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(57) Abstract: Various disclosed embodiments
include methods, systems, and computer-read-
able media for managing feature geo-
metry-aspect machining using a PLM data pro-

cessing system (100). According to one embod-
iment, a method includes identitying (605) a
feature geometry (200) in a graphical design
(205). The method also includes identifying
(610) an aspect (300, 305, 310, 315, 320, 325)
of the feature geometry (200), wherein the as-
pect (300, 305, 310, 315, 320, 325) includes a
subset of the feature geometry (200). The aspect
(300, 305, 310, 315, 320, 325) includes a subset
of the feature geometry (200). The method fur-
ther includes defining (615) the feature geo-
metry aspect (300, 305, 310, 315, 320, 325)
based on a user-defined name. The method also
includes associating (620) one or more machin-
ing operations with the feature geometry aspect
(300, 305, 310, 315, 320, 325). Additionally,

the method includes storing the one or more
machining operations and the user-detined
name in association with the feature geometry
aspect (300, 305, 310, 315, 320, 325).
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FEATURE GEOMETRY ASPECT RECOGNITION AND MACHINING

TECHNICAL FIELD

{0001} The present disclosure is directed, m general, to computer-aided design
(“CAD”}, computer-aided visualization, computer-aided simulation, and computer-aided
mamufacturing (“CAM”) systems, product data management systerns (“PDM”), product
lifecycle management ("PLM”) systems, and similar systems that manage data for
products and other ttlems  (individually and collectively, produet hifecycle management

systemas ("PLM™) systems).

BACKGROUND OF THE DISCLOSURE

{0802} PLM systerms can provide users with helpful and intuitive views of systems,
objects, topologies, and other iterus. For example, CAM systems allow programomers {o
design, create, and modify graphical designs of objects, such as a part for a product.
Manutacturers can manufacture these objects in accordance with the graphical designs of
objects using numerical control (NC) of machine tools. NC is the astomation of machine
tools using programmed commands. Using NC programming, programmers can specify
the shape of the object, the operations to be performed, and the order of the operations

performed to manufacture the object,

[B883] However, depending on the complexity of the object to be mamufactured, NC
programming can be time-intensive and complicated. Accordingly, there is a need to

address one or more of the issues described above and possibly other issues.
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SUMMARY OF THE DISCLOSURE

{0004]  Various disclosed embodiments relate to systerns and methods for feature

geometry aspect recognition and machining,

{B003]  Various embodiments include systems, methods, and medinms for managing
feature geometry-aspect machining using a PLM data processing system. According to
one cmbodiment, a method includes identifying a feature geometry in a graphical design,
The method also includes identifying an aspect of the feature geometry, The aspect
includes a subset of the feature geometry. The method further includes defining the
feature geometry aspect based on a user-defined name. The method also includes
associating one or more machining operations with the feature geometry aspect
Additionally, the method includes storing the one or more machining operations and the

user-defined name in association with the feature geometry aspect.

{6006]  The forcgoing has outlined rather broadly the features and technical advantages
of the present disclosure so that those skilled in the art may better understand the detailed
description that follows, Additional features and advantages of the disclosure will be
deseribed hercinafter that form the subject of the claims. Those skilled m the art will
appreciate that they may readily use the conception and the specific embodiment
disclosed as a basis for modifying or designing other structures for carrying out the same
purposes of the present disclosure. Those skilled n the art will also realize that such
equivalent constructions do not depart from the spirit and scope of the disclosure in its

broadest form.

[{B007] Before ondertaking the DETAILED DESCRIPTION below, it may be
advantageous to set forth defimtions of certain words or phrases used throughout this
patent document: the terms “include” and “comprise,” as well as derivatives thereof]
mean inchision without limitation; the term “or” s inclusive, meaning and/or; the phrases
“associated with” and “associated therewith,” as well as derivatives thereof, may mean to
include, be included within, interconnect with, contain, be contained within, conmect {0 or

with, couple to or with, be communicable with, cooperate with, interleave, juxtapose, be

o]
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proximate to, be bound to or with, have, have a property of, or the like; and the term
“controlier” means any device, system or part thereof that controls at least one operation,
whether such a device is implemented in hardware, firmware, software or some
combination of at least two of the same. [t should be noted that the functionality
associated with any particular controlier may be centralized or distributed, whether
locally or remotely. Definitions for certain words and phrases are provided throughout
this patent document, and those of ordinary skill in the art will understand that such
definifions apply in many, if not most, mstances to prior as well as future uses of such
defined words and phrases.  While some terms may incluode a wide variety of
embodiments, the appended claims may expressly Hmit these torms to specific

embodimends.

BRIEF DESCRIPTION OF THE DRAWINGS

[B0068] For a more complete understanding of the present disclosure and the
advantages thereof, refercnce s now made to the following descriptions taken in
conjunction with the accompanying drawings, wherein like numbers designate like

objects, and in which:

[B008] Figore | illustrates a block diagram of a data processing systemn in which an

embodiment can be implemented;

316 Figure 2 illustrates a display of a feature of a graphical design in a wuser
2 play grag g

interface for a CAM system in accordance with disclosed embodiments;

8611 Figure 3 dlustrates a display of a feature geometry aspect in the feature
g Pay g 3 P

iHustrated in Figure 2 in accordance with disclosed embodiments;

[0812] Figure 4 llustrates a display of identified featire geometry aspects n features
of a graphical design of a part in a user interface for a CAM system in accordance with

disclosed embodiments;

i
3
]
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{0013} Figure 5 illustrates a display of a machining operation for machining the
identified feature geometry aspects in the featurcs of the graphical design of the part

illustrated in Figure 4 in accordance with disclosed embodiments;

{6014] Figure 6 illustrates a flowchart of a process for defining a feature geometry

aspect in accordance with disclosed embodiments; and

{0G15]  Figure 7 illustrates a flowchart of a process for feature geometry aspect
recognition and machining in accordance with disclosed embodiments.
DETAILED DESCRIPTION

{8816] Figures 1 through 7, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
itlustration only and should not be construed in any way to Hmit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented m any suitably-arranged device.  The numerous
innovative teachings of the present application will be described with reference to

exemplary non-limiting embodiments.

{0017}  Dhsclosed embodiments recognize that predefined features can be identified in
a graphical design of an object and manufactured into a part using machining opcrations
specified by NC programuming. Disclosed embodiments recognize that individual
features may have aspects that may need to be machined differently, Disclosed
embodiments also recognize that machining operations applied to a feature as a whole
may not properly create all the aspects of the feature in the mwanufactured part, Disclosed
embodiments further recogoize that applying mwachining operations to a featore as a
whole may limit the use of feature-based machining to a subset of featore types that can
be completely programimed autornatically or may reguire expensive and time consuming

manual NC programming techniguoes.

{0018] Accordmmgly, disclosed embodiments, described herein, provide feature
geometry aspect recognition and machining.  Disclosed embodiments provide for

definifion and automated recognition of geometrical aspects within a feature. Disclosed
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embodiments further provide for association of particular machining operations {o onc or

more recognized aspects within a feature.

{0019}  Figure | illustrates a block diagram of a data processing system 100 in which
an cmbodiment can be implemented, for example, as a PLM system or a CAM system
particilarly configured by software or otherwise to perform the processes as described
hercin, and, m particular, as cach one of a plurality of interconnected and communicating
systems as described hercin.  The data processing system 100 illustrated includes a
processor 102 connected to a level two cache/bridge 104, which is connected inturn to a
local systern bus 106, Local system bus 106 may be, for example, a peripheral commponent
interconnect (PCL architecture bus.  Also convected to local systern bus 106 i the
tustrated example are a main memory 108 and a graphics adapier 110, The graphics

adapter 110 may be connected to display L

[{B028]  Other peripherals, such as local area network (LAN) / wide area network
(WANY Wircless {e.g. WiF1) adapter 112, may also be connected to local system bus
106, Expansion bus interface 114 connects focal system bus 106 to mput/output (I/0) bus
16, /O bus 116 1s connected to keyboard/mouse adapter 118, disk controller 120, and
VO adapter 122, Disk controller 120 can be connected to a storage 126, which can be
any suitable machine-usable or machine-readable storage medium, mcluding, but not
fimited to, nonvolatile, hard-coded type mediums, such as read only memories (ROMs}
or crasable, electrically programmable read only memorics (EEPROMSs), magnetic tape
storage, and user-recordable type mediums, such as floppy disks, hard disk drives, and
compact disk read only memories (CD-ROMs} or digital versatile disks (DVDs) and

other known optical, electrical, or magnetic storage devices.

{8621]  Also connecied to /O bus 116 in the example illustrated is audio adapter 124,
to  which speakers {not illustrated) wmay be comnected for plaving sonnds.
Keyboard/mouse adapter 118 provides a comnection for a pointing device (not

ithustrated), such as a mouse, trackball, trackpointer, eic.

{8622] Those of ordinary skill in the art will appreciate that the hardware illustrated in

Figure 1 may vary for particular implementations. For example, other peripheral devices,
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such as an optical disk drive and the like, also may be used in addition to or in place of
the hardware illostrated.  The illustrated example 18 provided for the purpose of
explanation only and is not meant to imply architectural limitations with respect to the

present disclosure,

{0023} A data processing system in accordance with an embodiment of the present
disclosure includes an operating system cmploying a graphical user interface. The
operating system permits multiple display windows to be presenied in the graphical user
mnterface simultancously, with each display window providing an interface to a different
application or to a different instance of the same application. A cursor in the graphical
user nterface may be manipulated by a user through the pointing device, The position of
the cursor may be changed by an event, such as chicking a mouse bution, generated fo

actuate a desived response.

[{0024] In various embodiments, the data processing system 100 s a CAM system
having a CAM program executable by the data processing systemn 100, The data
processing system 100 may display on display 111 one or more user mterfaces for design,
creation, modification, and manufacture of objects, such as a part for a prodoct. For
example, the data processing systern 100 may generate NC progranmming for machine
tools to machine the object in accordance with the design and manufacturing defined by
the CAM system. The machine tools that perform the manufactiwe of the object {e.g., 8
computer numerical control {(ONC) machine) may be connectable via network 130 or
may have instructions loadable via a8 computer-readable media (e.g., flash memory, an

optical disc, etc.) from the data processing system 100,

{8825]  Omne of various commercial operating systems, such as a version of Microsoft
Windows™, a product of Microsoft Corporation located in Redmond, Wash., may be
employed if suitably modified.  The operating system s modified or created in

accordance with the present disclosure as described.

{8026] LAN/ WAN/WiFI adapter 112 can be connected to a network 130 (not a part of
data processing system 100}, which can be any public or private data processing system

network or combination of networks, as known to those of skill in the art, inchuding the

-6 -
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Internet. Data processing systermn 100 can communicate over network 130 with server

3
1
¥

systen 140, which is also not part of data processing system 100, but can be

impicmented, for cxample, as a scparate data processing systern 100,

{0027 Figure 2 illustrates a display of a feature 200 of a graphical design 205 in a
user interface 210 for a CAM system in accordance with disclosed cmbodiments, In this
ithustrative embodiment, user interface 210 is a user interface for a CAM sysiem that is
displayable on the display 111 in Figure |, Graphical design 205 is a design of an object
to be manufactured using the CAM system. For example, the graphical design 205 may
be a design of an object, such as a part that can be manufactured using NC programming
and machine tools. The feature 200 is a shape or a set of recognizable geometric
clements that are present within the graphical design 205, For example, i this
ithustrative embodiment, the graphical design 205 may be a design that may be for a part,
such as a mold plate, that mcludes a hole for an ¢jector pin (e.g., feature 200) machmed

mto the plate,

[8028] In thus dlustrative ewbodiment, the feature 200 15 a machining feature 200,
which 15 a feature that is machined into a larger object, such as a block., Machining
features may be defined using one or more propertics, such as of a name specifying the
type of feature, a set of faces, a location within the object, an orientation of the feature
relative to the object, and a series of atiributes, such as featire dimensions {e.g., width,
length, depth, etc.) and other relevant product manufacturing imformation, such as

{olerances, thread, surface finish, ete.

[0028] Figore 3 illustrates a display of feature geometry aspect 360 in the feature 200
ithustrated in Figire 2 in accordance with disclosed embodiments.  As illustrated, the
feature 200 includes multiple aspects 300-325 that are defined within the feature 200.
The present disclosure mtrodnces the definition and automatic recognition of feature
geometry aspects (1.¢., aspects within the geometry of the larger feature). As used herein,
a feature geometry aspect is a subset of the geometry of a feature. For example, the
feature geometry aspect may be a subset of faces, edges, or points from a machining

feature that can be identified using a unique and defined name. Each defined aspect may

~



WO 2014/193662 PCT/US2014/038200

be further defined using one or more properties, such as a type or shape of the aspect, a
set of faces included within the aspect, a location of the aspect within the feature or
object, an oricntation of the aspect relative to the feature or the object, and a serics of
attributes, such as aspect dimensions {¢.g., width, length, depth, ete.) and other relevant

product manufactoring information, such as tolerances, thread, surface finish, ete.

{0036] In this  ilustrative cxample, the machining feature 200, named
“EJECTOR PIN HOLE 17, meludes a defined exemplary feature geometry aspect 300
named “FACES WALL CHAMFER”, which is highlighted in Figure 3. Also i this
illustrative example, the machining feature 200 includes other defined aspects within the
feature 200 including aspect 305 named “FACHES FLOOR”, aspect 310 named
“FACES CYLINDER 17, aspect 315 named “FACES WALL”, aspect 320 named
“FACES BOTTOM 17, and aspect 325 named “FACES CYLINDER 27,

{8031} In various cmbodiments, programmers may define aspects within a feature
using a teaching mode. For example, a progranuner may label a subset of faces, edges,
and/or points from the feature geometry as an aspect. The aspect may be defined by a
name specifying or otherwise uniguely wdentifying the aspect, such as by type or shape of
the aspect {e.g., chamfer, floor cylinder, wall, bottom, etc.). Once defined, the CAM
system may store the name of the aspect as well as the properties of the aspect 1n a library
of defined aspects. The library may be specific to a particular CAM system or may be

shared among several systems in a network.

[B032]  Figure 4 illustrates a display of identified feature geometry aspects 400 in
features 405 of a graphical design of a part 410 1n a user interface for a CAM system in
accordance with disclosed embodiments.  As illustrated, the aspect 400 in each of
features 405 1s selected and highlighted in the graphical design of a part 410, In this
exemplary illustration, the aspects 400 may be examples of the feature geometry aspect
300 vamed “FACES WALL CHAMFER” in Figure 3, and the features 405 may be
examples of the hole for the gjector pin (e.g., feature 200 i Figare 2} in the part 410,

which may be, for example, a mold plate.

-8 .
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{0033} Upon defimition of the aspect (¢.g., the FACES WALL CHAMFER aspect
300y, the CAM system can automatically recognize the defined aspect in any design in
which the aspect is present, For example, the part 410 may include several of the same or
similar features 405 - cach feature 405 inchuding the samc defined aspect. A
progranuner may select the defined aspect (e.g., from the library of aspects) and input a
request for each mnstance of the selected aspect 400 in the presently displayved design to
be automatically wdentified by the CAM system. Upon receiving the request input by the
programmer, the CAM systern antomatically identifies each instance of the selecied
aspect 400 m the current design. For example, the CAM system may highlight cach
mstance of the aspect 400 n the design. The CAM system automatically identifies cach
mstance of the selected aspect 400 using the defined properties of the aspect.  For
example, the CAM systern searches the featores in the design of the part 410 for aspects

400 that match the defined propertics of the selected aspect.

[0834] In various embodiments, the definition of feature geometry aspects improves
manufacturing techniques. Using a defined featore geometry aspect, a programmer may
input one or more machining operations that are specific to that feature geometry aspect
as opposed to the feature as a whole. For example, a programmer may define, for each
aspect, the set of machining operations, ordering of these operations, and the parameters
{e.g., machining strategy, cutting tool, drilt depth, etc.) associated with the operation, that
a machine will use to mamifacture that aspect in the feature in the overall part. The CAM
system permits the programmer to specity a subset of the overall geometry to be
machined by restricting the geometry to be machined to a set of one or more of the
defined feature aspects. For example, certain features (e.g., the cjector pin hole 2006 in
Figure 2) have a complexity such that some machining operations may not be applied to
the entire feature, For example, the programmer may want to only machine the upper
hole {e.g., the FACES CYLINDER 1 aspect 310} Given the complexity of the cjector
pin hole 200, the CAM system may not be able to identify which part of the ¢jector pin
hole 200 to mill if the machining operation were to be applied to the entire feature,
Accordingly, embodiments of the present disclosure define feature geometry aspects and

provide machining of specific aspects within the overall feature geometry.

-G .
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{0035}  Figure 5 illustrates a display of machining operations 500 for machining the
identified feature geometry aspects 400 in the features 405 of the graphical design of the
part 410 illustrated in Figore 4 in accordance with disclosed embodiments. As illustrated,
the CAM system gencerates a simulation of the machining operations 500 for a cutting
tool 505 to machine the aspects 400 into the part 410, In this illustrative exarople, the
machining operations 500 are chamfering operations to chamfer faces of the features 405
to machine the aspects 400 {¢.g., the FACES WALL CHAMFER aspect 300) into the
part 410. As dlustrated, the cutting tool 505 (e.g., a chamfer null in a ONC roachine)
chamfers around each of the top faces of the feature to machine the feature geometry
aspect 400 into the part 410, The CAM system generates the sinlation of the machining
operations 500 lustrating the ordering of the operations 500, Additionally, the CAM
system may identify and generate a sinmlation of other operations to machine other

aspects of the features 405 into the part 410.

[0836]  In vanious embodiments, the CAM system may, based on the geometry of the
aspect, antomatically identify the set of machining operations and the ordering fo
manufacture all the aspects in the feature. For example, the CAM system may evaluate a
set of rules to automatically choose a set of machining operations to be performed and
associated parameters for cach operation. For example, the CAM systern may identify
programmer-defined operations and associated parameters specific to the aspect from, for
example, a library of machining operations. For each instance of the aspect in the design,
the CAM system may apply the set of operations to that design. Additionally, the CAM
system may identify the operations based on the geometry of the aspect and the known
capabilitics of the machine and cutting tools (e.g., the operations the cutting tool can

perform and the limitations or parameters on the performance of such operations).

{00371 In various ecmbodiments, the CAM system may generate and output
instructions in the form of numerical controls for machine tools to machine the multiple
cjector pin holes into the actual physical part. In one Hlustrative embodiment, multiple
gjector pin hole features may be machined according to the following set of operations
(with cach operation working on cach of the features): a drilling operation where the

geometry input is the FACES CYLINDER 2 aspect 325; a bole milling operation where

- 10 -
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the geometry imput is the “FACES CYLINDER | aspect 310 and the
FACES BOTTOM 1 aspect 320; a pocket milling operation where the gecometry input is
the FACES WALL aspect 315 and the FACES FLOOR aspect 305; and a chamfering
operation where the geometry input is the FACES WALL CHAMFER aspect 300.

{0038}  The illustration of the ejector pin hole in the graphical design of the mold plate
ithustrated in Figures 2-5 is for the purposc of tllustrating an example of features of the
present disclosure and is not intended to imply any physical or architectural Himitations in
the various embodiments that can be implemented in accordance with the principals of
the present disclosure. For cxample, cmbodiments of the present disclosure can be
implemented in designs of products, features, and aspects other than the ones llustrated,
meluding but not limited to parts, components, housings, molds, or objects. Additionally,
embodiments of the present disclosure way be implemented in any type of design,

visyalization, simulation, or manufacturing system,

[0839]  Figure 6 illustrates a flowchart of a process for defining a feature and geometry
aspects of the feature in accordance with disclosed embodiments. This process can be
performed, for example, by one or more PLM data processing systems and/or one or
more CAM data processing systems configured to perform acts described below, referred

4

to in the singular as “the systern.” The process can be implerented by executable
mstructions stored in a non-transitory computer-readable mediim that cause one or more
PLM data processing systems to perform suach a process. The process illustrated in
Figure 6 1s an example of a process that may be performed by the data processing system

100 mn Figure 1.

{B848]  The process begins with the system generating a display of a feature geometry
in a graphical design (step 605). For example, as part of this step, the systermn may
identify the part and display from a part file or receive user inputs designing the feature
geometry. The system identifies a feature geometry aspect n the feature geometry (step
610}, For example, as part of this step, the system may receive a user input selecting an
aspect of the feature geometry, which may include a selection of one or more faces, one

or more edges, and/or one or more points of the feature geometry,

-11 -
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{0041}  The system defines the feature geometry aspect based on a user-defined name
(stcp 615). For example, as part of this step, the system may receive a user input
including the name for the feature geometry aspect. The system may then identify other
propertics of the geometry of the aspect, such as, for example, a type or shape of the
aspect, a set of faces meluded within the aspect, a location of the aspect within the feature
or object, an orientation of the aspect relative o the feature or the object, and a series of
attributes, such as aspect dimensions (e.g., width, fength, depth, etc.), and other relevant
product manafacturing information, such as tolerances, thread, sorface finish, ¢tc. The
system may then store the name and other properties of the aspect i a hbrary of

geometry aspects.

[B042] The system associates the machining operation{s} with the feature geometry
aspect (step 620). For example, as part of this step, the system may receive an input of
machining operation{s), an ovdering of these operation(s), and/or parameters {¢.g.,
machining strategy, cutting tool, drill depth, eic.) associated with the operation(s) used to
machine the feature geowetry aspect mio the resultant part. These machining
operation(s) may be associated with one or more of the aspects defined within the feature.
The systems may also store the set of machining operation{s} and associated propertics of
the operation{s) into the feature m a library of operations for the machining of the aspect.
Additionally, for cach aspect present within the feature, the system may return to steps
610 and 615 to continue to identify and define the aspects within the feature and then to

step 615 to associate machining operations to machine the defined aspects.

[0043] Figore 7 illustrates a flowchart of a process for feature geometry aspect
recognition and machining in accordance with disclosed embodiments. This process can
be performed, for example, by one or more PLM data processing systems and/or one or
more CAM data processing systems configured to perform acts described below, referred
to in the singular as “the system.” The process can be implemented by executable
instructions stored in a non-transitory computer-readable medinm that cause one or more
PLM data processing systems to perform such a process. The process illustrated in
Figure 7 is an example of a process that may be performed by the data processing system

100 n Figure 1.

-12 -
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{0044} The process begins with the system identifying feature geometry aspects in
feature geometries in a part (step 705). For example, as part of this step, the system may
recetve a reguest to identify cach instance of a feature geometry aspect in a graphical
design of the part that corresponds to a defined feature geometry aspect. For cxample,
the defined feature geowmetry aspect may be stored in and selected from a library of
geometries, The system may automatically identify each instance of the reguoested aspect

n a displayed graphical design of the part.

{6045] The system associates machining operations with the identified feature
geometry aspects (step 710}, For cxample, as part of this step, the system may receive a
request to generate a machining sequence to machine the aspect mto the part.  The
system may automatically identify the operations to be applied o cach of the identified

aspects from a library of operations associated with the aspect.

[B046]  The system determines machining operations to perform to machine the featore
geometries into the part (step 715). For example, as part of this step, the system may
wdentify the machining operations, an ordering of the operations, and/or parameters (e.g.,
machining strategy, cutting tool, drill depth, etc.) associated with the operations used to
machine cach of the feature geometry aspects into the features to form each of the
features, For example, the systom may determine the machining operations based on
machining operations associated with defined feature geometry aspects included in cach
of the features. Additionally, for each aspect present within the feature, the system may
retirn to steps 710 and 715 to continue to associate additional machining operations and

to machine the additional machining operations.

{88477  The system gencrates instructions for the machining of the feature geometry
aspects for manufactore of the part (step 720). For example, as part of this step, the
system may generate a simulation of machining of the feature geometry aspect based on
the machining operations, the ordering of the operations, and the parameters associated
with the operations. Upon approval, the system may generate and output NC commands

for the actual physical mamifacture of the part by a machine.
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{0048}  Disclosed embodiments provide the definition and machining of a subset of the
feature geometry. This ability provides increased flexibility and functionality for a
programumer while adding controlled automation capabilitics to programming for
manufacturing.  Disclosed embodiments allow the definition of machining features for
detatled geometric complexity, while enabling the programmer to restrict the level of
process automation reqguired for any given part. In other words, the programmer knows
what portion of the overall set of required operations can be automated for any given
case. With georoetries of even medivm complexity, pre~defining all of the rules required
to correctly automate the generation of the required machining operations may be time
consuming and expensive. In certain applications, there are hundreds of parameters
associated with the generation of machine tool paths and that may vary based upon part
characteristics, such as material type, surface finish, and even the actual geometry itself,
etc. By permutting the programmer to choose the right level of automation for any given
part, embodiments of the present disclosure improve end user throughput, while reducing

the end user cost for automation definition and utilization.

{#849]  Additionally, embodiments of the present disclosure allow programmers to use
feature-based machining on a larger set of their parts, especially those that contain
complex feature types and reguire multiple operations each machining a different portion
of the geometry of the feature. The avtomated feature geometry aspect selection
provided by embodiments of the present disclosure reduces and/or eliminates the need for
ndividual selection of feature geometry aspects and application of machining operations
to particular features.  Together, these features of the present disclosure reduce

programming time and increase utilization of the automated manufacturing technigues.

[B858] Of course, those of skill in the art will recognize that, unless specifically
indicated or required by the sequence of operations, certain steps i the processes
described above may be omitted, performed concurrently or sequentially, or performed in

a different order.

{8851}  Those skilled in the art will recognize that, for sumplicity and clarity, the full

structure and operation of all data processing systems suitable for use with the present

- 14
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disclosure is not being illustrated or described herein. Instead, only so much of a data
Processing sysiem as is unigue to the present disclosure or necessary for an understanding
of the present disclosure is illustrated and described. The remainder of the construction
and opcration of data processing system 100 may conform to any of the various current

inplementations and practices known in the art,

{0052] It is important to note that while the disclosure includes a description in the
context of a fully functional system, those skilled i the art will appreciate that at least
portions of the mechanism of the present disclosure are capable of being distributed in the
form of instructions contained within a machinc-usable, computer-usable, or computer-
readable mediom in any of a variety of forms, and that the present disclosure applies
eqgually regardless of the particular type of instruction or signal-bearing mediom or
storage mediom utilized to actually carry out the distribution.  Examples of machine
usable/readable or computer usable/readable mediums include: nonvolatile, hard-coded
type mediums such as read only memories (ROMs) or erasable, electrically
progranumnable read only memories (EEPROMs), and vser-recordable type mediums such
as floppy disks, hard disk drives and compact disk read only memories (CD-ROMs) or

digital versatile disks (BVDs).

[0053] Although an exewmplary embodiment of the present disclosure has been
described in detail, those skilled in the art will understand that various changes,
substifutions, variations, and improvements disclosed herein may be made without

departine from the spirit and scope of the disclosure in its broadest form.
o

[B854] None of the description in the present application should be read as implying
that any particular element, step, or function is an essential element which must be
incinded n the claim scope: the scope of patented subject matter is defined only by the
aliowed claims. Moreover, none of these claims are intended to mvoke paragraph six of

35 USC §112 unless the exact words "means for” are followed by a participle.

i
J—
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WHAT IS CLAIMED 1S:

I A method for managing feature geometry-aspect machining using a data
processing system {100), the method comprising:

wdentitying (605) a feature geometry (200) in a graphical design (205);

identifying (610) an aspect (300, 305, 310, 315, 320, 325) of the feature
geometry, wherein the aspect (300, 305, 310, 315, 320, 325) mncludes a subset of the
feature geometry (200);

defining (615) the feature geometry aspect (300, 305, 310, 315, 320, 325) based
on a user-defined name;

associating (620), by the data processing systemn (100), one or more machining
operations (S00) with the feature geornetry aspect (300, 305, 310, 315, 320, 325); and

storing the one or more machining operations (500} and the user-defined name in

association with the feafiire geometry aspect (300, 305, 310, 315, 320, 325).

2. The method of claim 1 further comprising:
identifying (705), in response to a user mput, feature geometry aspects

corresponding to the defined feature geometry aspect (300, 308, 310, 315, 320, 325} ina
plurality of feature geometries in a graphical design of a part (410} based on attributes of
the defined feature geometry aspect; and

associating {710) the onc or more machining operations with the identified feature
geometry aspects.
3 The method of claim 2 further comprising:

determining (720) a set of machining operations to perform to machine the
plurality of feature geometries into the part (410) based on machining operations
associated with defined feature geometry aspects included in the plurality of feature

geometries.

4, The method of any of claims 1 to 3, wherein the feature geometry (200)

includes a plurality of defined feature geometry aspects and wherein the one or more

<16 -
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machining operations arc associated with only some and not all of the defined feature

geometry aspects in the feature geometry.

5. The method of any of claims 1 to 4 further comprising:
generating (720} nstructions for the machining of the featore geometry aspect
(300, 308, 310, 315, 320, 325} for manufachure of a part based on the associated one or

more machining operations.

6. The method of any of claims 1 to § further comprising:

generating a sumilation of machining of the feature geometry aspect {300, 305,
310, 315, 320, 325) based on the associated one or more machining operations.

7. The method of any of claims 1 to 6, wherein the feature geometry aspect
300, 308, 310, 315, 320, 325) mmcluodes at least one of one or more faces, one or more

edges, or one or more points of the featiire geometry (200},

8. A data processing system (100} for managing feature geometry-aspect
machining, the data processing system comprising:
at least one processor (102); and
a memory (108} connected to the processor (102), the data processing system
{100} particularly configured to:
identify (605} a feature geometry (200} in a graphical design (205);
identify (610) an aspect (300, 305, 310, 315, 320, 325) of the feature
geometry (200), wherein the aspect (300, 3035, 310, 315, 320, 325) inchudes a subsct of
the feature geometry (2060);
define (615) the feature geometry aspect (300, 305, 310, 315, 320, 325)
based on a user-defined name;
associate (620} one or more machining operations (500} with the feature
geometry aspect (300, 305, 310, 315, 320, 325); and
store the one or more machining operations and the user-defined name in

association with the feature geometry aspect (300, 305, 310, 315, 320, 325).

-17 -
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9. The data processing system {100} of claim §, wherein the data processing
(100} system is further configured to:

identify (705), in response to a user input, feature geometry aspects corresponding
to the defined feature geometry aspect (300, 305, 310, 315, 320, 325) in a plurality of
feature geometries in a graphical design of a part (410) based on attributes of the defined
teature geometry aspect (300, 3063, 310, 315,320, 325); and

associate {710} the one or more machining operations with the dentified feature

geometry aspects.

10, The data processing system {100) of claim 9, wherein the data processing
system (100} 1s further configured to:

determine (720) a set of machining operations to perform to machine the plurahity
of featare geometries into the part (410) based on machiming operations associated with

defined feature geometry aspects included in the plurality of feature geometries.

P The data processing system (100} of any of clatims 8§ to 10, wherem the
feature geometry (200} includes a phlurality of defined featire geometry aspects and
wherein the one or more machining operations are associated with only some and not all

of the defined feature geometry aspects in the feature geometry.

B2, The data processing system (100} of any of claims § to 11, wherem the
data processing system is further configured to:

generate (720} instructions for the machining of the feature geometry aspect (300,
305, 310, 315, 320, 325) for mamufacture of a part based on the associated one or more

machining opcerations.

i3, The data processing system (100} of any of claims § to 12, wherein the
data processing system is further configured to:
generate a simulation of machining of the feature geometry aspect (300, 305, 310,

318, 320, 325) based on the associated one or more machining operations,

- 18-
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14 The data processing system (100) of any of claims 8 to 13, wherein the
feature geometry aspect (300, 305, 310, 315, 320, 325) includes at least one of one or

more faces, one or more edges, or one or more points of the feature geometry (200).

I5. A non-transitory computer-readable medivm encoded with executable
mstructions for managing featore geometry-aspect machiming that, when executed, cause
at least one data processing system to:

wdentity (605) a feature geometry (200) n a graphical design (205);

identify (610) an aspect (300, 305, 310, 315, 320, 325) of the feature geometry
(200}, wherein the aspect (300, 305, 310, 3135, 320, 325) includes a subset of the feature
geometry;

define (615) the feature geometry aspect (300, 305, 310, 315, 320, 325) based on
a user-defined name;

associate (620} one or more machining operations (500} with the feature geometry
aspect (3040, 305, 310, 315, 320, 323); and

store the one or more machining operations and the user-defined name in

association with the feafiire geometry aspect (300, 305, 310, 315, 320, 325).

6. The computer-readable medium  of claim 15 further comprising
instructions that cause the data processing system {0:

identify (703), in response to a user input, feature geometry aspects corresponding
to the defined feature geometry aspect (300, 305, 310, 315, 320, 325) in a plurality of
feature geomcetrics in a graphical design of a part (410) based on attributes of the defined
feature geometry aspect (300, 305, 310, 315, 320, 325); and

associate {710) the one or more machining operations with the identified feature

geomeiry aspects,

17. The computer-readable medium  of claim 16 further comprising

mstructions that cause the data processing system {o:

-19 -
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determine (720) a set of machining operations to perform to machine the plurality
of feature geometrics into the part based on machining operations associated with defined

feature geometry aspects included i the plurality of feature geomctries,

I8, The computer-readable medium of any of clamims 15 to 17, wherein the
feature geometry (200) meludes a plurality of defined feature geometry aspects and
wherein the one or more machining operations are associated with only some and not all

of the defined featore geometry aspects in the feature geometry,

19, The computer-readable medium of any of claims 15 to I8 further
comprising instructions that cause the data processing system to

generate {720} mstructions for the machining of the feature geometry aspect (306,
305, 310, 315, 320, 325} for manufactire of a part based on the associated one or more

machining operations.

20. The computer-readable medium of any of claims 15 to 19 further
comprising instructions that cause the data processing systen to:
generate a simulation of machining of the feature geometry aspect (300, 305, 316,

315, 320, 325} based on the associated one or more machining operations.
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