SHIP PRODUCTION COMMITTEE September 1992
FACILITIES AND ENVIRONMENTAL EFFECTS NSRP 0383
SURFACE PREPARATION AND COATINGS

DESIGN/PRODUCTION INTEGRATION

HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

1992 Ship Production Symposium
Proceedings

Paper No. 2B-1.
Computer-Integrated
Manufacturing - A Perspective

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
SEP 1992 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

The National Shipbuilding Research Program, 1992 Ship Production
Symposium Proceedings, Paper No. 2B-1: Computer-I ntegrated
Manufacturing - A Perspective 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, M D 20817-5000

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 20
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

1992 SHIP PRODUCTION
SYMPOSIUM

SEPTEMBER 2 - 4, 1992
New Orleans Hyatt Regency
NEW ORLEANS, LOUISIANA

SPONSORED BY THE SHIP PRODUCTION COMMITTEE
AND HOSTED BY THE GULF SECTION OF
THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS



Computer Integrated Manufacturing:

A Perspective

THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS
601 PAVONIA AVENUE, JERSEY CITY, NJ 07306

Paper presented at the NSRP Production Symposium, New Orleans Hyatt Regency. New Orleans. Louisians, September 2-4, 1992

No. 2B-1

Robert Latorre, Menber, University of New Orleans, and

Law ence Zeidner, Visitor, Boston University

ABSTRACT

. The introduction of conputer

integrated panufacturing in shin
roduction will involve- nore than

inka?e of separate automated ship

production processes. It will create
rraH.or changes from design through
delivery. Thi s paper presents the

results froma three-part project: (1
a manufacturing literature survey o)f
Conputer Integrated Manufacturing (CIM
and supporting technol ogies, 2) a
Nati onal Sci ence Found,a(tlo,n
(NSF) - sponsored Wrkshop on CIMin ship

product 1 on, and (3) research and
devel opment reconmendations to
facilitate CIMin ship production.
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St andard

JIT Just-in-Tine

LOM Lam nated Ooject Mnufacture

NC  Nunerical Control

NSF National Science Foundation

PDES Pr oduct Definition Exchange
St andar d

SDTM Seanl ess Desi gn-t o- Manuf acture
SE  Sinultaneous Engineering
WP Wrk in Process

| NTRODUCTI ON

The use of conputers
production has resulted
costs and manhours
material tracking and Conputer-Ai d&
Drafting iCAD) drawi ngs. _The reduction
in schedule and labor-is illustrated in
Fig. 1 (1). Devel opnents in
manufacturing’ are now aimed  at the
integration of overall production from
design to delivery through CIM (I-5).

! in ship
in savings in
i n_ scheduling.

CM has grown from data exchange
and the connection of individual
automated activities (5) into an
activity enconpassi ngh comput ers,
software and production hardware. CI'M
introduction represents a substantial
change in how ships and offshore
structures will_ be designed  and
produced. Resol ution of conStruction-
activity problens, done today by the
foreman and crew on site, will shift to
being resolved during the initial
pl anni ng phase of production. Ful |
i mpl ementation of CIM in ship
production involves nore than
purchasing and installing a system

The authors have been involved in
a three-part project of technol ogy
assessment of CI'M for shipbuilding:

1) manuf acturing literature
survey o f rel evant
publications on supporting
technol ogi es for ship

producti on:
organi zati on of NSF-sponsored
workshop on CIM in ship
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Figure 1. Example of Savings in Time and Manhours from
adopting Integrated Computer System for Ship
Production Engineering [1].
production (February 6-7, LITERATURE SURVEY OF CIM TECHNOLOGIES
1992 New Orleans, AND METHODS
Louisiana); and ) o ) )

3) development of research and ) Shipbuilding is_unique among the
development recommendations industries adopting CIM. The
to acilitate CIM shipbuilding industry differs_ from
introduction in ship other manufacturing industries in its
production. structure, methods, and functions.

This characterization forms a basis for
cost-benefit comparisons of before- and
BACKGROUND PERSPECTIVE after-CIM use.

CIM 1is analogous to shipboard Eight existing or emerging CIM
automation which replaced the engine technologies have been identified in
room telegraph with an electronic the literature search. Of the
system. = Stage 1 involved the component technologies relevant to CIM, these are
automation shown in Figure 2. Stage Il the technologies that _are also
involved connecting them and the otentially relevant to sh||pr|Id|ng.
development in stage 111 of an overall ost CIM systems do not employ all of
computerized engine room system. The these technologies, nor would they all
engineer"s activities. expanded to be appropriate. These CIM technologies
maintaining the machinery and the are:
monitoring system, and the rational Artificial Intelligence
scheduling of maintenance work. In an (Al)/knowledge-based systems,
analogous manner, the shipyard staff Just-in-Time (JIT),
will use the CIM computer system to do Vendor relationships/Electronic
traditional shipbuilding and analyze Data Interchange (EDI),
their = activities to improve Concurrent Engineering (CE)
productivity.

2B1-2
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cturing Systems

The literature search involved

over 110 articles and abstracts (3{);7
articles, and 25 abstracts) _from
journals and technical publications.

t covers 21 industries, including
shipbuilding/repair. SpeC|f|c care was
taken to isolate reports of technical
accomplishments from the more numerous
reports of anticipated benefits.

Al/Knowledge-Based Systems

Al has been developed to capture
human expertise and create automated
systems that ear to be
(artificially) |nte ligent. Al
distinguishes 'information (data) from
knowledge (rules). Knowledge is viewed
in Al as rules describing behavior of
the data. The cIaSS|ca Al
consists_of a "knowledge engineer’
interviewing experts, such as skilled
shipfitters, to capture their
expertise, "and transforming this
expertise into Al rules. Such a
knowledge-based system (or “expert

approach
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system™) consists of rules,

"inference engine" software,
Fig. 3. Al  systems have been
successful in static _diagnostic
applications such as equipment fault
dlagn05|s/repa|r (11) and medical
diagnosis (12).

Al systems differ from sequential
algorithmic systems. The rule order in

data, and
shown 1in

Al systems is not critical. At the
International Business Machine (IBN)
Burlington semi-conductor plant, an Al

system was developed to examine_process
rules used in plant operation, to
identify sequential patterns of
application. These patterns_were
subsequently captured in algorithmic
software (13)

At General

- Dynamics Electric_Boat
Division (EBD)

in Groton, Connecticut,
attempts were made to develop a
rule-based Al system to deal with
"non conformance,’ involving lost,
defective or damaged parts that did not
conform to specifications. Althou%h
case by case rules were introduced, EBD
found this_rule-based Al approach to be

too “brittle." Ultimately, a
case-based reasoning system was
developed. It inquires about the

nonconformance details and matches them
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with a database to find sinilar cases CQurrent thinking is that an expert
(14). should be encouraged to train a
"naturally intelligent" successor who
At Corning Asahi Video Products, wi || advance the state of the art by
in State College, Pennsylvania, the addi ng new rul es.
| CAD Lisp-based Al-CAD system was used ) ) _ _
to design and sinulate nolds for The Edison Wlding Institute in
tel evi si on-screen gl ass conponents. Col umbus, Chio, is developing Al
G ass video components nust be free of systems for welding. One ' Al system
defects.  Corning achieves roughly 60% called Preheat, is designed to avoid
defect-free production. Al t hough | CAD hP/drogen cracking of thick steel
reduced nol d-design time from ten weeks plates. Al systens for welding are
to one, the variety of product under devel opnent at Carnegie Mellon

differentiation has offset this gain.
VWile Corning's hopes to reach this 60%
level after only 20 production hours,
it still takes 2,000 hours (15-17).1

_ Al's use in manufacturing is often
justified by the scarcity of young
machinists and the need to capture an
expert's expertise before retirement.
Engi neering experts are valuable due to
their engineering ability, not for
their ability to explain how they work.
Experts are reluctant to participate in
an exercise ainmed at automating their
j ob. Even if an Al sxstem could
capture their expertise, the A system
woul d lack their ability to continually
devel op new know edge to respond to new

materials, processes and conputer
t echni ques. An Al systemis a static
contalner for present know edge.
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University and the Anmerican Welding
Institute (18).

Proj ect-based nmanagenent systens
(PBVB) are an Al-based approach to the
task of planning and | abor-assi gnment
phase of ship repair. The cost of shi(P
repair is roul\%hly 60% | abor and 40%
material . PBMS systens are therefore
organi zed around the [abor conponent,
as conpared with material requirements
pl anning (MRP) systens. PB syst ens
tie material to |abor, and schedule
material to be available, based upon
| ead times. . PBMB systens include
hierarchical indices “which contain
information in their nodes, and use
expert relations to link these nodes.
Shi p-repair work assignnent is
expressed as the establishment of a
relation between a trade (a node in the
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S_hlﬁ Production Problems but also Results in
H gh Production Costs.
personnel index) and a task (a node in M nneapolis Valve Plant of Dana Corp.,
the operation index) (20). has vyielded a 32% increase in
) productivity.  This represents a 92%
Just-1n-Tine (JIT) reduction in through time, a 40%

JIT is a production phil osophy
that attenpts to operate closer to
deadlines, wth less inventory, to
reduce the cost of maintaining this
form of production-delay insurance.
The JIT philosophy is often expressed
as in Fig. 4.  Ship production is
simlar to navigating a ship in shallow
wat er . Manufacturing problems are

anal ogous to rocks, and inventory is
anal ogous to the water that covers
them Two strategies exist: 1) add
nore water (inventory) to raise the
ship above the rocks e,probl ens), or 2)
decrease the water (inventory) level to
expose the rocks (problens) conpletely
and ultimately renove them  Shipyards
have, in the past, raised inventory
levels to maintain production, hiding
but not solving t he
del i very/ manufacturing problens. JIT
reduces inventory and its associated
costs, thus exposin i nher ent
del i very/ manufacturing problems so the
can be solved, "Just -in-case’
inventory is elimnated, along wth
"expediters," since there is no excess
inventory wth which to expedite
producti on. However, without the
excess inventory, navigating around
manuf acturing problenms, requires closer
relationships with vendors (21).

A conprehensive JIT program at the
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reduction in paperwork, a 50% reduction
in inventory costs, and a reduction of
customer lead time fromsix nonths to a

week (22).

At Mack Truck in Wnnsbhoro SC, the
JIT system reduces errors and insures
parts are presented to assenblers in
the order they are needed for assenbly.
Vendors are given precise delivery
lists. The suppliers then |oad
delivery trucks in inverse order so the
parts arrive in the required order for
assenbl y ).

Vendor Relationships/Electronic Dat a
Interchange (ED)

Japanese shipbuilders have
benefited from naintaining long term
relations with their suppliers. Thi's

has been recognized in the U S. and

adopted in a nunber of nonshi pbuil ding
industries. Bose Corp. in_Fram ngham
Massachussetts has limted its critical
vendors to a full-tine in-house
representative who participates in
design meetings by suggesting products

that cut cost or better fit Bose's
needs (24). In addition to materi al
and conponent vendors this includes
service vendors like trucking
compani es. The vendor benefits by
"evergreen" contracts, that are not



periodically rebid, as well as reduced
costs and paperwork. Vendors manage an
account, rather than reacting to it.
Bose benefits by a smaller supplier
Pool, better ‘'vendor service, and
pricing flexibility since the vendor
does not have to make large profits on
each sale.

The Boeing Conpany conducts
supplier "surveillance.”" It sends out
representatives to nonitor suppliers'
capacity, production rates, and product
work for other custoners (25).

~Longer contracts provide
stability, reduced bidding costs, and
reduced need for short-term econonic
gain. Sone of Boeing's contracts reach
14 years into the future, assurrin(I:] t he
vendor provides better product quality.
In such long-term contracts the
custoner and vendor share sone of the
risk of expanded or specialized
producti on, along with sharing
associ ated benefits. ~ MDonnell Dougl as
Corp. furnishes certain suppliers wth
busi ness projections and strategies.
It provides technical assistance as
problens arise, rather than switching
suppliers (25).

EDI is a CIMtechnology that helps
industry maintain close relationships
with their suppliers and custoners.
EDI is a conbination of comunication
and conputer hardware and software that
replaces the normal flood of
cust omer - vendor paper wor k. As _a
significant step toward paperless JIT,
EDI sends conputerized "forns"
containing price quotes, . orders,
delivery notices, invoices, bills, and
account summaries. This is illustrated
in Fig. 5.

In 1990, Ceneral Mtors Truck and
BUS(GVH’% in Indianapolis was the first
[la_lant o order rawnaterials by ED .
he plant, using 1,980 tonnes (2,200
tons)- of sheet metal to produce truck
and  bus panels, turns over its
inventory 55 tinmes per year. GMI
transmts order schedules to steel
vendors. ~  The vendors reply Wwth
information describing t%pe truck
number, shipping company, departure and
expected arrival tinme. Thi s
information is wused throughout G,
fromthe guard who directs the truck to
the appropriate dock, to the schedule
to unload the steel. GMI nonitors
vendor ~and carrier performance and
traces job status in process. oqutgoing
shipments are also controlled by "ED .
GMI' communi cates with CONRAIL, ordering
rail cars configured to hold specific
panel types. Wth EDI, fewer shipnents
are lost or nisplaced, cutting the use
of prem um shipnents by nore than 50%

(26).

Commercial EDI began with sets of
corporations defining conmunication

formts and has evolved into whole
i ndustries and EDI vendors adopting
standard forns. The enphasis has
always been on the data fornmats with
the "EDI investnent in the conplex
software systens that send, receive,
and Process the ED data.  These
systens are constantly nodified to
handl e new types of data formats. The
EDI users "are developing advanced
sof t war e- devel opnment nethods for
designing, inplementing, testing, and
mai ntai ning these I stributed EDI
software systens. "Server networks"
are software systens distributed across
computing networks which cooperate to
solve engineering and conputing
problems (27). Their primary advantage
is the ease with which they can be
progranmed_and reconfigured graphically
(282. _ Their applicability to EDI
systens is in their flexibility to neet
the needs of the EDI partners.

Concurrent Engineering (CE)

As international markets became
conpetitive, several approaches were
devel oped to improve product quality,
accelerate the transition from concept

to manufacture, and reduce
manufacturing costs. Each approach
enconpasses product design, process

design, product devel opment, product
qual I'ty, custoner satisfaction, process
i nprovement, enpl oyee enpowernent, and
vendor relationships (20). Man
compani es have attenpted to inplenen
these approaches, and have reported
varying levels of success. The
Departnent of Defense (DOD) received
many success claims attributed to these
i mprovement  prograns. It tasked the
Institute for Defense Analysis (IDA) to
examne the evidence to predict
potential  benefit. In 1988, this
DOD- sponsored | DA st udy [29]| of
thirteen American conpaniés explored
the use of CE, and found that CE was
characterized by changes in corporate
culture and nanagenent combined with
adoEtl on of a few existing methods and
technologies. CE was associated wth
inproved design quality, reduced
manuf acturing cost, and faster product
devel opnent.

A variety of nanes are used to
describe this” approach. The nanes
include CE,  sinultaneous engineering
SE), design for manufacturability

DFW, and design for assenbly (DFA).
I'n "these approaches process design
begins when initial assenbly design Is
conplete (Fig. 6-B). In sequential
engl neeri n% t he assenblé/ desi %n s
conpl eted before process design begins
(Fig. 6-A). Experienced part and
process designers have |ong recognized
the advantages of sinultaneously doing
the assenmbly and process designs. The
entire design-to- manufacture cycle is
shortened, and more design problens are
found and corrected at "initial design
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stages, rather than later. This is At Ingersoll-Rand's Portable
illustrated in both Figs. 1 and 6, Conmpressor Division in Mcksville,
showing a 12-month reduction in North Carolina, DFM techniques were
engineering time. Difficulties with CE used. In two conpressor assenblies,

lie in ﬁer_forn“i ng downstream design
work with inconplete upstream design
deci si ons. This requires reorganizing
the design process to identify
downstream i nfornation dependenci es and
decoupl i ng independent tasks.

In 1988 the Defense Advanced
Research Projects Agency (DARPA
awarded funding of a 5-year $100M
Concurrent Engineering Research Center
(CERC). to the University of West
Virginia at Morgantown. This effort
includes a denobnstration testbed
consi sting di fferent engineering
workstations networked together to
illustrate the inplenentation of a
collocated CE virtual team The
sof tware approach adopted was to enpl oy
(without modification) an existing set
of CAD, CAE, and CAM software packages
interconnected via a CE communication
platform Attenpts were made to enplo
rel evant data-exchange standards suc
as the International Gaphics Exchange
Standard (I GES) and the Product
Definition Exchange Standard (PDES).
Effort made to_ integrate
inconpatible systems is Oten several
times the cost of either original
system (32).

of
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DFM reduced the nunber of parts by 64%
reduced the number of fasteners by 47%
and reduced assenbly operations b%/ 75%
which cut assenbly tinme by 60% (30).

Maj or shipbuil ding “prograns such
as the DDG 51 class destroyer program
32) and the SEAWOLF submarine program
33) involved concurrent engineerin
efforts. They demonstrate
applications of model - dat a

communi cati on and CAD/ CAM sol uti ons.

CAD/ CAM Systens

CAD/ CAM is not new to
shi pbui | di ng. A variety of CAD and

CAM systens have been used (1, 34-
39). The level of technology and the
level of integration varies from
shipyard to shipyard.

To increase world market share,
manuf acturers are aware that “rapid

responsi veness" to change is critical,
and depends upon accelerating the
concept-to-manufacture cycl e.
Conventional CADCAM is an obstacle to
this acceleration. The characteristics
that enabled CADCAM to replace
drafting and manual part progranm n%/l
now limt its productivity. CAD\ CA
systems require numerous interactive
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steps or "seams” which prevent rapid conceptual assenbly and process design.
{3538822' veness, CADV\(I]?rIaI1 W?nél,ADt ﬁeysrgeﬁrgf ggﬁzeﬁsﬁmagggfmltyheaﬁgg'prrl%%ress desi gn
interface or seam in CADICAM systens paper.
g%?gsed?ets\gﬁigm%g | arld CFAierst\M;InChi Kol Seani ess- Desi.gn-t o- Manuf act ur e

is esigned in D and

manufacturing process is developed in that offers rapid responsiveness by

CAM In conventional CAD/CAM syst ems elimnating many interactive seams and

then the

assenbly design changes require redoing by automating others (40).

the CAM work.  This makes such systens

inflexible to changes.

CAD/ CAM systens do not

2B1-8

(SDTM is a post-CAD CAM

t echnot ogy

conpares STDM and traditional -
systems. ~ sSDTM systens consi st of an
Conv%né&roggls interactive conceptual assenbly-
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process-desi gn conmponent, a set of continued to inprove conputer processor
Automatic Geometry Generators (AGG), and communication speeds. However ,
and a set of ~Automatic Process sof t war e- devel opment Froduct|V| ty has
Generators (APG (41). The feature- made conparatively little progress.
based assenbly- and process-design Conventi onal CAD/ CAM systens
conponents are custonized for a Goup devel opnent has been slow and” costly
Technol ogy (GTE famly of simlar due to the traditional |ow productivity
assenbl i es. most  serious met hods enployed. To distribute this
flaw is overcone b SDTM s rapid devel opment “cost over the |argest
responsi veness to product and process possible market, generic CAD/ CAM
change. SDTM uses new or traditional systens are marketed to design a wide
manufacturing processes, and rapidly range of products. Unfortunately, they
introduces “engineering changes into are not responsive to change. ~Due to
production. An APG system gener at es new high-productivity
process geometry and either numerical sof t war e- devel o ment met hods (28),
control ? code for nanufacture, or

production schedul es, work assi gnrrents
production diagrams and materia
requirements for production, using the
famly of assenblies* shared process
simlarity. CAD/CAM is in a poor
position to use reduced conputer cost
and higher speed to inprove its
responsi veness to change. SDTM i s
suited intensive and well-

to benefit from distributed
cooperative processing.

comput er

and conmuni cati on
har dwar e

technol ogy devel opnents have
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custom zed DTM systens have been
created qui ckI y, at relatively |ow
cost. These high-productivity nethods
make it economical to customze SDIM
systems for sinmilar GI families of
assembl ies. SDTM systens utilize these
simlarities, el evating design
interaction to a hi ghly productive
arametric feature-based conceptual
evel . Althou?h some compani es pursued
proprietary efforts to custonize their
CADY CAM systenms in the 1980's, those
efforts have been costly and have
subsequently involved those conpanies



in nore-costly custom zed upgrades. By
devoting their resources to CAM
custom zation, these conpanies have
m ssed opportunities to benefit from
many advances in technol ogy. Hi gh-

productivit sof t war e- devel opnent
nmet hods used to build and custom ze

SDTM systems avoid these costs and
enable” the introduction of new
technol ogy.

Unli ke conventi onal CAD/ CAM
syst ens, SDTM Automatic Geomnetry
Gener ators empl oys "geometric
integrity" to generate solid nodels
automatically from assenbly-desi ?(n
parameters (42). Wth SDTM unlike
conventional CAD/CAM  feature-based
geometric _assembly design,
parameterization, and autonmtic

generation of a solid nodel exhibiting
geonetric integrity are feasible.

Each SDTM systemis built around a

flexibl eGProces_s plan that suits the
entire famly of assenblies. A
robust APG system is built for this

fl exible process plan and verified.
Thereafter, the parametric design of
new assenbly, in the f.aml?/, produces
an  assenbly autommtically. APG
elimnates the need for ~extensive
pre-production verification for each
assenbly, to debug process geometry and
either 'NC code or production schedul es
and material/work assignnents. SDT™M
also elimnates the need for NC
verification software included in many
systems, or sold separat el
43). G aphical verification of
tool paths is inprecise, time consum n?,
y
Wthin the shipbuilding industry,

and extrenmely costly, often nore cost
the SDTM concept-to-production approach

a

than the machining operation itself.

can be enployed to introduce CI'M into
shipbui I ding without the adoption of NC
processes, as explained further, later
In this paper.

An FMB is a manufacturing system

specifically designed to produce
different GI famlies of parts
toget her, wi t hout sacrificing
efficiency, as conpared with individual

factories for each part.  Shipbuilding

and repair yards also use the sane
facilities and workforce to produce and
repair different types of ships
simul taneously. In this sense, they
are tackling-the sanme generic problem
as FMs. Enabl ing technol ogies of FMS
nust be examined to determine their

applicability
repair.

to shipbuilding and

Sone critics judge existing FMS

implenentations to be inflexible. = They
cite early FMS inplenentations
devel oped in the 1980's, whi ch

manuf actured a basic design with ninor
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nodi fications. They al so note that
during econom c downturns the conpany's
capital is tied up in FM5S that nake
unwanted quantities of products (45).
These criticisns are directed to the
degree of flexibility of FMs, rather
than the advantages of FMS over nornal
aut omat i on. In manufacturing,
machining centers and turning centers
are reconmended as being nore flexible
than FM5 that use custom zed work cells
(46, 47).

_ Caterpillar Inc., East Peoria,
[llinois, used an FM5 to cut lead time
and in-process inventory in half, and
triple productivity. Parts for
el evated sprocket tractors, previously
experiencing a throughput of three
weeks, now take only a few hours. The

part fam|y consists of 41 steel parts
fitting within a 150 cm (5 foot) cube.
The rFvs system includes OCNC nachi ni ng

centers with automatic tool changers
and automatic work changers, and an
automated storage/retrieval system
(44).

A mmjor California-based air
conditioning manufacturer replaced its
five separate batch lines, each
?rodum ng five conponent types, by a

lexible " new line that elimnates work
in process (WP) inventory. This line

can produce all five Conponent types as
individual units in any sequence. Now,
no tooling changes are required, and
only one sixt the workforce is
required (21).

Rapid Prototyping Systens

. In adopting CIM in shipbuilding,

it will becone necessary to speed up
manual activities |ike ‘nodel making.

This requires adopting "rapid
prototypi ng" technol ogi es. Recent |y,

several rapid dprot ot ypi ng t echnol ogi es
have enmerge [ 48, 49]. These
technol ogi es have denonstrated the
ability to create geonetric nodels that
roughly match part designs. However,

for many applications they are unable
to generate prototypes that can
wi t hstand physi cal testing and
realistic thermal environnents.

Stereolithographic plastic nodels are
suitable for judging aesthetics and fit
of many consumer products. But these
plastic nobdels are inappropriate for

applications such as instrunented
water-tunnel testing of netal narine
propul sers, to judge their structural,
acoustic, and hydrodynam c response, or
for engineering applications that
invol ve appreciable heat. In addition,

rapid prototyping speed and accuracy

varies greatly from one geonetry to
anot her. her problens include
differential shrinkage and polyner
toxicity.

Stereolithography and solid
imging selectively ‘cure a liquid



phot opol ymer to build a solid object
slice by slice. Sel ective laser
sintering selectively fuses powder, to
build prototypes slice by slice. O her
processes, based on material

deposi tion. i nclude |aninated object
manuf acture (LOM), ballistic particle
manuf act ur e, and fused deposition
model i ng. Stereolithography has Ied
rapid prototyping, dominating sales.

wile nost of these processes are
driven from standard CAD data, the
slice geonmetries nust be fully closed.
Mbst conventional CAD systems do not
preserve geonetric integrity (42), so
CAD rework to close the slices is
required for each part.

~ SDIM provides rapid prototyping
using conventional nmachining processes
and the intended part materials (40).
SDTM produces prototypes which are both
geonetrically ~correct and can be
evaluated in realistic physical and
thermal test environments. These
prototypes are also acceptable final
products.

Virtual Reality

Virtual reality is an energing
technol ogy that enabl'es an observer to
experience an environment or a task by
means of visual, auditory, and sensory
simulation (50). The equi pment
includes a helnmet that features
graphical screens as goggles, stereo
sound, and a pair of gloves equipped
with position and orientation sensors.
A person nmoving their hands and arns
sees graphical depictions of their
hands and arns nmoving in the gogHIe
Screens. By wal king on atreadmll,
the operator can tour workplace or a
desi gned environment such as a shi E"A
pilot wmy see a virtual cockpi t
dashboard with gages and knobs. As he
reaches out to touch them he sees the
imge of his arns doing so, and
experiences the effects. This is an
effective_way to prototype instrunment
panel s. The conputational requirenents
of presenting realistic inmages and
conputing 1ntersection of virtual
objects, "and the physical effects of
exerting forces on these objects are
enor nous. Advances in conputer
hardware technology will suppl t he
conputational power” to provide better
and nore convincing realistic Visual
and auditory images. Less progress has
been nade ‘on general -purpose tactile
Sensory response equi pnent.

Quasi-realistic graphical output
has already helped in many design
areas. It i's possible wth comercial
packages to visualize the simlated
interior of a ship cabin. Desi gners
can check ergononic issues such as head
clearance, or the clearance for a_crew
menber carrying equipnent. These
systens differ from virtual reality

systems in the nature of their input
devices or interfaces, and by the use
of workstation screens.

In ship production, a tradesnan
wearing virtual reality equipnment could
see an overlayed image of the correct
pl acement of the next conponent to be
attached superinposed over the existing
assenbly. Ship designers could
digitally explore the final assenbly
interferences of large system
subassemblies.  Maintenance
requirenents and difficulties could be
assessed quickly during the design
stage of engines and other conplex
intertwined 3-D assenblies using
virtual reality [50].

WORKSHOP ON APPLYING CIM TO
SHI PBUI LDI NG SHI P REPAI R

An NSF-sponsored workshop was held
at the University of New | eans on
February 6th and 7th. The objectives
of this workshop were:

- to expose US. shipbuilders to

devel opments in CIM

- to develop a consensus of what
bottl enecks stand in the way of
realizing CM and .

- to develop research themes which
address the problems facing
i ntroduction of CIM in US.
shi pyar ds.

Representatives of academa, from
Bost on Uni ver si t){_, the Massachussetts
Institute of echnol ogy, and the
University of New Oleans were in
at t endance. Shipyard representatives
of Avondale Industries, Beth Ship,
IngalIs Shipbuilding, and Swiftships
partici pated.

Wor kshop Cbservations

Substantial inplementation of CM
in shipyards will change the
traditional boundari es et ween
engi neeri n?, _producti on, and
schedul i ng. t will shift the sequence
of these activities (Fig. 1). It wll
also alter the scope and conceptual
| evel of shipyard job responsibilities,
and work force job skills. This will
i mpact supervisors, planners, designers
and engi neers (ever?/one other than the
wor ker s actually performn
shi Pbui Iding trades). Routine wor
will be autonated,” saving tine for
conceptual planning and conparative
deci si on- maki ng.

Ship production planning involves
a hierarchy of planning |levels and
different levels of detail. The |owest
I evel involves the foreman who exani nes
the jab, its location and its
accessibility, and then accuratel
specifies the detailed sequence o
t radesnen, equi prent  and the time



(A) CJM SYSTEM BASED ON
Y ESTERDAYS KNOWLEDGE

Conceptional Detail
Process Process
Planning Specs
CPP DPS

(B) CIM SYSTEM BASED ON
TODAYS KNOW.EDGE

Understood

Automated
shift

Fi gure 8. [l lTustration
of DPS- CPP Shi ft

required for each outfitting process.
Shipyard process planning Consists of
two activities, concepildl __DIOCeSs
planning and aled pcess
Specification as shown i'n F'g. 8. e
etailed process specification is the
wel | -understood portion of process
pl anni ng. It has becone routine, and
can be autonated. Conceptual process
Planning is the portion that is not
understood well enough to be autonated.
The division between these tw Ilevels
shifts gradually, as the enployees
learn and their understanding increases
and as the shipyard technol ogy base
grows (Fig. 8).

The detailed design, planning,
schedul i ng, purchasing, and cost-
estimation of ship production is too
massive, tightly coupled, and dynanic
to afford the luxury of performng
detailed process specification manually
or even as a conputer assisted activity
(51). Detailed process specification
must first be automated into CIM
systens so that shipyard personnel can

progress to  conceptual process
planning.  This will allow a better
capability desi gn

| to conJJa_r e
alternatives, evaluate design changes,
and understand the inpact of delivery
and work delays. The CIM Wbrkshop
attendees agreed that a shipyard CM
system nust be able to respond to
engi neering change. This 1nvolves
using the existing process plan,
performng the detailed process
specification automatically, and
produci ng a budget and production
schedul e that conforms to current |ead
ti mes and manpower/ equi pment

constraints. This allows different
en%u neering changes to be conpared to
sel ect the best. ‘Today's nanual |y
detailed process specification will be
automated to achieve SDIM in ship
production.

It was noted that attenps to fully
autonmate shipyard process ﬁl anning nay
not yield a successful shipyard CIM
system Since many of these process
planning skills are poorly understood,
they are not easy to capture. Most
generative process planning systens are
still at the research level.  The few
commercially available systems have not
found w despread acceptance in industry
because they require manual coding of
part features, and the devel opnent and
mai nt enance of extensive databases and
decision logic that is unique to each
manufacturing firm (52).

Rat her than automating all of
process planning, the detailed shipyard
process specification of ‘well
understood tasks, such as welding or
outfitting, should be automated first.
Then, the foremen can deal with the
next - hi ghest assenblies. In doing so
they can identify any errors in the
pl anning software "and "later, they can
add additional tasks not previously
aut omat ed. In this_ yay, _ shipyard
supervisory expertise is gva; lable to
i mprove the C'Msystem continuously.
Rat her than displacing skilled shipyard
foremen, their job is expanded "and
improved as a result of shipyard CIM

This approach to CIM differs from
the call to nechanize, automate and
numerically control shi pbui | di ng
processes. Al though automation has
been denonstrated to be effective in
t he ,]aL)anese shipbuilding industry, it
is linked to the Japanese shipbuildin
i ndust r(}/' s division into specialize
shipyards, each building a certain type
of ~ “ship. Japan enjoys sufficient
volume to make nechanized assenbly
processes effective. Presently,
Anerican shipbuilding has too small "an
?rdﬁ_r book to reorganize itself in this

ashi on.

~ Rather than automating
shi pbui I ding, the approach to realizing
CIM seeks to automate the process
specification. Tradesmen are needed to
build ships: however, as know edge of
shi pbuilding grows, nore and nore
c_orrPI ex process-specification tasks
wi | be automated, freeing those
workers to consider nore inportant
productivity issues, rather than
repeatedly "fighting the same fires"
t hroughout their careers.
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CONCLUSI ON:  RESEARCH RECOMMENDATI ONS
The workshop attendees strongly
endorsed the —concept
Uni ver si ty- based it e
Marine Téchnology simlar to an NSF
Center of Excellence. In this
university-affiliated center, advanced
technol ogies would be devel oped and
made accessible for ship production.
I't would be associated wth a
uni versity program in naval
architecture and be close to the
shi pyards.

The workshop attendees also
indicated that the role of the Center
shoul d be focused on research and
devel opment in areas critical to the
mai ntenance of the U. S. shipbuilding
base. They suggested that the Center
shoul d conduct research in four areas
that would accelerate the adoption of

. ship production and
repair. These four research areas are
summarized bel ow

Devel opnent of Quantitative |ndex of
CIMRelated Inprovenents in Ship

prod

The cost for a shipyard to adopt
CIM nust be balanced with the projected
i nprovenents. This raises several
i ssues which nust be addressed for the
amsystem to be adopted. The scope
of this research would include the
areas listed below

Identification of areas which will

see:

a. significant inprovenent,

b. nmoder at e inprovenent, and

c. long-term i mprovement
(initially smal |
i nprovenent).

Devel opnent of an index to assess
t hese gains. This index would
include inprovement in costs,
schedul e, and profitability in

shipyard production.

Application of this index to a
cross-section of ships and
offshore structures to 1dentif
where the highest gains Wil
occur.

This research will also clarif
the extent of benefits fromincrenenta
adoption of CM versus a conplete
switchover to COM

character'zat('gn of Shin Production
Activity and Nanpower Shift wt M

Adopti on
The introduction of CIM into
shipyards wll have far-reaching

inplications on present and future
shipyard staff. Inplications which
shoul d be explored will include:

- their required skills,
- their training,

- how their |expertise wll be
incorporated into ClMsystens,
- how they will use and supervise

these CI'M systens,

- what new opportunities for career
?rolwth paths are presented by
heir use of these CM systens,
and ultimately

- who wll seize the opportunity to
advance and grow wth "the
technol ogy or be nmade obsol ete by

1Ce.

In the long term shipyard jobs
(above the level of tradesmen actuall
Berf.orm ng shipbuilding processes) wil

e integrally tied to the use of M
syst ens.

This shift in personnel
requirenments can only be acconplished
in an evolutionary nanner. Many
obstacles, both technical and social,
obstruct the transition from present
shipyard structures to Cl'M based
shipyard. Cooperation of
process-pl anning experts is necessary,

al though unli kelz unl ess shipyard
managerment can take serious steps to
prove that their goal for cIMm
automation is not to displace workers.

Devel opnent  of
Testbed for
ITraining

Emerging ClMtechnologies are
rarely presented in the ontext of
shi pbui | di ng. Due to differences
between shipbuilding and other
manuf acturing industries, some of these
technol ogies are inappropriate for use
in ship production, while others are
quite effective. Because of the hi ?h
cost of. inplenmenting large corporafe
CiMefforts, the shipbuilding industry
will either duplicate efforts in
testing emerging CIM technol ogi es or
choose to ignore them A
conput er-based ship production testbed
can provide a prototyping environment
to test energing CM technol ogies and
dermonstrate their rel evance to ship
production. ~ Specific exanples of
I ndi vi dual shipyard production nethods
can be used to customize the
application of these technologies to
production activities at specific
yards, hel ping nmenber yards to gauge
the detaile performance of the
technol ogies on their own work, through
their own evaluation criteria. Once
technol ogi es have been denonstrated
using the testbed, better decisions can
be made regarding their benefits, costs
of scale-up, expected difficulties, and
technol ogy transfer into the shipyards

Shipyard Production
CIM Devel opnent and
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characterization of the Costs and Scope
f Enqi i h Th hout th
To achieve low costs, quick
delivery, and high quality, the costs
and delays from englneerln? changes
must be minimized. The CIM system

provides a mechanism with which to make
frequent changes easily, however, once
production begins, these changes can
have costs that are not readily
discernible. These costs can involve
not only material and services that
have already been ordered, _but _by
delaying other work, engineering
changes can affect tasks along the
critical path and cause delays which
add significant costs. Other
engineering changes actually reduce
costs and positively impact the
schedule.

It is imperative that the CIM
system determine these cost
increases/decreases and schedule
improvements/delays so that decisions
can be made by the production managers
Other alternatives involve 1) strictl
limiting all engineering changes, wit
no knowledge of _their implications, _or
2% freely permlttlng all engineering
changes, ~ blindl oping that the
implications will be positive or
minimal. Neither of these two
alternatives 1is acceptable. Instead,
shipyard_ planners must have the
information with which to gauge the
impact of their proposed changes, so
that alternative changes can be
compared to build the best ship at the
lowest cost in the shortest time.
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