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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Governmaent nor any agency thersof,
nor any of their employees, makes any warranty, express or implied, or assumes sny
legal liability or responsibility for the accuracy, complateness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial
product, process, or sarvice by trade name, trademark, manufactursr, or otherwiss,
does not necessarily constitute or imply its sndorsement, recommendation, or
favoring by the United States Government or any agency thereof. The views and
opinions of authors expresssd herein do not necessarjly state or reflect thoss of the
United States Government or any agency thereof.
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TEAM Macro Planner Requirements Guide

Mmmsmmmmmm:ammmmwmdmwmm. in onder to be
mmmmﬁwm,mmmmmmmeﬁwmmm. This has already occurred or is now
happening in many manuactring operations. Ttadeaﬁisdxageis&emedfaMiead—ﬁmes,i.aﬁnmbetmpladmm
order and delivery of the manufactured product at lowest cost To do this, manufactring planning must now accommodate and support
concurment productiprocess design for manufactre/assembly. Manufacturing Planning will not exist in a world unto itself, The planning process
must tear down the walls between design, planning and the shop floor. The team will draw on the strengths of all particdipants to shorten the
m@mmmmmmmmmwmmmﬁmm.

Figure 1 mmwmmdmimmmmmmmmmmmm. The interactions
dnminﬂisdaganaahbmbdbbeitaaﬁvehmmaﬂq)edﬁcexdauesbeummdjeswdependmvdid'tofmeﬁreebtﬁrm
cycles are active at any specific ime (See Appendix C).

NW@NWMW,MWMNMWM&WBWMWMWMWM
candidate processes that could be used for manufacturing the part ltisaﬁcbatedﬂatﬂnpatdea’g\tean(mmuams)vdutﬁﬁzadme
immmmmummmmmmmmmmmmmmmm.

At the detailed design phase, the basic features and tolerances ofmepathavebeendeteminedandmeMaaonmdMiaoleaerwill
mmm@ﬁmmwmmaﬁmammwmmmmmm@m The basic state of the part
at the input and output stage for each operation will be determined. Fixturing, tooling and cutting tool elements will aiso be determined. This
intemcﬁwdes‘mdprodntadmoesesismwiy@mdmnaﬁmg’mamg. The manufacturing enterprise of interest may be
WWGMNMWMdWWhMMaMWWM

mmmmmmmmmmmmmmmﬁmmmmmmmmmmm NC
part programs, work instructions, setup plans and documentation. The Micro Planner will request analytical validation and verification of its
deliverables in concert with Virtual Manufacturing activities. The Macro Planner will interact with the Micro Planner to compile the identities and
description of the information into a configuration controfled master Plan.

TheMaaommmmmmﬁlldmﬂmmeMﬁsddﬂmﬁmMmﬁmm
ﬂleStanoorCmtdSystetntoetﬁieﬁnacmdmmmgacﬁWﬁes. The Macro Planner must also collect manufact.ring performance
data from the shop floor to effectively measure the plan's performance. The critical feedback will be evaluated during closure of the business
cydle and provide the metrics on cost and quality to the planning function.

msmmisimmmmwbemmimtmmmsymmmmmmm The Macro planner
duidpogambabg’@ly.dedhmnmbamtena'apaﬁmsdﬂndaﬁmwde. [t should do the following:

* Support concurment product/process design

* Define a globally optimized manufact.xing plan for realization of product
'Curdbawrﬁetemﬂa@ﬁrgﬁmsubt(mﬁmaﬂopaaﬁaﬂdaﬁl&wmﬂaﬁm)

* Bg basad On 3-D CAD models imported via STEP standards
'Mmmmmmmmmmmmmmmm

Tﬁsdoamﬂisbasedmiriﬁdiyinﬂanmﬁngavaiaupmesplaﬁngsystamtx:twdvingtoafeahmbasedsyshanwﬁ&ismof
immmmmmmmmmmmmmmmmmm A variant process
mmmwmmmmmwmmmmmmmammw
mmmmmmmmwwmmmsmmmmmw
Mm@mmmmdmmmwmmmmam
mmAmmmmmMammmmmammmm
WWMammmmmmmmmmwumm The generative planning system
will utilize featires as the basic building block and a resource base to identify relevant processes. The manufachuring engineering tool set will
immmmmmsmmmmmmmmmammmmmmﬁammmma
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Knowledge-based Interactive Process Planning

mwmmmmmammmmmmmg@mmmimmm
tradiional Variant Process Planning approach by quickly transitioning to a Knowledge-Basad Interactive System Environment. The Interactive
WWMMMW@&HW&MMWWWM&MM&W&
gauaﬁwwnpamtsdfahgmsteﬁecﬁmsduﬁmmmdmdnmommoumm Within the Manufacturing Planning
aﬂCaﬂdhmtaaadﬁwT.EAM.mgan,dedﬂanHmaﬂspedﬁcmmsm flustrate knowledge driven
mmmmdmmmmmmwmmammmmm
interactive sessions for inclusion.

mmmmmwmmm,ameﬂmmmwmmmmm
MMWMMmmmmdmwwmmmmmmmmmw
mmdmmmmmmmmmmmdmmmm
avaiidalemdcomdmmm&mMamwbmmmememmmﬂnmm
maﬂyﬁsdmmmwﬁwdmmmmmmmmmmm@ammmdmmm
improve manufacturing cost and performance.

Mmmmmmmmmmmmmmpmmamwdmmm
Mmmmmmmdalmmmmmfammwmmmmmm

mmmwllmmmmmmmmmmmwmmmmm
dasujhprodntmn\aﬁmtoﬂnplmhawmcamalytpdate, modify, and improve the total manufactiring plan as well as the
mmmmmlmmmhmmmmmmmmmmmdmmm
WM(M)MmMWmmmﬁmm As the system evolves o a rule driven generative
meM@aWMM«MMdMWMMMdWW
must be provided.




Hgthilltsﬂatesﬁnprmpla'ﬁngimaacﬁmsstmianMmdewaxismeMaaolemdmonintoﬁmional
modues. mmmmdmmmmmmmmmmmmm@mm
the Macro planning process.
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1. PERFORM MANUFACTURING ANALYSIS

mmmmmmmmmmm@m.mmmmmmwmm
mhmmmmwmmmmmmmmmmmwmmmm
mmdum,mmmmmﬁmwmﬁmhwmmmmmmwmmmmm
mmmmmﬁmmmmmmmmmmmmmummm
it planning historical datebase, and establishi octuring ritaria,

lthwmmmmmmmmmmmmmmmmmmﬁmmm. The
iﬁwmmmMMmemmawmmmmammmmm
mwmmmfm,mmmmﬁﬁammmm.

1.1 Identify Category of Planning

mmmmmmwdmmmammmmmdm@mm
work flows of the manufacturing planning process. mmdmmmmmmm,mmdm
product requirements, schedule, w.mmmdamsmmwmmmmmmmmm
mmmm&mmmmmsﬂmmmm The planning category of a product may
mmﬁmm«wmmdmmumwmdamm

Reauirements
The system shail:
1.1.a - For a manufacturing plan for a product, record the planning category.
- Detailed design (RFQ) - Long range planning
 Detaled engineering ot - Entorpri o o st

1.1.b - Retrieve manufacturing plans for a specified planning category.
1.1.c-mmdmmmmmmmw,ammmmgw
1.2 Evaluate Product Definition Completeness
ﬂispmesmieaswruﬁava’ldﬂeversimof prodntddiﬁﬁmirﬁmmﬁmtoidaﬁfymﬂacnmgfeaumsautowﬁnefor
mmmmwammmwmammwmmmm
m.MMdWmmmm«mmhamamMmmmm
the design team.
mmbmmwmmmm(mmmmmmmﬁmmmm
wmmmmmmmmm&mmmm%mmﬁmaymm understanding design
intaru(formmdhn:ﬁm),mmmmmmwwmmwﬁﬁwmmmmﬂaﬁmmﬁﬁﬁmmto
resolve any problems.
Requirements:
The system shall:

1b-wmmmmmmmmmmmmmmmmm
mwmmmmmmmmwwmmmm




1.Zb-Acqiretheptod.ntdsﬁriﬁonviaeledruicmerforanon-mﬁg.mssdidsmdelbaseddaémperSTEPstamd&
Interim aitemative(s): a) CAD solid model with separate attributes, constraint data tolerances, material specs, efc.) and all necessary
Mﬁmﬁmab)%nﬁdﬁhmamwmmmmaﬂawmmaﬂumm
12c-&mmmfma(GUl)Mmpdrnaﬂdid(‘W'fem:aa Browse product/part kstings and view on demand.
mmmmmmmmmmmmmmmammm

1.3 Retrieval of Historical Manufacturing Plans

Guptedrﬂogy(G])hasbemmedmdasﬁfypmammofaﬁﬁes(i.e.,matetidremwd,sheetmeufamdptmm
mwmmmmmmammmmmmmmmmmmmhm
families. mmmammmdmanmmmmummm
circumstances, the GT scheme employed needs to aliow the flexdbility in form and depth of GT code.
MWWMNMmemmammmwmmm.
mmmmwmmam&«mmmmm&mwmuammmmm
or a features fist for each product. The shape and form features will be STEP AP224 compatibie.

Recquirements:

This system shall:
1.3/a-Cla$i‘fyuod.x:tusingadatmaseA‘ie'adicalamhneGTdawﬁcaﬁmsdﬂmwimatleastﬁmﬁasmdmeadiﬁordﬁa
for user defined attrbutes. This system should accept atfributes values composed of numeric, aiphanumeric, or text stings as
applicable. :
1.3b-ﬁaiw&ﬁﬁﬁund&§mmwmmmevdmhaMGTdas§ﬁmﬁmsdm.
1.3.¢ - Accept user defined GT classification schemes.

1.3.d - Maintain multipie classification schermes to support piece parts, assemblies, part program, o tooking.
1.3.0 - Allow partially complete GT dlassification scheme to the detail level known.

1.3 - Accept muitiple CAD based 3-D solid modeis through a STEP based interface.
1.3.g-mmnlamwgiﬁmaﬂy§saﬂwymfamhmdfeaumsfmm
1.3.h-Mammmmemmmmwwmd

1.3 - Build a composite manufacturing features list for released product designs.

1.4 Identify Best Similar Product

mmmmmsmummmmmmmmmmmmmm

dassifying atibutes, o the feature fist. This includes referencing any assodiated plans previously estebished for a prodct (ie. RFQ, Long
mmm).ﬁmmm,mmmmﬁllmmmmammﬁmmm

Requirements:

The system shall:

1.4.:2 - Retrieve products from onHine manufacturing plan repositories by both product identifier, GT dlassification schems (full or

partial scheme) and features lists. Initially the plan repository may be a physical file or database, but the evolution will be toward




1.4b-|demfy,mmmdlmmmmmmmwmm&mmwaydmm
methods.

1.4.¢ - Record that no associated or similar products are applicable (i.e. creative planning).
1.4.d-Recadpetsmmdraasmforselecﬁngapmmctasmebestmammdmeseamaitetiamdsdmm
1.4.e-mmmmmmmmmmmwmmmmm.

1.4.f-mMMﬂmmmmmedmmmmmﬁmGT
dassification scheme, attributes, and feature kst

1.4.g-HthaMMHmpoawdmﬁmmmmwdmm,md«maﬂMdmm
1.4.h-Segegaeaﬂsdeauodnsbasedmmmwmydhﬁamﬁmfaaéﬂamm.
1.4.i-%dmmmmmwraaamwmmmmdmmmmm.
Nwﬂlﬁdwdw&y&@sapmaﬂdardmﬁrdmiﬁamﬁmhmﬁmmm‘smt
capabilities.
1.4.1-Mmmmmmmmmmdmmmmmma)a
nested groupings, e.g.
1.4.1.a)Madin'ng,b)Sheetmetd,c)Ttbes,d)&xrpos’tes,e)Amﬂy,nOMMadRqﬁng)CMﬁcd,etc.a

1.42. a) Fabrication, b) Assembly, ¢) Testing, d) Overhaul and Repa, etc. Fabrication sub-group could maybe take the
form of i) machining, tuming, milling, criling, grinding, etc. ) shoet metal-forming, joining, etc. ) tubes, efr.

1.4.k. User option and/or system administration setup to determine andor restrict domain(s) for further pianning focus




2 PART/PROCESS UNDERSTANDING

lnmmmmumm&mmmdmmmmmmmwm
product aperations and routing. Group technology (GT) will be the initial method used to dlassify products into families to assist in refrieval of
mmm&«mmmmymm@mwmmwmm Some companies may classily
mmmmmmmmmmmﬁmmmmmm@m scheme. A product center may
mwmmmmdmmmwlsmmdmwmwwmmm. In this case, the
ptodmma\dewldiismk-cdlsmldftmﬁmasakr@axbﬁGTcode,aﬂmraﬁdlypmﬁdmadasiﬁcaﬁmforMpatfaﬁky.

scheme is initially employed to the new methods. Thess new methods are to be basad on standand manutachuring features within the product
definition models. ﬂnnmﬁaﬂﬁgfea&:asmﬂowd&ﬂanHmbvdaaﬂnb&cmkdawﬁs(vﬁmcaﬂedmk
mmmmm)Mmmdwmﬁmwmwmmmmmmmm The details of
wmmmmmmmmﬂmmmmmaﬁsm. The system should use 3-D CAD
solid models imported via the STEP standard. The system needs to be feature based and PDES/STEP AP224 standard compatible.

2.1 Identify Features & Tolerances

mmammmmwmmmdﬂnmmmmmmmamm
machines suitable for procassing of the set of features for the part The Macro Planner will create and share access to a knowledge-bass, allits
mwm&mmmmmmmmmmmammm&mmmm
appropriate candidate processing techniques to realize the feature. The logical rules to associats features and processing steps will be
developed and incorporated. mmmmmmmwmmmmw&mmm&u
m)mymmmmmmmmmmmmmmmmmmmmm
mmimmmmmdmmmmmfmmmdmmm Thess features include, ata
minimum, the following:

o  Depression features.

e  Surfacefeatures.

o  [Edge features.

o  |mplicit featres.

2.1.1 Nominal Features Recognition

Agmuawmmmmmmmmmmmmmm Also inciuded shouid be an interface for manual
pidebyﬂammmdabmesaﬁecbesdﬂnpatmmmmm These feature shapes (sets of faces andfor edges) will be
xepmsemadbydatammmwmamamm«mqmwmmmmmdmmm
make a feature shape.

Requirements:
The system shall:

2.1.1.a - Graphically highlight in color recognized featirres. Optionaily, also provides fist of features and hierarchy of features
recognized from nominal shapes of the part definition.

2.1.1.b - Graphically highlight in color all geometry not contained in recognized features.

21.1.c-amﬁmmmmmmfmmwmmefeamm Optionally, also kists
associations mada of non-shape considerations on the recognized shape features.




2.1.1.d-HN&aminMaw&fad!MahMbymmmﬁfy,mak((zmle)adﬁmdsigiﬁwn shape features.

2.1.1.e - Query of feature shape entities shall support
Area of face and length of edge.
Facas of the feature shape.
Edgesin a face.

Calculats infersection between faces.

2.1.1f - Editing of feature shape entities shall support:
e  Adding a face or edge to a feature shape.
o  Deleting a face or edge from a feature shape.
e  Adding a new feature shape and deleting a feature shape.
. ModMgafmaaedgedahaﬂmdweﬂmBodmmaaﬁmMgdgean&yaﬂnﬂﬁgafmea
2.1.1.g - The following techniques shall exist for identifying feature shapes:
° Maudpid(sdfac&saedgasb/ﬁlemmingmimemﬁveselecﬁmmﬂm The user will select the type of
fmmmsmmmmmmwllmmmmm
. Tcpdo@dnntdﬁgtedriqnsﬁwtb&fapaﬁemvﬁdmdmmafeaﬂmm A solid modefing kemel
mmmmmmwdmmmfamm,mmmmmdeﬁm

pattems.
mmndMMmmmmdmmmmmmmmmmmm.
The Voronoi Mmdnldbemeddansssecﬁasdﬁnpatbd&mﬁnﬂntfamaﬂedg&mﬂcemfeaﬁm
shapes of complex interacting features.

o Reading a STEP file for design features.

2.1.2. Raw Material Selection

Th'staskshallsd&ﬁnms@kdweaﬂm&idmﬂﬂﬁnnnﬁdqndﬁwhsaasaﬁsﬁ&aﬂﬁnﬂmmqﬁmm&mm
anmmmmmmmwﬁmwmmmdmmmmmmm
stock shapes.
Requirements:
The system shall:
21.2.a - Provide choice of nominal raw matetial stock - bar, sheet, vendor casting, efc.
21.2.b - The minimum raw stock shall be based on requirements from the Product Definition data.
Z1.2.c-ﬂ1emstockshdlbeaeatedmudWWﬂnmbyspediyimpamﬂbvd@sdwmmmmm

2.4.2.d- The raw stock shall be created automatically for the convex hull of the part. Simplification of the convex hull will usually be
requedwmmfacesaximfamtoasumdstmedmstodt

2.1.3. Tolerance Analysis

mmmnmmmmmmmmmmmwﬁmﬁmmmmmm

AM&&TMWS&WTMWMWWNMM@MWW
and impiicit manufacturing features. SufacaTreahaﬂDes‘ngeqﬁmmtsstdbeaaatedaﬂwedf«pmsdecﬁm




Recuirements:
The system shall:

21.3.a-Displaymgmhicdfam,admgnwgaﬂydsdﬂntdamq:edﬁmﬁusmﬁnpatvﬁmﬁnmmmfaoesof
identified feature(s) reflected.

21.3b-Mmmﬁmmmwaaddaﬁmmmmmaliamﬁmcydemwﬁyﬂnm
defined/extracted on the part and the tolerances specified on the part.

2.1.3.¢ - Provida an option to specify tolerances as interfeaturs, intrafeature, ahybidwnbimﬁat
2.1.3.d-Displaybeforemdafterrealtsofnoninalfeauresmcogiﬁmreqiranmtmaiﬁtytomettopdorstaﬁngmm.

2.1.3.e-Theprocemplmingsystemshdlbedietoexuactdltderanesofsizedafeammdmdmummm
manufachiring feature. Awmmmummmmmfmmmmmwmmmmmn
mmmmmmfmmmmmmmmduam.

2 1.3 - Datum reference surfaces will be extracted and recorded for each manufacturing feature. When no explicit datum is called out
for a feature, tolerance stack up will be used to determine datums for the feature.

2.1.4, Detailed Feature Creation/Association

The Macro Planner shall communicate feature shapes to appropriate Micro Planners. The Micro Planners shall use the feature shapes
iduﬁﬁdbmbmﬁaﬁr&gﬂmfe@xm%mﬂﬂndumdﬂwmmmmmmdﬁmmmmmm
featurs to the defined state. The documentation of sslected features which are representad in the NC part program and menufacturing strategy
Mmmmmmmmm,mmmmmmmmmm. Thess features must
also be linked to the higher level features identified in the Macro Planner function.

Requirements:
The Micro Planner system shall:

2.1.4.a- . Volumes shall be created by the following techniques:

e  Manual - user created via Boolean operations.

e  Automatic -2 1/2D sweep of a face.

. deopedgaiﬂm-dodngoﬁasetdmes.ﬂasdidmddkm\dwpvﬁeﬁis@ﬂwifﬁmefacesm'tbe
dowbyﬁ\esdidmodelkand,ﬁncamxhﬂdﬁnfaeesvﬂﬂbewedbaaatsaddﬁaﬂfaeesmﬁl&e@esm
be closed off.

. VommiDiagtan-vﬁllbemedtoaeateoﬁsetwvesofamsecﬁmmmmlbesweptintoavdune.
mmdvmmmummmmmmmmdmmm
volumes interact.

2.2 Manufacturing Plan Optimization

mmmmmmmmmmm.mmmm@dﬁwmmwmm
Wmmammmmswﬁmmmmmmmmmmm
apmdjctsmldbemadehhwse,iﬁﬁatedaﬂpaﬁdwmetedbyavadmabammﬁxﬂﬁunavam.mmdmmm
mmmmmmmmmmmmmmmmm

n ¢




The system shall:

2.2.a - Record assumptions electronically and tink them with the manufacturing plan.
2.2b - Record the capability assessment grade, creator, and rationale for grade.

ZZc-ReanVdiGﬁmaaddﬁaﬂkmmﬁmhaRFQmﬁnWeMmﬂaIHahmaumm
2.2d-mmmmmmmmmsammﬁmmmmmﬁmmm
22 6 - Record attributes and values from altematives considered in making determination.

2.2 - Identify and rerieve appiicable vendors from the manufacturing resource base and identify product centsr, business nit(s) and
work cell(s) suitable for part sourcing.

ZZg-GauaBawrﬂdsseqanedﬁsﬁmdpmaﬂmdﬁnstamdﬁmdﬁnpat

uh-mwmmmmmmmmmmmauMmMsmm
the resource base considering manufacturabifity ruies and conditions capable of being satisfied.

2.2.i - Provide a total cost minimum estimats across identified altsmatives.
Z?.j-Hagdlfmhmaﬁédedpmwﬁﬁedliﬁ&fafeednd(mcmmmnmmm
22K - ltemize all major discrepanciesideviations and provide in a graphical display for design and customer use.

11 ¢




3. PROCESS SELECTION AND ORDERING (AS-IS/TO-BE DESIGNS)

mmmmmmmmmmawmmmmwMﬁs
duration. Manufacturing plans include the operational plans, Bill of Material, and as-s and tobe features states for each process step. The
mmwmwhmmmm@m@mmmmﬂmmwmmwmmm
TMﬁgllevelpla\s(rumgmdsewermplm)wwmmmmmmmmmMaMdm&
total plans and information necessary to manufacture product Manufactring plans will be created, modified, tested, approved, and
configuration managed by the Manufacturing Planning system.

The system shall;

3.a - Generats the Bill of material (BOM) and Routing, mwmammmmmmmmw
m(mmmmwwwlmmmmm@mmammmy

3b - Store process sequence, Routes, Bill of material, and operation plans and their associations in an object oriented data repository
for use in extemal systems such as Shop Floor Control.

3.c - Maintain an audit trail of the manufacturing plan versions.
3.d-wmmmmmmmmmmmmmpmmmulmm or routs.
When a new version of a bill of material or routs is adopted, the previous version will be replaced. Only production versions will be
releasad for use on the shap floor.

3.6 - Create a routs that is not attached to a product in order to support ad-hoc rework.

3.f-kamﬁﬂUcb&mﬁnaﬂweﬂaacﬁwva§mMmémmtasayMﬁmﬁmunbaﬁrmi&n The version will not
need to be entared by the user, but may be if desired or to specify a version other than the one that is active.

3.g-Pm®raidmm¢meﬁasaﬂMammmmmsmqmesaﬂmmd

manufacturing plans for new products.

3.h-RmmwmdeMmmmmmwaammmmmmm.
3.1 Develop Resource Base
mmddmmmmmmmmmmmwmmmdmmmmm
nmdmtﬂmfeaures(mtdmhmfeahlas)q:peammmmtmbeaqﬁed The resource base maps operations and
supporting tools or equipment groups to basic features and tolerances. For each process operation, the resource base defines an equipment
class, mmwmammwmxmmm(mmmmmmm location and cost (per unit
of time).
The system shall:

3.1.a-kbnﬁfy,MMaudsiayﬁngwesesto@dﬂmesbrammmmammWﬁedmamMSas
documented in electronic product definition files.

3.1.b - Provide a ussr interfacs to retrieve similar information based on engineering studies.
3.1.c - Provide user interface to maintain and enhance feature ibraries, resource description and linkage maps as required.

31.d - Provide identity for mass updats of candidate plans affected by resource updats.
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3.1.1 In-Process Feature Selection

mstIexaﬂmasadmmamﬂmmfuopeaﬁmmjmmmeamrecogizedstmemdmn-sfmefeam.
Mmmwlmmm&mmaafmmmmmdmmmwfacesmtyetpmce@ed
Examining feature processes may create additional requememsmdingwesfmesmtfammmeﬁrishedpamedgn. Examples of
mmwmmmmdfmmmmmmmmmmmmm
examle,isbmﬁngmddamingfeaumsﬁataareqiredmmmawmmepat Here a face, diameter, hole or a set of faces may be
required for holding or locating the past during machining operations. Thesa features will ulimately be removed in later operations.

Inciude with In-Process Feature Selection is ordering of feature generating processes. This task specifies a partial ordering on the process sets
mmem,Mmummmfmmmm,W,mmmmm
must be satisfied for each process.

NOTE: |numfeaﬂaswdewnposeexcasssmd(aedemnﬁnedmﬂﬁmmiateMmﬂmm Micro Planners will validate
Macro defined features in the detailed Product/Process Design phase.

The system shal:

311a -Theusefshdlmmm&wmwmmwmmm@dwﬁmWfammm.
Thepmcespla‘n‘ngsystemwillgljdaﬁlewerinspedfyingpaaneﬁessbdeﬁmﬂnmcesesdafeaﬂea‘difsmﬁaimsmm
other features. This approach s similar to standard methods used in variant planning systems.

3.1.b-AgenetaﬁveMonmaQﬂlMudaﬁaw&ilﬂybaMﬁedNMkaﬁmpmesinﬁehmem

. AgauaﬁmMmHmMmaiemaﬂmmamdeﬁMaﬂMawtdmthngeam
process constraints will be recorded.

. Agauaﬁmeonddlmdiemmmthﬁdwmmsetdummmafeam.m
altemative fines of reasoning generated by a generative Macro Planner will be maintained by the system. if a process
combination violates a constraint maintained by the system, the line of reasoning shall be marked invaiid.

3.1.2 Feature And Process Mapping

mwmmfmmmmamdmmmammmmmmmmm This task
assembles a sub-set of processes available to manufacture the desired feature. The mapping of processes to features is an important concept
in the definition of an Enterprise Resource Base.

3.1.3 Candidates Pruning

mmmmmmmammammswemmmmmm If more that one process
ismm,ammdmmmmmaummmmmmm Automatic generated results may be
WeMaﬁmbedﬁvmwddﬁmﬂwmmnﬁmﬁfmmmmmﬂwmm

3.1.4 Machine Tool Selection

This task shall select a candidate set of machine tools that are capable of performing the operation for generating the feature. initially, this task
dﬂlbepafanndnmdlybyﬁammdwtﬂlybymematmmm Decisions to be made are:

. mmmm&mdmmmms)mmmmms)mm

o Testwhetherthe travel limits of the axes and other size considerations are adequate.

o Ensure that the accuracy of the machine are adequate.
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3.1.5 Machine Tool Representation

Themadimsmtaembewsidaedaspowﬂewﬂdatesfamammamarenmdmsstmeetceminaitetiainadertopeﬂamm
required aperations. in order to perform this task a representation of machine characteristics will be needed. The following information will be
essential for machine tool jon;

. mmmammmmmmdmmmmmmwb(mmwdm)mm
number of coordinated axes (simultaneous versus non-simuitaneous moverment).
ﬂ\ewukvdmne,wedm,mdnnﬁmmﬁnmauoﬂammmmﬂgﬁnémdﬁwmmbmm
Swmmmmmdmmmfmmmmmmﬁm
Aﬂadrwﬁsﬁidumbemmedmﬁnmdﬁn,mdtydmdmgaﬁmaummmﬁm

Machine controller and its capabilities.

3.1.6 Potential Machine Candidates For Each Operation

For each feature there should be a sst of candidate machines available to support manufacturing. This task assembles a sub-sst of machines
available to manufacture the desired feature.

3.1.7 Preferred Machines Associated With Each Operation

Faeadﬂeahmﬂmmaybemamemdinesﬁatm!dpmdmﬁmeqﬁedfeaﬁm if more that ona machine is available, a method
to eliminate the least desirable machines must be available. Automatic generated resuits can be reviewed and updated by the reviewing
function if found to be lacking required constraints.

3.1.8 Set-Up Planning

ThaMmﬂmmnmawdmmmmmm,amdmmmmmamd
machines with each operation. ﬂeMmmﬂedbyﬂanHmsyﬁanbmhaﬁaadidfeaﬂiespmeaﬂmdyfa
further detailed analysis to determine preferred and altemate processing technicues.

3.2 Generate Routing

mmmmmdedlmmmmaMamMMMa
W,aﬂidaﬁﬁesﬂnmgmpaﬂmmmmmﬂedmpafammmltdsoasmeiatesﬂnmutestoaprodm
inWWmmMmﬁmmdMMmmmmamm,dm,mdmukApﬁmyruﬁeis

hoc rework foute can be specified to permit additional work.

Requirements:

The system shall:
3.2.a- Attach a routs to mors than one product
3.2b - Specify multiple routes, in a specified sequenc, for a product.
3.2.c-Sped1yanmtacuingcanufaarunemdes‘g\atevdmmkispafum
3.2.d - Uniquely idenify routes (foute-id).




3.2.e-Sped1y&eHimy,NMliay,aﬂ&pmnmsamegupsmqimdfaamopaam
3.2 - Specify a route version and effectivity dates.
3.Zg-ﬂlemrumuenﬁﬁermaynotbempeatedfa’apaﬁajaprm

32h-Bmﬁammammmamedmmmm.mmmywmﬂmmhag'venprodlct, as
Iongasadfferentrmxeisspedﬁedeachmmeopetaﬁmismeated

3zi-mmmmmmmmmmmmmm Rework routes may begin at any
opaaﬁmvﬁﬁinammmmmmmmmmmnmbmﬁnpmmm.

3.2, - Define the planned yield at each product routs operation. Stéxhdyiel&fa‘mopetaﬁmmaybelsedhﬁwofaaaﬁngayidd
for a specific product routs operation.

3.2 - Maintain the sequence of the aperations contained within a route.

321 -mmmmmmmmmmwmmmmmmﬁm
sequence within the routs in the Macro Planner.

3.2.m - Associate routes to a product in sequence.

3.2.n - Record alf routes for a product, with their sequence in the Macro Planner.

3.2.1 Associate Resource Group to Route-Operation
mmmmmmmmm,mmwwmmmmmmmm
and testing. Resources include but are not limited to peopie, machine todls, gages, NC Programs, and other equipment.

This process is accomplished by.
cmwmmsmmmm«mﬁwmAMWMSmmmd
ﬁn@adtydanamemmmeammmaﬁgaspedﬁedm Capacity planning data is most often
used to evaluate machine capacity.

Forecasting manufacturing software, tool, gage, and container design requirements;

Performing a capability assessment for the selectad resource group;

Providing resource requirements to Manufacturing Resources.
NOTE: mmmmmmmmmmmmmmmmm
requirements.

Requirements:

The system shall:
321.a-ﬁsiaybadpoﬁ!echhmasdededmmgupasmmmmcmmm

321b-Rewdadﬁbmmmimum,fadlrdemnmmmmmmﬂammmwmmfam
by other systems.
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3.3 Generate Bill Of Material

i
T}isptmidenﬁﬁesaneedforabiﬂdmateda,aaatesprodx:smadedaswmamtshadlldmtaid,aﬂaaatesa&lldmtaid.
Tﬁsiﬂtx%idaﬁMmdlﬁnwmmmedmmwlasWIasmgimmMﬂamﬂnbﬁl. This process also associates a bill of
material with a product-routs-operation.

Thebiudmatetid(%M)EaMWW,MMﬁ%MWMWMdWmmm
mbmmmmmmaw)mmammmam.msmmmm
typesdbiﬂsdmatetid-assenﬂy.addﬁve,mdsepaatebillsMasenﬂyBOMisdsﬁmdasa!istdpats.carponems, raw materid,
Mmmmm,mmmﬁadmmﬁwmmwm subassembly, or shippable product. A separate BOM is
u&dtotwkmeemmussma‘ate:munalot,mdmaddﬁveBOMisusedfortraddngcormamtsvdidmaaddedtoaiotbmedm
dmmmmdmmmuamammﬁwmmmmmQlaﬁﬁeshbﬁisofmatetialmbas:edﬁed
as each, fractions or weights.
TheGenerateBOMWMaMMBOMMhMWMammmaMW
ﬂngaaaﬁmdaBOMismrﬂi@ndbyevdmﬁngadsﬁrgMdsﬁﬁﬁmﬁamﬁm, BOMs, product assumptions, and associated or
similar BOMSs. ﬂmeBOMmbeaededb/ccpyingmdmdfyingme)dsﬁmBOM,usingormdfyhgagensticBOM,oruaaﬁnganew

BOM. Msmmmmmm,mm,MammmemWeou may be
used on more than one plan.

The system shall:

3.3.a - Enter singiedevel BOMs that can be attached at a product-routs-operation. The atiaching of a BOM at a product-oute-
operation is called a BOM junction.
3.3b-mmentetingcmpamtsonmaddormblyBOM,msthavemeaimytospecifyatwhatopetaﬁmmewmn
needs to be when called for use in the execution of the bill for the product it is being added or assembled into. Conversaly, for a
sepaateﬁll,ﬁneedsmspedfyﬂwcpaaﬁmmmmsumldbeaaated,lponexewﬁmofmeBOM.

3.3.c- Identify an item as a lot or inventory item in the BOM (i.e. quantity per).
3.3.d-|denﬁfyccnponentsvdid1stwdwnefrunaldtinmeBOM.TheBOMisusedmldtcumltsptiu’toacmdmﬂyso
that components travel and are processed together. This means that a BOM may be used at an operation to kit (bring the
wmmmam)mmmmmM(mwwmmmmm).

3.3.6 - A manufaching plan for a product may reference many bills. Each biit may contain one or more companents.

3.31 - Identify substitits and altemate products. An application of this is for vendor matsrial uss based on certification requirements.
Substituts cormponents will allow higher certified products to be used in place of a lower level product

3.3.g-mmentetingcamormtmmaddcrmruyBOM,nusthaveﬁndiﬁtytospedfyatwiﬁcpemﬁmmﬂnmwaﬁs
rwtethapmdntneedsbbewfmﬂbdfalsehﬁnm:ﬁmdﬂnﬁllfamepmdnitisbehgmdamruedkm
Conversely, for a separats bill, it needs to specify the product-routs-operation where the component's lot should be created, upon
execution of the BOM.

3.3h - Provide the user with multipie views of BOM information to support planning, schedufing, and associated data coflection
requirements. These inciude the ability to view single level BOMs, to implode (display all the products a particular companent is used
in),wm(maammmwrmmmmmammmm

3.3.j - Record restricted uss, acceptable uses, and units for products being created.
3.3.j-Recudqmﬁtydeamamts.bil!-d-mataidversimueatonuaaem

3.3 k - Identify a bill of material as additive, assemble, or separate.

e




3.3.I-E>qurtbillofmidinformaﬁon,Mmdluﬂdmidamhms,biuofnmidwsimamhms, BOM version
component attributes and atfributes for addtive, assemble, or separats bill of material.

3.3.m - Sequence bills of material within a product route operation.

77




4. PLAN/PERFORMANCE ANALYSIS

mmmmmmmmmmmmmmmmmm Evaluations are conducted with data
collected during aperations.

This process is accomplished by.
Comparing the as-buitt product information with the plan.

Mmm@mm,mdmmmmmmmmmdm
product, product cost, and process capability information.

WMM@M&WMWaWMMﬁMmiWﬁBmmmm

Identifying any problems, such as excess stock, unstabis or unsuitable material conditions, high non-conformity from an operation,
excessive time required to compiete an operation, and/or high cost

Recording the resuits of the evaluation.
4.1 Create Manufacturing Plan Evaluation Criteria
This process creates the manufacturing plan evaluation criteria for a manufacturing plan category
Reauirements:
The system shall:
4.1.a- Establish the criteria to be used in scanning plans for further evaluation. {tems to evaluate include, but are not fimited to:

Labor time by operation Amount of waste generated (material)
Equipment by aperation Amount of material estimated and consumed
Overal cycle time Version to plan (including tooling, NC, etc.)
Operational and overall yield Total Costs (tabor, material, foofing, etr.)
Operational deviations Wasts reprocessing (amount X cost)
Operational reworks Machine cost by hour

Percent of non-valued-added time

4.2 Evaluate Manufacturing Plan Performance
This process evaluates a manufachuing plan, in order to identify strengthts and weaknessas, by comparing the as-buiit product information with
the plan.
Requirements:
4.2.a - Indvidualty assign and control responsibifity for plan evaluation.

4.2.b - Record comments associates with evaluating the plan.

4.3 Identify Alternatives

msmmmmwdmmmmwmmuﬁsmﬂmmm
performance.

This process is accomplished by.
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Idaﬁfﬁmaﬂubiﬁﬁmdtamﬁwsfaamﬁmapaﬁasdadm,ﬂi&mymmwumpeﬁmm.
Performing analyses, such 2s a complets matarial evaluation inciuding laboratory and metallurgical analyses.
Assessing manufacturing history (as-built) against the plan.
Developing altematives for pian items based on the results of the various analyses.

Requirerments:

The system shall
4.3:2 - Record identified altematives with the manufacturing plan version.

4.4 Assign Grade

TﬁsptmasﬁmsagacbtoeadnplmvﬁidlhasbemevdwmTﬁspromisaccarplidndbyasﬁgﬂgagatbbasedmﬂnmitsd
a comparison of performance prediction and actual results, extemal infiuences, and the inherent qudlity of the resuitant parts.

The system shall:
4.4.a - Record an evaluation grads for a manutactiring plan version.
4.4b - Associate the grading criteria used and associated grading criteria vaiues to the manufacturing plan version.
4.4.¢ - Record extamal infiuences which impacted the plan grade.

4.4.d-Hmaeabtdcostwmibﬁmfaamapammmmawmﬂaes&mmdmmmmm

4.5, Establish Manufacturing Plan Business Methods

This process develops and maintains manufacturing business methods (standard plans) for all elements of the manufactuxing planning hierarchy.
Business methods include guidelines and standards that may apply to how a part is made or inspected, or how systems that control
manufacturing are implemented including:

Manufacturing and testing methods;

General roquirements from Quality, HSEA, and Waste Management;

Developing manufactuing and standard system tempiates (.. standard routes, operations, operator instructions); and

The definition of all operations.
The business methods process is accomplished by:

Maintaining a standard change request log;

Andlyzing requested changes (frequency, type change, and grade) for impact on the total manufacturing stream;

mﬁmemMMWmﬁmhmmmmmmﬁmfa
accepted changes;

a"n [




Mmmmwmwmwmmwmmmmmm
Mmmm,mmmlmdmmmmmmmmmm

mmmmmmm@dmmmmmmmm
NOTE: The Micro Planners will create, maintain and make this data avaiiable for Macro Planner use.

The system shall:
4.5.a - Define elements of the manufacturing plan as standards.
4.5b-smwmmmmmmmmmmmmmmm
4,5.¢ - Develop and maintain standard machinabifity data. (Micro Planner)
4.5.d-Deﬁneaxiuseagenelicrwte.Agaubmﬁeisatypedstmhdruﬁswﬁwmybewedhwmﬂmmm-spedﬁc
mmmeaamadMMMaMMMMammmmmmm
mmmmmsmmmmmmmmmesmmmmmm

4.5.1 Evaluate Requirements For Mfg Plan Business Method

mmmmmmmmawmammammmmﬁ
mmmwhammmmmaammmmmmm
method.

The system shall
45.1.a - Record the portion of the product mix or feature fist o which a stendard appiies. The partion of the product mix may be
WWasdddMaisﬁquﬂybwﬁnwrﬁaﬁmdﬂwsdﬂand&éMgaﬁh&sam
spocific features and materials.
4,5.1.b - Record request for a standard
4.5.2 Identify Affected Mfg Plan Business Method
WmWMgﬂMMMmaﬁe@dWam&faammm
NOTE: mscwdilﬁyﬂllamatmmedmmmm"aybemmdaspmdammm.
Requirements:
The system shall:
45.2.a - Search and retrieve standards matching the Group Technology classification scheme or features list
45.2b - Record the team creating a standard.
45.2.¢- Determine what type of standard is needed.
4.5.3 Generate Mfg Plan Business Method




msmmamﬁQaMMammsiMudsMaMdMdeﬂ,mw
mmgmmmmﬂmﬂam
The system shail:

4.5.33~Uriq1dyiderﬁfyead1m<peraﬁma1ds@mdird@eifitisastmhdmdn&tamvasimamdonthe
standard.

453.b - Control authorized access for definition of standards, routss, operations, and steps.

45.3.¢ - Define and store within the Manufacturing Planning system standards for each planning category.

4,5.3.d - Define and store within the Manufactixing Planning system standard routes for associated operations.

4.5.3.e-mnmmpmmmammmmmmmmfamm

4.5.3.f-Tenmaiymdefmpmadmﬁumagawstpadmﬁmfasdectedsim'la'patsabave.
45.3.1 Generats Mfg Plan Standard Route

Tﬁspmgammdmmsiﬂtdmuaaﬁngﬂnm,dsmﬁmﬂnuimy,andﬁayasmmgupforead\m
opaaﬁmaxdasmdaﬁngﬁamsamguptoﬂmwteopemﬁm

Aga'uaicrumisatypedstamdAgaabmtemaybeusedfumm&wihdeﬂladbdbﬂnmﬁaasmmisga’mdm
mmmmmmmmm&m&da%dmm&rawﬁcm This process creates
awdﬁnhaetypesdstaxhdmﬁes(pﬁnamdtamtaamk). This process provides the information required to identify primary,
software and equipment.

4532 Generats Mfg Plan Standard BOM

mmmamw,mmmmmesmmmmmm
in the plant item master.

Requirements:
The system shall:
45.32.a - Record restricted use, acceptable uses, and units for products being created.

45.3.3. Gen Standard Manufacturing Resource Events

WmMMmmmmmmmmdam.MMRmbwm
amﬁgmmdmmmmmmmsdammammmpmm@mmm
Elapsed time verification, and data collection for a resource that needs to be included in a lot.

4.5.4 Generate Operation

mmmalmmmmmmamumkmmmmmmmma
WJMMWMIMAMWMMWWWMW&
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Recuirements:
The system shall:

4.5.43-Add«mdfymoperaﬁms(dsﬁriﬁmadavwdedidaﬁty)phsma’rﬁnﬁnchteaﬂidaﬁﬁmﬁmofﬂnpasm
generating the new operation.
4.5.4.b-deaappuﬁngdaactadwabﬁm(cpaaﬁmm)famopaaﬁmidmﬁﬁa.
45.4.c - Provide acoess control for adding, modifying or deleting operations.
4.5.5 Evaluate Use Of Mfg Plan Business Method
mspmmimmmmﬁmdmwmmmwmmmwm This process is accomplished by
to define new standard routes, operations, and Manufacturing Plan Operation Details.
The system shall:
Retrieve elements of the manufacturing plan items using a standard,
455 a- Bill of material (BOM)
455b - Routings
455.¢ - Manufacturing Resource events
4.5.5.d-mmummum(amasﬁmn)mdaedﬁeqmdwm«m
4.5.5.e-wmmmmmmm&mmmawammmm.

4,55 - Record the request for a standard.




5. PROCESS DOCUMENTATION AND CONFIGURATION CONTROL

setup sheets.
Requirements:
The system shall
52 - Provida corfiguration control and archive all elements of the manufacting plan and menufacuring planning business methods.
b - Provide an approval and rekeasa mechanism to assure appropriate plans are utiized to manufacturs product
5 - Highlight portions of manufacturing plan that have not been approved.
5.d - Provide effectivity data for all manutacturing plans and business methods.

5.1 Evaluate Comments

mmmmmmmmdmmmmmmm&mmmmmmodﬁwﬁmtome
mm«mmm&mmamdwmmmm@mmmwm
must be reviewed again.
Recuirements:
The system shall:

5.1.a-ldenﬁfymemefaeuJMHmsmataeaﬁectedbycummtsmeived

5.1b-NoﬁWmﬁew,Wadmicmél,ﬂmmmndhmpaamdhﬂanﬁmtﬁmHm

5.2 Determine Affected Manufacturing Plans

mmmwmmmmmmmmmmmmmmm
as a result of the new standard.

The system shall
52.a- View the plans affected by a manufacturing pian business method.
5.2.b - Produce History of Chianges for Summary
2. - Produce History of Changes for Operations

5.2.d - Store - Total Plan or Partial




5.3 Archive Manufacturing Plan

Msmmmmmmmmmmmmwmmdmsmmm
established for each category of planning.

The system shalf.
5.3.a - Establish criteria for archiving plans, dﬂﬂm!yaammw,basedmm«ruaplmismbeevdmm
53 - On archival, maintain association between order, purchase order, product and plan.
53.¢ - Estabiish ceiteria for purging (deleting) pians form curenthistorical bass.
5.3.d-mmmmmwmmmwmmmmgammm
5.3, - Provide an on-ine catalogue of archived enterprise descriptions.




Appendix A.
Glossary of Tenms

activity A single process within a process plan (e.g. a drilling activity, a setup activity)

Application Protocol (AP) An application Protocol (AP) is a constraint subsst of STEP intended to define the information requirement
of one specific domain (e.g., "Configuration Control Design of Mechanical Piece Parts” or “2D Drafting’). STEP is so all inclusive that
no vendor is expected to implement all of STEP. The use of APs coordinates these partial STEP implementations.

BREP (Boundary REPresentation) Solid Mode! A complete definition of the geometry and topology of a solid. The definition is in
terms of faces, edges and vertices, which have associated surfaces, curves and points.

class Asetofobjectsthatshaaacmnmstmcuneandacomnmbehavior.Thetennsclassandtypeamuwaﬂy(bt.rtnotalways)
interchangeable; a class is a slightly different concept than a type, in that it emphasizes the importance of hierarchies of classes. A
class encompassas both data and methods.

Computerized Numerical Control (CNC) A computer that controls a machine tool.

convex hull A volume enclosed by a set of faces which meet only at convex angles..

design feature Areg'onofapM(e.g.aslot,hole,pocket)matisabasicelmninthedesignofmestmeofapartorusedmmre
some design intent.

design for manufacturability The process of designing a product with manufacturing considerations in mind.

feature The make, structure, form, or outward appearance of a portion of a part. Holss, slots, pockets, shafts are examples of features.
feature~based solid modeling A complete definition of the shape of a part using features as basic building blocks.

feature recognition AmdﬂmeusedinnmuﬁmudeadngsystansmidmﬁWwdemamwaMBsﬁmnapanmddby
examining the geometry and topology of the solid.

form feature (see Feature above).

Industrial Application Protocol (IAP) An Application Protocol developed and used by industry without formal approval by the STEP
community.

knowledge based system Sometimes referred to as an expert system. In artificial intelligence, a system that processes information
pertaining toaparﬁcwarmplimﬁonarﬂpetfonnsfuncﬁonsinamannersimilartomatofahmmnmisexpertinmatﬁelct a
kno#ledgebasedsystemwrsoivepmblemsbydawinginferencesfmmaoollecﬁmofinformaﬁmmatisbasedonhunmexpetience
and problems the system has previously encountered.

machine code Code that is used to represent the instructions in an instruction set. In this domain, machine code refers to the code
usedtoreptesentNCmadinetoolinstrmﬁonsinanNCpanprogram;orCMMinstmcﬁonsinaCMMpanpmg!am. NC machine code
is usually represented using the EIA standard Variable Block Format.

manufacturing feature A basic element of a part which results form distinct manufacturing processing.

manufacturing plan A process plan representing set of operations, bill of material, instructions and information needed to
mmufacumapartAnmxfacuningplmformactﬁningindud%lighlevelopetaﬁma!plans,seﬁpplms,wtﬁngplans,andNC
procsss plans.

NC process plan Apmcessplanra;xasuﬁngimﬁucﬁmsandinfonnaﬁmneededtoconpletemNCpatprogtam.AnNCpmcess
plmindudeslanleveloperaﬁordplans,senpplans,andwlﬁngplanswiﬂﬁnmesccpeofasingieNCpmpmgmmmxest

NC part program Asetofinstmﬁms(mdimcode)ﬂ\atmnhdsanwnaiedlymnmledmadimtod.TheNCpartpmgramisme
final instruction set that is used to control the NC machine tool.

NC program Synonymous with NC part program (See NC part program)
object An object is an instance of a class, containing the data-interface implementation. An object has state, behavior, and identity.
The structure and behavior of similar objects are defined in their common class. The terms instance and object are interchangeable.




object-oriented programming Ameﬂwddpmgrmnminginﬁ&mgmaeaganhedasmopaaﬁmcdlmﬁmofobjm,
eachofwtichrepresentsaninsta'neofsomewpe,aMMmeesama!lnmbetsofalﬁaadwoftypesmﬁtedviaoﬁmﬁxan
immmm.lnmmogtms,typesaagamalwmwedassmﬁc,measobjectswwwmanMnmadynmm
nature,

process definition A term that refers to all functions that define a process. These include process planning and machine coding.
product definition A term that refers to all information about a product, including its shape.

solid model Asolidmodelisacormnermptesmtaﬁonofaphysiwobjectwimmepropettyma’tanypointinspaoemnbedassiﬁed
aseiﬂxerinsideﬂmeobjec&mrtsideﬂwobjectormmebam&meobject A solid model is useful because it has sufficient
information to allow automation. Somesinpleexarmlesamvolune,centerofmass,andmnmtsofinetﬁa These properties can
easily be calculated automatically with a solid model.

STEP (STandard for the Exchange of Product model data) The emerging Intemational Standards Organization (1SO) standard for
exchange of all data about product. STEP is the informal name for 1SO 10303.

tolerance feature Atypeoffeaumusedtoauachtolerameinformaﬁmtoasolidmodel.

topology The abstract connectivity and trimming of geometry. In the context of solid modeling, topology

Voronoi Diagram AVaonoiciagfamofasetofpointsPinaplmeandisapaﬁﬁonofmeplamsummateadlregionofme
pafﬁﬁmmpmsmtsamofpdmsﬂntmdowmmmnberdPﬂmmmwoﬂmnmw. Voronoi diagrams are used for
computing offset curves, finite alement meshing, and closest distence between objects.




Appendix B.
Publications

Alps: A Language for Process Specification, Byran A Catron and Steven Ray, Intemational Joumnal computer Integrated
Manufacturing, 1991, Vol 4, No. 2, 105-113.
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Appendix C.
Business Cycle Flows

Customer provides requirements, both
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Appendix D.

Macro Planner Participants

Name Pariticpant
Anne Backus Oak Ridge Centers for Manufacturing Technology
Timoth, Brown Pratt & Whitney
Mark Bruns Allied Signal
Jim Butler Allied Signal_
Ben Chaudhuri | Cimplex
Derik Grant Pratt & Whitney
Robert Hewgley | Oak Ridge Centers for Manufacturing Technology
Mike Kutcher STEP Tools
Jeff Lindberg IAMS
Mark Luce NIST
Jan Peterson CTA
David Prawel Spacial TEchnologies
Steve Ray NIST
Phil Rosen CTA
Keith Scherbarth | IAMS
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