SHIP PRODUCTION COMMITTEE August 1990
FACILITIES AND ENVIRONMENTAL EFFECTS NSRP 0320
SURFACE PREPARATION AND COATINGS

DESIGN/PRODUCTION INTEGRATION

HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

1990 Ship Production Symposium

Paper No. SA-1.

Modeling and Transfer of Product
Model Digital Data for the DDG 51
Class Destroyer Program

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
AUG 1990 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

The National Shipbuilding Research Program, 1990 Ship Production
Symposium, Paper No. 5A-1: Modeling and Transfer of Product M odel
Digital Data for the DDG 51 Class Destroyer Program 5c. PROGRAM ELEMENT NUMBER

5b. GRANT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center CD Code 2230-Design Integration Tools | REPORT NUMBER
Bldg 192, Room 128 9500 MacArthur Blvd, Bethesda, MD 20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 29
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DISCLAIMER

These reports were prepared as an account of government-sponsored work. Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report. As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



THE NATIONAL SHIPBUILDING
RESEARCH PROGRAM'S

1990 SHIP PRODUCTION SYMPOSIUM

Preparing for the 21st Century:
Focusing on Productivity and Quality Management

August 22-24, 1990
Pfister Hotel
Milwaukee, Wisconsin

SPONSORED BY THE SHIP PRODUCTION COMMITTEE
AND HOSTED BY THE GREAT LAKES AND RIVERS SECTION OF
THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS




Modeling and Transfer Of Product Model Digital

THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS
601 Pavonia Avenue, Jersey City, NJ 07306

Paper presented at the NSRP 1990 Ship Production Symposium,
Pfister Hotel. Milwaukee, Wisconsin. August 21-24,1990

oAl

Data for the DDG 51 Class Destroyer Program

CDR William R. Schmidt, USN, Department of the Navy, Washington, DC, James R. Vander
Schaaf, Visitor, Bath Iron Works Corporation, Bath, ME, Richard V. Shields Ill, Visitor, Pascagoula,

MS
| NTRODUCTI ON

Conput er Ai ded Design and
Conput er ~ Aided Manufacturing (CAD CAM

technol ogi es offer significant
benefits 'in the design, construction,
and |ife cycle support of today's
conpl ex Navy ships. CAD provides the
capabllltg to create three dinensiona
(3D) product nodels which can
realistically represent
associ ated design data of the ship
prior to construction. Building of a
conputer nodel of the ship prior to
construction reduces interferences and
i nproves design_accuracy and

conpl eteness. = The 3D conputer nodels
consi st of geonmetry and associ ated
design data for conponents and .
systens, and provide a tool to design
and evaluate form fit, and function.
Efforts such as interference detection
and resol ution, sinulated )
wal k-t hroughs, change-inpact analysis,
and inproved production sequence

pl anni ng can be conducted concurrently
with design developnent. Detail

desi gn dramnnﬁﬁ, manuf act uri ng
sketches and Nunerical Control (NC
instructions can be devel oped and
extracted directly fromthe design
database. This reduces duplication of
data, saves tinme, and |owers costs -
for both the construction of the ship
and the life cycle maintenance
functions that "follow. The nost
significant benefits of 3D CAD/ CAM
met'hodol ogi es as applied to conpl ex
Navy surface combatants are inproved
design and manufacturing accuracy and
consistency, which in turn result in
savings in production time and cost

On the U.S. Navy's ARLEIGH BURKE (DDG
516 C ass AEGQ S™ Destroyer program

CAD/ CAM t echnol ogy is elng

i mpl emented to take full advantage of
these savings.

BACKGROUND

~ Conputer Aided Designis a
rapi dly devel opi ng technology in the
shipbuilding industry. In 1985 Bath
lron Works (BIW and G bbs and Cox
pl anned to execute detailed design for

eonetry and
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DDG 51 in 3D CAD. However, the
necessary resources and capabilities
did not exist to successfully conplete
the plan and BIWreverted to manua
de5|gn. To support the transition of
DDG 51 design to CAD it was necessary
to create or acquire the follow ng:

* Processes - adequately piloted

and tested nethods

Software - the necessary
application conputer programs
and rel ational database
managenent software.

Hardware - the required
distributed and integrated
work stations with sufficient
%roce55|ng speed

rai ned personne

Since the beginning of the
pro%ram Bath Iron Wrks (lead yard) ,
G bbs and Cox, and Ingalls .
Shi pbui I ding (follow yard) have built
their CAD capabilitieS to the point
that their conbined resources have
made it feasible to nodel the ship.
Based on this capability the AEG'S
Destroyer Programinitiated a project
to nmove DDG 51 to a CAD based design

The project objectives are to
all ow construction of ships in two
yards froma single design; to inprove
the noverment of construction data
between the shipyards; and to create a
digital information base for life
cycle support.

~ The project required the )
achi evemrent of two tasks, transferrin
the existing paper design into CAD an
creating the capability to transfer
intelligent 3D product  nodels.

_This paper addresses the .
specifics of the parallel efforts in
CAD nodeling and Digital Data Transfer

DDT) inplemented by the AEG S

stroyer Program ~ The paper covers
backgroound information, task
obj ectives, problens encountered and
their resoiutlon,.current status and
future plans. This project represents
a significant cooperative effort



between the U S. Nav?/' s AEG S .
Destroyer Pro%:eam BIW Ingalls, G bbs
and Cox, and Ceneral ,

El ectric/ Governnent El ectronics

Services Division.
PRODUCT DATA MODELI NG

Appr oach

The Program Manager in the AEG S
Destroyer Division (PVS 400D)
initiated a p.ro* ect to translate the
paper design information into 3D CAD
product models in a phased program
over a 36 nonth period. The product
model consists of all infornation
necessary to define the detail design
for manufacture. The product nodels
will be used to generate fabrication
and installation draw ngs, .
suppl enent al drawi ngs, i nformation
and tenplates. The 3D CAD nodels will
also be available for use in the
contract and detail deal)gnSStages of

future flights of the 1 dass.

. The CAD nodeling effort is
intended to create a database to
support construction. The 3D design
model s will be used to check and clear
interferences and, after validation
agai nst the manual design control nats
and issued construction paper, wll

replace the pager. design control nats
as the design basis for the class.
Acconpl ishing the actual nodeling
requires the resources of both
shipbuil ders and the Cass Combat
Cener al

stens Engllzneeri ng} Agent ,
Electric ( 89)' here are seventy-
seven Design Zones in the ship and a
plan was laid out for concurrent work
on an initial subset of twenty-six
zones. These twenty-six zonesS were
sel ected because they are the nost
conpl ex and represent the |argest
initial payoff.

The AEQ S Destroyer Program
tasked Bath Iron Wrks and G bbs & Cox
with nodeling eleven Conbat Systens
zones including the Conbat |nformation
Center (CIQ), dio Central, and the
Pilot House. Ceneral Electric was
tasked to provide the conbat system
conponents as library parts to be
transferred to Bath and used directly
in the nodels. Ingalls Shipbuilding
was tasked with nodeling the fifteen
zones conprising the auxiliary and
mai n machi nery spaces. Both modelin
efforts are shown in Figure 1. Mbde
content and library part standards
were devel oped concurrent with this
work to insure the resulting. nodels
woul d neet the needs of both
shi pbui | ders and the Navy. The
overal| 3D Mdeling Process is shown
in Figure 2. A graphical depiction of
the steps involved in the replacenment
of manual drawings with CAD draw ngs
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is shown in Figure 3. Bath Iron Wrks
as lead yard is tasked to process the
resulting models to replace the

exi sting paﬁer design control mats.
The approach depends on the ability to
effectively transfer 3D product nodel

i nformation between the shipbuil ders.

Needs and Capabilities

~In all design and manufacturing
environnents, there is a pressing need
to inprove the quality, usability,
timeliness and accessibility of ~
engi neering, design, and production
data. This is especially true within
the shipbuilding industry. Nav
surface conbatants are very conglex,
have |ong procurenent cycles, incur
significant design changes, and have
| ong maintenance and over hau
life-cycle requirenents.

~ Introduction of 3D CAD into the
design and construction process as
early as possible nminimzes the
duplication of information. For the

ex| sti n? DDG 51 design the appropriate
oint of transition fo CADis the
sign Control WMat The DCM

represents the culmnation of the
conposite design process, and marks
the starting point for preparation of
construction products. The DCMis

al so the docunment used to incorporate
design changes.

A primary benefit of 3D CAD is
the availability of accurate and
consistent data for Conputer Aided
Manuf acturing (CAM. The definition
of CAMin this context is all .
manuf acturing data used by Production,
not just limted to the classical
definition of Numerical Control (NC)
data. Realization of the full
potential that CAM offers in
production requires that all
construction information originate
fromthe same 3D CAD database. This
information includes: draw ngs and
material lists; NC tapes; tenplates;
and jigs and fixtures. CAD can al so
provide additional information such as
I nproved production sequence planning

graphics, which are not practical
ot her wi se.

3D product models, within the
cfont ext of CAD/CAM include definition
of :

* (bject type (e.g. conponents,

fittings, punps, valves,

cabl eways, etc.)

Detail,” clearance and

mai nt enance geonetry

Location

Orientation

Connectivity inf
a

i rmation
Catal og (materi

0
D)



I nstance identification
(specific occurrence of the
E?rt). . - .
evi'sion identification
(latest change to the part)

Additional information such as
zone, discipline, and systemis also
stored within each nodel. This data
is sufficient to control the de5|9n
configuration, and may be integrafed
with other material or production
systenms. For exanple, this data may
be tied to a material catal og thrpuPh
the catal og nunber, and, to materia
managenent “systems through the
instance identifier (unique piece or
part nunber identifier) and catal og
nunber. The CAD product model is fhen
the central source of materia
identification for quantity, type, and
fabrication and installation data
Additional material data for
definition of work packages
construction stage and sequence, shop
floor control, and inter-trade routing
Ag' . the ﬁroductlon bill of

tgrlal) shoul d sugplenent the CAD
engi neering/design bill of material on
a separate but linked Materi al
Managenment System

Uilizing well-defined
and standards, CAD |inked wit
engi neering data managenment tools
of fers the opportunity to integrate
the entire shipbuilding process.
Product nodels, tied to a relational
dat abase which defines the materia
incorporated in a design, provide:
the basis to drive the yard detai

ﬁr ocesses

material ordering system input to the
Navy supply support” system and input
for technical publications and
training.

In Iike fashion, a relationa

dat abase, which defines process
information associated wth the
installation of each conponent, feeds
the materials control systemand the
production pl anning system A
separate but integrated file tracks

all the draw ngs associated with aa%
model and flags them for revision when
changes are made to the nodel

To supPort engi neering efforts of
t he shi pbui dln% process, the use of
Conput er Aided Engineering (CAE) is
bei ng devel oped. englneerlnP
changes are introduced in the class
and revised ship suPport systens are
required, the use of anal ysis prograns
which operate directly with the CAD
data greatly enhance the system
engi neering “function. Controlled use
of the CAD database insures the
anal ysis matches the actual system
configuration. Devel opnent of on-line
engi neering analysis tools offers the
opportunity to inprove both the
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uality and the efficiency of the
esign” engineering process.

The inﬁlenentation of these
CAD/ CAM technol ogi es has started, but
remaining work i s formdable. Vi l e
the use of 3D CAD may not make the

i ndividual designer nore efficient,
the resulting data used to drive the
entire production process makes the
CAD system a powerful tool

Devel opnent of capabilities |ike
these is critical to achieving the
quality inprovenments and cost savings
needed to make continued product
i mprovement possible and affordable.
The AEG S Destroyer Programis
advanci ng the devel opment of these
capabilifies and their introduction
into the program

shin Life Cycle Support

~ Ship configuration information in
digital formoffers advantages for
life cycle support since the product
model data can be transferred
eIectronlcaIIY to support activities
such as the planning yard, the US
Navy Supply gysteny and the various
in-Service” engineering agents.

I nprovenments can be made in: the
process of overhaul and repair
planning (installation sequenc%)
maintaining a nore accurate an
up-to-date configuration; and
providing nore accurate fabrication
and installation drawing and materi al
information at tinme of repair or
overhaul. The DDG 51 CAD nodeling
program provides the initial digita
Information, while the Digital Data
Transfer program establishes the basic
standards for content and format to
accommodate the information transfer.

Mode

Construction Benefits

The process of building nmodels
has denonstrated nany of the benefits
CAD offers. Mdel construction is
acconpl i shed by assenbling all the
construction dramgnﬁs and open change
notices to establish a dated baseline
Pipe, ventilation, and electrica
model s are built for each ship work
breakdown structure (SWBS) for the

zone. VErg large or conplicated
model s may be subdivided into port,
center, and starboard segnents. In

the case of Conbat Systems and hull
outfitting, nodels are segregated by
overhead or deck within the zone.
Both the fabrication and installation
drgM ngs are used to construct the

nodel .

This has proven to be an
excel ' ent consistency check between
the fabrication drawing and the
installation drawing. Di screpanci es



are reported to the lead shipyard
whi ch has responsibility for ~

mai ntaining drawings. Corrections are
made to nanufactur]n? ai des before
manhours and material are spent on
unusabl e fabrications. The resultlnﬁ
savings to the program have offset the
cost of the nodeling effort.

Mobdel Processing Benefits

Once the individual distributed
systens nodel s have been constructed
for a zone, they are nerged for

i nterference chécking. ach
interference is analyzed as being a
problem interference or an acceptable
Interference. In certain cases
collisions (two objects or surfaces
occupyln? the sane space) are reported
as interferences but naK be

acceptable. A watertight penetration
of a Plpe through a bulkhead is an
exanpl e of an acceptable interference.
Once the reported interference is
classified as to its acceptability, a
CAD generated sketch is created that
reflects those considered to be a
problem If detailing for

manuf acturing aids is in process, the
problemis reported to the detailing
group for resolution prior to issuing
the aids and drawing to manufacturing

Post - Desi gn I nformation

A major inpact the nDdten?
effort has on manufacturing will be
the reduction of interferences. Ship
construction schedul es require many

parts of the design to take place
simltaneously. This leads to the
possibility of pipes, ventilation
ducts, and/or wreways being routed

into the same location and interfering
with equipment. While the conposites
or design mats worked toward the
elimnation of these occurrences, sone
undetected interferences still manage
to slip into the manufacturing
process. It is wdely accepted that
the elimnation of interferences and
their corresponding costs is a major
benefit from 3D nodeling during the
design and manufacturing processes.

Anot her maj or benefit of CAD
modeling is the ability to extract
data to satisfy the.nanufacturln%
criteria of thé specific yard. hese
criteria tend to be determned by the
equi pments in a specific yard and how
these equi pments are used. Extraction
of Nunerical Control (N C) data can,
when properly formatted, ‘drive burning
or bendi ng machines. After being
entered into the product nodel and
checked, data is programmatically
extract ed.

Another feature is the ability to
extract specific task-oriented
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drawi ngs where the craftsman receives
only that information required to
perform his job. The craftsnman does
not have to work froma large,
conplicated and cluttered design
drawing. Figures 4, 5 6, and 7 are
exanples of the tyPes of draw ngs and
bills of material "that can be
extracted froma product nodel
Projected cost benefits from ot her
uses of this data have been identified
and efforts are underway to devel op
their capabilities. These include
uses such as simulated wal k-through
and change inpact analysis.

Pl anning can clearly benefit from
access to this information. By
testing "what-if" scenarios, size and
sequence of installation can be
optinized while viewi ng the actual
data in three dinensions. Further,
different views can be utilized to
represent the configuration of the
Shlﬁ as it is being manufactured
rather than the configuration it wll
ultimately assume. Many fabrication
or installation drawi ngs may be
plotted in an inverted position that
enables a craftsman to view his
E;OdUCt as it appears to him

awi ngs showi ng downstream work wil |
show the product flipped to a ship
orientation for final integration with
ot her ship conponents.

costs

~ This prpject has required a
significant investment in personnel
hardware, training and processes.
VWile the AEG S Destroyer Program has
carried the mpjority of the costs,

each participating organization has
had to dedi cate managenent resources
and make a corporate comitnent to

i npl enent new technol ogy. The effects
of this project will perneate through
each organi zation and in some
instances fundanental |y change nethods
of operation. The challengeis to
manage the changing nethodol ogy and
CAD based ship construction.

St at us

Actual 3D nodelin? and drawi ng
devel opment work is wel'l underway wth
ei ghteen (18) zones conpleted by both
shipbui |l ders and the najorlzé of the
library parts conpleted by Cenera
Electric and BIW Mdel transfer from
Ingflls to Bath is in process, and the
AEG S Destroyer Program has tasked
both shipyards to create construction
products fromtheir nodels. Extensive
work remains to be done to integrate
model s as they are built and to
transition to 3D CAD based design both
within each %ard and between the yards
for the DDG 51 C ass, but the



achi evenents thus far |eave no doubt
of future success.

OUTFI TTI NG DATA TRANSFER PLAN

Backgr ound

Transfer of the product models
and use by both shipbuilders, conbat
systems design agent and the Navy is
required to achieve the full benefit
of using CAD. Each yard uses CAD
systems for outfitting and structura
definition which are different within
and between the yards. Bath lron
Works uses Conputervision for outfit
and AUTOKON for structure; Ingalls
Sh|pr|Id|n? utilizes Calma for outfit
and SPADES for structure. In order to
utilize these conbined resources, it
was necessary to develop a means of
translating digital data between their
?roprgetary and inconpatible data

or mat s.

Ohj ective

The AEG S Dest rokle.r Pr oPram S
overall objective in this effort is to
inplenent a two-way transfer of Qutfit
product nodels between the BIW
Conput ervision (CV) System and the
Ingalls cal ma Systegl as illustrat ﬂ

inFigure .. Both BIWand Ingalls had
reviously devel oped the capability to
ransfer structural nodels fromtheir

respective structural to outfit
systens.

Overall Approach

The AEG S Destroyer Program
tasked BIWand Ingalls to develop a
mut ual |y agreed-upon plan of action
In order to inplement a digital data
transfer capability between dissimlar
CAD/ CAM systens, several steps are

required
Mbdel s must exist or be
created
Data to be transferred nust be
def i ned

Format of the transfer medium
must be defined or selected
Transfer computer software
must exist or be created
Testing must be acconplished
to validate the process
Transfer procedure nust be
defined and inpl ement ed

~ Wen the AEG S Destroyer Program
initiated this BFO]ECt in JanuarY
1988, and both BIWand Ingalls already
had significant 3D nodeling

experience. Step 1 was conPIeted by
bui I di ng nodel s of three selected
zones to use in the test phase. Steps
2 throu%% 6 represent the basic scope
of the DDT project as described bel ow

o v A w N e
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The managenent and technical
approach for DDT included
consideration of the follow ng
requirenents and constraints:

Requi renent s.

Transfer of engineering and
desi gn product node
intelligence o
Achi evabl e and verifiable
transfer accuracy ]
Configuration accounting
El ective conponent
substitution
* User friendly translator usage
* Mninized transfer file data
vol une
M ninized translator
rocessing time
nimzed translator software
mai nt enance

Constraints.

* Large nunber of conponents
contained in 3D product
nodel s
Conpl exity of the conponent
rel ationships defining
distributive systens
Vol une of conponent
non-graphic (attribute) data
contained within the 3D
product nodel s _
Simlarities and differences
bet ween conponent libraries
and database constructs across
the two CAD/ CAM systens
Current state of the art in
Initial Gaphics Exchange
Speci fication (1GES) an
Product Definition Exchange
Speci fication (PDES)
devel opment and
i npl ement at i on. _

* Current state of the art in
dat abase managenment systens

*  Existing manual drawi ng
transfer between the two
shi pyar ds

Data Transferred

~ BlWand Inﬁalls conpl et ed
definition of the data to be
transferred for distributive systems
early in the project. This
definition was reviewed, nodified, and
approved bY the AEG S Destroyer
Program BIN and Ingalls for all
disciplines. Reference 1 provides a
listing of the data transferred and
contained in the product nodels. The
effort involved in the definition and
concurrence which this docunment
represents was extensive. It involved
a significant review of the nodeling
practices of both organizations and an
|n-depth under standing & the internal
architecture of both CAD CAM syst ens.



Neutral File

~ The next mjor step in DDT was
definition and selection of the fornat
for the transfer. The AEG S Destroyer
Mo?rmn BIWand Ingalls nutually
explored the following alternatives:

1. "Flavored" Initial Gaphic
Exchange Specification (1GES)
or Standard |GCES. "Flayorln%:
is the termused to define the
process of augmenting the
shortconings of the
i npl emented standard in order
to adapt it to the required
t ask. .

2. Defer until the co
Product Definition
St andard (PDES? and its
commercial inplenentation

3. Devel oprent of direct
translators by a software
devel oper specializing in CAD
direct translators.

4. Use of a neutral file that
defines object data.

| etion of
change

tion 1, the I GES approach was
not sel ected because both shipyards
were using and developln%.CAD .
applications that were object oriented
instead of entity oriented. PDESis
still inits definition phase and
sel ection of Option 2 would have
required several years delay in
i npl ementation of a production
translator. Option 3 would have
required the devel opment of direct
translators. They were not available
for 3D product nodel information and
woul d not have met the Navy's need for
flexibility in future use or
expansi on. tion 4 was selected by
the AEG S Destroyer Program for
capability, flexibility for future
expansion, and ability to create
within the time available.

oj ect

The use of an object oriented
neutral file (Option 4) offered
significant advantages in reducing the
size of the transfer files. Mre
inportantly, the object transfer
approach retained the intelligence
contained in the original nodel. In
this context, object (or conponent) is
an BVAC shape, a piping valve, a

iping fitting, an electrical cableway
anger, etc. Figure 9 illustrates the
obj ect approach versus the |GES
approach. As defined by IGES the
desired object would have been
geonetrically constructed on the
receiving systemas a series of
separate lines, arc, etc., rather than
an object with associated properties
and intelligence

Tr ansf er
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~Bath Iron Works was tasked to
outline the translator specification
BIWand Ingalls divided responsibility
for witing the specjfications - each
wote different sections and exchanged

work. The end result was the "DDG 51
Class Digital Data Transfer Project
Functional Specifications"

Reference 2. After the final
5ﬁ90|f!cat|ons were agreed to by both
shi pbui | ders and apﬂroved by the Navy
program of fice, each shipbuilder

devel oped or subcontracted the
conputer prograns specific to his
system

~ BlWand Ingalls both use an
obj ect nodel i ng aﬁproach on their
systens and each has the capability to
attach design attributes to objects,
as well as a property file capability.
Attributes consist of information such
as catal og nunber, piece/part number,
fitting type, etc. Property files
contain geometric data that” allow an
object to be graphically displayed
and non-Peonetrlc data such as ‘catal og
nunber (link to model), description,
weight, and a specification nunber
that describes the object. A means
was devel oped to correlate objects
bet ween systems. In the case of pipe
and purchased parts for BVAC and
electrical, it was determned that
catal og nunbers coul d define the
object.” For nmanufactured items (HVAC
shapes, flanges and gaskets;
penetrations; hangers; cable paths,
etc.) a shape table was devel oped that
defines the object. Each conponent
was assigned a classification that
defines the discipline and either the
catal og nunmber or the shape table to
define the object. To conplete the
process a catalog cross reference file
was devel oped which correlates the
Ingalls and Bl W catal ogs and provides
orientation normalization between the
CV and CALMA syst ens.

Cass Librarian and Parts Transfer

CAD

The testing of the translator was
based on the transfer of a common test
zone nodel ed at both yards. Use of
the object oriented approach requires
the existence of: (ag equal part
libraries at both shipyards, or, (b)
deveIoPnent of the capability to
digitally transfer library parts.
Early in the project, it was )
determined that while the libraries
for such items as piping were sinilar,
certain DDG 51 specific eﬂglpnent
itens existed only on the BIWsystem

VWere library parts did not exist
at Ingalls, the yards were tasked to
create the necessary conputer programs
and procedures to transfer the parts
from BIW  The approach chosen was to
create a procedure file defining the



conponent at BIW and to create
software to read the file at Ingalls
and automatically rebuild the ITibrary

part in the CALMA system The
capability was base .
seven basic graphic 8£|n1t|ves t hat
were common to both CAD systens.

Figure 10 represents a sanple .
transferred part. Wth the capability
to transfer parts came the opportunity
to establish a standard library for
the DDG 51 Class. BlIWwas tasked to
act as the Class Librarian. The
library parts transfer capability is
in use between BIW and Ingalls. ° Ful
two-way part transfer by means of the
procedure file is under devel oprent.

upon the use of

Life Cycle Support

The DDT project is concentrating
on three aspects of CAD information fo
insure its ability to support future
class logistics: ~“standards for zone
model content, library part content
and the transfer process. These
efforts are intended to be consistent
with the devel oping Product Definition
Exchange Standard. = The content
standards will ensure that the
information contained in the nmodel s
and libraries will support design
construction and life cycle sgggort
needs. By working with"the P )
8rou , the transfer products are being

evel oped to support data transfer
both now and in the future

Testing and Results

The translator software was
deveIOﬁed and extensively tested by
both shipyards. The overal |l process
is illustrated in Figure 11. Both
shipyards created a test nodel for
each” of three disciplines (piping
HVAC and el ectrical) for a common
zone. First, each nodel of each
discipline was given an interna
test. Then, these nodels were
transferred fromtheir source yard to
the receiving shipyard, processed both
in and out of the recelving shipyard's
translator, sent back to the source
and reprocessed to create a nodel
This full-loop test was sufficient to
determne any deficiencies in the
sof tware.

| oop

Functional software was devel oped
and tested for intelligent 3D mode
bi-directional transfer between CV and
Cal ma for glplng, HVAC and el ectrica
obj ects. he results are illustrated
in Figures 12, 13, 14, and 15. These
isometrics are representative of the
translator capability and were created
during the testing phase.
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St at us

The translator software is
OEeratlonaI and in use between the
shipyards. An additional phase of
translator devel opment is ongoing to
add capability for piping and vent

hangars, wavegui de, holes, certain
foundations, and outfit and
furni shings. \en conplete in late

1990 the translators wll be capable
of moving conplete product nodels.

STRUCTURAL DATA TRANSFER
Appr oach

~ The objective of this effort was
digital transfer of 3D structura
desEEn model s generated on AUTOKON or
SPADES from one systemto the other
while retaining their topology,
intelligence, and lofting capabllkiy.
I ngal I s Shi pbuilding, Inc., a SPADES
user, and Bath Iron Wrks, an AUTOKON
user, were tasked by the AEGS
Destroyer Programto produce a joint
plan of action to develop software to
accomplish this transfer. A system

specification was witten entitled
" Aut okon <--> SPADES Mbdel
Communi cation System Reference 3.

Cali and Associates (devel opers
and marketers of SPADES) and Aut okon
CGM Inc. (developers of Autokon and
part of Kockums Conputer Systems A/S)
were the two firms subcontTacted
through Ingalls to develop the
software. The approach taken was to
create a neutral file containing the
data el enments necessary to define al
required structural objects. The
software prograns which generate and
use the neutral files were called
translators.  An overview of the |inks
between the two systens is depicted in
Figures 16 and 17.

NEUTRAL FI LE

The translator/neutral file
approach was selected for structure
for the same basic reasons that it was
selected for the outfit system The
goal was to transfer recognizable
ob{epts conplete with intelligence and
attributes. =~ Commercially available
i npl ement ations of |GES would have
limted the transfer to a collection
of points, lines, and arcs conPr|S|ng
the graphic representation of {he
objects and woul d not have fulfilled
the requirenments of the transfer. By
utilizing the translator/neutral file
approach, the intelligence of the
ori ginal nodel was captured and
lofting capabilities were retained.
Further, it was felt that an IGES file
based on sinple entities. (lines, arcs
points, etc.) would have been
prohibitively large to store and/or



process in a tinEIY fashi on when
applied to nodels the size of those
bei ng considered for transfer

Partial Transfers

A requirement of DDT is to be
able to transfer only a portion of a
gi ven design zone, as opposed to the
practice of transferring an entire
zone with each exchange. To suPport
this requirement, the concept of the
"desi gn w ndow' was inplenented in
each CAD vendors' system This
feature did not exist on either system
and it provided a means of specifying
boundaries for the design zone to be
transferred.

The design window is a 3D subset
of the design zone whose contents are
to be transferred. It allows the user
to send/receive onl¥ the desired
portion of a zone, for exanple, a
space where additional structure has
been inserted after the entire zone
has al ready been sent or received at
the other Installation. This concept
prevents haV|n? to re-send an entire
zone in order to pick up only a snal
area of change.

configuration Managenent

Closely related of partia
transfers is Configuration Management.
The partial transfer capablllt¥
hi ghlighted the need to track the
status of previous transmttals of the
structural model of the design zone.
Partial transfers nust address what
data has already been sent, what has
not, and what has changed between
transfers.

By nmeans of a catalog, the
transl ator keeps track of the
structural objects being transferred
bypassi ng ob{ects that have aIreadK
been translated and passing only those
i tems which are new or changed
rePort i's ?enerated b% the translator
with each transfer, thereby
docunenting the zone's transfer
stat us.

St at us

The trans|ator software is
operational. There are two translator
Prograns; one installed and running on

he Prime conputer at BlIWand the

other installed and running on the |IBM
3090 at Ingalls. Translator _
capability is planned for inclusion
into the next formal release of the
two CAD systens by their respective
vendors.
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TRANSLATOR COSTS
Qutfit

The outfit translators are custom
sof tware packages owned by the AEG S
Destroyer Program The full cost of
devel opment and the cost of
nalnta|n|n?.the translators is the
responsibility the AEG S Program
Unl i1 ke translators based on national
standards the CAD system vendors do
not have any rGSDQHSIbI|!tK for
ensuring conpatibility with their new
software rel eases. is was the cost
of apqulrln? a transfer capability
sufficient to the needs of the
program

Structura

The structural translators were
devel oped under AEG S Destroyer
Program funding but are the
responsibility of the CAD vendors to
maintain.  Because of their unique
structure and the lack of |GES
translators in this area the vendors
found it to their advantage to assune
mai nt enance responsibility and offer
the capability in their respective CAD
prograns.

| SSUES

The transition to 3D CAD design
and el ectronic data exchange has
introduced technical and managenent
chal l enges.  The Project has
anticipated many of the issues solved
them by the basic approach. Qhers
have been solved in concept but remain
to be proven in production. Four of
the open issues are configuration

managenent, model conpl eteness, yard
practices, and on-line inter-yard CAD
access.

CbnfiPuration managenent is both
a technical and nanagement issue.
Technically the challenge is to
establish and maintain positive
control of product nodels and their
derived products as they are nodified
during design devel opment and

engi neering changes. For managenent

t he cha]len?e is to efficiently
transition the configuration
management organi zations from paper to
el ectronic data. The AEA S Destroyer
Program is using information nodeling
as a basic tool in attacking this

i ssue.

The AEG S Destroyer Program
establ i shed zone nodel content and
I|brar¥ part content standards as the
tools to solve model conpleteness
issues. The information incorporated
in a model deternmines it's userul ness
for design, engineering analysis,
construction and future |ogistics



support. The DDG 51 Program defined
the standards on the basis of current
practices and projected class support
needs. As the nodels are placed in
use the need for nmore or different
information will surface and the
standards will be nodified as needed.

Each yard has construction
practices as well as CAD modeling
practices which are different than the
other. The differences in nodeling
are often the result of construction
process differences. Shipyard
management and the DDG 51 Program
standards are the basic tools used in
resolving the |nRact of these
differences on the data exchange
process. The effectiveness of _
management in dealing with problens in
this area will have a significant
i mpact on the benefits realized from
this program

On-line inter-yard data access is
a capability which is inportant to
efficient use of the DDT Project now
and will become nore inmportant as nore
of the ship is placed in CAD. The
ability to access the latest data
inmrediately prior to releasing work
packages coul d provide significant
savings to the construction program
The principle issue is security. Each
Yard is concerned with the security of

heir computer data for yard

management and performance. \Wile
access to CAD would not necessarily
require access to shlpyard managenent
systens, it is feared that interna
networking coul d allow the conpeting
shipyard to acquire critical business
sensitive information. This issue is
a nmanagenent problem currently under
review by the shipbuilders.

~ These issues all contribute to
En?lneeryng Data Managenent.
Integrating the nan% Separate data
sKstens whi'ch have been created within
the shipyards over the years and
transitioning to the full use of
electronic data for all design and
construction support functions are
significant management challenges.
Wirle tools to aftack the problens are
available in the formof |ocal area
networks, wide area networks, and
Engi neering Data Management Software
Systens inplenentation will require
time and innovation.

These and other issues will be
dealt with and solved by the DDG 51
Program The solutions instituted
wi Il consider both the current and

roj ected needs of the AEA S Destroyer
rogram
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SUMVARY

The U.S. Navy's AEG S Destroyer
Program established this project to
take advantage CAD/CAM in ship
construction.” Acconplishments and
benefits have been significant.
Twenty-six zones of the ship have been
divided between the shipbuilders for
nndelln? and a plan is Dbeing pursued
to conplete nodeling for the remainder
of the ship. The conbat systens
engi neering agent has been tasked to
PFOVIde contract |evel 3D nmodels of

he combat s stenlsFaces and library
parts for all combat system _
conponents.  These products are being
used within the shipyards to support

construction.

The end result of the npdeling
effort will be interference-free
d!PIta| design product nodels. These
wil'l replace the traditional design
control mats. The product nodels will
also be transferred to each
shi pbui | der where manufacturing
information will be extracted.

~ The DDG 51 Digital Data Transfer
PFOJECt has RUt in place a basic
ranslator that supports the exchange

of product nodels. It provides the
required path to allow full use of the
product nodels for all program

participants.

Actions taken to inprove the |ong
termuse of the product nodels and the
DD% %} Digital Data Translator
i ncl ude:

Establishing Library Part and
Zone Mbdel content ‘standards
Establi shing configuration
accounting requirements and
procedures.

Conpletln% Library of Parts
for DDG 51 Class (i.e. al

val ves, combat system
c?nponents, punps, notors,
etc.

Interfacing the data transfer
efforts with groups involved
with the establishment of
national standards for |GES
and PDES

The U.S. Nav?/j s AEG S Destroyer
ProPran1has established long term
goal's for further devel opnent and
exploitation of the technol ogy
impl emented on this project. " The DDG
51 DDT translators require further
refinement and the use of Broduct
model information is just beginning to
be developed. The work remaining I's
significant and the goals have been
time phased over several years. The
work done to date positions the AEG S
Destroyer Programto take full
advant age of D and CAM during



construction and to realize many of
the benefits of Computer Aided

Accti\umuon and Loglstics Support
(CALS) over the life of the O ass.
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HVAC ZONE 2150
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ELECTRICAL WIREWAY ZONE

FIGURE 14A
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