SYSTEM AND METHOD FOR TOOT", USE MANAGEMENT Field of the
Invention:  The present invention relates generally to managing the use
of tools loaded onto or associate-d with a computer numerically controlled
("CNC") machine, and more patrticularly to algorithms for matching tools
required by a program for creating a machined part to tools available for
use by a particular machine or at least describe by data accessible by the
machine. Background of the invention =~ CNC mathincs USD various
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horein as the available tools.

Canventionally, to run a part program on & particular CNC machine, the operator had to
determine from the paxt progfam the tools nocessary to complete the part, and cnsure that those
tools were loaded, for example, in the ATC tool station locations expected by the part program.
Alternatively, if a required too! was already-loaded in the maching, butin a iocatﬁon different

i‘mm that expected by the part program, the operator could modify the part program to reflect the
actual location ofthe tool. Either ‘
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- The present invention provides a system and method for tool use

MASaRsMeNh wherein the CNC machine retains information jdentifying the,

available tools for the machine as well as their current locations, an

executes an algorithm for determining the tools needed by the parr
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to eld$ito, replaced, or associated with the machine, and the part program is
modified based on that tool information to correlate the source tools with
the available tools. Consequently, the part program may be executed on
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available tools, without manually changing the locations of the available
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accompanying drawings. Rd ef Description of the Drawings: Figure 1 is a
conceptual diagram of software components associated with the present
Invientiother embédgure 2fihaiflantidingsant afc toalseabagementalgentan defined

tool{aldYHAnki AGERS Qﬁ%@é@%&@%%ﬂﬁ%&%@d 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.



~ Figure 3 is a flow diagram of a process control routine included in the 'IMA
oc)‘vflazr(pe 1 Ig!%ure 4 is a flow diagram of a tool matching algorithm included
inthé TIAD Figure 2. Corresponding reference charatterySHicses

corresponding parts throughout the several views. Although the drawings
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neceSsarily to scale and certain features may be exaggerated in-order
and paiehing trateeaing e kpianfiee e istitrdelitiag impgettion of defined tools into the
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duplqgaggged}gggtqg@%cd' The embodiments disclosed below are not intended

to be exhaustive or to limit the invention to the precise forms disclosed in

the following detailed description. Rather, the embodiments are chosen
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art program.12, and ' emory 14. TMA 10 is described in .
e QA Lo P art SR LES P SR et S PRy e
CNC machine to create a part. Part program 12 includes a plurality of
Bric€ Ompnrids drick othenipformation used by the machine to move the
spindle or the part, adjust the speed of spindle rotation, change tools, etc.
The commands and other information may be organized into sections or
bloBI fe blL L EMRE B dRsn ettt SomBoBE S aprerified Wih the f5esant invention.
Each operation 16, 18, 20 may include a numeric reference to a tool (e.g.,
too; li _ ing ' .
T T e
mventon.. . . .
physical characteristics of the tools, including the tool type and geometry,
and information describing the manner in which the tool is to be used. The
tookise mformatiangay nelide ol ieadAntt shegl SRerilisations Asds
known in the art, tool feed specifies how quickly the tool may be moved
across the material, and tool speed specifies how quickly to tool should be
rotAfeerc THesd pafiwate of affebnashionglotismiisyd:diethiodagplitafe 2.
the machine and the surface finish of the part. Unless otherwise stated or
ma@@rx%L%%ﬁcmf Cf%@&%ﬁ%b %%Q%SQ&‘?&@,@EQO%%‘&%E& jg d% glt’ E)IOI'}]KEQ[; g é'le';%?al views.
tools" are shorgt hand for information about a 100! dssociatedwith &
Altguehddroperatiorras! 18P simiAE At PSRt inentoefereestaarenst necessarily
to salxtandesaibiftgtitsphysleahebaractemsiias: aristtiselspeadicatiapRidthe present
invesfQuld be understood that while only three operations 16, 18,20 are
shown in Figure 1, any number of operations may be included in part
program 12. Machine memory 14 conceptually includes a tool library,
including defined tools as is further described below, which are depicted in
Figure 1 as arranged in ATC grouping 22, MTC grouping 24, and
unmatched grouping 26. Groupings 22, 24, 26 are merely intended to
indicate that certain of the defined took in the library arc associated with
the ATC or the MTC, and other defined tools (unmatched grouping 26) are
not associated with the ATC or the VITO. Alt grouping 22 is depicted as
including defined tools 30, 32, 34. MTC grouping 24 is depicted as
including defined tools 38, 40, 42. Unmatched grouping 26 is depicted as
including source tools 44, 46, 48. Defined tools 30, 32, 34, 38, 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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references throughout this description to "defined tools" are short hand for
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pmg§§rﬂsi§ource tool 16. At step 62, routine 58 calls the tool matching

algorithm 64 depicted in Figure 4 to evaluate defined tools 30, 32, 34 of

ATC grouping 22. In general, algorithm 64 identifies any defined tools in

AT Glgtouping 22 thabsatisiyl ihmdeausiepieisef seuGedaaknkd (dk as is further
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parameters for algorithm 64 are source 106
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t00 mc?&d)e Atormation f@lﬁegs?ﬁg (BB OB PETT S i P e Qg se stated or
etc.) descrlbed by the assomated data. In one embodiment of the
invention, if the tool types do not matéh then there is no point in further
investigating the physical characteristics of the tools to determine if they
match. As such, if the answer to step 72 is "no," then control is passed to
step 74, which causes algorithm 64 to access the next defined tool 32 in
ATC grouping 22. Otherwise, control is passed to step 76, where the
physical geometries of source tool 16 and defined tool 30 are compared.
At step 76, algorithm 64 accesses information in source tool 16 describing
a plurality of physical characteristics of the physical tool specified by

source tool 16. For example, source tool 16 may specify a cut diameter
valiie a chanlk diametar vvaliie a fliite lennth vvaliie ete EFach nf thece



WO 2008/019340PellU82007/075280 determines Whether the
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In one embodiment of the invention, at step 90 the various matched tools
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charreﬁgé%mﬁq RSN crlapt@(h%%af%ﬂ 6}2@@55%%1 it ‘Qﬁ alm ple. G(éuBce tool 16 may specify

oo terrplne? whether all of the sorfed and matche

SO g R ST A s 1Wévélﬁlﬁné‘?n§t’éhéﬁﬂﬁé%ﬂ§}ﬁéwl
Cha@@@ﬁ?ﬂm%éedomedmthebtsrmss@dgdasztepcﬁﬁnm@m e Gestumatehedpatibility
ind4ORk ik AGCESSED froR E%§95'@,qrﬂ§&tlﬁg'pc%&ﬂg§t¥u gﬁ@xlga%ntxlfgxe dfcgruegc ool type.

In spﬂgggessm of the d flngol ools.and unmatched tools, or if all
matched tools hag Breé pdt BULISD MR R RESY, ﬁ"é‘f’%féi)cgﬁl%&ﬂa Pjeorder for it
to progecd aF Sxirtes: tobin @ Wil Beadsed tol witndtdhedgfoupingea@athat the

dianstep 8i8er by nb @icidEHRM HIDSE00HEX AN Ao @ﬁﬁﬁﬂ&&@@éﬂ@&&&ﬁl@aﬂeﬁmﬁﬁr

com A0 8 dyring the processing described above
&%ﬂfﬁ%ﬁ%&%fﬁﬁ% rs%rcr{lafc cf tool &fiET s%% 146 TR dmealoBE iy ention,

S\ O PASS aﬁxﬂméfr&ﬁséféwmér@fwgcgt@gmmmmegwmmg thaghting
factatefined tooloctinthily ddde200G 1A 93D RGTHISRR0IIR 5280 ﬁlﬂ@%ﬁl characteristics

mangmﬁr@sm&@%@mgﬁm?&ﬁ%'a% m%%%'f%adya%%%?emv%tcﬂtl E%ct T

ource too| as is further described his example
e BRI OSSR bt ﬁ@é‘ﬁ%&dﬁ]&f@dvm fam@wk@é Yok b!?éﬁ‘e?@lmwnd one.
at step 102 TMA 10 automatically correlates defined tool 32 with source

too}\ﬂ-@e@hgaﬂé RERYAMIS index @1@9%%13%@?%%%%3%%9 el NG uld be

under% (()eor ncvevfor tt ttools to be matched may be used as the criteria for
eSS & MABHTRG OB oY e S IEP 3 Rt SIS STTIoE e PR S Shé iy ther tool
matcﬂ&]légmrgﬁgldﬂﬁ@ epiteribio dlmytabésfimald: took Wawition sstepitiskie deferenethatiBether the

matdhlapugatiothesiumerie pfprence of tﬂl%ﬁféh‘ﬁ%@ EQ{?inEm}! ﬁ%@%‘fﬁﬁﬂ)ﬁ?&mocm
dosc%éd nated a maI hed tgloll As Wl}h all matched tools, the design

matched too S(S:Cé%?\botnt hereattorbe MaREd Witk %ﬁélfffé}?oé‘é)u?‘ﬁ’é f%&’ihlé@gﬁ'
ComWahlh%’t’&Fﬁhg EPtBAR | Esptignifriagienddintiste rerick p Bremmrato!l 16 with the defined

tool currently under consideration. It should be understood, however, that one of ordinary skill in the art

may implement a different threshold value to permit matches that are less than identical. Step 78
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In some circumstances, part programs require the use of two identical
tools. For example, an end mill of a particular geometry may he required
on‘VPo%P&WO&a‘ﬁfhg the part, while another end mill of the identRarySettr§zso
is required for finish cutting. Where this situation exists, TMA 10 needs to
sure that the same matched tool is not associated with both source
B P o G oV UL A CEHh B GrHBBhrer
malihing SHEH A S oWs s bR Skl Afadtits thetfifsrsratches fobhere the next
defmcdassed o STERGpid Stap &@&séﬁi\@?@-@&%@f H&&Elﬁ,ﬁllg_ﬁlgﬂﬁﬁlﬁﬁ% index value is
mat to a source tool. Thus, at ste 4
o T B LB a6 Doyl
Pasged 8 AL R Bers R A bidset Eeeriincglien aps BRCEAitNGISE. tAd thecfore
accgepandisodited 88ak iseidehtical to the first, the same matched tools should
be identified during this processing, and they will be sorted in the same
ord%Acati?rg}iﬁgl , atste ?Fﬁf lei/IA 10 will access the first matched tool. At
step 100: TRA™ O Wi SR FRIRR that Tha i LCrHatbiec fo 60 HER ietapd to step 70
whespalgoaisyn cratermitisarboilired toohradvkaed Bllwilkith definetUino 0rSEERC Youping 22.
. Alg&ﬁﬁﬁfﬂm@ﬁﬂﬂﬁi@&@biﬁl@ﬂﬁt fB@Qlt@f%%ggﬁsfg@,@gl:flﬁd&lp%é]’;@é%ﬁﬁEtlf}ﬁgagdtconlqparing
ri ,.the result of ste e "yes," and the next matched too
e S S e o T 48 W Geh At v 2
have Begiifasrsteh et erihR Abprsercassbetdtedwith3a, souitceldodéfiRedatlys that
matgl stepcliod Tiik40) wilheomelate e sepaod muaichng 10QkWikhthSols 30, 32, 34 of
Areeranhsautee;ielIn s MANNAT 8 dsfineduogl.on the machine wil not

be correlated to two separate, but identica SolFce tools required by part
program 12. After a matched tool is correlated with source tool 16 in
the Ahatan&?.desoritied airey e, fiMAsslOneturogite Ste Saue Jetermifcompleted step

. whetbs adaitipnal e ' It Rrogram 42 peed tobe
- tC%ﬁdiggjﬂé?e tfgfy 1&§§ W%II %r{a%(%:%gi%dmét@ég Eogﬁg tﬁt ségzé'p%g,n‘?l&‘ﬁ qigeution of

m
wlecftf BRSPS utind Wy 208 errsrnePeTIR 0T a7 8BnES described

S process
aboyghiéth ekeensets tbT gratehingZalgorithaches for daeh(defiped taoihehkdi@ed tols

ider@iRHARINGn2 Braaek LT G UrQupipa 2% andsagh LnmAtERed 1R040% ormre
gro rﬂ{g%%a%g reou ré@%s%g Il‘(l)g 1'815?2”21”65‘ gescnbed apove. In one i
embBodiment of the Ivehtion. one Bf tha SeHEH THALCHR A ESEIS Serdrifietiine 58.
during this processing (if any) is then correlated at step 102 with source
toorxll&ﬁ@f @Qﬁ@ﬂ@@dﬁ_ﬁﬁcrl?odﬁh&ﬂ@ﬂ&ﬂé MQ@#E@Eg@Ht&U?@t%&%&%mma&hed
" [ ay the.o tor for manual selection. If no
O o B B e i g v 12 me
NI S 4P Seps8ineni fifRedesreraparioe fsssonroetohd Svshexe tools may
be agdidied momnmmimgrgmug)ir@gﬁﬁewﬂbhﬁttﬂﬂetdnurt;ﬁrifédaf@lrﬁm@@lﬁé&ﬁ(fié‘g% or MTC
rolVitlh sourget ' | t pumeric reference is not alrea
iorjgsgg ciated egv%l% ﬁ%ﬁ?&%ﬁ%@lﬂtﬁ? fr? ool {lét};%er t?oostr;tl%ﬁmgtéq?ttﬁiﬁxbné&tﬁéd tools
hext avaliabIB HEMERE & ferdfitls vnmajchedioniid b pparentipbmighitools currently
avaifglsdoeings wachinf the gouscédpolsyolipartprograntla ippracessediisdihe:
exar@flOMe-Gesor @ﬁdi Bﬂ%&@ﬁ&& p@rx@éﬂ%ﬁﬁmﬁt&ﬁ@qrﬁga@cge%f@glqstggtlapr&.]:for se. The
proclé&matoqhed t?%{é@?ﬂfb&?r ar %tored in unmatched groupin 26. Finall )
at step 52 TMA 16 Will defermif iEISIFb PSS hrdetesis b segtrd o ATC
groyptagrartrd Yhaecseian Protessadd bneboommtdlowithp &ssdoatapakod:whenes
matcFibA0L0 neplaces the ﬁr@mghwigr&@nﬁ@%@!%g%ﬁ %%QQR%E@% de’é%!lﬂe% to
] e aumeric references of the correlated matched tools.
e T (T REAGA, TRAACLO FHat e e O BB Sghfgmed ol 0.
tool, all operations 16, 18,20 in part program 12 that use the source tool.
Then, TMA 10 replaces the original tool references with the matched tool
references identified above. The following example illustrates this process.
Assume in part program 12, three operations exist, and they originally
reference the following source tools: Operation 1:



Operation 2: Operation 3: Source tool 1 (roughing); Source tool 2
(f|n|sh|n Source tool 3 (roughing); Source tool 2 (finishing) Source tool 1
(ro r(%)1 *Bburce tool 4 (finishing) At step 104 of Figure 2PGN§2007/075280

identifies the operations in part program 12 that use each of the originally

urce.t I tion 1 (roughin eration
. SISO e RSO O PR Cong, Qpepten
of u%ﬁFé@%ér@PEn%%ﬁWﬁ%‘(Wh‘mg’)agé?drf@éom&bﬂafm@ratm@hed tool. In this
mar(fimjSIMIAg)0 prevents addition of duplicate unmatched tools to unmatched grouping 26, When a
part program 12 is unloaded from the machine, TMA 10 determines whether any unmatched tools from
the program are still needed by other part programs. If so, then those unmatched tools are left in

unmatched grouping 26. Otherwise, they are removed.

In one embodiment of the invention, at step 90 the various matched tools stored at step 80 of
algorithm 64 are sorted to determine the best match with source tool 16. As a result of matching
algorithm 64 as described above, all of the matched tools may be identical in geometry to source tool 16
(i.c., if the threshold value to which the compatibility index value is compared is set to one). In other
embodiments, the matched tools may not be identical geometric matches. In that case, the primary
sorting criteria in step 90 may be the compatibility index, which relates to the quality of the geometric
match. Where all of the matched tools are identical in geometry to source tool 16 (or where there is a tic
in the compatibility index sorting), the matched tools may be automatically sorted by location. In one
embodiment, the location order in terms of preference for sorting is the spindle, the ATC, the MTC, then
unmatched tool grouping 26. The spindle is preferred because the tool is already loaded. The ATC is
the next preference because the tool will be automatically loaded. The MTC is the next preference
because the tool is available for manual loading onto the spindle. Unmatched grouping 26 is the next
preference because the unmatched tools, although not physically available for use, are at least

geometrically characterized and can be used in virtual operations including verification of part program
12.

Referring back to Figure 3, at step 92 of process control routine 58, control is returned to TMA
10 at step 94 of Figure 2. At step 94, TMA 10 determines whether all of the sorted and matched tools
have been processed. At this point in the process, none of the matched tools have been processed, and
control is passed to step 96 where the first matched tool is accessed from the sorted list. If no matches
were identified during processing of the defined tools and unmatched tools, or if all of the matched tools
had been processed, then the result of step 94 would be "no," and source too!l 16 would be added to

unmatched grouping 26 at step 98.

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

following numeric references associated with matched tools were
|dent21“e%) Y% 2008/019340PCT/US2007/075280 Source tBETDFoMiATELE0
to matched tool 4 Source tool 2 matched to matched tool 1 Source tool 3

atched tool 2 oI 4 matched to matched tool 10
und@?é%%(gggﬁ‘%f:g Slge?riaﬁ%%st refe r'énaélﬁée% SRR PER Al ReotArderhe difihsr
desribsd el Briginatupblecuctesnmerine ﬁ@é@(&%@kébmeedt ipethesfolietingjth any

sourzranwle AdReplade, s0stepe GQQMAWGQL%@I&Q@Fﬂyt&QLAa't@sQi@f?ﬁ@tyglal by with source tool
16 &fggg};ughggl@m operation 3 (roughing) Replace source tool 2 with matched
tool | in operation | (finishing) and operation 2 (finishing) Replace source
tool 3 with matched tool 2 in operation 2 (roughing) Replace source tool 4
withorirstbbredibodin Grinteperaticnc(firishing} toothis m&M@BdFbe@Qsed as the

cm@w&dw@@ﬁﬁi@g @ g1 1qQl [RiS, IQQCI?nWlIl I%Qf% er mo tscsbl gg matching
Cntergaedrnen(?% /%f is. rep acement{grocess en S at st ep
mbo

Inon TSy SR A TRARIS R n&ﬁ?}i‘ﬁtg‘stm?%‘%\f@ td%%’i*iﬁfédrefefence of the
SOW@&QE@W@H@%@Q%S bF Nealgh@tchreokisthiadolol Arseithdrmatien (s, #hQiesi gnated

matfeet@nchsRe ed RN iQmhcoWRS QAM\IQJ%ISQ%E & Eﬂ%%t&gmg criteria (except
numg%%@q@em\émg)ther thgt information was manually programmed into part

program 12. Some of operators modify the default feed and speed

information provided with the tool. During creation of part program 12, the
feeld simek S{Dﬁﬁd&ﬂ%ﬂf&ﬁ]‘lﬁﬂmd@%ﬁgﬁ\ﬁ&% W%@J@liﬁ@ﬁt@éﬁ%@r@eF&%@mplc an end
mﬂl%”ﬂ&%ﬁ ﬁgﬁgtwglw%l I?e du?rfel: c()jr r(%gﬁ' (faurt]t%?' I entereglgfl:a%gﬁl%%dtﬁgl of the

9 information Is manually ente ed thena aSs
idenical SEORRH fb”?ﬁdiff’étéo ﬁ{%ﬁépgﬁﬂywhquﬂsiﬁ@ﬁﬂﬂéglmewiﬂdgstchs to ensure
that thakimg thehmibtabisentrysdetaemination J6ueeeoeRbReimesafdhanm 64 provides

this OMERIINAE %Iﬁ?rgeﬁ‘p ¢hs ﬂ?s‘?go{ﬂf,?{g@?\;v?%or a3 T ap%ﬂl%tﬁ rlhe ferq rrt}?t%gled tool

mation was not manu

ns it. If the feed and speed
accessw pt% TR i%orgﬁfﬁte(édi?tWﬁW?ﬁ@?eféd %fﬁd%éﬂedfn@ﬂdmeﬁtdnt been
mat%@@b?&@ﬁcw&hliﬁ@mmmlfﬁoﬂd tirmngnthdekplacemefbRI0GESHe first source tool.
described above.

The second source tool is then processed through steps 52, 54, and 56. As the second source tool
is identical to the first, the same matched tools should be identified during this processing, and they will
be sorted in the same order. Accordingly, at step 96 TMA 10 will access the first matched tool. At step
100, TMA 10 will determine that the first matched tool has already been associated with a source tool.
TMA 10 will then return to step 94. Assuming additional matched tools were identified by tool
matching algorithm 64, the result of step 94 will be "yes," and the next matched tool will be accessed at
step 96. At step 100, TMA 10 will determine that the second matched tool has not been associated with
a source tool. Finally, at step 102 TMA 10 will correlate the second matched tool with the second
source tool. In this manner, a defined tool on the machine will not be correlated to two separate, but

identical source tools required by part program 12,

After a matched tool is correlated with source tool 16 in the manner described above, TMA 10
returns to step 52 to determine whether additional source tools required by part program 12 need to be

matched. Source tool 18 will be accessed at step 54. Atstep 56, TMA 10 calls process control routine
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When one or more source tools are added to unmatched grouping 26, an
"unmatched tool(s)" message is displayed to the operator after part
pr‘ggrzé?ﬁ/ﬂ]f%oloaded. In one embodiment of the invention, theTammtars280
has the option of selecting a tool review screen, which lists all of the
58, 394168,100)s and the location of their matches (i.e., the spindle, the ATC,
O e P R e o G i b T
BrOWR IR E-tHY GecTertifiehdis A Mummiatch e tooly Zbhetopasater MeRYIBEE6Bve. In one
embmimatcheddaolswith silare t-atidenticals tefined oIS IMATS. csine (it ane
oQEQHEIRG 32 01 MT G arouping 34 When the Osgefaté’r L (e.4, SERE ™

tong an unmatched tool on the tool review SEed 2t Jabgdisgt. all of the
e ﬁ# ?éﬁ‘g%"déﬁtrﬁﬁ%ﬂfhﬁ\lﬂ‘)ﬂcﬁ_@ @"ﬁf@’cﬁfﬁt@)@bmwmé%elgct@dlatchcd tools are
foupgh thertehedetool. IBor ddisdun matebed @@ﬁﬂgﬁ@ﬂ@ﬁeﬁwq\ﬁ% 'huIM& l:leQerence for
souR8 DS exeenlian.alSIGR A0 of RIGGESS €onfrol poutine WO o
o ]g(e)go%llq%9340P(;%)U8200d7/07,5$§8 ‘é‘§ af?]gﬂeﬁr‘%&é’%%‘e‘%ﬁﬁ%ﬁ"%f%‘f@ﬁ*@%&éﬁd with

d escrlbeéll Beldw: )A‘ﬁﬁ’i?fd’r‘fﬁ’lw,ct‘i’?@rﬁﬁfé‘réﬁ B ssade rateciajithy sbeprBeofi¢tndd tool in
toolibrtehintratgerithn 64 iscsettovzdrddnsteatd effegec. At step 60, the

input parameter is the unmatched tool. Step 62 calls tool matching

alggrjtsrglml of Figure. 4 to locate matching tools in ATC grouping 22 in
the rﬁanc’rﬁ‘egr%&e%éﬁ%éﬁffg “&\}}%%W%H’é’éﬁ%@&fﬁ?éﬁt‘f%?tt%?éﬁ)%l&“i Rt of is
Proge8ivibtitifgrboredseiftsiityamgese bakibdomesioh defitetdoaloB0: @Ruaddh@f (ool in too]

librghepseinel toahtypenas dhepipmatehad ioalsalgortm 6AS8S N8 ine that pll of the
e

$0 atibility i to,zer0 and assé ng a percentage match based ont
o A B PS5 A Sl e WobmhawimyLA 10

Pl i st AR TCTifPRICA RS se adiariied rielifiedrforiewinnatat@ekic roferences
of thgglriglaséigmehbatpﬁﬁcmagﬁem&hgqm%@@%ioﬁ, d@/ﬂr@?g ﬁR@lJ&ﬂMﬁe@ forlcach source

>

tool HAMRIGEIWIEE tRe-§i7E.Q jameter specified for the unmatched too
> glﬁlock is assi nede% Igéhrgge%r{laqg;%&lrﬁtac t%efsfbﬁ%f’%{na}éc&gﬁ“ 10 gplaces the

. dat

f’“g%ﬁ%é S SEERE RO EteieorBeichsd ferbisfivieneneidamiiiad e toBhopdation cxample

illusggispyhifafinesdstool 30, 32, 34 processed by step 78 will be added to the list
of matched tools. This same process is performed at steps 84, 86, and 88
of pracess cogttrol routi{\egfiS for defined tools 38, 40, 42 of MTC grouping
24 The fist B hateREY o SIS HIBT YR Fessondhat Sieho vfqwocess following

SOUrERHREHS routine 58 in order of percentage match, Finally, the sorted list of
matched tools is displayed to the operator, along with the locations (i.e.,
theOAT@iar the 84TC) obthesngichpd saristbhe@reralgr then selects a
matPREE A fréminvadidt dndshiis used:te teplacrithagreviously
uniRERHE s oLtew BBl denretitg): Sarr prgtrtiidiZhinghe manner
described above. As was indicated above, a tool matched to a source

At stgholerfiliraeesy Peirt pPograiificd huneedanoidiaye-epaartas POMMINg: RIYSIFH

origitO| aaItRspaashineie., a tool in the spindle, the ATC, or the MTC). If the
operator executes part program 12 and a source tool has been correlated

to g h tpall Qf nm Eg ed grouping 26, then TMA 10 will display
a rgghégggt; t?éipﬁéﬁ&itéﬁodﬁ Ic tlé@%ﬁéﬁ%ﬁ RgBtool is not present for

S0,

ongoofcanose30fBhe-SRUIERIAAIS he operator may ad a physical tool on
theésmaechaetbyoptacing it fakexgmple, in the ATC and creating a
corresponding defined tool in the tool library. Alternatively, the operator

Assumasssedegl.am optiop:ofi gefiningthe 4@8’&@8&@%@% tifget?OHg%i(%/g;%nEg{{C references
es no

Mmanyalloading at the appropriate time. Even if the operator
e cl)btainla p afgcc%a Of)(gsom’f?eg)(%%%e%%r may cause the machine to perform

virtual operations using the unmatched tool such as a graphical
verification of part program 12. “IPaddition 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



WO 2008/019340ITT/US2007/075280 updated with new defined tools

from part programs or back-up files, with defined tools located in a central
IlbYVa(?)}‘g’é/ ét*letc. Regardless of the source of the defined fasfars2007/075280
importation into the tool library, TIV1A 10 may be executed to prevent
importation of duplicate defined tools. For example, an operator may
idendify, g, sQyrce teglin B a part program that the operator would like to
impeH.te-tRel ik ahta RaAL g{ﬁrpachlne Instead of executing the tool
matshing pecassobd MALPQessribed above, the operator may execute

a todbimp artbdiontgratessawhreisl afl source tools in the part program are
imported into tool library if they do not already exist in tool library. After

Aftasaeaﬂlahm@mﬁdlﬁtl@ifeﬁiabi%es&9@@5@@%&8&%&3&@5&{ 995%0% oon 71n%1 ource
too!‘?@t@%ﬁﬁeg escri gegmq}{eefo]'lMA 10 accesses the first source tool (ste 7)

arerep

and 54), and cafls process control Foltine 58 (step 56). The input

arfig\mqter at ste 60 of routlne 58 |s the first source tool. At step 62, TMA
Iﬁm oS OO ét ooy demsbidgbold @8raRB: (ofughing)
AT% cé 813 80 @rg? &ﬂ ﬂliefﬁtéo ﬁﬁ%@&&&%wgﬁm@ (fpishing)

thISE@M&aﬁ&ee%éw&n%@mmﬁeﬁ%&pﬂf artfools (“’ %”i ntical to be

considered a match. If a matched tool is | ntlfle Hns irst source tool is
In thigtiampertEMnto thedoeh libhary becausedt m%@%ﬁ%&%@ ﬂ!a!@ﬂ@@%@ol Woference.
AnacRalshediophisdenifiaddalingd 19ols38, 40,42 of MTC grouping 24

are processed (step 84) in the same manner. Again, if a match is found,
the source tool is not added to the tool library. If none of the defined tools
in ATCRHUPIHEXL SEVTSYrouging@hnabich dhersoy ieplieoheHigraddedma 10

chetsthe iaohibrarmbiis RO IS depaatarhianins 0839
to dteQ&T%m WhV\{}pérl(%%hls nventlon has beeg described agscﬁg%zlg#% é%l 3 tﬁe jouree tools
emb o t

iments, the Prasentin %ﬁﬁﬂﬁ%ﬁr%%ﬁﬁ%%tﬁﬂ?i@ﬂ%ﬁﬁh ﬁ?t%me operators
mo@ﬁfr‘i’?‘hﬁiﬁfag%%@ eﬁdtmgcé @@@gmen Tioig g plittatiomis therafoce dntana@etrogram

12, deveedamy watmsmsa&a@reaﬁ&m@%%&f meemf%m'%m@%@ 14 when the tool
is dgﬁ{é@r@l 91@9&!9 e%‘teu-::Léir tfﬂﬁlﬁ :%Ifs r1p 1lolgqglglgnlusarfr&tended 1o cover such

g dep partures from the present disclosure as esmeifith Kibafegrs set in association
with DSREPR Breied Eé“iﬁ%ﬁ@%ﬁﬂ 8 WhiEN thid idesifiie hperaiasn MESE P manual entry
dete@tlAEFM)S In Avervethodmefcof iiating toe) s asseci AR Wi A GUIRING, was manually

entdlréaqlﬁaaermd@f%k%ﬁﬂ?%%@ Rgc@agg ?%%En Xectlilcgggvb th%éﬁ{%ng?ﬁléered then TMA

10 g %%egqe to f(% rga part, the metho e steps 0
urce toors $p Sﬁﬁﬁlﬁﬁf?ﬁgﬁfﬁﬁﬁﬁﬂab&%ﬁﬁém@ Bschrsbed dectootingtihe
replél@m?étiptf@ms“ém@@te@vvlth the cutting machine; designating
matched tools, which are defined tools that match the source tools during

the\gamparing step; and

n'one ormore source tools are added to unmatched grouping 26, an "unmatched tool(s)"
message is displayed to the operator after part program 12 is loaded. In one embodiment of the
invention, the operator has the option of selecting a tool review screen, which lists all of the source tools
and the location of their matches (i.e., the spindle, the ATC, the MTC, or in unmatched grouping 26). If
no matched tool was found, the source tool is identified as an "unmatched tool." The operator may
match unmatched tools with similar, but not identical, defined tools in ATC grouping 22 or MTC
grouping 24. When the operator selects (e.g., clicks on) an unmatched tool on the tool review screen and
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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replacing source tool references in the program with references to

corres onding matched tools. 2. The method of claim 1, wherein the
ﬁ?{&”s’t p includes the step of comparing a tool type idegitiigroof/ong2so

source tooI with tool type identifiers of the defined tools. 3. The method of

reln the r|n p.includes the step of comparing a
. %n%ysma R T BB 1 T4 DA aPemarh R i s 7
of tagldpaitbigetreasm @4 Thet taethodsefadlaiimn8, wherein the comparing step
includes the step of computing a compatibility index value based on the

tic comparison and co ri the compatibility index
Tl B B S B, Qoo HBHhin ot
of %éwp‘éi‘?ri&%tferﬁafﬁa%@glfhéfé?@mm@éma&tm@ear@ompe\mrmydum vialogs
emiyyiapplyingeweightingdattons teirg phﬂﬁhhﬁ&ﬁ@@ﬂd@ﬁﬂ&@@%@éd@hﬁ%h tool 30, 32,

f calehar tecrl%tlcsiqla defined 0 an
. mﬁ@gﬁ%ﬁ?ﬁﬁﬁ%ﬁ%’)%ﬁ%@ %& Y\é/gvghe%:%%hrg %esaltg%%tlr?g BFEB iRcilicradapyo and

ISR BY GRIEFRATRIRY At %h@diﬁﬁaﬁbw&wméx%mé@t fPadt nTeptsamele, a defined
tookfipeisisl diaradtre that iTidentivetioticofigiaiter Sevharén tﬁ&&xﬂﬁﬁt&@@t%@@t@ﬁgmd 8

perctﬁﬁib.géei&ﬁ]ﬁ)ﬂ@@wf ﬂ%@fmm%@ﬁﬁ&%ﬁ%@eﬁﬂ%@ ﬁtl(d\laqnéfj%%r s?%mﬁed for
the qgnqeﬁj | matches ngi's calecharacterlstlc of the source to

metho % C alm% erel ﬁg StEPEHMAG e Hephyiaal

characteristics match when

As the threshold for step 78 is zero during the unmatched tool operation, every defined tool 30,

32, 34 processed by step 78 will be added to the list of matched tools. This same process is performed at
steps 84, 86, and 88 of process control routine 58 for defined tools 38, 40, 42 of MTC grouping 24. The
list of matched tools may then be sorted at step 90 of process control routine 58 in order of percentage
match. Finally, the sorted list of matched tools is displayed to the operator, along with the locations (i.e.,

the ATC or the MTC) of the matched tools. The operator then selects a matched tool from the list and it

is used to replace the previously unmatched source tool required by part program 12 in the manner

described above.

As was indicated above, a tool matched to a source tool required by part program 12 need not
have a corresponding physical tool on the machine (i-e., atool in the spindle, the ATC, or the MTC). If
the operator executes part program 12 and a source tool has been correlated to an unmatched tool of
unmatched grouping 26, then TMA 10 will display a message to the operator indicating that a physical
tool is not present for one or more of the source tools, The operator may load a physical tool on the
machine by placing it, for example, in the ATC and creating a corresponding defined tool in the tool
library. Alternatively, the operator may select an option of defining the tool and adding it to the MTC
for manual loading at the appropriate time. Even if the operator does not obtain a physical tool, the
operator may cause the machine to perform virtual operations using the unmatched tool such as a

graphical verification of part program 12.

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 too] library. The tool library may be
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they are within a specified tolerance of one another. 9. The method of

claim 1, further including the step of sorting matched tools. 10. The

methBYHHE4Im 9, wherein the sorting step includes using m‘&‘ttmw(tywmgo

compatibility index value as a sorting criterion. 11. The method of clal_m 9,

(ther,inclu irf]g_gne step of determining a matched tool to correlate with a
ciimeg tools tto

f A ¢ . .
uDdg%ur%ghtg%\f ased O anGUtRE eSS R5riy §t‘é?3."‘?£‘2f“’ﬁ*i‘éfiﬁ?é’fh@da®fi ina
cengrh ATy Whigte icthRegepllssing tepunelotibs difnsteps b ideniifyinganhe tool

libragferances inghe gregrant, t&@é‘ﬁ&&ﬁé@%ﬁ@&@@&@l@&@E’éﬂﬁé'ago%ﬂ.refer?”ce
to the first source tool with references to a matched tool before replacing

references to a second source thI with references to a matched tool. 13.
The' ?ﬁB’Eﬁ’ﬂal%f‘ﬁI%ﬁﬁ‘iaf?’i/%r@i‘?v‘tﬁéalwrﬁeiﬁ@gl memﬁﬁgt@epmﬁtor would
likerigptaririgotool liserinbormatioassepiatetwwith srsstas iog! W&inng?millrbsﬁrocess of

TMIRfr Hé@&%d%%@&'ﬁl@gpwmr%%aetf&g% Eqngcl)'l importation process wherein all source tools
in the part program are imported into tool library if they do not already exist in tool library. After
assembling the list of source tools referenced in part program 12 in the manner described above, TMA
10 accesses the first source tool (steps 52 and 54), and calls process control routine 58 (step 56). The
input parameter at step 60 of routine 58 is the first source tool. At step 62, TMA 10 calls tool matching
algorithm 64 to compared defined tools 30, 32, 34 of ATC grouping 22 to the first source tool in the
manner described above. In this application of TMA 10, the compared tools must be identical to be
considered a match. If a matched tool is identified, the first source tool is not imported into the tool
library because it would constitute a duplicate. If no matched tool is identified, defined tools 38, 40, 42
of MTC grouping 24 are processed (step 84) in the same manner. Again, if a match is found, the source
tool is not added to the tool library. If none of the defined tools in ATC grouping 22 or MTC grouping
24 match the source tool, it is added to the tool library. This procedure is repeated for the remaining

source tools.

While this invention has been described as having exemplary embodiments, the present
invention may be further modified within the spirit and scope of this disclosure. This application is
therefore intended to cover any variations, uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such departures from the present disclosure as

come within known or customary practice in the art to which this invention pertains.
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14,The method of claim 13, including the step of identifying manually
entered tool use information associated with the source tool. 15. The MCSLLP
method of claim |, wherein the comparing step includes the steps of
paring each source tool to defined tools corresponding to physical
CLA&G? available for use by the cutting machine and comparing each source

1. tod} wetefindddoolgithan db astdarespondiaiphysicahtaoks @uRilpblgitarby a program
exccHBPHHMHOE BHINGRRERNG A4 TR RINRG. SR,y ither ncluding

the step of display m@ a messa%;(a1 to an operator w

mé@éﬁ“@@%éﬂf% tods sPecHiRd BHEnBRSRBaim 1, wherein in the

desigmating stepscardefined ialmaiChos asseukica Wl arlydiiadhyaic);

ch fin ol is n| alt ph sical characteristjc of

IR TS SR IO L
compgiin sii@ plurality of defined tools that do not match a source tool and

enx&bluag@ﬁbcmeﬁ@&»&é&r@ﬂ&ﬁrﬁtﬂeﬁlﬂgﬂﬁp&)ltﬁ%ﬁ%&'%H%Bl%&tfo%ﬁ'@%tched tools.
toglgf ?]E sa match%d tool. 19. The, mgthod of claim 1, wherein
too

S|gn AN rﬁact%lﬂléé'?éosf%)nlfﬁl s t&“&%?ﬂw?ﬁ??&’ﬂ?&?ﬁfeto"l type
ldeml@@rm@aetwrpmwowﬁréqﬁbnwxé@mﬁ@esfghat@amnammd tool. 20. The
3. mathodeaf@laingidinfu rt@ﬁér@?ﬁ‘fﬂ@ 'Mn%@%&ﬁfn%ﬁgﬂm& SRy f&%&%%l%ga physical

S a new de(lne s iated with the cuttlr%g machine if the

Chara%terrq OX fohsoes gt ertidsinkeathdistinsdionlhe source
4. todhe 2ithode fakiinog] wﬂlctalmﬁb dorpreiminetepding uds mg@fdﬁadﬂpgtth@a

comp%@@i@mdgﬂovﬁd@gm&ﬁﬁé%ﬁ%%g Witk the: GHUng: ﬁnﬁce N4 c% 6Farmg the

method of claim 20, wherein the storing step is per dasto

compaiibikity, iafeoiaie tfb%ﬂlfﬁ??oé‘i’té?lﬂ’ie step of determining that the particular
5  solieenttaldddes ot ndiakiate aﬂnqxaﬁaym@t@ehﬁmrea $EBST EBRPIAINE a

o G TSR O A 0 L
charagfsgigtics of a source tool with physical characteristics of a defined tool.

6. The method of claim 5, wherein the designating step includes the step of determining that the
compatibility index value at least meets the threshold value. |

7. The method of claim 3, wherein the designating step includes the step of determining that the
physical characteristic of a defined tool matches the physical characteristic of the source tool.

8. The method of claim 7, wherein in the determining step, the physical characteristics match when
they are within a specified tolerance of one another.

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.

1. 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 with references to a
matched tool before replacing references to a second source tool with references to a matched tool.

13. The method of claim 1, wherein the replacing step includes the step of replacing tool use

information associated with a source tool with tool use information associated with a matched tool.
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24. The method of claim 1, further including the step of adding a source
tool to a memory associated with the cutting machine if the source tool  yegLLp
does not match the defined tools, 25. The method of claim 1, wherein the

desjgnating step includes the steps of determining that none of the , .
14 GBI b sHl L Bole S HE o Ry PORNTEd s formason

associgsomishfresontetatiing to the unmatched source tool, and enabling the

15. OPEkIREIRSEIREIA qﬂ!%@b@ﬁtﬁ’@@@ﬁ?ﬂfﬁ Is@e%%%gmg stQ:Bg'o (@(jr;l—él%ng each source

method of claim 1, further including the step of using a matched tool to
ol i GRS SBIAT AR PP ALl NEN B e Mot ine and
compgimgpath sexecttalbledeBtedctiols shfodcamelating taols mssoeiated Widadle for use by
the C,mggmgghtggl system with tools specified by a program for use in forming a

part, the computer executable instructions including: an algorithm for

16. g dhamriBodatidan biduepetingudinedhe Hragiatinplaying rarsseaatetimgperator when no
defingl gaigthmtébricosmpasingleach source tool with defined tools associated

17. Wiﬁé%em&f:g’ii Q?aﬁgql, %M;Setr%m i aﬁl% QeesSigr}?r;[insgeasangfthQg ?)gg?%lsc%gga ource tool onl
defined tools drat are acceptaBIy SImIlAr to the Source 160 S, and 2 Y

it a phyieptiritiaeieisinading definedtesbisridratisabmsninhrécpregrasteristia of the source tool.

18.  referemeendo Caas PONHiRY iRAAIGNE thtoRkps 8D IRPRAEBIHSAAY of defined tools that

do nogn rg%?ﬁl%' DS %r(gl légl(p gngﬁllq%rgrgl%grg‘ggrql()s S%Fésc?g Igéﬁge\cllv&kg)lﬂf]rglg Pl%agﬁ&glsity of defined

tools to designate as a matched tool.

19. The method of claim 1, wherein a defined tool is designated a matched tool only after

determining that the defined tool had not previously been designated a matched tool.

20. The method of claim 1, further including the step of storing a source tool in a memory as a new

defined tool associated with the cutting machine if the defined tools associated with the cutting machine

do not match the source tool.

21. The method of claim 1, further including the step of loading the program into a memory

associated with the cutting 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 cutting machine if the source tool does not match the defined tools.

25. The method of claim 1, wherein the designating step includes the steps of determining that none

of the defined tools match a source tool, displaying a plurality of defined tools as options for correlating

to the unmatched source tool, and enabling the operator to select a displayed defined tool as a matched

tool.
26. The method of claim 1, further including the step of using a matched tool to perform a virtual
operation.
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specified by source tools including in a program processed by the
apparatus, the apparatus including: a spindle; an automatic tool changer MCSLLP
configured to load tools onto the spindle; and a memory including a tool

management algorithm for identifying source tools specified by the ‘
2T préyt q?%“,‘“e" ma‘%‘%‘%’r‘é%?%‘éﬁ&%gﬂ&l%ﬁ&ﬁﬁ?%fﬁ%rﬁlﬁ%vm%h cgBighedng tools

assoctatell with definkid<tolsspssnociate ulithpthfiap panaitirantod eSIgRBLINGNAS: part, the
complRALEREAHBIS A H&NGRG egls that are acceptably similar to the source

tools, and .. an algorithm for replacing source tool references in
th&LHSGrPT Rt IR e Ee B SRS HEAM G erREERBOlS.

a tool matching algorithm for comparing each source tool with defined tools associated with the
machine tool system, 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 apparatus, 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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