfaﬁ% i Y 1cfy§taﬁ@ ‘%ﬁldelsﬂ)‘ﬁg a
as curing and em Ca I'nduced curing. In
partonleteexsnl ar y enbodlnent t he dlspen5|ng nozzl e or
orifice 604 is selectively controlled to di spense
MR], b @J(em ?Meﬁb tﬁehlﬁndék ?soledﬁﬁh%gy RQ%Bike P@Q%xzﬂ@{e the
forma port |on o] print such, the nozzl
bindgOray he Furelds thyeudhamsbesite tp @n ed@ﬁflsrf@lal Tnseg SeUHee o @p’éﬁﬁ@? hights
sucl'ﬁ;s @VSI tIh%.HO @%&Gﬂbe@t en{%glﬂﬁﬂt! 8 WBLutifE bAEE binder and abrasive

eat er ri ven nmech anl Sns, el ectrostatic
partiise Harthies mlud@rﬁdsqsp@z@eqleé dhat iscouppbletamigsaligmative methods, such as

604 provides material to a
therélafc(ﬁm% Yfﬁé'ﬁlcaﬁ}rigdlgg%gdrr% e fromthe cartridge. FIG 7
|IIustrates an exenplarY cartrjidge 700 that |nclud?
tvio e expmrlay mebedivegnt | they dbpensigs Tozzle Pherifish £¥4 dyeelertitely
con@élfé@ td ﬁ%eﬁ&eﬁa@f’ﬁﬁ @br dBnFle Gths BEHERLIR n&QFeZdOﬁSnagm apéttion

one or nmore refill ports (708 and 71

of acmlét kepénps avcps Bapoerinettinclidee meehipiems 3}#&0%9”3@,% tpg dispensing

of PablutiGl. ©SERANDIFEARERLAS (RIS ARheNdRRA bLfbbﬁ:eth Crﬁécﬁﬁiusms
conpartnments, such as containers 702 and 704.
eleciravigisr MARARIEMFRaRdnRierasiertiie UReshaisRs i Hheradvelh ethWﬁl&&f‘r 604
proAdd 1&%1@%\&%&@{&&1 HhES sdphtaRUh e 60BN Nozzl e, such
as nozzle 706. For exanple, the cartridge 700 nay
i ncl ude di spensi ng structures_é nfigured to conb :
t HAGr 7 Hlystraigsigsxeaplery cpifrdee A0} e igeludss Fvq ¢ e ﬁ?frt?ﬂlef% -402
andd’lozﬁ D?ﬁbséaﬂﬁdw Afdahclidee ohd drShord i Emglﬁ&zzteb €706i a8 712) and
abrasive_particles are d| ensed t u ne nqzzl.e
one| f HeYE AR P%%EY;? endi - ¢ ﬁ% @@ent e birider and

abrefé%flba%ﬂlﬁd&@ SthSRRA Sforh hﬁclbloﬂﬁﬁ fin &fédlc&bd aﬁ)tn‘lbmments such as
rticles thro%%h separ at e nozz zl es such(?s noz ﬁ s
contammgrs 702 and 704 e 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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and 712. In another exenplary enbodi nent, a contai ner,
such as container 702, includes a solution having a
wo poostoses of abrasive particles and a first uPCT/USZNNG/005915
bi nder. A second solution stored in container 704
to 41%1'??}8& esbnédeg and o rb slijvnecpu e‘i’eg%rggg%vsgparg%? fo gzﬁes suc*- a¥ ’nozzles 706
andpaz.ti cul ar enbodlnent, t he second bi nder exhlblts
post-cure nmechani cal properties, such as post-cure
hanj n hat fene t -
rrglét ano{rhgr ﬁxee%“)ia% %51]%0%{110%9 Flf‘crogtgg J {%1 Q% cgnrta:fﬁ%i ﬂ)gé %n.cludes a
solu‘ﬁhm haéponfirstset oftdbraslye peitivies palra firs wsunsd yinherv el second solution
ffer i,0 . [ [ I
stor ci L 1o, con%gl%rc g&gﬁ%ﬁ&ets s@cO ﬁéﬁéﬁ%ﬁ%ﬂg&?ﬁgd, ?)#)ﬁcglt’allgg{ugg&\s/ g%XCOnd
set pi%aabtaswb paticlés la mwmmulamdmbaélmet, the tseaphe bindergethibésipost-cure
ve. di e
ety e, Bl 30poth R0 iR o8 LB B BETREAT O g oot
curq meabogital paJpertlei ¢fahe fist bisdey.e The tecaidest qf rrbdsive partiglesmahigve

a d&i%l%ﬁp%nﬁ)ggrlgé u%ge a%d%i%i}li(f%?,falllel holségk)l fot \é\f#c'é hahﬁ/o?ﬂardness than

the firstlatssdvopdrtisiob.uts areshib\abragivé frtielerogyised withithedast solution have
dlffgrgﬁ @ff rﬁlrahccét dhgéctexllsgw? s&éﬁrats Q\%ﬁr 1%3@5{1313 Qndr%lgt@rlﬁ qgrﬁc?\} Yleclte than
e 1s a coat abrasive artic e cart
abrmzy ade:b@svmdu@ddemth ths tsedondh d@dvtiano Additionallyregetons o’athuamaracle
® tsofiBf nG@ &
proBREE WAL R rhpicP Y, o R o 1R ke M Rmance
chartapfexrigfichi nder may, for exanpl e, be deposited to forma
supersi ze coat of the coated abrasive article.

Al 1 Srdtel ¥&lnple, hb Gbra G eLRHc1S RlabbhtabsdsRe Gflicle) THERARIdRE ay
704 includes a curing agent. For exanple, the curing

depesifethe firsh pinderdaderm manake eoat apd paesend bindes|tg ferp g gize coat. The

cartﬁﬁéésﬁ%# ngo Honielal ik 361ndl31nlnaa[‘9ﬁrja%nt§ﬂp10d1l“ﬁ@3fiﬁrd ﬂlﬁ@sr may, for .
second solution may act as a diluent, reducing the

exagplggherdgpasfteddts foray appraie past & ﬂpﬂ waledemesivsrartigle-er i ng t he
nmechani cal strength of the first binder. In a further

exgiidhivell, N $LGRINGIEIGH bbicdh SIaRiRA704Mn6I0Ms 2l ABhg 48R4t For
i ncl udes. an adhesive for formn pressure- senS|t|ve

exampkicl8p GEINg 2841 AGY f@uaﬁwthsﬁr%ém@%%%mlmr@e ligk.orplidify. In

anothele eﬁs&dﬂﬁ&t SOk Ubil JFRYioR Qnage@:@%’s taeahu@ﬁ aedhellng apé dbdsttynof
formthe pressur e-sensi ti1ve adhesive backi ng. The

abraawﬁ auticls placemsnbaalferingfhe mesharicalsyengih of ths ustbaderoy er
t he adhesi ve backing to formthe abrasive article. The
ablhatsﬁmﬂ%r 3kdnipld, Ehe'RYond&oluBeDMEEd fnf dMainbe704ehelass ahiatumgive

pressed to surf f grindin olishin
for ?qrﬁlr%ga @aﬁ}wﬁﬁsﬁtweﬁﬁﬁ SR ang 5 il (et ¢ Or(e%e%me the
sectﬁﬂdsoﬂlﬂl@ n‘ﬁjﬂ}ﬂe laepoditicordy re“]ea@d)ﬁﬁxﬂﬂieﬁorm ﬂlesﬁéééuﬁ%elﬁitﬁfv iatiRsive
e cartrld%e 70

uf act r to refi ln one
bacfipe ntRaPYIG S aFREH PArOFE B ARR ey he Pl bt ©
fort elsevabezewp ra@tioledl eTheOsibramRUreieé tiag e tréigovedl Hder thafelease film and
[ Ies Wt h ch the cartrldge shoul d be

asi ye part.i
pm?ﬁ%?éﬂ?”ﬁ%% WEP@”WW%PrﬁﬂgﬁﬁEP fRly enter the

The one or more refill ports (708 and 710) may be used by a consumer, a service
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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uni que identifier 714 into a website and specify the
desired bi nder and abrasive particles w thwhich the
we 20609 dge 700 associ ated with the uni que i denpP@T/U82006/005915
714 should be filled. The consumer may then send the

Whl%lg{lﬁ qaﬂaggg'?@dgsg%gagﬁééf%%ﬂecg 1(§1r OL\Ell?{gl%S ? g-g)aféif gec%l de " The

consu@iRf ingylthed séhd thetatridgn 760 B-the de@pirdviden orpﬁarl‘ilfactmgar

apparatus In other enbodi nents, the cartridge is

g%‘n 1%1? n?eq 9 Gsu6sand 'p 1 fa%%ey gl%rﬁgglf]éﬁlsfgrq{se Yfa ?%ggposmon
printihg epasisv eInecmmohmbedmsnts,t the cammtglm emsﬁgred foposd & 4 §PM
systg' Orslele&véglgsrepndﬁlté}ﬁ% gysfe{n ?(ﬁegltﬁél Qirepo%{t%n n‘%ﬁiehlgurlﬁd altte(?natlve
embechtbmdﬁsnﬂaﬂ tontajzars arg d@;@l; far gorggy thermioplestie flougpltsed arocdnfigured
tos%@ﬁ%Q@&%@h&ﬂ&e?ySte”1or solid free form manufacturing

t or exanple, a cartridge storing one
conposition can be replaced with a cartridge storing a
dilf faaptert exsowpas embohimens, prraifecearatrelisively equpled| testhe rapid
Gl ! |

oottt o i ke SRATATMEGTle P BRI« ok storps one
comppsitionacani bedteplagaddwitlen caftridger seringea differdng Ice@p%ltwntth gproduce
abraSRS Brtiffes Ritk Qllﬂglteh%ara&%tlgé nders may take the form of

cur abl e resins, such as resins curable via energetic

met hods, such as e-beam m crowave, |aser, and UV

c Jp igergratethn selutions) migedhaewdeey and filsmaents manebes foamed with gdhinder
and \Sbt2ofCABRITIVE PhrtidRE Nfithe HUCHF ASolifthathg %ndeﬁ%é“yegké’ fhe form of

noi sture induced met hods, or via thermal nethods. A
curaler fepips|Sah 45 198BY giralls/via Ansptis @ieﬁha%sr SRS os Paging uicrowave,

lasef QR4 @'Vnélri‘ﬁg 'ih%ﬁioﬁé»‘ eﬂfte?na%b&? etﬁe bin@&ns Ellgecu&[)ﬁ% &femical methods,
acry ate and neth acry | ate ol i som&rs and npnoners.

such gseptglystgnqugeshermpistye rrﬂa@d s, Q€ Yig thefaadl mefiiofphat i ¢
urethane acryl ates, aromatic urethane acryl ates,

ﬁﬁﬁ&ﬂa&ly&@éﬂﬂ OV R6rabld bRABL dofpaditiich Btk SdrREtuerPEoYen from
romati c aci d nethacr | ate

acrylates nd
the WBHE) fhpcylaty epcb@l@t iaﬁgﬂ@te olla(?mers g4 monomers, U sefué lqggomers include
epo?eﬁl’}a{tﬁm l‘éﬁﬁh@tﬁtﬁhetﬁﬁ{e}él:@la@e‘él aflﬂatm?ﬁa%te ﬁ&r?tafég,,po%aa RBylates,
rime propane triacrylate ri met hyl ol propane
aroneart'icaemca?aées PRORE nzeﬁlaﬁw}/eawl Sropatic aculgpsihsrndsiey eMonomers
inclhdel M6#d] at tri-! fetri! a@d/lpanmgdtwﬁalacwm@r Mdadnethacrylates, such as

xanedi ol dla | ate, acryl ate, octyl acryl
‘fﬂmsfﬁ&loar@e%ﬂe 4R e tm?ﬁtéylsfp ane { Gpshiels: i B ﬁ%@yq‘rﬁaf e

lsocﬁﬁﬁ%@ﬂiidt@la@,rfﬁp&ﬂp}ﬂerﬁfglﬁﬁf Jhaaflgre, nﬁmﬂabsmg@ylhtal N GerPlate,

r nore er  nol ecul e. ically.
oot Zisilaie e Bt o I nda Ermb ot ol opaeel amours o
acryuaﬁé A6 eRd @n{aﬁh@m)r neEladpEnk @Rdinpd hur indolkeult.r TﬂﬁéaYlkf @bM@mercial
PETA). .The r tive anpunts tri- i ona

a
prodygts inglides tagle@@ﬁpma@e hﬁr@%aten&fl\@gm)a Ffﬁ?ﬁfﬁ Pl [trigcgylate
(PEDA). gDHERE Bt ivePynduets ad} ulu shEli-Rhaigal \whiylhtds A8 well Behigher molecular

weig, BB YIgoRE TG AU HgHHELR T HheE SR s to Eve Sesived

the dkkgﬁtraapﬁogémastfof:gro&fssmgwlden@irdartacguﬁéss aid @ittingWheractdidics of the
i ant. power of the source of actinic |light can be

end WF& ﬁCBV any conventiona

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

10



10

15

20

25

30

UV source. For exanple, the coatings or build |ayers
may be exposed to WV |ight generatedfromV, D, H, or
wo0060D1589 or a conbi nation thereof at an enerByYT/O81006005915
ranging from 100 watts per inch of width to 600 watts

wi.dt h. Furth cou ent s .be
st & 1 P B U S IR RSP PR Pl TRgiBE 0
wattsiper xa&sirdszvmmt@ﬂmmtspafymhcﬁlwuﬁmupl i ng agents include
or ganosi | anes, for exanpl e A-1 74 and A-1100 avail abl e

{ .
ZI ! CO% um'%E %g géntcsl S%’ l[i]tﬁIZ d %n&rp%vg%ﬂg B&nd?ng‘%eﬁ%eeg glgenlflgder
andithcdtughés gamn onldahmhmwgemmvmdepkgmgsﬂsmds,afwesxample A-174
F
end 5t B R A N OEBERIRH O, DS lEbaiR e s b inews 4
parfmubhr goug hhesplingfagédteincludes dmivpo ﬁdmes andEnetigotydaxysflangs ef ul
fillers include: netal carbonates, such as cal cium

c aiflﬁé}E‘ @&neb 1ﬁ&g¢dﬂﬁé&lg{oﬁg{ﬁkﬁrs1ﬁ th ey %}{é‘}ﬁ%o@%g 3 a{ eldspersion

g ass ass I cates suc
anddhfaiwdn@ala@d tmehnessaef the ewred binders a| Exgmplea 06 usaiid rﬁlbg include:

lnetblaaamsﬁatéy lﬁc‘iﬁta@'calﬁﬁ a}ys]na%alsf)@hﬁ; 3@'0144{% RHL S 3 Quartz, glass
OoXI es sSucC cal Cl um oxi al um num oxlI de

bea@ss g]@ﬁﬁ kubbles; silisates mchr\asﬁalcb@l@ﬁmqlg'urampt@ﬂwate metal sulfate such as

bari ﬁewiiﬂfeb Qﬁ@i{ﬂnt ?Lﬁfateagﬂmﬁluﬁpklﬁféfg tlﬁéthy&!%&ts esuch“&@ calcium %mde

| spersion may nprise a grindin O I ncrease
alurgmurndqug (8chijag jie ﬁ@;foxah@if m&mﬁm@/orw@fd@fboghmlm g awnasum
rinffteb® 1 noOrgani c based, such as halide salts, for
exanple sodlun1cryollte potassiun1tetraf|uoroborate,
etc.; _or organic based, such as_ chlorinated waxes, for
exHipliwersionywaY FpmPesIagrndies aid tp icreeaihaerindiscdhisiency and cut

ratel NSkH8Sndiny Bhd L RNEb: thﬁt%du Eﬁcﬁl%‘é halideLakO @&re;axﬁrﬁplg\”s&ﬁum
artIC e Sl ze rang |n m cron, nost

CYYCﬁFf‘efP@Faé%W tﬁtfaﬂﬁﬁ)rsb%e EPGF nqrcqr%ﬂmc bﬂﬁ%d STt ChE?élP@:téNV%@fSa for
exaﬁpueqsumgn | dhidrABges daFRMaP efnBodt¥%t ﬁi@ﬂdé@&?olﬂé ehe rp%takgfum

from 10- 30% of . the entire formul ation udi n
tetrafyprobpiple Wihprstirdheies ranging Germiltte SR fltlﬁfoﬁ,r?@d Hoshige erably from 5

to 30 Qfﬁ&’bht mﬁmvaghtqieﬁ@ﬁt of BIRGREAT SanpBMrd] 68 318,388 8dst preferably
a phatoinitrator_ such as a benzoin ether,
fm%i‘ﬁ%ﬁ)% ok é{egmﬂe dorgpleBytingtiding phreAilye components)
a- hydr oxyal kyl phenone, a-am no al kyl phenone, acyl

P e spaitice toké eive BRRAQEINS BMBES h¥hts may also be added: typically a
t hi.oxant hone/ am ne, or apother free_radical_ generator;

photpipitiater; sich casq2y dfitzein ehsn bepail dietab hi-plkoxyagetophengne (g hydroxy-
allgAnddae bldihno SHBRRRAGRY AIENLRospFke hoﬁée f %&%p@nbﬂe%me

anti -1 oadi ng agents, such as fl)l nc stearat
thiokayigrang/aming, ox @meafremdlcaMQqeraﬁrg agjeriatis; agﬁyte,ssuch as graphite,

carﬂgh bRk Sand\fﬁeslﬁ@séu‘éx}’c:ngfﬁ h eh@rs%ch ﬁ(ﬂl@ §1@9§ %ntl—ﬁﬁgmg a%ents such

efoaners. In aterna e rapl tOO I Ng systerrB (0]
as ziusnii¢are;i lobrioants.hsugth as &%v@tﬁ@s@eme@wbu lites; yiscegity ingndéfiers;

dlsgegglﬁg‘@hdg&ggpgr@ polymers may be utilized. Wile
hermopl asti1 ¢ and thernoset polyners may be utilized,

oftentl mes thernoset polynmers are enphasized due to
t HBj ¢ltestagipe damdyrtopliag sygems e (im rdojpbingtiern avithothe eabpvepdescribed

bindett VaRGusOthefrhdl! HRILRI pAPRERThAN Be LtikedIENPRA hermoplastic and
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
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excessi ve heat. According to a particul ar enbodi nent,
t he bi nder conpound includes a powder, typically

wo eooamelispy | nci pal |y of powder or even essenti aPCTUS2006/005915
entirely powder. In soneenbodi nents, liquid thermally

cuyrabl e .polymers._are ysed. |In other odi ment g, .
emtSAigane. 10 NFTONC G Boimrs o6t Beed, dhepher rakpiments, liquid
therfrally turgtile p@?ﬂa{s -arePfj)Mﬂl&éd inQquvdr bhpswirt. Powad g‘@rnbiheﬁ&l Surable

. are parti ar advant ageous j,n some epbodiments, as.
binddfye e ey IR a P AP Bods FLSEh Ay OF GG into
a po6at &t %Mlﬁ@ icheQiSd ﬁlﬁhsfki)\}ey f&gﬂﬁ i(ej&s)'dy._ |Imﬂae@dgse Ulﬁ'& llm‘wdared thermal-

ered ther curabl e binder is particular )
curdyfp BRI o GACCTRY oF gRrE o SB 2L o s hasins yeddor
forvhiag sfravtired @brativesCt Mogdvab italsis \besn fovnd etbatelise dftthéradl curable

been. found h%t use of. thermm qﬁragle ?P onePts i n b
compaResy 10t BIHCT (O AT GRUICER? WP nOBE hEaId | H@ugrd SYsTiehas been
den®ysiardsto h@svilke @nprdedsteisivat efotntanps G ittdeeddrprodw@das well as

abr asj ve tfor.nmange, in the en roduc S Il as
profithé Py’ Shspaarn ) bifer BrRel shaeshSly AR iy I var
bengflotit elemadsiih iteyidugtyal tHealispérsions. [Eatinpleo obiha@fal ciratile polymers

e v di . spersi.ons.

. .changes in th iscosity of th I

inc G0t REPal it RRE y e | DR epRiS s s Ry de,
melamime/ﬁmnelde}gzﬂé,mryliohesrml, 'poiyers&;s ire3s, ginﬁahrﬁd)mlimhrelehryaef. It is
und?rgtl)gﬂhgte éufc ;%%lsdehé(v%a lea l%ré{tlh%rcﬁ rmedS I nsqu{cfe)? ¥O¥I%S %nedr th%t 018 5ome

arc T
8PNhe SR ST U P h EMELY PN ' TndEr S

partichiat ershoclimeness pavedeasder amticuladioen isprefetablgmsdd. qui d or

powder form and. that in sone particul ar enbodi nents,

DY AP AL LB o PEILET AR 38 e, o

as thamdgastiby inhetalsyminé resal-®ated yerhmies. Riesnivogédsdramgiss include resin-

| in- ° i n- .ed o
coatgg trs%ll%s %ué:ﬁl :g.% g{uglgléfnsaﬁcp agl?cg b;fngigt%% ﬁ/ ,e L@&%L ﬂ‘lage?e?{cl)\ﬁenlasre)r/ sintering

resi ncoa Sa suc

techpmes.  Stadivularlp desedil rppyvdired usatdlylindlwdes et tcppper,| Bigwipm, and

alurktinith € Poiderb§ gﬁk‘?ahsq Hl‘?if be AL GHUA' de¥o iR M&th%ﬁ,v"?lﬁh &9 methods
msta13|ncluestee, copper, titanium and alum num

perfPowedelrye thenappariatis rillystipled us &8G 4 netelill thapogplasticobinders include

e

Such,rfdrmdiplastio [bindeis dey asBS¢ ugpd|iy EBMxystams sughodsythe systemellustrated
lyvi nyl chl ori de and pol yphenyl sul phone. Such,

o ?ﬁer nopl asti c binders may al so be used in FDM syst ens,

such as the systemillustrated in FIG 3. Binder
priipder pgnting modiedsnmgy vssdiquidoadhepives et icyrssthiongl deyipgeor upon

con{aar\«@iﬂg{ﬁ?cgfl 1h£ thaldriat! pﬁ%l&&@ﬁ\%%nb%ﬁﬂ%nﬁ!@m@ Wie glay be moisture

material. Tn alternative enbodi nents,” the binder may
actiypdedrpi st ure activated. The abrasive grains may be
formed of any one of or a conbination of known
abfRSbMEIvE bRk $aay 1R Thritdl BYar! MBLPE: 4 EohffithiiBh of known abrasive
. sintered), “zircohia, zirconjialalumna oxides, silicon
graipsaripelading ghwmiea (fughdapio sateredl Aio®r Greopifalumies gxides, silicon
carthi@TiARY, | @RS ohd) s bofAr hitrfl! Ad SRGHAIBRI BV e MERNar
eat ed by use of dense abrasive grains conprised

Cr
emhgplim@gqs F;lg]vq 9ee@f 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 1 to 80 micron. For fining and polishing applications, the

average particle size may be about 1-16 micron, such as about 3-5 microns. In general,
however, the amount of abrasive present provides from about 10 to about 90%, such as from

about 30 to about 80%, of the weight of the formulation.
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al pha-al um na. The abrasive particles generally have
an average particle size from1l to 150 mcron, and
woreooe/00pd cal |y from1 to 80 m cron. For fini nBCEOS2006/005915
polishing applications the aver age particle size may
:[ﬂabou 16 m.cran, su as a (g gng ons. bI n b
&PUP a‘ﬁ%@xﬂé‘? engipgsr Eﬁﬁtve ] ht® ?‘8%‘? P95 88 Effmoer may be
fornl&{gimf Ifﬁﬁﬁlefﬂhﬁﬁbcﬂiﬁﬁwﬁllylﬁble?nﬁhmlﬁ; i H¥ing SebusgBIyinied Mims, paper
about 30 t.0 abou of t
and P LRIt T A P T T oGP g BT Y s
poly@iepio dattmiitk.s Thé fabecsunmgbareoiea for fey wbenffabrie.d Aoparticular type of

f.l exi bl e but nechani ca st abl i al i ncl udi.n
backji MsthoSr B ST o sty RepnniR ditd, Prisk elsied Gims
inclodt ;ﬁ)[}lcﬂtbSHateaﬁldlsf Ih¢ bRing Nehbets fgy deptinsd angtepoityE®tpesmote

with vari rants. The fabrics e ..
adfspcgien iR TR 3 A DORRRR ePBEh a P ppfiiyeR e Sacking
merhiﬂae kiayl Be HE&‘I&S&S fithi, ssehbstiomtse id the pahyfedtintgaifabrasive articles with
haI te ﬁ;lnt O her polyneric filnms include
pm%%ﬁyéﬁ %W%;W$ﬁg The backi ng nenbers may be prined
or pre- treated to pronote adhesi on between the
aldnase yatitareambadichent) thebrapd itavdingreysteer andAdarteidgeamay bé ysed to
form coatel?i ?alﬁlgg atit emgme?rg@ Xbras?ve%rt cg lr_s :g&%legblraalrs ﬁ%?es m%? b]:s Plrmed
qlnnemd Las ceged swﬂmvteemdrtses rssecidyak kith gtordga and éaphrdardecing.arFor
errhodi ol e
exa%igigugle nE}?& ’tcfothn%s%s%}? %Gatyo%r lléslsg? \}i ¥(§‘Irl]‘1 g(;a?ela b?a%{vteg Ihg\gl?g HR¥nct
patterips. aBiGse8 and ¢ dlvsisate Sxemiplap raastievdssignst $0@I aesl 9ﬁayhab @clude petal-
d S -
like s?r[lgﬁrgs ?@ d%\%% SIt%gt?Iggdz {)trmqgg ba%&ﬁ%y Piﬁ{(? Ad r?Of} results in the
prmananbat epecifiheomteypiod a smbtttategw1§y>9t @ﬁmdrhyorbemasem waste fagsoginted
..CQal: ' .St . 8 and
witE g P AR ML Bl T BFURBE (o 0
t hat incl ude petalllke structures 802 and 906.
Pdn oes paticylarienamnplg the opfiss inddesi masuss Gochaipid goddingsytitmssior
f r t
markfoch e Bille A3 s TP RTE he RS B B SuTuRs! bithovtic
indysiry.rikq sipleust of # pasticadar cogted! sheed ipsomonr Allemetiviely, fdsepplications
sucl‘fj QSS bglﬁtdreﬁlla@zg ean@ &ﬁ{g %ngr 1ifd 9 Ql@an@r tToC oa‘ﬁcee%ﬁ‘géplh?e rapid
he"optics I nd ustry fay use such rapid tooling Systénms
tOOlfD@rOfrﬁa‘mafeé@b@ﬁliV?] grtiglsray ipeludg faraing gnyjbple dayerspor using stronger
bind¥P! 1 shing | enses and optical surfaces. In the optics
Industry, the single use of a particular coated sheet
is common. Alternatively, for applications such as
p diepformpagegyeharactsrstios ghe ﬁ'@raswedﬁ@/el?e qoptrelled Haged o lecgtionrgsross

the R UGRsivORASE. Fdrf e§am§1@ﬁhéjdehﬁ df Qﬁaé}fle rt?c%tn?ag' be adjusted for
abrasive article may 1 nclude form ng gﬂhéaers

diffeyencgss inyglativervslogiby besveragegionsef the ﬁﬁlmae arélﬁlar ppragiyaticle

illu@fatell Be FRD rsaﬁbruﬁva;wceﬁenmm BeAd ﬂettd h@gﬁ)@ldera dRR&d JeRBval rate
across the coated abrasive article or exanple, the

oveRjarfivey sefacantish jag dn gakthalicelining gonbisations.u d dep plgpsive article

illudhafeli & BIOC 9 SabkdRivE @ a@érhéﬁ@ andiRleRGty tnay BEhURAEY 8111 Rn@Hhe petal-
the adhesive article. In the abrasive article

likej sfrpetunes 800l the r9spiéy desisn ¢ é%ﬁ%s‘t prrbideraices Wassa‘%!enal velocity.
TheARh§1 B4 bLadpisMi t¥eplatitlesidftBahl 18R VeH abfa8€ 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

different regions of a pattern or in varying amounts at locations across an abrasive article.
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over a curved surface, such as in ophthalmc fining

applications. In the abrasive article illustrated in
Wo-b@Bs/09151abr asi ve pl acement and density may bePempysmbeasois

radially along the petal | i ke structures 906 of the

rosette desi 04 t ust for .difference

 iaiteb ROy & ot PereTEh o e ey AR ppjems of

solufidroglbddghetd NIG) WNidlistlatey an smnfplaaga pafenmf dolutib® platdneens thhimay

. Whi ch greater abrasive
acjuply ol s Pfoyo SORERIT S8, oBHOM oRieSB: SEipageopding alone a
radi@Driashe/ patts@l 1000,0he Pitendsrbetweh didesmyr bedten dPOsSis @plated than the
distSLE te di ffere estl n %ﬁrog%r mance characteristics.
1St480S eé‘?'%eﬂtlm%t“d’re %u L6t s that have different

performance characteristics may be applied to

dinufremgm engigecostls anf stugatd esbrasives, |pnovaary|maglodmfantfsrmmg
englfleere aacb%slvg gﬁlc A raroeS Senglr:gll agrgug% té)ral 19 lz?tslctgat I%a ggesﬂrﬂﬁg lﬂ%ﬁng
goocpmpldsb]em cpxabltre rsmsh asfposm/ala slqnngﬁval&sen@udmg psir@niddlGhapes and
conilfzar% tfaprersH y gdn Jrau g’t nec{x(l-e ngrleeré/d cpo% e rgsio%, 2t ol1‘|1ts1|dgrg<% RVC}ag’ il nat
becaugdt tht ithockakss\o€ b goviet yeatlird fsesrrmﬂ aéatemtte ﬂdl mcg:;ss-ad:o@mg ofithat feature.
In c?r%%lstu gmngéneere gc% %0{1‘%82“‘";3999% aenélp)gp a%?aglglge a&g \ﬁt@aﬁﬂes that are
signifeantiye thith nelativeetr theh @rqmtmnmedgethiowure]'wrmemglgt edditional
man?ﬂgtlu{h?g {:oqgmwoﬁt W?&rﬁ&ﬁ% 2 {dat%bl‘fn met &is Wescibd H&‘&H %gﬁmt

engi nee fasive a es are general’l
fornlakipm pLabr aso/eaarmcllqslmsmg later hafaee cmnmlrs @arg‘eacreléy hmmpngr mold—
Q . 1P
relea\%g lcﬂ%r(a?«lﬁ‘%flg s&cﬂ A% r?egﬂivggr S%H%&/QH gegﬂﬁ«:lta%:g&{a 19/ ‘?\ R%ap&ly
slopBgrveildiab g | connrmm ﬂ@hgomemdd ovatdgbe @bwaef axﬁslcureewﬁh decreasing
helgﬁpﬂi%ll d Jsﬁ el&% gxlg% agq ont%&rct"l’lyts ?opgagu&v@d%% Q%Iltelaof a
iven: Psesmal ative to'the cross-sectio
stru@ﬁre tm&tdeeﬁreeatmg theight] & or,@qampbsa pyranidibaeepesdivalygloping wall and an
. n
1nveft : esdelgaﬁ @q{e 1|V¥1 %loﬂfﬁglvgagln?féijtlc%ﬁm ! g |§1aS§ I@ﬁcult to pﬁoduce
using rt@dgms@ldmtmqis d@r fokmmgeeagmp@ed pbress‘@ﬁt i Meyeindthie tteron denerally
1 pog
negimggl ﬁes‘tlyﬁseﬂg) dﬁcﬁ’lgﬁs ?&”tlg% %}8}2&% Céc%ngbu&ga?l?nlwtg“lﬂ%ag E:%&?P lqulerem the
abrasilye ats.lcweesdnavq a least onewieh §aing eslopeihdt getendsaivme an gnglmtalpha)
fron Q0L HaBlR S 2 RAY ARLALH eéx‘?eﬂﬁ‘g ﬁlaartﬁec&ﬁér sﬁ{f;lm%%f 3 Yhdsive
as negatively sloping wall's andovertic

arthlmgat ively sloping wall has a contour that slopes

inward toward the center of a structure with

degieas Q&i @@'1Mdeqngsh%t1&ﬁséﬁ hn/ glll%fne%}eﬁ pdb%w\@’adrllcl@ 330 that
contour that sl opes outward fromthe center of

includes g @pitane ovdriay of supsivesitmefuisel i T hF@Pra@X%ﬁwC@reSd 102 include

negﬁi%@'ﬂogl E%ﬂ@l R8s il la Y&kl tﬁé SRIR s’&@éﬂhre@f‘l@zm Wlﬁé&%tt&dthan
ram as a neg at|Ve| st oplin Vertical wal

whegprtéesacrog@ctdhef @sﬁ@retll% %}rcb aa@@owgam% @a@rrﬁieaﬁ%aharacterlstws
nmet hods for form ng engi neered abrasives. Herein, the

t ey &%ﬁfo@x‘s'tﬂa’t Neg@le! phRicas AL hateSa YSREAY Qebdiivk lél’é@e exhibit
negati ve sl oping. contours and vertical contours,

poom@lfiéﬁlﬁase ﬁ%aragb‘aﬂa%%v EIG {13 jeqlygepan Wastaatian of apbrasiy artigle) 100

that hf&‘ﬁid@ga %h %fan)@ ebrhdidd st LRE §5043hRE 0} a30BHBtea 30! THRADrasive
from-9 relative to a normal direction extending

Sﬂu?W‘@H%Oﬁé‘a&‘t’?éF that inelydenegativelyslopgiepertipas 5% ¢ e.
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FIG. 1 1 and 12 include illustrations of an
engi neered abrasive article 1100 that includes a

wWEitb®9151Dr array of abrasive structures 1102. PATesS2006/005915

abrasive structures 1102 include negatively sloping

wal l.s 1 . As a result abras % tru Le
Repidibne awtbapaih Rt e BSeRas hikFalis i etidRed Mifw
featuﬂel Q3thinSae i@ strQctiueslr Férasapplo rra;mb ltcﬂbhhg Inaﬂsaés allow formation of
racter4ﬁ%i%%{.gpll or, cont our that include
strucfy PRESH 0% HAE Y "HmégﬁéP a5° HEgg?lve sl ope exhi bit
poor nol d-rel ease characterlstlcs. FIG 13 includes an
| Rétusingatd dAGof 1 Ammdbl2asthe epattemi of @bksiBe ivettres nEI0Y dfosm
r f abr si.ve S t \,
macrfyBiie Sl BB it EuRl LG, KPR AP ol BpI G R ronasion
of rnM&bﬂeStutebLakuch nasl stobetured gettannedd, yposdsopidnglepiogd ipbanes. Generally,
t 00 t I r
macrfEsT ank LS SRS oo d AR ot Frfou kB FEARh fucores
and minrefeitires ater featiines efsrme&on g xanthk exbragiye gtroderes ﬁgﬂﬁ@ﬁﬁo dor
exam\a)aI l EY& flqr gattra%s gl(%crofggtﬁrgé: tsﬁghea?, &9&%5&%&%&38 I?)%Q? ﬁ) w1th1n an

asive Structures eturning t
abrasl\Zb sandurbz 102,had pactrbfemre chanaplrid 84 wet‘oandlbytﬂnm@gem P@Qtructures
or be%een cf[[Ta (g;ru %IC Egﬁn elihﬁ %‘é %}ﬁ&g\@rﬁg éc{;\rﬁlﬁ?t? fed fp@&en:l- %pgoraswe
suucmrensrlmfvmgtajpwm sficte asmgrterlutema} eiaj!m@h%n@‘p% Spwileels, Bléd 13
l,eava I are features

s INEE FARES p%rg‘?{ﬁ%é@’g%%ﬁta‘s%ﬁﬁ%?“@?ﬂ?%é?%es or

betmeen structures and nmicrofeatures are features

f Gheredernal srucioredt foeesabgad i \eangt 1308 yrayshava dreséselygeontrolled

dlmeﬁggnseﬁﬁﬁngﬁ ]Fe FP'og‘exa]mp]re igd iﬁ%ﬂa@%ﬁ&:ﬂ%&?&fe@ BLv4r RSmetdib Choss-

Internal structured pores hin _an abra3|ve
secusnsraqtqu dronn @ zroupwensitiog of pelyannal charmand irrggylar.g Polygonal

mclué:lgg ebﬁlélgﬁﬁtp @éc&aﬁl%ﬁaroﬁ'hoﬁ{bﬁﬂcw eez§1d91r af‘?@tp%f%'énal Trregular

ruct ut es abrasive article may inc
shapese pehtded fqyatxempl, 6P~ shipsdi seanigitoplast tdeslahdigpedg dhe Tnternal

struc@@écf ]FJr&l rﬂéy I%Qg dfMenﬂMa?vdrﬁBlﬁfyr}ﬁ)'t athieH by KRR BPMRSons, such as

| ustrat'es internal structure
not g@atetsthm@@ow § hmwowor Rimensiogal yreiebipirs refesp Ao vatipbility of pore

dim ngitn? Wi aSEeE Uﬁﬁﬂfa{sﬁg sQQJtlf‘rés (Iﬁ agdltlgﬂ- 10 ARshal gtgﬁ}urémﬁbres may

ave precisely contral di nensi ons, and shag_ For

havedneatiphad variahdity ﬂ{ee‘faﬁall’lh‘é’tqf Dee pcatonwitius 2 fehl abjasiYretptares)

not grr ?téxs #af ta'leRSSOSﬁkc bedich 9 HbA gﬂ:ﬁt@H Bhafi OBSHSE infigto{ In these
ygonal, circular ‘and irregul ar. Pol%gonal i ncl udes

exanspesdhemicrafpaivig apray are fugesnah FRfhe sifuctigio Asmatively, the micro cature

pore% Eﬂpﬁéﬂeg% b@%i‘m@@ RHRIARG contbirs 68ML %ucﬁmpes i ncl ude,
or exanpl e "D" shaped, sem circul ar, and

star-shaped. The internal structured pores % hav?
diltrernshies xample Fapihiopingymaygtrodice APrasive HARMERS SHI migroteatures,

suchTsCeriRRRercd Ufehvads plfds. OF &adxBplt) hwlllaa&lt&i i FTGC1QN&e abraswe
D nensional variability refers to vari hF éﬁg g
struiirrrd AY 81y WRsie rpngingrerd deavagsrRiaies d 48t r fsicd g deavage
planBdthok 2ot thbﬁzdnﬁl &r \@ﬁicalsafnﬂ %ﬂfa&%aﬁ%@&hﬁ&gh HavRture. When
ocational variability (i.e. variabhilit qr %
the ghusiei 1G4 ¥ ip ipsa the @@ﬁw%ﬁfr%r%\é‘?%w designe &%"g§> Kty cleave or
ﬁsstgé %@ﬁfﬁ ptaﬁélm(ﬁbﬁﬂé{lld&Q ifprev A ibrasfor GRd @‘iarpfb@fangése Hufi cleavage
bout m crons. |I'n these exanmp

Planm 4061wy alse b ek foatednCP FHR Area BVef I’fg”cé‘t f?a @prfius contacts 2
surfAle! RERAHMEL Yresshid@xdHed b kiRAMbEsR e surface. In the example illustrated in

FIG. 14, the abrasive structure 1404 may be formed over a substrate 1402. Alternatively, the

abrasive structure 1404 may be formed as a bonded abrasive structure.
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pores and channels may be fornmed in the outer contours

of the structures. In another exanple, rapid tooling
woryepesduce abrasi ve structures with m crof eaP@r/@82006/005915

such as engi neered cl eavage pl anes. For exanple, as

oy itk Gemalie! pobedins. o SRR e okt tttied witin
abrdslvk esichaésanhy Heharied &a\dﬁ@ﬁo@bﬁtﬂﬂﬁlc& ﬂ&ﬁlaafo&heﬂﬂirface ofa backmg

For 194t ot Y e A 4, s Gt gn oSt ot pcs Mg

neaftbtha $hckihghd lodvet iveaylfAddthe Bacttizgl gned to peri odical ly

cl eave or fissure along a plane 1406, providing
I lriga gd\ét% gec%nf)gggﬁ 1%%1 abso e gorgle ccl:eedS ;!!)rars*vg é‘gl"iaéﬁ'g aere too,
rapld velingtechdiquel earalyr wsd toefonm aitramwtesurmlesllraf/mg @jicrofeatusa sndygpor
moﬁpgmpr&% ure exerted by the abrasive surface. In the
exanp i1fustrated in FIG 14, the abrasive structure
1404 nay be formed over a substrate 1402.
Al In éhenexteinplatyyembddanenb irlhlst:ra@ ig thl@cticuttiigd Qdidmbgnogls 1502 may
“ _ .
o ORI 55512 RS AAFA B LML Gl 500 50 i
embodintent | the cwitingi fividilghansély €582 riuet lu,nhed shargtutye thatiig édslalsd to
enc@:ré%%w &t Elétrﬁrl%ﬁhlﬁtﬂ?m tﬁleocrhgtﬁtelst@Of gegnﬁ&' Erjrﬁagg 1594 dﬁﬂng usage.

in a pyram dal” structure,
An @bﬁe@m‘: reitbiodigment lsaﬁ]rlasatedem pFeIGt ile|in swhnely apeongiédg tli_llfaswe article
mCIG@e@r eJuﬁhgql&@QMﬂ 1%651 athcpmf é’}‘ﬁ@ﬁ’el {1 % R@g'ﬂﬁ% channel
I'ing techniques may a e use
160%0&11@!@@%%@%@@%\? @f the cuitiag élutdot@ surfagsi b600 @ofl iswgrf channels
160k 91%*21@%1%8 Yo &?-%v@&a%ﬂerﬁ (Pfr&g hiy sﬁf}%c%s% Gwitdd tjhg lllﬁg'swe article is
havi ng”m cr of eat ur es and poor ease cont ours.
in v Tlrﬁesvsax@hpmtsyl 6Ofriherct qweret cidss spstipnstaad ciass Ric@®ns 1t are not
r -
safg) b o el CPRORAE b Tl 1B 1880 el mpldaeoase
Chmﬂgﬁwmcﬂn one exenplary enbodi ment, the cutting fluid
channel s 1502 is a heli cal structure that is designed

t o &RE ?&Fﬁ@tﬁ@r Jn&%tﬁn%t Gt dobkdIFe fal‘tiéle@nélﬂ&e@ UIBathCsuch as a swarf
channel's 150 grind surface 1504 during usage. An

chaggie} KA agxfopding rré%the fepded akrasiyq aitigle fipm dhe eptqrjsefacy gf thy bonded

abréﬁli% GhicR, heeded.ra B&saasfeé(tﬁre%ﬁe'ctcﬂa& hiNEstisiRet 85 C"V'ﬁeli‘éllm the feature
fluid channel 1602 and swarf channels 1604.

aspestirationty the eeth (Haths érautts@yelr@naj igyagihe dromy tlﬁa@ttrru jugfpee to a

mmfthtﬁﬂ\’féafuré &%nﬁlg taichddGioh hiinélodter sibthdeast @hellﬁﬁge@ﬁﬁiasﬁ"é@ﬁfcle For
channel s 1604 are designed to renove swarf nateri al

exapplg e f?étusemsreat:réhq BAD b digstrahent A9y sish gwatdeast abpw 3i5s | n
use. The swarf channels 1604 -have curved cross

S ek ticAs eABSHIMERS Sf 818EdieOScldsBht iAE1RdNQlttirkt Mlad Ghdnnd@Bdilow
as a._r t he contour of the abraS|ve article 1600
wfms@rnd

delipery 01}5 s prd lubdcants o, grind; interfages. - LyPipg) PEpiart systems direct

cooﬂr@g 11hig 4 @ﬁn&ﬂfﬁ&i’ﬁbéﬁtﬁ%ngﬂ E&or@d s, V BoRber,Cth€ fluiaCd il @Sesdnot
eature, such as a swarf channe] 1604, extending into

SUfftqué‘ﬂb otbaiee o Pt fdt?esugtmer Aseureh. dhs ftacomER be Sxepsiyely kgt and
may ReluBOBEed sMFfafsWBndint poot MatediNGehO@ W4t8 HRASuFadeALIY E In

aspect, ratiQ at |east apout 1.5 wherein the feature
contrast, particular embodiments of the abrasive articles described herein include cutting fluid

channels that deliver cooling and lubricating 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.
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aspect ratio is the depth of the feature extending
innmardly fromthe outer surface to a mninumfeature

wep@aiopgidi nensi on at the outer surface of thePODNE®A6/005915

abrasive article. For exanple, the feature aspect
rati o may be at | east about 2.5, such as aﬁ | east

abgulusirasd ipaFlG; ddy arbog a‘?rﬁ%Yﬁ artigle gt feidse rg%l?? paydre
diffkdh@bbrhdied Mﬁﬁ:le@ Wk Wiffeent boticehtGRARNEabrasiid pmlcied | B feyarfle, a

coolln an bricants ri.n nterfa .
eyl eangs HgreCdPooed BRRE Aar F 45D UMy TG s resions
1705r1704] dnait 1706, Aeemgt diffeghabeasive rdhahctmlﬁees suctfbmepsaﬁcle tdessity,

qu d often does not suff] C|entl HIC%%E coit .
porcfi by ¥iath RS Hofios el Eimrste Mg bR ExoR geeion
1700@khy BE ofi@yonkcditiaticheofakeeiss pﬁ'\ﬂﬂésf and rr@scui t7i0n @mymaw@ different

materi a val rate u 0
TN T
abragitd bohhtR8s des;capplgeﬁg dteasBiersolutiGsuitl diffaddnt ipragorftions. dAlternatively,

channel s that delj.ver ooI n nd. | u cati.n
the 5P PRCTI, 0 TR AGIThY S AL U pre &l Rted n
FIG C18t thiffgrefi reigichsqbgnrseb s180ay1 806, aalh AR nag bE doraed fubmg diifferent
ant ot he s rface.w th novenent . ( . rotatlion the...
abrafil uiehas &y PG oty UL iy Sen SRR kn e b i
diffedént C pritdinag aﬁd Uhethenien ﬁlS)pérha ab]haSJlnv epatidulag| ernbodlment the
es. wear.
condPiion SERERIF BRUC 5y b PIAR P REIBA R o fipofher R Sffer o
based lhalssixed wear pattex}ne smxhrn ttle hiftielee rSuclc o hasiad abmmmamdé may have
abrasi ve particles cyljndric
paiapvetr bR OHIR A Mk ATt Sabeint hfh Ps BEREDon fid g apsona
regi¢relgis @ & pndeoadpogition differomsroABR firsotapositiond 17 06 havi n g
di fferent abrasive characteristics, such as particle
d%%gtlurtey of;é) %gﬁﬁhacp %F dans t{rgs%t Q’tlcl t@séljo%d Q_le!}lggd aﬁjagve
conpress I'S exanp may
perforanaaceo NEIGe cm omhtdeaan mlftusmﬁtlva Erasply énchuling] sn;‘tfeafsl fzafdres, such as

17 re r
el st 10 TGP B, P GODSETHESH AR J oo
incluiss ngnyebisitiber 902, 120,219 % end 391k |Th¢31rt0ﬂe BP0 apsplindludigs cleavage

plangi {9@?) In 4 the allbll‘Jatsﬁl%) r%lcle IQwexdnlsf lfhg %rl%glte \?g{lo%?c%gg glgﬁ%ﬁ at dcllesatvggﬁ é)(li‘anes
1906, r@npvsumarc emaeve srirfaan salbh alsmbelsiaqv tshuigdee, 1948, i In| ot exgmpliry
embo&]igleﬁt% Ja§1‘a51% %Irﬁ?ég Iign()é; glglgﬁﬁ'acé %F% eap%rﬁ%ﬁrg egﬁ%%al 5 ¥ imitial
abragigé surfacm@%r Inbyle appm}lmrﬂglbamm the abrativg ¢ompssitipn 1902 has high
bonéj Etﬁeﬁlgtﬁe He &ggﬂ{?&{t rla? Béin a@gﬁoﬁ@ﬂélg XII%? 1fdnfblt1 fﬁﬁfcﬁ&{ fo suﬁ)port the

ani c properti es. one particu
abraelnt) &dfanewh¢n fotres emrppliedmatmhalto te abilasing purfacyp aFhe ehesgnaterial
y t . .
conRYF 100 LI 4600 GaP B2 S A0 EOT e v
and swetriratee. Such a bonded abrasive article may have
patterned | ayers wherein, within a layer, a first

J @e!n%u;h e A fpd teatngcssmmsdha I ga%act&e@gﬂgdla e&HrRie RASbe

second osition"different Tfromthe Tirst
adam@dmcfgnnt ihrm iagionslabrapigg sthistuees it irctnde deatimesatslegisd frem the

grofy éohgétﬁuto@ nﬂ&%féhﬁ?es%ﬁ%%ﬁ&si%% aa%fa‘s(ﬁe REREQ! T836&n of bating

IMcl Gdes an 11l ustrative exanpl e i ncl udi ng severa
flui¢ ehapnplse s patiprre pf warfchamehgepaiemd dntetrel Vpids; andjosigrted preakage
mmﬁgnp05|t|on For exanple, the abrasive article 1900

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

used to provide on-demand manufacturing capabilities for consumers of abrasive articles.
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i ncl udes conpositions 1902, 1910, 1912, and 1914. The
article 1900 al so i ncludes cl eavage pl anes 1906. As
wo b@cabrsasi ve article wears, the article peri oPCTEE1006/005915

cl eaves at cIeavage pl anes 1906, exposing an abrasive

surface, abrasi ve surface.1908. In one .
such PhrdBraid, et dhan o pTiEs 3 ra@re dnenpapha ety Higlesand
insufed b radg sppBaf aRpkaxiesmt el y equal to the initial

abrasive surface 1904. In one particular enbodi nent ,

e abrasive co srtro 1902 ha h .bond ength. .
G pp EP T QrooUiseh BT OF RIS b 18 TR yBrasive
articﬁds neducGnwise M pjeed ztssdcivreeda\bntlasadﬂeommnéthmh \Hoe exainpie; @ Toated

sbraffe PR e S B0 i ool o TRET 58 o i @S TinaBulle) T s
manh@nehlg theemdmls usedilll dss tiaking yr pra&hrcagl tkreecdamd labrtagiye ancde mabated
with z?brasafe a}nﬁ %(rr:r{%u ',?(Vr%lereas (()]t[l prjeglort% 09 Il%?gan e 1 da%Pt h(?atse use of
abraﬁm dem@ewdedrmrdsr onal abrasive structures t hat

include features selected fromthe group consisting of

m | .

0 arﬁl g@ﬁ%}o elgﬁlia{y elﬂ{bg& ‘éht”Fag atgrﬂ aﬁ@{e&%ba;ﬁf Jaﬁﬁ%#éé B ab@swe
articfehy aedvedssthe hkqbadzqderf rrogfminaticey ofain aboakitle artlalra avidhrdbesive garticles
renPLEBARS 30l 80, Rl BRI Ll
lnchube thetsolutipm \noweerow- fdlement draying _gltila dhage plprgsiceapretiivildsiand @brasive
partf‘cf%rsliz%Q HIS\MH?‘{ fhie Hns i Aihtbfosh ! Bg ls&ec‘ctéhj 6l 1&%@9& solution

tooling, allows consuners to reduce Inventor _
and alglesirsid \abragive pastide thenepnsueayces preduasaddesisadpabragive fartislecithout
comg&hlg <£p anot her exenpl ary enbodi nent, use of

rapi |ng for manufacturing abrasive articles
reduces wast e and ness associated with traditiona

matapisideoling s stemsaiep Producine dutsiy ainlesra/partigularly |adaniggto ferm
abraQiRIQ %Qﬁgfop }ﬁnﬁg Qﬁd }:Qﬁislﬁn é Aﬂﬂl&%gn@ 'Hoft e% @ik gfs'ién&é' p?(gwde for

substrat hi's manner, only the regrons useful in

dﬁalmldq@ro@rcum @%R}tgrlmlgse fining ebmsiues fansnplirajienss puch @y ghegphthalmic
1ens$%haﬂm%& Qleéﬁhfé%%@ucﬁl%i Rbag%panr@i@rfaas,ﬁcrpc{pgﬁrans&%@nave

are left uncoated I'n such a case, use of rasive and

an apgrpgfenarticle sizeciheu d-5 isror ang bpikblayes antiieas youho arigres Such

systéP fly 2@l Ben&eﬁmil Rl%ﬁ&l\f@gb!a&as@@r it 108% PoRhidb A% %Cjewelry
articles reduces t i Kel'i hood of contam nation of” an

appligatiepsiagdradiskqdspraplopreparainnaaidpainheemoy ¢ [aprlicptiolf an
alternate run of abrasive articles. Consuners may be

cOnauﬁh@Jsrde chat b Burh g R Bbradi ORI 8B hay BRGhIBIERA b roSilnglal cBfsumer
or filanent haV|gﬁ?onl% t hose abrasive

WIthpaaraPrddeéglgéme%mda%ar%gﬁﬁ {l #iith aBrasiug cqmpogiiprsh Fhggonsumer

mayCBN S iRErndl ScohshhF 66 hitekiveBtiSIed, @GéH Ma @bnsBmBAihbi Gdeb Abrasive
bi nder solutlon and a desired abrasive particle,

t he
articles g niFpducsth thsr PerseE Atigles fqrelategﬁfaersvepm | dilighatively, the

consthdePRBY meQITAARE dbadsiveArtRles iR S8le ambdbtEbitRel | Ng systens
for producrng abrasive articles are particularly

a(}g ggerrtlp?ary metﬁ?od illustrated in FIG. 20, a rapid tooling system is provided to a
customer, as illustrated at 2002. For example, a rapid tooling system for manufacturing
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.
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abrasive articles for fining and polishing

applications. For exanple, such systens provide for
woeeodesnd producti on of single use fining abrBST/VUER06/005915

for applications, such as the ophthalmc |ens

roductj on and electronic roqucti on. Abrasiyve
DS eiGidse i s Tl PR ek, RrarghOSERL e coppumer, 25
illuiﬁ_ﬁffeﬂ 'htCiO'B4.g F&&XT’glﬁlbl,_ta Bnduniet Gy fj‘el@nd plrtiedig Hilﬁly,‘ll&rnﬂ pgﬁicle grain
. | ne .a a u m Gcr.on C S tens ma al SO e .
size B SRR B ABHGIET Ryedey dbp SESr YN BE r i tgBi S cpgovide a
cartBdehhagihg| esuhltioy hayipg teadartionbr dinderpoldi thbh debirsdalbe@ve particles,

) epar ati an, d pai nt renmoval applicatjons.
dively R nectlyle e RIFUEYL B dpetehiP, sRbodingis; the sengymer mey
purdh@sef tA€ criridgt.e@n byotler @uttickilargengbodinmeat) Mgy conkinler anayayuirdhase the
.0oling s em.,and cartrjdges,filled with abrasive
SOI“%‘8W8§'&?i%ﬁ£afneﬁiﬁ 8”8@%‘@‘&&@%%%89%% an internal consuner
of abrasive articles, such as a consuner that uses
abWhesi aoafigurtd ©f fesn asutkbdpmd dugieserddnabrasbye agiicles, asubstcitemay be
f.or, i nt.er.nal u Lon. te | V i r
profifs. ROAELARG of 9605 TR L ORoId oSOl EE BORARE broup
conglstmg 1of baper, dim, fabricafrilexeinfpirar Yhemapiddobling Isystenr mereble ¢amfigured

o 5 i R AL SR gl 0 16008

abrasiye kitinly usipg thewartrgdge.nanuf act uri ng abrasi ve articles may
be | eased or sold to a consuner of abrasive material s.
ALt ernat i v : : . oo
R N R A R
and pefovaue operabde iydthe tmidrtooding aysten epenirel depaditiog obithe fisst biader and
Lol - i ; h |
the B BEEE pARLePLRE ) &%ﬁ%ﬁ%‘ﬁ%‘? o LR e 2086, For
examsplectbe censpaet eyibaproyided erithaatwyarand dpte cgnigguredsto estiget the
rapidl iddtily LR B ForR AW G BsIVe Slrforyrd B&iADT @si ve sol uti on
manufact ur er may ‘provi de a cartridge having a solution
havi ng the particul ar. bi nder and the desired abrasive
patk tepesuest uiiizes éhel Gartydeq prdi the cenig toaligs tshere dosuariacturerfhe
desiPRCPRIVE LHIAT 18TBARIHZERE caltfifzeGORSHEBA ofRY shbtidal poRder or
the cartridge. In another partlcular enbodi nent he
filareniss uFeenerRE§mplamy mbedime e a geAnBTaFtYTer op dvierice grovider directly or
indifdcl PR Ss tRE A6h B8flidbd) af fMBstkaftdlaf 26bge. When confi gured
to Tormcoated and engi neered abrasive articles, a
substrate nay be provided, as illustrated at 2005. For
exufstasyelynes rstnet Bayreid hes srdidee f°of MEnichie grosider or
marfafi0fiket! | BOoRS pRARRT exhinpB) thkakiktiifge ) Ibe @BEddOA™ phbi@ge
rapid tooling system may be configured to deposit
configjahde; for gending, s cartgigetp thesseyice papviqeg PeRanpptyser, digr example,

the BM®Hdgd RSy 54185t hy2d Ball Garfi McAMeADS BSJtA SeAide®CFRIENS] HAPS®
‘the cartridge, maddjtion, the consuner may be

in apaskiisged Ve PaTkess ANt BFe A It HENRddEess Ae Fehuh ingsfaccapige. The

confiftfel WRY BecORBIupth&pddNade 16 rE@R, thsbrOMk lchtetidsY SAEIR¥hd R via the mail
control depositigon of the first hinder and the first

carrighr Bsidgitiopaht saEides PH ippledsteniaedicpliFatlie Forsampryries on
to BVebsith,Usbviad e @Hiqué Q8&uifiE0 an® XF¥RY Ghe tE of BRI BN MBasive
be provided with software and data configured to .
partjcles desjed- tIgeone 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.

19



10

15

20

25

30

rapid tooling systemto forma particul ar abrasive
structure design. A consuner utilizes the cartridge
wan@etbs1y api d t ool i ng systemto manuf act ure tPET/US2006/005915
desired abrasive articles. In so doing, the cartridge
S | eted . of its solution owder.. or .aments. |,
PSRRI S St Akt o R B or RO p gt s te
refilddditddye, b Iﬂﬁﬁltateﬁ a0 rzouondﬂ 4 @mbunyer,r Bt heroahe Edneurnks &dm which
cartridge | 1 ust at 2007, Alternativel. th
the Ehicr 7 e ek ortS BT PG g PR A o provider or
marfafaeitidd @fay @éndnmmﬁﬁdgdmeex mail Sari@érén PRirnabld @ckagxanpl e,
t he cartridge may be provided in a package

c for sending,the he S
prolgro 3 e con unr}%rnsu?eé%‘p 9[ Vg, t the 'J_:adarl& googl% IS% E:eénrotvebl%i aeélg"ldge

y‘rm/usbcbtosmm'ducds ynea)rnmré desipns babrastaaltictehe F bif‘ﬁxﬂnﬁbaais illustrated
n ﬁ&r{facg&rﬁ%ﬂm E& éser)e’aaxgcel%s up}r§\(1d g ddemgré d%%ggraagflrst abras1ve article
des1gm$ct ﬂngearad emhng' byesteon s ditvstratetipat 2162 ohe ganseméritbenpfachsag frst

abrarsfgfe artlcfe%ased onrq? efi}st %})I'r]%esw%aah}c!ehg%g% z?g g?lpustratgd a\léclzefi)i g:end may
opticmmlly lpmdu@beadthtrbnaé mbra%aearndensumhas moﬂcb@rasrve mlcha based on the
ﬁrst}/\%pai*vg %rtlc[%rci)eglrgg ?atta 5 1H1é?h9tg(? 3%?@2 t ggér: ?&s‘n%g}dla%p]?rg %é/ ar}other
set of desegnbdnﬂa fiend sedohé abmriud acicler desiggemdlustrabeicgn2ll 08, and may
. e, .
soo Bl O M o et B AT o R pBRG ARl G e
illugeted piotep@l i der refills the cartridge with the
desi red bi nder and abrasive particles, as illustrated
atASZQQ@ eHQI‘H‘éE are 'nfan &ur‘é@rttng 'cglgﬁdée Sm¥PblccdMe depleted. The
|nopera%Y e cartrl ge may
congugsr aerrtpBobthe qutritgp gud qohignug @rwlu@@ Prasiedaticlerin one particular
emlﬁﬁ@{‘éﬁfg Ulgsgheﬁn fg)t{Jth ﬁlt&%lte{ géflﬁelléydlﬂér ' gﬁlﬁostnﬂﬁls in and out
of &nerr@mﬁretpolmguehteals tq @rqdnee ebrasivametticies dwying differeieperformance
chaﬁ%ﬁﬁlhgg??rm@émﬁﬁt 5'0@?(5%91610 fna§ Qelé)ct qi Jaftﬁﬁffenlg fs&p B W¥8hechanical

For exa € Service provi der or nanufacturer may
Stree@lmaf they bmée;r basedueyethe partigle pigg andvenar fegistanqs of theeabrasifigparecles,

Q&ik@lg fire WidaP TesidificS OF M BikedShiREr Sh¢ Ghia¥ie p&ljﬁ@Ie s@ﬂhgn The

too I ng system and renovabl e cartridge may be used to

ongmsH wele Pl ey sqlestad epetsiiiga Bt theatspigdsioglingapisten) tosprofigne the
abra%?%@rgmcfe hftshel th ldégfe@tﬂ%ffoﬁﬂﬁn@ cﬁaragt%nstf%s C RN trRbes may be

abrasive articles provides esnﬁ data for a first
provifadde p yesvige provider o espfpcterer forwsfiliagi d t ool i ng system

as illustrated at 2102. The consumer then fornms a

f i TrRtabeRL BRI @ib%e'cﬁlnﬁ:tep%&t@@e QBnsidaRdfiltsthtiRPARSoY Bestrictive,

article design data, as illustrated at 2104, and may
and e prRsader\elans dirciatendrdi toj co¥r allawel Sogificationp.cqubancergepisy, and

oth@emBodiReANAviad ARl withiPiHeithb 8copP @8 @l REsehdiBvdntibSt Thus, to the
abrasive article desi gn data, as illustrated at 2106.

maxpRem egRagHeved iy lav the foaee oftlin presentduentisn ig tashegistemined by the

broefc@it anﬁ@m%aﬁaa%n\& RSy FERE HY thEP eduivalbnts! ARk not
5 subsequent | y forma third abrasive

be arquE“F@dbas‘é"d oHmitee sd¥ondth@ibr deregengr t |4?Faéle‘ije5|d§?9rlpﬁon
data, as illustrated at step 2110. As abrasive
articles are manufactured, the cartridge may becone
depl eted. The
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consuner may replace the cartridge and conti nue
produci ng abrasive article. In one particul ar
weniwedd1Fent , a consuner nay exchange cartri dgeBCTEaS2006005915
different conpositions in and out of the rapid tooling
systemto produce abrasive articles having different
rformance characteristics. For exanple, a consuner
QL&ﬁgiselect a cartridge based on the nechani cal
strength of the binder, based on the particle size and
weal. A esitsltahrasiee aficlt hempdivirgsi ve particles, or based on
t he &%qﬁm;§§istance of the cured binder and abrasive
par%lcfe solution. The consuner can place the sel ected
car4 patiged settod abiagve sipictirdspeich Agragvestmatnteofhopatcmed ket of
abrasji v rticle haying.th 25| per f or mance
cha%é%?%??%’F%ﬁgyﬁg%é%g%gﬁgﬁgﬁgéésﬁﬁy be provided to a
service provider or manufacturer for refilling. The
.aboy.e"lq}e SQ%L‘CQ& %grag%jjaﬁﬁfe ORLLE 1 ] ¥hdiGin gﬁe %Qé]ﬁéegéﬁr B rofeature
illustrative, and not restrictive, and the appended
cl ainplgdeg e intenpad sleistiredposdver al | such nodi fi cati ons,
enhancenments, and ot her enbodi nents, which fall within
the true scope of the present invention. Thus, .to the .
max3-mihs esated #bragive aifiely Aylaimg, Whereln dheopnginggred pucrofeature is a
Pr eseBl of e kidRnir&l foresbe determ ned by the broadest
perm ssible interpretation of the foll ow ng clains and
their equivalents, and shall not be restricted or
Ili m}k‘t ehe édéaetl ha8rabiog a@eierbg_cﬁlﬁﬁ 3] WBéleifl AiRCpaltprnl dfﬁr-g@lnéﬂ Mictured
: coat ed aprasive article conprising: a substr L
andPACAFPEHl oRltraldy ok BPragY] Ershey ot gaterpai oF abtasive
abr aaictagesstructure of the patterned set of abrasive
structures having an engi neered mcrofeature. 2. The
coated abrasive article of claim1, wherein the
eng.nEhy @dtetrnlmsfecatitle of ¢laial 1)cderemnthé mteemah atructure pore of each

structure ore. 3. The coat.ed abrasiye ticle of

o oty e SPE s Pt BR R RBLRLeS AR EE s
pattern of internal structured pores. 4. The coated

.abr g.s Yool eEl IagrI SveozI 1ccl£ 8t gﬂllg’l’ S,Mgeﬁl the }npe?naﬁ) ?&LFC%II'Q &E of each
i nt €rnal s ruc?ure&tpores I's repeé&ed In"ap uraplty

of ahasasistrectigt hasclioensn ohridbiay petigtestentbdn 8 aticrofs.

abrasive structures. 5. The coated abrasive article of

claim2, wherein the internal structure pore of each
abr AsTheecosted abrasiveeartiele ofi¢lpians ivdareindhe mibimal styjuctise pore of each

gr eé\}rfsﬁvets?@&uré Hasq%&{i&p%riaﬁilitym?g@ﬁﬁltﬁﬁ SRRHiEshy ©

article of claimb, wherein"the internal structure
pore of each abrasive structure has dinension

var g ahd tda¥edBtast @ATRN ofl AR 28 WKEEIARS intefnal ShEct&OPbRas a
abrasive article of claim?2, wherein the internal

st r EROMgHis cwp-éec@jpn &elected from a group consisting of polygonal, circular and

irregular.

9. The coated abrasive article of claim 1, wherein the engineered microfeature is a

surface channel.

10. The coated abrasive article of claim 1, wherein the engineered microfeature is a

cleavage plane.
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abrasive structure has |ocation variability not

greater than 50 mcrons. 8. The coated abrasive
w@eabohs1of claim 2, wherein the internal struRtT/US2006/005915

pore has a geonetric cross-section sel ected fron1a

group consi sting of pol.ygonal ul ar .and | a

i Araapats afrserBersit eeuegprrs Pyt S gl B Rlsgse
eng&ﬁ&ﬁred m crofeature is a surface channel. 10. The
coated abrasive article of claim1, wherein the
engi neered mcrofeature is a cleavage plane.11. An
abnas irld@abaz{stvie @iﬁeleccxﬁ plain $1, Wemin theisteasiwartickceclhdey b pattean of
pooy nold re cont ou brasi [
P ahiya g e, 6 oo sufege of I BPLOF et Ghefeif e
patbesive sfucabsasveve laktrqmetvwllé&vmg anbype Het @qnﬁtnés alsmg fmangle

of _the artl cle Y,

ot it P o R ay RS p ByfR Bikct Pl ink MOnRRL Bk futage of the
extabrasise aticleg an angle from-90 to O relative to a
normal direction extending fromthe outer surface of
the abrasive article. 13. The abrasive article of )

c| dBmTh2 abratver aiice ohdaipali2t whereinftheapntioni of ebrasiy ¢ efugugss 1s an
isagg ?xw?&ngg{ S|ve structures. 14. The abrasive
arti ey & 0 ., Wherein the abrasive article is a
coated abrasive article. 15. The abrasive article of

cl giympd abrWa@tllJ]e @il aghet@n Rletabfabife hrficid iPRARE abrasive
abrasive article and wherein the bonded abrasive

ar tartedlee i ncl udes a feature extending into the bonded
abrasive article fromthe outer surface of the bonded

abrasive article, the feature havi a fe tur

B0 Th e Rl & - VhAEH I SR B P PReapasive

I atar@1d sadtMiRrde e bodedtabRisive a;ttlUIeGn@aﬂeelﬁéaﬁ@e Exteddirighi@to the

outer surface to a m njimum f ea u n q)nens oq
fl%lea LasE cle, the

at tongedobrasive syficleafram gpe OHEr B8

16. feakhte haRAPSfeMBrekpdctiatio &fledst ai:bb{m 115;3 wh%ﬁirtﬁﬂ ﬁaattulaeaspect ratio
feature aspect ratio is at |east about 2.5.

hioriBdovdspiiy oty ot EHSIOMELET M AT 1 &b IR eature
as Pehing reBsidrSat &le o'u%ﬂﬁirfa&b&ﬂﬂle bn8ed abfBisivd h€iclabr asi ve
article of claim 15, wherein the feature is a channe
havi ng a curved cross-section. 19. The abrasive

ar t16C ' e @brasiVedrtiald bf claimelrseivhiertin ehefoataie dlspgbirraiga i @t least about
artggle i ncl udes an

17. The abrasive article of claim 16, wherein the feature aspect ratio is at least about

3.5.

18. The abrasive article of claim 15, wherein the feature is a channel having a curved

cross-section.

19. The abrasive article of claim 15, wherein the bonded abrasive article includes an

internal channel.

20. The abrasive article of claim 19, wherein the internal channel is non-linear.
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internal channel. 20. The abrasive article of claim

19, wherein the internal channel is non-linear.21. An
wabocashase article conprising a plurality of paPtEURBEI6/005915

| ayers wherein, within a Iayer of the patterned

LS S e e ReRS oDt 3 GRS B o

t h@aylet 6f3he FARMOS alérgn. ﬁr&Eeglthﬁs alfif s sonv@siioh bied €secdnd region
claim 21, wher elnl%ﬁg t@ ﬂf on and second region

pr §9% yeFCoRd oBpasite ‘?r%fglfr@?ll G ECOMPRAS £ £ er ent
characteristics varying as a function of position

ot 0] i SuRREARIE of bbla® 2 wifefein M RPIAR 60 AEdnfrEyion

secon
pr qmbvﬁkte dlffﬁ‘blﬁ&ilﬁ’BGtﬁ‘fStICSS thie lifterand charaseriatids wary!ngms ad’ﬁlnctlon of

radl%f §€1%% gmm_e 1f the abrasive article. 24. The
ab PPV EME ¥ a|n122 wherein the
characteristics include particle density. 25. The

abrﬁSI'lrhe ral%g vg laﬁlcféfcffccl(lfﬁh% %her@i‘ﬂ%ﬁce l.ﬁt L&iesecc_)lnrc]l regions provide

chara e bohd strengt

abrchatiacteristict uhail varya a fingtion of Zadlw@rﬁeﬁl genten ef the abrasive article.
characteristics include elastic nodulus. 27. The
abrasive article of claim?22, wherein the

chaddacTls phyesivesarfiele of) glain 3y Fhaein\the qhrirAtaistios pigolude,particle
abragine article of claim 22, wherein the
characteristics include porosity. 29. The abrasive
article of claim?22, wherein the characteristics

| nelsudgnpaniakit QrleZ 6F cidth 2TN@habinagb Whadstkisgle ifude bond
claim22, wherein the characteristics include particle

corfy®e§thi on. 31. The abrasive article of claim 22,
mherein the characteristics include binder

conpo i opn. . . . e .
rED6. SlTLcle %grasive article of claim 22, wherein the characteristics include elastic

modulus.

27. The abrasive article of claim 22, wherein the characteristics include compressive

modulus.
28. The abrasive article of claim 22, wherein the characteristics include porosity.
29. The abrasive article of claim 22, wherein the characteristics include particle size.

30. The abrasive article of claim 22, wherein the characteristics include particle

composition.

31. The abrasive article of claim 22, wherein the characteristics include binder

composition.
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