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ABSTRACT

In the current severely conpetitive
climate that is challenging ship-
bui | ders everywhere, how information is
managed is taking on extraordinary
i mportance. Existing conputer aided
design (CAD) systems have not been
focused on the most critical inform-
tion needs, for exanple, information to
serve marketing. This limtation is
the result of concentrating primarily
on aspects of design and nanufacturinP
wi thout regard for inpact on an overall
manufacturing system In this paper
the need to extend CAD systens is
identified so that they would nore
fully provide critical-data to everyone
who has to have understanding of a
manuf acturing system s capability and
availability.

| NTRODUCTI ON
This paper is an attenpt by the

authors to provide a thought provoking
previ ew of shiP¥ard CAD systems for the

next decade. i s based-on inter-
views, visits, and/or discussions with
shipyard representatives from the US

Europe and Japan concerning current CAD
capabilities and practices. It also
reflects a review of pertinent CAD
literature, in the marine and other
industries. Finally, it considers CAD
utilization and inﬁ ementation issues
in conjunction with the application of
a nodern, roduct oriented shipbuilding
system whi ch constantly inproves while
serving comercial -ship and other cus-
tomers, in a worldw de conpetitive

mar ket .

Evi dence is continuing to accunul ate
whi ch indicates that even the nost
inﬁyessive CAD capabilities will never
achieve their maximum potential if
future such devel opments proceed as
they have thus far. Mst people who
are responsible for funding existing
and future CAD systens, still do not
have sufficient understanding that the
conputeri zation of desi?n, in what is
now being called the information age,
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cannot proceed isolated fromall other
aspects of a manufacturing system per
se.

\here such understanding exists,

shi pyard managers oversee rationalized
work, exploit statistical analyses,
ﬁrOV|de.|nfornat|on to workers about
ow their work is performng (espe-
cially regarding schedul e, man-hour
budget, and quality adherence), and
rely on decentralized decision naking.
As top priority measures they insure
that their manufacturing systens
capture the many small-scope productiv-
ity inproverment-ideas that-inforned
workers make. "At |shikawa]ina-Harina
Heavy Industries (IH) each-enployee
submts an average of 18 suggestions
for inprovement per year." (1)

Thus in a shipyard which enploys
1500 workers, 27,000 suggestions per
year or about 120 per workday are con-
sidered. Collectively they are the
"backbone" of the yard's constantly
i nprovi ng nanufacturln% system  But
there woul d be no backbone if the im
pacts of accepted suggestions were not
captured as corporate data, summarized
at various levels, and instantly nmade
avail able to managers, supervisors, and
wor kers comensurate with their respon-
sibilities. Al are dependent upon
know edge of how their manufacturing
system currentl performs.  Proni nent
among them are the marketing and esti-
mating people who regularly project the
rate of inmprovenent and di scount bids
for contenplated projects accordingly.
Enphatically, for world-class perfor-
mance, CAD system devel opers have to
address how to automatically assimlate
the consequences of every design and
manuf acturing method chanhge regardl ess
of its size. Furthernore, the inform-
tion age requires CAD system devel opers
to regard narketing as part of the man-
ufacturing system because it is vita
for marketing people to be precisely up
to date about the system s capability
and availability.



As shown in Figure 1 the feedback
paths to marketing from the other basic
managenment functions (planning, sched-
uling, executing, and eval uating),
constantly update know edge of the man-
ufacturing system's capability and
availability. Estimating is an aspect
of marketing. Design is an aspect of
pl anning. Executing includes both
materi al marshaling and producing.

- MARKETING

}

{

-t PLANNING -

}

\
- SCHEDULING =

}

|
<===w=d EXECUTING

|
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FI GURE 1: FEEDBACK PATHS TO MARKETI NG

MARKETI NG NEEDS

~ No one will disagree that marketing
is inportant, but because it is not
general |y recogni zed as part of the
shi pbui I ding system it has not bene-
fited from marine industry related
research and devel opnent efforts.
Unfortunately, good advice was ignored.
In the mid seventies when the National
Shi pbui | di ng Research Program ( NSRP)
was recognized in a Rand CorPorauon
report as one of the nost effective
research prograns funded by government,
Marvin Pitkin, then a deputy adm nis-
trator for the U S. Mritinme Adminis-
tration and someone having significant
experience in high-tech industry,
advised, "The NSRP is doing a great job
on half the equation, that is, the half
that involves cost reduction."He went
on to describe the need to also invest
in devel oping marketi nﬂ and, with
Figure 2, enphasized that the NSRP

shoul d measure its success bi/] moni t or -
ing the difference between shipyard
revenue generated and cost incurred.
This difference is a true neasure of
the success of a manufacturing system
Thus, marketing, which uniquely concen-
trlates on increasing revenue, 1s criti-
cal .

Difference

Cost

A Y

Revenue

FI GURE 2: DI FFERENCE BETWEEN REVENUE
AND COST.

~ The few in the U 'S. shipbuilding

i ndustry who appreciated the need to
support = marketing, were soon diverted
to | obbying for part of the programto
build a 600-ship navy. At that time
bui I di ng war ships was not conpatible
with devel opment of a nmodern flexible
manuf acturing system which could mani -
festly self inprove during each con-
struction effort, and which could con-
struct both naval and commercial ships
and other entities, such as, processing
and toxic-waste incineration plants.
Work for customers with such under-
standing is essential for developing a
modern manufacturing system which In
turn is essential for generating and
constantly updating information that
mar keting people need in the informa-
tion age.

Information that serves marketing
that depends on input from design
i ncl udes:

o how hull construction man-hours vary
with block coefficient,

o how outfitting man-hours vary with
bl ock coefficient,

o how hull construction, outfitting,
and painting man-hours vary with design
and production innovations, and



accuracy expressed in statistica
terms that the yard's manufacturing
system nornmally achieves for various
structural details.

Regardi ng bl ock coefficient, hull
construction man-hours reduce and accu-
racy inProves as line heating is per-
fected for curving hull plates and
structural shapes. Also, the engine
roons of high-speed container ships are
more difficult to assenble than those
in tankers. An innovation, already
inpl emented by a Japanese shipyard
features container-size outfit nodul es
for the assenbly of engine rooms. The
yard specializes in production of the
modul es and transports themin con-
tai ner ships to other yards, in Japan
and el sewhere, for blue-sky outfitting.
When the accuracy normal |y achieved is
referenced in contracts, enlightened
owners who understand the |ink between
productivity and quality are thus
assured that critical dinmensional re-
quirenents, as in container and |iquid
natural gas ships, will be net. Al so,
regul atory agencies are assured hefore
work starts of structural integrity

that is related to accuracY, for
exampl e, the alignnent of 1ongitudina
butts.

Keepi ng marketing people up to date
about such relationships is ver

i nportant because even the slig%test
edge in a market that includes )
cpnﬁtantly-lnprOV|ng conpetitors, is
vital.

There is more information that mar-
keting people need which should be the
subj ect of devel opnent at |east equiva-
lent to that which has been applied for
CAD in the |ast decade. Sone needs were
identified by Sarabia and Gutierrez in
their description of the process of
recovery whi ch enabled Astilleros
Espanoles, S.A to reenter the globa
shi pbuilding arena. (2) They described
a strong marketing effort consisting
of: training a large specialized sales
force to canvass the world, sophisti-
cated media and image canpaigns, untir-
ing travel for contacts wth brokers
and custoners, and, as very inportant,
"financial engineering teans that were
brought in to prepare conpetitive
offers, meking the best of Spain's cur-
rency, exchange rates and credit
schenes." Regardl ess of what conputer-
ization in shipbuilding is called, CAD
extended or preferably, conputer inte-
grated nanufacturing (CIM, financial
matters, including ways to evaluate the
quality of a prospective customer's
fiscal responsibility, is the area that
shoul d now be targeted for highest-
priority conputer-application devel op-
ment

Wiile it may seem nundane to sone,
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it is also critically inportant that
CAD systens address nany indicators of
productivity that are not now beinﬂ
nmonitored, particularly in yards that
have been favored with |arge nava

shipbuildin? programs. \Vhile their
managers often cite |earning curves
that reflect the decrease in overal

maen- hours required per ship during
series construction, and even by nan-
hours per ship's functional system

that information is not sufficiently
detailed for practical nanagement by
target. \hen world-class shipbuilders
shifted to product orientation, they
reorgani zed people so that each group
of designers has a counterpart group in
production with whom they share respon-
sibility for the cost of specific
interim products.  Thus both are

i mmediately interested in nonitoring
many things for which design input is
required and which are readily counted
or calculated by sinple conputer
routines; see Figure 3 for exanples.

EARLY CAD DEVELOPMENT

Wiy didn't devel opnent
appli ed nanagenent information systens
in the 1960s direct CAD devel opers in
the West to anticipate nmore than design
needs? In the late 1970s when the
first descriptions of a Japanese devel -
oped pproduct work breakdown structure
(PWBS)  for shipbuilding were published
by the NSRP, archaic system by-system
wor k breakdowns for inplenmentation by
i nadequat el y-coordi nated functiona
crafts, were in general use. The
concept of a rationalized manufacturing
system featuring integrated structural

of conmputer-

outfitting, and ﬁaintlng wor k, was
unknown as was_the concept of collect-
ing cost per (interin) product regard-

| ess of the mx of systems represented.
Comput eri zation of managenent inforna-
tion needs reflected the status quo.
Even now, nore than a decade |ater

only two US. shipyards denpnstrated
with conpleted shipbuilding projects
that they organized infornation,

peopl e, and work, with sharp focus on
cost per product.

Wthout such demand from managers,
design oriented people a0 not under-
stand that the effective use of CAD is
not linmted to inproving the effective-
ness and efficiency of the desiPn pr o-
cess. Wth such demand they will
understand that they can significantly
contribute to inmproving the effective-
ness and efficien&%.of the entire ship-
bui | di ng process which includes all
design activities. Furthernore they
will readily accept that for building a
typi cal merchant ship, basic designers,
those who interact the nost with mar-
keting people, only contribute 3%to
direct costs, whereas by a wi de margin,
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aa.

bb.
cc.
dd.
ee.
ff.

ratio of net steel weight to invoiced weight,
nunber of hull plates and percentage of curved plates, .
ratio of penetrations NC cut to total number of penetrations required

total lineal meters of hull erection butts and seans,

total lineal meters and |ocations of erection butt and seam edges that were not
neat cut,

total lineal meters and locations of erection butts and seams that required

rergyk by gas cutting and, separately, that required rework by back-strip

wel di ng,

accuracy in terms of nean values and standard deviations for hull parts, sub-

bl ocks, bl ocks, and erection butts and seans, .

nunber of tenPorary lifting pads required for hull construction

nunber of scaffolding planks required separately for assenbling bow bl ocks,

m dshi ps bl ocks and stern blocks; for hull erection; and for outfitting
separately by deck, accommpdation, and machinery,

total lineal meters per size and type of welds for sub-block assenmbly and
separately for block assenbly, .

total number of separate material items that nust be manufactured or purchased
and the nunbers that apply for each specialty, for example, deck, accommpdation
machi nery, weapons, etc., , ,

l'ineal footage of all pipe and separately for large, small and nmedium dianeters
(This item and nost which pertain to pipe that follows, also apply to

vent - duct pieces.) . . )

nunmber of pipe pieces and percentage of field-run pipe pieces (The latter
represents work out of control and is a particular target for reduction.),

aver age P|pe pi ece length, . . .
nunber of straight pipe pieces and pipe pieces that can be conpletely fabricated
as straight and bent afterwards (these are the two |east-cost categories),
nunber of bent pipe pieces having other than 90 and 45 degree bends (Al low ng
ot her degree bends inpacts adversely on ability to enploy statistical accuracy

control.),

nunber of bent pipe pieces which require less than "3-diameter” radius bends
(Smaller radii 1nmpact adversely on ability to enploy statistical accuracy
control.),

nun?sr 8f pi pe pieces fitted on unit, number fitted on block, and number fitted
on board.

nunber of piPe pi eces that nust be fitted on board of such weight and/or |ength
that exceed limts determned from what one worker can handle safely

regardi ng pipe-piece precision, ratio of total number of nock, |oose flange
reworked, etc. pipe pieces to total number of pipe pieces (This too is a
particular target for reduction.),

accuracy in terms of nean values and standard deviations for pipe pieces

footage of all electric cable and separately for small, nedium and |arge

di ameters,

footage of electric cable pulled on block and separately for small, nedium and
| arge dianeters,

nunber of electric-cable runs and separately for small, nmedium and |arge

di ameters,

gunber of electric-cable runs precut and separately for small, medium and |arge
iameters,

nunber of electric-cable runs pulled on block and separately for small, medium

and large dianeters, . . .

nunber of precut electric cable runs provided with distance fromthe pulling end
to a reference mark to facilitate installation (This also requires, dinmensions
for corresponding reference nmarks on-block or on-board.) and separately for
smal |, nmedium and |arge dianeters,

percentage of electric cable pulled on block relative to total footage of cable
required, )

percentage of cable ends connected on block relative to total cable ends
connect ed, .

average length of remants from precut cables separately for small, medium and
large dianeters,

t ot al nugber of supports for wal kways, pipes, vent ducts, electric-cable trays
etc., an

[Fgarding material pallets, ratio of mssing line items to total nunber of Iline
itens.

FI GURE 3: EXAMPLES OF PRCDUCTIVITY | NDI CATORS THAT SERVE MANAGEMENT BY TARCET
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t hey have the greatest influence on
ship total cost. Thus, conpared to
traditionalists, the world s nost
ef fective shipbuilders invest nore in
basi c designs and insure that each
design is rnmplenented as an aspect of
pl anni ng. \When shown Figure 4, which
Illustrates that basic designers have
the greatest influence on ship cost, a
former nmanaging director of Australian
Def ense Industries said, "Wen a
Bro;ect i s behind schedul e and/or over
udget, do not blane production. First
ask, 'Wwo is responsible for the
pl anni ng?" "

CONTRIBUTION TO INFLUENCE ON

DIRECT COST SHIP COST
j—
90%
60%
25%
15%
ax 7%
S SR
N \O <N
of 065 000

O e o
0"5 oﬂ\e o

FI GURE 4:I¥EQ$T OF DIRECT-COST ON SH P

Moﬂshiﬁ%ard CAD systens evol ved
over a nunber of years, forcing man-
agers to decide between upgrades to

exi sting hardware/software or tota
revanping of an outnoded system

Rarely did shipyard nmanagers choose the
| ater approach. Consequently, nmost CAD
systenslare the outgrowth and extension
of earlier systems. In shipbuilding
the initial application of CAD systens
was for conputer Ioftln?. There are a
number of systems that fit this de-
scription. "“Originally, design/lofting
contractors provided nunerical contro
(NC) tapes for the shipyard to use for
automatic control of cuttin% machi nes.
The next upgrade invol ved the direct
generation of the NC tapes at the
shipyard, and thus involved the instal-
lation of a CAD systemthat was capable
of producing information to generate
the NC tapes. stenms are also cur-
rently in operation that electronically
transter NC cutting instructions to the
cutting machi nes w thout generating

tapes. The early literature (from
1975) about CAD systems reflects the
concentration on steel parts cutting.
(3,4) Eight years later, in 1983,
al though comput er hardware had signifi-
cantly inproved, the concentration was
still on steel parts design and produc-
tion, with additional enphasis on
structural conputations. (5,6)

Had hull construction processes in
Western shipyards been rationalized be-
fore conmputerization, per the Pareto
principle, initial devel opnenta
efforts woul d have been directed at
subassenmbly, block assenmbly and hul
erection work. That would have ad-
dressed about 90%of hull construction
man- hours as conpared to parts produc-
tion (10%. This different focus woul d
have established identification of
process control through statistica
anal ysis of accuracy variations as far
more inportant than just inproving
parts production. Something as sinple
as a fish-bone (cause-and-effect or
| shi kawa) chart applied for inproving
any assenbly work, would have shown
that the need for inproving the
accuracy of parts did not nake sense if
not compatible with fitting and wel di ng
capabilities for subassenbly, assenbly
and erection work. Wy inprove parts
"accuracy" if no conpenhsation is nade
for shrinkages caused by gas cutting
and if margins of excess nateria
(commtnents to rework) are routinely
enmpl oyed? Thus 25-years ago, conputer-
ization of hull construction processes
in Japan Iagged relative to that in the
West while the statistical approach,
very nuch of which was performed manu-
ally, permtted Japanese shipbuilders
to elimnate virtually all nmargins and
to constantly establish the latest cri-
teria, in statistical terms, for fur-
ther automation of welding. Conputer
aFﬂ i cations independent of a unified
Cl M system were devel oped in support of
these narrower, but higher-priority
needs, such as statistical accuracy
control. (7,8)

In the West, simultaneously with the
devel opment of NC for parts cutting,
CAD capabilities that were primari Y
useful -for drafting were being devel -
oped. These systens provided the
opportunity to devel op high quality,
prelimnary design draw ngs, such as
outboard profiles, general arrangenents
and machi nery arrangenments. Addition-
ally, CAD drafting caPabiIity was used
to do on-screen detail design, permt-
ting uniformy high quality drawings to
be produced. Simlarly, CAD devel op-
ment in Japan focussed on software
modul es for specific detail design
applications.  Shipbuilders devel oped
internal systenms for design of Struc-
ture, piping, accommodations, etc
(9,10)



lists)

CONTRCL THROUGH CONTRCL OF NMATERI AL

In the absence of a PMBS with its
sharp focus on cost per interim _
product, nost conputer applications in
the West were devel oped in the nold of
traditionalismleading one wit to note
"A conputer lets you make nore mistakes
faster than any other invention in
human history, with the possible
exceptions of handguns and tequila."”
(11) The conputerization of cost/
schedul e control based on collection of
data by ships' functional systems is
the nost profound exanple. In order to
postpone hassles, supervisors in such
traditional environments regularly
m scharge man-hours and/or report

progress, as a crisis deepens, through
I ncreasi ngl y-darker rose-col ored
glasses. O course, conputer prepared

sumaries of such data m sinform
managers faster than they have been
m sinformed before conputers were

i ntroduced.

But with product orientation as
devel oped in Japan, first priority was

assigned to enp oyinﬂ computers for
production control through control of
material. Mnitoring material defini-

tion from establishment of a materia
budget during marketing to producing
structured material lists down to the

| evel of the smallest assenblies (as
for pipe pieces) started nany years ago
and 1s still regarded by the world's
most effective shipyard managers as
their nost inportant conputer applica-
tion. The man-hours needed for
processing materials are, as a conse-
quence of corporate experience, related
to physical characteristics of mate-
rial.  Thus basic man-hour budgets, and
therefore basic schedules, are conputer
produced. As the material is further
defined durlni each design stage which
follows a marketing effort, computers
constantly nonitor for the purpose of
answering two questions. Conpared to
materials defined previously, have any
new materials been defined? Has there
been any change in quantity of any
material item previously defined?
Affirmative answers to one or both dur-
ing any design phase automati cal

advi ses of the basic amunts to change
the man-hour budget and the schedul e.

Further, in accordance with a strat-
egy provided and refined by production
engineering functionaries, detail de-
S|3ners group information (arrangements
and details and attendant materia

to match what is to be assenbl ed
in a specific zone during a specific
stage, such as for assembling an outfit
unit or for a discreet anount of out-

fitting on block. The same paraneters
which relate materials to man-hours
required for their Eéoce55|ng are used
in Japan, per U S partnment of
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Def ense parlance. for establishing
budgeted cost of work scheduled, and
when workers "shade 1n” materral lists
as nmaterials are processed. for

determ ning budgeted cost of work

er f or ned. For the bulk of the
material s

processed, no supervisor's
assessnent of work performed is re-
quired.  Conputerization of design in

the nost effective yards in Japan
contributes significantly to cost/
schedule control!

Wth the extraordinary focus on
grouping material to match interim
products in Japanese shipyards, com
puter applications for nmterial manage-
ment were given extraordinary atten-
tion. The number of prospective sup-
pliers for any one material requirenent
was limted in order to make practica
the maintenance of required know edge,
that is, design details, regulatory
approval status, tinmely delivery
record, previous costs; vendor guaran-
tee history. various material classifi-
cations, etc. Generally, twce the
conputer capacity required for design
was devoted to material managenent
matters. Further it nmde practica
conputer files of flexible standard
arrangenments and details that CAD oper-
ators could "plug in" and that produc-
tion managers cuduse for collecting
3ttendant cost and schedul e adherence

ata.

Notice of this Brpfound conput er
application was published fourteen
years ago when |chinose advised:

"It is obvious that a conprehensive
comput eri zed design system consistent
fronldesi?n t hrough production, could
not be effectively realized without
standards or nodules."

"Standards and nodul es show their
greatest advantage when integrated with
a conprehensive conputer system" (12)

The nodul es described by Ichinose also
applied to diagrammatics. (13

~ Standards and nodul es were included
in Future-Oriented Refined Engineering
System for Shipbuilding Aided-by -
Computer (FRESCO as briefly described
in a paper which was presented three-
ears ago. FRESCO is having a profound
eneficial impact on the sponsoring
conpany's overall manufacturing system

(14)

Al so, conputer capability nmakes it
easy to enter changes and quickly pro-
duce updated high-quality draw ngs.
Vhile this CAD capability was extrenely
useful for marketing, in-general there
was no capability to automatically ex-
tract and discuss previously used
di agrammatics or standard arrangenents.



As a matter of equal significance, the
drawi ngs from these systens used for
contract design could not be electroni-
cally transferred in order to start the
next ~ design stage. In other words,
l'inks between the CAD drafting tools
and the NC lofting tools did not exist.

A major area of devel opment in CAD
SKSteUB over the past decade has been
the linking of structural design soft-
war e Packages with outfit design pack-
ages for piping and electrical dis-
tributive systenms and for heating
ventilation, and air-conditioning
systems (HVAC). Significant progress
has been achieved, although the goal of
nost applications has been interference
checkinP after sequential design has
taken place (structure, piping, HVAC
and electrical in that-order):. Thus,
whi | e CAD capabilities have continued
to increase exponentially, Western
shi pbui | ders have not had the benefit
of system devel opnent focussed on the
most critical needs of the overal

shi pbuil ding system (15,16, 17)

Again, this lack of insight is due
to not rat|onal|2|n% shi pbur'l di ng work,
whi ch woul d have led to general adop-
tion of PWBSs.
3D MODEL

Commonly, after CAD drafting tools

are used in the contract design stage,

a new, large scale effort must be
started to develop a 3-dinensional (3D)
model of the shell, major structure and

maj or outfit conponents (including
space reservations for distributive
systens). The devel opment of the 3D
nmodel can require about a 6 to 12 man
month effort, for a basic nodel of a
large ship. Today, many shipyards have
separate systens for ﬁrel|n1nary desi gn
and detail design. These systens are
often totally inconpatible, or can
tgsnsfer data only with considerable
effort

In other words, the conputer caﬁ -
bilities are not used to address the
full managenent cycle from marketing
(including estimating to evaluation.
Furthernore, the inconpatibility
bet ween systems commonly used for basic
and sonetimes system design and those
used for transition and detail design
i mpedes both the rapid progression of
the design process and the availability
of feedback fromthe |ater stages of
design and nore inportantly the manage-
ment ~ cycle.

The key neans of relating inform-
tion at all stages of the managenent
cycle is through interimproducts, i.e.
material.
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If a CAD systemis intended to pro-
vi de maximum benefit to a shipyard, it
must effectively address the critica
information needs of all facets in the
yard's manufacturing process. Discus-
sion of the need to consider tota
integration of the shipbuilding system
began some time ago. These have
focussed on the life cycle of the
vessel or additional coordination with
managenent information systems. No
consideration of the need to include
mar keting decisions is commonly
included. (18,19)

Since narketin?.is the initia
stage, CAD capability nust focus on
generating information that is descrip-
tive in terns of ship capability/cost
tradeoffs. Since many iterations and
options wll commonly be considered
rapid, easy response is a key require-
ment. Even though the 3D nodel would
provide nore information at the initia
stage, the cost for generating a 3D

model for each product alternative
under consideration, would not be
justified. Thus, at the initial stage,

2D capability is the proper choice.
This reflects existing practice in
nearly all shipyards evaluated by the
aut hors.

Al t hough drawi ngs based on 2D infor-
mation are all that are required at the
marketing stage, many systens exist
that have the sane rapid response and
ease of use, but that also provide
direct transfer of information for the
3D mpdeling required later. Thus
phasing out the use of strictly 2D sys-
tems in favor of systenms that pernit
easy transition to 3D nodels is pru-
dent. The prinarﬁ reason for suggest-
ing this is not the ease in generating
the 3D nodel for later stages of
design, however. Conpatibility between
marketing CAD tools and detail-design
CAD tools is essential to permt
el ectronic data feedback to provide
marketing and estimating people with
current information concerning actua
cost, including cost comparisons
between alternatives. Additionally, a
key benefit to marketing and estimating
Beople is the devel opnent of a data

ase of reusable designs. In par-
ticular, "standard" diagrammtics are
val uabl e as a starting point for

di scussions with Eotent|al customers,
and coul d be quickly devel oped to be
included in contract design packages.

The tinming for preparation of each
3D nmodel is somewhat |nportant, because
it involves a significant investment.

It is also an inportant initial step
for the transition design process, and
thus its early devel opnent-facilitates
producing material lists for pallets
sequenced by the specifically desig-
nated build strategy. Thus, rapid



start of production depends on early
devel opment of a 3D nodel. Wile a 3D
nodel can be devel oped at various |oca-
tions within the design organization,

it has a distinct tie in to marketing.
Only marketing and contract negotiation
peopl e have direct contact with poten-
tial custoners, and therefore shoul d
have a good feel for when a contract
has a high probability of being signed.
Additionally, they have nore intinate
know edge of custoners' needs and
wants. Furthernore, the generation of

a 3D nodel is likely to occur rather
infrequently. Thus, centralization of
this skill in close proximty to mar-
keting will offer the advantages of

good comunij cation and coordination
etween marketing, design and material
procurenent functions.

BASI C SCHEDULI NG
A significant part of the feedback
to marketing from design and production

relates to current information regard-
ing cost, and thus is useful for help

Large Frame

Process Lane
Loading Data
Schedule, MLS

Negotioted Contract

Intermediate Frame

ing evaluate cost/capability tradeoffs.
The second key Fi ece of the equation,
schedule, can also be addressed in a
CAD system that has been designed to
serve marketing through feedback of
current information.

As previously nentioned, basic
schedul es can be conputer produced as a
part of the marketing effort, using the
rel ationshi ps of physical characteris-
tics of material to man-hours and tine
durations normally experienced to
process material. A second inportant
type of feedback that could then be
exploited is the current and antici-
pated utilization of the facility, by
process lane. In this regard, produc-
tion control data would indicate the
progress of work by process lane for
projects underway. Feedback to
marketing resulting from reduction of
information froma large-frane sense to
smal| frame is shown in Figure 5. Both
capability and availability information
are included. (20)
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FI GURE 5:

CONSTANT FEEDBACK TO MARKETI NG,

2B2-8



~ Projections of process lane utiliza-
tion, u5|nP basi ¢ schedul i ng i nforma-
tion, should be nade in three cate-
gories. Firmcommtnments, for which
contracts are in hand, should be
treated as one category. A given
ercent utilization of a ﬁrocess | ane
or a given time period should be
reserved for this work. A second
category for high-probability work
shoul d be superinposed on the firm
workload. This is for contracts being
negotiated that have progressed to the
point that 3D modeling is prudent.
Finally, work that is-still uncertain
but bel ng discussed should formthe
last category. Thus, prospective
customers coul d readllr be i nforned
about the periods available in process
lanes for their work.

The commercial airframe industry
uses a simlar reservation system but
needs only to consider one type of
"process lane." the assenbly line for a

articular airplane nodel. A system

ike this would not be difficult to
program once a PWBS and the man-hours
er material characteristic per process
ane are in place and known. Note that
t he feedback from production and pro-
auction control to marketing, and from
different parts of the marketing
or;anlzatlon, allow for a continua
updating of actual practice. The
feedback includes current productivity
(such as man-hours/ton for flat block
assenbly), schedule adherence (such as
actual ‘status of process |ane work),
and process |ane reservations
(including probable work based upon
negotiations with custoners). This
approach woul d provide an effective
¥sten1that achi eves sone of the goals

a material requirenents planning
MRP) system at the basic design/mn-
hour "budget / schedul e Tevel , rather than
at the detail level characteristic of
comercial MRP applications

s
0
(

CONCLUSI ON

Despite inpressive devel opment of
conput er hardware, CAD systens are not
vet really addressing certain critica
heeds. At-this tine, successful market-
ing is the nost inportant shipbuilding
function. Consequently, in each ship-
yard, it is vital that a CAD system
supports marketing with quick and accu-
rate summaries of-the manufacturing
sgsten1s current capability and avail -
ability to undertake various product
alternatives that are of possible
interest to customers.

Al though conputer capabilities exist
to performthese functions, CAD systens
bui [t around traditional manufacturing
approaches will not suffice. There is
no alternative but to maintain
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(interim product orientation with its
focus on control through control of
material. Thus, material, the onIY
tangi ble entity, becomes the foca

oint for all data collection and feed-
ack. Material volune equals work
volume and thus ship cost/capability
tradeoffs and facility utilization can
be anal yzed, evaluated and updated to
provi de-marketing functionaries with
up-to-the-mnute information. This in-
formation should be available regard-

I ess of the scope of any change in the
manuf acturing system

~Since there will always be another
third-world country which will support
its shipbuildin? industry as a nmeans to
industrialize, fromnow on, the ability
of other countries' shipbuilding indus-
tries to conpete will be highly depen-
dent on how well information is ex-
ploited. Thus the ability of CAD sys-
tems to constantly collect, process and
distribute the right information to the
right people is essential. Right now,
CAD systen1developers shoul d 1 nclude
data feedback to marketing as a high
priority enhancement to current CAD
capabilities.
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