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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.S.-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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speed grinding operations. In backgrinding these materials,
grinding efficiency is determined as much by workpiece surface
quality and control of applied force as by high material
removal rates and abrasive wheel wear resistance.
The invention is a surface grinding abrasive tool
25 comprising a core, having a minimum specific strength
parameter of 2.4 MPa-cm3/g, a core density of 0.5 to 8.0
g/cm3, a circular perimeter, and an abrasive rim defined by a
plurality of abrasive segments; wherein the abrasive segments
comprise, in amounts selected to total a maximum of 100 vol %,
30 from 0.05 to 10 vol % superabrasive grain, from 10 to 35 vol %

friable filler, and from 55 to 89.95 vol % metal bond matrix

1/2 The

specific strength parameter is defined as the ratio of the

having a fracture toughness of 1.0 to 3.0 MPa M

lesgser of the yield strength or the fracture strength of the
35 material divided by the density of the material. The friable
filler is selected from the group consisting of graphite,
hexagonal boron nitride, hollow ceramic spheres, feldspar,
nepheline syenite, pumice, calcined clay and glass spheres,



nephel i ne syenite, pum ce, calcined clay and gl ass spheres, 2 WO
99148646 PCT/ US99/ 02399 and

conbi nations thereof. In a preferred enbodi nent, the nmetal bond matrix
conpri ses a WAMBGE0f 5 vol % porosity. Description of thPIHEWPIE Figure
1l illustrates a continuous rimof abrasive 5 segnents bonded to the
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the wheel and its components are designed to tolerate stresses

20 generated at wheel peripheral speeds of up to at least &0
m/sec, preferably up to 160 m/sec. Preferred tools are type
1A wheels, and cup wheels, such as type 2 or type 6 wheels or
type 11V9 bell shaped cup wheels.

The core is substantially circular in shape. The core

25 may comprise any material having a minimum specific strength
of 2.4 MPa-cm’/g, preferably 40-185 MPa-cm’/g. The core
material has a density of 0.5 to 8.0 g/cm’, preferably 2.0 to
8.0 g/cma. Examples of suitable materials are steel,
aluminum, titanium and bronze, and their composites and alloys

30 and combinations thereof. Reinforced plastics 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 materials
suitable for use in the core of the tools of the invention are
glass fiber, carbon fiber, aramid fiber, ceramic fiber,
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20 superabrasive arts may be added to the metal powder before
pressing and sintering.

The tool should be strong, durable and dimensionally
stable in order to withstand the potentially desgtructive
forces generated by high speed operation. The core must have

25 a minimum specific strength to operate grinding wheels at the
very high angular velocity needed to achieve tangential
contact speed between 80 and 160 m/s. The minimum specific
strength parameter needed for the core materials used in this
invention is 2.4 MPa-cmi/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 lesser number,

35 the fracture strength. The yield strength of a material is
the minimum force applied in tension for which strain of the .
material increases without further increase of force. For
example, ANSI 4140 steel hardened to above about 240 (Brinell

4



material density. In the case of brittle materials, having a | ower fracture
strength than yield strength, the specific strength paraneter is determ ned
by using the | esser nunber, 35 the fracture strength. The yield strength
of a materi awo®/48éd¢ m ni num force applied in tension for VRETEVSYIPY n of
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Fig. 1. TK&ecsPethe Haatiprn: oft FuFting éie@rﬂérlﬁo‘ihﬂ i GABIWARRS- t 0 an ar bor
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super abr asigsg 19tal $51deSMEAded 1 § PLEISHLREY 66 MPa-cm?/g) , they
generally are too brittle and fail structurally in high speed
20 grinding due to fracture. Hence, ceramics are not suitable
for use in the tool core. Metal, especially hardened, tool
quality steel, is preferred.
The abrasive segment of the grinding wheel for use with
the present invention is a segmented or continuous rim mounted
25 on a core. A segmented abrasive rim is shown in Fig. 1. The
core 2 has a central bore 3 for mounting the wheel to an arbor
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 is not critical. 2An individual
abrasive segment, as shown in Fig. 1, has a truncated,
rectangular ring shape (an arcurate shape) characterized by a
35 1length, 1, a width, w, and a depth, 4.
The embodiment of a grinding wheel shown in Fig. 1 is
considered representative of wheels which may be operated
successfully according to the present invention, and should
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create and attach the segments, in situ (i.e., co-sintering

20 the core and the rim). A co-sintering process is preferred
for making surface grinding cup wheels used to backgrind
wafers and chips of hard ceramics such as AlTiC.

The abrasive rim component of the abrasive tools of the

invention can be a continuous rim or a discontinuous rim, as

25 shown in Figures 1 and 2, respectively. The continuous
abrasive rim may comprise one abrasive segment, or at least
two abrasive segments, sintered separately in molds, and then
individually mounted on the core with a thermally stable bond
(i.e., a bond stable at the temperatures encountered during

30 grinding at the portion of the segments directed away from the
grinding face, typically about 50-350° C). Discontinuous
abrasive rims, as shown 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, continuous abrasive rim

wheels. The Figures illustrate preferred embodiments of the
invention, and are not meant to limit the types of tool
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PCT/ US98/ 02299hdedi imspreferredi nv@egmmt,edecgnmnlm&wrﬁhraamvs tims amy be
used on 1 gy%@eﬁe&név&m idingls eémz{@asbsbyésﬁv@%wpmwa ({1 as FPr high

speed grl n ecially qgri nd| I eces havi ng I ndri cal
shape, PIGOB eFE M= tay%éng i eéqwzﬁ §gpFE?e‘¥‘Fe&fer88©ﬁﬁn?%d cont i nuous
abr asi ve r |awblgwengref@ruled rovsd, cpbaney ehepat duning malpufisctereiof ol ded
as a singl Q:o%'leﬁﬁoin”mﬁltfiﬂlga %B%Bleéi%g&&nEBe greater e?se of ﬁ?hl EVI ng a
br aoi 98 seqnontl? yewer speda 34 Rls X5 % 5 o i ma58 25 10 60 i sec)
oper at i ons cpespséPas| yegpeqigildy ofindirionofs sunfademiand Agnikhingwilali eces,
di scont i NnUGKTkpREBEsY EdiddBntiaugus dbwadivie whgs! (Spwnthe EhgWikesd are

P ni ohi ng Goovy 1 SH0GRCR MRS et dniid, | Bltanls QUARERAMP G
segnents mEFibécaki ivelpy rscﬂﬂe@hé‘lFf?ﬁQ Fiaighingrepprations. waleks mmer i al

whi ch asul des Eoatned meuwréegmemsswf ame Ebgmﬁiﬁ@&rlawebél emeot@onent

contains sunehaPhaskyf €8 iy el fedis gﬁt Rl ek 4R1 Gal1y forired

by sintering a m Xt ur.e rreta ra5|ve grainin a
mol d desi griégraE6Ry FRE VPP IEES FRE %‘feze and shape of the abr asive rimor -
the abrasive ri Fheegheadive Him soppordrtasioneafnai supevetraniviegedimsi ve rim

may be held in a metal matrix bond, typically formed by sintering a
20 mixture of metal bond powdef and the abrasive grain in a mold
designed to yield the desired size and shape of the abrasive
rim or the abrasive rim segments.
The superabrasive grain used in the abrasive rim may be
selected from diamond, natural and synthetic, CBN, and
25 combinations of these abrasives.  Grain size and type
selection will vary depending upon the nature of the workpiece
and the type of grinding process. For example, in the
grinding and polishing of sapphire or AlTiC, a superabrasive

grain size ranging from 2 to 300 micrometers is preferred.

30 For grinding other alumina, a superabrasive grain size of
about 125 to 300 micrometers (60 to 120 grit; Norton Company
grit size) is generally preferred. For grinding silicon
nitride, a grain size of about 45 to 80 micrometers (200 to
400 grit), is generally preferred. Finer grit sizes are

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.



sel ected fromdi anond, natural and synthetic, CBN, and 25 conbinations of
these abrasives. Gain size and type selection will vary dependi ng upon

t he nature of the wor kpi ece and the type of grinding process For exanpl e,

in the gri-nding-and polishing of sapphire or AlTic, a supg 08635446 grain

si ze rangi nW' 64?1‘62 to 300 mcroneters is preferred 30 or grlndl ng ot her

al um na, a superabrasrve grain size of about 125 to 300 nicrometers (60 to

120 grit; "Nort: nGo FitiSiz s I iyipref erred: grindi ng
silicon nitri é g?ﬁ%eno i %85&3.,_ y’?n %r%netthéar§ gﬂo to 400

ogrit), scgemetee |°y 0|§r éPe%?,eYPltmenérs

profile oE\ LOPEr i %
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t han t hat g?’ tﬂe rtét al - {1 s RET rmyebe agded “ASy ong ?o er-to .
i ncrease trhbumeda_r r@etebleh@utaéﬂe £i) mﬁ@leer_ﬁalpws!emeage of. the rim - '
conponent chahchéJJzea __YS@ﬁtabi%dtﬁ xtattaemﬁine& fieni %ro@eetféabddf 15 to

35 voJ0 % . , Sui st be: % an acter i z&ed by
sui t ?e FHEYHE | o4t - 165 grﬁsure Ve St ReE St %r i ng
t enper at uke mmzﬁaceslssr éheo?#métﬁldﬁss to apdnasaetiiee thsewherhsi ve
segnent s Gﬁ&‘pl@ﬂﬁee”me&abbﬁamon Q&eﬁm_é ehdl&bﬁgﬁ@ﬁém:hﬂl’s@heﬁeﬁ yide, hollow ~ -
| Ceram ¢ SPUfESSs: | Reliliine AL Cout Al | a1 BIALES 'agangf?gglay and

gl ass. spher €S, and.’ Ons; -t:Ner:e ar e..exanpl. es use fri abI e
filler nafEReERs, %ﬁ‘ycﬁ@bﬂla‘b‘&?& §B e St 5B ??g ofuperiPhsi ves and
havi ngs a Erpahle eEnﬂﬂ.ughm_ ' ' r,eferabl y.2.0 to 4.0:

“MPlerr], may g eqaldyedoh rtabEéafsyr@ortdq S5erdbralsiest 4SS I ntensity.
factor at which a crack rmtiated in.a 20 ma erral 1t propa ate in the

materjal bAWPeR ftrdcduF?aféfi‘tﬁ}E‘eGF Pﬁ Lttty CaP MEFPact (RXERFATRMess s

'“ hereln Fracture toughness

of the materlal

ch - rcf) (ul”) (c”2

), where

25 several methods wh : ' _
_toughness, and each'has an 1n1t 1 step where a crack of known
dimension is generated”in the t ht'material,'and then a stress

load is applled unt11 the ma=er ”1 fractures ‘The ‘stress at’
_ fracture and crack length are substltuted 1nto the equatlon‘”'
30 and the fracture toughness 1s calculated (e g . the fracture '
toughness of steel is about 30-60 Mpa ml’2
2-3 Mpa.m*/?

,ﬂof alumlna is about

, of srllcon n1tr1de is about 4-5 Mpa m"’2

’ and of
1/2) -

zirconia is about 7 9 Mpa.m

To opt1m1ze wheel life a' _rlndlng performance, the bond

|

I

|

35 wear rate should be equal to_or_zlightly hlgher than the wear- . _ i
rate of the abrasive grain durlng grlndlng operatlons R ' (
Fillers, such as are mentloned above, may be added to the ‘
|

|

]

|

|

\

|

metal bond to decrease the wheel wear rate. Metal powders
s



[err] where K[err] is the fracture toughness, [err] is the stress applied
at fracture, and c is one-half of the crack length. There are 25 several
met hods which may be used to determ ne fracture toughness, and each has an
initial stepwdnewsess crack of known di nension is generated FEYHYOPEL
material, and then a stress load is applied until the material fractures.
The stress at fracture and crack |ength are_ substituted into the equation
30 and theendiagure fRMyIasdatively (dansechopd. gtrughure dceur eleughness
oflsteel | 108t v8Dahé Wnﬂsﬁt&},aﬂé}ﬂ&fﬁ&ﬁ&?i SoaélfatileZ-}ﬁgNEﬁ. merr], of
silicon nitr] .l - a sand zirconia is about 7-9
Moa. nferr] .J#%?éh?i%@%&}avﬁee tl%gi,fig{:gfri]% grrl?lﬁghn g performgnce, the bond 35
wear rate shoul ¥aberigytmugefdr 18 FRRMSFA 5’9&8 ?ﬁa’ﬁnﬁ F™WeBFitdee of the
abr asi ve grith ader hagy Dimitkdgoopbranzeonsoppelk| end, zisuclaldeyare nenti oned
above, may Be-addedstaidedetidbnhonta tithedeCheasPs iR WiGR L WBAr rate.
Met al powders WO 99/ 48646 , . . ]
PCTI US99/ 02heFeCEndi FRetD T9aHEaoPEF R PayeRs e dtth ¥ idty fdEartupiok. |
| ess than Sitenioe Bydoidsi tor) ochherpseerabedstive eneddteivie dhee. mat eri al
removal ratgs ;4 bBaqIEbhbrithe SYRhEELA 51 Waghbhei 8F tAigRIg2h Bopsdigd the
riminclude, 5 but .are not Ilqkﬁgq to? br onz cogger aQE é%ng q&lqgs
(brass)t® cABatEAge| FRT™ iy PRSP TR fRe NSt 8 FEPe8P™ Hese
met al s opt i thealsurfaag o theeduperhbrasive gradn wndemithe wedected or ot her
super abr asi yﬁabt_regaﬁ%uen&igﬂms el buegbgmélrmnaogeﬂiﬁ)bm %lsab.capabl e 01;]
orm ng a carbide X i.Akage bet ween .the grain_and the
bond at the%ﬁ?ﬁpggegggi?%ér%gg% %%rggg:?%les gwrlg:in'g‘ﬁ‘ﬁ grp ]feﬁfle télgfegf’%% '%lént'eri ng
condi ti ons g%Rist padgrAEKPigRe FaaRErhaRd Fhestened: tomlcrifgr sAMSRANRY
i nt er acty onsreMdturei graipresmi.ure | oss of grain and wor kpi ece danage and

shortened tool lifg ?%‘f&f’réﬁ/ é&oﬁ&ﬁ%@% a‘l{@ rtr;g{eakﬂrégfx?e 21 agg(ef%%%fgS

enbodi ment of the abtasive rim the rix conprises

vol une % of MAHELX CRTPHLPES prof&t 481 7> 6tP e, STvbPeel®y, MOFRe friabl e
filler conpprefzrablyt 6030 vad . hoduwe % he Thier £ziable | fillerekcompblged 5 to 35

10 to 35 volume % of the abrasive rim, preferably 15 to 35

20 wvolume %. Porosity of the metal matrix bond should be
maintained at a maximum of 5 volume % during manufacture of
the abrasive segment. The metal bond preferably has a Knoop
hardness of 2 to 3 GPa.

In a preferred embodiment of a type 1A grinding wheel,

25 the core is made of aluminum and the rim contains a bronze
bond made from copper and tin powders (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 segmente, 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



to 410[erpreoun98r ;ﬁ&}}ﬁg& ré@euféw%

part ‘is c%ol pa

20 volunme % Porosity of the netal matrix bond should be maintained at a
maxi mum of 5 vol unme % during manufacture of the abrasive segnent. The netal
bond preferably has a Knoop hardness of 2 to 3 GPa. In a preferred

enbodi ment of-a“type 1A grinding wheel, 25 the core is madenf.aluy num and
the ri m con™3¥8 éPbronze bond made- from copper and tin pgﬁaﬂ’%”?n%ég} 20 wt .

%, and, optionally with the addition of 0.1 to 3.0 wt % preferably 0.1 to:

1.0 wt % ff deQEQQQ%%: g Egezf)@rl&} B{ab%ughi’éwg 'p ﬁ%?gr%?v*%?r - During

manuf act ure of *t rasnve \
conposi t i FRTEr 8 ¥R RA%th ! fUE)nSoa FOFPPPTPRBIRYI VAT - fi B ohed) tdmgfond

abrasi ve ghei ﬂesmnédief:hnail thabkass & itre s egreent
in the ra%eg?%‘:ég [g‘ifa%hl&%o’i?&'%ﬁ” 23 MBgtd G el §R abrasi ve

rim prefera a--genstd y«ofx.at;: Ieast 95 :9%.0%.:3b the t 'eoretlcal -
Gensi L5 ( BraLe (80 | 0 g LeEOHE oY i CaBURE) FAVbLIRemoE bk v) - I nia
typi cal C@osndmreblergdvmeelddﬁéntéam ay Prioewesn the nerelaqgi)\maher of the
core i's pouted rf'rﬁqoﬁtﬁiee apRlEe Rt A VR OHABEAE nay ke used ‘to

0ot 9912399 cokh \ﬁiﬁ_essed atd»8@st»f =’ @a kN bou%__ Oﬁ MPa :pr.essur e) to-
form a gr SEAPRSFt “haAtg 22751 227 Ay g the ‘ﬁ"i‘ﬁas the, desired
final thi chickpess ashcheocore Mg %enTber%Tmittel @Obﬁa@@d:entsaageaphl te
nmol d' apd a&h@nXhef ﬁésééaeaabsaowce ﬁoo@rahae:( 2d @030 m&r&ﬁmt ers grit.
si ze) and the meta 06n
core and £H&® T m o _
conpact tﬁ@mQBF%‘P% wheeramp%mp d@\f\ﬁe_rs JEQS“ 2Fe toahd °‘_T<F1| éss as the
core pref (ﬁflmxte's“hehgrdarﬂtl ueonulfbr:arﬂ Mhate ( dswtgﬁdﬁa&ﬂzji at . 370
U6 Woifchie10 M nutes, s i
rature e rar’r{gft?i*“p':..;-f from. 25 to . -
ePHe%?iQﬁl'O[t@Fr FEERIGYES BOY .nﬁ? e%'ﬁrjcﬂpeidncr eased

known in art
410[ eP]C f or Eolioning 5o

gradual | y fgomothe appl mgpprtesmurce:dle_dtéwd n:[Hed peoht et &inikhed by .

:'bfgrnfﬁm&d“th@ar t, the

1re3'd£men51ons ang_tolergncgsby For example, the part mayt

Fol | owi ng &abeﬂémln%ecmﬁqaé@péu o8I g Srsls

__be flnlshed to siz

heels on = °

20 grlndlng machlnes_or”carblde' ftérsfoﬁ a lathe.

When co- s1n 'ring t dirlm of the 1nvention,

llttle mater1a1 removal is need dhto put th _t_lnto its S
. final shape. In other methods of formlng a thermally stable'?..
bond between the abra31ve r _;and the core, machlnlng of both'

25 the core and the rlm may be needed prlor to a cementlng, o

11nk1ng or dlffu51on step,
matlng and bondlng of the par
In creatlng a thermally

able bond between the rim and g
the core utlllzlng segmented abrasive rlms,:any thermally

30 stable adhesive having the strength to wit stand perlpheral
wheel speeds up to 160 m/sec' 'be used 'Thermally stable -
adhesives are stable to grlndlng process temperatures llkely

to be encountered at ‘the portlon of the abras1ve segments o
directed away from the grlndlng face Such temperatures
35 typically range from about 50 350° c. L

The adhes1ve bond should be very strong mechanlcally to .
withstand the destructlve forces exxstlng durlng rotation of
the grinding wheel and durlng ‘the grinding operation ' Two-
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“conventional techniques to yield an abrasive rim having the desired
di nensi ons and tol erances. For exanple, the part may be finished to size

using vitrified i ndi ng wheels on, 20 grinding nachines qr_carbj

cutters on aW%’f%@“ 6\When co-sintering the core and rim oftt{’é"’rf‘fa‘ﬁ?gbfsﬁon
little material renoval is needed to put the part into its final shape. In
ot her methods of form I d t lve rim
and the cof&” nagﬁx}ﬁlxr%&or? ct)gltghgg ‘Juy? eﬁggfgggndbffgﬁﬂagggygg&g‘%eeded
prior to aceseshti Agchnodwie®) HI-18i epoxy oresimeobtained finemTaghtequat e
surface forg r{,@{%bggsgn di ggldogtg hﬁ\?&ﬁrltea aﬁgngr% gra &Qgrg@l ly stable

bond bet wee e rimand th core utilizin gmente rasive rins, any

thermal |y Jgxeg: i Eh%loq:?efsW/Q h&0P A% X F'En Phid (Paw?ﬁtﬁhgﬁﬁﬂﬂn"’p‘éﬂ pher al
wheel speeddllert 0si€h ag skinemsyjlbea yswailerTheapobe yadiedbhe adhasivest are

stable to gf isndbngsPHOF e ptae@e{-@émec% Im&%xséocaen%ne@ueseieﬁ at the
portion of the abrasive s r@Dmenta rect fromtg rindi ngq;hace
Roeh CommeriaeEBes a8y b HPLsd, SRS (oHe AT LS L LreErF Pape

adhesi ve bawirsingl wheel vemesst pong mﬂmii cirtymferaxicehofahbet ¢ere,
destructi vefeer ‘Eﬁé ééhéﬁ& ng mdfér paguﬁéﬁéﬁ 0¥ £k h@@agrddﬂlsnaayhsel and

during.the qri era

PCTlUSé!?lOZ%?éﬂ’g‘ n cﬁéﬁ)%ﬁes % goblpg‘?%ﬁ ePcFloK ﬁ?ef erred epoxy
cenment, Tedﬂtmme{lem]‘f ﬂle EeImenks - r Bl thibkaned cedaxomcemert. Bheni cal s,
Japan), andigdgisedodof the ends1@aniabdetsi ofMekghentis xatidhn aklae ratio of 100

part s 1 es! i 13088 Loolal d30°Lorg FlRleaYsh g2 SR Shl beg Ppuder.

be added atp°s:"tlt° o I NCr ea cenent
vi scosi ty. ®ymesbaniaglbs rrﬂ91§nﬂ§dphﬁ?ﬁltd‘%%9c6hﬁl%‘%@ i ff@errﬁeeéhce of
gri ndi rlg \A/rmlemo&esalmdsw@d pa:rt:uala e rgunfaer ebem Démpdratuereefoni 24 t he

dogr o6 of TG ACIIBYFE Y G hPERERrERe S { he SUgNER E° ohe (M Phencd |

epoxy cenerduringappking amdtmoeremads .aﬁotltaots@mentssmgmmmgtmbdcﬂumm

positioned &, QiRe the SQ4fRPTraBhEpldderds F109uR L& dﬂt@lmilxe the
viscosity of the epoxy cement. . _

20 Adhesive bond strength may be tested by spin testing at
acceleration of 45 rev/min, as is done to measure the burst .
speed of the wheel. The wheels need demonstrated burst
ratings equivalent to at least 271 m/s tangential contact
speeds to qualify for operation under currently applicable

25 safety standards 160 m/s tangential contact speed in the
United States. )

The abrasive tools of the invention are particularly
designed for precision grinding and finishing of brittle
materials, such as advanced ceramic materials, glass, 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 tfpical workpiece materials include, but are not

limited to, AlTic, silicon nitride, silicon oxynitride,

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

11



and nechanically held in place during the cure. The epoxy 15 cenent is
allowed to cure (e.g., at roomtenperature for 24 hours foll owed by 48
‘hours at 60[err]C). Drainage of the cenent during curing and novenment of
t he segnent §,d s gg“gl m zed during cure by the addltlon of Sﬁfrfu‘sﬁ/ filler
to optimze the viscosity of the epoxy cenent. Adhesi ve bond-
strength may be tested by spin testing. ati_._accel eratlon of 45 rev/m n, as

| s done teaﬂsféélr%otz@a hyeﬁdépeq@aa i B he “Miaahanieed
denonstrate o~at eastwgmﬁ'- 5 tangent . al

r'stratin
contact sP& JEIJS ‘0% L?a i °?bt-:r oﬁgrggfﬁﬁ ISR Eur PRNYTY MR 25
saf ety st metk d@atm ﬁP@P?
abrasi ve beﬂim@faﬁdi@hbﬁy&ﬁaumasesa@ﬁtascmlare‘lrxldgﬁéwed Eighepreci-si on.

i ndi 99 gigtd Wh3ae alolddd e gBIGEb Al THEhcasaptincedgerant o

material s onent al i ngicera fs_and
cerani ¢ cEhpeRd v thn £BEFa B‘“PrH’Y@dt agrasbre teel ane‘ﬁ-’t“r}brﬁa&betwef@ﬁ red for
gr Id ndi Ing eeramic, rebectial sty lit(ﬁengeragmﬁtc @ﬁtrtl hAdfEKk @If;&hbh@prbf mono-
and pol yc 0 r;hi S £ ci

pol ycrystg ? #1&31?1#0éggf§$1&? 1?xcg§§%% :PJO & % g@g ﬁ%‘dl ngggl sp]eed

non- cer anPE ‘H‘H @?elénﬂfc--_.-1%1{'é(FP5h§nt¥ﬁer’é’GFeaE§§n‘ﬁﬂ’§s° &P ﬂ?%l‘&éﬁ vvorkpl ece
mat eri@l s i nclammg bhe eesamict parhst dubravedAb¥i Gsimg ldHeoabpasivate; ~si I'F con

oxyni tri deoofé A lengedngbhCi AredbUpdHNONLHE (E1¢Ly fagp%%ggg boron 11 | |

WO 9914864 car bi de,
boron ni t?‘l"ﬂ% seﬁllsanPﬁH‘ cﬁ"iﬁﬁﬁrﬁé aﬁﬂdf’atlt&tﬁgﬁunFHFHIi‘%é:”&nEI“E%’Fﬁﬁ)s| t es ‘of
't hese ceruaatsyara:s.métawasg cHesaifor neetdl fermingca Hcttesystch. as: cenent ed

car bi des, c@rﬁﬁbﬁ@{t@ b(rh&ﬁ_é? cﬁ.@lﬁb%&m&T 'fﬁ'a’é §l‘§§‘s %-rm nerak--glass.
Ei t he % : cera(in 9 ég Q : (ieram Gs..can  be ground
i th Phosu eGSR apPaef Y ireSts iy

SERRFRL the quality"
of the cepamis, Fad: Canémxmeewrenéﬁcgpmonﬁnésgrimﬂﬁwﬁg-ngpebat|1m1: i"Acr ease -

as the petimhai@ltowhselisqesmrels) hgimeehips] éeulwnieat hedad s increased

up to 80- xi’r%’néyl% h;_gds and mlggr;@gs Ceram G parts tnproved. by using the
- abrasive ! '

Unless otherw1se 1nd1cated all parts and percentages in -
20 the follow1ng examples are by welght The examples merely
illustrate the invention and are not . 1ntended to llmit the
invention.. L : g : :
Example 1 D i e IVEN R s R R AR IR eSS
Abra51ve wheels of the inventlon were prepared 1n the -
25 form of 1Al metal bonded dlamond wheels utlllzlng the Do

materials and processes descrlbed below I T U
A blend of 43.74 wt % copper powder (Dendrltlc FS grade,
particle size +200/ 325 mesh, obtalned from Sintertech:.
International Marketlng Corp Ghent NY); 6.24 wt¥ .
30 phosphorus/copper powder (grade 1501, +100/ 325 mesh partlcle :
size, obtained from New Jersey Zinc Company, Palmerton, PA);
and 50.02 wt% tin powder (grade MD11l5, +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 synthe_'
Electric, Worthlngton, ohio) -
blend and the combination was mixed until it was uniformly

1amond obtalned from General
'added to the metal powder;i:ﬁ
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tools of the invention are ceram c engine valves and rods, punp seals, ball
bearings and fittings, cutting tool inserts, wear parts, drawing dies for
netal form ng, refractory conmponents, visual display wi ndows, flat glass
for 15 wi ndwei%Mes46 doors and wi ndows, insulators and el ec"tcr"’r"b‘é?"’zﬂ rts,
and ceram c el ectronic corrponents including, but not-:" limted to,
silicon vvafers Al Ti C chi,ps, read-w.ite heads magneti c heads, _and

subst rat esPlepfeds Jfhfe Ban‘ﬂ?%aR]é’d’edaFF d PSS B@Féeﬂ%g}é’s’— in 20
the fol | owpkgsssangd emmcefdw memghmtesme woanpkes (Pe7EIy/dd®h ustrat e t he

invention and. re nat .nt ed to limt the invention. l e. | Abrasive
wheel s of BREL n%é‘r‘ﬁtl’%iﬁ‘ \Wg'Fg Br BT SeRSEhE Y% SXS5PR 8??‘7%) %etal bonded
di anond whébkoretidal ihag beennfiexmed| & .and PPoddusdie wbeelibeet Bal ow. A

blzggfi 8254@;&@1@ %c;omers%pendem? (@%ﬁ&'ﬁhf.éﬁl Eﬁutgm@e naérﬁwfip BSicée

+ I nter 1, QN el r

Ghent , ESEQ‘E%Q ﬁ%ﬁ%r&s’iﬁ‘% Eé,‘? % % % ‘%%S_L 100/ IO325

mesh partl Segmente, C%a&médl F &Pn Y@eky 3eP§§§/SZ‘f?1(91@GFPpan?he %Mt@n PA) ;
and 50. 02 weYet gronodvdss ther adQuMEdLSarctaaBe ngsde tdy5 YoRXE BHNEheDar ti Cl e

size, obt ab%? ﬁ%é’gpa#r %aﬂla'Xﬁggéd 2L n?xglzégl?e fdisz%eki‘%m%%”rsey) Was

prepared. asi Si ze di anond
obt ai N8 f PoFRimedfram E¥asde| @et«wﬁ't mewgsbhryompa)r wagléaa@datv&qeﬂe net al
powder bl emdtrhngn tdiee o diiamet epnofastboutx 83 utrh, larid seamentsf ored \eml2 WO
99148646 i PCT/ US99/ 02399 bl ended.

The mxture vvas@g@aced i.n ggra hite npld and hot pressed at 407[err]C for

15 minutes at 3 PeReS A thealRpinuel GOrR We¥@rget density in
excess of %%mbledle@rtét iacstilhea Hikled epory denent, siystenh¢TdGhnddyele used

in 5 BExgnphe-2s 5&9&@@ OfobEQQnéaePfﬂ' %Bkge@%rﬂ:)@alsRoﬁgﬁﬁﬁ Rdiardness of

th d t t d 18. 75
v o e rekBLSE T ng Vel 18 ERuIng R, Pt irttin 2 ”?ﬁ&gféﬁﬂﬁ &F ar cur ate

geonetry t ouAkiphetdlgrasive segments. The contact surfaces of the core
and the segments were degreased and sandblasted to insure
adequate adhesion.

20 To characterize the maximum operating speed of this new
type of wheel, full size wheels were purposely spun to
destruction 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 Dburst test data for typical examples 6f the 393-mm diameter
experimental metal bonded wheels.
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peri phery of a machined alum numcore (7075 T6 al um num 10 obtained from
Yarde Metals, Tewksbury, MA), yielding a wheel with an outer dianeter of
about 393 mm and segnents 0.62 cmthick. The abrasive segnents and the

al um num coy, assenbled with a silica filled epoxy cppptbsonyssdem
(Technodyne ?@wjﬁ% 18 adhesive, obtained from Taoka Chemﬁcal s, Japan ) to
make grinding wheels having a continuous rimconsisting of nmultiple

abrasi ve %%E?ﬁ&taﬁheaeeamtﬁsﬂd sideacasref dherngehepaps the segnents were
degreased and sandbl asted to insure adequate adheS|on 20 To
characterize TWHER DD Bureg gpeedrst T | guarew typemak. wngel , full

si ze wheel s pu 0 dest t ef i . bur st
strength and per&a%ll ng spégg cois F%g t Ja%%ea'}lﬁog on Conpany
met hod.| THB/&h bI e bel ow sinmi#®9®8es [t he 25

maxi mum oper
burst test d exanpl ei of the 393(safprdi afret &a/sLxpgri ment al

met al bonded 45046
veTa1° Bdnd“Bhetl Burtdf48: ng]tJh ‘Bat 4 Wieel

PCT/ US99/ 023 i et al

Wheel Bur ur$€-45) | Burst Max. #  Diane er RPM speed
speed  QOper 0 Ccjn @GBrasn) | 8990 ) 36415 1dEnaed | (sf pm
(ms) 4 9959 204. 4 4024p 115. 8 (15. 4i) 5

. 39.29 89 8%. 36415 104 .8 (15.47) 39 27 7820
160. 8 31 92:27 (15.7830 9| 1689827 3168790 43669
125.7 (15. 46 di ng.460 {hese dat|a, the exfperinenta wheel s of

this design \w ' "“ 6 —§13 aRerat-torel—s s (17,717
surface feetfmn.). B gﬁ;’er opedF’gPi cnaFﬂs'Eseed 0 6up t ‘msjcan be
readi |y achi sGAe*S ulf t her

According to these data, the experimental grinding wheels

of this design will qualify for an operational speed up to 90
5 m/s (17,717 surface feet/min.). Higher operational speeds of

up to 160 m/s can be readily achieved by some further

modifications in fabrication processes and wheel designs.

Example 2

Grinding Performance Evaluation:

10 Three, 393-mm diameter, 15 mm thick, 127 mm central bore,
(15.5 in x 0.59 in x 5 in) experimental metal bonded segmental
wheels made according to the method of Example 1, above, (#4
having segments with a density of 95.6 % of theoretical, #5 at
97.9 ¥ of theoretical and #6 at 98.5 ¥ of theoretical density)

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).

14



nodi fications in fabrication processes and wheel designs. Exanple 2

G inding Performance Eval uation: 10 Three, 393-mm di aneter, 15 nm
thick, 127 mmcentral bore, (15.5in x 0.59 in x 5 in) experinental netal
bonded segnewDaPMseeel s nade according to the nethod of ExZFBUEM23%bove,
(#4 having segnents with a density of 95.6 % of theoretical, #5 at 97.9 %
of theoretical and #6 at 98.5 % of theoretical density) 15 were tested for
gri ndi ng pE&h¢ orersiec eheelnwes gfeqtest pigait YraemEreedar s Bre avitirdfdgdwheel
#|6| as the wheel Wwayvitegteleabest ffs ngFag @ﬁgsrﬁ)orqulgeagé :ltdsleséidydeea al t hough
al | experi : ptable. Testing o eel #6 was done at
three spee%?é%%]g%%%ﬂ’gg;%p .. 56 m's (11,000 sfpn), and 80 m's 20

(15, 750 sfpn). OVsio BEmrbPEFatd mlivgaeaptrings RF fe 30hBB| (? RDiReHded for
grindi ng agdidacs&tl cenamé ot 23 iialch)sdeepdvarse gantfoenethee| sildrdnt hey wer e

tested alo | %gﬁﬁ S 1 ty ; | t.ri.fi.ed bonded
di anond V\hggfiﬂg(%%ﬁ}z - \g\gﬁgg\mgﬁe}?é %Srtlgia%g% ‘%%}nlin r%togﬁi%gorrﬂ}%r?{/éxf rcester,
25 M) andriheisd heistwasnditbsigr bonded di anond wheel (SD320- R4BX619C
wheel obt al trom Norton NY.p.s : ) 4 WD 99/ 48646

PCT/ US99/ Ozglggh‘]‘ﬁ%'re_si,n Mee%\%aér%%%‘{xg?ggt%&aﬁwtﬁ%e speeds. The
vitrified widepluwBreskicarignes MDS206B4BX&¥3Hm) SHARY NéYC ¢t 0 speed

tol eramge consi derations. @ieze ona9idwukiamdtpkyuny® mu ithdekakss. &vd mm (0. 25
inch) 5 wide and 6.35 nmm (0. 25 ingh); dgeRoYere performed on silicon nitride
wor kpi eces. The_grinding testing conditi on/s ger e;: Glindi ngf‘Test Condi ti ons:
Machi ne: Wheel 8pepRt "G idfder®rodRt EUF/ENCEORtel 110 APEatPOTR:

SD320- RABX6 E¥pm) SD320- N6V10, 10 Size : 393nmm di aneter,

15 mm thi ckregsagafd 127 MiRlescYeslecrie@dl and3fos Ifurednd 80 m's (6252,
11000, _and 5720 sf Cool anj . L %%erf)ol 22 @0% oil and 40% wat er
15 Bol alPoRPBE sHAesEtRg B9 o (g kS

Material Removal Rate: Vary, starting at 3.2 mm’/s/mm (0.3
in®/min/in)
Work Material: Si;N; (rods made of NTS551 silicon nitride,
obtained from Norton Advanced Ceramics, Northboro,

20 Massachusetts) 25.4 mm (1 in.) diameter X 88.9 mm (3.5 in.)
long
Work Speed: 0.21 m/s (42 sfpm), constant
Work Starting diameter: 25.4 mm (1 inch)
Work finish diameter: 6.35 mm (0.25 inch)

25 For operations requiring truing and dressing, conditions

suitable 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 Wheel Speed: 3000 rpm; at +0.8 ratioc relative to
the grinding wheel
Lead: 0.015 in, (0.38mm)
Compensation: 0.0002 in.
Dressing Operation:
35 Stick: 37C220H-KV (sic)
Mode: Hand Stick Dressing . -

15



Mat erial Renoval Rate: Vary, starting at 3.2 nmmferr]/s/mm (0.3 in[err]
/mn/in) Work Material: [err] (rods nmade of NT551 silicon nitride, obtained
from Norton Advanced Ceram cs, Northboro, 20 Massachusetts) 25.4 nm (|

in.) diameter X 83.9 mm (3.5 in.) |ong Wrk Speed: 0. sfpm,
const ant Wor ROS/4¥¢¢ ng dianeter: 25.4 nm (I inch) Work fi ngéﬁg%ﬁl rf"e%er:

6.35 mm (0. 25 inch) 25 For operations requiring truing and dressing,
conditions suit e f t |. bonded wheel.s_of the invention were:

Trui ng Oper atio’fr;llefgt\ﬁg%%:e Q%%?%S?(%Pé‘%%é&? r%‘?ﬁ%rﬁgﬁ‘e hpany) Weel
Si ze: phmgmnfdend e T{nding k88) sbicon nitride xpds| Spepreserve3p00
rpm( at +0tRBe rpddto stalfdhese ¢ Wik gatefidlg dvrenly epding, the. 4
in.(0.38 ati Qn- : 211 ' t.on.

st cie o EIBOAS0y) Sl (WldipkTa X B PRE A odiarery
99/ 48646 31 mm (1-1/4 in.) exposed for grinding. el 13859 PEORYYN IR St s wer e
performed griml dydstsdsteateduiem dhantderend vigeaddesd.n @giratj nchd he
silicon nifride RS E03prmseva 1he) besle Shiaf 8 NES SuPf(9@r Knmpterial
during grind n%l, { he 88_9 {Im%(B.S m.% sanmples were held in a chuck with
appr oxi mat Jé?‘ér‘ depth PE 1PHYILS O cRUBRR) Py tﬁ??ndi'ﬁtj’. WOTE TR MRS of

pl unge gri et est-adgugredded ranmpeneatarfendhef leaghoff owbrkFispsed duwe wheel
nmade & @. 36 Fadubedt WBrk ddsherand 3Tié mabd Hifildr )pluiided! wdept h of plunge

o, compl et Sisaleely I LI RILIES hhe NS Wafaiensate T
pl unges wefrompeds-dr mad (At inhe toafe3bovmt (104 £8-} eduthe mheshovas dikaret er
from 25. 4 paRddalily. hotre@dbe 35 mm (1/4 im.) clbeerwbeaihevahuthketo! ateral |y
moved 6. 35, 1R d{ held- LnflOYHurkBst Nor sl G cbPa P S AES ek b €€ PI UNgeES.
Four | at er% novenents were
15 performed on the same side of a sample to complete the twelve
plunges on one end of a sample. The sample was then reversed
to expose the other end for another twelve grinds. A total of
24 plunge grinds was done on each sample.
The initial comparison tests for the metal bonded wheels
20 of the invention and the resin and vitrified wheels were
conducted at 32 m/s peripheral speed at three material removal
rates (MRR') from approximately 3.2 mm’/s/mm (0.3 in*/min/in)
to approximately 10.8 mm’/s/mm (1.0 in’/min/in). Table 1
shows the performance differences, as depicted by G-ratios,
25 among the three different types of wheels after twelve plunge
grinds. G-ratio is the unit-less ratio of volume material
removed over volume of wheel wear. The data showed that the N
grade vitrified wheel had better G ratios than the R grade
resin wheel at the higher material removal rates, suggesting
30 that a softer wheel performs better in grinding a ceramic
workpiece. However, the harder, experimental, metal bonded
wheel (#6) was far superior to the resin wheel and the
vitrified wheel at all material removal rates.
Table 1 shows the estimated G-ratios for the resin wheel
35 and the new metal 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 um)
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15 performed on the sane side of a sanple to conplete the twelve plunges
on one end of a sanple. The sanple was then reversed to expose the other
end for another twelve grinds. A total of 24 plunge grinds was done on each
sanpl e. The W@ 9948846 conpari son tests for the netal bonded R¢I&ISE/RII of t he
invention and the resin and vitrified wheels were conducted at 32 n's

peri pheral speed at three material renoval rates (MRR ) from approxi mately

3.2 mni er r FRSA A YRS WeRFNAR | Fh Ve Espeash e d, 10hdsnwteidednthe 0
in[err]/ m ecalpplatddlgd-eatishofiseade. performance differences, as depicted by

Gratios, 25 apiMbudie chid! Recsl B LWnebPEF Gle Vi*?'g[%ln%lﬁixt géné%lg'nle\ée pl unge

grinds. Grati,0o is the unit-less r f volune material renov over

i0.0 . )
vol ume of VRed#a CORTERGER LI ThoVERP AN AR - T RV N Witade 2bFRF1YE sFFalMeel had
better & rani bhetabyngive Regmene) r evid) theeeésint arke viitgheiedntltddla renoval

rates, suggeski 16 %ndéﬁ%&a@%ﬁ@f%&i le%BnE@ﬁEﬂ%rpqtzge?o?.ﬁ\ggr%%g:id\?\lg a|
ceram C WOLKPpLEC ver e, ar.der, .experi al, neta pon e' ee
(#6) was félﬁ'%uv‘g’f‘i‘"ber %{o.Fﬁsp?é%%‘he%eéPeaﬁﬁe?ﬂ;%i%i LPEanpHEe St La) |
mat eri al r exbiblitedtsperighl grindingwerfornanternt &¢ Ghesei nsldmivet he resin
wheel 35 apgaihecormuntiatlichondese Wirald e#Bdcetsuldritht geigkifgmoval rate

condi tigns f er. 0 rapl e.wheel wear after twelv ri nds at
each mha?er Pgﬁkggﬁ%%/% fgg%q{g?%‘grc% ﬁe olrjilet%%lee%(s)n%%z%ltavﬁ?é’@ﬁ, aaﬁé%%l‘f"g“g‘ﬁl ue of
0.01 nil (& 25 pR¥3giye ggain. WFlg.4géeee results were unexpected.

PCT/ US99/ 02399 Taidlieal1 sheek vharswrkadg FeAifPr (FRACRANAr Wadineddi Greyi el ded

t he cal cul i hy 1 h t.al__bond eel qf the

i nventi on ?%Etgarl%a{eﬂﬂf? %%a%gﬁél%%lr%e%%rga{a%oﬁh{gtbhgue i ?7£Qv tfuﬁt@ cdbr asi ve
grain 5 i ntEAE SWFeRi vNSeYAEHEGSS ATfd UeheWF esish thied MAKLTEM| RRRIVSE! s wer e
100 comBenvmileprheightl 5 thecemtirstssoprb25leol WIE YueBdcd7etni) umre %,

respect i velgyeat heraiRalsuebat B8 LMEINMIOBrShidd W%ﬁ&kaﬁiégf%diu%r edr i nding
per formance. . A .thes.et rel ati ve]ﬁ_gral n concentrations, one_ woul efgect
superi or gPFRARHEE 1B CHOREr SRR r orﬁ"Fﬁ% BHHAGE RAEBRLLIE orAichPRg a
hi gher vol yeughenfthan surfacgs freatfdudy thecerseguindingre unexpect ed.
Table 1 shows the difference in grinding power
20 consumption at 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. 1In general, the wheels of the

invention demonstrated power draw proportional to material
removal rates.
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Table 1 shows the surface finish (Ra) and wavi ness (W) data neasured on
sanpl es ground by the three wheels at the | ow test speed. The wavi ness
value, W, is the maxi mum peak to 15 valley hei ght of the waviness
profile. Al surface finish data were neasured on surfa /Gsrg%isﬁ‘dj by
cylindricalWBPUHR® grinding without spark-out. These surfaces normal |y
woul d be rougher than surfaces created by traverse grinding. Table 1 shows -
the difference in grinding power 20 consunption at various nateri al
removal rates for the three wheel t €% The resin wheel had | ower power
consunption than the other two Meé@j’ﬁ&v\e, ver, the experinental netal
bonded wheelsaaptk vi ¥BR'f | dtesihckangdmad Undhpdipadiféc poker ceurfasmt Fani- The
experinmental wheel pdi W @peciCCePiaabl poiOURKeral PRUETo f @ini¥a GREAN C
grindi ng operations, artl};ul aply | n‘w ew Qf the favorat;%e Gr? {io and

n

surface finish data BbserVed for The wheel 861t he i nventi Bh general

t he wheel s of the invention ded¥A8trated power draw proportional to
material reggEg@ Tates. 17 VWO 997 486406

PCT/ US99/ 02399 TABLE 1 Sanp R Wheel, JTanggn ; Ugid, Spegific G
Surface V\aw% nmB/ s/éL Speed -()t':ygl gwer 2 aner ? |o2 Fi n%sh ness

m ms 1Y ce 6-Wmm?32 [er®}-p8 84 13.3 Ra %/?-:fr‘r] °-8% [P} N mm

Resin 973  s803.2 8.9 32132 0.487 40 9.5 12.87.0 5859 4.8052
0' 86 1040 10% 3 3. 32 56 0095 4184 13.1 13 535 3 36596 1. 92 88
4.01 980 232 1.67 139 9.5 99
4.50 1016 o 6.3 5556 (P38 8lyq 129 13 1 5§6553 1. 62. 39
1.22 1052 6.3 56 0.98 81 12293.2 0.55
1.52 293.2 995, 3322  gg 80 .53 0483 143 sge.b54. 20.42 586..84 0.42
1.24 1064 8.3 80 089 74 _ _11.8 233. 2 0,62
1.80 1004 %% o €2 go® %83 7f10 ° 12722 5863 0043
1.75 Vitrifi edo6654 9.0 3.8  1.32 110] 8812.2 (66.3 9P 1.7%7. 3
0.7 2.50
Vitrified
654 3.2 32 1.88 60 19.2 67.3 0.7 2.50
666 9.0 32 4.77 153 17.1 86.5 1.6 5.8
678 11.2 32 4.77 153 13.6 38.7 1.7 11.8
Maetal E;ge;‘imantal
407 3.2 32 2.09 67 2.1 6051 0.6 0.9
419 6.3 32 4,03 130 20.6 6051 0.6 0.9
431 9.0 32 5.52 177 19.7 6051 0.6 0.8
443 3.2. 56 1.41 80 25.4 6051 0.6 0.7
455 6.3 56 2.65 150 23.9 6051 0.5 0.7
467 9.0 56 3.70 208 23.3 6051 0.5 0.6
479 3.2 80 1.04 85 26.9 6051 0.5 1.2
491 6.3 80 1.89 153 24.3 60581 0.6 0.8
503 9.0 B8O 2.59 210 23.4 6051 0.6 0.8

When grinding performance was measured at 80 m/s (15,750
5 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 MRRs without
18



666 9.0 32 4.77 153 17.1 86.5 1.6 5.8 678

11. 2 32 4.77 153 13. 6 38. 7 1.7 11.8 Met al

Experimental 407 3.2 32 2.09 67 2.1 6051 0.6
0.9 419 WO 99748646 3 4.03 130 20. 6 6051 PCT/USI9ER399 (. Q
431 9 0 32 5.52 177 19. 7 6051 0.6 0.8 443
3.2 80 25. 4 6051 0.6 0.7 455 6.3
56 2. 6@‘*5 f§oPerf°r@§?%$ or uppggeptablg power lgpds.4gThe metal Q 56

3.70 20%onded ¥Be8l powedDGtaw waf.¥oughly Prépdrional t3. 2he MRIBO

1.04 8 6
1. 89 153&1"9 hlgg/gsg MRR ag;gx'ileved if- é’_h:.s stuay w%glw 3 mm /%mm

210 2(:38 dcm r%’dgfm)' 0.6 0. 8 V\hen grindi ng performance was
measured at 80 @Mable1% BB Bre sverdges pfatweaddet goivalingr 'padis@g. test under

t he sarrEI condiivians) poeer &@aalﬂesefoﬁr%i&xsert?@rw&h@e &\?eg Ohamqu o
conpar abl e _power _cop n at_nateria val rate 0 s/ mm
(0.8 in3/ mzﬁ eﬁ %ﬁar@habci FROTRRTED fc"trh Exﬁ’é‘?‘?’ﬁé‘}‘?ﬁ“& Lankess were

oper at ed at@%ﬂeéé?hg“‘m% FRBEYal grate.\\(098/ wBEUS normally observe

PCT/ US99/ O%BQQ.nlcﬁss:s@fomegrcfmrrasceuéﬁesﬂl&ecgﬂﬁl&izﬁg Hﬁ.\é%és' 82€Sca e et al

bonded e r h opertio The hi ghest
VRR achiovaqd SHE| ~BERUE Gra Ly SHRRE: B8aing oL Rt E o B
Table 2 datfécére a?r%‘? a‘@*@%@e?%?%el‘g"rd@ﬁ’dWﬁ@hpmﬁ%leqenaﬁwm@l pover
readi ngs f@hisadh oftémeksseived gaswes MRRNMBENEAceBYKabhyweess) nt for

the exper | mRaLal yoRel AdtheoBth S b LGIR A Bycthgyou d

nor mal |y observeé ag | ncr.ease ? s Snecessi Ver Rafhg ses are
carried 10 9%A8St h a‘b“(%f's"ev@réf‘ﬁ n%e‘? RSERBLRA e INPRFCHSILY, deat dvhet he face
of t heléheehxpeeivensal odued waihtaimddiieseshatrprdéwltinghpsihss cddr@mgobser ved

as the NRRtlh‘é eRel paSELh, t-JTpW%Véﬁe éél:,":t Sdtteégi ﬁﬂg@r consunption levels
observed w t hi n_each I\/ng ri nds denonstrates,

ur,in wel ve
unexpect edl y, tRaf tlﬁ?l’ém‘?f%e g?? rfé?ﬁsalen\ﬁHE | t8R% nivditheBatexiaharp cutting
poi nts dur inegovhe BaEeS cranerigghfmm thed medfs/Am 0. sSVREY miR/ihhetsor e,

during thi a7est wh&/dAm (aWat InRE8YiAJ, it was not necessary to true
20 or dress the experimental wheel.
The total, cummulative amount of silicon 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 regin wheel at 8.6

2.59

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

and 1.7 pm (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 pum, and poorer waviness

(1.73 versus 1.18 um).
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removal rates ranging from9.0 mferr]/s/mm (0.8 in3/mn/in) to 47.3
mierr]/s/mm (4.4 in3/mn/in), it was not necessary to true 20 or dress

t he experinental wheel. The total, cummulative anount of silicon nitride
material ground wi thout any evidence of wheel wear was eqrgséﬁjg&q’% ohO 3

3 271 cm peWOHM4® in per inch) of wheel width. By cont e Gratio
for the 100 concentration resin wheel at 8.6 25 mB/s/mm (0.8 in3/mn/in) -
mat eri al rem)val r at roxi mately 583 aft twel ve plun The
exper i ment al ’ssr’ré‘:ﬁ gg"n‘éeaé'ﬁsaﬁf’ea%aéreqn SFeﬁf?zéa}tJféB §| unges at 14
di fferent stmfece ahrnaimwaenrm%s:er‘ﬁamberczd%m ghawnd el tdabeeseyr ound by
t he EEXDGFQEEQiaﬂ{or?t%d m%eh er&&d m\d@eﬁh?ﬁtré&ldvaﬂraaéeiﬂ@ﬂgarseaoval El at) eg
mai nt ai ned_const ant surfac i ni,shes _bet wee e an

[err] (207P&fr}s HhFRLEE v'f?lg"ss va ‘tﬁ‘%rs1 qm%r%e %u%fééﬁ é% %‘err] and
1.7 [e$r] d¢e@rierayiopheirbsircyghse] CM/Esr?t'éﬂS tf€§t éaaa@aﬁé@f@eﬂ?gh mat eri al
removal rahes. a&lomey &lont2bl aligedl B ugednheredid/ s/ Mm 35 (o 8

i n[err]/mn/i n%@at G 1l DN Horl Rl G o ¥ £ AT OAL Sorl AU LhE Tesin

wheel had sli etter ut coe%para Fe = sur ace |n|s : ver sus
0.5 [err] whaﬁ ‘ﬁ%ﬁ)raé-‘rl%(?l gekad ef fegtirely aty 2 ¥RReyhich Was ovep B9/ 48646
PCT/ US991@21389 She MRRS iakBligvablend thas soamfmna, ecpmeterddiyatised i n surface
fi ni shywhel ot ROGE] AeB! OUEnd oot ALk M drbdiNBaB Y EE dapaded wheel as

t he eriar fenoval rateé increa This jisin co st t he conmonl y
observed §E}Pf§c§atf-"r‘?1|°é’l‘1‘93redd%‘t eorrEF?‘B ]?IﬁetlhaltnE ‘éa Ut rares for

standard wheel s, such as the control vI#8BE& used herein. Overall results
denmonstrate that the expgalmyt@;tmuetbo We%emsp@bl e to grind effectively

at a MRR e Vi=l=, o A S
comrercial ly %}g‘g{? 10 MRS, e§'ia’?9‘al30nd"“’tﬂ‘:t"teelsl’e"1 e efperl AP V\?\velgf ﬁwad over

10 tines the Gratio wonpartddl t 0 Poier r eEdaygmhe@ptigt Fipishowewt MRRs. TABLE 2

14 MRRs Tested At 80,0 VBg&k SPRAE  wes/mm3 Ra pm
m N/mm

Regin

1004 9.0 1.32 110 12.2 586.3 0.43 1.75
Metal

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 5.0 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
201 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 9.8 6051 0.46 1.42
15
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Sampl e MRR  Tangen- Unit Specific G Surface Waviness mm8B tial

Power Ener gy Ratio Finish W [err] /s/m Force Wmn [err]

Ra [err] m N mm Resi n 1004 9.0 1.32 110 12.2 586. 3
0.43 1. WO WHBes | nventi on 805 9.0 1.21 08 PCT/USPINDY® 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. 6051 0.44 1.14 841
24.7 2.81  ben operatgdjat 32gpfp (6256 gfpm) and) 5§4mgs3(11,0007. 0  3.06
248 8fpm) wheHl5lkpeed8. 48able 1)l,. @Re8power ccHBumptidnlfor thb?2

gogl 60dtal Podtied énhgeea: wds 8H1;gher tﬁ&n4th%tg5c&4 res:.?xgégeel a%%g?. 0. 44

0.4 .
1. 45 901 e E%eg“‘atezi“fa re'“@‘ééf Tates gegted. gdipyever,gthe power 1 70 913
38.2 8. 5@onsugpRion for @hg metab(dhded Ghddl becamk. GbmPabable o). 4 4. 98

404 1919ght 1@0@% thQn4§hat of zJes'i_ﬁ 8§Ze1 at ‘!:%e7h1?ﬁ Reel sga%%d

9.6 605
6051 35 80 w4 (5. ggp sbmi);(iableg 3pand 3y overald, grne tazmer

0. 46 ghqge45tﬁ§t the\poget48eaBimption decreased with increasing
PCTI U599/ 023881 DR §8iAdiRs 40 Thebdire ﬁif\a[t@rlﬁ'idréﬁoﬁﬁ J.(a{'t]e 000 sfpm

wheel ee 1 t he 0. nption for .t I d wheel

was hi g (}f’ ‘h’a’ﬁ°€*he‘ihg Ny ﬁﬁs\ﬁ%eﬁ gst FXB'?rJt‘?Fé‘tﬁa‘t 5'??3? rat es

t est ed. Howbeei, ?%q)muapémmmmngrmdxm et obowhlza@lhvs‘m becane

Corrpgr a]?l gter tﬁéi%éﬁﬁp&dc%fsast hagsr\c{) lmeg 1@fssr§ﬁpcsh:a/da&elma riR&i Ay gh \é\hgﬁgmd
abl es _1.an ren

tsﬁg'? tﬁe %ﬁe%‘%éérﬁgﬁges’% als IOg)e‘cr ease‘ﬁ”‘n thIi i nczzgraelé]‘s N 5‘a\%ﬁ§éf‘fip‘%§j Yhen

gri ndi ng atth?hér%%ﬁf%r rﬁd{eéffﬂﬁél skalpblidly o4t the ocenagrichprberfals esi n wheel and

the experi men8ahonst:rdt da bfe dhaheet £ad20wasa 1 CON BHMtheO Be@sthi 8 Je Grd 1@ NY,

much of whigeR, 4865: ¢ dHi® WHBLKR! §£&1RS i168heid:S, 1+33S pbliRLr E8N urgh s8I Ndi N
did not detract from the finished piece and was at an
acceptable level.

For the experimental metal bonded wheel G ratio was
20 essentially constant at 6051 for all material removal rates
and wheel speeds. For the resin wheel, the G-ratioc decreased
with increasing material removal rates at any constant wheel
speed.
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 speeds 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, a MRR of 380 cm’/min/cm was
achieved while generating a surface finish measurement (Ra) of
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ceramic materials than in grinding netallic materials due to the greater
thermal stability of the ceramc materials. 15 As denonstrated by the
surface quality of the ceram c sanples ground with the wheels of the

i nvention, the power consunption did not detract fromthe é.t d}ag,gg pi ece
and was at WAt abl e | evel . For the experinmental netal  bon wheel
rati o was 20 essentially constant at 6051 for all naterial renoval rat es

and wheel speed For £ L d1esha weeel i ddhanG aa@ afiecregaed, i th
r?{ate i

I ncr easi ng rates at an consta eel speed. Table 2
shows t hepowsar ové‘ﬁmnpbsenr‘eﬂﬁ fhigh naeexriads rengval rarreﬂnmébgutm the ground

sanpl es ajuféLhegand 8|t§pﬁfédcerhiﬂ1§-dﬁ5ﬁ]dpﬁ@cet bpisanplseatgaoned By the new
net al bonde vvheel F % c{ \é/? ?@Sz? nq_,gg) rgl__% eeI speeds
and mat er‘11 J'relr‘?gv ese s The a nded wheel
denonst r aawsd c&aan@&p@i%w%(samfiwé %Rﬁﬁ?&lléﬁ Vit RRYc SRPPBFCikEel s. I n
contrast jerddicreCafgel Cofllargoondl tybeel s, there was no need for truing and

dr essi ng e @grl ment al wheel s during the extended grinding tests. The

experinme was successful | erated at wheel_ speeds up to 90 nis.

35 Exanmple 3% FUR §HBE%‘E|LPé?ﬁaS§Van??£ Wass PrEParemd %é??ﬁﬁﬂt&l‘ tifeel (#6)

at 80 m sghelnﬁidigr ofheappitereoper at vagt texldispiadte atbldmochardsegpeh t he

previ ,E_%@[mj a MRR of 380 cnierr]/m n/cmwas achi eved whil e generating
ace TrhrshH

a sur measur ene R?%? of 21 WO 99{ 48646
PCT/ US9910239% GNPy SB age?evﬂﬁeﬁh 3L Sy =afdOuf i“ATJ2ER SERBptabl e | evel
of power .aHteesiolks eegeents gldemiticrl ain rampeslitiab etaiitthoset usedface damage to

the Cera%,ﬁamrekril egReddifd) Waeptt BbNlCd 1Y tHE! fididia WRs 4ol of the
i nvention has not _been. r. orte/gB rindin

oper at i o4 FEIPSarty - ts,On%Pe i%4° gsﬂ‘/egw)#e%ﬁrz%g%&aaﬁg%glﬁ‘gﬁ lrExarrpl e 4 A
cup stmpethalBasisivet sedments prepar Bdvand %t 450 econgentiyation), and
(2) the segments sizes were 46.7 mm chord length (133.1 mm
radius), 4.76 mm wide and 5.84 mm deep. These segments were
bonded along the periphery of a side surface of a cup shaped
steel core having a central spindle bore. The surface of the
20 core had grooves placed along the periphery which formed
discrete, shallow pockets having the same width and length
dimensions as those of the segments. An epoxy cement
(Technodyne HT-18 cement obtained from Taocka, Japan) was added
to the pockets and the segments placed into the pockets and
25 the adhesive was permitted to cure. The finished wheel
resembled the wheel shown in Fig. 2.

The cup wheel was used successfully to grind the surface
of a work material consisting of a 100 mm diameter sapphire
solid cylinder yielding acceptable surface flatness under

30 favorable grinding conditions of G-ratio, MRR and power

consumption.

Example 5
Type 2A2 cup shaped abrasive tools (280 mm in diameter)
35 suitable for backgrinding AlTiC or silicon wafers were
prepared with the abrasive segments described in Table 3 -
below. Except as noted below, the segment sizes were 139.3 mm
radius length, 3.13 mm wide and 5.84 mm deep. Diamond
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grinding of sapphire on a vertical spindle "blanchard type" 10 machine. A
cup shaped wheel (dianeter = 250 nmm) was nmade from abrasive segnents
identical in conposition to those used in Exanple 1, wheel #6 except that
(1) the di anBiQPoH86 45 ni crons (U.S. Mesh 270/325) -in grit RGIASY

present in 15 the abrasive segnents at 12.5 vol. % (50 concentrati on) and
(2) the se nts sizes_were o/ ord | engt 133.1 mmra 4.76 mm
Ui e and. SHBARHE SEFLATRESS S BRECR P GHed CFBh S MEBEPLEHERY of
si de surf ate sdomentppehapkeek tidetheopropritiippsagévanr it TaliledBewbvee. The
surface ofy i»a]eez?éa Q' 8cPasn P AHRS whkgeed ehEQ eﬁfémerayuv\/@i ch fornmed

di screte, c}%kgtgﬁeggw Haleh hq%lsang}hechnog Eﬁ“ t_lrgtum a si ons as

t hose of t €poxy COnBAt cement 8bt ai ned
from Taﬁ)kablgﬁbérﬂe“\mas PQHG@E! Ttet?qel@e fﬁﬁckﬁ% %eﬁﬁewé%gf@rﬁ?@dpl aced into

t he pocket snarsiutied hﬁtada@ra@u\msmeam 1dwasfl.eldo andr eomaahace‘d ni ghed wheel

resenbl ed the eel sho . e gcu ccessfully to
grind the gﬁ?‘?}\é{l;ee &egg‘e r‘ﬁgh{ &PES) hgg 1S Sle\r%g agf 4?1@?(58% gFamat er

sapphi re seinuteyldtndeooypei diany3adidep nbl aysur fcacd ihg at sesentsdeer80
favorabl e geiodi PE Landubi gosgof Gratio, MRR and power consunption.

Exanple 5 Type 2A2 ga sive topls (280 nmin dianeter) 35
suitabt® for aﬁﬁ&;ﬁ"ﬁ’ﬁr& %I ‘%?%b“oi’ysla %’6’&‘ SeTRPREDIFET &d with the
abr asi ve sesgokinel J9ISr Fhedlvmintablicors was ovarredeptt ags rigt dkabplew, the

BEQWEHB zizies nf‘enl:%gw%rgnaég’&@éé%d eBghdblabthdl, byt ee with adBdsivrdeep.
anon

PCT/ US99/ 0338 eaflsll\lfecégﬁ?h?%“}?&hﬂ‘aﬁg BRI ERT 5O 1ip i 1SS

manuf act ur eeziphayrenPEtper cuking the adkepitporthiconbegl \was machar;eé 3 were
preparegl byosglfeniyagd ahbedvwendhgidegorpepear s through a U.S. Mesh 140/ 170
screen, and m xing the conponents to uniformy 5 blend them Powder
needed for each segnment was wei ghed, introduced into a graphite nold,

| evel ed and conpacted. The

T e 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
(Bx. 1) .
(L) 46.50 47.01 0.49 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
(s) 43.53 44.01 0.46 12.00 29.55 36.54 1.53 32.37
25/2052
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graphite segnent nolds were hot pressed at 405[err] C for 15 m nutes at
3000 psi (2073 N cnR). Upon cooling, segnents were renoved fromthe nold.
_}_g I Assenbly of a wheel by adhering the segnents onto a nachi ned 7075
al um num cor e s carried out as in Exanple 1. Segnent $c¥Rk reased,
sandbl ast ed™ %35‘?6\315 wi t h adhesive and pl acgg I n cavi tgi es rsr’achi%édg@tgo
conformto the wheel periphery. After curing the adhesive, the wheel was
machined 15 to size, balanced and gpged,tested. Table 3 Bond Conposition

20 Wi ght % . oI urre % I e Cu Sn P
Graphite Cu Sn & ‘ e LS 5. 01 0.52 0.00 43.71 .
54.03 2.26 0.88mpEx. 1) (1Bond caepBtel 7. ozp:n@mgd Bog0sitas. 70 44.14 1.86
18.30 7.5/204 0 (2) 46.50 47.01 o 49 6.00_35.70 44.14 1.86 18.30
7.5/ 204 0 (3) Contwd 76 46. 26789 48 (3741;90254 .07 1.75 522.16 7.5/ 205

1 (4) 46. 50(E47101 0.49  6.00 35 70 44 T4 18. 30 5/ 2040 (5)

43.53 44.01 0.46Y 12.00 29.53$09 36. 51713%3 32 8% 25/ 2052 285 WD 99/ 48646

PCT/ U899102399 B®% Abr asi ve Seg fBosi Vol % Sanpl e Bond
G aphite gigrrl Por 03 ty[e 93Ooqt., ggnc) >80 i 0. 00
18. 75 (ﬁ > (Ex. 1) .95 .88 (75 congy (1)
>80 17.93 7.5/30418 <5 7 5/ 264@ conc) (7.5
conc) (4) >80 18.07 1.25 <5

5/2040 (5 conc)

(s) >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) graln 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 wmm 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 S5 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 wmm (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) sqguare
dimensions, and the microns of stock removed and the normal

30 grinding force were recorded. The grinding testing conditions.
were:
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(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) w0 99/48646 >63 30. 35 6. 25 RGT/2HHBZP

(25 conc) a. Al dianond grain used in the segnments was 325 nesh ( 49 5

mcronmeters) grit size, except sanple (1) which was 270 nmesh 57

m cr onet er @yingdigon T Co yghsconcentration | evel s are given bel ow the

vol % di armméehbnePor osi ty Was?tx&%hda@heér:ir{&é? eBaelvaaron of mcrostructure

of segnent scrin@irie Mcdenat i orvexftiicallespihdid ipQuabkoysindihg density of test

sarrpl es of t Bheekcirtif lichtdprei cal28@ensi diamsttepmt @8I 3l mm useidtknessegnent s.
mpl &6 15 G nd| ng Perfor manc@nByaReadtn divleSanpl es of 280 nmm di aneter,

29 3 nm t hi kee% cent ry299% 8™ (11 in x 1.155 in x 9 in) |ow di amond

concentrati %‘iﬁﬁte fill Qg@éxal segnent al wheel s nmade

accor di ng tﬂaﬁ‘éﬂwﬁ %e%o%& erhes] 6 r grd '}&'é}%? p@ﬁ@fdmnce The

per f orpgance of these sanpl es Ma;&dﬁqggar ed to tha t he control

backgri ndi ng wheel of Exanple 5 which was nade accordi ng to the high (75

trat wheel #6
i thout gr ;BR? (RTRI -0 BRIP R0RE b TN B O L0 TR I (45 | nch)

wi de and 1S ?sznﬂa@O%SBP?ﬁbfﬁca&éé‘ﬁ 3%?%0'65% GRE8 BRd phGacngRsy EFPBCes (210
G ade Al Ti xixraidGeegahyonWSideEorepor ¥Ai. onafdmndapohisiaMpefatdohher 4.5 in

(114. 31 4m) ¢ g5y indnd%ézlmassmaﬁcéémm&ca@w %%éﬁ]ﬂaoaﬁdof stock

r enoved an t he. nor rinding forc mere record e grinding

testing R e T pera we 5879
PCTI U899102399 Resultiengf Teke mmﬁltngohsst (normal force versus stock

removed) for Example 5, samples 2, 4 and 1, are shown below in

Table 5, and in Figure 3.

20 Table 5
Normal Grinding Force versug Stock Removed
Wheel Control Control Control 2a 2a 2b 4
Sample (Ex.1) (Ex.1) (Ex.1)
MRR 1 3 5 1 2 2 2
(n/sec) :
Total Stock Normal Grinding Force lbs (Kg)
Ground (1)
25 6(2.7) 8(3.6) 11(5.0) 11(5.0)
50 16(7.3)  2000.1) 23(10.4) 6(2.7) 732)  19(86)  2009.1)
75 12(5.9) 7(32) 23(104) 22(10.0)

100 24(109) 34(154) 40(182) 177 7(32) 27(12.3) 28(12.7)
150 27(12.3) 45(204) 50(22.7) 22(10.0)  7(32) 31(14.1) 32(14.5)
200 33(15.0) 50(22.7) 59(26.8) 28(12.7)  21(9.5) 34(154) 36(16.3)
250 37(16.8) 53(24.1)  60(272) 31(14.1) 30(13.6) 38(17.3) 38(17.3)
300 40(18.7) 57(259) 63(286) 33(150) 35(159) 40(182) 36(163)

350 36(16.3)  39(17.7)  42(19.1) 33(17.3)
400 39(17.7)  41(18.6) 40(18.2)  33(15.0)
450 42(19.1)  42(19.1) 40(18.2) 34(15.49)
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) (141
a. 2a is sample 2 from Table 3 with an abrasive segment rim

width of 3.13 mm.
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Machi ne: Strasbaugh Gri nder Mbdel 7AF Gindi ng Mde:
Vertical spindle plunge grinding Wheel Specifications: 280 nm di aneter,
29.3 mmthi ckness 5 and 229 nm hol e.

Wheel Speed:; 1,200 rpm Wor k Speed: ol ant :
Dei oni zed VM%?”%%GGI’I al Renoval Rate: Vary, 1.0 m Cron/pjcz'/(fs%& SP’O 10
m cron/sec Wheels were trued and dressed with a 6 inch (152.4 mm) dress pad-

of specificat 8424 S d,o n fr rton any,
Wor cest er 'f,lygﬁggié Aﬁ%ﬁ'\w f?&ﬁslsagg%r at méﬁlll %g abr%@:.l}b S%%maecgzn&'g‘l ng was
conduct ed peri @ﬂé@@l ﬂ'ééuﬂ&snﬂeld@dstﬁ%@ewﬁﬁﬂt @mgfne.@dcaﬁé eﬁmé’}?era%ec hanged.
Results ofn m‘glg% d| NG, %ggiég rom%le f:,%cg %/q?rs%%ost %d%ﬁfor
Exampl e 5, are shown DEIOW in Fi gure 3.
20 w 5 hlgher MRRs '(going from 1 to 3 to 5 Tmisrens/ quatmﬂ. b@rﬂ)neyhgg Fo?ce

vgrsus St @okaeaDyaedql dieelvith Geid oot rED Nvliedl sGmplLeOhaving nola 2a
2 1 N 3

5 fr§p§§£@ F:zlle(xEénd %5 é&f&enq:% e‘Fﬁl/]E)mch)Bl: zakﬁ)?sannrest ogE

Nor mal G FRBFFyStFortde 11ew df?@ndeceaﬁanﬁ%% » gaphite filled

6(2.7) wBé8lS)of Ebfple)s oﬂ.]t(l'ﬁa &hvéﬁtlori&(shrr@)les 28 ®Hl Jand?23( 10. 4)
6(2.7

1(2(5 %) nZégeéx)glgrﬁ%( T %4:; 16,0} 42 ores, dfﬁ”é’? IR I8 18, 2)
17(7.7) fo¥ des tpy rg °V%9( gaypjvabent ?FPB?%? {0 aF) @ ¥BR22. 7)
22(10.0) of Z(BiXon/Fecdadlior INel4nsenDe: WBEelowdy edli(2enr t59(26. 8)
28(12.7)  engd(fdlea homld oS Hac3in BLordl €S- Ble &Sfchttabive00(272)
31(14.1) g %%3 éﬁ 1 38(17.3) 38(17.3) 300 40(18.7) 57(25.9) 63(28.6)
33(15.0) %38 P~ (18 2) 36(16.3) 350

36(1618) 39( 1 Addigieng. wheel Pl pagplag(reeded approximately equal
39(17.7) nb#hdB. rceA0td8g2ind I b3tHer 4OMRR rate of 1 micron/second

jgg ig B QSé%@l{%)of }0%%§r§%/s%}%%5 4%‘h%5:81vent1ve wheels 2a, 2b and
43(19.5) 448 qmplQ4§(ggsg)exq§§?fgd9ye{ﬁgyve stable normal force

46(20.9) déndads Ps tIQ( adount Xl (stéck)ground pragressedfren? 2Dpotw Tabl e 3

Wth 3§ aRpash¥ercid™hhiki fYpe 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 stock 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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width of 3.13 mm 25 WD 99/ 48646

PCT/ US99/ 02399 b. 2b is sanple 2 from Table 3 with an abrasive segnent rim
width of 2.03 mMmm These results denonstrate that a significant increase in
normal for ce WRi®/4§&46ded to renopve | arger anounts of stock aRCHUSIPHIE MRRs
(going from1l to 3 to 5 mcrons/second MRR) when surface grinding with the
control mhe I @Qple haV|ng.go %rézhit% fille é and 75 concentration di anond
abr asi ve. Pn Zomt rit PSREY 6P d “RoftERT r2h ithe, sgPepirtes mnd ed

wheel s of BErawpte o Ftoce rEMQERL ithan( dddpvesea,2baxhdg 44n ldbraedded
signifi canbleyméﬁssmr&ﬁmmf BoLgemmlur i mp,g Qﬁégﬂlm i fgggea rg@aq%grl 0 renove

an equi val t at m cron cond for i nventive
wheel was gi%l %g?%l{ r@h%b e?faidl at'%a PW%H‘& FSE/‘%’e‘E:"bﬁd’ef or the
conpar afi vEURAREE %ﬁuﬁ%eew°fsplece at pRyaHeint okn timeeuping agmiinddngeeded
appr oxi mat epgratims ndfamnkdoksr €les Wiheedr pAdsapri ther a MRR rate of 1

m cron/ second or a MRR of 2 m cron/second. The inventive wheels 2a, 2b and
4 of Exanple 5 also exhibited relative stable normal force demands as the
anount of stock ground progressed from 200 to 20 600 mcrons. This type of
grinding performance is highly desirable in backgrinding Al TiC wafers
because these |l ow force, steady state conditions mnimze thermal and
mechani cal danage to the workpi ece. The control wheel (Ex. 1) could not be
tested at higher 25 stock renoval levels (e.g., above about 300 m crons)
because the force needed to grind with these wheel s exceeded the nornal
force capacity of the grinding machi ne, thereby causing the machine to
automatically shut down and preventing accunul ati on of data at the higher
stock renoval |evels. 30 While not wishing to be bound by a
particular theory, it is believed that the superior grinding performance of
the | ow di anond concentration, graphite filled inventive wheels is related
to the smaller nunber of individual grains per unit of area of the abrasive
segnent that conme in contact with the
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35 surface of the workpiece at any point in tinme during grinding. Although
one skilled in the art would expect a | ower MRR at | ower dianond
concentration, the grinding force inprovement of. the invention

Ve Smadie 22 Vo SR "R
I C

PCT/ US99/ 02399 of 2.03 nmm needed l*ess ind at the sane rates and
amounts Qf stock renoval than did wheel 2a, having an abrasive segnent

wi dth of "¢ £33 The wheel 2b sanple has a smaller surface area and fewer

grinding points in contact with the 5 surface of the workpiece at any point
in time during gukrpdedgipRliati apsadian tdokscomprising a2ecsanpl e. 27 VO

ggi gg?jg haying, o 8n minimum s ecglyg%%?r%% Yerohaidt oF 2 ?'Alvlﬁé'réx\?(]s ﬁr' ndi ng

I'sing_d core m n| num specific stre
par amst era GlOTR, 4eWPat2$rFffer°r B §o &% %/61“@ dBnSHISPIGE Besimgter g B, a
circul ar aﬁﬁraildﬁkeire ahdl dutiakdabyve pliunadétynetl dbrasigkeusedment=of abrasive

segments; . PU%% %' LEgREHE Uk Q-QEEr'ﬁ?,arddﬁn%QUHQiécé&i Reted to
t ot al amaxwrumo urre /o fromO 05t8 %t g uper abr asi ve

grain, frehadoat eaesm%l%é% VPLUBT & f itFPRy S 5¥to 89.95

VO' une %J@ébeqlabeaaﬁv Fd 20, havbRO1I& tfd @fst uwum@mmaamaffm-ﬂaﬁo 3.0 MPa M
The rasi ve _tool o sgs anetallic

. f cI a
rrat erli®l A8 $EP8G°Fr bt $heSy EIBm%O,f‘ISI S goa? aﬁct(}r&n%%]wé%eel titanium
and bronzﬁﬁa&wfﬁoﬁbhgﬁn@éwloﬁl hoystd . almaen’f .and conbi nations thereof. 3.

ane aoras) ve ! qgg gLBQéﬁ}éntﬂoolwefr@m& he @ %@éiﬁ/%h%eg%gtéoﬁﬂ%ésse 60 to

84.5 vol % et a % abr,asi, ve ain, and 15
to 35 voIQuﬂ?%lflllFaBP"ee’F’r"‘}]i &, eSHﬁdtﬁfé’“hH‘SI IR SRRELER RSt i ses a
maxi mum of1miZim, veteek, %izandsmt ynd bronze, composites and alloys

15 thereof, and combinations thereof.
3. The abrasive tool of claim 1, wherein the abrasive

segments comprise 60 to 84.5 volume % metal bond matrix, 0.5

9,

to 5 volume % abrasive grain, and 15 to 35 volume % friable

filler, and the metal bond matrix comprises a maximum of 5

20 volume ¥ porosity.
4. The abrasive tool of claim 1, wherein the friable filler
ig selected from the group consisting of graphite, hexagonal
boron nitride, hollow ceramic spheres, feldspar, nepheline
syenite, pumice, calcined clay and glass spheres, and
25 combinations thereof.
5. The abrasive tool of claim 1, wherein the abrasive grain
is selected from the group consisting of diamond and cubic
boron nitride and combinations thereof.
6. The abrasive tool of claim 6, wherein the abrasive grain
30 is diamond having a grit size of 2 to 300 micrometers.
7. The abrasive tool of claim 1, wherein the metal bond

comprises 35 to 84 wt% copper and 16 to 65 wt¥% tin,
9. The abrasive tool of claim 8, wherein the metal bond
further comprises 0.2 to 1.0 wt¥% phosphorus.

35 10. The abrasive tool of claim 1, wherein the abrasive tool
comprises at least two abrasive segments and the abrasive

segments have an elongated, arcurate shape and an inner
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4. The abrasive tool of claim1l, wh inthe friable filler is selected
fromthe group consisting of graphi teﬂmw( qmﬁ”mﬂum nitride, hollow
ceram ¢ spheres, feldspar, nepheline cal cined clay and
gl ass spher ewp 9M84©5 comnbi nati ons t her eof . *The abr adfCFas ?%‘Bg of
claim1l, wherein the abrasive grain is selected fromthe group consisting
of dianmond and cubic boron nitride and conbinations thereof. 6. The

abr asi ve t eBrvafuxg sedectedne? diare mdthbkbei ieqplarnrsvimeteyiofnshg havi ng
a grit sizeopé, 2and 3D abeasived edetymert had hovalendsi ﬂesi@méd o @lagiem 1,
wher ei n the, et 2y ét%rgﬁ@ agga{swesse’g%ems%uaﬁ EGAPREE 38fadfid 651t % i n.

9. The a raS|ve alm§8 %reln t he g urther conprlses
0.2 to 1. 0SRRSATHRIS RS, SUPSEantIRlly free bt aaémeaPﬁo ebyeen ALFaEivRher ei n
the abrasi seghemts wheponmbhesabragive aegments abreadiondedeyreriis e .t he

abrasi ve segnmengge %s@ﬁee{:gﬂﬂ%ﬁ%laifncw a&}?er%l%pﬁhénéoélﬂ idner 28 WO
99148646 U599/ %99 gw re selected to mate

with the cFPLEFEFY JHAhEbEr TEPUR h%°ft5&r9ém%n Sele ft*Phas two

ends desi gwbdel®. mate with adj acent abrasive segnents such that the
abrasive rig.i Sm@raaz%qus 8861 e 1l 8l | wndrae Qheaeueﬂaaﬂyaet ween

abrasiye 5 se en JLhe a gmen 0 ore.
The ab?‘§5| \%aggg Ei“%\%a“rszeq"h ?‘ﬁegf%‘%ﬁ’ “Séérq-e‘é?e%s?‘? atlﬁfe' group
consi st i ngo#f anymoxmﬁdmgevs Wcmmﬁheehsrglﬁl Pradab? meechanicell of

claiml, washai &nd he diTEFueabhybdfd Stadl echbiht ionsekaetedtf rom the group
consisting essentially of an epoxy adhesive bond, a netallurgical bond, a
mechani cal bond and a diffusion bond, and conbi nations thereof. 15 29
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