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ABSTRACT:

Service performance quality is planned from the very
beginning of the life cycle of ships and ocean platforms.
The paper deals with the involvement of R & D in all phases
from conceptualization and feasibility studies, via design,
construction, and delivery. The service life phase is also
having immediate benefit from R & D involvement. The paper
shows by a cash flow, cost benefit analysis, that the reco~-
very rate of investment in R & D is very satisfactory. The
main point is, though, that the outcome of R & D involvement
is cspegjally important for successful, coming generations

of vessels and platforms of even more complicated design.
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Introduction

The impact of Rerearch ard Development on a ship or an occan platform
during it< life cycle is distribu: 2d over the entirc cycle. The
greatast beneiit siuki pust experieuce is obiained when the past ex-
perience is channalled to the new design via a filtering, purifying,

and intensifying passage cver the sciences.

This meuns that the past experience should be looked at over the wide
horizon of the science vf the profession, and not considered and used
&3 individual evirts of {ndependent nature. Each new experience can
either Le explained by the existing know-how or it can be related to

existirg luow-low by research efforts.

When all existing know-how and the latest ressarch is put together, it
forms a ctrong basis for the development'of new designs. In most cases
the need for new constructions, eit%er ships, offshore or ocean platforms,
is relatively urzent because of the natuve of operations and of market
trends. Tu» instaut funds are allocated, the work is initiated and

proceeds quickly.

That means slior! time for development of the design in question. But
the develcpnent proceads also quickly, provided it is referring to a
living and up-to-dnte research tradition. In order for development to
proceed as quickly us neccssary for each individual design, it is also
required L .at R & DD {8 hrought intu the prnce;; as eurly as possible,
even from conceptualization. R & D must be involved during the whole
life cycle of tlo desinn, not only because of the continuous impact

it gives, but alse Lecause of the objective methods used by R & D to

coltect and gereraliz: the experience always pained during a process.

Objective rethods are the only ones which can provide a realistic and
concise transfer of past experience to future applications. When new
ahip or platforn concepts are made, when they are being studied for
feasibility, when thoy are heing designed and constructed, it is
always a matter of predicting their behaviour in the future service
life. To puaranree and mainrtain the service performance qnality
during the 1ife time of a ship or ptatform in an operational way, it

I3 neceasary 1o ‘nvolve R & D
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The life cyclc of a ship or ocean platiorm

The life cycle of a ship or ocean platform is in general terms the
same in al! cases independent of tvpe or intended aprlication. The
various phasea of il. «,cle ¢iifer, of course, from case to case, and

some of the phases almust disappear completely in many instances.

Figure 1. depicts diagrammatically a 1ife cycle of a ship or ocean
platform. Operational needs in the prevailing market conditions and
legislative bounds from rules and regulations go together and allocate
funds for the new constructijon. Conceptualigation of what is needed
for the mission is the first phase of the life cycle. After conception,
a feasibility etudy is to be made to see if the mission objectives are
met with, or if adjustments are necessary to make the project liable
within the givuen bounds of physics, technology, economy, and time.

The third phese is the design phase, where all details are selected
and composed from standard supplies or developed specifically for the
purpoge. DNevelcpment is involved also to a large extent in the mere

composition of elements.

Constructicn i3 the next phase during which normally no R & D is done
specifically on the ship or piatform. Much follow-up measurement and
analysis are gcing on to contrcl the final service performance quality.
The construction phase ends with delivery trials. They should be as
extensive - : poseible because of t'» extraordinary clince they present

to evaluate the design wnen it is on its very top performance.

The longest phase of the life cycle is the service phase for the ship
or platform, Eervice performance investigations are to be made with
regular intervals or in some respect continuously, in order to main-
tain the porformance quality which deteriorates creepingly without
hciﬁg noticed unlesa it is closely watched. The service life phase
is also the most important phase to sample and analyse experience

for_R & D for new designs which will be chosen in the future.

Finally, before the chip o platform is acrapped, disconnected, and
maybe entere the raw material cycle again, concluding tests of the

life .cycle would be us2ful to measure the end qualitics,
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Conceptualization

The general character, even of relatively specialized sciences, and
tiie fund of know~how, either being qualitative or quantitative and
collected by R & D, is a valuable aid in sclecting a concept for a

ship or platform to serve a given mission.

In a physical world it is unavoidable to conply with the laws of nature
even by the most advanced technology means, But deep understanding

and long time experieuce with the subject matter permits, though,
technological solutions to almost any problem which could arise

in the field of operations at sea, moving ships, and stationary

platforms for various putrposes.

Based on the existing know-how and the R & D in progress, it i. possible
to devise a specially well suited concept for the intended application,
The better the concept is, the less devclopment is n~eded in the follow=-

ing steps of the life cycle.

; It is not so that concepts for specified missions can be devised by

! automatic computers based on mathematical methods,

Such means can, however, to a large extent provide easy and accurate
data and information, especially using interactive computer graphics.
Also physical models can provide such information, which can guide the
concept selection in all interaction with the market needs, legislat-

ion, and funding possibilities for the new decign.

In case such R & D services do not lead tc the answer directly, the
effort spent may form the best passible basis for the definition of
the goal criented R & B, which is then needed to reach a concept for

the task.

The quantitative information collected and produced at this early
stage of the ship or platform life is obtained and kept in a rational
form. This is vital in order to facilitate a rational application
during the following stages of the life cycle, not the least during

the feasibility study and the firvst desien phascs.

Tt is thus possible to involve measures of service performance quality

right from the process of the cenceptualization.
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Foaéibiligz

The concept of the new Jdesipn must be tested to evaluate its capability
to fulfil the misgiou objectives The feasibility study is a combina-
tion of tectmical and economical asperts of the service life of the

new design after the final design and const ruction has been completed.
It is a matrter of svaluating the various degrevs of service performance

qualities intended in order to complete the mission.

Mathematical models of the benaviour of the new design is apain involved.
For cargo liners, e.g. cowputer calculations for optimum carrying capa-
city and speed is studicd in cerms of cost benefit analysis of invest-
ment versus aervice porformanes cost. The analysis is made for the liner-
routes considered and the parameters of the (oncept studicd are ovaluated
in relation to the optimun. Several sets of operation conditions are

easily considered in terms of technoloey and vanected narket developments.

Als» mathematical models of the physical behavieur of ships and platforms
are very useful in the fvasibility evaluation studics. The motion beha-
viour of, say, semisubmergible platforms in the local envirosment consi-
dered gives strong evidence to the decision making which follows the
feasibility study. Physical mode) tests in laboriatory ocean environments
will throw - uch light on the subjec s considered. It ight be the board-
ing of deep diving bells inte the basc vessel 6} the interaction between
several surface units, say comparative studies of offshore terminal
concepts, deep sea mining opcrations, snerpv tromsmission to ocean .
thermal energy platforms. ft wipht he capsice modes of Eishing vesécls

or subdivisiun of Ro-Ro  ships.

The feasibility of specific hull geometries may be studicd in flow
visualization tests using windtunnels before decision i« taken to adopt
the concepts, Insome cases roduced scale testing in voatvral environ-
ments would be used as pitor plauts for feasibility anscesment of a
project of larper seale aud its service prriormacee quality in terms

of trinsition, operation and carvvival in the Fature serviee 1ile.




.
0° 5* 0° 15  20° Anhgie of heel

Fig.4 NORM VERSUS MEASUREMENT
IN DESIGN PHASE




Design Phase

The R & D services involved in tiwe design phose iz not related to the
main desig. ccneepts which heve bei . dozided upon dui.ng the conceptua-
lization and the feasibility siudy phases. 3Jut *nere is sti1l much to

be gained from R & D on the detailed dovelopma.t of tlie new construc-
tion. This is even more 3o as ihe lover the n~lerent iz in the hierachy,
the more general knowledge can be referred to divertly, It might be the
assessment of propulainn qualities of verious hnil jeometry alternatives
proposed by tbe previous phases of the life cycle or directly by R and D
to the present stage as depicted in Fip. {. Reiatively swuall improvements
in service perforuance quality can often pay bach velatively large

R & D investments many times. Sre the cection on X & D cost and benefit.

Structural strength often benefits much from R & D Juring the design

phase. Thir refars hoth to the ussessment of loals and the stress and
stcain cnalysis of th: steel strveture. Norms ond stondards lepislated
by authoritice do norinally permi’. sivicturel cteengtlia to be based on
loads determined from 2dvanced asthods ¢ n all rnative to standard

loads. Load determinetion of |igh quality caa ve made both by advanced
computer programme ard by physical uodel tests. Yot methods can also

be applied for strer. and straoin znalyis of stoel structures.

During the decign ctane it s wlio rosible t ;- atudy Che rerformance
quality of ke Ffinal conatrvction .. *arms of leve's . f noise and
vibration, e.g. in living quorters aud i{nstru-encal areas or in terms

of [atique louds. Comnuter procramnies are tiwe neal ruited here.

The mauy certificates to be assigﬁcd the new constraction are also
preparcd during the dcsign phase. They ooantain th2 above discussed
structural streugth mattars but also several forme of survival safety,
e.g. against capsize. The certifizates wre issund and signed to testify
that the construction complics vith norms and standards. As ahove the
results from K & D garvices are Leing apoaryved clternatively to simple
nocms. An important contempavary case is the wind heeling forces on
semisubmergible plat{orms. The platfnrns anproved for much higher pay-
load when R & D services provide results to document  that standard loads

are in cxcesas for the construction iu question.
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Construction

The construction phase of the lif. cycle is mainly iucated in the pro-
duction workshops of shipyards and occan platform construction sites.
There are though several aspects which rely on the presence of R & D
personnel. We are not concerned with the important work of developing
the construction work and the construction site. We are concerned with
the progressing state of the particular ship or platform we follow for

its particular application.

In order to ensure the desired service performance quality of the con~
struction it is highly recommended to instrument and test any critical
subpart as soon as possible. This relates to a high degree to aspects
of noise and vibration. Vibration exciters of various kinds may be
adopted on selected locations to cause vibration response which can be
sured and analysed. Necessary improvements can be recommended from
the results and the internded quality in this respect be kept under

control.

The same is valid for other aspects of service performance quality
such as basic floatability and stability tests made as soon as the

structure is afloat.

Important and precise productinu aids are offered for the construction
phase as dircet spin of{ from the carly involvement of R & D services
in the life cycle of the project. The computerized data of the geome-
try of the construction, used for many other purpuses in conceptualiza-
tion, feasibility studies and desipn phase. are directly accessible for
preparation of production aids for comstructural details. The data are
being refined by mathemat ical smaothing processes before application
and yield quickly tractable data sets for preparing templates or
dravings or N.C. data for production machinery or special results for

supporting of iadividual steel sections, propeller fabrication ete.

. mea-
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Delivery

The first complete existance of the construction is the delivery phase
where production in the yard or workshop ends and the service life has

not yet begun.

This phase rends itself a superd opportunity to verify all the man,
aspects of service performance quality to which the construction was
planned and designed. This is the opportunity to let R & D verify the
intended qualities by quantitative means using gauges and scnsors and
exciters and analysis instruments. A high ranking R & D institute can
do that with no waste of time, provided they have becen involved from

an early stage and have all the backpround data computerized.
The outcome of such measurcments are of several kinds.

Firstly they are perfectly applicable to decision on contract compli=-
ance  and secondly they form basic figures for application during the
service life of the ship or platform. There are two aspects of this, one
is as basis for day to day decisions during opevation, either in terms
of transit, daily production, in survival situations or as reference for

the maintenance of service performance qublity.

Yet anothe: spplication of the del.very phase- {s the quality specifi-
cations of the vessel or platform being documented by the delivery test
results. They are invaluable both {n dealing with chartering and in possible

law suits which could come up due to accidents to the ship or platform:

The final but not the lcast important aspect of the data sampled during
delivery trials and the appcopriate analysis which follow is the appli-
cation for future projects of similar kinds and the contribution to the

general professional know hww, so important for future contracts.

A well planned databank on delivery trial results prepared in connection
with the data and assumptionsand prediction-wethods from the carly life
of the projevt 1orms an invalnable support for future work. There is no
need to Fear cedundancy in such o data bank. All dat 2, even from sister-
ships or platforms, are worthwhile to collect. They enter from indepen-

dent sources and contribute to the reliabiticy of the scot.
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Service life

There are wo main reasons for inv lving R 8 D in th. service life of
the ships cr platforms. One is the resulting contribution to mainte-
nance of the service performance quality, the other is the important
data sampling for the next generation of ships or platforms or even

hitherto unseen constructions for occan services and operations.

One important aspect of service performance quality is the maintenance

of payload without sacrificing operational safety., It is e.g. a matter

of keeping control with the structure's own weight and location of
centre of gravity, which latter is moving upwards all the time due to
additional weiphts coming onhoard. It can be kept under control either

by special tests at rcgular intervals or by online dynamic state para-
meter identifiqation‘m{croprocossors. A similar case is the ever ongoing
breaking down of propulsion efficiency due tO'fouling and deterioration
of hull and propeller. A first class surveillance system of micropro-
cessors sensing speed and propulsion power and fuel consumption keeps

watch on propulsion economy and recommends docking intervals etc.

Yet another similar case is the structural stress and strain survefl-
lance system also best on microprocessor form., It helps the navigation
in heavy weather by warning excessive loads. In close relation hereto
is the inc udion of computerized w atherforec;;t in ¢a integrated hull
structural strength, overall safety and propulsion economy system.
Such a system will also provide data samples for future developments
in easily applicable form, and for decision making of service termina-
tion. Data sampled in this way, directly under service conditions re-
present a very recalistic input to future work on new concepts and the
related feasibility studies. They were dealt with above in terms of
physical models and computer-interactive graphics and need service ana-
lysis results to be as rcalistic as possible for decision making. The
sampled data are going to be used by R &8 D and must be collected under

R & D's guidance in order to have the €ull benefit from them.
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COST
1100.000 USSB/ YEAR
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T DELIVERY YEAR

PAY-OFF

84 -1 1 1920 YEAR

100.000 US 8/YEAR

BENEFIT

Fig.8 SIMPLIFIED CASH FLOW DIAGRAM
SAVING OF 200 HP OUT OF 20.000 HP
BEFORE TAX AND USING |EA(OECD)
1978 OIL PRICE PREDICTION




R & D Cost-Benefit

In the previous chapters many cases have been considered of the involve-
ments of R &€ D in the many separable phases of the life cycle of a ship
or platform. It has been argued that important propress could be made
that way both in terms of immediate advantages ond in terms of future

"‘“ne'fit .

i« order to elucidate the economic aspects of the involvements of R & D
a simple case has been considezed below. It deals with the involvement
of R & D alone in the design stage of a ship. The propulsion quality
is considered aroynd a main powerplant of abt. 20.000 HP, The instal-
lation price is abt. 300 US $§ per HP for maiu diesel power for ships,
and the oil consumption is about 0.165 Kg per HP hour., Cost of R & D
is varying much depending on conditions and for how long a part of the
project R & D has been involved. The longer involvement the less addi-

tional service cost because of information already available.

Considering one per cent improvement in propulsion performance a cash
flow diagram in Fip. 8 has be.n prepared. It is based on the fuel oil
price prediction by the Internctional Energy Agency of OECD 1978 ex-
pecting from 1.5 to 3 per cent unit price incEPase above general infla~

tion until the turn of the century.

One per cent reduction in installed power corresponds to a savinyg of
investment of about 60.000 US $. The annual ~onsumption rate for one
per cent of the tural power is at 1978 prices and assumed 300 scrvice

days per year above 20.000 US $ annuatiiv.

The simplified cash flow diagras of Fig. 8 rives values before tax and
in excess of gencral inflation., Assuming a 10 year service period of
the ship, a one year construction phase and the R & D work heinpg done
just now, is seen that a hreak even twe yoars atier delivery can carry
an investment in R & D of about 99.000 ©5 $, which is much in oxcoss
of the effort novrnally necdd to fmprove the propulsisn perfoemance

1 perceat. The reduction in wain power plant invesivent is counted over

the construction phase year.
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A normal effort to improve propulsion performance {s about 45.000 US §.
The improvement obtained can be much mcre than per c~nt, but even at
that low value it {s sc. that without counting the reduced investment

in main power, the break cver is within 3 years of service in the simple
presentation.

fn other, move complicated cases, it becomes more complicated to evaluate
cost and bencfit for R & D, but there seems good reason to believe profit-
ability in the short temm, i.e. for each individual ship or platform. The
lmpact of R & D in the long rur is supposedly much larger.

Conclusion

The present paper doalt with the importunce of involving R & 0 in the
entire life cycle of ships, offshore and ocean platforms. It was argued
that the involvement was an advantage from the very beginning, the con-
ceptudlization and the feasibility of preferred concepts against the
mission objectives. Exumples were given of subjects which R & D could
well service in the individuul phases of the 1ife cycle lcaving an imme-
diate profit and long term extension of krow-how. Finally, a cost

benefit analysis presented in cash flow form indicated the high recovery
rdte of R & D investments,









