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ABSTRACT

Lawrence Livermore National Laboratory (LLM),
together with other U0 asgencies, {s partfcipating
in a3 multi-year oprogram to provide full CIM
capability across four design lsboratories and saven
manyfacturing plants. We have Qatned substantts!
experience in  computer aided design, secure
eiectronic transmission using the [GES standard, and
transferring designs to our msnufactuyring partners.

Two major shortcomings exist in  current
implementations: 1) IGES 1s insufficient to meet our
needs and 2] database mansQement and archival
technologies require much more effort. Ve are
addressing the first concern Dy active participation
in development of the Product Definition Exchange
Standard (PDES). \We are also actively pursuing
solutions to the second problem; we have learned
that the ultimsts development and application of
POES will effect data base sanagement and archival.

New challenges onerge tn ”» slectronic
environment . Among these are the merging of
torporate and aengineering datadases, lack of
industry standards, meny new archival technologties
including optical and wmagnetic medfa, and different
data formats (raster, [GES, native CAD, plot). \ue
must learn to manage ] dimensional! geommtric data fin
addition to flat drawings. Producing new standards
to help promote these technologies is vital,

We are approaching system design and implamentation
by application of a wmuiti-iayer model of the
drafting and records envirgament. This logtcal
mode! lets us break down requirsments into easily
understood and managed entities. Included are views
of the drafter drafting room, project, and entire
laboratory. This paper discusses this model and
implications for other organizations.

*This work was performed under the auspices of the
U. S. DOE by Lawrence Livermore National Laboratory
under contract No. W-7405-Eng-48.
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INTRODUCT {ON

Lawrence Liverwmore Mattonsl Lsboratory {LiNW},
together wilh other DO agemcies, 31 participsting
tn a4 mylti-yesar oprogram to provide fyll (W
capabitity across four design ladorstories and ieven
menufacturing plents {1}, Our goal s to detign 1»
an all CAD envirgment, transfer the design Lo
manufacturing engineering and operste on the
resviting data base. We Mave Jained sudstantia!
experisnce in  computer aided design, secure
electrontic transmission using the [(GES stamdard, and
transferring derigns to our senyfacturing partners.

We face many difficult techatical challenges. In
particular, the [nitisl Sraphics Exchange Standsrd
(IGES) stamdard, while showing the possibility of
enabling CAD file exchange Detween dissimilar
systems, MNas severe Iimitationms, e have also
found, that n meny cases current technica!
capabilities are insufficient to weet new needs.
For example, three dimenstonal dats cannot Dde
completely represented on two dimensional syrfaces.

The second set of challenges, while not technically
demanding, are proving harder to overcome. Nawely,
peoples resistance to change, lack of confidence in
new techniques, and the inertia of several centuries
of daing things the same way are severe obdstacies to
moving forwerd.

This paper outlines common fssues faced by ald
industrisl organizations, discusses many new
challenges, and describes possidle solutions. The
Product Daftnition Exchange Specification (PDES)
initiative promites to provide a rigorous foundation
for future product definition, We touch on PDES and
its implications.




We are approaching system design and implementation
by application of a multi-layer model of the
drafting and records environment, This logical
mode! lets us break down requirements into esstly
understood and managed entities. Included are views
of the drafter, drafting room, project, and entire
laboratory. This paper J'scusses this model and
implications for other organizations.

DESCRIBING THE PROBLEM

This paper describes our approach to making the
transition from the paper world to the new
electronic world, Many new user demands, new
technical requirements, and peoples resistance to
change complficate the problem, Consider the state
of engineering documentation pre-CAD.

Most enginsering organtizations manage drawings in @
central print room or vault, The print room {s
respansibie for archiving drawing masters, ensuring
revision control, managing drawing distribution,
preparing washoffs for new modifications, and
similar functions (figure 1). In addition %o
enginesring drawings, the opriat room 3ssumes
respansibitity for specifications, procedures,
material Tists and similar documents,

Distridution

Figure 1, The print room is responsible for drawing
storage, distribution, revision control, and other
functions,

The metric in the paper world is the drawing.
Drawings are usually thought of as sheets of paper
of standard size. (Most organizations use A, 8, C,
D, and E size sheets, whose dimensions are well
known and accepted.)

The archival medium for the paper world is usually
film, prized for its longevity., Note that reduction
to smail film size and enlargement to original size
are accomplished by using standard photographic
equipment -- equipment in most cases that has not
undergone physical changes in many years,

The electronic world

Tne electronic world is complicated by a plethora of
CAD systems, none of which have native file
compatibility, Often, different software revisions
from the same CAD manufacturer are not guaranteed to

maintain file <compatbylily. Further, many (RO
systems use three disensional geometry &3 the Basi(
unil, this geometry can’t De completely represented
on paper.

We have noted that drawings are the melric 'n the
peper worldg, A different metric applies to the
electrontic world, nemely the Dasic Wit 7y the
filg. Files can De driwings, Dut may alsz be

electrontc represenitations of specificationg,
standards,  procedures and other  engineering
documents .

The new print rooe

CAD vsers, CAD managers, prial room and enginaeering
managers face s common problem - maneging  the
transition from paper 10 An electrontic worlo. New
challenges amerge in an electronic envicomment (23,
Among these are the wmerging of corporste and
engineering datebsses, lack of industry standerdy,
many now srchival technologies inciuding optics! ang
sagnetic medis, sng different dats formats (rester,
IGES, native CAD, plot). We must lTesrn to manage 3
dimensionsl geometric date fn aadition to  flat
drawings, Producing new standards to help promote
these techaologies f1 vital,

FACING THE ISSUES

Managing product definition means wuch more than
automating the print room. A systems approach myst
be taken to define the probiem, eslahlish tre
requirements, and recommend 3 gtolytton, Ll s
experience is vimilar to many organtzations. e are
mving toward automated proguct definition
management in 4 careful and controlled way, we hgve
identified a number of curreat fssyes &5 well as
sany new chailenges that must De met.

Many different CAD vendors

Early on, we standardized on one CAD vendor. Thig
simplifies  acquisition, training, and system
support. However, capabilities of CAD vendors have
increased and theare are many new companies in the
market, Futhermore, ewmergence and acceptance of PC
based CAD systems has rapidly proliferated the
numbar of systems in use. It is no  longer
reasonable to expect that a single vendor solution
will suffice,

Because the native data formats of various CAD
systems are different, any dats management system
myst bDe capable of handling & wide variety of
digital dats description. At this time, therc¢ is no
industry standard neutral! data format that wil}
suffice.

Paper and electronic systems must co-exist

Even though CAD system usage increases, there will
always be the need to manage paper drawings as
well, This includes established designs, as well a5
new ones. System requirements must recognize that
paper and electronic systems will co-exist.

Maintaining security

A1l organizations, whether DOD contractors, or
industrial firms needing to maintain trade secrets,
must De conscious of computer system security,




system design must engsure that electronic archives
are accessed by only authorized users, 134
electronic distridution ts used, data outside the
print room must be protected.

Cost tradeoffs

Modernizing a2 print room so that bt can handle
electronic data can involve considerable expense;
traditional capital allocation methods must e
applied in deciding how much and how fast to fund
the new endeavor. [t may De possidle to defend 2
return on investment analvsis through reduced labdor
costs. Our experience, however, {s that improved
productivity will not Jjustify the required
investment. The cost tradeoffs must be weighed with
other engineering favestments including new CAD
equipment, computer aided engineering systems, and
new research and development activities.

Resistance to change

Peoples resistance to change continues to plague
conversion to modern electronic systems,
Nevertheless, new electronic CAD systews cannot De
adequately managed using traditionsl paper oriented
print rooms. Hanagement wmust face the cultura)
challenges and move forward.

THE MOUNT ING CHALLENGES

As depicted in figure 2, CAD/CAM and electronic data
management lead to a number of mounting challenges.

Muitiple datsbases

<>
\/ E

Figure 2. Electronic systems lead to a number of
new challenges including muitiple data bases,
archival issues, and the need to handle geometric
files,

Multiple data systems

Multiple data sources exist within the engineering
organization; {in additfon to multi-vendor CAD
systems we find materials property data bases,
procurement data bases, and engineering standards.
There may also be several departmental computers,
with different databases and database management
systems on each.

Merging corparate and engineering Jsts bases

Ay the information content of engineering databases
grow, there will be overlsap and redundancy with the
corporate data  base. For example, materis!
suppliers will show up fn & BiYY of msterials
database, finventory datebase, end sccounts payeabile
database. Good datsbase design reguires Cungiytenty
among 411 these, eventually, Cthey should De merged
as 4 single entity.

Finding an appropriate archival medium

Paper and fils are the current archisgl media o
engineering drawings. Print room sansgers sssume
that new optical disk technology will provide the
appropriate future medis. Magnelic medis s also
acceptadle, provided 1t iy pertodically updated.

Note, howaver K Lhat digitsl srchival reguires that
equipment be avatlable to reproduce the stored
data. In the 1960's, digital tape density wes 556
bits per inch, today it would be 'spossible 1o €:ng
4 tape transport that would reproduce data recorced
on a 556 bpt tape drive, People teplement ing
archival technologies must keep fulure reproduction
in mind - this may necersitete periodic updating to
new standards,

Finding an sppropriate archival format

Defining an asppropriate archivel format 15 3
formidable problem. Native formats will not syffice
for seversl ressons - vendors releases s Aot bde
compatible; companies may change vendors, veagors
may disappear. Figure J tllustrates tssues related
to electronic file archival,
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Figure 3. Many different file a~chival methods have
been proposed. The drawing illustrates increased
visual equivalence with decreased electronic
utility,

Many companies are counting on the JGES data format
as an archival means. However, currenst [GES
technology f1s not sufficient to gquarantee full
reproduction in either a visual or machine readable
format. Several other possibilities exist including
HPGL or Calcomp formats (industry standard plotter
formats), CCIT raster formats, and other cosmon
display formats., PDES may offer 3 future archival
standard.

Managing geometric data

As previously stated, three dimensional geometric
models cannot be managed with two dimensiona)
methods (paper, flat files, etc.}). This means that
three dimensions] storage methods must be avatlabie
for complete data mansgement. While plotter and




master formats will work for parttal visval
representation, complete digital descriptions wit)}
be necessary for product gata.

INOUSTRY STANDARDS, PANACEA OR HOPE .

We have touched on standards as offering industry
wide solutions to common engineering problems. wWell
thought out standards, with wide industry support,
can work, All too often, however, standards do not
deliver on their promise. Below are some important
standards you should consider as you develop your
information architectures.

The Pandora’s box {IGES )

The Inittal Graphics Exchange Specification, {I1GES),
offered promise that different vendors CAD system
could intarchange data. The IGES committee, working
with the National Bureau of Standards (N8S), has
raised its specifications to level 4.0. Inherent
CAD system problems including different Dasic
geometric entities, different usage by drafters, and
varying engineering end drafting standards, have
kept IGES from meeting 1ts full potential, Most
systems adequately exchange geometric information,
but have difficulty with text fonts, certain
drafting symbols, and similar items.

As mentioned adove, the IGES data format has Deen
tried as an engineering archival format. However,
{imitations noted in the previous paragraph preciude
{GES as a serious contender,

POES - Another Pandora's box ?

Individuals active in the [GES community have
spawned & higher level activity - the Product
Definition Exchange Standard. POES {s viewed as »
standard to allow cowplete product definftion
description thus enabling design, transfer and
archival, There {s intense action at the national
level attempting to define POES. The Afr Force CALS
program is actively sponsoring POES as & future
standard. ’

LLM. 1s a participant in the POES specification
process. ¥We hope that national activities will lead
to a useful standard. Only time will tell how
successful 1t will de,

Yector and raster formats

We touched on the possibility of using plotter
formats for an archival technology. Many of these
formats have existed for 4 long time; their
stability offers promise of an effective archival
specification, LL. believes that appropriately
chosen standard formats can be used as an interim
specification for visval storage.

How you should approach standards

We belfeve that industry and national standards are
very important components of engineering; ia fact
they are necessary for survival in a competitive
world, POES appears to be the most important
emerging standard; we recommend active participation
in developing and validating this new standard,

A MEW WMANAGEMENT MOOEL

The dats sanagement 41ilewsa

Managing engineering information requires Intensice
thought , favestigation, plaening, asnd evenluel!ly
commitment of resources. Proper belance Detween the
needs of the drafter, engineer, priant room, nd
corporation are needed to develop the new syitem.

Dats managament in the paper world

The traditional paper desed print room serves as the
drawing repository and distributtion point.,  Print
rooms are & production facility oriented arcung
reproduction services. Archival technology 13 well
known and understood. Careful thought shows that
stratghtforwsrd extenston to an electrontc world s
not practical nor desirable.

A new model! for the cL«troMc world

We have developed & multi-layer mode! to descride
requirements for the electronic world (figure &},
This mode! 13 tased on individus! and separale needs
for data sanagement .

Figure 4. A layered wodel for electronic data

sanagement .
Mode! components are:

The drafters view, The drafter needs local
control of his databases while they are in the
preparation stage. He requires rapid storage
and retrieval, system Dbackup, plotting, and
version control, MNe also needs the equivalent
of an electronic washoff, Note that once a
drawing version {s released, the drafter should
not be able to replace the drawing without
forma! reviston control,

Orafting's view. The drafting room must have o
means of controlling, storing, and retrieving
drawings for the entire drafting room. Orafting
rooms may have only one vendars egquipment, or
they may serve multiple vendors. Rapid 3ccess
is necessary, with a feeling of lacal control,
We believe that a central corporate database
will not support the drafting view,




The %olects view, The project serves personne!

yon art?ting room. This fincludes
engineers, planners, and other suppor?t
personngl, There must be capabilities for
distribution, markup, and approval, Note that
there is a lower time urgency as one moves away
from the centsr of the shell.

The department view, The department s an
engineering organization that spans several
projects, There must De a  wmeasure of
integration and compatibility bdetween projects
in one department. Depending on the department
stze, activities may span more than gne drafting
room and will certainly encompass myltipls CAD
systems., The management model must 3llow for
these possibilities.

The enterprise view. The enterprise encompasses
the entire organization's databeses. e are a
Tong way from being able to simultaneously
handle engineering requirements and enterprise
requirements.

CONCLUSION

We have shown that moving from the paper world into
electronic management Of electronic files s a
difficult process. The transition can be eased by
careful  consideration of your regquirements and
industry trends. Requirements, trends, and
potential technologies have been outlined by many
authors {11, [4], [5].

New standards are arising and the POES specification
seems to be very important. Active participation in
its development can help protect your organization's
fnterests and will keep you current. A single
vendor solution to CAD no longer seems possible or
desirable; it's also likely that a single vendor
data system will not suffice.
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