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Abstrsct
Manufacturing engkeeing data validation is a critical enginwing activity in the producz
realization process. I I i s paper identifies a set o f manufacturing engineering data which
is required for production in a machine shop, examines m o r sourcs, and proposes a
validation methodology for implementation in a computer-integrated concurrent
engincring environment In a seme manufacturing data vaiidation is simi lar to the
practice o f inspecting materials and components coming into a shop-the quality o f
manufacturing engineering data must ais0 be assured before it is released to the shop
floor. The ultimate goal o f data validation research is to establish techniques that will
enable a production facility to produce aproduct corncrly the first time.
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1 INTRODUCTION

A typical product realization pmcess is divided into b e e stages: product design,
manufacturing engineering, and production. Product design deals withproduct modeling,
functional analysis, and design documentation. Madactwing engineering specifies the
manufacturing procedure and resources required to transfonn the design into a finished
product. Production d e s out the engineering plan (product and proc+ss design) by
coordinating cilStomer orders and resoufces available to the production system. Among
the thret, rnmuficming engineexing has been the most problematic and the least
computerized. For the most part, mandZsturing cngintxring dl relies on laborious
human invoivement and is commonly viewed as an art, despite of numerous
developments and advances in this area by the CAD/CAM research community in the
past desades.

There are few software tools used routinely in i n d w for automatic generation
o f manuf'g engineering Qta. Tools which do automatically generate data typically
focus on a narrow portion o f the manufacturing engineering problem domain. The main
reasons for the lack o f tools has been that: 1) there is no effective way o f capturing
rnanufacnuing knowledge and expxience for computer applications, 2) man&acturing



inspxtion packagc Oeveioprnen:. Process piaming NZS de,conposei into &re:: suixasks:
resourcz seiecttioa, pian creation, and pian vaiidation and approval. Tooiing package
development was aerom-Do& into: tooiing strategy developmen& tooling data
generation, tooling package verification, and tooling package r d a e and control.
Machining package development was decDmposed into: NC srategy developmen5 NC
mac'nining package prepration, NC datz package verikation, and NC package release
and control. These tzsk were further decomposed into more detailed tasks. For
example, resource seiecion consisted of: facility selection, material selection, quipment
selection, tooling seiection. On the other hand, process plvl creation consisted of: in-
process shapedfaturedathibutes generation, proczss seleczion, and operations
sequencing.

Another manufacturing enginezing at iv i ty modeiing eEort can be found in a
recent document prepued by MST (1995). In the NIST's report, five major
manufacturing engineering planning activities were identified as follows: 1) determine
manufacturing methods, 2) determine manufacturing sequence, 3) develop tooling
packages, 4) develop equipment instructions, and 5) finalize the production package. The
tasks identified under manufacturing method detexmination were stock material selection,
process selection, major resources selection, and preliminary cost estimation. Under
manufacnuing sequence determination were: operation specification, operation
sequencing, part routing, and plan validation. Under tooling package development were
tool selection, tool design, and tool cost estimation. Under equipment instructions
development were: in-process part description, tooling requirement specification,
operation instruction generation, machine program generation, and equipment instruction
vdidation. Under production package finalization were: final cost estimation, resource
package release, shedding packagerelese,and plan libraryupdaze.

Both models are intended to capture manufktming pianning activities in the job
shop environment. The MST model however includes, andhighlights the importance of,
data vaiidation and codperformance evaluation activities in the planning process. These
validation activities may be viewed as an "in-process~validation function. There are
additional n d s for datz validation. For example, a receiving validation is needed when
a manufacturing order i s being reimeased to the shop floor or ext :d mandacturing data
are received.

The manufacturing planning activities are generally inter-relatmsi An upstream
decision fiequatly becomes a constraint toits subsequent decisions, which may also be
fed back to preceding activities for design and process changes. For exampie, a sew
decision is a constraint to NC progmnming, but difiiculties found at NC programming
may be sent back to thc prvcess pianner for process modification.

T i e input datz required for these activities include product design, produdon
dat~,and manufacturing fesou~z,ss. Product design s1>",5espart geometry, form
features, matzrial, and tolerances. These product data help the pIannz nanow the szope
of fezsible manufacturing processes. Production data aUow the planner set a target
production quantity and lead t ime for the p r m s s plan. -41so it firher limits available
manufacturing options. Muluikturing resource data such 2s machin:s, tools, L x s ,
raw materiais, and pre-ss knowledge are critical to the process decision. The knowledge
of resource availabiiity End capabiiity not oniy enabies the piz.ngz to make f s i i i l e
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e;?gin&g data ma &e!: i ~ ~ r ~ x ~ t a f i c ~32:201 well 5efhe2, a d 3) manur3mig
prsc5cx &Eer sigxiiicmdy mens xmcanies. E i e 3 fewer wnputer :cois z avaiidoie
for manuffcruring ciaa validafion. No e5ecive mcdelhg t w i s e x i s fcr q m r i n g
9 3 g i n ~ i n 3and rnanl?r^acaxiq rescurc: ~iunc5cnaiiq fcr data validation. nus,
manufacmikg enginezing data are o3ez inacc-ante ana iccampiete. Errors sometimesre?*unde:ec:ed untii the data isiimused on tfiz shop ilmr, dtimate!y resdting indata
rewcrk deiays in producdon and p a n e delivery, a d higher manuf-amrihng wsis. This
problem can be critical in produc=ion:zvironmem wbe- there are long englneeing lead
times, where eDgixieering data are iiequeatiy c h 3 4 , cr where data art shared by a
nwicer o f engine3 involved in prcduct and prccss deve!opne=lt. An automatic data
vaiidation tool kit is thus h i a y desirable, espzially wkez manufkcwhg engkeerihg
data are gezerated by e x m a d resoufces and the e f i c i a c y o f a receiving in.qx$ion of
these enernal data is a major concan.

The goal ofthis research eff'on is deveioprnezt of a rnandacming data validation
methodology wtrictr, upon its completion, will be able to em.re that the data are
complete, correcf, and up to date such that the product can be made comtly, as planned
as the &st time The probiem is fimher complicated in mvironments where product
design and resource availability may evolve camtantly, subsequezltly af3kting the
vdidity o f downstream manufacturing emjne=xing dr 's '-2 Ions.

This paper is focused on the rnodeiins and validation o f man~dacturingprocss
dam The problem domain is limited to the mac)lining job shop emironmeat in ~ k z k
there exist no production l in ts and no major c h g e s to the production system layout are
expected To outline the manufacturing engineering process in a typical job shop
environmeat and set the scope for funher discussion, a brief overview o f m jo r
r n a n d a c ~ n gplanning activities is presemd in the next setion. Section 3highlights
~arious ty~es o f man&cturing engin&g data and presents an integrated
manufacturing idormation modei. n e types o f data errors and validation nee& are
identified in Section 4, followed a presemation of a data validation methodology in
Seeion 5. A description of the implementation currentiy under way a! NIST is preseated
m Smith (I995) and is summarized at the end o f this paper with concfuding remarks.

There are three basic hc t i ons o f mandacturing engineezing in a typical

data gemration and validation.-
The modeling of manufacturing mgin&g activities has k~hquentiy

reprted in the literanaein yews. Most o f these activity models are presented in
IDEFO, which organizes activities in a hierarchid sbuctun: For example, in Parker
(1994), manufac&ns enginezring activities werc organized into four major tasks:
p m t s s planning, tooling package deveiopmenf mac"lining pac!age deve!opme.nt, and



dclsicns 'out ais0 improves the decision eiEc ie3q by ~CUrLser limiting the scope of
fe3sibIe soiuion qacc:; for allplanning decisions a c mace based on avaiiable resourczs,
w h e t k *e:] are i n t e d ardor ex tenA. However, dl the input data are subjes to
chnge. whicS may make a f a i b i e prcess plan invalid ;ft the time o f use. To e;?sure the
validity, same cmkoi rnezikmism neeid to monitcr and broadcast cimges to ai€&..
engimzing data entities.

Most manufacming ensjneeriig data are stiil rnaudIy gexrated, evea though
a m p e r tools arc available for assis'anct. For e-mple, typical process planning
systems used in iadusuy stiilreiy on user input for decisions such as featllre rewgnition,
praxss se!ec=icn, and setup caniiqmion. Tne planning systems provide amere working
environment for facilitating su?plerne?ltal planning activities such as plan formatting,
plan storage, and data retrieval. For NC p r o m g , APT-based programming systems
are ty-pically used to assist in gmrnetry deiinition, fe3nrres identification, and toolpath
generation. Again, in most cases, the user still has to specie part geometry, tool path
boundary, and machining parameters. Tne manufkuring data generated by these
planning activities are commonly &ledroutings, opxation sheets, material lists, tool
lists, fixture lists,machine setups, workpieft setups, too1 designs, in-process inspection
plans, operator instructions, andNC programs.

3 h.UIYUFACTUREVG ENGINEERNG DATA

Manufacturing engineering data can be broadly classified into two types: product
data and process data ptoduct design data may be documented in CAD models (or data
files) and are often translated into engineering drawings for the shop floor. €@n~sing
change orders which record changes to an enginetring design may also be inchded.
Primary manufknxing process data are identi54 as the following nine types:

1. routeshetr,
2. stock material specificatioa
3. intermediate stock shape and geometry,
4. operationsheet,
5. machinesetupsheet,
6. workpiece setup sheet.,
1. toollist,
8. fixturel&and
9. NCprogram.

A mute sheet specifies a sequence of workstations wfiicfi each workpie must
visit. It may include both processing stations and queue stations. It may also include
scheduling data such as expected arrival time and duration of stay a! each station. A
sbck material specification derrotes the initid size and shape of the selected stock
marerid. T i e = !don is done D r d i n g to the materid type andits AIS1 code specified
in the product design An intermediate stock shape and geometry records the resulting
form falures and geometry created on the workpiecz at ea& processing step.



:xezzeiizt: s h q e ckta c i i c z i :o work7iec: sea? mC XC;r29-~,~ii13. i o desine
brer;ne<ia.tte silaFe inromaticn fcr rn31~uf3c7xkg, f c n f k m r z s are camr;loniy
considered as an eZec5ve m a s . 'AA opextion sheer c z r m i ~ ~a se: of sequencd
machining ocemions to be ;ex%m.ed cn the maczne with 3 9vez wo:k$eco sea?.
Ti.,us wc:? ocmtion she: is umaily suppieaeszd 9 ==:?ice sepq six=: and a
wcrIqiec= se?q sbc??

.A mac:lir,e sex? skeet contains irs;suctions for s e r h g up b e rnacIice for the
ocerations spxi5iierl in the operation shes% It may inc!ude &e assigxnent o f catting tools
to qec l f i c locsiors in the tcol magazine on the desigared nac3ice. Ifmultiple tcois are
s;;eciiied in the s e q , a toci list needs to I;e c:;e3ted to lisail tools :quire3 in this
A workpiece set!!? she:? spxiiIes how the -wcNiecz wiil be set up on the machine. It
may be accompnied by a sketch o f.rhe f i x ~ r i n gm n i i g d o n . If h e c o m p n e m are
used, a fixrurc list is then required tolist the &care elemeats tok& for the setup. An
NC program is a set o f mac,'line insa;l&ons prepred for a machining aczivity. It is
machine controller -qxcific. An NC program i s typically prepared for a workpiecc setup.

In practice, some o f these manufacm-ingdata such as setup instrucrions and
fixnue lists may not be made explicitly availabie and are not formally defrned in the
rnanufacrurins eagineering data packet for the shop floor because they may appear to be
trivial andor tedious. further no^, manuf..caring proczss data and formats used in
different company may vary considerably. Tnese variations makes rnanufactluing data
exchange and validation extremely difficult. Tnus the modeling and standardization of
manufacturing data has become a r e c e t research fccus in the CIM community. A
ge5eric process modei called ALPS is presmted in Ray (1992). Its application includes
modeling o f proctss plans for machining parts. A process pian model spesifically
developed for NC mac,'lined parrs can be found in Parker (1994). It attempts to capture
ailrelated data eatities. By SimpiifLing the above modeling concqts, a n object-orieated
process data representation schema was proposed and implernented in Sanchez (I994). In
the impiemeatation, many data types such as mandaciuring features and manufacturing
resourc:~ were populated and evaluated for their compatibility.

A rnanufacwing idoxmation model has k n developed based on the work
reprted inParker (1994) and Sanchez (1994) with an emphasis onitscompatibility with
commercial CAD/CAM packages and current industrypractice. Due to limited space,the
information model can not be shown here. For the full i n f o d o n mode!, see Chen
(1995). 'Ihe information model shows that a process plan may have a numk of
subproc:sses, o f whicb each specifies a workstation, a p~(xr'ssadvity, and a material
removal volume (MRV) sub* Each workstation identifies a machine seleced to carry
out a procssing advi ty . Eachprocessing activity includes a workpiece setup,a macfiine
setup, and the proc:ssing task, which is oflea termed as a material removal a c t i v i ~in the
macKne shop environment. Ea& w0rfCpies-e setup links to a fixture while each
macfiine setup points to a toollist,ifmultiple toots are wed. A material removal activity
is acwmpanied by an NC program and a number of operation c!usters. An operation
cluster denotes a sequence of operations which collectively m t e a manufacluing form
f k m e (MRV). In other words, an operation removes oniy a portion o f a manufacturing
feature (a part o f an MRV and callede!eaental ,MRV in the figure). Furthermore, each
MRV may De c o n s - d e d by one or many islands, whicb are cavezed from protnrsions

-.



dermed in &e prcduc: mode! and a x m t e d as physical asmints to the material
removal ac5viry. Sin-ilariy an efemena MXV may have eiemental islands as its
cmsta in ts . AIZOIXJ tke ;line manuEacwing proczss data, only route shes are not
expiicidy c3ptued in the proposed re?resentation sc3eme. However, the data required
for crating a : o m sheet such as operations sequencc and woI.llstations are available in
the ncee!.

T i e vaiidiv o f manufacuring data largely de
A
mds on the time-phased cogmy

ai: I)produc: desip, 2) resource data, and 3) the applied manufacturing engineering
knowledge. Beaux these input data are UeIy to c h g e ova &ne after decisions are
made, the manufaaxing engineering data may later become suboptimal or invdid. Thus
vaiidation i s needed not only at the time o f data gmmtion but also a! the time of
applying these data Five tyFes o fpotential data errors and validation needs are identified
as follows:

- data integrity,- remurct availability,- reson- capability,-process validity,and
-cost/performancc metria.

Data integrity deals with the issues o f data availability, version control, and data
structure (syntax). Data availability checks the existence o f each required rnanufacnning
engineering data Version Contd ensures that thelatest or a correct version o f input data
is used for genemion of manufktuing engineering data Data srrue or syntax
ensures check that data is correctly fomatted. A typicaldara integrity problem is caused
by using a wrong version of product andlor process design. For example, an old process
plan version may be used to generate NC p r o m because the NC programming
department was not aware o f the update.

Resouru availability verifies that manufacturing tesources specified in the
process plan are available. After planning, aselectedrcsourct may become unavailable
due to reasons such as obsolescence, maintenanct, or schedule conflicts. Hcnce
manufacturing data must be re-checked for resource availability before they arereleased
to the shop floor. Process capability is concerned abut whether theselectedrtsoufct has
the capability to reliably @om the specifiedtask. Two primary sources o f proctss
capability problems are: 1) the resoufce capability was mis-represented, or 2) the
tesource’s capability has been down-graded(updated) after planning was compiettd- For
example, a machine’s tepeatabiiity and accuracy may have deteriorated after a period of
smict.

Process validity is concaned about whether process data such as operationsfie
and machine control instructions will perform the task as planned. Typical process
validity problem include: 1) inappropriate operation sequence, 2) insufficient



szrup/teardown hstructions, 3) 5xnrrin.g azcnage to the workpiece, 4) inappropriate
seiecuon o f toois, machining parameters, and referace points, 5) collision o f 2 too1
hoider into the mac;?ine tool, f m s , and/or 2 work?iece setup, 6) gougiag and undercut,
7) workpiece deformation, and 8) thin-waiIe 5 w s on adjacznt f o r a features.

T i e validation o f manufacturing data for cost m d performance concerns is
differem fiom the other four types of vzlidation. I t does not a t t e q t to evaluate the
feasibility of the manuixming enginesing dara Instead it is conclmed about the
optimaIity o i th t manufacturing planning derision. It may identify expensive operations,
excessive load and unload time, and bottleneck stations. It may also s - m h for less
expensive stations.

For development o f a generic vali6ation methodology, a standard manufitctuzg
engineering data representation is critical. It is a certain requirement for implementation
o f a computer integrated validation system. In today’s manufacturing practice, most data
validation is done by the planner who generates the data, and verified (approved) by a
supervisor or another planner. Common validation methods are vid inspection,
computer graphic simulation, and try-out on a real machine. Although manual inspe;..tion
and machine tryout art the most common approaches to data validation, significant
progress ha been mad: toward development o f computer-based data verification
techniques.

The development o f data validation toois has been largely limited to NC program
simulatioa Most computer-aided NC programming packages today have some graphic
simulation eapabiiity for tool path verification. Tnere also exist stand-alone packages for
NC program verifcation, aiming at manually - or externally-generated NC programs. In
either case, however, the user still must observe the gxaphic ciisplay and determine
whether or not the program is comectt or whether collisions occur. Automatic collision
detection capabilities have become available re=eetly in some graphic simulation
modeiing packages such as Dencb’s VNC (1995). Limited capability o f operations
sequence verification can ais0 be found in recent versions of process planning systems
such as ICEMPART (1994). This is done by chcking whether or not the specified
removaI sequence o f manufbcturing features violates any physical constraint on the
workpie.

Based on thc mand’g data types and potential errors presented in Sections 3
and 4, the needs for data validation art identified in Table 1. As shown in the tabl:, four
manufacturing data types n& to be validated for each of the five p0t:atial &a errors.
They are: route sheet? o m t i o n shm toolI&and Est. Macbint: setup,
workpiece setup, and NC program require validation for cia= integrity, process validity,
and cost/pd%mance merrics. Stock material specification n& to be evzluated for &a
integrity, resource availabiiity, and cost and performance. TI=only mnca withre-
to intermediate snape and gwrnetry data i s data intzgriy.

From a &tz vaiidation pin: o f view, d a ~integrity cbecks are rquird for all data
types. A resource availzbiiip check needs tc be appiied to those cia= types which require



It is possible to develop a validation me&& for wch validation need as identified
m the table. For example, a validation technique may be desired for checking the
availability o f resourcts identified in an operation sheet. One drawback is that there will
be many validarion packages. It i s advantageous to develop a validation tool for each
data type for c5ecking ail its potential data enors. Such a tcol a d d be easily
incorporated into a manufktuing data generation package for an “in-proc=ss” data
validation. On the other hand, it is also desirable to develop a validation tool for each
m o r type. For exampIe, a validation method a d d be developed to check oniy data
integrirlr but for all data typcs. If so,a logical validation procedure should be to check
for: 1) data integrity, 2) resource avaiWiIity, 3) resource capabiiity, 4) pr0c.s~v a ~ t y ,
and then 5) c o d ~ o ~ .

Data integrity n d s to be checked first, to make sure that al l required
xnanufacming data are available and complete; and they are prepared based on the most
uptodate or cow vcrsion of input data. Resource availability should be the second
step in the validation proc+ss. It identifies resourcts speafied in the data and &ecks if
selectedrcsourcts are available at this time. If they are,a check for RSOLEWcapability
should &ea be ordered. Otherwise, the problem sfiouid be reported and no need to
continue for further vaiidation. Resource capability verifies whether each resource an
properly perfom itsintended task. It can be done by checking against itsstatic capability

- - - as recorded m the database and may be done indepndently for each seiec*,edresource.
An example might be checking to see if each tool in the tool list can proprly cut the
selected stock material.

Data validity checking is required to ensure that each manufactlnng data tatity is
valid and complete. All manufacturing data may be required for this validation. For
example, if a hole is to be drilled on a machine, the validation has to make sure that the



hoie mn be createi and precise!y located on the workuietE, with the given machine,
toois, semp instructions, and fixmring configuaton. If an opention shezt is to be
evaluated for its process vaiidity, machine setup and woricpiecz setup need to be first
examined which in turn may retrieve and examine the intermediate stock sh2pe and
geomecy. in OUT view, proccss data vaiidity is the most complicated and challenging
validation task Aftc: pzssing the above four validation tests, the manufacturing process
data are corrsidered as valid The last data evaluation o f cost and periormance is an
atteznpt to improveitsoptimality.

For validation o f data integrity, a simpie data inventory list may be sufficient for
checking the existence o f each data entity required; on the other hand, an engineering
business model may be dk ien t for infoxmation flow management and version control.
For validation of resource availability and capability, a search algorithm will be
developed to identify the r e s o w t s specified in the manufacturing data and verify their
existence and capability against the records in the database. For this purpose, a standard
manufacturing data representation and a database system willbe required. For validation
of process vdidity, computer-bsed graphic simulation techniques have been widely
applied. However, in addition to material flow simulation, various functional models o f
manufacturing resources and systems need to be created for each application. A
computer -baed technique for automatic generation of functional models for
manufacturing resources such as machine tools and fixnuing configurations willCeLtainly
improve the validation efficiency and effectiveness. Current simdation capability isstill
largely limited to statistical data collection and graphic display with only very limited
capability o f collision detection for NC program verification. Additional capabilities
such as materid deformation, think wall efferts, and tolerance analysis have to be

' included. Emerging virtual reality techniques could be helpful in construction of virtual
machines and manufkming systems for the proposed data validation.

6 IMPLEMEXTATION

Significant progress has k n made at MST toward development of a
manufacturing engineering data validation tool kit. Due to the fact that manufacturing
data may come fiom various sources, the need for stzndard resource and process data
models has been recognized The development o f a generic information model is under
way. A system architecture and a database management system are being defined to
support various engineering d v i t i e s on different computer platforms and to maintain the
vast amount of product, process and resources data Tin: implementation ofthe proposed
validation methodology is intended to vatidate manufacturing dauat the time when each
data entity is created and =-check the data when a rnanufk%wingdata packet is k i n g
prepared for a manufacturing order.

In addition to the development o f a distributed system architecture and
manufacturing resource and p r e s s data repsitoris, th:impiementation effort also
inciudes development of computer -bad vatidati00 tools for checking data integrity,
resource availability, resource CapabiIity, and data validity. Deveiopment o f cast and
performance validation tools are ziso k i n g considered. TI:: systen environrneat is



eqec:ed io succofi sharing o f v&ous data generated by amnercially -avaiiabie,
heterogseous C.?.D/CA&f sy9e.m. The sandard infornation mode! under deveiopment
will be used to wpxe mnmody neded manufacmhg r e s o u r ~ sand prcczss data,
which wiil ‘ce sored in a ciistributed database management system and be concurrently
aczssibiie by multiple appiication system. A number o f commercial CAD/CAM
syse3ls inc!uding Matrix (1994), Prc-Engineq ICE,M/P.=T (1994), and Deneb’s I-
GiUP, Cere5 VNC (1995b), and Quest (1995a) are c*mntly being integrated to create
the c m c m , c t enqinee.ing avironmeat.

Ma& is 3 product data managemeat (PDM) synea. it is used to implenmt an
mghezring business model for data in tep i ty validation and infornation flow control.
Pro-Eaginetz is a CAD system used to create test product designs. ICEWART is used
to interp: a fro-Engineer mode! and germate a procss plan (operation sheet) for
prismatic parts. It willbe intepated with other applications to share r e s o w data and
store process plans in the database. A validation mcdde will be implemented for
checking availability and capability of resources as recorded in the database. Deneb’s
software packages are initiaily used to manuaily create funcrional models o f selected
manufacnaing systems and resources for process data validation. Automatic modeling
of these h a i o n a i models based on a script will be the next step toward the toolkit
deveiop e n t

Manufacturing engineering data validation is an integrated part o f the
manufacturing pianning process. It is, in our view, the most problematic and the least
computexized engineering activity in the‘ product reaiization process. The main reasons
have been: 1) there is no effective way of capturing manufacturing knowledge and
experience for computer application, 2) manufkcming engineering data and their
representation are not well defined, and 3) manufacruring practices differ significantly
among companies. An additional obstacle to validation tooldevelopment is that there
are no effective tools for creating baional models o f man&a&g resources with
enough functionality for data validation. Thus, rnanuficming engineering data are often
inacnrrate and incomplete; and errors are sometimes undetected until the data is first used
on the shop floor. If only validated data reach the shop floor, many production and
delivery delays may be e l i t c d and higher manufWtuing costs may be avoided.

The re-h effort reported in this paper is aimed at development of a
methodology for manufhxing enginetxing data validation. To this end, nine m j o r
mandacturing engineering data types arc identified: mute sh- opexation sheet, stock
material specification, intermediate stock shape and geometry, machine setup, fxture
setup,toollist,fixture list, andNC prograrrz Various error sources have been studied and
the netds for validation are identified in five categories: data integrity, ~ ~ S O L X C ~

availability, resource capability, process validity, and coSt/perfoxmance. Validation for
data integrity and cosv’performanct metrics are required for all data types. Resourct
availability and -?ability checking should be applied to those data specifying resource
w e sucfi as route sheets, operation sheets, tool lists,fixture lists, and stock material



speciricziors. ?roc=ss vdidity is the most aifiicult vaiidation because functional models
o f manu-acnting resources and system are required to simulate the physical
manufacturing process.

The im_oiementation o f an engineering data vaiidation system is currently under
way at NIST. A number o f commercially -available CAD/CAM system have been
assembled and integrated for implementation of a manufacnning engineering data
validation tool kit. Among them, Matrix is used for information flow and data integrity
control. Deneb’s VNC is used to create a functional model o f resources for process
validation. Quest i s used to model material and resource flows on the shop floor.
Additional valihtion tools are being developed for resource availability and capability
validation.

Work described in thispaper wos sponsoredby the US. N qManq5actming Technology
Program and the NET System Inregrution for Mmfaczuring Applicutions (SI..]
Program. No approval or endorsement of any commercial proakt by the National
Imtitute of Sztmdnrds and Technology is intended or implied The work described was
finded by the UnitedSrates Government andisnot subject to copyright.
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