| MPROVED SUPERABRASI VE TOOL ‘Background of the Invention This invention

rel ates t ov@ap@3abrasive tools such as wheel segnents whi ChPCDUIS2040a
super abrasi ve grain such as dianond, cubic boron nitride (CBN) or boron 5
suboxi de (BxO). Technol ogy Re b "Fod tting of hard
materials such as granite, ne “ta [ prialt and the-like is
achieved with the use of superabraS| ve saw bl ades 10 These segnented saw

bl ades are mww}wes a circular steel disc having a
plurality of Spaced segments e segnents of the tools, contai

super abr asi ve gr ai Frdiss g@vedtionm Fehares, to gupgrahragive 'ﬁ'%’j;%rsf‘b‘?%nce
of these segmaat enhe‘exlolsegmnmawm @mb&zsemmupmhmmegtm{ncut and

tool life. f | f | cuts a
parti cul ar ty%g'%g# %nat%léiialmq%da fﬁ%%%{g gggz,t,,f g‘i&%&e a@?ﬁ ng I %&gf t he

bl ade. Un®or t idpoxiide t(BxQJer f or mance of these segnent ed 20 abr asi ve
cutting tool S@W&ﬁwff The tradeoff is that generally it is
found that the qui cker ting_bl ades have .a shorter J]ife whjile the |onger
life blades cut qui gn%\ﬁoya Hirh Theh GG Igh o0 ekt Rater 1S % hecause
the matrix V\:hia@hgli'ﬁhd.tet haza&tnsmu 64, 1Qled @dmi-ea;eZS asprage armpanie anilspeed

of cut and bl ade _| i f. xa I such as
i ron bond hol g fie h rasy\;’e gr g‘sﬁeﬂff erﬁﬂrﬂg %%aa‘fi %g('t
bl ade. TBAPs i ﬁbesss@sgmwtledf sayf bdades Me/malél kxiowrsi v&hg abladg
al I owi ng the”bb‘ihp@li'slesaad ci@cul%*?:%‘i‘:@élr diuce t{difir%o X raFl

t
Conversely, for exanple a softer matrix such as a %Iows t he

abr asi ve grai fPacgdpSegmentd -oulThsr segments of fhee té??s]ﬁ y:’qlﬁ'éﬂéby
i nprovi ng t he sgpeedbtasive ghaih dHERIERR ahdon(1yy din QAGletY afdtreigr ai n

the cutting sAPEaPRTERTEagRe ot Eﬁqa%e?’sﬁm% Bl PR GF MR A% Lo
produce aSSegmmmmpMIs@aemdﬁ)aduM|mdlomﬂéme Speed of cut

is a measurement of how fast a giveh tool cuts a

particular type of material while tool life is the

cutting life of the blade.

Unfortunately, the performance of these segmented

20 abrasive cutting tools requires a tradeoff. The tradeoff
is that generally it is found that the quicker cutting
blades have a shorter life while the longer life blades
cut quite slowly. With conventional blades this results
because the matrix which holds the abrasive grain has a

25 large impact on speed of cut and blade life.

With metal bonds for example, a hard matrix such as
iron bond holds the abrasive grains better, improving the
life of the blade. This increases the life of each
individual abrasive grain by allowing them to dull and

30 thereby reduce the speed of cut. Conversely, for example
a softer matrix such as a bronze bond allows the abrasive
grains to be pulled out of the matrix more easily thereby
improving the speed of cut. This decreases the life of
each abrasive grain by allowing for exposure of new sharp

35 abrasive grains more readily at the cutting surface.

The object of the present invention is therefore to

-
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speed of cut and tool life are inproved. A further object of thi.s invention
i's to pikepleigAzan superabrasive segment wherein the super PeiasdoN/grods i NS are
S preferentially concentrated to achieve these results. Sunmary of the /
I nvention The present inventign is related to an _abrasive tool conprising a

core and abPﬁ?FVEeségﬁEHF§n§PFa§H€&rF€r§§FUecGPQIWH@FEPﬁnSQPGhaﬁpébive

segnent s cogpeede of b:&lttdai:a toaat euitfel a&&dmp&ewﬂr asiaveEugithiers and wherein
sai d segnen

her i n-sai QPIRRE Bl FoRpe HORNREER, 5] ARl an! slPRRFRrRSNR", Ol on

~in high andskegwentnwberedn the shmpbralsm gta@mu age 15 The
- present gl ”Vg%'f%eh?:ﬁ‘ﬁ %n&%h%&%‘iego aVe) e redWiitsSi Ng a core
and abrasiv segnents_at ache to sal core erel n sald abrasive segnents

conpri se a BYRBAK} +AVeRSdOBhr asi ve grains, mhereln sai d abrasive

aﬁgm‘«‘nt S Cogprl SQh&L E&%&htt %v%@xtioﬁl ri.lstlﬁ%\étl&i ¥ ¥anS R¥G ivOitErY and
erein said su era rasive gra a ernativ rseqd in _every

ot her regi off°™B F@ﬂ“ﬂe?cFoﬁgl goP "&Fé&%@@?i %’ Fﬁﬂﬁgntary

si de vi ew otozeswherein said abh‘mveemmdutsde:ompﬁiswﬁ dond th segnents

O B Bk e UL e el alive SAATR SR VBN Tasd) 01 20 Ve

segnent of t resent 1nv cunterentra spaced regi ons

wherein thes rmlgﬁaﬁﬁs 1&3@1:30'-"10 &m&umﬁmaéhbmd n every
other regi Obeg flofid’ @nd Whetel®y BAYQ! stipetiabyiadli Vi GHIHE WresegTENt Of

th t of t th | | d
Fegi ons and® iy dishsErag: 45 Falg Feadons in &%&ire%' % per sed i n
said 35 r epncentrations afdsuperabrasitvesgrainsef! superabrasive grains.
Detai | ¢d Descri phan ol ol 4AVaNHIAM T2° ARLERRY relutdld ¥ ah Melated to

an abrasive tool
abrasive tool comprising a core and abrasive segments

attached to sald core wherein said abrasive segments
comprise a bond material and superabrasive grains,
wherein said abrasive segments comprise at least two
20 circumferentially spaced regions and wherein said
superabrasive grains are alternatively dispersed in every
other region. '
Brief Descriptio f the Drawings
Figure 1 is a fragmentary side view of a segmental
25 abrasive saw blade constructed with segments of the
present invention. '

Figure 2 is a perspective view of an abrasive
segment of the present invention with circumferent;ally
spaced regions wherein the superabrasive grains are

30 alternatively dispersed in every other region.

Figure 3 is a perspective view of an abrasive
segment of another embodiment of the present invention
with circumferentially spaced regions and wherein said
superabrasive grains are alternately dispersed in said

35 regions in high and low concentrations of superabrasive
graihs.



conprising a core and abrasive segnents attached to said core wherein said
abr asi ve swoesi3siiconpri se a bond 5 material and super abr asiPEE/UHO02940 and
wherein said abrasive segnents conprise at |least two circunferentially
spaced regi onspYpgE §i Ei e ei t her alternatlvely

di spersed in € _ ersed |n tg Sglgps
in high and | ow 10 TheopEe Fﬁt%ﬁﬁ§“5+°§ubérﬁﬁﬂﬁ§ﬁ9e §r 8Pnabragd v

the abrasive tgém ﬁﬁ@zh@ &rebpenagaf aaﬁhawessagmaneer attachedatoesalid To
the core is attac a rasive,

ée%ge rise lggng g@ |aI and
super abr asi ve 9 ?E?hg SERLN FPY ?ﬁbYecﬁﬁgﬂgn r SPBP e a core bit
or a cuttlhg smmterfayuaad1$upheapre$aveedrembsdandnwherenneSpﬂésent

i nventi on, §b£§£§6¥ éﬁ%%%?tﬁgﬁéleé §€ Bhéﬂetég cIQEuﬁE&%&h&QaWﬁ

10 has a preforne net a nter or disc I.ncl udin
predet er m ned $Pawed creghensavherein ?ﬂ%@kﬁ%&?rébﬁaﬁﬂyenﬂaél PoﬁF?teel The

steel center 181€Héraa£€éiﬁét10619 éﬂsﬁéﬂﬁé&dlﬁoévé29ebth§9 &edﬁbhﬁo&eans
or shaft of a chi ne dr,iven.

d
ot ondl ng-r adi AEFerhatayely GHeRerARa iPcERRCFEaRERE 10ohiaBosha Loy
support ceotercdicentrat2bns pfusapergbpasivdi gkaihsts 16 and intervening

abr asi Ve SeaMent Sugper LosEoboDsaRuhotUS ¥BbY LRI WU BYeRlEAR Sron

segnents 20 thereon ang rIy spacCe out € cen
segments may be begknd ﬂn?ﬁramhenocuﬁtmﬂgahetaE°p§hP|Gﬁr281§sa§ﬁéﬂﬁ

Figure 2 with §Br§91ve'§8§ﬁeﬁﬁ§'Qﬂléﬁraéﬁﬁrlgéca BbhaSh&ee&&eueahdsupport
section 18 has an outer Eerl her, al surgace I nitiall é ig g g &@ | ocating a
mating engagenERPeFRPRASAVEHERLRE, f aTBEHRPEFREIFPEBP e 82 0PEs P8 segrent
ﬁo duringﬁ$ase?xhﬂpnbfuscOﬂeMbhdlbg,aBEutt¢thBawn b@dgutesuonthu ding or
razing thereo S The
abr asi ve segneﬁfégﬁ%ngygﬁgﬁéiPégg EégtsiegggFrgh ren EFy spaced
regi ons wherelnOtheysabrasuperubeaé|ov gnulbéadeelélteﬂh&tébra§ﬂ§EErsed in
every wheel 10 has a preformed metal support, center or disc 12

including a wall of predetermined diameter and wall
20 thickness usually made from steel The steel center 12
has a central hole 14 adapted for receiving a drive means
or shaft of a machine on which it will be mounted and
rotatably driven. Extending radially inwardly from the
outer peripheral surface of the support center 12 are a
25 plurality of radial slots 16 and intervening abrasive
segment support sections 18 of the wall including
abrasive segments 20 thereon angularly spaced about the
axis of the center. The segments may be backed with a
non-cutting metal portion 28 as shown in Figure 2 with an
30 inner mating surface.
Each abrasive segment support section 18 has an
outer peripheral surface initially adapted for locating a
mating engagement with an inner surface of the preformed
abrasive segment 20 during laser beam fusion welding,
35 electron beam fusion welding or brazing thereof to the
support section 18 of the metal support wall.
The abrasive segments 20 may comprise at least two
circumferentially spaced regions wherein the
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other region, see Figure 2, or may conprise at |east two circunferentially

spaced rggogsgiivherein the superabrasive grains are alterpgginigésbaoadli sper sed

in the 5 regions in high and | ow concentrations of superabrasive grains,
see Figure 3. The preferred enbodi nent. is where the abrasjve grains are
al t er nat el y SHPSFakIasive grains,ars alteraatedy) dispsrgnd iin BYRRE 2. As
can be seen dthdr Gecgdch, See Figae/ e se:g:rrmty %miﬁ:ise atdindabtd twd 0 - -

regions with abu%%e\é%nq___r aalrl§, @é’ta%ré?t‘%%é’ %&re?% q__feevery ot her region.

The reglons?ﬁﬁﬁ raln 3and 5in this
exarrpl e and saxnemarmaémet rgnaegisOragrecaitamatgmﬂw mmd; Hrarthe abel ed

ang 4. lefRy T, éﬂﬂygf gi ons
per abr g’m ver{e?nﬁ?mak%%?eﬁp??e ¥ romia out°f tsfh ouria?s?'S‘;é;egl ons.

Wile in th@g [ 98¢ FHRFeSy . e HEef qrnﬁﬂale%wta&%w%
abr asi ve seg:mtabm@im q‘nr:.waﬂd altednately dspersediih evhgmn in

Figure 2 ar f 0 urposes of the present

i nvention i t%tl S n(r)i%ﬁ‘ céss ﬁ%éﬁﬁ'ﬁ' 9’2‘ féﬁ"&% zge of equival ent size.
Dependi ng on t he Agpearc e @eeahcimrﬁ:im Zhedhe @finasivenisdgment; 2 to
| Mprove odr ORY Wik deld Lt Mediions Witsl abtasiRl graiind aawafﬁé&é . It

s, 25 however, preferable tthat the region on the | eading edge of the
segment contdSP il e@r,e(;yn others rﬁgrjﬁ!"c-ur g%rregwantmw for a
hi gher speecibifasiwte Yrairrgy laidldd fas af, Bham@ e in Bhidaaifa d he

[ﬁgl SQergnE %néiﬁ&j m}gfb&ﬁﬁve t.end t%ﬁér 3 softg{%m_é;ﬁa&p rtlon of

hi gher di anﬂ:&b&i@@c@rﬁ rR2atangh 4 .of Hﬁa&fextahiaﬂ,vehl'mgmrte f&romtamwei segment {

“With a4lsowe f%?%ﬂéﬁs aCsLith t}a%é RodE9i ons wi th

hi gh concentratlon 0 exper | ess wear due to the
hi gher conc&®nefaxainiy /ﬁmmwabcm |7attrQ)r$ltﬁuﬁ HiSs Hmﬁ-on is shown in

Figure 3, where e o e ot dired RABUAAEntS, & Thdividual
regions across an abrasive segment such as for example
regions 1, 2, 3, 4 and 5 shown in Figure 2 are of the

20 same dimensions, for purposes of the present invention it
is not necessary that these regions be of equivalent
size. Depending on the application and end use these
regions can be varied to improve properties of the
abrasive wheel in a particular application. It is,

25 however, preferable that the region on the ieading edge
of the segment contain abrasive grain.

This structure for a segment allows for a higher
-Speed of cut and longer tool life at the same time.
Because the regions with less or no abrasive tend to be .

30 softer, this portion of the segment tends to wear quicker
exposing those regions containing the higher diamond
concentrations of.the abrasive segment. An abrasive
segment with a lower contact area'will tend to cut
faster, and the regions with high concentration of

35 diamond will experiénce less wear due to the higher
concentration.

Another variation of this invention is shown in _
Figure 3, where the concentration of superabrasive grains
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vari es continuously between regi ons or discontinuousl y with a sudden drop
L n concentw@9satdlbet ween regions. If the concentrations of BOpESN2049i ve
yrains vary continuously between regions of the abrasive segnent then 5 the

Doundari s of 1o e tidil 1 Qe @fidled WLEAIRENE U QEM D1y

determ ned by the foll ow ng net ni num maxi num
concent r at i ond¥igih @yspddan fArgm sineongentrakion rkrtveer reFieRse sE§ment .

This is done %m&eﬂ&é&&wr@m@g&éﬁrﬁ% agf&ﬁss av&ﬁgnent 10

conti nuously l_ﬁ_giasur Iﬁqﬂfnt he concentration 6 @ nterval s, t he
cent er poi nt of BERISRI TRATORE 2% d ea?'%’%%’t‘é%l?%%%“tA en
artificials borﬁltharl;oumiarm aaf heli mspidnsgvitie higa aed wbew cent erpoints
of the adj acery [ r

concentrati on. oémc%{ region i sé%gf%er’@deéﬁﬁeéw ﬁ?%afé\;,\%g%&g ac etl%Od
artificial bodfiratesthedininm antl reaxinum cercentrationpcef fabrasbyea
defined regi ongrafiid thé‘%w rgdr-Gds Ofndll ATPLSH v é@é‘m@x‘%aswﬁiéeﬂgﬁm

is X 20 vol u ercentq‘é‘ I.s cal cul ated by _di VI di ng the vol une of
super abr asi ve‘b‘?’éér) Py e %HP%S‘P REFFRREAYS ehe FS t HcSeFRETYF |
?blr?Si ve mghrrmﬁr)tlmﬁgam f ﬁeagéummblm C@mmlhttitbzm a¥erd13fmmed as
ollows. Hig rati

where the concgp%cﬁ{gl 1 supera am&ég‘&gm‘# ﬁ%kég);]‘g% \gﬁhéaﬂn&gm%l?vo uma
percent of thdnﬁﬁm‘éﬁ]ls cﬁm‘e restalgished pr Arramtif tgial deoundary, 3&vol une
percent and Nyt qryalaﬁgé?é@.aﬂﬁ e arfea Hétwden REdRES Opoh% of

concentration regi ons are ose regi ons as defined a where t he
concent r at i on ‘& AfHAce "{}’r‘%ﬁng’P‘% HaEimyms, in) the SUPRFRAPIAF YRt of
t he over ald defdnmtrmm pr eferably Il ess than 0.25 X vol une percent and

Super abrasi ve. gy ai HELAPSR 15, ethed ¢ e oA inE JEFVER i soret el y
bet ween regi o_rasij@‘cenm mmmbe@manm amt imwwakled st orf pmyms are
S ot oo 3 SN AN GRT LR G A
concentratlon of diamond in the abrasive segment is X
20 volume percent (which is calculated by dividing the
volume of superabrasive grain in the abrasive segment by
the volume of the overall abrasive segment), regions of
high and low concentrations are defined as follows. High
concentration regions are those regions as defined above
25 where the concentration of superabrasive grain is greater
than 2 X volume percent of the overall defined region,
preferably greater than 4 X volume percent and more
preferably greater than 8 X volume percent. Low
concentration regions are those regions as defined above
30 where the concentration of superabrasive grain is less
than 0.5 X volume percent of the overall defined region,
preferably less than 0.25 X volume percent and more
preferably less than 0.12 X volume percent.
If the concentrations of superabrasive grains vary
35 substantially discontinuously or discretely between
regions of the abrasive segment then the boundaries of
regions are defined as this discontinuous or discrete
drop in concentration. A discontinuous or discrete drop
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in concentration is definéd in an abrasive segnent with an-overal

concent rerpiog@13f X vol une percent as a drop of 2 X vol unepqEUsesHR040N
concentration over a 1 nmregion of the segnent, and nore preferably as a

opent * Thol st eI ST e e FEREE LA 0 Polielvé SediaE N 2B ! 1 "
thi s di scontamuoverall oh:mem'eraltqumfdbnmmmatpmmtocs androprofi ve
segment and fojp%gﬁsﬂ\égp%{&éneemeé dhet £ fn | SGepuntiain Pégibh o acent

10 regi ons e preferred enbo ment ﬁe bon seghe t |s a

nmetal bond ZEhe 3RGREeRE: AN mm‘%ﬁ&r%&ﬁmﬁr%t%ﬁ HoktyYShune
conpri ses f or%ﬁ@ém& ei NBEGHiEah Er SLLdn covér @l 1 , mrﬁ@gwnoazetnel ckel all oy,

t t de, 15 h b d t d
i'5o bo a gl SEERE, TS TETIORB RS G b custeRred bf panleipds he.
segnent s pr etite adényterpd nt ¢fohhnboﬂisdoﬁtinnGWQUOrZslsorehe @ropebn of
super abr as| V8 %&é@f‘oﬂ“&& %ﬁeeéﬁ{%?i e %&ﬁéx@?“& & Goh8i8BPYhgll 25

vol unme percen € aver age par S ze 0 e~ su era rasive grain-is

preferably fthhsagenterpo ota'@@ubelme mnmlé of ctheadjacenk about 250

to abouj900,agyoped nost preferably from about 300 to about 650 um 25

Secondary abraSives can be added_to the,se nents The %nﬁ%ude for xanple
|

tungsten car bi de, In| HheBreterred puledin 'SFP?CBﬂn aﬁﬁggﬁP con
nitride. Thete abmetayebonanzée aTneset metal begdsnzsv\anu hopheutting

concentrationstgi éﬁgg;gﬁ gé ¥8ﬁp9§ﬁ£°f6§9éﬁgﬁ Yot Hat8¥8h18%uch as

concentrati ofs i ves referred abrasrive segnents are
preferably peobattd byonnlurquandnickeigalihr.abuag$v§nsegﬁbhﬂerare mol ded

ina t“QSSteEhﬁBﬂEﬁﬁsboriaetQﬁdfhi§€u§é§pthér39fd Wrh8 BoﬁéVbhﬁ a@Bbai ni ng
recesses for_ the reglons of

concentrati oR® 8f9 ﬁérﬁﬁrﬁs??ﬁlﬁn§°§ ng§§§q Egghﬁeﬁgﬂ BgtYFﬁﬁlﬁéﬁgl

portion 28 igotesled. First, the recesses for the regi ons containing
hi gher Conce”trat&825585m3882r898@2L¥819 contain from about 1.0 to
_ about 25 volume percent of superabrasive grain and more

20 preferably from about 3.5 to about 11.25 volume percent.
| - The average particle size of the superabrasive grain
is preferably from abut 100 to about 1200 um, more
preferably from about 250 to abbut 900 um, and most
preferably from about 300 to about 650 um.

25 Secondary abrasives can be added to the segments.
These include for example tungsten carblde, alumina, sol-
gel alumina, silicon carbide and silicon nitride. These
abrasives can be added to the regions with higher
concentrations of superabrasives or to regions with lower

30 concentrations of superabrasives.

The preferred abrasive segmerits are preferably
produced by molding and firihg;' The abrasive segments
are molded in a two step process. In the first step, a
mold with a cavity containing recesses for the regions of

35 the eegment containing higher cornicentrations of
superabrasive and a recess for the non-cutting metal
portion 28 is filled. First, the recesses for the
regions containing higher coneentrations of superabrasive

6
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are filled with a m xture conprising netal bond powder and super abrasive
grai ns t heWossBtdldhese recesses are conpletely filled netal PEEK§ES02040
containing no abrasive is used to fill the recess for, the non-cutting netal

5 portion. The, PE'Flifeéhﬁﬂtﬁ:£eﬁlﬁkﬁ@etégﬂgéﬁé!ﬁé ﬁSEQY’EBEdWEBbHQQ poi nt

of the netals used Sso as to sint sintered
body is then rendveuperahrasivapgraing thencwhen bhesgcrersrgesi 8K cavity

in the shape Oéoﬁﬁfe&91 ﬁﬁmmeatmetzml§oﬁaeateanta§a§ﬁ Snbehpragivee is

regi ons containin % i concentrati aor raS|v raln These
recesses are t“%ﬁ | £4 gnfﬁe|66§ESﬁoaﬂ€ Qﬁﬁn?ﬁp EH& & 90%5 oncentratlon
of, or no 5upepabtasnve ghalmolﬁhesnbhdnlflrhénatlaeuempéeatpresbeﬂomat a
time, 15 enpg aﬁ&%ﬁiﬁgngiﬁESH Fethg feBatuCulbA?LET akNED Bilceheens! i cal

density, and prefera ater t eoretlca density. These
segnent s nay ambét%éep%Bdﬁbﬁde} tape castlng, i nj ection nolding and ot her

technlquei rrogfto Tﬁ@sglﬁﬁéfédebﬁytﬂg ghéntggmorﬁd frbﬁtﬁhéeh?uhahnd
ersons skilled in the ar er st an e ctice o

P esent | nventPipted nin; snoBiEr mekd piER “a; 6B iby: GBaLhS agpsr of the
il lustration, segment.byThis ctedtest néceasesddbetweenl thef pegidbnen which
ey be uselul | aueh o £adf enk "1 Ghhe PLORLLAEEAPYGRE B7 o ggyaﬁrse sgach of

t he references S Ci erern I ncor por at ed by
reference. 7 grixanpl@beaeTmecesagesamﬁthheerﬁllésdevlt lopsedrewdeyt and

wear. Both b'é&ﬁéahﬁﬂnébéaibﬁérSESHEQﬁﬁrﬁﬁﬂéﬁ'Bfngoé Ao sUpkrEBrasi¢ent
syntectic netal bond dlannndaé grade, SDALQ 0+5 3 | ades were inches) in
1

di ameter and h3ERERcut TREgRpidnigkEReR Sirec BdFﬁcH€§ss?ﬁé QEgﬁeﬁﬂ?eof t he
control bimde usmﬂeﬁabnsezenbopﬂes&ﬁfedtanaaﬂxabéagréatuﬁedhah Bs&h bl ades

was 30/40 10 tﬁrége iga nQeﬁ ?50 Hn}rezera 9”892a%bra%h % g@i
theoretical density. These segments may also be produced
by tape casting, injection molding and other techniques
know to those skilled in the art.

20 In order that persons skilled in the art may better
understand the practice of the present invention, the
following examples are provided by way of illustration,
and not by way of limitation. Additional information
which may be useful in state-of- the-art practice may be

25 found in each of the references and patents cited herein,
which are hereby incorporated by reference.



ments used f or the control blade. -The bl ade

‘t i nvention contai ned 6 ecarusssio2oant ai ni ng
j 5 reglons cont ai ning no 15 abr asi ve. ‘
- The matrix in

At xni ng was an al | oy contai ni ng
approxi mately ﬂFTV_GETaﬁi I ron anggggkgggy wei ght bronze. The matrix in -
t he regions_ﬂgnEAEELng substantially no abrasive was bronze bond. The
di arond abr asi ve Sbih&QErﬁiﬂh'QeE et@stied o & %eed?%&t R Q g egions in

a iron-bronze al matri x.. The bl ades were teste granite

aggr egat e cHeay -co%@FEt blagdesy BP@e&bNPFﬁVFeFFMe %Pént@gtéd at a
constans Cuibillager pbecahtf sghtecticemetad bond adamiohdt(griaaen-feet)of the

ate of tneoBBRPPaY -oi Hhe BiaRes, HBEa0e ByShan 1A djAherer, A, B, oo

t he controlabbaualpqspath (kerf)i of Whase uhshnauor mould stall (the
circuit being sef ghen% o8 Ehk ﬁBgi:#B'lh%‘ia‘Ae Waed" 2t Hetnzad

i nvention was [err even t hou er cutting rate coul d have been

used. The nPa8@re hssdénmé akra érn oxde g #as 3H4% the
?LadetWDth Ehﬁtahﬁa&bha 12892859 Qh)th?Tﬁhﬁ%ﬂ%@g@ﬂN%mba%ﬁxwpﬁéspn|K Lfra]
is test sho of over % i e bl ade
over convenFPV\ﬁQF&UI aaégeﬁggﬁhénh”%&ﬁeéﬁ@ﬁé‘&& b‘lseéu{} %hlen Eﬁh’ﬂ? ti onal
bl ade. 8  bAadeher Thet biddef madedwithmsegments ofolthes prestenty concrete .
W t hout COOE?\QEn@Eoﬁoﬁéh%Q;LnLae@ &i&ﬁ%ncﬁ%%n%%%i@e@eﬁ E’Q‘l gves determining

t he nunber es of the present
i nvention méﬂ§e€6ﬁ§&ﬂ¥dsﬁpﬁﬁa§6§tPUI5bF&§é9n5AFPnﬁﬁr ng ®Pes were 9 inchef .

in, di agst er apraBigeGut trhagma%&hx( e fthe[ afihhohac %ﬁtaﬁh&gsmm of all
blades cont ai ned BaiégY ercent di anon abra5|ve
36P

used in al | YBFadBs RSO PAnSRRRE AR RRse1Yo48 GnPY MRS SBE TR,
t he control anda86 Rnbynwaight bronze. The matrix in the regions

containing substantially no abrasive was bronze bond.
The diamond abrasive was dispersed in the 6 diamond
20 containing regions in a iron-bronze alloy matrix.

random y dlspersed I n the Seg

regi ons alter

The blades were tested on a slab of granite
aggregate cured concrete reinforced with 1/2" rebar. The
blades wefe tested at a constant cutting rate of 3 inch-
feet/minute, and used to cut 400 inch-feet of the

25 concrete. The cutting rate was adjusted to bé the
‘maximum cutting rate of the control blade. This was done
by adjusting the cutting rate of the control blade just
to the point where the motor wouid stall (the circuit
being set to trip at 10 kW). The blade of the present

30 invention was run at 3 inch-feet/minute even though a
higher cutting rate could have been used.

The measurements showed that the control blade wore
0.0134" while the blade with the abrasive segments of the
present invention wore only 0.0036". This test showed an

35 improvement of over 350% in the life of the blade over
conventional blades at the highest speed of cut for the

" conventional blade. |

-
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standard #1 used a bond conf«;»b;-'1€99@995a|t ?

\The segnments of the control
bl ade knowggpssngsgndard #2 -\- RORA NOER ai nipg 60 % by Welcghisesiim 25 %
Ry wei ght 15 bronze and 15

The di anond abr asi ve was
random y dispersed in the segHe

S used for the control blade. The bl ade
made with segnEX2BRAE 2he present invention contained 5 di anond cont ai ni ng
regi ons al ternatel YAﬁGﬁHéﬁt pdthyd4ofepilade comparisog davdldvesakbuitiing.

The matrix in the ﬁ §5w gg&oggﬁpggtagtahggﬁtgggt@Eghngagﬁéroxhgﬁgely 45

% by wei ght i r 6R"5ha ronze mat i1 X regi ons
cont ai ni ng subteahtuaedy1nvoéneasﬂeﬁeWBSRDBGnZBebDHEherhQfdFﬁﬁﬁn Oabr asi ve

was di sperged ﬁliEFeG dtﬂ”?ﬂgscgﬁaﬁbﬂé ﬁiﬁdeerQ'QﬁS Bedenton- bronze

all oy matrrx. ades were run on.a or sepower _gantry saw nodel no.
541C, manuf act ¥PEENEFORIKPLRS S?EPéﬁﬁdoV1RHOE9FtFQ} Pladefe pl ades were run

Flt a}OprOXI matgl y 58ﬂQ1raare$halaahat weires ot QnEﬁeeutinbyugheﬂelramm/as 3:) _
err expose a at e, st e i.ch.conta t r in
3500 psi Eenen? g Bﬁ ?ggrggng%dg §8gh& nghe ﬁardbgg ?83?eh%% %ﬁﬂ
nunber of cutsbliadésai tontainddcat 8svbhameupkercent ﬂaamendbheTbhadeammmﬂ
before th C'rggbésggga €ka3in ?&?hﬂﬂgﬂes 53k EBZ4be§E1ttQ&dﬁdﬂﬁ“ﬂlz@ﬁeaker

was set a gass o] e saw cut I"ocks at an one (1)
inch depth of €Bf vm)a cThet aromenss p§t§hsfcgnyrpéepﬂﬁ#ﬁuﬁeown @fer powver

r ﬁqun r emBQt E| I aléaﬁta%w; lbnfj uhaaf a ﬁbhﬁdéoh%a[iﬁtlngu?blol%g cobadith.i cnmu ly. As
shown in Table e bla s 0 e e nventi on nev

rather the tesBefRENts, F?ﬁn gdcqr 58@ gilaaﬁt #ﬁéﬁ?&ﬁg &< l?ﬁts of
t he best perfobsh@gcshtadaidgbleads. by weight Bkade 25 % WyaweRghitor rance

Cuts to a re

(kV\7 Mo &5 debroﬁ%é LR&" ]15"‘@ &}p weight c'é%é&‘é The dlﬁgu‘é‘gig g‘%r asive
was randomly dlsp.e@ges}t indihe segments used for the

27 2. B@ntPo1 BiaHB.e Fhe blade made with segments of the

present invention contained 5 diamond containing regions
alternately separated by 4 regions containing no

20 abrasive. The matrix in the diamond regions was an alloy
containing approximately 45 % by weight iron and 55 % by
weight bronze. The matrix in the regions containing
substantially no abrasive was bronze bond. The diamond
abrasive was dispersed in the 6 diamond containing

25 regions in a iron-bronze alloy matrix.

The blades were run on a 5 horsepower gantry saw
model no. 541C, manufactured by Sawing Systems of
Knoxville, TN. The blades were run at approximately 5800
rpm. The substrates to be cut by the blades was

30 12%x12"x2" exposed aggregate stepping stones which
contained 1/4" to 1/2" river gravel in 3500 psi cement.
This media is considered to be hard to very harad.

The number of cuts to failure indicates the number

of passes the blade made before the circuit breaker

35 tripped. For the test, the circuit breaker was set at
2.0 KW. Each pass of the saw cut three blocks at an one
(1) inch depth of cut at a constant feed rate of 2.9
feet/minute. Higher power requirements indicate that the

—_—_— . -
—
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In a field test of cutti =c@ﬁﬁreie*malls mnth wal | saw bl ades, the new

abr asi vey§9g5mi Was conpaliedl SHeca Hpjsagdar ¢ bl ade know asp éﬁ?s mbon Cut
WB40 nade by Cushion Cut||of HREthaorpn CA. %Both bl ades [err %@ ¢
dianeter with a_cutting patmhm {Rerir—feesk=iinches, and were tested on a 20
hor sepover HRARGRI 1% %FIC%%W"Q'@SS%EF%%“@Y{ heAg oshown bmFableed an -
al | oy of ﬁocné; r€hle abm%&éﬁ/wf mdﬁmwb%ﬂ(;%v&wmfﬁwét%me@z glg@ggowaﬁ)
5.00 % The dianmon rasiyve used was u

The di anond SHIEH JHieceest i Senitnited a¢ prpEoxinatelR el TEpS e
control bl adeumbems dufanm:srmié the rbwgrpsrﬁomln¢esmm blw@at [ on
cont ai ned 6 -earERe—e o6 egt ons
cont ai nisig no 25Blmm!a5|v-WeaThPeribrmanca |hecmt§nhuicontammdm;reglons
was as al l oy containing apprgxjgn 15 % on} an % by

wei ght bronze. The matrix rg t}he trvgégé# ns cona\iAﬁli ng Substf ntla?‘?y no
abrasi ve was a bronze bondl The vol une fractlon of( iannng wd§“ﬂ 00 % The

o

di anond 30 pTasT Ve Useu wWas 307201 29650

di anond abr adiere Blerdsy] spersed ink$3 6 di a nd cdi*&"al Ai N re@ 6% in a

i ron- bronze‘affoy—narrrx—— owet—{ira awfotade—cont=atni ng

t he abrasi ve Skandand # the pres@n? |nvent|nn hasla cuttlng 2600 rate of °
5. 23 i nch- f eet—mrnmote—{tirased v e—wee—per+of mance
of 3.22 i nch-Stegidand #&ar V%lIeOLHB control bladz7mnth @ conp@mable

di anond cont-eft—heat—e—ett++eg—a . e-et-—-Arl based—ea- 5

total cutting tine) with a wear perfornance of 18.2 inch- feet/ml| wear |,
I n anotder fExamplesd of cutting concrete malls mnth wal | saM/bIades the

new abrasive segnpyta Wie L€ bt cdfeing &b ?ﬁﬁ v.lq)aw
D mas WB5 nmde by. Di mas | ndustri es of Prlnceton des mere 24

nches) in diSttiRladesn the ReY RPrRRive k%?ﬂeanWQPZWP%%S Oahd were
tested on a Sfarnmddnsdiskede nswuds ctivel cusiidon Tiet swsaenhsdef by he contr ol

bl ade used qC&éﬁ?%ﬁ Cut of Hawthorne, CA. Both blades were 24 inches
15 in diameter w;th a cutting path (kerf) of 0.187 inches,
and were tested on a 20 horsepower hydraulic wall saw.
The segments of the control blade used an alloy of
. 50% iron and 50% bronze bond. The volume fraction of
diamond was 5.00 ¥. The diamond abrasive used was 30/40
20 grit diamond (429-650 um). The diamond abrasive was
randomly_dispersed in the segments used for the control
blade. The blade made with segments of the present
invention contained 6 diamond containing regions
alternately separated by 5 regions containing no
25 abrasive. The matrix in the diamond containing regions
was as alloy containing approximately 45 % by weight iron
and 55 % by weight bronze. The matrix in the regions
containing substantially no abrasive was a bronze bond.
~ The volume fraction of diamond was 4.60 %. The diamond
30 abrasive used was 30/40 grit diamond (429-650 um). The
diamond abrasive was dispersed in the 6 diamond
containing regions in a iron-bronze alloy matrix.
The result showed that the saw blade containing the

abrasive segments of the present invention has a cutting
-
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15  bronze bond. The vorure=tragtwen=ofs-di anond in the segment was 4.875
% The diwoosdiabrasi ve uEiele &V@:Wl@‘f\SB-—gl‘lt di anond ( 302- 4 BPETMISPS/0204

di anond abrasi ve was randon1y OEBPACERd i n the segments used for the
control bl ade. TH] T &N e ention
contai ned 6 di 5%%§d9%3%§%?nﬂﬁdﬂﬁﬁé?% siaf“g gﬁ?LP§ gé g§§% ggttgﬂ¥eg|ons
cont ai ni ng no %hm%b|V§thTﬁéW%§¥rpﬁrfﬂr!hacelQﬁn%dZBohnahnfﬁgt/EgRoW§aﬁas an

gl loy co % ai ni rtmlp@pm% Ih EBhery1 451388 Ywieh 0at cbﬁﬁaraﬁﬂte551&/mbhd“@bﬁh.%nt
ronze. e rix in the regions ni.n ubs no_abr asi ve
was a copperng%ﬂ% 3 18t g, a??aﬂ% %n33flﬁ$g gtiﬂlPH égﬁﬁ%ﬁ RBs 4.00 %
whi ch was 3li spestsall a:\mttmg dtimendwithtai weag pepformandecodi asvadiakhasi ve
used was 30/40 %J%f 3(329 650 un). The di anond abrasi ve was

I'anon

di spersed in t%e containing regions in a iron-bronze all oy
matri x. The blExamplersd tested on a-fifteen inch thick cured concrete wall

whi ch was being cutyf Oinden®t i fiola td&€ &@'éuﬁﬁﬁ ﬁgesneieeaphaxugabgkn

6000 psi concrete with nediumto soft a concrete wa reinforced
35 with two Yadbr3aw Rlaqes ckhe ey, a a?%EFv§99HGHtCEﬁFeFQmBBFﬁ
hgrizorfaidﬁ amdsu&mdaﬁwlbyadé\ﬁﬁcﬁoaseanuﬁ?xhadrwuslmaaembyﬁsluasd to cut
the wa The o) S C | 1
abr asi ve segne ffﬁﬁg#ﬁ}%; gfggéﬂfé?%gght?%% h ggg gg%éég Qgr%esgfch W th
a wear perforﬁﬁhd&lém#t9rvvﬁthe4h@u%%hngoPabhadbemf)h°§ @oRBAr abrbesi anond

content 5 hathd weltd | f8kstéd Con €4 36! ﬂGPsé?@&éP‘Hg?faﬁﬁﬁéedaﬁﬂ ka2l

cutting tinme) wth a wear perfornance [err] feet/ IS to be

under st ood that varffisSeampeat $mﬁﬁf?k%l?%ﬂ§r%}lPlﬁéeaﬂﬁﬁﬁeﬂtcPBa&Fd can be
readily nesle ISronzy bBdwse Stheé |eslumet feastioi dbodiaflepar ihnghér omthe

d f th ocd d
ThoPe and o' dgoient hds £iEML 7 HEE GEandnd; abtakivh Shgel  FRE F0r58!

exanpl es set fgwrit diamond (302-455 um). The diamond abrasive was

randomly dispersed in the segments used for the control
blade. The blade made with segments of the present

20 invention contained 6 diamond containing regions
alternately separated by 5 regions containing no
abrasive. The matrix in the diamond containing regions
was an alloy containing approximately 45 % by weight iron
and 55 % by weight bronze. The matrix in the regions

25 containing substantially no abrasive was a copper bond.
The volume fraction of diamond in the segment was 4.00 %
which was dispersed in the diamond containing regions.
The diamond abrasive used was 30/40 grit diamond (329-650
um). The diamond abrasive was dispersed in the 6 diamond

30 containing regions in a iron-bronze alloy matrix.

The blades were tested on a fifteen inch thick cured
concrete wall which was being cut for demolition. The
wall was made of approximately 6000 psi concrete with
medium to soft aggregate. The concrete was reinforced

35 with two layers of 1/2 inch rebar on twelve inch centers
both horizontally and vertically. A 36 horsepower
hydraulic saw was used to cut the wall.

The results showed that the saw blade containing the

———— -
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above but rather that the clai br‘*-- as 15 enconpassi.ng all of
t he fea%g?;rlgi%patent abl e novITrylsvgy ST the pregafdospitdent i on,

i ncl udi ng ose features i ch ogEis d as equival ents thereof ¢
by those skilled in the art to Wmed ‘« e 'f’n pertal ns.

Repl acenment a&rasiye; sfgm%‘t@eﬁfeﬁé'@r AnMEntion had 2 Cpbting oo
(Fi ]9 2), Coztd M. 4(48)1nch-&e§tr/&1(rﬂﬁﬂe =C0) aarﬁlﬁtrtdll tattfimer i p?§§ al
- surface sectdi,on e.C

a plurali tytd'lm ib&é@'\/% y &%eﬁ%fr% %}1}3 Jﬂ%’ %rere‘%ﬂj{@]al Surface
sections (18hileadihenisondined iﬂ@dﬁlml('c‘!())a mqnamhiga sdamonde gantientand a
bond matgeri e aﬁnﬁ ;gjg?e d a long
aspect, t"sgnd ‘-:l(flilvﬂ(é at eagaac(?n\eé&sg’t %I)%aritn ar al égﬂ: ei'] ter na%b |°?gt and
second regi $eEAd CuEting, ine) Mith mear BerfarECe G 4%@%pect of

the abrasi veeetgmaEnt wge&e.rel n the vol une percentage of abrasive grain at a
center line of t f|r at st two ti rre he vol unme percent age
of abrasive grai Eﬁ"a t(ﬂp‘i %&’&éﬁﬂ The
abrasive t omiodirf:(dai:mrfa wmelr d:en appanémas!m/arﬁsg:mtbe mmiduly amands al

bond 0 I3 Cl tﬁ’m% J:.r@j r gnent s
furt hef1 I ncl gd%%gn}gféfqbr%ev iﬁltm“%' %%Drasf\?/i @lﬁ{eﬂnﬁgﬂ aiml,
wher ei n t he SeoRe jandnERirits of thfﬁwe“-m% t dsrcondimaiinm 1t vierein the
abrasi ve t oq{oﬁ) S ritehided rﬂaaxgl\)%hheﬁ scope S¥ aia{@%mﬁs)qipﬁéiwed :‘l')eret]:.o

conpri sing a aV|n a ural i eri surface
sections (1§3<e c}e‘f“}q(ﬁﬁic&? t&’tﬁ 58 ﬁtﬁfﬁfﬁ%nliolfg 1"rio‘:e”’_’L (b) a

pl ural i ty ofahmmashute naagtmtthwu mmans e pemgthmied aaurface sections
(18), f afmfk terial;
and eac abra5| vé esg?ﬁ.g:q%aw ng a IeatﬁE etf\gég tgé ong segne and

havi ng at | sdsichhreside ¢n fdenprasent tmtmy. flﬂ%lu@m sakbnd regions -
arranged 1t r ailpsd Sedturddi wHith afRad B ﬁi&ﬁ&éﬁéw&éﬁ ;g Wher ei n

Second regi hetaad dop ngad e i e are he (ohden Sne D Tiree

invention pertains.
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reglon is located at the_ __gg£gg:§ggezﬂf each abrasive segnent. 7. - The
abrasi ve t w93l aj m’gf% e 3 {gﬂ{@\j br asi ve segnents con®P&IUSas/oagak|

khond. 8. The abr fs} acen G aimy 2, wherein the abrasive segnments
further include a se : = »v@w'%gé$§ghe abrasive tool in Caimi1l,
wherein the core is netal. 10. The abr tool in Caiml, wherein the

abrasive tool Ls a Antabngsiwe teel cofiprislingsaveoreohndf abrasive wherein

a first regiOnséﬁmEHGQtSétﬁ&héaetbeﬁﬁénﬁoﬁdgﬁhQEeﬁﬁCEhébEﬁ%h&&v&eg”Ent 12.
The abrasive too claim1, wherein_the abrasive _tool is_a cqre bit. 13.

The abrasive tSBFMERtE| GPRPELsRnA, BPRA; Matepiadi 889 SPPerebRasdve pit. 13d
9. The abraS|vgram?é and GvRegefn uhersegméhescebnpriseehecuedstruwnthe
group consisting _Q esin. . ' an 1 The_a ' in

& aim 6, aner el AreHREEPRLi 631 P0EPaRRd PRhBona fod, BReT BARLER Ve T
(as exenpl|f|eqranns|gre)abbﬁpnatnnglyaﬂlapevsed(ia)thavrﬁglanplunahngy of
per i pher al Sur£ﬁ&§1660&b§a§n£é§£18ﬁ&'afd e?ﬂgkagl§éoﬁ§aiﬁsthe core (12),

and (b) a plurali of rasive segnents Q) attached eri pheral
surface secti ofs (1@?3 éHEHShHFa§PQE ipgfiainm 3¢) vherBinsthg abrasive grain
and bond mntersabmeﬁad 8extagnaal nadangbedge and at | east seven parallel,
alternating f| ond.regpon e. <1, .3, nd_2 d
Cransver se to the piPPoREFAPLE FERL S8 f18iw rayRefRiporhe) aBERRRY
regions (e.g.,seégménbadfGrthent ahaluleasi secgndany ahtashwesecond regions
(e.g., 2 and %armﬁabébéaﬁa@u ¥obli eenOE180h23| VEngERLA. the clbe q@rasive

tool in Cdaim erern the abrasive segnents’contarn anmetal
The abrasive t®etaln Caim 12, wherein the abrasive segnents further

i ncl ude ajgecosgdar yraér asraglvé%ozmelabtasme1t, OghekrBifl &h& Abrashieeci n

the core is sel ected, fron1tg£ﬁﬁr consisting of resin, ceramc and netal .
15. The abrasi ¥BeegoiSifA 9159%herein the abrasive tool is a cutting
saw. 13d 6. An abrasive tool comprising a core and abrasive

segments attached to the core wherein the abrasive
segments comprise a bond material and superabrasive

20 grains, wherein the segments comprise at least two
circumferentially spaced regions and the superabrasive
grains are alternatively dispersed in every other region.
7. The abrasive tool in Claim 1, wherein the abrasive
segments contain a metal bond.

25 8. The abrasive tool in Claim 2, wherein the abrasive
segments further include a secondary abrasive.
9. The abrasive tool in Claim 1, wherein the core is
metal.
10. The abrasive tool in Claim 1, wherein the abrasive

30 wheel is a cutting saw.
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