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ABSTRACT

Ship Design for Production is wi del

accepted in principle. Its successfu

est abl i shnent epends on ~ the,
shi pbui | der having a well-defined
shi pbuil ding policy, available to the
desi gner, the establishment of a
realistic and agreed schedule and
adequately  trained personnel.  Key
production engineering  techniques
I ncl ude spati al anal ysi s, process

anal ysis and standardizati on.
The advent of powerful and inexpensive
conput er sof tware has created new
opportunities for producibility to be
incorporated from the earliest stages
of the design process. Signi ficant
progress has been made in recent years
In the devel opnent of design nethods,
and in their application.

1 DESI GN FOR PRODUCTI ON

1.1 Introduction

Shi p Design/Production Integration -
Design for Production - is an idea that
few woul d disagree with but that alnost
all would wish to qualify. Dependent
on the individual viewpoint, design for
Broducti on |ies sonmewhere on a scale
etween building ships with no curves
in the hull form and
nodi fications to
reality, it is l'ike
activity, conprom se.
definition would be:

allowing mnor
bracket. In
nost design
A wor ki ng

Design to reduce production costs
to a mnimum conpatible with the

requi renents of the vessel to
fulfill its operational functions
with acceptable reliability and
efficiency. (Ref 1)
The role of the ship designer can be
seen in this context as one of arbiter,
having the ultimate responsibility of
deciding whet her performance or
production considerations shall take

precedence in any particular case or of
deciding the nature of the conprom se
to be reached.
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The extension of the design process to

include a design for  production
function has the followi ng primary
obj ecti ves:
To produce a design  which
represents acceptabl e

conpromni se between the demands of
pertormance and production and
wher e appropriate t akes into
account the needs of overhaul,
repair and maintenance.

To ensure that all design features
are conpati bl e Wi th known
characteristics of shi pyard
facilities.

To coordi nate
rel ationship bet ween the
machi nery, electrical and out-
fitting work with the structural
work, in order to create a fully
integrated design.

the inter-

It is vital that design for production
effort start early in the desi gn
process. Designers have the greatest
Influence on the cost of the vessel
during the earliest design stages when
main materials and equipment and the
basic configuration are being decided.

1.2 The Need for Integration

The need for

Desi gn/ Production integra-
tion arises

; from changes in the
production system itself.
Traditionally, construction cycle tines
were long and the achievement of high
t hr oughput were made possible by
nul tipl e-ship, simltaneous construc-
tion. Steel work preceded outfit work
and outfit work was carried out al nmost
entirely after the erection and |aunch
of the steel hull. Nowadays, production
cycle tinmes have beconme shorter as
ressure fromthe market has dictated
ower prices and faster delivery times.
St eel wor k and outfitting are now
carried out in parallel. The change in
roduction systemhas led to the need
for the technical system to provide
information in a different tinescale,
sequence and format.



The need? for people in the technical
functions to understand  production
requi renents and for production
departnents to understand technical
procedures and requirenents is greater
than ever. It is not possible to
achieve low production times, short
delivery times and high productivity
unl ess t echni cal and  production

functions work closely together.

1.3 Shipbuilding Policy

Design for production effort  can
achieve its greatest inpact only if the

conpany has devel oped a shi pbuil ding
policy. The objective in defining a
cormpany shi pbuil ding policy is to

establish a
construction.
through the
appr oach:

“standard” approach to ship
This can be achieved
fol l owi ng st ep- by-step

1. Devel op a product work breakdown
structure éRe]‘ 2). The basic aim
is to subdivide the ship into a
narrow range of interim product
types. Each product type may be
identified by the sequence and
nature of the operations involved
in its manufacture and assenbly.

2. Establish the “ideal” ship
construction method and sequence,
to optimze mat eri al si zes,
subdivide hull into planning units
and develop an “ideal” production
sequence.

3. I dentify shortfalls in the
capacity and  capability of
existing facilities to neet the
requirenments of the ideal
construction nethod.

4, Det er mi ne t he best conpr om se

sol ution and draw up proposals for
the renpval of the constraints
identified above, as the basis for
a mast er plan for future
facilities devel opnent.

5. Devel op  standard manuf act uring
methods and a standard list of
operations for each product type.
These standard nethods nust be
docunented and provided to the
designer in order for the design
function to be supportive to them

6. For each ship type and size to be
construct ed, determ ne t he
wor kl oad for each  product for
pl anning resource requlirenents.

7. Identify  workstations for the
manufacture and assenbly of each

i nterim product t?/pe and det erni ne
rel evant manning levels.
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Shipbujlding policy, of course, nust be
dynam ¢ and responsive to changes in
technol ogy, methods and facilities.

1.4 Design for Function

The  prime obg’)ect ive of the ship
desi gner nust e to create a vessel
which will perform certain functions.
It rmust operate as specified by the
shi powner, for exanple:

- travel at a given speed,

- operate at a gi ven fuel
consunpti on,

carry a given payl oad,

neet classification and ot her

regul ations.

Wthin the lifetime of the vessel, it
is i nevitable that some of t he
sub-systems will require to be replaced
and their replacenment may even be
planned from the initial phase.
Furt her, many of the systenms wll
require routine  maintenance during
their lifetine and there is also the
possibility of damage during the
vessel's lifetine. I'n designing for
function, all of t hese addi tional
consi der ati ons must be taken into
account. In the context of Design for
Production, the question nust be asked
as to what impact a production-oriented
approach will have on the various
functional requirements specified.

The structured  approach to desi%n
outlined in this paper based on the
devel opment of a vessel as a hierarchy

of functional spaces, allows a variety
of potentially conflicting requirenents
to be net. The design ich enhances
producibility can al so enhance

operating characteristics.

1.5 Build Strategy (Ref 3)

The planning of large single projects
is usual l'y very conpl ex, due
principally to the lack of related
experience data. It follows that if
large sections of any project can be
identified as very simlar to work done
on earlier projects then these may be
pl anned and scheduled with a higher
degree of reliability. Those shipyards
whi ch have devel oped a consistent
approach to the building of ships have
extended this concept to basic design.
The fundanental objective with this
approach is to devel op an established
“gane plan”.

Each new or potential

ship contract
received by the shipyard

requires the



formulation of a build strategy.  The
build strategy applies the shipbuilding
policy to a particular contract. \Were
a shipyard has been working to a
relatively uniform construction nethod
over a period of vyears, much of the
work on the build strategy woul d be
Brpduce_d quickly with nost attention
eing given to those areas identified
as being novel.

Products change over a period of years

and as production facilities ~ and
met hods are devel oped, a considerable
drift can occur. Ship designs may not

be updated to match new facilities and
the = production methods may not be
optimsed for new design requirenents.
A formal nethod is therefore needed
which will enable changing requirenents
to be identified = and absor bed
systematically.

Thus, it is essential that each new
ship wundergo a systematic scrutiny to
determne the proposed construction
method, to list key events and their
timing with respect to the overall
pr oj ect duraticn, and to identify
possi bl e probl em areas and bottl enecks
so that these can be resol ved before
production begins. The outlput from the
eval uation of the vesse and the
definition of the means of producing it

is the contract build strategy. Par t
of the strategy may include the
modi fication of facilities, or changes
in work practices.

1.6 Role of Planning

Following the definition of what
production work is to be carried out,
and how it is to be done, the plannin
function has the min task o

determ ning when work is to be carried
out. Planning nmust relate not only to
the activities of the  production
departments, but also to the provision
O information from design, and other
technical areas. In this respect, the
pl anning function acts as an inportant
comuni cation link between design and

producti on.

Pl anni ng fol | ows production
engi neering. For example, in the
outfitting of a ship, the sequence
woul d be to establish the planning
units (zones and  steelwork), develop
the production  sequence and then
establish a sequence of work packages
for each planning unit. (Figure 1)

The planning departnent will then work

backwards from these dates to establish

other key dates in the program For

exanpl e:

- Latest date for fabrication of
outfit assenblies.
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- Latest date for delivery of
materials.

Date for ordering materials.

- Date when technical information
fromsuppliers is required.

- Start date for draw ngs.

A nore detailed
called for
no |onger
particul ar
design by a
i nst ead, demands

within a particular
and by which date it

1.7 Training

For design/production integration to be
carried out effectively  requires
properly educat ed, trained and
shop-f | oor - experi enced people. In
Japan and Scandinavia in particular,
shi pbui | ders have had a clear policy
for many years for the training and
devel opment of  shipbuilding engineers.
El sewhere too nmany designers are in the

level of planning is
in which the planning office

demands the whole of a
systemto be conpleted by
particul ar date but,
that all systens
zone are conpleted
must be done.

position of havi n% to make major design
deci sions having barely seen, let alone
worked in a shipyard. Anot her ma#' or
feature of t he successf ul
i mpl enentation of design for production
is discipline. The preproduction effort
will be largely wasted  unl ess

production has the discipline to follow
the determined program nethods and
procedures, and this requires training.

It is not possible nerely to prepare
“standards” and document them in such a
way that a designer with no production
know edge can prepare a design with
i nher ent producibility. Both the
vessel technology and the nethods of
production are dynanic. There are also
areas where interpretation of the
production or design standard is

needed. For this interpretation to
reflect the requirements of
desi gn/ production integration, it is
essential that the designer has an
under st andi ng of the  production
process.

One method of resolving the problemis
to ensure that all new design staff
spend a period before, during or
inmedi ately after their formal design
training wor ki ng ina shi pyard
production area. Even assuming that
during the period of initial training,
desi gn personnel are well trained with
experience of production nethods, as
these change there will be a need to
updat e the desi gner’s previ ous
experience.



1.8 Formal Conmunication

conmuni cati on
the design and production
functions is such that a formal set of
procedures is essential. The basis of
such conmmunication is the input and
output associated with the main stages
of ‘design. Responsibility for the
preparati on of each element of the
total set of information wll be
defined by terns of reference. Even in
cases where the design and production
functions are part of the sane conpany,
it is not unconmon for t he
communi cation between them to be poor.
It is possible to find designers who
have not seen the production facilities
of the shipyard in which they operate.

The vol une of

necessary
bet ween

Det er mi ni ng ~ the information
requirerments is a function of
product i on enPi neering. Production

engineering will act as a link between
t he design function,
function and planning.
communi cation w Il inc

the production
The f or mal
ude a definition

of the information to be supplied, the
timng of that information and the
various sets of st andar ds and
regul ations which wll apply Not only
the form of comunication (draw ng,
sketch, schedule, conputer tape? but
also the content should be specified,
by exanpl e.

1.9 Coding

Coding systenms are required for item
identification, planning and work
ordering, cost control and draw ng
i dentification. The term "item
identification”, rat her than “part
nunbering”, has been deliberately used
since identification in the fullest
sense is the primary function of the
nunbering system Wien devel oping hull
steel and outfit nunmbering systems, it
is essential that “identification”
includes at what stage it is made and
into which planning unit it is
instal | ed. Items which are produced
repetitively may be identified as ship
standard or stock items. These items
woul d be appended to the planning wunit
or interim product by itemlists.

Codi ng systems can be _for
identification or cl assification.

I dentification codes can be ver
simple, and nmany mat eri al contro
systens use unique part nunmbering with
no  structure at al | to the
identification code. Al like itens

have the same code and the conputer
system ke&ﬁ)s track of which garts go to
make up i ch assenbly y hol di ng
details of the product structure. At
the other extrene, sone code systens
tr to pack very large ampunts of
information into code.
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C assification codes
on things like part
and specification,

carry information
type, material type
3 . whet her or not the
part wll be installed on a steel unit
or block and the number of the work
package of which the itemw |l be part.
This information classifies the item
but is not needed to identify it.
Information of this type can be held as

attributes of the part and should not
be included in the identification
codi ng.

It is likely that the code system will

in fact carry a mx of identification
and classification elenents in order to
make it user friendly. The codes

shoul d therefore have some structure
wi t hout becoming too |long or conplex.
The  structure shoul d refl ect t he
hei rarchy of interimproducts and the
relationship between workstations and
departments or cost centers. The way to
design or assess a code systemis to
consider the information required out
of the system and then develop the
structure t hat wil | allow that
information to be obtained quickly and
easi lé/' The key point to renmenber is
the difference between identification
and classification. There is no need
to try and hold too much classification
tyé)e information in an identification
code.

2: APPL] CATION OF PRCDUCTI ON
ENG NEERI NG

2.1 Spatial Analysis

Process and spatial analysis are the
basis for design/production integra-
tion. Spatial analysis devel ops the
conplete ship design as a series of
related functional spaces or spatial
envel opes. At prelimnary design the
desi gner devel ops the design by
ag?regatl ng standard envel opes to
define, for exanple, the arrangement of
a nmachinery space. The designer need
not necessarily know the details of the
envel ope content to define t he
arrangenent . If the arrangenment alters
this does not delay the lower |evels of
design as the details of what is
contained within an envelope can be
devel oped i ndependent |y and in
parallel. The size of each envelope is
det erm ned from standards or an be
analysis of outfit assenblies. In the
ideal = situation the contents of the
envelope will thenselves be standard.
The standards are devel oped on the
basis of previous experience, analyzing
vessels to determ ne how envel opes can
be defined for future contracts.

Once the series of spaces have been
defined, they are aggregated to build
up a picture of the whole vessel. Each
spatial envelope includes not only the



equi pment, or structure within it, but

al'so operating space requi renents,
access ways, maintenance and withdrawal
spaces. (Figure 2)

Spatial analysis deternines the layout
of a vessel. It nust be integrated
with hydr odynami ¢ and ot her
requi renents  defined by the naval
architect, to ensure the shi wi |l
operate proi)erl y. Benefits o t he
spatial analysis approach for the
desi gner are the ability to use
standards and the ability, after the
analysis, to work independently on the
detail design of the content of the
envel opes. For the producer, the
benefits are the i ncor poration of
standards and the ability to relate
desi gn timetabl e to = production

requirenents.

2.2 Bl ock Breakdown

In order for the design of a ship to be
suited to efficient production in a
articular shipyard, the designer nust
e aware not only of the shipyard
facilities but also of standard or
preferred processes and nethods used by

producti on. This information nmust be
docunent ed and available to the
designer in increasing detail through

the design process.

At the earliest design stage the need
is for a block breakdown, show ng the
preferred erection method. This is
then extended to information on how
each block is assenbled. At the detail
design level information is required,
such as wel di ng processes and accuracy
control methods. The breakdown for the
ship is revi ewed and  amended as
necessary by the design and production
departments, taking into account any
unusual design features of the ship or
changes in production methods.

2.3 Process Anal ysis

Process analysis is  part of both
strategic and  tactical production
engi neering. The basis for process

analysis is the planning unit, which is

the  central entity around  which

production engineering and pl anni ng

work is organi zed. Typically a
lanning wunit is a block, or a pair of
locks, an outfit unit or a zone

on-board the ship.

Having identified the planning wunits,

production engineers deci de upon the
sequence of work to conmplete the
planning unit in the required time and
to the required |Ievel of quality.
Production engineers wll define what
work has to be done at each production
stage, and at which work station work
has to be done. To be effective,

18-5

production, design and planning people
should be involved in the process
analysis work. (Figure 3)

At the strategic level sonme process

anal ysis will

e specific to contracts,
for exanple,

identifying where and how

pl anni nfg units for a particular shi

differ from the standard. Q her wor

wi 11 center around the devel opment of
the standards t hensel ves. At the
tactical level, process analysis wll
be carried out in detail for all
planning units. Technical inputs will

come fromtransition design and the

outputs will be used as the basis for
t he preparation of wor k station
drawi ngs. (Figure 4)

Process analysis therefore provides
detailed information that forns the
basi s for the preparation of work

station drawings and for production.
At the same time, the analysis may well
lead to the identification of inproved
production met hods. These inproved
nmet hods would be incorporated in the
shipbuilding policy and then in future
desi gns.

2.4 Technical Information for
Wor k  Packages

control and nonitor
production work effectively, the work
I's best broken down into a numnber of
discrete work packages, where each work
package will define a specific anmount
of work to be done at a particular
stage of production. Wor k Packages
will initially be generated fromthe
process  analysis carried out b
\oroduct|on engi neers at the tactica
evel . The object is to produce a
coordinated and integrated technical
i nformation package for each work
package, cont ai ni ng only the
Information required at that particular
stage in the production process. Work
packages will be prepared for every
stage in production right through to

In order to plan,

ship conpletion. (Ref 4)

The following information should be
included as a minimumon or with each
work instruction:

fl ow process of material;
di mensi onal dat a;
drawi ngs of the interim product;
work station arrangenent;
production met hods;
material collection.

2.5 Standards

The aimin preparing standards is to
reduce variety and ensure suitability
for purpose. The benefits that are
| ooked for will differ in enphasis
according to the nature of what is
bei ng standardi zed.



The first aim

~reduction of variety, is
pursued primarily for

economc reasons,

to reduce the costs of desi gn,
manufacture and  maintenance. The
benefits resulting from series

production can beconme very substanti al
as the scale of production increases
and special -purpose jigs and tools or
flow I'ine production are used. The

second aim fitness for pur pose,
i ncludes factors such as functional
suitability, safety, cost effective-
ness, reliability, mintainability and

quality assurance.

Material standards prescribe the size
and scantlings of elenmentary materials,
such as steel plates, sections, pipes,
etc, and also include scantlings and
configuration of i ndividual fitting
PI pe pieces, vents, noorings, doors ,

adders, etc, which formthe basis of
design standards. These prescribe the
design ~  philosophy criteria,
specifications and applications of
various structures and systens, and
i nclude some basic nodul es.

Production engi neering _standar ds
prescribe the nethods and criteria of

quality control and procedures of
testing and i nspection. St andard
drawi ngs consist of standard equi pnent
| ayouts of system nmodules, practices

and manuals, etc, which can be utilized

as gui dance plans.
3 SOVE UK EXPERI ENCE
3.1 Existing Applications

The concept of design for production is
not new, but to sone extent it is a
concept which has to be continually
“redi scovered". Its nost recent
application dates from around 1980 via
programs within British Shipbuilders
and in those shipyards which have
recently returned to private ownership.

Vaughan (Ref 5) summarises the approach
whi ch was adopted as part of an overall

productivity inprovement program and
whi ch has been devel oped since. The
most  significant points made from a
design for production perspective are:
the need for a  shipbuilding
strategy;
the  devel opment of a  contract
Build Strategy in parallel wth

early design;

- subsequent production engineering
of the design, ideally wthin the
engi neering departnent.

In the early stages of the program
effort was concentrated on areas of the
vessel which have a significant inpact
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on the total work content and on the
ship construction program Thus a
consi derable effort was expended on the
machi nery  spaces of vessel s and

deckhouses.

Initially rapid progress was nmade with
smal | vessels, notably tugs and supply
ships. This reflects the short tine
between contract and delivery (often
little nore than one year), which
al l owed feedback from one vessel to be
avail abl e quickly. There has been a
progression from identifying potential
nodul es (outfit wunits) on existin

desi gns, to re-routing pipes an
sKstem;, “to defining nodules as part of
t he initial design. This is now
routine for several snaller yards.
Progress has been faster where the
design has been nore or less within the
control of the shi pyard. VWhere an
external design is used it has been
nore difficult to obtain change. At
the start of a program of change there
is addi tional desi gn wor k, in
re-wor ki ng drawings to create nore
produci bl e | ayout s and in creating

production-oriented work instructions.
This additional work is only tenporam{],
e

provi ded a thorough review of t

draw ngs suppl i ed for producti on,
classification and owners is made and
superfluous drawings are removed. This

has been successfully achieved by sone
smal l er  shipyards. Where this extra
cost is within a single conpany budget,
the trade-offs can be nade. \Were the
extra cost is to be incurred by one
conpany to the benefit of another,
there is scope for negotiation.

There are also problens in the
devel opnent of design for production
where vessels are particularly conplex
or novel. In such cases there is nore
pressure on desi En, and less lead tinme
available in which producibility can be
considered. There is reluctance on the
part of the designer to take on
addi tional changes.

In sone cases, the shipbuilder may
decide to create lead time by del aying
the production start, and use the time
to revise the detail design in a nore
produci bl e form The = additional
unbudgeted engineering cost is traded
of f agai nst production manhour savings.
Ref 6 describes such a case in the US.
Ref 7 describes current experience at
Harland and WIff, in the case of the
SWOPS (Single- Well O fshore Production

System) vessel. This is designed to
extract oil fromisolated, narginal
of f shore oilfields. The  vessel
i ncl udes dynami ¢ posi ti oni ng, oi |
production process plant, storage
capacity and acconmodation. There was

exceptionally close cooperation between
design and production requirenents.



The reported results of this closer

integration included t he design and
production of large sections of the
process  pl ant as conplete  and
I ndependent outfit wunits. Anot her
devel opment was the integration of
major cable runs, in an electrically
conpl ex ship, wi th parts of the
structure. This allowed a considerable
volume of work to be carried out early
in the production cycle. In addition,
the build strategy called for numnerous
outfit wunits, ich were designed in

fromthe earliest stage.
3.2 Sone_Current

There are a nunber  of current

devel opment projects in the Design for

Production area. These are in the form
of cooperative  ventures bet ween
shi pbui | di ng conpani es and
uni versities.

Devel opnent s

Recent research at
Newcastl e has been concerned with the
devel opnent of a prelimnary ship
design system The system has a nodul ar
structure which allows each nodule
either to be used separately, or used
in a fully integrated design system
The main procedures cover: hull form
design, conpartnentation and |ayout,
structural design and nass estination,
seakeeping and cost estimation (Ref 8).

the University of

The work has links with production
technology in the influence of build
strategy on structural configurations.

It is essenti al t hat such
considerations are accounted for when
assessing structural layout and its
associated mass. Design for production
will be influential 1In future studies
of this type and it wll be a
significant step forward to be able to
assess the effect of major production
consi derations on the ship desi%n at
the concept stage. (Figures 5 and 6)

It is inportant during the devel opnent
of a design that alternative proposals
can be generated and assessed rapidly.
This is particularly true at the
concept or prelimnary design stage
where a |arge nunber of alternatives
may be examined. In today’s conpetitive

environnment it is essential that design

rocedures should be reliable and

lexible. The results may be used in
pre-contract negotiation and  both
techni cal and conmerci al deci sions nay
be taken on the basis of the data
gener at ed. Recent i nprovenents in
conput i ng har dwar e have been
acconpani ed br reduced costs which have
made available to the designer a wide
range of CAD wor kst at i ons often
incorporating a graphics facility. The
advent of this conputing power, often

in portable “desk-top” form provides an
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opportunity for the designer to devel op
desi gn procedures which are highly
inter-active, user friendly and can
incorporate nmore rigorous fundanental
analdysi s methods than are traditionally
used in prelininary design. These
factors allow the adoption at the
concept design stage of methods which

have features sinilar to those normally
associated with nore detailed or
post-contract design investigations.

One inportant requi renent is ship

production data in a form conprehensive
and reliable enough to be of use in
desi gn i nvestigations. Such  data
i ncludes details of work content and
estimates of materials and |abour costs
associated with each stage of the
buil ding programme. It can be conbined
with a know edge of Dbuild strategy,
pur chasi ng policy and production
t echnol o?y to form the basis of a
‘design for production” approach when
seeking to improve the overall design
met hodol ogy of narine vehicles. Thi's
process has been encouraged by the
I ntroduction of sophi sticated
managenent and  production support
systens which are often part of a
Conput er I ntegrated Manuf act uri ng

System (CI'M.

Wrk has also been carried out to
develop a structural design method
whi ch i ncorporates:

Definition
scant|ings
facility

production

of geometry and
usi ng a graphics
linked to a database of
i nformation.

Use of information
t echnol ogy
det erm ne
arrangenent .

on production
and build nethods to
bl ock and  panel

Assessnent of work content for

each phase of production.

cost
[ total
each alternative design.

Application of facility
information to determ ne
cost for

Conparison of alternative design
proposals on a cost basis.

There is also work on the application
of detailed production cost data to

structural design, in this case at the
Uni versity of asgow. Further work is
currently under way to extend the
approach and apply it to warship
structures. (Ref 9)

Devel opnent is also being undertaken in
| ayout design (Ref 10).

The paper describes work which is being
carried out as part of a collaborative
research progranmme between the British



war shi pbui I din g% conpany, Yar r ow
Shi pbui | ders Ltd, and the Departnent of
Naval Architecture at The Uni versity of

Newcastl e upon Tyne, England.

Recent devel opnents in CAD have nuade

avail able to the designer a wide range
of hardware and sof tware whi ch
encour age t he application of
interactive, gr aphi cs- based design
procedur es. Such nethods can be of
significant benefit in modern warships

desi gn where the optimal utilization of
“space” is a prinmary design goal. Two
facets which influence and control
space nmnagenent systens are the
adj acency of functional areas and the
envi ronnment into which a space is to be
placed. Recent work concerned with the
geonetric representation and
mani pul ati on of architectural
arrangenents has been adapted for use

marine vehicle desi ﬂn An opti mal
desi gn procedure whic utili zes the
theory of fuzzy sets is used to achieve
the general | ayout of space which
allows the delineation of the main
conpartnments of a vessel. The hull
envelope can be generated using a
surface generation nodule or by using
ﬁrew ously faired basis ship offsets
eld in a data base.

Havi ng defined the conpart nent al
configuration of the functional spaces
the next level of design is concerned
with a nore detailed consideration of
conpartnments, or groups of conpartments

and the equiprent and systems they
cont ai n.

Equi pnent is defined in terms of
ergononi c envel opes, geonetry  and
connectivity of services, etc. The
attributes of a 3-D graphi cs
workstation are wused, in conduction
with an equi prent I|brary to provide
an effective detailed design procedure.
The | ayout of equipnent in spaces
usual ly “concerns the achievenent of
goals whit conflict or have different
priorities. The use of optinal goal
progranm ng techniques is suggested as
a way of solving the multi- objective
probl em

3.3 Concl usion

Thi s paper
the main-
for

has attenpted to re-state
objectives and requirements
design for production, to describe
t he application of production
engineering to design and to relate
this to current shipbuilding practice.

Initially, the afppllcatlon has been in
the form of nodifications to existing
designs, at the detail [level. More
recently the integration of produu b-
ility into the desi gn process has
started earlier. The main factors in
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Allowing this wearlier integration are
the existence of reliable production
data from a relatively stabl e
production system and the energence of

sophisticated conputer software for
intial design. This allows greater
depth of analysis in a shorter
timescale. The designer has therefore

the opportunity to review additional

options, and to take into account the
i mpact  of desi gn variations on
production. The use of these newer
methods is being consolidated into a

formal design system

It is to be hoped that the potential
being offered to reduce shipbuilding

costs will be realized.
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FIGURE 3 - Process Analysis
Each planning unit is

anal yzed, in
the case of outfit

to establish at

which stage of production items will
be installed. A further analysis of
each stage will determine work

package content.
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FIGURE 2 - Spatial Analysis

The ship is designed as a set of
related functional™ spaces, based on
standards where possi bl e, whi ch
provi de envel opes for equi pnent ,
system  access and mai nt enance

requirenents.
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FIGURE 4 - ldentification of Qutfit MMBER OF WITS
Assenbl i es
The service route, identified as a )
functi onal space and part of a FIGURE 6 - Cost Evaluation
pl anning unit, provides the basis for ) ) ]
outfit assenblies and defines detail The depth of information which can be
design requirenents. produced at an early design stage,

linked to a production performance
dat abase, allows the production cost
of various options to be eval uated.
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FIGURE 5 - Concept Design

Recent devel opnents in  conputer
sof tware have provided powerful tools
to allow design options to be created
and eval uate(? early in the design
process.
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