
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 particularly 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
tools (e.g., drills, end mills, reamers, taps, etc.) hold by a movable,
rotating spindle under the' control of a program to form material such as
metal into predetermined shapes or "parts," Often several different tools
arc required to create a part from stock material, each tool performing a
function as specific by the part program. Many CNC machines have an
associated automatic Mot changer ('ATC") to speed the process of
changing tools during execution of a part program. As is known t the art,
such ATCs have many tool stations, each holding a particular tool whiah
the ATC automatically indexes to a loading position for mounting to the
spindle asrequire,d by the part program. Tools may also be changed
manually. Generally, tools for manualloading that are used frequently by a
particular machine are kept near the machine and are Often mounted ln
tool holders. The locations of these tooth formanual loading are
collectively referred to as the manual tool changer ('um.). The various
tools associated with a particular TTIP (tine, either mounted in the spindle,
mounted in the ATC, or available in -frie MTC, are referred to Im-ein as
tha available tooth.      Conventionally, to nm a part ;frogman on a
particular CNC machine, the operator had to determine from the part
program the tools necessary to complete the past, and ensure that those
tools were loaded, for example, in the A.TC tool station locations expected
by the part prom-am. Aircrnaiiveiy, if a required tool was already loaded in
the machine, but in a location diffment Item that expected by the part
program, the operator could modify the part program to reflect the actual
location of the toot Either  WO 2008/019340PCT/US2007/075280 way,
the operator had to determine what tools were needed, identify the
available tools, manually match the available tools with the needed tools,
and correlate the actual locations of the available tools with the location
designations of the needed tools specified by the part program. This
process is slow and subject to error. Summary of the invention: 



The present invention provides a system and method for tool use
management wherein the CNC machine retains information identifying the
available tools for the machine as well as their current locations, and
executes an algorithm for determining the tools needed by the parr
program (hereinafter, "source tools") and matching the source tools with
the available tools. Each machine's memory (or a distributed memory, as
further described below) is populated with tool information (including the
actual location of the tool) when the available tools are initially loaded
onto, 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
any of a plurality of machines, each having a different configuration of
available tools, without manually changing the locations of the available
tools or manually modifying the part program to reflect the locations of the
available tools.       The machine's memory may also retain information
describing tools that are not currently available at the machine. Source
tools may be matched to these unavailable tools to perform virtual
operations on the machine. Alternatively, the operator may be informed
that a tool required by a part program is unavailable at the machine, but
defined by information in the machine's memory. The operator may then
obtain the tool and add it to the available tools for the machine. The data
maintained in the machine's memory describing the available tools and
the defined, but unavailable tools (collectively referred to herein as
"defined tools") includes information about the physical characteristics
and/or use of the tools. Throughout this description, this collection of data
is referred to as "the tool library."       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 toots 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.  WO
2008/019340PCOUS2007/075280        In yet another embodiment of the
present invention, the algorithm for identifying the source tools and
matching the source tools to the defined tools is used during importation
of defined tools into the tool library to compare the imported defined tools
with the previously defined tools to ensure that duplicates are not
imported.        The above mentioned and other features of this invention,
and the manner of attaining them, will become more apparent and the
invention itself will be better understood by reference to the following
description of embodiments of the invention taken in conjunction with the
accompanying drawings. Rd ef Description of the Drawings: Figure 1 is a
conceptual diagram of software components associated with the present
Invention.        Figure 2 is a flow diagram of a tool management algorithm
("TMA") according to the present invention. 



Figure 3 is a flow diagram of a process control routine included in the 'IMA
of flame 1 Figure 4 is a flow diagram of a tool matching algorithm included
in the TMA of Figure 2.        Corresponding reference characters indicate
corresponding parts throughout the several views. Although the drawings
represent embodiments of the present invention, the drawings are not
necessarily to scale and certain features may be exaggerated in order to
better illustrate and explain the present invention.  WO
2008/019340PCTPLIS2007/075280 Detailed Description of Embodiments
of the Invention:       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
and described so that others skilled in the art may utilize their teachings.
Figure 1 conceptually depicts a tool management algorithm ("TMA") 10, a
part program 12, and a machine memory 14. TMA 10 is described in
greater detail below. Part program 12 represents code for operation on a
CNC machine to create a part. Part program 12 includes a plurality of
commands and other information 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
blocks representing operations 16, 18, 20 to be performed on the part.
Each operation 16, 18, 20 may include a numeric reference to a tool (e.g.,
tool 1, tool 2, tool n) needed to perform the corresponding operation 16,
18, 20, Operations 16, 18,20 further includes information describing the
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
tool use information may include tool feed and speed specifications. As is
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
rotated. These parameters affect, among other things, the throughput of
the machine and the surface finish of the part. Unless otherwise stated or
made clear by context, references throughout this description to "source
tools" are short hand for information about a tool associated with a
particular operation 16, 18, 20, including its numeric reference and the
data describing its physical characteristics and use specifications. It
should 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  



WO 20081019340PCT/US2007/075280 made clear by context,
references throughout this description to "defined tools" are short hand for
information about a tool associated with the machine, including its numeric
reference and data describing its physical characteristics and use
specifications.       Machine memory 14 further includes a map 36
associated with ATC grouping 22. Map 36 includes information describing
the physical position in the machine's ATC of the physical tools described
by defined tools 30, 32, 34 of ATC grouping 22.       As should be apparent
to one skilled in the art, memory 14 may be a distributed memory
including multiple memory devices at various physical locations which are
accessible by the machine (or multiple machines), either directly or over a
wired or wireless network. Alternatively, memory 14 may reside entirely on
the machine. As is further described below, defined tools 44,46, 48 (only
three shown to simplify the description) of unmatched grouping 26 are
source tools from program 12 that do not match any defined tools in ATC
grouping 22 or in MTC grouping 24 of the tool library. Even if defined tools
44, 46, 48 remain unmatched, the data may be used by the machine to
perform virtual operations as is further described below.       When part
program 12 is loaded onto a machine (e.g., transferred from a portable
media to the machine controller or otherwise received by the controller
from a source location). TMA 10 is executed. Various steps of TMA 10 are
depicted in flow diagram 50 of Figure 2. Initially, TMA 10 processes the
content of part program 12 to identify the source tools associated with
operations 16, 18, 20. In this example, the source tools specified for
operations 16, 18,20 have numeric references 1, 2, and N, respectively.
TMA 10 generates a listing of the source tools to be processed during
loading of part program 12, including their numeric references and data
describing their physical characteristics and use specifications. At step 52,
TMA 10 determines whether the source tools need to be matched to
defined tools included in the tool library. Initially, none of the source tools
have been matched, so control is passed to step 54. TMA 10 then
accesses source tool 16 and calls (step 56) a process control routine 58
(Figure 3) to process source tool 16.       Referring now to Figures 3 and 4,
step 60 of routine 58 simply indicates that the input parameter for routine
58 is source 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
ATC grouping 22 that satisfy the requirements of source tool 16 (i.e.,
defined tools that match source tool 16). Step 66 indicates that the input
parameters for algorithm 64 are source tool  WO
2008/019340PCT/US2007/075280  16 and defined tools 30, 32, 34 of
ATC grouping 22, At step 68, algorithm 64 accesses the first defined tool
of ATC grouping 22 (i.e., defined tool 30). At step 70, algorithm 64
determines whether all of defined tools 30, 32, 34 in ATC grouping 22
have been processed. At this stage of processing, the result is "no."
Accordingly, control is passed to step 72. At step 72, algorithm 64
determines whether the tool type of defined tool 30 matches the tool type
of source tool 16. As indicated above, each source tool and each defined
tool includes information identifying the type of tool (e.g., drill, end mill,
etc.) described by the associated data. In one embodiment of the
invention, if the tool types do not match, 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
value, a shank diameter value, a flute length value, etc. Each of these
physical characteristics may be compared to the corresponding data in
defined tool 30 to calculate a compatibility index for defined tool 30. The
method of computing a compatibility index may vary for each tool type. In
some cases, one or more threshold conditions must be satisfied during
the comparison in order for it to proceed. For example, when comparing
data associated with drills, step 76 may require that the diameters differ by
no more than 0.000001 mm, and that the spin directions be identical.
Further comparison is skipped unless both threshold conditions are met.
In one embodiment of the invention, step 76 compares physical
characteristics and computes the compatibility index by applying weighting
factors to one or more of these geometry comparisons. For example,
some of the physical characteristics may be considered more critical than
others, and thus may have a heavier weighting factor. The weighted
comparisons result in a compatibility index value, for example, a value
between zero and one,       At step 78, the compatibility index value is
compared to a threshold value. It should be understood, however, that in
embodiments where a compatibility index is not computed, but rather tool
matching criteria are applied to the tools under consideration, step 78 is a
determination of whether the matching criteria are met. In one
embodiment of the invention, during the automatic matching process
described herein in association with loading of part program 12, the
threshold value to which the compatibility index is compared is one,
signifying an identical match of source tool 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 



WO 2008/019340PellU82007/075280 determines whether the
compatibility index value. is equal to or exceeds the threshold (or whether
the matching criteria arc met, as the case may be). If not, then control
passes to step 74 where the next defined tool 32 of ATC grouping 22 is
accessed. If, on the other hand, the compatibility index value is equal to or
greater than the threshold (or the matching criteria are met, as the case
may be), control is passed to step 80, where algorithm 64 identifies
defined tool 30 as a match with source tool 16 before accessing defined
tool 32 at step 74.       When algorithm 64 accesses defined tool 32 of
ATC grouping 22, control is returned to step 70 where algorithm 64
determines whether it has processed all of the defined tools in ATC
grouping 22. Algorithm 64 continues stepping through defined tools 30,
32, 34 of ATC grouping 22 and comparing them to source tool 16 in the
manner described above until all of the defined tools of ATC grouping 22
have been processed. As algorithm 64 processes defined tools 30, 32, 34,
it adds defined tools that match source tool 16 (if any) to the list created
by step 80. Eventually, all of defined tools 30, 32, 34 of ATC grouping 22
are processed, and the result of step 70 is "yes."       At step 82, control is
returned to process control routine 58 of Figure 3. Having completed step
62, routine 58 performs step 84 which again calls tool matching algorithm
64. During this execution of algorithm 64, all of defined tools 38, 40,42 of
MTC grouping 24 are processed in the manner described above with
reference to ATC grouping 22. Any matches are added (at step 80) to the
matched tools identified during processing of ATC grouping 22. When all
of defined tools 38, 40, 42 of MTC grouping 24 have been processed,
control is again returned at step 82 to process control routine 58.        At
step 88, process control routine 58 calls tool matching algorithm 64 to
process unmatched tools 44, 46, 48 in unmatched grouping 26. It should
be understood that multiple part programs 12 may concurrently reside on
the machine. In the process of loading these part programs 12, source
tools may be added to unmatched tool grouping 26 if they do not match a
defined tool in ATC grouping 22 or MTC. grouping 24. Later loaded part
programs 12 may require source tools that match the unmatched tools
from earlier loaded part programs 12, While unmatched tools 44, 46, 48
are not physical tools currently available for use in cutting operations, they
may still be used for virtual operations or added, for example, to the MTC
if a physical tool corresponding to the unmatched tool is obtained for use.
The processing of unmatched tools 44, 46, 47 is the same as that
described above with regard to ATC grouping 22 and MTC grouping 24.
As should be apparent from the foregoing, if a source tool is matched to
an unmatched tool in unmatched tool grouping 26, then the source tool is
not added to unmatched tool grouping 26. On the other hand, if a source
tool does not match any of defined tools 30,  WO
2008/019340PCT/1JS2007/075280 32,34 of ATC grouping 22, defined
tools 38, 40, 42 of MTC grouping 24, or unmatched tools 44, 46, 48 of
unmatched grouping 26, then the source tool is added to tool library as an
unmatched tool. In this manner, TM A 10 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.e., 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 tie 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 TIVLA 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 tool 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  WO 20081019340PCT/U82007/075280 under
consideration (here, defined tool 32) has already been matched to a
source tool as is further described below. In this example we assume that
defined tool 32 has not been associated with any source tool. Accordingly,
at step 102 TMA 10 automatically correlates defined tool 32 with source
tool 16 of part program 12.       In another embodiment, the numeric
reference for the tools to be matched may be used as the criteria for
designating a matching tool. For example, if multiple defined tools satisfy
the matching criteria, any defined tool having a numeric reference that is
identical to the numeric reference of the source tool may automatically be
designated a matched tool. As with all matched tools, the designated
matched tool cannot thereafter be matched with another source tool, even
if all matching criteria (except numeric tool reference) are met. 



In some circumstances, part programs require the use of two identical
tools. For example, an end mill of a particular geometry may he required
for rough cutting the part, while another end mill of the identical geometry
is required for finish cutting. Where this situation exists, TMA 10 needs to
ensure that the same matched tool is not associated with both source
tools. Step 100 of algorithm 64 provides this feature. In one embodiment,
the first source tool would be correlated with the first matched tool
accessed in step 96. At step 100, TIVLA 10 determines that the first
matched tool has not yet been matched to a source tool. Thus, at step
102, the first matched tool is correlated with the first source tool.        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. At step 56, TMA 10
calls process control routine  WO 2008/019340PCT/US2007/075280  58,
which executes tool matching algorithm 64 for each defined tool of kirc
grouping 22 and ryTTC grouping 24, and each unmatched tool of
unmatched grouping 26 in the manner described above. In one
embodiment of the invention, one of the sorted matched tools identified
during this processing (if any) is then correlated at step 102 with source
tool 18 of part program 12. In another embodiment, all of the matched
tools identified are displayed to the operator for manual selection. If no
matched tools are found, then source tool 18 is added to unmatched
grouping 26 at step 98. The numeric reference for source tool 18 when
added to unmatched grouping 26 will he the numeric reference associated
with source tool 18 (i.e., tool 2) if that numeric reference is not already
associated with another defined tool in tool library, otherwise it will be the
next available numeric reference.       As should be apparent from the
foregoing, each of the source tools of part program 12 is processed in the
above-described manner to be either matched to a defined tool or
unmatched tool in tool library or stored in unmatched grouping 26. Finally,
at step 52 TMA 10 will determine that all of the source tools of part
program 12 have been processed, and control will pass to step 104 where
TMA 10 replaces the original numeric tool references associated with the
source tools with the numeric references of the correlated matched tools.
When performing this function, TMA 10 first identifies, for each source
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
(finishing) Source tool 3 (roughing); Source tool 2 (finishing) 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 toots: Source tool I: 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:  WO 2008/019340PCT/US2007/075280 Source tool 1 matched
to matched tool 4 Source tool 2 matched to matched tool 1 Source tool 3
matched to matched tool 2 Source tool 4 matched to matched tool 10
After all of the operations referencing source tools are identified as outline
above, the original source tool references are replaced in the following
manner: Replace source tool 1 with matched tool 4 in operation I
(roughing) and operation 3 (roughing) Replace source tool 2 with matched
tool I in operation I (finishing) and operation 2 (finishing) Replace source
tool 3 with matched tool 2 in operation 2 (roughing) Replace source tool 4
with matched tool 10 in operation 3 (finishing) In this manner, TMA 10
avoids replacing a matched tool reference with another matched tool
reference. After this replacement process, TMA 10 ends at step 106.
In one embodiment of the invention, during the above-described
replacement process, TMA 10 checks the tool use information (i.e., the
feed and speed information) corresponding to the source tools to
determine whether that information was manually programmed into part
program 12. Some operators modify the default feed and speed
information provided with the tool. During creation of part program 12, the
feed and speed information may either be imported, for example, from
memory 14 when the tool is defined, or manually entered, If the
information is manually entered, then a flag is set in association with the
information to indicate manual entry. TMA 10 identifies these flags in
making the manual entry determination. In one embodiment of the
invention, if the feed and speed information was manually entered, then
TMA 10 retains it. If the feed and speed information was not manually
entered, then TMA 10 replaces it with the feed and speed information
associated with the matched tool during the replacement process
described above. 



When one or more 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  WO
2008/019340PCOU82007/075280 58 and ends execution at step 92 as
described below. Additionally, the threshold associated with step 78 of tool
matching algorithm 64 is set to zero instead of one.       At step 60, the
input parameter is the unmatched tool. Step 62 calls tool matching
algorithm 64 of Figure 4 to locate matching tools in ATC grouping 22 in
the manner described above. In one embodiment, at step 86, instead of
computing a compatibility index value for each defined tool 30, 32, 34 of
the same tool type as the unmatched tool, algorithm 64 sets the
compatibility index to zero and assigns a percentage match based on the
diameter of the defined tool 30, 32, 34. For example, a defined tool having
a diameter that is identical to the diameter specified for the unmatched
tool is assigned a percentage match of 100%. A defined tool have a
diameter twice the size of the diameter specified for the unmatched tool
data block is assigned a percentage match of 200%, and so on.        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., 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 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 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
library server, etc. Regardless of the source of the defined fool for
importation into the tool library, TIV1A 10 may be executed to prevent
importation of duplicate defined tools.        For example, an operator may
identify a source tool in a part program that the operator would like to
import to tool library of a particular machine. Instead of executing the tool
matching process of TMA 10 described above, the operator may execute
a tool 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, thc 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.  MCSLLP
CLAIMS 1. A method of correlating tools associated with a cutting
machine and tools specified by a program executed by the cutting
machine to form a part, the method including the steps of: identifying
source tools specified by the program; comparing each source tool with
defined tools associated with the cutting machine;        designating
matched tools, which are defined tools that match the source tools during
the comparing step; and 



replacing source tool references in the program with references to
corresponding matched tools. 2. The method of claim 1, wherein the
comparing step includes the step of comparing a tool type identifier of the
source tool with tool type identifiers of the defined tools.  3. The method of
claim 1, wherein the comparing step includes the step of comparing a
physical characteristic of the source tool with a physical characteristic of
each defined tool.  4. The method of claim 3, wherein the comparing step
includes the step of computing a compatibility index value based on the
physical characteristic comparison and comparing the compatibility index
value to a threshold value. 5The method of claim 1, wherein the
comparing step includes the step of computing a compatibility index value
by applying weighting factors to a plurality of comparisons of physical
characteristics 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.  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 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 I, 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.  



14,The method of claim 13, including the step of identifying manually
entered tool use information associated with the source tool. 15. The
method of claim I, wherein the comparing step includes the steps of
comparing each source tool to defined tools corresponding to physical
tools available for use by the cutting machine and comparing each source
tool to defined tools that do not correspond to physical tools available for
use by the cutting machine. 16. The method of claim 1, further including
the step of displaying a message to an operator when no defined tools
match the source tool. 17. The method of claim 1, wherein in the
designating step, a defined tool matches a source tool only if a physical
characteristic of the defined tool is identical to a physical characteristic of
the source tool.  18. The method of claim 1, furthcr including the steps of
displaying a plurality of defined tools that do not match a source tool and
enabling an operator to select a defined tool from the plurality 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.  27,A computer readable medium having
computer-executable instructions for correlating tools  associated with a
machine tool system with tools specified by a program for use in 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 tool system, and designating as matched tools any
defined tools drat 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. 


