Virtual Prototyping in Ship Design

Marco Raffa, Roberto Costa

Fincantieri - Cantieri Navali ltaliani S. p.A
Via Cpro, 11 - 16129 Genova, ltaly
email: marco.raffa@incantieri.it, roberto.costa@incantieri.it

Aldo Zini, Attilio Rocca

CETENA S.p. A - Information Technol ogy Depart ment
Via Ippolito D Aste, 5 - 16121 Cenova, Italy
e-mail: aldo.zini @etena.it, attilio.rocca@etena.it

Abstract

Simulation and Virtual Prototyping got into many difficulties before becomng a part
of the traditional ship building processes.

However the greater complexity of constructions and boarded systens demand nore
conpl ete design verifications.

Even if a boarded system is analogous to the land one, it nust stand the high
intensity of the induced ship notion.

The forecasting of the ship notions has al ways been a problem of the ship design, and
a lot of software was developed in the past to study this topic. On the other side the
anal ysis of the systens/nechani sns subjected to this novenents is very challenging, so
that these simulations are often approxi nated by el ementary shapes of notion.

The task of this study was to sinmulate an apparatus wthout sinplifying the
environnent in which it operates.

The object of our investigation was a bridge-crane arranged to the well-dock of a new

anphi bi ous ship. This crane will be used during the in-docking phase of a 42 tons
landing craft, and the enbarkation/disenbarkation tasks mnust be operative till sea
state four.

From a dynamic point of view this system is not particularly conplex, but what is
meani ngful is the integration of two different calculation codes : SMP (Ship Mtion
Program) , which supplies the ship notions, and ADAMS, which was able to accept them
inits Body Mtion environnent.
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SEQARABICIntroduction

Shi p devel opment is acknowl edged to be particularly challenging because of the added
conplexity resulting from the sheer size and nunbers of interdependent systens
requiring integration. Furthernore, especially in technological ships, the design
phase can take long time since continuous nodifications and inprovenents are added to
the original project. In this scenario, a tool able to check design corrections,
i mprovenents and added features can really mnimse the risk of inserting also design
nm st akes and i ncoherenci es.

Design — simulate - nodify - build is surely better than design - build — test -
nmodi fy [1].

Typically in the ship design process, several sinulation or physical analysis are
performed: sea-keeping, structural analysis, power managenent simulation. Al these
kind of elaboration are usually an integral part of the whole design process, but
designers and engineers usually use sinulation systems and tools which result are not
explicit and which have to be explained through diagrams, draw ngs, technical
spr eadsheet during conplex technical neeti ngs. A good |evel of reci procal
conprehensi on must be reached to be able to technically evaluate the results and to
verify design constraints [2].

In other words, tools able to give an intuitive and general understanding of the
results are not generally available. The basic idea of Virtual Prototyping is to
encourage all principal partners in the ship devel opment process to work together
closely. These partners would nore readily integrate their activities while performng
their respective functions concurrently and conmuni cating freely and efficiently.

To conplicate the scenario, in ship design the interaction of several “living”
conponents has to be taken into account in order to study operative requirements or
functional behaviour of the product. A static 3D view or fly through can be
insufficient to point out problenms deriving from nmoving objects on deck or interaction
bet ween correl ated conponents.

Figure 2 — Ship sailing in a rough sea
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The “ICARO” Project

One of the last exercises we faced was a feasibility study targeted to the simulation
of the operability of a new ship. In particular this study aimed at assessing the
feasibility of the enmbarking and di senbarki ng operations of |anding crafts.

Fi gure 3 — The anphi bi ous shi p nodel

Background

The main task of an anphibious ship is to support anphibious operations. Landing
crafts operations play an inmportant role in this support, and therefore is of
par amount i nmportance to ensure that the ship design neets the rel evant requirenents.

The use of sinulation in the design of anphibious ships was and still is based on
physi cal nodel tests perforned in towing tanks with radio controlled nodels. The aim
of these tests is mainly to investigate the hydro-nechanic aspects of enbarking and
di senbarking of landing crafts in order to obtain know edge and data for wuse in
design and optinisation of well deck configuration.

Due to the conplex dynami c phenonmena, it is often decided not to rely on cal cul ations
but to investigate the hydro-mechani c aspects by neans of physical nopdel tests.

Project Tasks

A simulation of a typical enbarking/disenbarking operation can be schematized as
fol |l ow

e In-docking study of the landing craft into the well deck;

e Study of the interaction of the landing craft and ship during the |eaving and
entering operations;

e Study of the nmanouevrability of the landing craft during the |eaving and entering
operati ons.
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ADAMS was selected to study the in-docking phase when the landing craft is |owered by
a bridge crane in the well deck of an anphi bi ous ship.

Fi gure 3 — In-docking

For this purpose we had to inplenment the integration of two different calculation
codes : SMP (Ship Mtion Program} , which supplies the ship notions, and ADAMS, which
was able to accept themin its Body Mtion environment.

Besi des the inplenentation of ship novements in particular sea conditions, our work
was focused on the novenents co-ordination of the in-docking boat and the ship. This
is particularly inportant if we want to achieve a realistic assessment of the ship-
boat interactions during the in-docking operations, and a real evaluation of the crash
probability of the two vessels.

Ship Motion

Any onboard activity cannot be separated from the ship novenents. Geat part of the
simul ati on studies faced during design nmay becone too approxinate if approached using
a “still ship”. Usually these novenents are the direct responsible of problens related
to operability of system and devi ces.

A conplete Ship Mtion and Operability workspace has been devel oped during the years
by FI NCANTI ERI and CETENA Hydr odynani c and | nfornmation Technol ogy Departments.

SEE=*E
W

Figures 4,5 — Hull geonetry and sea states panels (Operability Suite)
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Ship Mdtion in ADAMS

Before this work we were used to read the tine history of the COGs positions contained
in a file generated off-line. This procedure was very sinple but it had two rmain

di sadvant ages.

e The statistic nature of the ship notions was not preserved. The sinulations were
produced mainly using the same tinme history or a limted set of tine histories. In
fact it is rather difficult to produce an infinite nunber of files.

e Changing sea state or ship paraneters (wave hei ght, nodal period, ship heading and

vel ocity) was tine expensive.

Due to these reasons we decided to inplement the induced notion time history directly

in the sinmulation tool

The sea nodel at a first step was devel oped using a Jonswap/Bertschneider function,
that returns the wave spectrum according with the fornulati on bel ow

S(w)y=1f(H,.T,y )

where

w:frequency of wave [rad/s]

w, :frequency of encouter, depending from the
velocity and heading of the ship [rad/s]

T, :modal (peak) wave period k]

y : Enhancemen t factor

Using this fornulation we can obtain different wave-spectruns corresponding to
di fferent values of the significant wave hei ght, peak wave period and direction of the

sea.

To inplenent the induced notions both of the ship and the boat we devel oped a function
which returns the tine history of the six DOF notions, velocity and accel erations of

t he ship.

This is roughly the mat hemati cal description of the function:
x®= [ f(S,@)A®)w)

wher e

N : nunmber of quantization intervals of the frequency range of the wave spectrum
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A(cq) . is the conplex termrepresenting the anplitude and phase of the Ship Response
Amplitude Operator of the x DOF for a particular sea state

X(t) : is the tine history of the x DOF

To sinmplify the use of the sinulation tool we developed a graphical user interface,
integrated in the virtual prototyping environment. The user can interactively change
the wave paraneters (spectrum or frequency, wave height, heading angle) and ship
headi ng and speed and inmedi ately view the effects of the changes on the ship notions.

R ERL T
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Figure 6 — User interface in ADAMS

SOFTWARE VIRTUAL SHIP MODELS

The first stage in the developnment of a 3D simulation of a naval process is the
generation of a 3D CAD geonetry for the ship structures and equi pnent of interest [3].
In our system architecture we obtain the ship 3D nodel from the CAD System dat abase
(Bentley — Mcrostation).

In ADAMS we used a sinplified nodel representing only the portion of the ship directly
involved in the operation we want to anal yse.

Fi gure SEQARABIC7 — M crostation 3D Model
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SOFTWARE ARCHITECTURE

From the first beginning we started to study and devel op the software structure of our
virtual prototyping environnent. This software architecture conprises essentially two
mai n conponents: simulation nacro prograns associated to the sinulated devices and
Application Services. Application Services are a set of real tine generic procedures
that can be used fromdifferent sinulation nmacro prograns. These services are based on
two di fferent databases: the Ship 3D Mbdel Database and the Attribute Database.

The Ship 3D Mdel Database provides the nodels of the ship and its conponents. The
Attribute Database include geonetry, mass, RAO coefficients, trins, etc.
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Figure 8 — The Software Architecture
CONCLUSIONS

Wrking on this project FINCANTIER had the opportunity to use Virtual Prototyping
tool s since the design phase.

In the near future it is reasonably possible that nore operational tests can be
requested by the client in order to verify the ship operational requirenents. Virtual
Prototyping seens to be a good way to answer to the question, especially while co-
operation of several objects has to be studied and tested in an unstable environnent
i ke sea.

Figure 10 - Results
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In the future to main itenms will be devel oped:

e The introduction of physical interfaces : to inprove the interaction with the
virtual environment;

e The integration of ADAMS with other Virtual Prototyping tools.

Ship designer and ship owners wll appreciate the availability of tools able to
di splay accurately the final product operating in a synthetic environment wth
det ail ed physical phenonena sinulations. This may give a good opportunity to collect
suggestion from different field experts so that the final product can take into
account nore detailed and functional aspects otherw se available only after the ship
has been al ready built.
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