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Thi s appllcatlon IS a continuation-in-part oﬁw uwmmmmum No. 09/ 049,
fil-ed Mar &®-2$61f99B. The invention rel ates ' w ,, mtools SU|ta§FiU#w

preci sion grinding of hard brittle materials, suedaisgs ceram cs and
conpositee conprising ceramcs, at peripheral wheel speeds up to Z60
nmet ere/ second) and suitable for sABRASIVEr TAOLBg of ceram c wafers. The
abrasive tools conprise a wheel core or hub attached to a netal bonded
superabrasive rimwith _a bond which is thermally stable during grinding
operations. Th&¥dsapPRdilgatios de8gpi RANEEPRATEQNanHPYHEE naf &F iRl Fenoval

rates (e. o. 19/390 628/, nfihed) MamhhzhesssweeelTmain@&dti&ssra\pém ece
damage than c nventi onal _abrasive.togls. An abrasive, t su table for

o g Shoites i Corier SeMEARE SaEePFAPLS GR L lag

U.S. - As5, @33.t482 matleiriallzg @u@h s dezamibedand comp@sﬁt@@ @Gmﬁ&lé&

di anond bonded.in a_vitri f'§F 'x ﬁonBriai 2. to %@ vol une, % of i0|ld
| ubri cant SS&FET4EC e 25t PR WEFTRE YV 56F 8PEGAS aB?a% PRI TLIRER N ng
di anond bamde duiit adp leetfalr muwﬁamerthndEnQooBOcenhmne wabérsel erthed

fillers, gy ﬁ%e o %@@'%%mg&is@'gcbﬂé EBr Sr- ﬁkﬁn 2% %ﬁ%&ﬁ? Keat . The

tool is use€ ment e car des. A cut ade with
met al bond@@adl&W@ﬁ@da@P@§¢ﬁ@rgﬁéVﬁ Féde$§ho§ehon@ QhEFhA¢Q D2EEEBULY 0. Van

der Pyh. BErarhenduGans $tdn@fingOBpekatibAb. t iRe s @Ngyr SPLHONbb Va & £k

and the banded abrasive grain is Sintered_onto a steel core optionally
with a solcg&@migssaép high natesiadefanp¥aldratedn e e bb3138dnd i s

reported tc@ﬁh@yﬁ/ameckwehl 18shawel swedr 7dhd Are b asikyA eceOlda@igfedi Ni Ng
fine dlannnd grain |atively low nelting tenperature

metal bondRaB,ERNYE lﬁPSAZQQESR&VG g aigclosed in U S -Re-21,165. The | ow
mel ting bond semvebrhslaeomdodxBdatabmeoforhgrindfnglsapphhgﬁzaﬂﬂ dtther

abrasiyve r C ted .as | . {ghgukar , abr Y/ a t hen
attac %d f%qghégn?@E% 331% l% dﬁﬁ%?%%%?o%ao h%r ng€é€¢%1£hiiﬁéfﬁﬁ'the %
abrasi ve ttools isadescaidbedensi conyadningf metat ycladtdbanordilsimtedrimd ng
of cerani q,le@mg@gnmmx LompiWsi2803 Thess tophiie @ids tooEEt 11 gorous

speC|f|cat|
lubricant and at least 10 volume % porosity.

An abrasive tool containing diamond bonded in a metal

20 matrix with 15 to 50 volume % of selected fillers, such as
graphite, is disclosed in U.S.-A-3,925,035 to Keat. The tool
is used for grinding cemented carbides.

A cutting-off wheel made with metal bonded diamond
abrasive grain is disclosed in U.8.-A-2,238,351 to Van der

25 Pyl. The bond consists of copper, iron, tin, and, optionally,
nickel and the bonded abrasive grain is sintered onto a steel
core, optionally with a soldering step to insure adequate
adhesion. The best bond is reported to have a Rockwell B
hardness of 70.

30 An abrasive tool containing fine diamond grain (bort)
bonded in a relatively low melting temperature metal bond,
such as a bronze bond, is disclosed in U.S.-Re-21,165. The
low melting bond serves to avoid oxidation of the fine diamond
grain. An abrasive rim is constructed as a single, annular

35 abrasive segment and then attached to a central disk of
aluminum or other material.

None of these abrasive tools has proven entirely

satisfactory in the precision grinding of ceramic components.
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shape, size and surface quality when operated at conmercially feasible
grinding rates. Mst commercial abrasive tools recommended for use_ in such
operations are resin or vitrified 5 bonded super abrasi ve wheel s dedil gH8dl8%o
operate at relatively low grinding efficiencies so as to avoid.surface and
subsur f acehdesrgeol® £l Ces amdet conyuoenst s;:e@ufndangoabf torepares axe
further reduced due to (ahe t%denc\é of ceram ¢ vvortﬁ gs to cl og ?e wheel
face, reqtf#Phg T4 o ALY KRG eRnGPEFATRY hRIMREAF a§) €ci sion
f or ma. Asfﬁaskleled@namhﬂr@srgrm\n fMrs tpreerineirenl alerbrbas ivenponéat s i n
products such as en refrac i t I roni ¢c.devi.ce

(e.g.) waf 8r e ‘Fr% netr céh%sa%slr&al %Péd?/so%%gfl%vq\%% o%sl%%, %Fﬁgkngéd"hgé’lgf%an for
i npr oged hbndedveupérabmsnf@rwlm@cﬂ sl ggeidndiongpefrater ati telatavelyi shing
hi gh perfor : n car bi de
(AITIO), ? Qfg%‘??ﬁﬁ%fﬁg%p%ﬁé%% S"zﬁﬁaglr‘) :in@d?’%rtf%@ Egglkgrl ndi ng"

oper at i onsu}d%lmaff@lcﬁl damadel b e yth%rﬁﬁitarﬁ“léhrcpa@@nﬁﬂﬁﬁshe§riﬁdp-dw force,

rel ati Ve'erfk%gﬂcwee&r@rfm}rer ORENALd P e £ leﬁek%haeheg biese
materials, grinding efficiency 1s determned as nuch I ece surface

qual ity aﬂereeheerwrlwl%%r.féa R hss Whgedi §Rokat §eaarrreanfapqparxés and
abr asigve wheel a\@aésmgl §ﬁ@n@ﬁmﬁwecd ﬁr\éﬁﬂiﬂa@.ﬁh p&ealsubhacergél ndi ng
abrasive tool 25 co 'IFTB‘? dckg havi i,mum s eC| fi.c strength
paranmeter of 279 T ﬂ%‘% 1% %Fe‘ffgf orprﬁ’céstlo’n 61”87"&813 a circul ar
peri meter corapdnentabiraspnedmmm defémeh [Bngd nelsur aleifrpcobrgbegsipmesegnent s;
wherein t g rd se, no e t otal a

maxi num o?giogi 1:¥§ §§ p%érr?% {)% (éf\%g%'%%s% grﬁg rgl%?gg gr [ai.l n, from 10
to 85 vold%plii?ab\b'en$¢‘f'$)er tlamdler%rha% qrevgo 193 wpr%rﬁét abraehdemat ri x
having a éé@fé Uf@ﬁﬁf‘&@ﬂ@ﬁ&q oérﬂn&ufgn SE Qé%élaliaZ The specific strength

paraneter is defined rquthe | esser t he ¥|eld strength or
the fracture sﬁ‘eﬁb‘f‘hsﬁfn&?h}el NMANGH \ﬂed’é‘d‘lﬁymlaﬁé dehsit Jush afe
mat.erial . aﬂmlﬁél abt@niumlearbsdee(mled [ rfemn feh%c@fr@ﬂ@cCQBﬁlthbﬂﬂsQf

graphite, onal ron nitrid hoI QW ,cer am er.es ar)
nephel i ne ‘é gﬂg‘?egrbﬂﬁfﬁ% OEa‘F kg Sn&ES zfgslog‘ﬁhgfg'é d2 D3561C 1
2 JUL 200guabtitgpnbinoathossrfaes eiﬁnlslhesa ipr dfcer fedcenbadilaedtrelyyhowet al
bond trj Xe 5 ly rj the

or avidigs BPSERcBEiAREnd, CBELAUIAL, P o BTy, LHESE: hREEQTAT,
bonded togr edpegi ebfbeiency hietdgtewtingd asommal bypyorkmztabpagwéace

grinding yhgeicy- and Ebgelf& 20f | dpistiead %x%éjla%cw heBURmakeMigl abrasive
segnent s bonded to ter, of vg‘%gf core to form a cup wheel. 10

t e
Figure 3 F?‘F‘ﬁ‘é?faf%%e?hgn PR3 hhi WERT FESHEEPPCEF stock rermoved and
nor mal force dohéningennilongi of a asnAf akkeC gwimdiinec ebwiatsh vehé&ocalir asi ve
grin %ﬁéﬁs% EXapBle, Shad ity A0 @S Mark %gJe%i%flct Q‘Er*eﬂ}é@ﬂt' on are
gri ndi S co rising acorae having a cerntral bore mounting the
wheel 15 Dﬁramgr-ﬁﬁdpﬁgznﬁcﬂ?ﬁecmt/rﬂe @orC@rBeidﬁgSélém ghied- $ot@u§>p@rt a netal
bonded sug%a@raﬁl M@reumaal 88i héiee PErdrih ey ¥rddieehanl qeFliged byogparts
of the vvhecg 5' hel og er vmthabo@)whwhwt erma_ll st abl e under
gri ndi ng BORBRLEBKSOT aRBT R ALY GHBRIMERIFL 4 t é”raéldésis&ﬁé‘anS

tolerate gbmpgses, ZQngemenatedsaleMItqoeuouﬁleraalmasﬁmdﬁo(ff mro velak,| east

80 m.sec, ref r 60 nfsec Preferred .t ool |_A eel s
20 AEC £ Baf 5 BB LoUR0! 90l °8 AlSeeanFLal el taL 00l i R LA el <
cup wheel §ridhéecoHidles, sabdt ﬁmma$$ ytaigTmavdln sshrepal Poadcowerix nmay
conprise any material havi ng a mni rru Sfm‘flfl C strengt h,.0f 2.4 MPs-cnB/ g,
pref er abl $2¥dngg8 [PECERELgEOHHRNET a®% Mjensi feof 0.5 to
8.0 g/ cnBgppeefeeablyerghht paﬁaﬂegéﬁnfs cEé(ﬁfﬁﬁcE&S)ft}mlleaatibGdfﬁthél al s axe

steel, al ym_num ni ym nd .t h Qnposi.tes | oys 30
and conbi nSFT6As® % %ggoyle Porc tghp(%s lr‘c? aé:\cltru% &8 |g|92 rgg‘%m ni mum
speci¥s c satengah dayitiedub?dthe demsityief tile smteri@dnpodheedrdntble
rei nforce t I h f..@ metal or a
bl ast i c mtiies oF; SR1BLECIYRLR, Lie WGuP NI &5 G PR
parti cl eshekagsnmar aerronnorérrégnheh%owm%rlq aphaf@fse Tedslspairal e
added as fefhat9nki BYaHs tBhapami EXanphesimdd reidy Qird RQ Jmat %;p!h%&%ssu' table
fox use in the core of the tools of the invention are gl ass fiber, carbon
fiber, aramd fiber, ceramc fiber,
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3 12 J UL 2002 BD 3561C ceramic particles and grains, and hollowfiller
material s ﬁ gﬁ @& glass) mullite, alumna and Zeolite spheres. St eel 7 albibl 2002
ot her met BPs>R4 ng densities of 0.5 to 8.0 g/cnB nay be used to nmake the
cores for the tools of the 5 invention. In making the cores used for high
speed grinding (e. g.) at least 80 nm'sec), light weight netals in powder
form (i. eandneeabsnﬂmpﬂg Hanseef es R ateRRLerzed @&@1@%) theuch ae

al umi num naeaNeBLHA RAfr ikt ABhYAL s@dda ahd:eMtsurt e epfuoiand gerddings, t her eof
are preferred. ~A unmnu d aluninum 10 all oys are especially préeferred.,

Met al s ha L] bet ween 400 and 900 C, preferably
570- 650C, are Eegeeéed ulaseﬁasmt@rd:misrammalxmpr@e&fraﬁwed to nmake
the t Low er.materials beaddtor uce the wei ght
of the coPRIMRB BLEORER oF O nEIF R ERPENFE I s £ ot LOMeh s
gl ass spheype anll abkhbieesghinésngrehseltable materials for this purpose.
Al so useful arg, [ (QL0aNk ¢1 30K, POKL A dCodd HRIGIRLAN Y arglien Jndi cat ed

by processing co i Ons, "an effective anoun 'l cant 0

processi ngegmest Enbanded thethetpeérbogieramt B 2 talpercaty da i@ tas augy be
added to j,he-.qyretal powder before pressing and sintering. The tool should be
strong, durab e and dinmensionally stable in order to withstand the

poterltd al |y deBigu¥ei Jelllbreeratemeihe cerlntinmphighdafwsssr Auemtitmetcor e
must Eavﬁseécn mamw?m Sﬁ&cmf)hgalgtf@f@ rr\mhemgoee_:rn'axalrmJs?ﬂrg} i g vhegls gt t he
very nig an lar velo heeded, to achl eve t t ont act spee

ot woen YORRELEES 60 THE ROHT KN soontdit0 STt 1o AP Sroeded f or
t he core materThésabsadiva tooks ol etite cinvent2ioh s (gm!rgiln’g) wheelspeci fic
strength the I d

fracture) 981%.}?{@ ﬁgdlév?g %nﬁgv%g egrr%%lzérlil;ﬂ[ q;c?eI;egl ty. O%Jt élggé:gle 8’?"%{)“ ttle
mat er}ifal sen havgﬁgnémemachmet ublee st Reinh e siiaied S0 SWFRIPrtt Ive

speci fic :’ﬁéEéﬂ%BnHéHa éfabﬁaﬁ'f’\fr@rﬂrﬂ'%dlé%}ig Lewq)é g:ﬂee%;ﬂ%{f Ryer,

the fracture streng yield strength ofS a mater.l he mnlrrum
force apprhedlin T ﬁ§PoﬁW‘PoPa¥\h‘Pc‘hf ‘E}P%llW*bQﬁl tare hald itmgsthereaddd it hout

further lﬁeﬁaaﬁﬁleﬁ iereﬁenﬁ@n xmpe Rl AdhaitRelcdiatidaneds ,t ampove
about 240 Brl i 2002 BD- 3561C s(gl e hqs a tenS| I e

strength Fh®e¥ %g Bf‘d7bﬁsl\ﬁf§mp?ﬁ?|%'f?ya5? EHESRSE Y
Thus,24d t sgepecated atrehgeh parapmmllsp@iﬁmto&mm canﬂ/lgas‘ﬁ raol arI y,

certain 1 Qu 02 7 that
are 5 heg{“y%gé&g{a t¥§b§1| n%l gér;gn“ess %’boeperégbout ﬁoﬁqﬁadyea%en e
strengt hs1hi gheelehaandbeup BheeMps: 88k RS Wi mad Itagps Wav@qm @ansity |

of about tl'\g#egﬁvg Bod1t BHep&Ahebh twiRe SPECI f c strength parameter of nore
than 110 S-cnB/ Titaniumallo s d bro conposites and al |l oys

fabricated to ”{beha%e 18eRuPEaRG t%‘rr‘E dih Hapes, are XS
suitgdd e hay usmpribe aayemavéetanl hawnbDad da beidiongh, s;iém_rﬁw |8t xEraplre at

terrperatur sr the qgrin e. 9., about 50 to 200 C),
r esi stant® ﬁ @P%af:m egdctl?%nfewat%ﬂ’cé&ngﬁ%’sw%r?dcj';S??Ubr anter ?Jsed in
grindi ng andereeilshaﬁt at denedrybyf ef oSi om &luk a/cn hepretfesabdly 2udt kng

debris ingt heggehndi Ngkffififes AL fwmbﬁ%a@ewaae and gwen ceram cs have
accept abl e fa| ure val ues (|. ..,. I'n excess_of MPs-cnB/g), ‘they generally

are too bRMPEBURNJEEERPIYP, BREUPEPRES R gqbelp@éi?mPOSltes and a1 oys

30 and combinations thereof. Reinforced plastice having the
designated minimum specific strength may be used to construct
the core. Composites and reinforced core materials typically
have a continuous phase of a metal or a plastic matrix, often
in powder form, to which fibers or grains or particles of

35 harder, more resilient, and/or less dense, material is added
as a discontinuous phase. Examples of reinforcing materjals
suitable for use in the core of the tools of the invention are
glass fiber, carbon fiber, aramid fiber, ceramic fiber,



20 grinding due to fracture. Hence, ceramics are not suitable for usiey i 200
the tool ggrgggMetal, especially hardened, tool quality steel, i

preferred. The abrasive segnent of the grinding wheel for use with the
present invention is a segnmented or continuous rimnounted 25 on a core. A
segnent ed asj v I mis.s .. Fig. T or has central bore 3
for munt?%ggif\ﬁé %Jé!é %%s a%?%\?%%%]“gé’, argdofhogelp?g"wefﬁl v e ,?&la;‘ﬁo\ﬁ{\,‘)c?l The
abrasi ve asnybasshemwhiete conpunbes aupAadiriasi® eagliendw. 4 enbedded
(preferably in_uniform,concentration) in a netal, matrix bond 6. A plurality
30 of abrasiveSEeghedtd @thekdeiR i albingdrnsitmheshn 0% kg8 . P,

Al t hough gpemt Ihaistheatinst & rdediak@ntt heheveebeicsegRBNt 801 Eh6£ NYRker of
segnments is not.critical. i ndi vi dual abrasiyve se nt, sho in Fig.
1°0has & 1PuAEEih: || B naigTha by | e THEP X TR Braclh g 10tng
charact erieed. byat BSasengt h/dech, wiidht) weigotd metddm Hn gowllee dolradi nent
of a gringdin oM 4 R F q, 4 j rrepresent ati ve, of wheel s
whi ch nay(a%'egb\é@rﬁg%%g?succies f% E)’/ﬂtaicezso%g?d%s{)tet 'eeegroe?e'r%t git/lrcl%e?ﬂi on, and
shoul d 5 sugD-dg6abininuy, nagnePmENDE e asnd mildioys. theseodner ous
geonet Ii CoNAT h ki QPEs | Ohe SESFEN AL OFd ity Woal 50 iSRG RS wm%%ﬁ.' ncl ude
cupshaped wheel s, as shown in Fig._2, wheels wth apertures through the

cor e 1dnd/ ¥t 1 gupsaBet SBReC tahse R ¢ 1 e Mabr 1 hay ipge S8 tGrdRdabr asi ve

segnents pindifieneas Méehdekhedo tdey caye- cé\pg%%féb_@ggw@%ébec,soérfé‘ Tes

used to provide paths to conduct coolant to the grindi zone and to route
cutting deglestedaytfaonetHEntnng Asdemnrlys anesess Hen usled cor makiedt h i s

occasi onau,,y @Wi@ye%é@_@éﬂé?@% ff@l&ornf‘at%tzfil&qtsurn%yl%ef Q@ @Si on through
contact wwth swarf materj al fs he wheel radi allwenetrat es the work

pi ece. ThESHNERI ERENVWEEIRL P CRRFINE 11 RATUS A tndiodil@Wacesagdent s of
pr esa]nsfctefl gl'lﬂ”ﬂﬁfsfi)ﬁlaﬁd, téledshﬁdﬁ agiu gy stgi’lfbrmsafwfdmdxdh 1&&@I§Emtpﬁetxﬁst he

ci rcunference_ 9. e core. w n 15 appropriate esi ve. ;Anot her

pr ef erreda¥%b?‘f%§?%° A "r‘ré%%%ﬁa\,\jr%v%%/eémfsorp?ﬁr §5eg OpP&?f‘?P&oPrﬁni ts of a
powder m xhorganicasndsieengral hianfiilrmnddatedidileg t hétheonposiitatedabgund
the cf rouptereasengf cbigieRsss, A QPRI R NGl NGPNSEIIE O or cate and
attach th segmanlf1 , I'nsitu ?i . €., Cco-sinterin 0 theée core and tThe rim.
A co-si ntethey processing pies knewh figr thekimedaduiomge a@idi ndi ng cup wheel s
used 4 bagKerhBHa¥eie" Sre8tnsyi Be Maditd 1AMt 1S Wt BeFobe ThE

abrasive ri'mconponent of the abrasive tools of the iIfivention can be a
cont i nuouBTEPRIBY andi 8BhREYHEDus rim as 25 shown in Figures 1 and 2,
respectively. The €o6li ahowhd abs ast bend | MUTRbIGO I E mehe iaaddywve

segnent, 0 | east _two abrasive se nts, .sintered s ratel.y in nolds,
and t hen ?%?:lﬁ‘/?dﬁrél ?f/é%uﬁ evél?)}rl]s% récg(r;{:g}ee Ejvc\ﬁttehrﬂ-'ziL atl(t:lé’r r%%l%ﬁusc?d’)t({lee bond
(i.e., a bondestaeheratedheytkhperspesrdopmdunrer eFhdudong 3Wsgr i hdivieg at

t he L i . idipg fac i call
about? so- 3580, SEATFELE SLECIAR VT SISeR WiRegaost B e
manuf act uveryf hbahagngebar Yeboshieh negfirthtts) asidevee tasgieatialar e

tSﬁpar alt edcayrgbet §p9éd9§?§wé§ht@@ andn B e, Nathe MRS nRid e 8d Al ong 35,
elr en as I n

Filgur es. | PFESEPRRcPRFRPEt FETERION: Hoh S Cqife MaRRa o o8 Sy E gt
meant to kihvehtibe Lypess ofPéeoh®/g.
30 The specific strength parameter is defined as the ratio
of core material yield (or fracture) strength divided by core
material density. 1In the case of brittle materials, having a
lower fracture strength than yield strength, the specific
strength parameter is determined by using the lessér number,
35 the fracture strength. The yield strength of a wmaterial is
the minimum force applied in tension for which strain of the
material increases without further increase of force. For
example, ANST 4140 steel hardened to above about 240 (Brinell
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', - 1 2 JUL 2002 HD-3561C designs of the invention, e.g., discontinuopsyi 2002

rins'nayF§§_§§gﬂ con | A wheel s and continuous rinms may be used on cup

wheel s. Fo I gh speed grinding, especially grinding of workpieces haV|ng a
cylindrical shape, a continuous rim type 5 | A wheel is preferred.

Segnent ed cont | nuous _aprasive rins referred o er a |ngI contlnuous
abrasi ve ?Fﬂ?ehnhﬁﬁdaa565$§¥ﬂg?%r a%% Th FKGHY %t eat er

ease of achi eningsaeéliuiy alooud, 7p$ag|,é¢m3shap'hudurnng epauiad:buse::eﬁgﬁht ool

frommltiple a rasiye 0 Fo | ower grin . 9., 25 to
60 m sec)? gﬁ%?%?lons %é%%g?gﬁfw %rln iFig Qﬁ 5?§§é CSEE ﬁn%gHW%ﬂuTIat
wor kpi ecealldiscoRoFnesaspier abl 2024 meM( e70'U3 ,anhatle i Mhedthaghewe i n

Figure 2) hape preheabesd. t§e§ey§e1§wa5e&@e§éwem&ye 'a%cﬁfd tiRlhdyve | ow speed

surface finishing operations, slots nmay 15 formed In the segnents, or

some segnbAPElkaySbECREEhe Alghew Ein r'?kPﬁ‘%t'o 359‘6 MBR eV adfumiganme

material whiePsCREVE §§waa@ﬂswy M@rm@@ez suré/aﬁ@ aﬁaetﬁﬁéaékuebit”h
conmponent contai ns su agra5|ve rai n_hel d |q net al natrl bond,

typi cal | ySP8f HCp§tE H‘EE i AZrame ’Fn‘?(ft ot il bR 5Aer and t he
abrasi ve giganium alhoyd drdignenzé o::mmmluid@ atebidaldh el Aabaidatiedp & cof

t he asjye_ rim.or t br ye r| qygp Ehe supeq abr asi, rain used
int Q{abbgnga rlﬁ? py %0 5%% @% éﬁg Furaﬁoaﬁalgﬁﬁgﬁetic,
CBN, and 28rcoabi nati ons of these abr asi ves. Gral n size and type sel ection

will vary depeqglngobpofatBes SRLIAGI R RIS ARNKDIGGfma1 BAdiA d uhe Of

grindi ng process exanﬁ , he grlndlng an Ing O sapphlre or
Al Ti C, a SEPPRHAEUERTTrERE ﬁds’r&etl'r*%lr@ﬂfbd HHAMe ol SED niddte 5

preferred OoOr n a i |ze of
Pbeut " 156208 500 Mus Mt ?{g%he?dd‘w%oq’ea%t%%o%g% %gwg%ggrgf‘ta size) is

generid | ylpbefieantd. ubed gnlglmlmrgllsmlemi)rremtsmm o gresim ki 2erasficmbout 45
to 80 mi Cagg'sesr hé 838908 Gitling e ggxfﬁfﬁ@{ ZandS Ori t

si zes axe erred Tor surface f¥nishing an er grit 'sizes are
preferredAiehoeghlﬁém?calumbﬁ@f@m@ Q#h?¥wﬁ#rﬁm%ﬁﬁn&ﬁvﬁﬁﬁQQﬁnﬂ?ldgerat|ons

Wnerf |ar98&1ﬁ?€“05§uf@5t rn]@te[) | al n aERcé SHVYE K 0 Kdﬁ’a%’?é@lctﬁé ~5at~ 5802 As
a vol une percentage o e abrasjve r ools c rise 0

vol une s EBEF&EE sPYE §Pai flf)?&e?%‘hnéab{gs‘i j% high @Reeshount
of a 0 i abkénBihbeduenter fahcharve ng Rehes ﬂrtes&rﬁﬂ&s drwmmdthafuiafabllee net al
bond 5 matrix b d a nd f| r to increase th rat.e of the
bond. As goPﬁﬁexﬁegggnggge %?p%)he rltlﬁ‘{igo sneecn a}ﬁf}ﬁghq‘lf(felne natfo&e used
at 10 to @Baldtvneteglpr éBepubferuedio 35 volune % Suitable friable filler
material nust ?ﬁeCQBEQSE%'EQSm@MtSH’fté‘l@éE‘g}ﬂ%fWé KR TSRl el i e

properties to 10 survive the sinptering tenperature and pressure conditjons
used to nhR8f REEEPBLt ABVEBF A4S vES sR PRI A5 A ans dH@emouatgshi t e,

hexagppal cRoROBoREL T ﬂesebméheedcebmgvepbﬂﬁeﬁs ék&iﬁsp@f Fipphel i mhe
syenite, unlcg cal ci ned cleybggg glgg her es éh rﬂ% %;IOHS Hﬁereof

ar e; exanp gLeof Dagep Fentra mount ing an ar
of a power drive (not shown). The abrasive rim of the wheel

comprises superabrasive grains 4 embedded (preferably in
uniform concentration) in a metal matrix bond 6. A plurality
30 of abrasive segments 8 make up the abrasive rim shown in Fig.
1. Although the illustrated embodiment shows ten segments,
the number of segments 1is not critical. An individual
abrasive segment, as shown in Fig. 1, has a truncated,
rectangular ring shape (an arcurate shape) characterized by a
35 length, 1, a width, w, and a depth, d.
The embodiment of a grinding wheel shown in Fig. 1 is
congidered representative of wheels which may be operated
successfully according to the present invention, and should



~15 friable filler materials. Any netal bond suitable for bonding

super abr bv§€6?8d having a fracture toughness of 1.0 to 6.0 MPa rfi2~2UL 2002
preferab?@ 0 4.0 MPa~m 1/ 2, may be enpl oyed herein. Fracture toughness
is the stress intensity factor at which a crack initiated in a 20 materi al
wi || propagate in the materjal and le d to a fracture of the material.

Fract ure Potghfe¥ierved 3 bYRtag: K r(L@erqmge?me(tgllpzyar%ép@sKl~ i's
the fractpse éegﬂeﬂeea g ndfng hﬂlééI@S@e@m’d i talbfd’ deidiiRle @-C 1S

one- hal f of t%{g ¢y ac | en th% Ther e J e ver.al Vg& hods whi ch may be
used to dBREPHTNENEFLE (FE PUGRIEE S 1%n 'e ARSI ESep where a
crack of knpenghi tleascone i sndbmergdEs betvtdzm tmtsemtteMealae@mdxttshelanal
stress; | oalel o A0PLACILPILL Ve OSBRI EL | JIACLULGS o Hi% ShlgSq Q! Mracture

and crac eng h are su ute Into ua 1 on facture
t oughnesscoxecal Bpéntetes eor ggaps hare rmerrlenqa)u@westp @fros:tie@l piag habout

30- 60 Wbat81cgndﬁétaEHalﬁﬁt'éoa@ﬂ@tgﬁ&ﬁﬁfﬁﬁiégnézadg Eﬂlfdﬂyé M lellighgy 1S

about 4-5 Mpa, ml/2, and of zirconia is about 7-9 Ma, 2) . To optrm ze
wheel |if@eBREs gRVAY ﬁﬁo‘ﬁeﬁ%r?\%ﬁﬁbe I%H'él%cﬁeﬁ‘e\ﬁéartha@t &hengore be equal

to or slighitN bbobetaslenalhe m;axoy@d et@fpxtdl.%cﬂ:brt&ﬁzl \R @ dtruditiirag
grindi ng ggeratlons Fillers, suc (?t ehmentlfoned abq , hay_ be added to

the nétal EH3RASTSS 1R r ERERUGH LM éss'te whgedseic
12 J U L Z882alkpdpeget pates ntle rvedﬁtlpaedqe dense bond structure (i.e., less

than 5 vol e 400081 Ya8rge PESHELELd Gpiatls Mg atehi gl Lamoval

rates during gri Adl A UsE t he e bon
i ncl ude, 5e@fu©n€1$e0ﬁopr¢$ﬁl<’é@ded Aimgrhian amilorrélreram;tmmnd lténes pider-ass) ,

cobal t ang,}£08, s@&ﬂeﬁ@@' £o A hOVS] A M XNEL Y REY §%fe cUi%S%,lfﬁ%%ﬁqS

optionally may be Used with titaniumor titanium hydride, or
superabr asppeopehst e vadlesive. ammmmmmmmymnahnmmbl e of

form ng a, I nd t he
bond at thlg@ég{r'ggcégr i?ﬁeéé%'ger a[)@[gl Ve gr arn ungjer%%r()3 sel ec ?c'& s%nt ering
condi t i oneft abxaséngt Geain handrikend bomil diowr & heStaamppesri tgom @risomd the

t t t t I d
| nteract | gngcthrbrbhll! o GBI HGRe | O5%d Hpg a;aal | HRLUP R ARG an

shortened too e caused %/ 15 prenature preferred
enbodi nenéreatenhangpbpbsagh Fhen segeenes ol imredt ik lclorepm $&s Hmtegigy 95

vol u % t eraply, 6 V. O/ ria
fille C%%?I ses§ 15}1?%)5% 'ﬁme Yo o? %#Pe’gﬁail vrgoclrélrgr% 0prJ)’P‘ferarl?%lS to 35
20 vol umefor wakdnyt 9u§£a@ﬁegm@¢nmw el sremd dFodarkignizidned at a

maxi mm O&aﬁe?.‘gl HAB ¢neYsi 88 ﬁ@P&'f@&#ﬁf‘céﬁsdé}? Abrasijve segrrent The netal
bond preferab éh?as a Knoop hardness of 2 to GPs. In a preferred

enbodi ment of yﬁ@riﬂl‘d?l RHP nePTRRRERE R ttﬁte c?d’rré‘qlé’erm‘&?é’ of &kenum and

the rim cmﬁtranesoa baﬁnze boammggoﬁm orm;mpesr mgngirnmmerﬂng B&/sﬁf) WB .
t on ition o wt referably

to 13%’dwt SQ’OW leh ﬁ’d?ﬁs i A % R AR ST I Shos pHiatsu 2 W Yowder .

Dur1 ng maah‘rasweermh nag abmpsise Gfe sEyraies sdm\are:t,alorp(am@reasm:f th| S

conposi ti Q{Joaésrab 99 %gmeﬁf@g L9 400 G4 i de eﬁaﬂxﬁ&éﬂzﬂi fi'ﬂo%y*s i

abr asi ve grain, rasive rimsegnents “an smtere or enS|f|ed

in the ramgdlmdneélssmoup'é@dzentehescm w:votfyuéeltdl%m@q‘léef dvaddliey darnidn
pr ef erabl xlhew ng eoﬂangthmefaettheaeémﬁér%ﬂeé%ﬂé&ﬂd&@@tdlﬁaﬂngdensl ty

0
Co- 5i 1 or PROGHEE) AFaRlFaBPEEIRD BF oBSsSed MRt It SALA THOEGHE | s
poured i ngeiadshgekabel de@pdc81ly about 50-350° C). Discontinuous
abrasive rims, as ghown in Fig. 2, are manufactured from at
least two such segments, and the segments are separated by
slots or gaps in the rim and are not mated end to end along

35 their lengths, 1, as in the segmented, continuocus abrasive rim

wheels. The PFigures illustrate preferred embodiments of the
invention, and are not meant to limit the types of tool



‘1 ? JU 2002 BD-3561C cold pressed at 80 to 200 kN (about 10-50 MPs 172 jy| 2002
pressure) ? E@r a green part having a size approximately 1.2 to 1.6 times
the desire PI nal thickness of the core. The green core part is placed in a
graphite nold and a mxture of t he abrasive 5 grain (2 to 300 mcroneters
grit size), and the ovvder bl en d ed t'o t.he cavi bet

the core SR§ERE 85[{5;‘ I’Ilﬁ'IVSP ﬂg’g?a%hrt‘g %‘P RIS Y r"i‘%t%a scf“?used
to conpacbnt ha wheaisvendndoneuahobendltpswdeysbd: ougdnd rscamzup hwidelass as t he
core preform raph n h sed at 370 to
410C under 20 4% %gslsggegoég%ﬁ?gﬁgb %ﬁ%&%gl%gﬁﬁx@m ?s known in the
art, the menrppnatcwehﬁruyngearerribéudupceb ghapﬂoan@ttmmlfm, & ypeut es;
hel d af 4&9%&%1153"%%%@&(3@ 'Qegﬁé eéa%&%@hﬁauera&raé QRPN Ng-

pressure to t ontents | ow ng hot pressing, e grap |te nol d
i s strippedefesrechevesr e, S@ﬁglpaPPnan\%@é’ﬁe@bWY%eTW tmcﬂsiefirﬁssﬁ:ed by

conventi Oraahgtlec Bﬂb@ﬁeint a ﬂLﬁbdsﬁQpébréﬁé Vo It e hawd e £ hey flesi ¢ ed

di nensi Onsp?x,l t, ol erance Sxang %mp be f| |shed to size
usi ng vi t PCPREY1GH; ﬁdFﬁB E@Pg onP2BNEF | RERPG ‘%1‘&’8#91 Wieiek R ters
on a | at heoomheﬁromoﬂxs&nttgaengbtbemer eegmdnu:sm of the i nventl on, little

mat erjal renova| neede into.i { na} shape. In other
nmet ho of forACh wFﬁerﬁaFﬁyggg'ngpggbg bét%’eeél t%de 'Qbsrea{si ve rimand the
core, mac b‘pairag1ohsboebp251ahéycgrenénnlgtché sunfaces l:amd]a"eﬂ'ethhlp‘rg dildto a
cement| ”glc,! %k%g'eggsor a4 EEHE&RHoﬁ%eBbrSQwé‘SPL{?s afk f%eﬂ%aﬁee te dlf or

mating an I ng_of arts. In creating a ther sta .
bet ween t Héolﬂlﬂnﬂénﬁlﬂﬁeecé eagei Prefayredgnmebr et e oy face icnﬂh'v\lletrw is

thermal |y -3Qt3tab! QnaQB@Sbﬁéebaghﬂﬁaééefﬁi@ﬁ‘ﬂiﬁﬂ dpe i AN R RIEF al
wheel _ speeds ed. Thermal I'y stabl e adhesives are

et abl ¥ t o Pgr lfﬁgf“ﬁg pPoEgiEsngﬂﬁéFﬁt u?EssT."f‘T(e‘T’?/g'P%“ e RhtEdded the
portion offrbh\ethbr &smveosagdemhsrdmoealedfamyté rovend é s Jg rwiici g dulice.  Such

tenperature 5 t YRL.C e bout 50-350 C. The adhesive bond
shoul d be ve 3 slt )rég'n a’ gggg FFEQ%gwthstand t he destructive forces

exi sting duri n@‘heolab)lrlaenvef rmecgmpqneng opeh inmosuheralyr adiergrgmadimg
operati ony, 104 21" macki2082n8D- 8 P tf&p%ﬂ t_ceenﬁ{% are
preferred. e-ﬁel'(prle erregl g)?y éerren{1 Teg‘ﬁ}ga 37 gr}gx resin Sabt ai ned
f r om FRok Biakamec fifs meg:a ahPndapavies apdi Fhedalam%vmemwn ray"ded ni xed
in the ragegighelO@oPgikIdr eaendbgliadpaué aad demsse SF Rild &fbra84Ghe as
fine silica powdzrh %g% be added at a rﬁﬂlo of 3.5 parts per 100 parts
resin to FAfr 83s&NEeAERPSVVECHSMt §99%EBhEnt s may be nounted about the

conpl et e ci r cumher enpexabrgsivdi ggamheabedoxnst;h@ralarqmﬁé atincintzpurdeer ence
of Lthe COLg: Wrbh i8nCBTERbNAT RaPRERTCLER Qlnl G [IP! Alnfor ey MY be 10

sandbl aste to obtain a ree’of roughness p i or o at achme of the
segmed?$s. th@lmﬁltel@@ﬁe@fep gyecakhrpsivesappbratn tdlzhanhdyrthd bottom of

segnents Wahektaos m&ut '\f@?f?ddéb@idaﬁ!néhﬁpéﬁr €ns Uhst @Al 1 3¢ | phdSy ddl
| ace during_the cure, The epoxy 15 cenent

Fig. 1 and chani cal
|s al | ovve&“gg E’G é'fYPé & gﬁtmfiEJB PEF?ﬁE?%tur%"ﬁ"o‘l"x@‘ﬂm’ﬁ)«.Jsz‘1 91§ owed by 48

hours at @Q@hdlagalanag@oaﬁshhagceﬁeahpﬁhirego:eun'riﬂc,arhd dyerahtafivd he
segnents is nmininized during cure by the addition of sufficient filler to

optim ze UFeip $d@si FpneinghérepoRy teeABht MiQUOREERES s borrf exrehgt h may

be tesged Ry FRiiMdieH lomeet ad6&ehar aki gnpefafh‘éaéwé ggfhlﬁssizse qope to
measure the burst speed of t whe eel s need denonstrated burst

ratings eV &t 6 a9 8‘&§F°§‘?EeﬁFsT§9n5@n%?%I IEbht TSP eRBANYual i fy
for operaigrar widen dr I’g&ﬁblr}ﬂl&ppblré&blrﬁea5 SRHLt §yr BhANGAr sis) lédh N1 s
t angenti al ntact speed in. the d.S he. abr asi ve t of the
i nvention™ &' gl"tl cglrgrllny S&éa ghe E’ggx éseg?sﬁg mjg?¥?f8?thegr%ngé)4(?n§%hl ng of
brittle meo®r igalis) ,sdiehgasneadlaycpdeferanic nBimeragsit ghosss an=
35 preferred for surface finishing and larger grit sizes are
preferred for cylindrical, profile or inner diameter grinding

operations where larger amounts of material are removed.



‘30 cqnponents containing ceramic materials and ceram c conposite nati ?I
The tools %Qﬁ invention are preferred fox grinding ceramc materi ﬂsULZ%Z
|nclud|ng Gt limted to, silicon, nono- and pol ycrystalline oxides,

car bi des, borldes and silicides; polycrystalline di anond; gl ass; and
conposites 35 of ceramc in a non-ceramc matrix; and conbi nations thereof.
Exanpl es of typEcal VRdHRpi BeEcAREedgeaPs e | Aras e m rrdte tqqlnated to,

AITIC,  si Ebﬁ‘@?labt b' ge, t8i thOBlQMé{n%téﬁﬂéralé‘%@@ix}é U num
oxi de (e. E hire), boron 1] Jut 2002 H[i 561C carbld
bor on n|tP| etot tHﬁﬂHWﬁdeor?‘d@m‘aﬁda'ﬁPW n%?n"r‘u?lﬂa&é]) k¥&¥hmosi tes of

thezedceraat@slaasrlmhhgaa ReFEAEBs NBEAE . TRAL | h&O PO U Hed metiCh BsnLenent ed
car pi S

Eithers 5 BRRGHS.CPoYt B ARG B8 BPORoF)EISr 58 | 1 HEF SAR G SAF D% ound

W th thesefl rheobeddabr asi sevbbons. théneagé\ cbf;/pﬁxeafrﬂ\ermgnnéxhe g ity

of the cera r figlgnc at ease
as the perl P ngﬁ s(heel ué%ée% ¥‘8 EB %?l g%hgpq‘llér.li\%eerﬁ%%% ]Ilgq:lchrchr eased
;Jp Ito 8? ?@Quﬁéai. g_osﬁﬁfﬁagléhﬁr@&bﬁéﬂ ﬁlDBéiSPAE@fﬂ@adant usd ng the ?br aEi ?/le
ools o e _inyention are ce c engine val yes and rods, punp seals a
beari ngs SHBrFF[\éFFﬁaga gﬁt £rh gﬁ)ﬁl tF%E'B?]f san%é%\‘?%lt%a} (ﬁ%’ﬁ LG or
nmet al1d or B'ulag;weethacsmnyecmngonemperat/useuaindl|;szpéssgumd notovdsi t fdred uHeas s
for 15 w r n %@E cthl c rts, and
ceramc e pggg?gcggegogggt gb%Eg?%‘ﬁ?%%ﬂ ? |m“?A§a (i QJ e|De(;alon

waf ers, AGTﬁEhéthsheKéaénﬁl b@rﬁ’éaﬂﬁtﬁh‘éﬁetlﬁ@l@ad@rw sﬂm'sﬁ-‘q*e‘eﬁles

Unl ess ot el Wsp8r, ng?ﬁE@Qneab{/eﬂﬁﬁés B PE! calt agesd id1 AP 4l ng{lQJsJePW' ng

exanpl es are by wei | es. nerely ilTustrate the invention and
are not i APBRYEH- tanil ﬁP[“biLH@t?-ﬂ BntReheoEx At eXamhesidf WiRfdls of the
lnvenisonfw@aﬁlaremaued matéheaZB formof 1A1 nmetal bonded di anond wheel s
utilizing the gaterlg i Sn procg éf g rlb d bel ow. %}blend of 43.74 w
% copper powdefPYDEREPLt PRRRSSYP haRTe ’?%esu-l% LB VER AN bt ai ned
from Si nt aaveal hnteaaahranabuyhﬁk@alag i:ompto &hentpa-wvYy; Frgﬂey\ﬁﬁﬁ)'iO
phosphor us/ copper powder , % pgrade 1501, + 00/-325 nesh artlc e size

obt ai ned £r8ntRet- eMBayn |.n@aczroﬂp@a@y\plpyleﬁlehgmmPA)‘raahursotoQghxxe@e| n
powder (grad 3 Of um r e .Si d from
Al can Met %? gg\%&?érlges?n%ﬁtgﬁﬁgtgb ?ﬁ/egﬁleév Jerls@?é &1 kfelzrgirtedatg% '}%
abrasi@e BBtgraph m@ grppagatzé spnt:h@tm@t@r rﬂﬁcbblteaad]etd: fa cﬁua@mml

El ectric, o¥OEhRi padteria®hi oirrwlasuaédesugﬂnéé\@ i@tétpﬁwifcf 4 end and the
combi nation was m xegd,until it was uniformy, 12 ? .1t L 2002

BD- 3561C therﬁ:le‘d’f)'fﬁ hilgt'ut e ‘Mh%l"%l aced |n a gr aph| te rml d and hot pressed

at 407Cf it 0 M h a
t ar get dené‘i 31?7:’ in exfgzascgctuo 8%&&# théorétl r?ﬂ%u#%éese% rlne%i\(lgegg , for
t he #6 whéehcused,i and ¢ is one-half of the crack length. There are

25 several methods which may be used to determine fracture

\ toughness, and each has an initial step where a crack of known
dimension is generated in the test material, and then a stress
load is applied until the material fractures. The stress at
fracture and crack length are substituted into the equation

30 and the fracture toughness is calculated (e.g., the fracture
toughness of steel is about 30-60 Mpa.ml/2

2-3 MPa.m'?

zirconia is about 7-9 Mpa.m

, of alumina is about

, of silicon nitride is about 4-5 Mpa.ml/2

1/2,

, and of

To optimize wheel life and grinding performance, the bond
35 wear rate should be equal to or slightly higher than the wear
rate of the abrasive grain during grinding operations.
Fillers, such as are mentioned above, may be added to the

metal bond to decrease the wheel wear rate. Metal powders

8



"5 Exanple 2: > 98.5% of the theoretical density). Rockwell B hardness of
the segneppsypgeeuced for the #6 wheel was i08. Segnents contained {8. % 200!
vol. % abrasive grain. The segnments were ground to the required arcurate
geonetry to natch the periphery of a machined al um numcore (7075 T6

I 10.0bt f Yar ds. Met al T b MY, yiel di wh
W ih an oLFBATAYaHE: BPFBr AsBout eSS Arientn a e B ge  Firokesthe
abr asi ve shgnehftgodunmd ¥hpoadantylnaxerprererad dememdw thl ghexi | i ca
filled eprgxge%?gfngeag%fmfsgg h&gpy% %15 ﬁ"gﬁ adhesi ve, obtained from

Taoka Chem ca s having a continuous rim
consi sting of Mﬁterpaésabsaﬁuil/ellse’gln@nn%talrﬂmmbmfactthQmmadexcloxfdet,he core

and the Ssgg'sa Cﬁgl’:el@ﬁgﬁéésv%’ apfo A0 dl Asdead diy 1S %161% ate

adhesi on racterize fhe nmaxi num operating speed of IS new type

of wheel , (Ptppssi zeohAdE| andet EoPur PR e n al kaydand a@mtmarets@ det erm ne

the burstcgbresgth @Hdséaﬁ\eeammﬁymm}atmiw B & PGSUH It a3 U &
Nort on Conpany, maxbgam‘ggeratl n&éapeed te net hod. The tabl bel ow

sunmar i zeb1ERAB1YY eab* d@ o?ulP‘f/’fﬁ sIiXe fRast e He3393 nm
di anet er expeven:eahal canpahebmnadamﬁfé:s cédighblel of Fdimind0@2 BRbIFe1C

VEégglr]\}iﬁneae{)Bur gﬁﬁur st %ﬁl %g&%? er{'éﬁ%ége%% ge(?éper A (':ambﬁnﬁicﬁ)t( ms

) Speed( sf phi(emxfaee. gﬁ995@2€napan@lzmm& anastmsgrmgr Z@@%ﬂ&&t@%415104. 8(
15. 47) 739&3@52%&%@%&@51@&9 1¢d 5s¢fa QAk I h3RR0 bt &1 - 46)

According to these data, experi nment al grl nd| ng wheels of this design

will qual ?F?OPSFraﬂerE/Q?P‘énh‘l‘t%ﬁ%‘éﬁlcﬁbs Yot o L ts peemakires Josgc ©f

feet/mn. yrathohgA QBLkPLE6820amRGE lendf skl eheB d¥1a 1680 RRUERAI
achi eved Eﬁ sone _further ﬂ'Ddl fications in fabrication proce~saes and wheel

desi grs. BXEMRFBTS & RhBi hG®®erf or mance Eval uation: 10 Three, 393-mm
di aneter, 15 nimt &i pkeféﬁi‘ednemb@cﬁxméntbomfa tk(el&zh&*aeiv)e @iw) itheX niztian)

experi msn‘tng{: Ergt gg?\gggggg §§:g£rgnégl ‘?J[‘ﬁma dens or qrflnt(g’SRT%the met hod of

Exanpl e 1, I Ng segrren % of
t heoreti caref#sahilygﬁogt% 8¢ . b heolwmne chl  dihee #[&Jaxbl% 5 1heqf comporisteiscal

density) 1§ werssteéaﬁﬁleferosrtn@lasrao@w@rmncepréﬂyﬂabq' tl%syon@sat 32 and
80 me establls ed wheel #6 as_the wheel_ having best ugrl ndi ng

per f Ahan¥elyme: ke t RPERSLEYt REUERE a‘iq_t%&ﬁ'&q%t n%ﬁ’é@l accept abl e.

(Testl ng ohathegling&l WBSad@agighm!tbf €8 EFRGHS ¥ Iy (B2RFaHpiBe oF6 NS
11, 000 s

, 80 nis 20 (15,.7/50 sf QmTer ial prior, art
abrasi ve Lgﬁeépr%wﬁngﬁ%‘@an?m s et %iﬁm%éfc? ?&F?ﬁ%%@rl@l?pser ved
as controhaweebs aﬁdztheyBV\sPe tested along with the wheel s of the
i nvention. One g %Ofaikghegml%&‘ﬂﬁélng' %ﬁqﬁﬂh eeI
obtai ned from to rrpan‘)éZ W)rcester an e ot vvas é resin
bonde?p di léhrﬁnéo%«ﬁeéls rade 20R4Bken ‘Hlﬁaﬁlﬁbdlqm’@ﬁﬂﬁorat M%@@pany,
VWVCGSterboﬂﬁ)maaé frém2cdppet gﬂ@ztfﬁ>§$WHéis (80/20 wt. %), and,

optionally with the addition of 0.1 to 3.0 wt %, preferably
0.1 to 1.0 wt %, of phosphorus in the form of a
phosphorus/copper powder. During manufacture of the abrasive
30 segments, the metal powders of this composition are mixed with
100 to 400 grit (160 to 45 microns) diamond abrasive grain,
molded into abrasive rim segments and sintered or densified in
the range of 400-550° C at 20 to 33 MPa to yield a .dense
abrasive rim, preferably having a density of at least 95 % of
35 the theoretical density (i.e., comprising no more than about 5
volume % porosity).
In a typical co-sintering wheel manufacturing process,

the metal powder of the core is poured into a steel mold and



The resin mheel was~tested at all three speeds. The vitrified wheel wag jy| 2007
tested at ﬁ $0(6252 sfpm) only, due to speed tolerance consi derati ons.

Over one ? ousan pl unge grinds of 6.35 mm (0.25 inch) 5 wide and 6.35 nm
(0.25 inch) deep were perfornmed on silicon nitride workpieces. The grinding

testing conditions G i ndi ndi tions; Mchine: Styder Ginder
Model $40€ Qﬁﬁﬁ?m@p§5|?9c%?|€%%lgnggg) MEsHPIESWE, M0 Size
393mm da. asehes, gtbenmpahi Chkaresisg aands il2y arppﬂ‘m&madﬂigell Speedl .2 tinfes and
80 nis (6 11000, and_ 15 Jddver 22 60% qi l 40%
wat er é‘gﬁl %ﬁ?lﬁ?gsgﬁg%i g’? palg%lgkg c qVEltéIﬁ‘l 2B HRE b AT RES 5% Vary,
startlng as placedsis/ angtpBita3nedd/dnd avrictivateerdfaltheSiadhgiveds made
of NT551 OR,NLLT r nggd r.ani

Nor  hior 03¢ 30205 105; PETFGReene QIO NARY, ARKTRS B M, ¢ i

| ong vwrkpspdea bjend hpsa@dtzdsmn*;m comstightbaipteersithe iqeyediandettde 25. 4

mm (1 i ncBheder mﬂ Bf sbhél GPRHRI te Ondha ML %&‘Sclﬁzf *Pm%f e PR 3%3

requiring trU|ng dressing, conditions suitab he “met al bon
wheel s of cPRBag véhelelﬁrae%%e R PRt Thend crwwdm%?emo $5&1 @S (obt ai ned

; (r) g(r)n Nort@m@;aﬂagsyhtsv\bﬁel lccsitréepr?lﬁzr@m drredTef @ipHif d lﬁk@l%)come\ﬁvt%eow larepeed:
r m rati o rel a 0 ee Le

e (3 SankerohabnbZersra sEonss 18 diFad fwﬂefc%eﬂr“’% S o o

3702on KyréSBuﬁba Ebdes tanto Shlmktéhessllmgts‘LEknOWn Hmaﬁﬁalart 2theU L 2002

Tests wer 3y, Mt t e [ g

grindi ng ?ﬁ@sé¥?ﬁggg h?Yr YLéﬂ%éaQ%% prégervéﬂﬂﬁzﬁiest q% ne§§ of work

material WikkRhgsgrhaddnat ¢he°@efar ik (Wimites)) aranmeasade gradyaldya

chuck witBr28pr el 8BbeY¥ng ShedButd-dd 4hd. rﬁol%%?ﬂﬂerft@ grinding. Each set
of pl unge gri ngggfsts st rted fromthe far Fﬁ}ﬁOf eaclpjnrod First, the

wheelltade a 6 ﬁi‘h”("i/ OF PYeRF HAT nlh'S SRR YEL MY I8 BhFitaPedept h of
pl unge t ofeomptheepant,t eheé. pdhe wrdooled veasd tien pertadjsufied shed by

conpensat g for A S S 10 t.o reduced rk di aneter.
nore sim an Enére‘%?v\g?gﬂ%e %? rrecg )ng d#gear% abr?solcvae[ |rol|’1“ Vr%%ﬁ‘et he wor k
di anet er ﬂesmrea dimengiona: yndot6lSsamery 1/ Fdomn gxanfhe wde peas triagn

ateral typaoyediGnda £8) 6164 h8idg CYOSPLe {ds (IR AIM irike1 P B OF M NEX!

t hree plunges our teral nove
20 grinding machlnes or carbide cutters on a lathe.

When co-gintering the core and rim of the invention,
little material removal is needed to put the part jinto its
final shape. In other methods of forming a thermally stable
bond between the abrasive rim and the core, machining of both

25 the core and the rim may be needed, prior to a cementing,
linking or diffusion step, to insure an adequate surface for
mating and bonding of the parts.

In creating a thermally stable bond betweeh the rim and
the core utilizing segmented abrasive rims, any thermally

30 stable adhesive having the strength to withstand peripheral
wheel speeds up to 160 m/sec may be used. Thermally stable
adhesives are.stable to grinding process temperatures likely
to be encountered at the portion of the abrasive segments
directed away from the grinding face. Such temperatures

35 typically range from about 50-350° C.

The adhesive bond should be very strong mechanically to
withstand the destructive forces existing during rotation of
the grinding wheel and during the grinding operation. Two-

10



15 perforned on the sane aide of a sanple to conplete the twelve pl ungiemomm
one end oé agng The sanple was then reversed to expose the ot her

fox anot h8P ¢ e grlnds A total of 24 plunge grinds was done on each
sanple. The initial conparison teats for the netal bonded wheels 20 of the
invention and the resin and vitrified wheels were conducted at 32 n's

peri pher apaspeenosy rheée favental arenpyeferreds (ARRSLgrved Byeki natel y

3.2 mB/s), gmagl TE%%BHQAE@ H‘I‘)l%pggrgﬁcgn%sgﬁ JtBbgaﬂHgésfFB?g('}ana

in3/mn/in abl e ws the per nce differences epl cted by
G rati os, CBEmarraihg t Hepahd eeaddf { es emedifped ahindduldafarey mawelbe pl unge

grinds. e:l.s e S r ver
vol une of Eh 1\%/\165311% ?Eméa{)g 2%53%%&%1{&/%#% gra eéﬁtrﬁweﬁpevr\lgeel had
better5 G Fatlnlgg.t puAht Be Rigeadélieai poverl maythe addpdratma elfatauo rceﬂmval

rates, SUQQQSPh?gs3gokh§boap§9ﬁéefe&@ﬁeﬁopfﬁéf%é@htﬁﬁééﬂt'JhéHd
ceram c workpi ece wever) har der, experinental, netal bonde mheel

(#6) was ﬁasmgnﬁér Mgy Ps MABNERd| APQREeFha erRpkets 1 ¥Rt sRNge Af al |

mat eri al emﬂahgr ahesl Eabég 1o§h9V\§a£b§aESéif@\§rﬁ*£’e£ér[@élc9§ i ddye resin
wheel 35 an newrre Ezﬁn ed wh #6) at all terial renoval rate

condi ti on¥? élﬁgs Fﬁ@FB 6 ﬂ%ﬁ%ﬂ?%ﬁ?e e el F%ES WY € gri nds at
each mmt esaaliblasnoedl toabbthdn hhdegeteal of)omlmghm&ml r:ao)sytrﬂ)ol ic value of

0.01 ml 25. Vi D- 2 2 ar, was

gi ven forggaéﬁhg\ﬁmﬁd%? hg ggﬁégﬁét ;T En et AR et Ha W0 hough
t he net al abphdedhtel tbe P—hém andnboopom opf afe@meIves dfvlamincalcmncent ration
(about 18,43i¥9bLWER X+-BRAASLHE S5ALNsubbfaht'fa P ast EhSARIMENPLg and the

resin and V|tr|f|ed wheel s were 100 _concentration and 150 concen ratlon (25
vol une % ang BechbapiraddYodielieciperlge| JUring SHRFURS - t HEG RRIHY on stil |

exhi big edcempati a6 gnuadeagtaeeﬁﬁé meace. , At tHese tahfdtatgy aidr 24
concentrati ons, one wog BY ﬁect superlor ri nding 10 perfornance fromthe
n

control whHeNFE EGALgMR BREFS vBF URR G of Odr &NR. CEREEL t hese

results V‘@'h%lﬁﬁe&g%&hédanﬁaﬁbeeﬂleﬁboéﬂ‘@‘iﬂ@ §é€g{f\@&@sfi§"rﬂhﬁn@ecﬁ%f’% ness
(W) data neasure nesa groun the t ree wheel s at the | ow téest

speed. Théuﬁévpﬁe§§evéﬁég€19p Ofsngglﬁa bEek &9 ot Yuhae e ght  of
the wavi nesscpeatiyl ef Ahk &pbkgceehentsh. data wer e nmeasured on surfaces

by cyli L pl th Th f
o meAy woul d*ReePaqanerianan ehFh el chech 4atR ¥ dkin SN ng Tabl e

1 shows theCdﬂEtetenonin4grrﬁd/mgnpomerlQOd@mmstmmmeaHunﬁ uhﬂlhanUnutarlal
removal h%éﬁf 8k Lhe bﬂ%‘é? whegl &?{Qﬁﬁ Jé‘@drc‘i*érhcﬂn sﬂ?"er power
a e experlnent

consunpti o n the owever nmet al
bonded wh&atingg @Hpﬁwﬁﬂéﬂtmﬁ@eﬁthaﬂa%Bn%a}em%%aEﬁﬂﬁﬁanﬁ%uﬂﬁnﬁaﬂt The

exper i nenggeeddeeb GuLAWiER @a@eapabéelaﬂwme@fc@@ﬁmti rapil f@.—ﬂﬂl@ c

di t t I t he f bI ti d
dur kst %ﬁ?&ﬁv&%@%n&%%éﬁ'vi%% (hEndRBE &L ot OReaY RRRS i WHE gencral

t he wheel §ndtetihstiameent i on denonst r at ed power dram/proportlonal to
materi al renov%hergg%§91%g togEE3g§1Ehgﬁ§%§%&t%bg gé%‘ﬁ%é%&cularly
designed for precision grinding and finishing of brittle
materialg, such as advanced ceramic materials, glasaes, and
30 components containing ceramic materials and ceramic composite
materials. The tools of the invention are preferred for
grinding ceramic materials including, but not limited to,
silicon, mono- and polycrystalline oxides, carbides, borides
and silicides; polycrystalline diamond; glass; and composites
35 of ceramic in a non-ceramic matrix; and combinations thereof.
Examples of typical workpiece materials include, but are not

limited to, AlTiC, silicon nitride, silicon oxynitride,

stabilized zirconia, aluminum oxide (e.g., sapphire), boron

11



Sanpl eMRR Wheel TangenUni t Speci fi cG Sur f aceWavi - mB/ s/ Speed-ti al Power Fr'}eﬁlﬂyﬁﬂl
ati oFi ni shnesanmmmi sFor ceW mmA~s/ mBRa ~mN

~1mV mReBPnd7838C2320. 48401 2. 8585. 90. 520. 8610406. 3320. 988413. 336. 60. B84. 019
808. 9321. 671399. 57. 00. 994. 501 0163. 2560. 494113. 1586. 30. 391 . 2210526. 3560. 9881

| 2. 90. 55| . 52293. 29923. 2BO0. S345| 4. 25B6. 30. 42| . 241 0646. 3800. 897411. 8293. 20. 6
21. 80l 004€ap8ide 32bapar. »bigGi e, 43itarsiin rdfhawich 3 a2’ R188EMLM 267. 30. 72. 5

06669. 0324; 77153317, 186 8 7 38 7 1. [

ool 400 BuEEaS, et benda BOLTHE it it ael ety s s 0175
| 9. 760510m&0a B4m3BY 2% 6q0MASHDEL 9 685D . 59 . CRISHE: &35 aRBEBER 3 a@@OM@r&so 74679
. 0563. 70299£§tﬁ@%&@r@ﬁo@é@é’t@ﬁﬂaﬂ@m a6l Rk %1%35% .38@% +Ba15324. 3605

10. 60. 85039. 0802. 5921023 460510. 60. 8 Wen grindi ng performance was neasured
at 80 S sSIABLE5ETBSERhnFEFHNLER £ RO OHATY Yrd difley Gegstnighdern: ke same

condi ti ongroth@ weshnchbeel improvedesbradivd tasial. Wiaeh kadncegpar a e

s mi 1| 5T SRS e bR R B, e e B rpearﬁtmarvﬁé%esm%e@lsg%wapéd at

i ncr easi nghé/R_t}%mmﬂihgubpé:BatldaDﬂﬁﬁﬁ@ée 2ad) the- p%&(ifpkie&ssl ohepar fs@remnce or

unaccept abl.e d wer_ dr, oughl y
proport|ongltggmﬁhggﬁﬁi§fT%Qg % %ﬁFﬂg |eve£ |§§ g@u 3% 47 3

mB/ sYGvm ( 28. 4Bmengi hhe n?erﬁnil?am%r@ e Qe émyemg@g Gihet wbrasiyei ndi ng
passes. |pgdbykdyal  ROWEAvESRLbAGSd BelRfit angtlm?e 18k ARAS $83), M emai ned

remar kabl y consi st ent. for the experinental wi thin each material
renoval rBYEP EHR %LﬂPﬂl}]oP%%’F’r%g%b%%q‘ vfe“dﬂqgr‘?c'ré%’s"élé‘ﬁ pORdr iasextecessi ve

grindi ng paasepant e, Carawbay ml@mdfd:henabsrlamdm;gfgm e firadteywheel begins
to dull or the face of.the me@ becomne Ioagxéd Wi t.h vvorkp| ece material.

This i s ofPBROBERES e ads Y ¥ ]f’h %he steady power
consuript i eindighbétdebsdooed and windaeh, NRRWatogs tahnel te\melctelglallnds

denonstr un e t al I aj.ned its
Sharp. cutPrEg® porifcbefehbe &{leddiftc LAMRAAEE Fnctifihg b e
Furt her rmleml'élﬁﬁﬂl Bg. tﬁi%l@fhltilwaef@é%t ALTEG Wmll Heademnigle hgads rangi ng

from?9. 0 guhseti® h0a8si ngﬁané\ﬁu,éﬁrgtghéﬂ 3 mB/s/mm (4.4 in3/mn/in), it
was not necessar#to true or,d ess t e]1per| ment al_ wheel . The total

cumul ati ve an®l S%f"%’i‘??‘&b‘ﬁe nt#d4 &l IPagitsu R PERGENtaAR Sedidence
of Wrml mar fMSoeﬂugvak&ﬁplé@ & my‘rﬁnenﬂjhu:m (T igxdmplles nfébr)equ wheel
wi dt h. a Be e %\I’,é'itl o for 10n00tc ct]ent %tlton re ;\‘/Ineel at
8625m’r‘33 }‘Iﬁmf‘ 8 erla F eV %&5@ &RE mat el y
583 afterlnvxeht/eomunges. The exper| ment al wheel shovved no neasur abl e wheel
wear afte | unges at 14 different material renoval rates. Table 2
shows thatf':"%%élj)_il | es ground by the experinental ' 30 netal bonded wheel
at all 14 natePPEPSFEﬂDV%?e¥%I%g FRE ntEY S Qb 1aTEh P reRRrEce 10 fhehes

bet wegn Oférm”bflﬁAﬂlﬁe&aﬁﬂﬂoﬂdéﬂ"dﬁdéﬁhd“Whéeléﬂuiﬂﬁﬂiﬂﬁ@Vt%%SS val ues
bet ween 1. The resin wheel was not

tested at mf‘ﬁ‘égé‘(“iiagﬂnﬂaﬁ’%??%?s?%n%%(frlr}ﬁcbgo r}é%” (0.8 in~/mn/in) material
rent ground byAthgkenédsofi abhe®d wadt seopmoe gowdeshel@edril ive FSugrbdeever ,

at about égtggglésémm@ﬁoﬁﬁtfzstr@@s}?ercﬁgglacyfﬁdSfx%n{ %@tn%&%r%&@f but

conpar abl and poof er” wavi ne'ss
International Marketing Corp., Ghent, NY); 6.24 wt%

30 phosphorus/copper powder (grade 1501, +100/-325 mesh particle
size, obtained from New Jersey Zinc Company, Palmerton, PA);
and 50.02 wt% tin powder (grade MD115, +325 mesh, 0.5%
maximum, particle size, obtained from Alcan Metal Powders,
Inc., Elizabeth, New Jersey) was prepared. Diamond abrasive

35 grain (320 grit size synthetic diamond obtained from General
Electric, Worthington, Ohio) was added to the metal powder

blend and the combination was mixed until it was uniformly
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19 BD-3561C 12 J U L 2002 Surprisingly, there was no apparent L? JUL 2002
deterioration in surface finish when the ceramc rods were ground with't

new net al BBoABédCwheel as the material renoval rate increased. This is in
contrast to the commonly observed surface finish 5 deterioration with
increase cut rates for standard wheels, such as the control wheels used

herei n. Opgeatkdr esThesmiletonst was eplaed t he £xperpherd aloIvetaald \Maﬂﬁl was
able to grind effectl ! 2 Whi ch ver .5 tines the,

achi evabl BXGPERI agtéﬁﬁaﬁlf%gyﬁg‘}l&}%% a\.'fsmg O%Oplséy ﬁoggnﬁ/\%‘e‘el The

exper i rrenhﬁhlmhselnaeaﬂxowﬁhlg Eéf@éttcﬂ‘éh&tf ti0 SIMA 6k tosat by resin

wheel at the | owe ed At 80 m.a \\heel Speed

S
Sanpl e MR e?ﬁﬁ@éﬁayfﬁg? %ﬁ%‘&l F?Em?d (%lﬁf'acéowen wheek jugedbdier
Ener gys RaEkamEnél gh Wosnsksém Ebeceh&%mwlnwexfhwm MRddrwdiasign 10D4
10.12.2 5 0.43 1.75 Met vent i

Bo59 01. 2%%??9—6%0% oté‘ilsi%%i‘?i% 1850‘3%&% .4 0heRddPP 39820139, 56
051D. 441. $48vdAls720B1L22686d2685719D. Gk, % abras:Lve grain. The segments
égojggglzg §§F0§§§§§d2§85éﬂe4§éq9?§9§2§r3§r£t4§6&9@9«36:% QS 4B 143l 43. 6429

' 33. 79. 0l pesdpBeny10fod1mashinad. @humﬂmasgxm895ﬁufnvHfﬂnmunmwﬂm 593729. 760

51 0. 4 04 1. 4 94944,
o5 27570 BE AR, SO ot R e M Cal g ety M IR s et 150,
Ul 70Q2 WhER 8peputed diamotarsofezbBoutihiy Whd @Jeirﬁegn(%mb@m wheel

speeds (Tehiexl), the power consunption for the nmetal bonded wheel was
hi gher than thﬁ1 f_‘\Brem n_whee of th mat erial renoval rates
€t

tested. Howeve raRhEe %e%%ﬁgg?rp??%ntkfeor HETHER SO0 MRFE wheel becane
conpar abl eseembledhwiyh| @sgilhaa fhhtedfepwmsy ceumel mtsttdre (I‘liagihnMMe

speed; of G0 19,0480190 2LHEL AJADEESn L AL6k2)en URIA] . i e Shoved

t hat e power consunptl on deicreased W th increasing spegd
gri ndi ng mekehgringéngavbeedf Ravibvel areertimugus it feanied atdgion otheel and

the eXperhﬂ?ﬂ&ﬁhe”ﬁb%a@@@d%ﬁm@ﬁ@b FENET o SN O CBY 1Y w3d g,

much of which goes to the workpiece as $eat is |less |§r}£ortant in grinding
cerani ¢ néPer FAPsSEARRTFA ﬁ?Fﬁd?iﬁ%r%‘?% 130 Ranablasted &9 dnawreyreat er
thermal shdbgliaty aBihtbgoseranic materials. 15 As denonstrated by t he

hverfy on. i he!BoRlR BSRSABEI Bhe Nt EBE" dUrT S 1 JHHATIL 0 TSl ece
and was atypsm aécwbeabbefhéWeBlZFowhthbse‘xwlm@elNBtSi:iurbdmjed wheel G
rati 0 Wasgegtyuction to determine the burst strength and rated maximum
operating speed according to the Norton Company maximum
operating speed test method. The table below summarizes the
25 burst test data for typical examples of the 393-mm diameter
{ experimental metal bonded wheels.
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20 essentially constant at 6051 for all material renoval rates and whéelUl 200
speeds. Feiy the esin wheel, the Gratio decreased with increasing material
renoval rates at any constant wheel speed . Table 2 shows the inprovenent

in surface finishes and 25 wavi ness on the ground sanpl es at hi gher wheel

speed. In_addit,ion, gr.oun ew ne bonded wheel had
the | owesEXREXIMEDY a&a%F%@gpﬁﬁﬁgehgﬁfg %ﬁﬁﬁp §B€%Hgt%né @t@&terial renoval
rates tested. the metalbonded-wheol denonstrated. 30

super i or mheelwhﬁ?iicoWB%?td t OP¥HRE cdnt PYFShhee~sBUrsh cont Mest- togthe

comrerci al cdntrpl elnfstdrtjer ermas 110 apeadfo t spe8g apdpdreeshgy the
experi nent al {wheel s dur nghthe ext ended qr tests. The Sége i mgnt al

wheel was sudcessfulll §" perhted at wheel ds up to 90 Exfinpl e 3
| _(sdfiped) (#6) (aye B0 [ sec

In a subsequgnt grinding test| of the experlnent
y4w¢€u?—g<anple,
at 6 sprfate-fin|sh

under the sane—epergt+Rg—ELoRg---aRs—as—-ase—ts
a MRR of 380dcn8¥nin/c%?ﬁ%§ achﬁéégd vmlpézgéner
measur enent (Ra) of 2ﬂ1545m{>3561c only 0.5 ~m[(12 dln) 1nd utiIiz ng an
Z 1 1L 1l aNnND by  Tho e o v/

aCCEpt abl e | gwvel 3 A59397 112 powet The—ohse Rt €
removal rate mnt%out su?f%ce déﬁ?@g tﬁe¥%85€§r 38&?? =ceig%I% has

attai ned by dtilizing ®@hetPodl of thelinventionjhas not b=en reportpd for 5
any ceram c natestat gl3'9|_|y'j My ORgLat T 4T WehiTgany CoyEEH T Frgsive wheel
of any bond tlype. Exanple 4 ) cup shaped a raS| e tool wap prepared|and
tested in thd grindilnd18f48agphire onla verti cal spindle bl anchard| type"
10 machi ne. A gUP [STTages; WEe] g7 8 et h1=525¢ THIZEGS IHUfzsrynr br asi ve
segnents iderftical ijn conposiftion to those used|i n Exanpl ¢ 1, wheel | #6,
except that (|1) the |diQfotfd Mas 45 ' fdicrons (U{S. Mesh 20/ 325) |n grit
Size and was Present TN I5 The abrasive SEgnents—at 275
concentration), and (2) the segnents sizes were 46.7 nn1chord dlength (133.1

mm r adi us) 4 K@dasrmann@et@m&hés%queeae Jﬁﬁé?n’ﬁéﬁ%@l‘térm&x apetesh &1 ong
t he periph si,de suyrface Rfé ng sha ed steel core hav central

spindl e b hﬂ’?e Redidd gralid A4d 5?’6%%%11&& a%%%ie‘il‘t‘}?\gt?
periphEranhudh7fGnﬂedudmsceeﬁegtyhahlmm/pHE@héB bpyramumﬁﬁisam@e&wcﬁh and

| engt h di i O a h f Technodyne
HT- 18 censgl % 9§Pn§ %f%%%i Eggdiﬁg ?ﬁfevé@ % ﬁgggQé kets and the
segment s ptoabefdqarttl@rxtShenpé@ﬂ@étwa&n@nzsrphesaelhesnd«ewhml pResdigned to cure.
The fInISQgQF&?%ﬁb reaenbl e~ the wheel shown in Fig. 2. The cup wheel was
used SUCCESS nd the_surface of a work material consisting of a

ri
100 nn1dléﬁéﬂéﬂn§éﬁﬁﬁ% e&magced EVaLPabGP yi el di ng accept abl e surface
fl at ness under T3@efegvarabimn diamdiceg,cabdmihi ohsclef 127 ath cceMRR Bsbpower

t |
CONSUTL| G SXLe IS 42 5l BRESERLER! Yo PoLSISH Merc oy
prepar ed wihele lsheagler asicps ddagnsat §h§e@eth©éd0f nEMLDe 3l bedlowwe ExcEpt  as

Qﬁé eg gil 211\%{1«,15@8 g%mts wl%ﬁs aVBkRs18Y- 3! adi use | @G Per S4B, iR W de
97.9 % of theoretlcal and #6 at 98.5 % of theoretical density)

U

15 were tested for grinding performance. Initial testing at 32
and 80 m/s established wheel #6 as the wheel having the best
grinding performance of the three, although all experimental
wheels were acceptable. Testing of wheel #6 was done at three
speeds: 32 m/s (6252 sfpm), 56 m/s (11,000 sfpm), and 80 m/s

20 (15,750 sfpm). Two commercial prior art abrasive wheel
recommended for grinding advanced ceramic materials served as
control wheels and they were tested along with the wheels of
the invention. One was a vitrified bonded diamond wheel
(SD320-N6V10 wheel obtained from Norton Company, Worcester,

25 MA) and the other was a resin bonded diamond wheel (SD320-
R4BX619C wheel obtained from Norton Company, Worcester, MA).
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BD-3561C 1 2 JU ?00? abrasive containing bond batch mixes sufficientZtdl 2007
manuf act ugs_%@Giegnents per wheel in the proportions given in Table 3 were
prepared by Screeni ng the wei ghed conponents through a U S. Mesh 140/ 1?0
screen, and m xing the conponents to uniformy 5 blend them Powler needed
for each segnment ,was. weighed, intrqduced jnto a graphjte | d, | evel ed~and
cor npact eﬁhg ¥RELGr HBﬁFhewgﬁgﬁﬁﬁFeﬁo‘Ftasa%\iar%h%et StﬁegescLsed gﬁ‘%d@%‘f d5
m nut es awhd8Q0wpsi t£280&3 AfEcBR)m/&pde28dadfpny), «egnertis wey esgeaved from
the nold. 10 Assenbl f. | .by adhering the segnents auto a machi ned
7075 T6 aFﬁ%eﬁﬁ%cgoFén\%égggﬁgg:gﬁﬁ'out as in Exanple 1. Segnents were
degreased, sanOwkasted, tbougaddvwpinngehgsinds aofl ol Hcann i (0 .QRbviitiady
machi ned o] r e | 4 i p ) i t jve, the
nheol Sas*od8nEne! IE’niégt_ A i‘?@?gbéﬁgﬁ’ge & dwﬁée;‘{je{fgﬁ"{e% , dif fid 1
3BondConpBs Eriea28vEkghecys) unBhSagpi ediish Fg sHhing cushitdraghiwed®ont r ol 49. 4
750. 010. 520. 0043. 71 54. 032. 260, 00( Ex. '

Snindong 7¢8 andibianga) g6l 8. 307. 5/ 2040( 2) 46. 5047. Ol D. 496. 0035.
7044. 141. 8G@n3iRe -5/ 2040( 3)Ahdad @raeed8¥0ae348@842N071. 7522.1 67. 5/ 2051( 4)

175330, 37051559 PSe1TREesHRTE™ 5 SOR2SORORCME ST Shgront

Conpasd ti on Vol %Banpl eBond Grzephi 130 IDmanBadePeroailby hBonhiokn88s0and | 8. 75<
5(Ex.1)~ (75 cone)(1)>80 17.93 1: 8§2/Z<@z.}gé 40(7.5 COri Q) (2)>80 17.93
. 88<b7

1.88<57.5/2040(7.5 0011C) (3)>75 21. . 5/ 2051% 7 . 5 COiC)(4)>80
18 . D7 1. 5/SPB4G: (5 1G58 8o mgs d625252819082( 2BACEATFA. All
di anondgr aigggged in the segments was325 nmesh ( 495 microneters) grit size)
except sanpl 1) whichwas 270 nmesh57 m cronmeters)grain. The di anond

concent r at IGO®Ya&Afel s ar egi VB SFEDW A @F9F idi 3RENAOE. WPERESi ty was
estimpd ed fogymaaits eraidudie :0f Di7or peir ¢Th Ukgpdmsegnents. Due to formation of
intermetal | jcalloys, 10 density of {eatsanples, often eeded t heqgretical
densi ty of MAEE s RO S8 fant Yot Ex aRpres B9 60 i i /8¢PRonfarce
Eval uat i on:indgnph¢dnof 280 nm di aneter, 29.3 mmthick, 228.6 nm central
bore, (11 i in X i i Nt r:ati I jte
filled, exyez)rflknéﬁl%%ls%g'ne%f%@m}(lgéé\?g 'ﬁn%@edoa%gor | ngsrltaiolc%xhanp L er e
tested fox Qtiaidiady Denpdirsoradcvantgd ferpifatnclOBENPAEGe sanpl es was
conpaggd t ddrtciifsddia)c o . wombaakdn. ndgnamubee! x0é s Exafm! €3 55 Wi ch was
made accorgll ng to the high (75 concentration) dianond abrasive segnent
conposi ti on"B¥ Exanple 1 (wheel #6) without graphite filler. 25 Over 70
grinds, eaatorikldpkadn (4.5 0 zh)mid det 2aetpin)42 comst@n@56 i nch) deep, were

per f or med Al Ti r kpi 0 de Al Ti ai ned from 3M

Cor porati o(rwmi\)ﬁ néntga%@,%t%elzﬁ]grﬁﬂ éli %%&4 3 mm or 6.0 in
(152. 4mm) Sark €idiimndionetemmd t he3hi BRoAR. 2% brdek renoved and the
nor may5 30 gri ngiRg Orzxﬁ%i\éﬁ'éeré%ﬁ%:ﬂﬁg- tHIengr Adli dfed £81d NS fdANS

re: 24 12 | 2
were suité%ge for the metal bonded wheels of the invention were:

Truing Operation:

Wheel: 58G461IVS (obtained from Norton Company)
Wheel Size: 152 mm diameter (6 inches)
30 Whee} Speed: 3000 rpm; at +0.8 ratio relative to
the grinding wheel
Lead: 0.015 in. (0.38mm)
Compensation: 0.0002 in.
Dressing Operation:
35 Stick: 37C220H-KV (sicC)
Mode: Hand Stick Dressing
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BD-3561C G'in inq Test Conditions: ' Mchine: Strasbaugh Gi nder NbdF 2@AF
Ginding d ¥ rtical 'spindle plunge grinding Weel Specifications! b 2002
nm di anet € 56 § nm t hi ckness 5 and 229 mm hol e. Wheel Speed: 1,200 rpm
Wor k Speed 19 rpm . Cool ant: Deioni zed water I\/at erial Renoval Rate:

Vary, 1.0 mcron/sec to 5.0 ron/sec Wheel re trued and dressed

with a 6 inch £88584%&F§ B?Eé%r'ﬁ% PGt PR FHARS Wfitess pad
obt ai ned p1oAyRombas @ﬁn@anudlwrmeteﬂuwh rﬁfﬁﬁdé hedsi t it eivieON,

15 truing nd dr essi ng.was co duct ed erlodllndf as neegded and when down
feed ratek ﬁeP@SEhﬁﬁbgﬁneﬁés‘a { WOB¥ ‘P%eeﬁ’r? ‘H‘byrf%ﬁr]( | G &8 “Per sus
stock renmmed}. BotinEXaB’aﬂnpllés gamlbelcgnﬂdaamheﬂck a:netkslmizrrsdtselmwsw Tagb\e
5, 3., 20T e N orc rsu C enove a
o 1Com r 0P oflly S bt SR2 1S RERER T (UL D" el ek B R

) MRR1351232(nflatepobabt Srbed Norom| t1ie | fali rgFbrak ddrsh (dea) Gcmrtdﬂﬁ the
6(2.7)8(3 5016 7 3 (18.6)20(9.1
)(75122 s( 43"%%} Srﬁig% é(g} % ‘% 8?1“8)%'2 0‘3%%4%% qA%f@ ‘(21) )7(% 2§27(
12. 3) 28( 1zag}jadodepth. 9?45%\299&) se(tzqmrr X 1ND) /L 2) 614*’% zr(pm WE)=20033

(1s. 0)50(28eﬁ)§8C2§ LE§&1€O72:8 &5&%(@&@}?@(%@)@@%7 G RerB (@b 1) 60(
27.2)31(14. 1) 30( 13. 17.3)38(17. 3)30040( 18. 7)57( 25. 9) 63( 28. 6) 33(15 0) 35(

15. 9)4( 1802)fsétlfed3)*'95 38%&'83‘33‘-@9(1 I\ RONS B 4Ty r P UNARBNSEE 7) 41( 18. 6)
40(18. 2) 3%61:509)11&5042(tﬁelbéﬁémo&aeﬂﬁﬂ&&)ﬁeﬂdlﬂ& 4?1’5@(%9}.(1:193113)"@18?10 4)41(18

.6)34(15 5503§(|9 5) gg(zzgrg) ((a ?%5%) 35(&(49) 60% 46(20. %)ehga aﬁ% 17 7)3

1(14I) a. an abrasive s
of 3.13 miratE%all’y moved 8.30LmRr002/4 BD B5slaperx t2p the s:;tmmlet:_bfrom TabI e

3 i th angabeashVEeReOrRIbe  bIuMGEN Ofod: OfhiWRal iRl liaydenonst rat e

that a SIB Icant 1ncrease Tn normal _force was needed to renove Iarger
amounts opege‘-e@r@eét oy Rhhghapmerride gof iy 3 e 1 PR} & &itd iyesateond

MRR) whenpsunfageodr bad eﬁdwahatbempp@trolrm@wam;swmaes hﬂiérﬂ&é%zgaréﬂ)h' te
filler and 75 concen ratlﬁn di aaﬁgd abra ive %{1 contrast, the 'r@ﬁ farmnd
concent r at PoR¥PGPEphiEe OF PPF e BRGNERT s2RPERSE Y FrimaE i nferkq

(Sarrgl es Za,hpibngadg'ﬂr)lngﬁ waedednslgméac}ar&dxyplless normal force dErn ng
grinding. The rce enmpve an_ equi va-l.ent ck .at a
VRR of '3 m or ofiPEadBAg LFor cPRBRFRGSH: FoRtartdr Wi nehrl drated gHaniH
needezlb at o WRR dhvéntionoahdetbadrésint ded conpar e d evlvdelad vmrqol e 15 In
addi tion, e e X I

grind at &i t%ﬁlcr'%‘?'il\/ag@h2 &/Q ﬁgﬁr%)@?g% S%%%%’]&(; 2 %%Rq%‘{%l cron second
The i nventPEEsWHNBRS ) §r°QbaEHH°Z¥1'6PtE3d§rT%)l% rena(ws/@mex(m Bi tléd/‘iﬂelﬂéﬁli/e

st abl e notgRkpbeb&emderapdsoas Rt/ mwntl .of isf gakngiaynd 'paegéeﬁsed from
200 to 20 rons

desirabl e ?‘ﬁwﬁag rpﬁdlfﬁﬁmﬂf‘?gcsha% éh%%%gg%sgeéf o gncfgwfs% %,hilcé'eady

st at 28 ondimbngn s hesi nhuregedtxlﬁéenahtahdperQCMHﬂmmiaﬁga ttowe e vpnkpgjeece.
The Con”glriWa%e' GE¥acld tgy %Heneﬁlée Lssted al ffé 9hety r@nﬁtﬁﬂ&a{ groval

|l evel s (e” g., above about ons ecause t force nee 0 grind
with theseremereris0@ﬁ€eeaéamehefn8hﬁal ¥orEe cBracdata othawrd dgihafdithe N

nmachi ne, hagebyieaugieg WwheeMBBAENBet Be AUL OPRE i 6@l tiyars Nile dOVWY-ANL
pr_eventln accunul ati on gd ta at the hl%fer sto Ebf renoval |evels. 30
Wi l o not TRPLR MGSFS BE BBENALEYSE BAFEF L0l of SFREDE yFa49° 1 SYSHTRNERS t hat
t he super thmtgal sdifngrpehkelnpacéonhst hettew th amoired o ce nderdmion,
graphite fo'r'kg,‘lec'%"eniﬂo%v%eel:ﬁe' ﬁa?ﬁ% te St SIp! L& ta[hg'%’o%{deoé

i ndi vi dual’ ns per unit area o asrtve seghen come in
cont act vwhl&etlhd#gfi vaef feu eﬂpeheommptmereslranth rand rthe me duri ng

ori ndi ng. Aktheudh gReeSKLE! 891 Rabbpial {ruRulsh expegs. a | over MR at | over

di anbnd concentrati on, grind |ng orce | nprovenent of the invention
im

unexpect edl y |§‘a£>c1@oﬁvp|8h§wedthet B8 ébﬁér‘éﬂ%ﬁ'—lc@sl\f—@l(f thedaresin yhgsehg an
abrasiye ge@menle Wedl he281 bonded wheel (#6) at all material removal

rate conditions. Since there was no measurable wheel wear
after twelve grinds at each material removal rate for the

metal bonded wheel, a symbolic value of 0.01 mil (0.25 pm)
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HD-3561C 1 2 JUL 2002 of 2.03 mm needed |less force to grind at the same
rates andpgngyphs of stock renoval than did wheel 2a, having an abrq;;!@“mm
segnent width of 3.13 nm The wheel 2b sanple has a smaller surface

and fewer grinding points in contact with the 5 surface of the workpiece at

any p0| nt i r [ e [ t oe e anpl e:
> SoRhoRnEcPaa baE' BRLRPEAL! G0 B DL YR bR T g
a core haaﬂqglatﬁﬁnﬁnﬁﬁtsge@ff6@5%trength paraneter of 2.4 MPa-cnB/g, 5 a

core density Oquhéusrqﬁ @PQ @éegﬁ bén&'&ﬁé’éf“of)eéﬁémirﬁ;% Ay gRide rim

defi ned bg ural i rasive segnents; wherein t rasive segrrents
conpri se, 7bn aﬁﬁgﬁ@sc§épéﬁﬁéét%@nt6@%PU%.h%x?%m#@%#mQIk)ﬂhﬂ%ﬁﬁ?ﬂﬁgﬁaﬂﬂn 0. 05

to 10 ol HHEt%QaSHB%éﬁ%éSbM&mSﬁ@) n, aﬁaoaméoré@lﬁ%ﬂ&lﬁf@rf/ﬂéa afleifd I er,
10 and from 55 to 89. vol une %mstal bond matri x havin r acture

toughnessWSFellooocPBCGntrétm and 1502¢°‘T‘F\%“‘é’fﬁ%¥‘?ﬂ/e‘%gd{°]d%m€tlfal%dl

wherein the, sowmmgp%wesea getalély, nmﬁ@rwnées%ﬁomd fiwdndivh @aun
ti,t ani um and bronze osite and al | oys

consi sti ng g num stee 2

15 t her eof¥ éhatéglrrﬁilﬁaﬂ8ﬁs9fh’8%‘8$ PRTIGHEARES usiftfe e Jte-@tHivia 1,
wher ei n t headhr asheenseghitohs, conprwsel§letpeds. @pﬁn’rm goiretialg bond
Mt Fidg OpgrkBrRatbuiPodd BREASLYELOL e AN % d vy IS 13RI

filler, ond matrix conpri ses a maxl mim
pOr 0Si ty Y40fTRbrabidsi gvainel Bhug) athege ygrukis vere fulexnected.l er is

sel ect ed from §hg1dr 9UBEARSERL! B Phca! ARRIAIE. (HEXAAANAa ef:HE‘ Niwehi de,

hol | ow ceram ¢ spheres, feldspar, nepheline syenite, pumce, calci ned clay

and gl ass §6ﬁef“é§3u§ﬁé OHZBa@B?‘rBP n3¥PeRe Phcikerthrse wheals &6 e dow of

C} a:j m 1, S’QQEebﬁebhe alphaswaelﬁéasnvaﬁuéelw@@teplsftfmxﬁab@ingfno £ong sting
0 | alnon

n_pitride and co atio ther
abr ast¥e V8 Eeéff HSIlgP % ﬁ:ﬁgr‘é?ﬁl?ﬁgsaﬁlf‘gg’r% edlfgrﬂiﬁg‘ ‘havi ng a
grit si zedata2w’eme3(ﬂ6asurednenessrfaceihera’m:ext|hv;e ct}ohlndﬁldzi]alpmuhge/mer ein

t he net al ; gl 3 8 o] in. The
wbrasive FooNosiSPLERSH: “Hphfiidult 0 SRRBE pifhdes Il dddla Be, THC
1.0 wt % pﬁ@§9h3¢u§ha95sgrfaﬁ@smra@tv@ byotraverseaigrimdigerein t he

abrasive tool egERei $€s8nals! €At 4l PReADRAST M€ d@eﬂmﬁgs gk he abrasive
segrrents have an :il ongat ed, ,arcurate shape and an i nner
20 consumptilo various material removal rates for the three

wheel types. The resin wheel had lower power consumption than
the other two wheels; however, the experimental metal bonded
wheel and vitrified wheel had comparable power consumption.
The experimental wheel drew an acceptable amount of power for
25 ceramic grinding operations, particularly in view of the
favorable G-ratio and surface finish data observed for the
wheels of the invention. In general, the wheels of the
invention demonstrated power draw proportional toc material

removal rates.
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‘28 HD-3561C '~ ~ I1l1 1nn"1 curvature selected to mate with the cj rculgd
peri net erBBfaggf core, and each abrasive segnent has two ends desig LUt 402
mat e wit hadj acent abrasi ve segnents such that the abrasive rimis
continuous and substantially free of any gaps between abrasive 5 ~ segnents
when the abrasive segnents are bonded to the core. 10.. The abrasive tool
of claim1, wherein the tool is sel ected fromthe group consi sting of
type 1A1 wheels and cup wheels. 11. Tagrabnasi ve tool of claim1, wherein
t he thermall o St e bopd.,is ct groyp co in
essentially %afm Par ~ gmc}xy g e5| '\rlgen(:é}t'?gnd%gltI ne%?a{:?ﬁr gi ch bo%l§ fgée rrg“@h’am cal
bond and a~di f f usi om3pjend Seeadd caabBl nabdwsks Ererdof . RAHo29 Finish ness

. AS. As. AQ AQ YE. A, AFZhASa2, AAF2. o &F | 4/hwnF Al .ASl . A E. yY. A@

ASI.AY.A Y.A Y. A . i AF{ . e A e, 12:')'ﬁ'f'ﬁil' e NE e
’>@:Dvw {vql gb] X] ca] ca] ca] ca] ca] cﬁ']“&'a] cal ca] ca] ca] ca] ca] ca] ca] calca] ca] ca] ca
] ca] ca] ca] calgggiTaj TaTaTa Tra At tacRat 2 2psyre
()569: | wnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ¥H] ca] caj%a] caPca] cdjtkay Lal |, J& §iv-yt#d e Z}U]%JaU] cal
ca] ca] ca] ca] qakea] capca) calsea] caposl ca) eal cal Qalﬁa] caje.a] cahcdw] cal ofra] c”aj
c’\a] ca] ca] caj cég]>ca] cal N !

" oRRRAs Yrve&RES(((* %2 - | withcrYE ] ca] 4] ca] caPca] ca] ] caPe ca] t%ay ca

] ca] ca] ca] caloag ca] ca]z:a] capca) cal4aa] cakra] cahsal cal esd.6a] calas - -/ 1/4200" 0#0

20RH2I 2¢ 222228556\ 60%’)(366*7+5788} xgh%Bd_Z] 8%1] ] ca]1(2:a£] ca] ca] ca] cg] ?:Sa] ca] csa?] cal ca
] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] éi‘i?] @a] ca] ca] ca! 888NoP94

c5rmnie;f) Gees<<<<y |
::::’?>@>>>>>>B’>C’>’>’> Xsni d Z] cal L qag] cal ca] cal c&a cal ca ca] ca] ca] ca ca] caj ca
] ca] ca] ca] ca*€8} ca] ca]3ca] cdPca] c3j%a] cafta] caftd ca] %%?} -@al 7@\%&AAA HifBBBBBB
CCCCCC: E; 1004 9.0 80 1.32 110 12.2 586.3  0.43 1.75
EEEEE1F3F=F>FGGE wr mhc”"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU]c
aJ ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]lcal GGHHIIKII1: J;
JAIBINI_JJJz L {iNNEEPPbQc QRRRRTT| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca]cgl],ca] ca cal.cal calcg] ca ca a] cghca] cajghal ca TW
MY ] %40 ] }l%] ]9 ] a]aaéadaCalla wrrrng]ﬁ?c!a] %2]%1;1] c!a ca} ca}z 521(] caj ca
] ca] ca] ca] ca] @%| ca] ca]Q:a] c&f2ca] cajtia] cafed] caféal ca] dath cal cadj€a] c#-8aj calc
al Va_aaaabb6edgs f 7f 118990 YR40009¢PhhdhehiVi \ i qivé i 8.7
| ooo] wr mhc”Y] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca! o#oUoooop" p( pHpOpUpopt pppgquuuvi we
wnwexxxk{ { { { { | stlag bE2gsEneAlte]l ca] ca] ca] ca] cal] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca]
c”a] ca]ca] ca ca calgal ca cal.gal] c al ca
{" (]19F]OXQ] ~yﬂ)ﬁﬁ] ZUn%agL‘J]Y] c!a%c!a] cgl]iﬁ] c"]g?cg] CZ]] ga} ca} ca]ca] ca]scaU] cafca
U cta] ca U credxcal] calta Ux a] ca]@a] c elca] caped] caléeal cal ca s 0.9
8+ SACNTal nt DGshb] W g 2U1.6aUl gl gall caleall gglsa Uggsa Ul ciaUicag.s
U] c*aU] ca] ca ca] caU[ ca] caU| ca] caU] ca] cal] ¢
U c*a] ca] ca] c*a] caPed] ca]Ba=@9?% 80 25.4 6051 0.6 0.7
OW b} xsni d"Y] g&dJ] ] cal¢cs al cadsca] cal 4] ca]m] ca]zgag c"alewg} c"a]ga] ca] capca] cal
cal c”a] ca] ca] ca,] ca] ca] ca] ca] ca] calUl ca] cal

, Ircty| vgkf © [ dry] 3U] caj céU] cafc qJ] ca] aU] ca"]ac?iU] ca‘]oéal.)] ca‘] csaU] ca°] 8aU] caj
caU] ca] caU] cadta] caUpca] caleval] caleqal] capcal] c&} ga] csab1 <AY"4.5CRi q
ytni d*YT] ] ca] gaUl ca] ga ] cal] ga] cay)] g4l cal gal caLcaU] cadoga] calj ga] ca]ocaU] cajc
a] c™a] ca] ca]j c ca] calf ca] caU] ca] caU] ca] ca >DPYs\
ai & zCl ~yt 0i d594J] ] ] c4} ¢a] cal®cal] éa}ta] calka] ca?PJ]ta] caﬁBFéa] cal-® a] cdJBca] ca]
c”a] ca] c"a] ca] ca] ca] c”a] ca] c”a] ca] ca] ca] cal ca]c”a
| R_Ebhqt 1&), zCl ~yt oi d_ZU]. ] ] ca] ca] ca% Ul ca] ca] ca] ca U]ca c U] /Zaéca] cal
ca] ca] caU] ca] c#hes 65]189]165] Eﬁf@ﬁf@ PE%U]’E%] ‘E%?%‘é‘] 1250 q)-s10

% ()-8 sfpm) in an additional grinding test under the same
conditions, the resin wheel and experimental metal wheel had
comparable power consumption at material removal rate (MRR) of
9.0 mm'/s/mm (0.8 in’/min/in). As shown in Table 2, the

experimental wheels were operated at increasing MRRa without
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"109&' () - S*MLOY%' () - MB10%&' ()-' 109&' ()- S109%& ()-.147:fE-s109&' “"10%& ()-3
"109% () -BElO88€) - S0109%& ()-f)109%& ()-1"109%&' ()-E ./01zXJI<s10 10 12 JUL 2007
10! F=109&' ()- ! "10%& ()-3 ~"109& ()-3 "10%& ()-3 " "109%EE& ()-312?y-O koM
" SYL0YVME () - 41! C sYA0%& ()-4! C s90%x& ()-4! Hs940% } & () -4, | 109%& () - &10%&
' - 100

165 109" T98% -Of RFHEATTICHT “%Co%?ﬁt%b PSR Sy (P MESRboe: () - 4
| H' s94.0%bended gehaek nowsg 14KaI4s -raidh Ly rovaey tipnad) {t@ they MRR.
0&7()"5LTH@0H@§ﬁéséimﬁk(achﬂébéékiﬂ“éﬁis gtudy was 47 3 mm’ /s /mm
101@@100/&'( f %100/@@&'()--51{ @ 10% P; P&'()--

@ 109&' (1485 S8R ()--51 1" @10% : & () - - 5@bdef gvzodY: 0! YnLov&' () -
10 10510 Table 2 data are averages of twelve grinding passes.

=t 10%&'() 1 E\&I --51" 10%58 8&' %100 é%)k--SvM\ dv:ol'{" @
“100 1 | R b beE e 13 (Reler) vogper. ()

4"10%&f()rgﬂ@ﬂﬁbd)reﬁhtk&ﬁ@ﬂﬁhﬁhéﬂBM@&HIEMWIWh@ @mpe@im@hthﬂ%ﬁhéea) 41 {" @

sononen osVEH L Ghad Balisplan S3nNR E IR0 e it ot Bk

10<510%&f &0 - tncﬁ¢a9§*eﬁwppw¢w as ' qwogeg9ive Igmgndinpuspes: hre 'cal@deds () -

10 13;51‘V%T@T§hé)abrasf@é&gww& {2 R AR pegifie oMtin1 or vhENCBO! 10

U 10vgefege of thelghgp¥)be¢¢mes]}p@ng(thh_wgrhggggp[gﬁ@gguaﬂ F
0/(;_00/(99&- (this £ 78008080 Kerved 240064 MRR (s Ydcreased. However, the

steady power consumption levels observed within each MRR

during the twelve grinds demonstrates, unexpectedly, that the
15 experimental wheel maintained its sharp cutting points during
the entire length of the test at all MRRs.

Furthermore, during this entire test, with material
removal rates ranging from 9.0 mm'/s/mm (0.8 in’/min/in) to
47.3 mm’/s/mm (4.4 in?/min/in), it was not necessary to true

20 or dress the experimental wheel.

The total, cummulative amount of sgilicon nitride material
ground without any evidence of wheel wear was equivalent to
271 cm® per cm (42 in’ per inch) of wheel width. By contrast,
the G-ratio for the 100 concentration resin wheel at 8.6

25 mm'/s/mm (0.8 in’/min/in) material removal rate was
approximately 583 after twelve plunges. The experimental
wheel showed no measurable wheel wear after 168 plunges at 14
different material removal rates.

Table 2 shows that the samples ground by the experimental

30 metal bonded wheel at all 14 material removal rates maintained
constant surface finishes between 0.4 pm (16 pin.) and 0.5 um

(20 pin.), and had waviness values between 1.0 pm (38 pin.)

and 1.7 pum (67 pin.). The resin wheel was not tested at these

high material removal rates. However, at about 8.6 mm'/s/mm
35 (0.8 in'/min/in) material removal rate, the ceramic bars

ground by the resin wheel had slightly better but comparable

surface finishes (0.43 versus 0.5 pm, and poorer waviness

(1.73 versus 1.18 pm).
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0% ()- 10ih8s the MRR achievable with a standard, commercially used

10<§ 0Y& /&;?}nfﬁ%g é&yégyg ;5| |,)P£%1% f%gﬁ%re;&?%% QF}rségTTLA/g\@{O\Ve@ o SELQA (((& ()
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10F=109%&' ()-! " Sq&l0%a& ()-b2I"™Sq&10% f & ()-b2! * Sq&L0%& ()-b2! 6" Sq&10%
& ()-b2 ‘Sq&lgﬁﬁg()-b22|[l\lﬁlVll_jij@5
1004 9.0 1.32 110 12.2 586.3 0.43 1.75
Matal
Invention
805 9.0 1.21 98 11.0 6051 0.51 1.19
817 18.0 2.00 162 9.0 6051 0.41 0.97
829 22.5 2.62 213 9.5 6051 0.44 1.14
841 24.7 2.81 228 9.2 6051 0.47 £ 1.04
853 27.0 3.06 248 9.2 6051 0.48 1.09
865 29.2 3.24 262 9.0 6051 0.47 1.37
877 31.4 3.64 295 9.4 6051 0.47 1.42
889  33.7  4.01 325 9.6 6051  0.44 1.45
901 35.9 4.17 338 9.4 6051 0.47 1.70
913 38.2 4.59 372 9.7 6051 0.47 1.55
925 40.4 4.98 404 10.0 6051 0.46 1.55
937 42.7 5.05 409 9.6 6051 0.44 1.57
949 44.9 5.27 427 9.5 6051 0.47 1.65
961 47.2 5.70 461 9.4 6051 0.46 1.42
15
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acceptable level.
For the experimental metal bonded wheel G ratio was
20 essentially constant at 6051 for all material removal rates
and wheel sgpeeds. For the resin wheel, the G-ratio decreased
with increasing material removal rates at any constant wheel
- gspeed.
Table 2 shows the improvement in surface finishes and
25 waviness on the ground samples at higher wheel speed. 1In
addition, the samples ground by the new metal bonded wheel had
the lowest measured waviness under all wheel speeds and
material removal rates tested.
In these tests the metal bonded wheel demonstrated
30 superior wheel life compared to the control wheels. 1In
contrast to the commercial control wheels, there was no need
for truing and dressing the experimental wheels during the
extended grinding tests. The experimental wheel was
successfully operated at wheel gpeeds up to 90 m/s.
35 Example 3
In a subsequent grinding test of the experimental wheel
(#6) at 80 m/sec under the same operating conditions as those
used in the previous Example, é MRR of 380 cm’/min/cm was

achieved while generating a surface finish measurement (Ra) of
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Table 3
Bond Composition
20 Weight % Volume %
Sample Cu Sn P Graphite Cu Sn P Graphite
Control 49.47 50.01 0.52 0.00 43.71 54.03 2.26 0.00
(Ex. 1) .
(1) 46.50 47.01 0.48 6.00 35.70 44.14 1.86 18.30
7.5/204
0
(2) 46.50 47.01 0.49 6.00 35.70 44.14 1.86 18.30
7.5/204
0
(3) 45.76 46.26 0.48 7.50 34.02 42.07 1.75 22.16
7.5/205
1
(4) 46.50 47.01 0.49 6.00 35,70 44.14 1.86 18.30
5/2040 '
(5) 43.53 44.01 0.46 12.00 29.55 36.54 1.53 32.37
25/2052
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X&' ()-; ¢! &G bSH&LIOUMX X&' () - SH&LOYX X& () -; c! &SH&LOYX X&' () - SH&LO0UX

X& () - SHERABYXs X&r() - ?bSHR&I0YX XSHE&IO0YX X&' () - SH&I10YX X&f()-S#&lO%ﬁZ JuL 7002

X& () - SH&LOWX X& () - SH&LOYX X& () - SH&I0MX X& ()- % . 2hH(bS#&10%X

X& () - SH&LOUWX X& () - SH&LOYX X& () - SH&I0UX X&' () - SH&L0YX X& () -;

c! &7<CDHMEG bSH&LOMX X&' () - SH&LO0YX XK1 4C! &SH&LOMX X&' () - SH&109X

X& () - S#H&I0YX X& () - MRVZ di_?bS#&lO%X_XS#E%O%X,X&T()-S#&lO%X X&' () - S#H&10%X
Ebrasive Segment Compogitioh Vol%

Sample Bond Graphite Diamond® Porosity
Control >80 0.00 18.75 < 5
(EX. l) - {75 conc)

(1) >80 17.93 1.88 - <5
7.5/2040 (7.5 conc) -
(2) >80 17.93 1.88 <5
7.5/2040 (7.5 conc)

(3) >75 21.72 1.88 <5
7.5/2051 (7.5 conc)

(4) >80 18.07 1.25 <5
5/2040 ’ (5 conc)

(5} >63 30.35 6.25 <5
25/2052 (25 conc) ‘

a. All diamond grain used in the segments was 325 mesh ( 49

.5 micrometers) grit size, except sample (1) which was 270 mesh (
57 micrometers) grain. The diamond concentration levels are
given below the vol % diamond.
b. Porosity was estimated from observation of microstructure
of segments. Due to formation of intermetallic alloys,

10 density of test samples often exceeded theoretical density of

materials used in segments.

Example 6
15 Grinding Performance Evaluation:

Samples of 280 mm diameter, 29.3 mm thick, 228.6 mm
central bore, (11 in x 1.155 in x 9 in) low diamond,
concentration, graphite filled, experimental segmental wheels
made according to Example 5 were tested for grinding

20 performance. The performance of these samples was compared to
that of the control backgrinding wheel of Example 5 which was
made according to the high (75 concentration) diamond abrasive
segment composition of Example 1 (wheel #6) without graphite
filler.

25 Over 70 grinds, each 114.3 mm (4.5 inch) wide and 1.42 mm
{0.056 inch) deep, were performed on ALTiC workpieces (210
Grade AlTiC obtained from 3M Corporation, Minneapolis, MN) of
either 4.5 in (114.3 mm) or 6.0 in (152.4mm) square
dimensions, and the microns of stoék removed and the normal

30 grinding force were recorded. The grinding testing conditions

were:
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X& () - SH& & () - SHEIOWX X&

St£gsbaug

Machine:

Grinding Mode:

Wheel Specifications:

Material Removal Rate:

5
Wheel Speed:
Work Speed:
Coolant:

i0

Ll &SHEL0MX X&' () - SH&LOYK X& () - SH&LOUX

Vertical spindle plunge grinding

1,200 rpm

19 rpm

Deionized water
Vary, 1.0 micron/sec to 5.0

micron/sec

1 hH( bSH#&L0UX X& () - SH&LOWX X& () - SH&LOWX

X
Ccév'rbisri#L ell.p Model 7AF

280 mm diameter, 29.3 mm thickness
and 229 mm hole.

Wheels were trued and dressed with a 6 inch (152.4 mm)

dresgs pad of specification 38A240-HVS dress pad obtained from

Norton Company,

Worcester,

MA. After the initial operation,

15 truing and dressing.was conducted periodically as needed and

when down feed rates were changed.

Results of the grinding test (normal force versus stock

removed) for Example 5,

Table 5, and in Figure 3.

samples 2,

4 and 1,

are shown below in

20 Table 5
Normal Grinding PForce versus Stock Removed
Wheel Control Control Control 2a 2a 2b 4
Sample (Ex.1) (Ex.1) (Ex.l)
MRR 1 3 5 1 2 2 2
(n/sec):
Total Stock Normal Grinding Force lbs (Kg)
Ground (p)
25 © 6(2.7) 8(3.6) 11(5.0) 11(5.0)
50 16(7.3) 2009.1) 23(10.4) 6(2.7) 7(3.2) 19(8.6) 20(9.1)
75 12(5.4) 7(3.2) 23(10.4)  22(10.0)
100 24(10.9) 34(15.4) 40(18.2) 17(1.7) 7(3.2)  27(123)  28(12.7)
150 27(123)  45(204) 50(22.7)  22(10.0) 732) 31(141)  32(14.5)
200  33(15.0) 50(22.7) 59(26.8) 28(12.7) 21(9.5) 34(15.4) 36(16.3)
250 37(16.8) 53(24.1) 60(27.2) 31(14.1) 30(13.6) 38(17.3) 38(17.3)
300 40(18.7) 57(25.9) 63(28.6) 33(15.0) 35(15.9) 4Q(l8.2) 36(16.3)
350 36(16.3) 39(17.7) 42(19.1) 38(17.3)
400 39(17.7)  41(18.6) 40(18.2) 33(15.0)
450 42(19.1)  42(19.1) 40(182) 34(15.4)
500 42(19.1) 45(20.4) 41(18.6) 34(15.9)
550 43(19.5) 46(20.9) 43(19.5) 35(15.9)
600 . 46(20.9) 46(20.9) 39(17.7)  31(14.1)
a. 2a is sample 2 from Table 3 with an abrasive segmant rim

width of 3.13 wm.
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These results demonstrate that a significant increase in
normal force was needed to remove larger amounts of stock at
5 higher MRRs (going from 1 to 3 to 5 microns/second MRR) when
surface grinding with the control wheel sample having no
graphite filler and 75 concentration diamond abrasive, ~In
contrast, the low diamond concentration, graphite filled
wheels of Example 5 of the invention (samples 2a, 2b and 4)

10 needed significantly less normal force during grinding. The
force needed to remove an equivalent amount of stock at a MRR
of 2 micron/second for the inventive wheel was equivalent to
that needed at a MﬁR of 1 micron/second for the comparative
wheel sample.

15 In addition, wheel 2a samples needed approximately equal
normal forces to grind at either a MRR rate of 1 micron/second
or a MRR of 2 micron/second. The inventive wheels 2a, 2b and
4 of Example 5 alsoc exhibited relative stable normal force
demands as the amount of stock ground progressed from 200 to

20 600 microns. This type of grinding performance is highly
desirable in backgrinding AlTiC wafers because these low
force, steady state conditions minimize thermal and mechanical
damage to the workpiece.

The control wheel (Ex. 1) could not be tested at higher

25 atock removal levels (e.g., above about 300 microns) because
the force needed to grind with these wheels exceeded the
normal force capacity of the grinding machine, thereby causing
the machine to automatically shut down and preventing
accumulation of data at the higher stock removal levels.

30 While not wishing to be bound by a particular theory, it
is believed that the superior grinding performance of the low
diamond concentration, graphite filled inventive wheels is
related to the smaller number of individual grains per unit of
area of the abrasive segment that come in contact with the

35 surface of the workpiece at any point in time during grinding.
Although one skilled in the art would expect a lower MRR at
lower diamond concentration, the grinding force improvement of
the invention unexpectedly is accomplished without

compromising MRR. Wheel 2b, having an abrasive segment width
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segment width of 3.13 mm. The wheel 2b sample has a amaller
surface area and fewer grinding points in contact with the
5 surface of the workpiece at any point in time during grinding

operations than does the wheel 2a sample:

a
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