SYSTEM AND METHOD FOR TOOL USE MANAGEMENT Rel at ed
Applications: This application clains the benefit of
wWQR®s/0PBei si onal Application Serial No. 60/ 82HCHB832007/075280

filed on August 4, 2006, the entire disclosure of

which is expressly incorporated herein by reference.
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were loaded, for example, in the ATC tool station locations expected by the part program. Alternatively,

if a required tool was already loaded in the machine, but in a location different from that expected by the

part program, the operator could modify the part program to reflect the actual location of the tool. Either
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to error. Summary of the Invention: The present
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tools into the tool library to conpare the inported
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In another embodiment of the invention, source tools that are not identically matched to defined
tools are identified as unmatched tools. These unmatched tools may be matched to similar, but not
identical, defined tools of the same tool type. The matching of the defined tools to the unmatched tools

may be performed by the operator using the graphical user interface.



The above nentioned and other features of this
i nvention, and the manner of attaining them wl|
whewsae3mbr e apparent and the invention itsel fP@U/US200B075280
better understood by reference to the foll ow ng
description of enbodinents of the invention taken in
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tool hbrgrg%?c’ ceor,:ta%alré] t ﬁgrtn]l)c?rp d élghgec{]t ﬁ/]&he) previ 8%5%8(? %%Isﬁg ensure that
duplicatgy €6 esttimpoiteant i on. Fi gure 3 is a fIOM/dlagranrof a
process control routine included in the TMA of Figure
2. Figure 4 is a flow diagram of a tool matching
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Cor respondi ng reference characters indicate
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present 1 nvention, drawi ngs "are not necessa
scale and certain features may be exaggerated in order

: to.hett [ trate and explain the present
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I nvention: The enbodi nents di scl osed bel ow are not
#nte ded to be £ haust* or to limt the i vegtlon
lﬁeeﬂ B8 FYWCPYP e of aRES wemae%rsrmtﬁgwa fhg.nreant invention.
description. Rather, the enbodi nents are chosen and
descri bed so that others skilled in the art
Figpei2zg 2 flgwi diagram ehy W@émarﬁg@e?@ a!rgoesl&m(eEMél)raycoa@Bg toythe present
inventioff, t 00l managenent algorithm ("TMA") 10, a part program
, and a machine nmenory 14. TMA 10 is described in
greater detail below Part program 12 represents code
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|nfornat|on used by t he machi ne to nove the spindle or
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organlzed into sections or blocks representing

operations 16, 18, 20 to be perforned on the part

@gé%pgﬁ@}garpfeéqpcq_ Sharafgers ngwﬁtg}porr%p%@g gar‘ﬁlj}pﬁgpg}g)ut the several views.
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needed to performthe correspondi ng operation 16, 18,
to scale 201 cegipiarfeatiignmay Be cxgger2@d inuerderde betias ilingtate and ovphmn thgrpresent
lnventlogescrlblng t he physical characteristics of the tools,

I'ncluding the tool type and geonetry, and i nf or mati on

descri bing the manner in which the tool is to be used.

The tool use information may include tool feed and

speed specifications. As is known in the art, too

feed specifies how quickly the tool may be noved

across the material, and tool speed specifies how

quickly to tool should be rotated. These paraneters

af fect, anong other things, the throughput of the

machi ne and the surface finish of the part. Unl ess

ot herwi se stated or made cl ear




by context, references throughout this description to
"source tools" are short hand for information about a

W@ owB/owssbci ated with a particul ar operati on 1BCT/WUS2007/075280
20, including its nuneric reference and the data
describing its physical characteristics and use

Detalledslﬁ%%‘c‘:ﬁét’ ocfl%tfm%dnﬂe&ltssol?%l EQV% oft" derstood that while
ree operations 0O are shown in Figure

1, any nunber of operations may be included in part

flgge[qm?()@brean} 1sc {11 g%}ow are Oﬁloft 1nl%eengio{f 1o esexgaéusﬁgé (i?rctl? ;Ilﬁl?tsthe invention to
the precdeﬁcﬁ‘fnls h&dlobtﬁﬂ 1ﬁ\t’he f‘bﬂcbv@lhg deteildiaesatpeidn.i RatEbtgt]ie%mbodiﬁlents are chosen

and des‘iﬂ]?ﬁ‘i I ATCI?%E;‘ %%I %%ﬁ?lﬁﬁg’e%rfeogcg 224ar Zmrjrer ely

intended to indicate that certain of the defined tools

inthe library are associated with the ATC or the MIC,
Bigeredtqeaengistly dericts 8 108 mapraementeprighm (N )26) a pgreprogram 12, and
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rotation &Zhang%:étooléi&tc Adhe céﬁhmaﬂ& andﬁi)xheﬂ &fommhunl mal be ogainieed ipesctions or

blocks relg?slg}rl]tfér?é(g)g%glﬁgs ﬁﬁztl go% p%r (ﬁ@leé ﬂg} %ecpél}ptu a(!hi gperation 16, 18, 20 may

include & h@haed fckdicé G RO e S 8ot PEGLI 1, €l hpR&led ‘eﬁ%ﬁﬁﬁiﬁ Mg lcYsresponding
unl ess ot herwi se stated ormade cl ear by cont ext,

operatiop df ek A eQPEAlicn d ok 20 Firtheriseludgsdnfopnation degraibingdhe physical

characteliQRs Sf tt&olS h&rlﬁdlﬁ?t'ﬂg tdco‘PfypE Qﬁ(@ﬁé@e‘t@ nan@*?%fm&ﬁmh%@écnbmg the manner
associ ated Wit he machi'ne, 1hcluding its nuneric

in whicly th¢ tqobisde bgmj:dd ahgto@émrmﬂgrm@lomngayphglgqledgq)1 feed and speed specifications.

As is knf ﬁr%%; ah ' t%(lgl'nfg?d %ggﬁgﬁ?ov?&gghgghggéc%l M pe '}@&Ea A& oG PHherial, and

tool spegf QuEieghR2quidiyp taidol slholhld the sotatnd. 0T Inat paoamctes affielt, mgong other things,

the thromgﬁp Eﬁl?el 1%1%'& oaﬁlgilbe GJ%(‘&: tIB])]/S% C hi ne Usdlée'f%gg%]grfw%ezs%t%;hor made clear
by contef, réidfen €k P dh@uBis dé&r@ﬁwiod's@ﬁc@tﬂﬂla'f £9%hdrbhdor information about
skilled in the art, menor be a distributed

a tool asseaiased With e PYEPHY IRGTAIPHIS lﬁe%% F%F¥1djé‘w itsgumeric efprepgeend the data
descrlblﬁg‘ﬁfsslblﬁféllcall c@%&tbﬁ’i&s W 1?5@ SPCEiARGRS # sl%ﬁd BY uhfi@stHRLMRANEhile only
(or mul | e machi nes either directly or over a
three omahe@ 16r 1 2P efeesbawn ért Gigwie. 1, M0yt et pRagieatiopsiey he ingluded in part
y reside entirely on the machine. As is further
escri bed bel ow, defined tools 44, 46, 48 (only three
shown to sinplify the descrlptlon) of unmat ched

B R0 E08 ) GoRPHEDT B ATty B g GsbGoflfas s furtr
describeMB@logfr ﬁﬁhz&g: (?e‘glscﬁﬂ;d eltrlrg I%#tdaﬂi;rsﬁ 1rtCaEgeegf i fkr;[?/gﬁltlﬂ;ﬁgngﬁﬁ\ﬂge @rouping 24,
and unnipleed BGUPIAG SraCHUREEE o2 g fOFRTETSY uﬂaqndscﬁerlaﬂﬂif%ﬁgﬂaaemin of the

defined todlsfill e Brarfl @RCkiR AL IREHONe AR (RAVITCRARDSRIN L Anddtools (unmatched
| oaded onto a nmachine (e.g., transferred froma

grouping gphasbnet apreeipted mathitheAkhohitheeMEGNn¥YIé] grevping 2biskiepigied @s including
defined {IQN&%'OVS‘@ 393’ Ml*@%r%gﬁhé 911 se({epfc{e(a% ﬁlcﬁﬁﬂ{gccﬁﬁh&f:ﬁgl's %@,)40, 42,

'S execu
Unmatched grouping 26 is depicted as including source tools 44, 46, 48. Defined tools 30, 32, 34, 38,

program

40, 42, 44, 46, 48 include the same types of information as source tools (i.e., numeric references and

data describing physical characteristics and use specifications). Accordingly, unless otherwise stated or
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Various steps of TMA 10 are depicted in flow diagram
50 of Figure 2. Initially, TMA 10 processes the
wa@orsem34of part program 12 to identify the sSoRETES2007/075280
tools associated with operations 16, 18, 20. In this
exanpl e, the source tools specified for operations 16,
V " "
made I by & D B P gL BRESirkon fo @Ml ool e gt b for
informatigudbout a)tODb,aSpncmﬂisvsk&dthd urachige,lindedingyitofunpaictreforeogy @mwh data
erences and data

ceseriviffue IR M B bGFLERCT T o7 20 and se
specifications. At step 52, TMA 10 determ nes whet her

e .source tooals nee 0 be tched to.defjned too
ﬁ%&lv%l@ampw I htJlé E‘dScb‘?c Y5eh 8139% ?ﬁoflﬁfﬁfil“g}t t)(rq 8royping HZ Map 36
includesSAFARINARLFibIBVMB: PSBRAINTSEOS th the thacBAE'E AITCIoF tHRAHF 6k tools
to step 54. T 10 then accesses source tool 16 and

descrlbeéé’b’l@ﬁléeé’ftt@?is 8 2a3pelotEs growpierdl routine 58 (Figure

3) to process source tool 16. Referring now to Figures

3 and 4, step 60 of routine 58 sinply indicates that

Ak éldulﬁhﬁappaplaﬁebm skfilted in dutairmmeslsm ks rs%ulvet:aedistdbuted Giemory
1nc1ud1ngﬁnu§t§pq$ (gee ces %‘te ggous !P]%cal 15t %1?n§ vxéh\}a ahr% ?cc%s&e‘t%le ‘tr)]y gle machine (or
multlpletm:lhﬁ’le@OelthBlereR;ﬂy of oRT & wgred wp virgle@Znetwaerkg Qslhtefrﬁhvely, memory 14 may

.. algorithm 64 ident.i ny. defi ned tools A
rside e 195 Tt dh T Oy PP CEfaT Y Dby e Bt fonly three shown
to 51mp11f9 @e dbberiptio®). of ud@bicRarb@RhS24 Nakoured ©bls FRul 15316g1taﬁ‘101|2 that do not
Step 66 indicates that the input paraneters

match a%}f Sipd mseaAéFrCegrgwa%@ Pio8MBC gmp@éf%@étiwtt%ﬂ@ra@o Even if defined
tools 443, 43ferin Mat-AURL BSta Ay b@tusc%t‘tﬁﬂhcﬁl%aclﬁlllegtg Eﬁf&% @fltual operations as
acCesses the first defined tool of ATC group| ng 2
is furthef deseribeddwfawied t ool 30). At step 70, algorithm 64
deterni nes whether all of defined tools 30, 32, 34 in
ATC groupi ng 22 have been processed. At this stage of
Pihoe pasprogrant teis taxded dnto 8 rﬂanhlné (eﬂg:,ctcunslferrgdl fromaquttalble media to the
. 1S sed oste 72.. At orit
machind SpBTT SR abpitrBreNEn Y tsSiot oS g SEhrcrditafigny T 10 s executed

Various IRpEHEBMMND dO@dpidtatia floky cﬁ@gﬁrﬁaobopiguﬂe@ [ABiaily dﬂmatleq)rocesses the

above, each _source tool and each defined tool inclu
content piagtiegrasr 2ite kil yhargutcn doalsy pseocdtcd wish opagatipns 1@r18} ?0 In this
example€ T sBhkd 1ooBlsPedifidEBESARRInDY6, 1RE2 RSSO AlBLET e Res 1 Q and N,

one enbodi nent of the inventi'on, if the tool types do
respectlmiﬁt FecH), genprates & heting dfsharouyse iteed's fiorbepracessed during loading of part

i : | i Stie . L

programtl %fud %ghe{ilg?%lbeﬁlgqgf}étse# eg ;m?rg?E ﬁgstcﬁfsnlng El%:ﬁ‘ﬁ)h%lc%l Egaracterlstlcs and use
speclﬁcamweAt ftep 2, é"MAZ 20 deterhmogs whckien the(snmm@tools&epnh@s’zednatdled to defined

. Sten.74 vvh gu hm 64 t ccess the nex
wools incyeB e 19501 6 R AgPE LTS5 o2 REIRGMIGARE pgontol i
passed tb Step8SSERA D0 e fccéBes Whaketodl N6 aphySis ¢adp B9 apeddessa®n@bl routine 58
) source tool 16 and defined tool 30 are conpared. At
(Figure $)taproggss sgyigefaot Hin 64 accesses information in source
tool 16 describing a plurality of physical

characteristics of the physical tool specified by
Befairiag npyap ereSﬁcﬂnd éxdpipdbof rewinedd strpRly intiratpgyhat the input parameter

for routin® ?ﬁs qut%eé ﬁ)ld% VR éépe&é%lcglltlﬁ 58 ﬁal%?l?e{}ﬁ%lgheﬁgﬁéggdgéﬁhfﬁ%4 depicted in
Figure 4dh av&imt@ devﬁmd m;)lsrﬁiy 32;634@(5 ﬁﬁe@r gdugtiog £h eIncganetrels plgonithmgH4 identifies
any deﬁne(f tgols n g%g é;r]oeud ! ‘%s?y ﬁ:% rgq:'{lferg%lg%tg 8? sogoc 0(? lh tey defined tools

that matelomadeltmll 116).yStemd@mdnsat¢s what the it gaahettre ®dr al yopichm 64 are source tool
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In sone cases, one or nore threshold conditions nust
be satisfied during the conparison in order for it to
Wpewsees40 For exanpl e, when conparing data assPCI/HSA7/075280

with drills, step 76 may require that the dianmeters

differ by no nore than 0.000001 mm and that the spin
1 i 4 BERY deWht DELeH | AR 64 Sl First defi
oand GHFSERLRTE ol SEREF SPhpu et D OTPALL A s 3 0BR ot vt
tool of A8kH g@ulmagm ¢ife. tdaﬁnevdrtvelrfio) oNf stet & alE@ridmn@admnm’rw sxihcﬁnler all of
defined oy?s D y|r3lﬁ§rt1 zl\;‘\xg% ggha{)llﬁolrggo agaivgﬁgentproceﬁsg O%Atﬁ% seta%fof phogs-sgmg, the result
is "no." geoomingly, coitipllis Resed to ey 7R XAagidpeT2, slgomthaf 64t ddermines whether the tool

ySi char cteristics be si der.ed
tvpe of GEY 8] S CRAR LIPS Ve CWEE L A B IS Ay cach souree tooland
cach defRl 96V1 i de ARl HmatidNRIMEY BB IRy FOSMBE11 (88N 8rill &% ntill | e Rdescribed by
conpatibility index value, for exanple, a val ue

the assogjateddatn. eong exgbgdigisat ofghe g}(vgﬁm];igf theﬁ@olém% 49 nefi rp@tt:}y then there is no
point in hﬂ'ﬁz%f(mvgétlgﬁl er Sﬁg}ggﬁleéﬁgfvz\gt\?g?tfcgtf)ﬁgltg Q(%oﬁs té %lle%ﬁ}nrr% ﬁ]f tlsley match. As
such, if thia@nsovea tederpa is nd, | then cortekisipgssadto semPplutvditth cbuses algorithm 64 to
access t}gea&&pcte cﬁeﬁtngc? J[O&F?i %M'ﬂg oqllgltng .;%ao’ﬁ{e?wgg pcont?(g 1§ j[?asgeraqo %t%? l7§' where the

under consi derati on, etermn
phyﬁcmwkeﬁh@%s6hﬁuﬂﬁt@ﬂﬂﬂgn¢dﬁﬁ@dkﬁlaﬂﬁfmempmtm one

enbodi ment of the invention, during the automatic

mat chi ng process described herein in association with

hoagli 70 aRbridaf 44 fcOPEAMotRatidnNR sélreeobol lieV@l bt 4 Slurality of physical

whi ch the conpatlblllt i ndex is conpared i s one,
charactegiptiggiof thepgyeep! tapd meficg’lﬁﬁ bragwer toel @o%& EXAHY. SQBCefophl6 may specify
acut dlatt&?er defuk rh%aﬁlp&lhm&w\;a% Lﬂuféqg%‘fh GRS bdegat &Whesla 1i)hySlcal

shoul d be understood, however, that one of ordinary
charactegiiiidsImayrbetchapaned tonthy cwmpm dagp igidpfieaddnel 30He eatiditd a compatibility

s 8 BT 1L IER e P00 PO, P s o .

In some¢adesient sr exreathreblol d conditvae desttheaatidficéd gimddgth¢ osmpdnsdhmrorder for it

o s TR 0 49, B8 ek 8P 2, T b

diamete@efiffi s nb@@re &dn ofoo&To@ r8fOaHal th§ tiZspirSdinesIRAdentital. Bfrther

the other hand, the conpatihbility index value_ is equa
comparipey igpkippedamises befhhresheldonpasns ¢ l(nefr Ip Ree frapedimeR of the invention,
step 76 &nfafts 'pﬁys@(fa@ cﬁﬁ%cterﬁﬁcstalﬂﬁ cERPEIMY cHPatibARY Irfd@i b§1 gpplying weighting

passed to step 80, where algorithm 64 ident

factors t@l en¢ pradore ©b theggcagey gamphisns: os exaninde. sooé 0&@6 blesfsmbcharacterlstlcs
my e S8 00, OB 9L, S8 50 sUED, AGANL 0. e
weighted oorhpapisonsgesuditinip nedpdtbilgy éple¥ Oaluh efmeexaingbr a vdlu dween zero and one.

determ nes whether it has processed all of the defined

tools in ATC grouping 22. Al gorithm 64 continues

At @aPT) thet DdRPLUGligahderadlut andosnpadd t32 thr@s‘ﬂioldfval‘ﬁclt should be

gr.oupi ng 22 and c aring themtao source tool 16
mderst%ﬁehwmrhaa@sem@@@nﬁaﬂw yermnatibility igflex lﬁ@%@mpﬁt@é but rather tool

matchinf @@lefia e afyfifeddb RO urkder BEKRICREBA sRpORES S 8ernfdRation of whether the
al gorithm 64 processes defined tools 30, 32, 34, it

matchmaaﬂ@rl@l aeinpRéd It sl e@lbpﬁlmenhﬁfttbwngww@edttrm@ itheygitqrigtic apaghing process

descrlbeg%ﬁ L e aks%'é aﬁ&gghﬁ gofﬁ%é Zﬁ” E%H é@&raﬁvfﬁn E%Qhﬂe%lé)lcgéf%ueott) which the

t OO roupi ng
compatlplﬂlmed@(eld ,corapmted fene egmfyln. fan giea’pca? Ehatci; of y@gcé'to@lt 16swidpthe defined
cont r ol ret rne ro control rou
tool currg%lt’l*un(fér eonélde t1VI ny shog I‘gpl? @gs%Pésllowever, fat IS orr}ie inary sk111 in the art
may implement a different threshold value to permit matches that are less than identical. Step 78
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62, routine 58 perforns step 84 which again calls tool
mat chi ng al gorithm 64. During this execution of
wak@enisinm 64, all of defined tools 38, 40, 42P@F/USADE/075280

groupi ng 24 are processed in the manner descri bed

above with reference to ATC groupi ng 22. Any mat ches
determi uﬁhg%gtgtgg %@é@sﬁﬁﬁgﬁ}é &giﬁ'(éﬁléér %Egﬁg&é}e&qc g%r% 51:1? ;d (foir %ﬂether the
matching efiferie dretnoa) as tlSﬂ;asemay 14@ &f nokTB oo rpi rgse2 4 Siepet wieen the next
defined Pooggéea 5 &F % Igfo%gtnrg%g d aclgg %cgrif ' ettH? (r;]tﬁgréjg%ld Sfﬁe (%mé)atlg)l?lty index value is
equal to®0 glteﬁtfaf thap theitiveshofll @athe sndtchilg di‘ﬂérmmrm@lea hgthe ichda mdybel,@ontrol is
rocess un tch d tools_ 44, 46, 48 in un
passed tE P60 $ gfrrtt ‘%‘I%‘d&&l“ﬂés drfiged @PE%‘%ast%B{‘m}hmtg?‘ﬁﬂr%e tool 16 before

accessm@@@ﬁngart@@rggrg{;Stgp’274my concurrently reside on the
machi ne. In the process of |oading these part programs

12, source tools may be added to unmatched tool

Qhay Ql' BGthgo4 Jccés@x%ﬁeﬂf?edl%l 3@8(;1" %‘Tca%x‘éi&ﬁih&? hRRd1 id RN to step 70

gr oupl ng 22 or MIC groupl ng |'daded part
where akgpo@lna@\%delezmnay Wlheﬂ}@ﬂl it bassmnewd abof thetdh@nedrtedle i AHe grouping 22.
Algorlt%g'zfa (I,O%Elﬁl,rlr@as & eﬁ%‘?}g thr8 %hec%gllnéds tgofsﬁgd%?éﬁ) ﬁ% %T@%c%r %%52213%'(1 comparing
them to tm&aﬂo@luﬂle el nyarﬁmadehahieé ab®ie ungkeall of thaiddfinadtools of ATC grouping 22

e oGRS bR 2L L B o OV LBt o

match sqRYEStosiAl6 (faaY) 6 ahid 188 B BY st 0. NEvdnRRYy Ced deORId thdls 30, 32, 34 of
obtai ned for use. The processing of unmatched tools

ATC groppingfg argpropessqdn andsthereesulé of tien 78 s¥si'bed above with

regard to ATC grouping 22 and MIC groupi ng 24. As

shoul d be apparent fromthe foregoing, if a source

Absep 3% condrat adtutnsd anprepesa tertieod raugiod 5§ of Kigwnatc sdinggompleted step
62, routlgg gg?éﬁ&a@@te t84 S&?lé(%l %%1310g%sct%&tgé}hhlh%?lggﬁthﬁan dq)&n?lg this execution of
algorlthmcoilél[ deoftd@fhedioels 38040, ARDEM Tanyrowfinglf ara @d)ctﬁexl @ tBOm3iher described

above ng 6?}%1]6 C%Q %T%ggrobﬁ%?% hgg;] ]:’:I]gg)ﬁ%%t a‘j;%a(?d&é %at &‘gp gP) 0 tl(l)ef ma'}{[g}%d tools

1dent1ﬁedﬂlﬁﬁﬁ§f3l@des@ih@ UPATQ gdfupidd TN Whe Sdfrdefinddasdls BS, @deesk MTC
to tool library as an unmatched tool. In this manner
groupinggfhapg bﬁ?rév@?ﬁsgedawrpl BASHR TABed datce Sarioaoses GoRtERdFautine 58.
to unmat ched grouping 26. Wen a part program 12 is
unl oaded from the machi ne, TMA 10 determ nes whet her
Ahsferudiratoskre ¢ontod reutine incallsdogd mariehang 2lgeritbmiorto progehe gnmatched
b e ]
tools 44t%66|9§ ﬂla‘gné?ﬁ%%? %fo%gf I’?gt (I:thSEel%lﬁg ’ro% E%Iﬁaﬁst&glgﬁﬁ &{H{g@%ﬁ%ﬁ ?rograms 12 may
concurrdnltigyesaiemnrthmmv@nine IIn tlemeo@rbadoaveny thok paht@ragmnentt2, equrce tools may

be addedfo GrEBned ool St Ebe 28 B R oS! malB Rl R AR §RullRe 22 orMTC

grouping4. L &@Ub &R pA® brokfamsAS may re§ultd soifce PRl LCthatighted ©O ﬁhl’hﬁlﬁhed tools
? as descri bed above,. all of the matched tools nay

from cagligplopded part ,prgénganez( r\yhlt oupgiched teols#4. 16 4k8 ar%not P|h¥/51?211| g)ols currently

availablé ﬁfr%%‘lﬁlcqttﬂl@loﬂ@raﬁ&lsvm&ﬁﬁ % el m@fdr Rirtdal %(Pe'rﬁfgﬁé(oﬁ/&'ﬂldé’@ for
i s cog{&are i's set to one). In other embodinents

cxamplopr thin b Gt B6Inby ey tasbeortsepangingttp ehslungtsied fopLis phtetsg or use. The
processdﬁgof \Eﬂatﬁgﬁ Boold Ltaht? |4€ r47r{?{h¥ séﬁé Lé % cfégq’]fb@& F@ov‘e Qwﬁltr@%)aﬁc? 9) ATC

ility ates
groupingj Zlhhnd MTGfgroltpal@k‘bn‘m shmldﬂvatapﬂmrermﬁenﬁhafdreg@ﬁngt He source tool is
tched t are i.cal in. try to so
matchedg{a 316 ypm V%lgegi eto%l }mmgt éi t%)ciﬁ éroupn%%rjﬁlen Yhe'sQurds POO?IS notSAded to
unmatched tool grouping 26. On the other hand, if a source tool does not match any of defined tools 30,
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in the conpatibility index sorting), the matched tools
may be automatically sorted by |location. In one
werisdi9sent , the | ocation order in terns of pre¢BEUSNOT075280
for sorting is the spindle, the ATC, the MIC, then
unmat ched tool grouping 26. The spindle is preferred
Yol |
32, 4 o o R LA P PR Lol popls 4. 46. 45
of unmakched gl@upﬁﬁg 86,MI@ the saune tnelxs acmeéﬁcetroe}rﬂdealbels ausemstpled tool In this
manner, (30 1078 4B oD Sl PO R34 B Pb Bl BB %o when e
part progﬂaﬁl laﬁﬁfﬁlﬁlﬁ;lit&d fﬁoﬁoﬂhs maahihd)dBEA 10 @Eteﬁﬁm&i Wiadthey afy airhathed tools from
the prog&aélhr a%ég% ggqrﬂl%?i Ey Qéhfeal? I??tétl g%glﬁt%[ 1f gg,lngrhtgF%aﬁ%%%Léf t%gls%?e eftin
umnmdﬁﬁ@hﬁb&%&%oﬂnﬂﬁwﬁéﬁhqﬂﬁ@&%ﬁﬂk&Z Referring back to
Fi gure at step 92 of process control routine 58,
control is returned to TMA 10 at step 94 of Figure 2.
Aong teﬁr@o&ﬂren{r%ellgvgﬁl%ﬁ r t@€§0 WRSLASYs Iﬁét!:he‘aftoélbﬁoreﬁ at step 80 of
sorted and matched tool’s ha been processed
algorithpdidrare omted hedqarmowshs bast)metcmvﬂhheumatoohé@ A@@tesulhaﬁ/reatchmg
n d ntrol -is S
algorlth?b1%§l Besc f%gﬁeé %ﬁ tog o% I]itlast’cqlgg éog%sgrg%y 1d rrﬁ%%cﬁlt 1%%68‘?6‘[81 6'sSurce tool 16
(i.c. 1fth¢ 'Ehteshdlﬂ vmloe roaw kible the wemeatibilén indek @dlue isrdonpafed dces®i dmg) In other

defi edtools nd ,unmat ched .t ool s, if all
embodiens, e BB Lot S THAUT B SCudH e 1D st By b primary
sorting @fterﬁltlﬁ RteB 40 woilbd t&&on@@tlbﬂl@ﬂﬂd&OWh{éﬁ rdl &6 to 6 yRUlyhTlIR: geometric
ed to unmat ched grouping 26 at step 98. For the

match. Wﬁcﬁé@ féhe matphedianls o i e&&% AR EIORIETY AP Qur§s| teold &f(pilpre there is a tie
in the c&%’h&h%‘ﬁﬁ&%rtﬁ%ﬁ reemh@Rdd tdQ1s HAY ibP gutt)ﬂﬁtl@ﬂl %@I%C%I H¥ocation. In one

descri bed above.” Assuner further that the first
embodimett cthe Wcatew| orddr ietermpefirefgronec (e drfiegiis throipirgile, theA Ttk the MTC, then
ri
w150 NG TRLSHRIES Lkl e B St OR B EL 8
the next(pheerencedetdunethe tad wilBBy altanatidalie Hﬂ;led)éléﬁ MEC ddhtlael né»0 peeference

because TR A S B RSBt BB Rl bl b e v
preferends bQahR RO dtdhed fyolsS Qldictigh héQhysi&AE QR Gilabl fr uRt ar belRast

102 TMA 10 automatically correl ates defined tool .32
geometrigally, chagagicriged g cange med;ala Virtugk Qrgradipnsiincludlige yerdfiqedipn of part program
12. enbodi nent, the nuneric reference for the tools to be

mat ched nmay be used as the criteria for designating a

mat chi ng tool. For exanple, if nultiple defined tools

i sf | ' ' t

SOLLALSL0S IRRE K 00f 00 PR BN SRl AR o Tua

10 at step&ft @f Eipnes Df At dtap %omh/béel(t d@brnﬁmﬁ vdmtlmrmlt oitthé borted@nd matched tools

have be%ﬁ%h nat e%ﬁ?g%%}ﬁ&lg d)r?c(%q ngré (H? 6]?6 qlﬁtglgegia[?@ ﬁaxﬁzébeen processed, and

control 1@@&5@9@% s‘tMpt% vaiRed the ifirss elatched fooDis ,ac@‘s(@ﬂ fiokn @k lsorfmtli@hl INgo matches
ia (except numeric tool reference %re met
fdrteo

were ideg&h@f rqr}n(glﬂxi%qe%tge%f heb%ﬁﬁlne Foa&rag min%ta 198 lft?élé)f&fe matched tools

had beelt WRcdsS&NTHCR e tQM oF stcfol wRNRIRI "Bo," @R ST 6 oull] be added to
particular geonetry may be requi red for rough cutting

unmatchef grqyaing 26hstee9%not her end mill of the

For the purpose of explanation, assume that multiple defined tools matched source tool 16 during
the processing described above. Assumer further that the first matched tool after sorting is defined tool

32, which has a numeric reference of tool 2. Step 100 determines whether the defined tool currently
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identical geonetry is required for finish cutting.
Where this situation exists, TMA 10 needs to ensure
W b@B/0193¢0 sane mat ched tool is not associ at ed RET/HSIHOT/675280
source tools. Step 100 of algorithm 64 provides this
feature. In one enbodinent the first source too
r { t

under JfRHbABENER! A6t Rl ¥ tﬁatﬁ&d%%% RGET A B8 ool s s further
describet] fhatowt tie t1f1$ ¢>@tnpifa~tf@ imeuint thet ddfmsd tvot 33/kds notlegen pesociaed with any

source tgeocf ?\ Iglf‘ 83_ iﬁ{% ? ﬁ%totna gly §% ?lgtgs % 53 to?;’ﬁgf wﬁflj source tool

lﬁcﬁpaEQﬁ@ﬁdnsource tooI is then processed through steps 52,
54, and 56. As the second source tool is identical to
the first, the sane matched tools should be identified

Glnbiher érﬁﬁoﬂlrﬁé’rﬂ? GRS SiiGic rBREEntHRY thMtbdls REeSRAtEIRE nhd) YehSed as the
same order. Accordlngly, at step 96 TMA 10 will access

criteria fopdesfanpng grmpichiag teoboFor capmpleeip mufiple daiimed olgisptisty the matching
criteria, gl%t @erfﬁ‘f'e@ 81 Heﬁzqngt JH%&&H&H&EBE{@&% td@%cah%sth@‘h% RV RRGPe of the

assocl at e a source too en return
source toa nyty@ptogmtlcadlymrdeﬂgnmkh matolnggl| tophatAshvath dllonatshaddeds, the designated
matchecf tggl annot gtfre%}‘t[sﬁt bebmat%td%{hnzglogll ?ooltlrcter%(r)n 166?1\'{5 E:fhhagl a?%hg]%lgt criteria (except
nmnmuMthdh&nﬁQ@&ﬁﬁﬂd at step 96. At step 100, TMA 10 wil |l

determ ne that the second matched tool has not been

associated with a source tool. Finally, at step 102

ThBmE Qirvdrhdtareey, hak plogranfiGef@eandusRt sNedeitRal to¥lst Rotdk@mple, an end

second source tool. In this manner, a defined tool on
mill of 4 1HEGHE BEHREtN Y broeawied defrpughatugiing the parb widp anothes end mill of the

1dent1ca€%é5rrfg\?f e GRted IO Fi& LiRfleS WRAUIHEGuRYonR& sts, PRRYT@MReds to ensure

er a matched tool is correlated wth source
that the gagesl matehadrioql ienarasnaeipted sgibrbotheduesh daads. Srapal 00001 rakgogiths 64 provides

this feat{tr% ?ﬁ St e%oh%dquttﬁg ﬁs{]s%uwg %orl] Wotlt@q)%lctotggl?%h withdh ﬁ]ﬁ Igatched tool

accesse(ﬁmlsteq)@& GmlstellSO(Wl"[lMA heé datems&tﬂatahe ﬁtsemat‘.ﬁlded tébl sk eq yet been

6, TMA 10 I1s pro ntrol ut.i.ne58
matchoclg s s Phof vt S AR Gt PRI ot Sl R g ot souree tool.
tool of ATC grouping 22 and MIC grouplng 24, and each
unmat ched tool of unmatched groupin in the man

Hesserendequigs épbis thep RS%SS@%@PMPS%@ ¥nand v ehtthe ?Pcond source tool
is identi@N & @E £k ech§9iiﬂeergatmqmgsﬂoﬁﬂl b il @Rt fiat Y 'i)hfégsshﬁ' #nd they will

processing (if any) is then correlated at step
be sorteghin the sayppr erdert dgcordggbht atiﬁmpt%ﬁMer&nmﬂztccepwhg;ﬁ@qt ﬁ@tched tool. At step
100, Tl\/gﬁm)(? ﬁ'ay eégér{n hagq}gepfétlrgg gt?ltl o?ar}rltg% gl%ﬁsad{é g? Jocﬁ%dﬁlﬁl a source tool.
TMA l(maﬂkiheﬁrettmmtc&tw%l fAoswmding idifiosd uratcbed tools vﬂ@e idsntécdeqg tool

1o un n step n ric, .
matchin. el IRLE" Py P B AT v Ao A BB BRI L RGbe sccessed a
step 96. g&m@n 1m)g PAAN ) WillaRtdri e bt eel secdnd nft @i @ oA B Béeﬁdlssomated with
rce tool 18 (| hat numer

s sourceetlo Rt  8pot2 TP Lly1Less Bicafbercond MAghoL arvich he second

source t&l8f N@H he@kbr, b QefiR@ltod ioR MR MachRicRAN WS dotreMitddlto BEo {d8rate, but
next avail abl'e nuneric reference. As shoul d be

identicabyjoptee &9pls feawradiydartoregonAg, each of the source tools
of part program 12 is processed in the above-descri bed
manner to be either matched to a defined tool or
Aftereet mitelbdttodlis ¢amrcladal with dauageytodrl 681 the@thnier desarib e himdve, TMA 10
eter m

returns t? %’%{) (?de%?rn?%e v%aethéf adl 10na‘i eo%rceztools requlrecY\f.!)y paté:i program 1 B&eed to be

matched. Source tool 18 will be accessed at step 54. At step 56, TMA 10 calls process control routine
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source tools of part program 12 have been processed,
and control wll pass to step 104 where TMA 10
WO 2pBAatsd0 t he original nuneric tool referencesPCT/US2007/075280

associated with the source tools with the nuneric

references of the correlated matched tools. Wen

- [
58, Whlde%geg(E iéé‘gé‘% éﬁa'?éhﬁTgf éi'%ﬁﬂ'ng gg rf%}{@ﬁ%%@eﬁfg& ?o%gbfjggé gﬁduggq;gtzﬁ%d MTC
groupin@?.@gtndi mchaintmahedimel ethemetshed gotpog 26 ftha mafi‘rmt\dgf@ribed above In one

h | f h
embodu{leeIR |0? esne\%egtﬁ%ng rghﬁg%tqﬁ? T’(ﬁ%g glagc%lsg {eo%ps.cliﬁ 1?”8{1 E%rsn%?thls processmg (if any) is
then coreXagidt8teb l1D2sithab@se fobl B @ pasgseraris $.Ulfanothep@hibodiment, all of the

rogram.12 ree operations exi st t he
matchedgp?lg F‘%Bﬁlﬁlﬁff qr %EléPl@fﬁgéo threregfar &ofi %“%loﬁﬁgﬁtéont ﬁBP%matChed tools are
found, thREbALCE 31 18 isQYEIB uh@@chdd Sért’)lq}iﬂg‘?_@ﬁ)stegs@u THE nfB&c réference for
finishin Qperation 2 : Source tool (ro%g i ng);
source tagd |} i adrled 20 prmatphedigrrypingérailibs thegnumege efe gisngcaspociated with
source t&{lqggﬂ! r{831 2RA§QH£t%ﬁmE99{eféer(cfe' ot lalr 2 aétocé{eﬁ Qv1ﬂnoa%0ﬁiter defined tool in
dentifies t e operations In part
tool llbrwo@hWSEZt wihidte thsecxeaciialdf numericoicfogineal | y ref er enced
source tools: Source tool 1: Operation 1 (roughing),
Qperation 3 (roughing) Source tool 2 : QOperation 1
As k}fa)iuBi’Ber@))arelﬁfﬁmathie doreoifd, icadhsdfitiggouiso wcﬂﬁoﬂmﬁlprd’gram 12 is

processegig ﬁ}%t geséé%aglga rp ﬁg Elrt]:fe;r]e 5{3%8‘84 ‘for?gde%gi | Qmmmatched tool in tool
library of MBrelQn @ﬁmﬁi@ﬁ&irgr&%gﬁm\ﬁmallyhﬁ steplsh Q‘MRQOWHﬁétbﬁmne that all of the
ref erences associated with matched tool s wer

source ke TAF EETEB U P &V 6P POCRE: HBCag o Epetiorsan 104 where TMA 10
replaces%é"&?ger‘ngl A@herdc 181 &ﬁ%c&soasg&ta%ae\gltﬁ @0 kouke B C<‘7J':fthttf‘?é-’flun"‘t)’e1‘1c references

hed to matched tool 2 Source tool 4 matched
of the cq’f@ﬂq’gma‘c@]@ﬂ todl® Whee perfdrmingfthis ﬁ@c@p@r'l"é\ﬂAdﬁéirst 1dent1ﬁes for each source
tool, all oﬁérgtfo%gclh g P lep%ﬁ p&@%&tﬁ lartl‘fat h%etﬂé ulrc%qocﬂs Tﬁ(% |’[‘1\}ﬂ§ 10 replaces the
ori ginal urce tool re erences are
original wc&)ﬂ) tederettes with e thathedwhol gethmneesidenRéqd @oec. SO foBowmglexample
lustrat Wi th matched tool 4 in operation 1 (roughing) and
lusnlﬁﬁgfﬁFmgﬁ 3 (roughing) Replace source tool 2 with
matched tool 1 in operation 1 (finishing) and
operation 2 (finjshing) Replace source too
UK PRI |7 Gies PeragiAnXis-giig Fh%@}lgméﬁy gﬁé@ence the following
source t§fyrce tool 4 with matched tool 10 in operation 3
(finishing) In this manner, TMA 10 avoids replacing a

mat ched tool reference with another matched t ool
Ppdratiaanic e . Source tool 1 (roughing); Source tool 2 (finishing)

Operation 2:  Source tool 3 (roughing); Source tool 2 (finishing)
Operation 3:  Source tool 1 (roughing); Source tool 4 (finishing)

At step 104 of Figure 2, TMA 10 identifies the operations in part program 12 that use each of the

originally referenced source tools:

Source tool 1: Operation 1 (roughing), Operation 3 (roughing)
Source tool 2: Operation 1 (finishing), Operation 2 (finishing)
Source tool 3: Operation 2 (roughing)
Source tool 4: Operation 3 (finishing)

Assume further that during operation of TMA 10 as described above, the following numeric references

associated with matched tools were identified:
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After this replacenent process, TMA 10 ends at step

106. I n one enbodi nent of the invention, during the
wabwsetgescri bed repl acement process, TVMA 10 cP@rkKS200T1€75280

tool use information (i.e., the feed and speed

i nformati on) corresponding to the source tools to

deternine whet her that information was manual |y

am 12. Sone operators nodify
q ceC{SOI rﬁ tghe%%?n%z%emo%g% information provided with
1.9p, of part program 12, the feed

(huceté ﬁ\lﬁ c Egﬁ |ther be inported, for
%ﬁﬁﬁ:%¢é$W8 H@’ eq en the tool is defined, or
manual |y entered. If the information is manually

After all&STHIRY @RratibheifeenlcIn@Goinse B81s ardlidasiERAladbitiRe MovB, thdiSriginal source
information to indicate nmanual entry. TMA 10

tool referepapit are repkacedhisdbe Pllgyweimenieki ng t he nanual entry
deternmination. In one enbodi nent of the invention, if

RO 860 2t PR&R %a‘téﬁf:@fo%?& ﬁrp Y@l%n Wfb’ﬁgﬂnhg aﬁ‘lﬁtoﬁét%ﬁion 3 (roughing)
R &e-g%cg'gof £ gv"f}h %tdh‘éd tolo é a%%gé ogegatlon 2 (finishing)
?cre q@ltujc@ oy\?%} flo (ro

e %‘?ﬁ? Ly Bﬁ*tumﬁ@)' o

In this néagﬁ?ra‘gﬁlﬁgf aS\%bc‘% %&gﬁias @%tlcﬁeﬁﬁﬁ(?l Crﬁt\éaan&? gﬁg IO "é ét}atcglgé ol reference.

After this WéprmbabaibréRed, (S)A 10esBsagaep 50adi spl ayed to the
operator after part program 12 is |oaded. In one
enbodi nent of the invention, the operator has the

plmnb %b@aiméﬁd &Ghd RGerfoh Q%ng Bl BW S &R ré‘milc%ﬁleht' pb&ss, TMA 10
of the source tools and the location of their

checks thgto@h@g uqurr@atlonl(]ma, tBpfead prd speprbinformatiqry gongsponding forthe source tools
o A ALk 1 BRI e BT e
modify thhdefoplefead end srmyd méidrohatiompratidhédith dwltgolwiDuhing rerticar of part program

12, the t%:ldté arsg?flrslqe 10n%agfef¢ﬂﬁreb% d%lgglla?sd or} 5%-1'-11&:%1? rto o(ng Imgglo 14P when the tool
is define@| draksnualy eraéredmrfalteclg&ﬂmamﬁll is ﬁranﬁdm@ chedd, thew b emg SGEE@Association

, and activates a n t S
with thea@fgwﬁt@;zé%w@@atef%arnu?lrf:@trxeffk/ﬁ% GG St elpgh mage he manal eniy

determittafib®. Hmmtemsatnreﬁpéft@@ﬁmﬁﬂoﬁ Nf (HRQVWRMAE spcblYih 04888 Was manually
execution at st eEftGO of process control routine58 and

entered, dipasT MadOuetpign italf the @Sdglzd pse@mEpmahyw iralogyanually entered, then TMA
10 repla@gcﬂ \tvitﬁ)ﬁl%lfée)ﬂ’angl fﬁﬁllﬂa(ﬁl ga&%&%ﬂ %tﬁ%e%&tbheﬁttgcﬁ élﬁﬁ?é’fhe
mat ching alg ori t I's set to zero Instead o
replacemﬂmeproAtssslt:sepbﬁmbovhe i nput paraneter is the unmatched
tool. Step 62 calls tool matching al gorithm 64 of
Figure 4 to | ocate matching tools in ATC groupi ng 22
Wiheih bee ¢ransre soudestosls bethddhbisanmhatthehgrogpib®tlé, rmritinmatthed tool(s)"

st 86,. i nstead of _conputin conpatibility index
messagega IR 0 SHCHUR RS GETES0 12 000, dp opAnisggent of the
1nvent10h a8t op¥A6r 1S tHdiptivh BBdFRBR: 4 RBI revRIWARFdeA, hﬁm@ﬂhﬁ@ilﬁofttﬁ@somce tools
onpatibility index to zero and assigns a percentage

and the Wﬁ%t@ﬁ ob e dnaiehes e dpaipditds ﬂtﬁ’fAT(Fréth]gdf TiCp eginguggatched grouping 26). If
no matcl?%l to§l4>vas FOUndeHR Pl Ee to@l i ‘?(g:hﬂﬁéh JS%Q'"HM R (&1 9 'ﬂfﬁeotep%fator may

is idenfical to the dianeter speci |ed Tor
match ugmateleasltees wab lsiniikir,dss g néahtigal pdefivehtoalyen AdCegrowfing ZDGHMTC

groupmé‘ﬂj e‘{VIh § 916 ogglja‘%op g‘geeclgsa(r %I %H@ks on) BHMuI?ISatE}Q% t§01 B 1R to&ll}gview screen and

amet er spec
activates a "find matches" command, TMA 10 is again executed for the selected unmatched tool. For

this unmatched tool operation, however, TMA 10 begins execution at step 60 of process control routine
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the unmat ched tool data bl ock is assigned a percentage
mat ch of 200% and so on. As the threshold for step 78
WO g00get34@uri ng the unmat ched tool operation, BYED§2007/075280

defined tool 30, 32, 34 processed by step 78 will be

added to the list of matched tools. This sane process
58 and éélgsh %E*t%ﬁlgﬁ 96]252 %ﬁ;&?%}b%é b?llggze &thagb ?%1}9 Eheﬂﬁ%%jcgass?mm_d with step 78
of tool ngptiung algorZim 6Fhesek fosteraimstrat dhlvad. t ool s may t hen be

sorted at step 90 of process control routine 58 in

order of percentage match. Finally, the sorted list of

Aedtehel thedopis phiamdies 31ty @tindtchel i>1.0P@p 8L 04ills tadl@mgchivg digorithm 64

ofFigur i e e e oLl P ena i DBtk ERoped gye: Inone

embodithé) at §tep 8% likReddi ot todfdingta dofphififtylifdek 8RIBES dabldefined tool 30, 32,
previ ously unnmatched source tool required by part

34 Ofth?)ifa@@rta?htﬂp.@ 3s e ynanatehine &ol. alaosirhny 641 scabihe éomw@bWé% index to zero and
assigns éﬁé}&&f&fg@ hARPEEd h thOFamPRF GG défﬁle@ tcﬁ) 46,9, 5000, example, a defined
uir y part program 12 need not have a’
tool havmrarcb@mmdhatgs idhytsaktalthe dahetorspedibede menmn(atched tookis assigned a
percentagg %atc;h oorf lg(i’/e - B[(E:%ngd to%)hleav'e/:_\-all-%iamoeﬁeétt\gﬁed M; gszg L(I)rk Ché: dtla?nelter specified for
the unml&labedbeﬁmamdﬂmﬁl 1ﬁh£@néd)a ﬁet”rcelmmgamltlﬂnd)fﬁom%, afd sarmat ched
groupi ng 26, then TMA 10 will display a nessage to the
operator indicating that a physical tool is not

Rﬁ ﬁ}‘é@lﬁlﬁslfoﬁffo@ﬁ@p @8' 1s%ﬂ'o&1uﬁf1g tRansRheRtobPetation ery defined tool 30,
per at or physical tool on the nmachine b

. y .
32, 34 p{ﬂcgﬁé%@y m:p mﬂ @)@&ﬁfﬁ the kst pheaisired @Al EPisatmpigrogess is performed at
steps 840% ﬁﬁéwwrg&séj&fnkrﬂ%uﬁMS foPddiied tRY 38I @r@ro\f MTC %rouping 24. The
Al ternatively, ﬂB‘frator may sel ect an option o
list of metsh¢dntionly rrtabréhetndmlsoﬁ tagdi9OA gt procese coriieol KPEn¢ 6% imuAralf percentage

V i .at . .
match. g@g@’ 'YL s%{“t%% Ps% 0?813{cﬁ9c{ ﬂogltgl?s cﬁ%ﬂéﬁedﬁq%@ 8%%{@%){1%}0%%2{}% B 1ocations (i.e.,
the ATCC(HU]S@MTIGQ ofrthe Imatrﬂleﬂ ﬁ)oﬁse riho foperator thea lselexpm abichabtoolsfrery the list and it
tched ool h as a gra rification o

i used t KSeR R e ed i e s T ¥ ek D B ranner
describe@fabpar t program 12 and nanual matchi ng of unmat ched

tools, TMA 10 may be used when defined tools are added

to the tool library. The tool library nay beupdated

}% tavﬂs ﬁ@i@at@@faﬂ)(ﬂféda Eo@)%ﬁclﬁédqg‘afé&[r&e QBP{QE@F@& b?/rpaﬁ%? 4R 12 need not
les, with defined tools located in entral rar

have a cgl@@spemdm&plaswﬂetg@lmtb%@a@ﬁnet (he. s togt methwpnndi@ thpeh Thedt t%/e MTC). If
| I

the oper%tgp éxeé@%st %%wgér%elggﬁp gltsgrr%%)ér'@a{ li%g r‘t])eéﬂf é% d%%%/ed éc(}; tMﬁuH‘tQatQi?e\é tool of

unmatchééfgr(m@dlgﬂéoﬂhsn TWI 1 ewdhgpbeay amesspg'rtattlmer Om'aiyorlmthcwmg yhaga physical
tool is nSCULCE Qf\% brogr J'rgat the o o uftd Lon th
00L1S nP'i DR O’f %‘beo‘irtm‘{r% BFOWTBP APy | 8F ORET P B 8? ?'p ysical tool onthe
machind By/CHAING: it, IfiSdx@@m@leOin tRXATUtand @rehﬁ’l@ 4 mfeslmﬁﬁﬁl@ldegned tool in the tool

process of TMA 10 descr i bed above, 1he operator
lbrary. QHEEHH E% thoaeratargBt sstec b ise a5 4ot tas fpokimd aggiik digo the MTC

for mant#? ®aink At {h@ ) Iﬁﬁﬁﬁat@ﬁﬁg I BRAE thelofB@lok 86ksindt SbthiRQlphysical tool, the
library if R do not already exist in tool library

operatorApgyeqaugeshe mychlwgtomqgfom wirtuglfopgigtiprsaistngdhsunnestehed teod auch as a
graphlcdigemcra{mpggﬁﬁﬂm% t he manner descri bed above, TMA

accesse |rst source tool (steps 52 and 54),
and calls process control routine 58 (step 56). The

In addition to its use during loading of part program 12 and manual matching of unmatched

tools, TMA 10 may be used when defined tools are added to the tool library. The tool library may be

-12 -



i nput paranmeter at step 60 of routine 58 is the first
source tool. At step 62, TMA 10 calls tool matching
W@L@eniinm 64 to conpared defined tools 30, 32PCBYUS29D7/075280
ATC grouping 22 to the first source tool in the manner
descri bed above. In this application of TMA 10, the
updated ﬁ&g{ﬂg‘ﬁcvecﬁphgpﬂﬁglts E%éﬁ{ dpabtgp })Qrﬁl'ﬂﬁ bfé%lﬁ%{ltu? %,’ &I‘gﬁ géfgﬁ?ggo@located ina
central 1$oary sgveroetk. ngandit:ssmrﬁﬁ[@rsbmde pﬁtfng dtﬂir@dtt@cb fforlimpergatipn into the tool

gonstitute t ched
ibrary, PEOPHTSay he AR P f TG HeBrPud B iR Gepee B i
grouping 24 are processed (step 84) in the same
ain, if a.match is fouq t he sourc

nner i S

ﬁ‘gtex%faﬁllénﬁ WerfRs Y dflenfifni spugee tpal i R prOSaRL! E’itet}?‘? fregjator would
like to ithP&tt ® tbl 1BF ey OF OpftiOBardracBine Mirstcddl OERIcBEing4hdbIChattMBg process of

source tool, it I1s added to the tool library. This
TMA 1(eserehed mbovics the epratonay gxcciise tp Hportatign SENFEweYhicen gl source tools
in the pa\q;érh‘%raﬁlryresl @@ Mtcp{g)ohmargqmeg g5 ﬁ&t'aﬁ@&h 1sp§1Wb5lglbrary After

odi nent s resent invention may

assemblingthdlet ohwsaideiteds wifdréricad trhelrtspogram lénldtlscmﬂneerafesctribﬁé above, TMA
10 accesges tﬁe fl fc'slfI source tool%st%ﬁ p5I2 aégéé)o %dr g’aéé Focg E)ﬁetrol réu%{n% %9 (gtep 56). The
input parammﬂtat ﬂd&p (EIBd)ﬂ’rgutllrte§ 8geﬂne fiadt s@[rbdﬁ‘(bbhlﬁ?stepl%ll[ Thigy 10 ¢dhls ool matching

algorith@%@lté E@tg}lé%%? éﬁ%ggq? Eg@d%%é 8% \%&%Sr%l?pﬁhng? ar t r%tS SO{lIrC(C) tool in the

manner 84681 QIMRIbYv P Ha@ﬁls @@hbﬁndnr&m 10 Qhé’\wn@ﬂhrédhb&s hﬂl\jﬂiéhd@ﬁcal to be
pertai ns. CLAI NS A nmethod of correlating too

conmderﬁ@%@i@t dtp W@hedatoelue tdepifisiathsifise seiHee toebns §10%1B¥P€¥t?4 iatp the tool
library b@)fau@e RSQAPIoh GHEE lzltdﬁﬁihé%i’e th&o H%Hé&goltlgld Qﬁﬁ@dadﬁﬁ'éa tools 38, 40, 42
he method including the steps of: identifying source
of MTCtgmnpslgs%é}eﬂm pioegssdsh(step 84)on dleprsame nmnganﬁgagl daghatgoigfeund, the source
ol . 1 i '

tool is nBt a%dec#gttﬁenggf ll‘t{;@rﬁ :Ijto ong 9&113, mﬁﬂ%{%ﬁ%}lgn dglf‘(‘lt: E%&B?EIOEF;&?MTC grouping
24 match ﬁEtsom’at tdol titie adedtcthe It(mi) Illbracbu rTigprbbelusospaeatadfos theppmaining
d replacing source tool references in the program
¥h references to correspondi ng natched tools. 2. The

met hod of claim 1, wherein the conparing step includes

the step of conparing a tool type |dent|f|er of the

Wohile s npgtiophahbach descriheskasihaeing cxsnaplay smbegigcgist tha aggsent
1nvent10¥1 %ly%e flﬁthe}-%dﬁﬁﬁ Redirthe Glidl Makcoptagigd H‘is&lg’ﬁlr& OFfR@%pNBation is

ep includes the step of conparing a physical
therefor@ hﬂéﬁné@d terdoseriagy gariations, s ererdppsationgjof the anvghijeyi wsalg its general
h e I

pr1nc1p1c%;sr gﬁlrﬂhﬁéj: th Vs\f}a%}glgﬁaﬁg? ﬁgﬁ%r&c%gaé :&ﬁ\%r ES R de re-gg n{]?lﬁ Epeg?tg F()hsclosure as
come within &oowpubdi qugtomagyoprpaice i the ay ta Wﬂleh tluainuentbas)edaimq t he

physi cal characteristic conparison and conparing the

conpatibility index value to a threshold val ue.

source t%?q
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5 The nmethod of claim 1, wherein the conparing step
i ncludes the step of conputing a conpatibility index
wo 2008019390 appl yi ng wei ghting factors to a pl uredT/U§2001/075280
conpari sons of physical characteristics of a source
tool with physical characteristics of a defined tool.
cLamm8: The nethod of claim5, wherein the designating step
I'ncludes the step of determ ning that the
1. Aongbad & doirtelating dends ¥mbaated witheasittinp@bchind@nd thols shaliided by a
val ue. . 7. The t hod. of claim 3 erein. the
proerant st e by Ak 2eins e o BledipianTuding i et na
{dbRESLaRL t6d1REReIRUISthe pRbrat;def i ned tool matches
the physical characteristic of the source tool. 8. The
ersnirod 2 chcteioaran 190l witfedefinediteols Asodated mithihagashisg,
b YE R b P RES S PP e TR RO B s aurin
comparii@tskpglaef claim 1, further including the step of
sorting matched tools. 10. The method of claim9, )
rRBewgiovse tapd refpisgcastin tha e gigewith &fergneps e ptaespering matched
conpatibility index value as a sorting criterion. 11.
The nmethod of claim9, further including the step of
2. et @ethiodofiglaam Mavbéreth the cbmparinpatepeinaludesnht btep of cempaing a tool
., taQl based on an outcone of the sortin tep. .12. The
type idcpyiiera (et SQres TPt Bip QR TS ?@fngg &¥¥-ncl udes
3. TREMSHBASf Bfairh dERhi LM AP cYarif SRR e LiE oP E&Q}?ﬁ’mg a
to a first source tool and replacing all reference to
physicat ¢hardctarstic ebine seurce adohimtith arEiysicelndhesictenisae afatachddfinasiabol.
efore replacing references to a,secondq source tool .
4. P Relen P eRER I VBSE TR S i g eriae SEP Ab Epputing »
compatiblIR) Mdbx vAREHEIdA dnhtBe PRRIAE LGadérific icBRbERS dhhRombeing the
of replacing tool use information associated with a
compati§gify sulek galuc v ¢ Hireshold vadee.i nf or mati on associated with

mat ched.tool . 14. T net hod of cl ai i ncl-udi n

S ThERLEEE O At fors TG FEhORMEM ol P sieP fL bothping o
compatibfiftPiniek velc &5 3pplyaigedeivhtiny fab@rssio urpt@rati§f.cobparisong of physical

nmet hod of claim 1, wherein the pqnparin%,step i ncl udes
charactqrisiicsseleppuise teddipd Phigicebeirasiuisties efooiclingd éoli ned
6. Tfi’@&%th%@ IF ERRR ﬁ %H@fcfn h® Bé(s'? I&ﬁh tsl%g li ol el 'tﬂeas%peoq d%Eerrnining that the

use by the nachine and conp rlné each source tool to
compatithéity ieldx velok at lchatmabos thothreshoidsgpond t o physical tool s

vai | abl e for uyse by. the machine. 16. The nethod of . .

7 Gihed of eRtmer Shertinb Agrieding p1&p ity 451 95 ffgieiprmining that the
physica@BSRELisHO 0 A JORRLHALAmMIRR ORIk NG rd-RRlsBc BRiE I@oﬁrﬁ@ tool.

tools.

source tool.‘17. The'nethod of'qla|n11, whe(eln in the
8. tesingthat iohglagh @pwhercaehitinedtt¢roohingutephtbs physoulichaattondtics match
charagterist'c of the defined too

when @ ol i e3P B BLPE MEPAG: or i st ¢ of ¢ he

9. The method of claim 1, further including the step of sorting matched tools.

10. The method of claim 9, wherein the sorting step includes using matched tool compatibility
index value as a sorting criterion.

11. The method of claim 9, further including the step of determining a matched tool to correlate
with a source tool based on an outcome of the sorting step.

12. The method of claim 1, wherein the replacing step includes the steps of identifying any

references in the program to a first source tool and replacing all reference to the first source tool
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source tool. 18. The nmethod of claim1, further
i ncluding the steps of displaying a plurality of
wa@lzdosaes4d ool s that do not match a source t ool PE@RTES2007/075280
enabl i ng an operator to select a defined tool fromthe
plurality of defined tools to designate as a matched
- e
with ret%r%g{;esité‘% aréa;t%}%ﬁg?('gg)%%rg tetp‘g cﬁ{(%mt ooeﬁ@éﬁf yd % ?ncpfofu'r&etgol with references
toamnmdbﬂbmnining that the defined tool had not preV|oust

een nat ed a mat ched ooI The net hod
13. 'E]P%linﬁ% gd o atatrraérwtl?r&mg %Cl%g %?Pelﬁ‘c}é‘gesstthﬁlsteﬁgf geplacing tool use

informaBONh&B iR witha %uMBNwﬁ‘l% tdd] DEWnARfaNEHads8Qhted with a matched tool.
associated with the nachine if the defined tools
14. Hesocthat el chainn b3 1he1udmg hastcwof idottifymigahanuay satareddool use
claim1, further including the

21, .Th t hOd
lnﬁnnw/P%ﬂ“@@aeggﬂﬁHgEFW%C% 84raminto a menory associ at ed
15, 'Yhd Methbe ofBlafh Newhéeréin thd €ofBiriRtt&@f inludédthe Qbe})é/\@tecro%pﬁrmg each

the storing step Is perforned as to a particula
source tgeliip tdéﬁti@dtoots r@pgre@hnémgtth physicaptoots ayetlellefariuseg by Bt machine and

cornparﬁl %aalagotulrcc to Sc’i%ﬁﬁ&fsto{)ﬁ%at (218 %%t E‘o%g&%@% %/ﬁéi égoel available for
8UF Ce 100l ore
1mebytﬁéﬁhﬁMﬁe further i ncl udi ng the step of accessing a map

t hat associ ates tool references to_physical |ocations
16.  'bhe peihed opelam Agfurther @cluémg thpaemat fislapng @magspage, to an operator
when nd Héﬁtl%ﬂrtodlyﬁtat&ﬂ'tﬂgscgﬁ gp of adding a source tool to

nmenory associ at the machine if the source
17. Tlohethod of nlatm ﬁaWh&reinhe tikeddsipmdtitiabs .a2kfindd®ohmiatvhds a source tool
..of clajm1, wherejn th desi gna step,include

only if %tfeﬁeatéﬂaaa@teérsﬂr At thg de fiaad ‘hebia %—r*t P4ldo a@hyrent E%rartgﬂstlc of the
source tggt ch a source tool, displaying a plurality of defined

tool s as options for correlating to the unmat ched

18.  Foumetod obtlaina dfuethabincindingltee stpler eftdssplayongseblaedlitpof defined tools

di spl ayed def d £09] .as a matc ed too 6., . Th .
that do R BrouE Lo e PR Bl Glog R e S Y Togy g plurlity of
ddhwd@xﬂ@k&ﬁ@%n&@%&a%&u&ﬁﬂﬁ&ﬂﬁta virtual operation. 27. A

onput er readabl e medi um havi ng conput er - execut abl e

c
19.  Themeihed obpleim oy whereingd dafingd taad & destpnsisd inanatehogditeg] caly after
t 0ol e am
determlffm% hlltt ?ne c?e? eC? 50:1) E%as fg@t pIPe\;lgl(PS ns? bR a%klghftgd ? %na?ch%ﬁ? 1§
20. Etxsemeﬂlab loe cllaﬂﬁtl [ ﬁneﬂhblomsludﬂrgltua Stﬁlg of aamag gstrurtemasbf mra memory as a
identifying source tools specified by the program
new definsdtogteproiateg! withybicimanmneot thestrpacd W@lsgéwwé ViR ﬂtedarchme do not
dhrdefined tools associated with the nachine, and
esi gnating as nmatched tools any defined tools that
21.  ‘@hemathodpf aliny 1sfunthbaincludinhtie step of loading the program into a memory

match t

associated with the machine.

22.  The method of claim 20, wherein the storing step is performed as to a particular source tool
only after the step of determining that the particular source tool does not match any other source tool
stored in the memory.

23. The method of claim 1, further including the step of accessing a map that associates tool
references to physical locations of corresponding tools.

24. The method of claim 1, further including the step of adding a source tool to a memory

associated with the machine if the source tool does not match the defined tools.
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source tools; and an algorithmfor replacing source
tool references in the programwth references to
wearsesyendi ng mat ched tools. 28. An appar at usPEES2007/075280
machining a part using a plurality of tools associated
with the apparatus as specified by source tools
25. TRELURLAYF bl%h lp&/ﬁ%ﬂﬂhg Ei@s‘f%faﬁﬁg st%}‘ ifdMGicd Mté?ﬁ "qsf de{eﬂﬁmmg that
appar atus 1 ncl ud an autorrat IC
none of chvadedmed it ingteh ed;otu@e It(&ﬂ,ctilﬁpjwlﬁg aptuwalithef defined|teols anoptions for
ry incluydin ol agepent al gorithmfor
Correlaqnaéﬂg? haeglﬁ%f © {Q5 |a§d§ggﬂ}nfs. aowatpﬁ@ Sﬁieab% digplayed defined tool
asamatfcﬁ&itoHPtCh' ng al gorithm for conparing each source tool
with defined tools associated wth the machine, and
26.  Hesingthat ofiglaas 1 nuttbheidcludwigshastygp dedsimed matnhkd tatoh gt perform a
ar e acceptably simlar to the source tools, and an
DCFEPPt hm for repl aci ng source tool references in the
27. ch@ﬂfp@f@r Yéatible A RPN ERENE BoripitEESRINMEbRANIALEHRKor correlating tools

t ool
associated w1th a machine tool system with tools specified by a program for the system to use in

virtual

forming a part, the computer executable instructions including:

an algorithm for identifying source tools specified by the program;

a tool matching algorithm for comparing each source tool with defined tools associated with
the machine, and designating as matched tools any defined tools that are acceptably similar to the
source tools; and

an algorithm for replacing source tool references in the program with references to
corresponding matched tools.

28.  An apparatus for machining a part using a plurality of tools associated with the apparatus as
specified by source tools including in a program processed by the apparatus, the apparatus
including:

a spindle;

an automatic tool changer configured to load tools onto the spindle; and

a memory including

a tool management algorithm for identifying source tools specified by the program,

a tool matching algorithm for comparing each source tool with defined tools
associated with the machine, and designating as matched tools any defined tools that are acceptably
similar to the source tools, and

an algorithm for replacing source tool references in the program with references to

corresponding matched tools.
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