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analysis) is smallest over a wide range of frequencies and
forward speeds.

The results presented show that differences exist between
all three methods as far as the prying moments predicted in
regular head waves, throughout the range of frequencies
and forward speeds. The main differences are attributed to
the conceptual and, hence, analytical differences between
rigid body and hydroelasticity analyses. Calculations
carried out at very low forward speed clearly demonstrated
that this difference is due to the inclusion of flexibility. In
addition the consequences of using a speed dependent
Green’s function are evident, especially at relatively high
forward speeds. In general, the prying moment predicted
by the hydroelasticity analysis (pulsating source
distribution) is the smallest.

The comparison between the obtained predictions for
motions and loads are important from the point of view of
applying these methods during the design cycle as these
methods are of varying complexity, in terms of generating
the required data and CPU time. In fact evaluation of loads
using rigid body analyses was developed in order to
explore the viability of obtaining load predictions without
generating a structural model and only using a relatively
simplified mass distribution for the vessel. Thus, the
predictions from such an analysis can be used for a number
of design variants without the need for a structural design
until a more definite selection is made. The results
presented in this paper have shown that the rigid body
analysis using pulsating source distribution, with its ease of
idealisation and CPU time efficiency, is suitable for such
use provided the frequency regions associated with the
interactions between hulls are avoided and bearing in mind
that this method predicts transverse loads which are larger
compared to hydroelasticity analysis. Once the structural
design is available, a hydroelasticity theory can be used (
with either pulsating or translating, pulsating source
distribution [17]) to investigate the dynamic behaviour of
the trimaran in regular and irregular waves encountered at
arbitrary heading and including the response to impact
slamming of the crossbeam and bottom/side impacts of the
main hull and outriggers [6,7].
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and Pitch RAOs, for the Trimara Travelling in Head Regular Waves (Froude Numbers Fn=0.068, 0.24 and
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Figure 6: Non-dimensional Prying Moment on the Connection between Main Hull and Crossbeam, for the Trimaran
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MOTIONS AND LOADS OF A TRIMARAN TRAVELLING IN REGULAR WAVES

Alexander E. Bingham, DERA Rosyth, UK
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Shi Hua Miao, University of Southampton, UK
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SUMMARY

Comparisons are carried out between the wave-induced motions and loads of a trimaran travelling at various forward speeds
in regular head waves obtained using three-dimensional fluid-structure interaction models, treating the vessel both as rigid
and flexible body. For the rigid body analysis only, both pulsating and translating, pulsating source distributions over the
mean wetted surface are used. The latter is more suitable for fast vessels, due to the speed dependent Green's function. Only
pulsating source distribution is used for the hydroelasticity analysis. Differences are observed between heave and pitch
motion RAOs predicted by these two methods, for low as well as relatively high forward speeds of operation, arising in the
main from the interaction between main hull and outriggers and the pitch resonance. The concept of the trimaran requires
estimation of longitudinal loads, such as vertical bending moment, as well as transverse loads, such as prying moment at the
connection of the crossbeam to the main hull, in order to evaluate the dynamic response of the structure in waves. The
et verival benting and prying messie fiom e thise analydenl toedels dhow differaecs; eapecinlly st veluvaly
high forward speeds.
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1. INTRODUCTION

The trimaran is a promising novel hull-form [1]. A
trimaran demonstrator, RV Triton, has already been built,
following a wide range of hydrodynamic and structural
investigations, including model experiments [2-4]. This is a
generic design of tremendous potential considering the
current international interest both for naval and commercial
variants travelling at relatively high speeds. Over the past
few years analytical investigations, using rigid and flexible
three-dimensional fluid-structure interaction models have
been carried out to predict wave induced motions and loads
on ftrimarans, including slamming [5-7]. Full-scale
measurements obtained from RV Triton will provide
valuable information for validating analytical motion and
load prediction methods.

Unlike twin-hulled vessels where, in general, only the
transverse seaway induced loads, such as prying, yaw
splitting and torsional moments, are of significance during
design, loads such as vertical bending moment and shear
force on the main hull are also important for the design of a
trimaran. Transverse wave induced loads on SWATHs
have been evaluated applying the three-dimensional
hydroelasticity analysis making use of structural finite
element and hydrodynamic models of varying complexity
[8,9]. Furthermore, three-dimensional hydroelasticity
analysis has been applied to mono-hulled vessels , using
structural  finite  element  idealisations of varying
refinement, in order to evaluate longitudinal wave induced
loads, such as vertical and horizontal bending, twisting
moments etc, and the applications were extended to
investigate trimaran variants [5,10,11]. In all these
applications the fluid-structure interaction was attained
through a pulsating source distribution over the mean
wetted surface and applying corrections for forward speed
effects as the corresponding Green’s function satisfies a
speed independent linearised free surface condition. For
high speed mono- and multi-hulled vessels use of
translating, pulsating source is more suitable as the relevant
Green’s function satisfies the speed dependent linearised
free surface condition [12]. The overall suitability of this
method for high speed vessels and, in particular, for
modelling accurately the interactions between the
component hulls of multi-hulled vessels has been
demonstrated by comparing theoretical predictions of
motions with model measurements for a range of hull
forms, forward speeds and headings [13-16].

In this paper the seaway induced motions and loads for a
trimaran travelling at various forward speeds in regular
head waves are evaluated. The heave and pitch RAOs are
predicted treating the trimaran as a rigid body and using
three-dimensional potential flow analysis whereby sources
are distributed on the mean wetted surface of the trimaran
(main hull as well as outriggers). The motion RAOs

168

predicted from pulsating (with forward speed corrections)
and translating, pulsating source distributions are compareq
over a range of forward speeds, up to a Froude number of
0.41. The wave-induced loads are evaluated using rigid and
flexible body idealisations, the former using both pulsating
and translating, pulsating source distributions, whilst the
latter employs pulsating source distribution. Typical loads
include the vertical bending moment on the main hull, in
way of the outriggers, and the prying moment on the
connection between main hull and crossbeams,
Comparisons between loads predicted from these three
idealisations are made for a range of forward speeds.

The evaluation of loads using the rigid body idealisation
entails calculation of inertia and restoring forces associated
with rigid body motions and forces due to the
hydrodynamic pressures associated with the radiation,
incident wave and diffraction contributions. Transverse and
longitudinal cuts are made on the hull and the
aforementioned forces, and their moments, are integrated
over this portion of the hull to provide the corresponding
loads. On the other hand for the hydroelasticity analysis, a
three-dimensional finite element idealisation of the
trimaran structure is generated using shell elements and the
in vacuo principal mode shapes obtained. The
corresponding principal coordinates in regular waves are,
subsequently, obtained from the wet analysis. The modal
direct and shear stresses at the nodes are transformed into
modal internal actions, such as vertical bending moment,
prying moment etc, using transverse and longitudinal cuts
on the trimaran structure. Subsequently the wave-induced
loads are evaluated using modal summation.

2. THEORETICAL BACKGROUND
2.1 EQUATIONS OF MOTION

The dynamic behaviour of the trimaran travelling in regular
waves is predicted using the following equation of motion
[8,12]:

[a + A(me)] )+ [b + B(me)] p(t) + [c + C] p(t)=
E(w,m¢) exp(imet) )

For the hydroelasticity analysis the NXN matrices A, B and
C represent the encounter frequency dependent generalised
added mass and generalised hydrodynamic damping and
the constant generalised fluid stiffness contributions
associated with the 6 rigid body motions and n distortion
mode shapes admitted to the analysis, such that N=6+n.
The NXN matrices a, b and ¢ denote the generalised mass,
generalised structural damping and generalised stiffness,
respectively. Structural damping is assumed diagonal such
that b; = 2 v, @ a, for 16, where v, is the structural
damping factor and @, and @ the generalised mass and
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used when integrating (i.e. summing up) the hydrodynamic
and hydrostatic pressure contributions. A mass distribution
is used to account for the inertia contributions.

3. NUMERICAL ANALYSIS
3.1 DRY ANALYSIS

The dry or in vacuo analysis is carried out to obtain the
natural frequencies, principal mode shapes and
corresponding modal characteristics of the trimaran. To
this end a finite element idealisation of the trimaran
structure is generated. The outer shell of the main hull,
outriggers and crossbeam of the trimaran structure together
with decks and longitudinal and transverse bulkheads are
modelled using shell finite elements. The finite element
idealisation, consisting of 1484 shell elements, is shown in
Figure 1 and, as can be seen, does not contain the
superstructure. Furthermore large items of mass are not
modelled using lump mass elements as they may result in
localised distortions [9]. Instead the mass is distributed
amongst the shell elements in the vicinity. Thus the mass
distribution of the trimaran is achieved by adjusting the
material density of the shell elements.

The natural frequencies of the trimaran used in this analysis
are shown in Table 1 together with a brief description of
the nature of corresponding principal mode shapes. The
natural frequencies @ are non-dimensionalised by the
factor V(L/g), where L denotes the length between
perpendiculars of the main hull. The first few mode shapes
are shown in Figure 2. The in vacuo dynamic behaviour of
the trimaran, as can be seen from Table 1 and Figure 2, is
dominated by the distortions of the main hull, whilst the
outriggers follow, in general, the distortion pattern of the
main hull in their vicinity. Furthermore the symmetric
vertical bending and antisymmetric horizontal bending
dominant modes are in the majority amongst the first few
principal mode shapes. Antisymmetric twisting dominant
principal mode shapes begin to occur at a relatively higher
frequency. Pure transverse symmetric or antisymmetric
mode shapes have not been encountered within the first ten
principal mode shapes, shown in Table 1. This is unlike
twin-hulled vessels, such as SWATHs, where the
transverse principal modes dominate. Nevertheless, these
can be detected within the main hull dominated mode
shapes, shown in Table 1 and Figure 2. For example mode
1=15 also contains transverse bending of the outriggers,
although these distortions are much smaller compared to
the 5-noded vertical distortion of main hull and outriggers.

32 MOTIONS IN REGULAR HEAD WAVES
Heave (m/m) and pitch (rad/m) RAOs for the trimaran

travelling in regular head waves were obtained for a range
of Froude numbers, Fn=0.068, 0.24 and 0.41, using the
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pulsating and translating, pulsating source distribution over
the mean wetted surface. The mean wetted surface of the
trimaran was idealised using 244 panels (main hull and
outriggers) and is shown in Figure 3. The panel idealisation
adopted has a one-to-one correspondence to the shell finite
element idealisation of the mean wetted surface. Such an
approach is convenient when generating the mean wetted
surface idealisation for the hydroelasticity analysis. The
same idealisation was adopted for the rigid body analysis
since the loads obtained from both methods are compared
in the next section. It should be noted that more refined
mean wetted surface idealisations can be used, if required,
for either the rigid body or hydroelasticity analyses [15].
The heave and pitch RAOs are shown in Figure 4. It should
be noted that the heave and pitch RAOs predicted by the
unified hydroelasticity analysis are as per the rigid body
analysis using the same source distribution method.

The major difference between the heave RAOs obtained
from the two singularity distributions occurs at @’=
®V(L/g)=6.5, referred to as peak A. This is a speed
dependent peak and its influence increases with increasing
speed; however, it only appears in the predictions obtained
from the pulsating source distribution, as can be seen in
Figure 4. It is believed that this is a consequence of the
overestimation of the interactions between main hull and
outriggers when using the pulsating source distribution.
Similar peaks were observed when examining the
seakeeping characteristics of high speed catamarans [13].
Peak A also appears in the pitch RAOs for the lowest of
speeds used at Fn=0.068; however, its presence is hardly
detectable for the other two Froude numbers. Both source
distribution methods predict a peak at @,’=7.5 for the heave
RAO at the medium forward speed corresponding to
Fn=0.24; nevertheless, it is much smaller for the
predictions obtained from the translating, pulsating source
distribution. This peak, referred to as peak B, can also be
detected in the corresponding pitch RAO for Fn=0.24.

For the highest of the forward speeds used, corresponding
to Fn=0.41, the resonance peak associated with the pitch
RAO is much larger when predicted by the translating,
pulsating source distribution. This is in line with similar
observations in mono-hulled vessels and catamarans and is
suspected to be a consequence of underestimating the
hydrodynamic damping when using the speed dependent
Green's function [13]. For the low and medium forward
speeds, Fn=0.068 and 0.24, the pitch resonances predicted
by both methods are in very good agreement.

3.3 LOADS IN REGULAR HEAD WAVES

Amplitudes of the vertical bending moment at amidships
and the prying moment at the connection between main
hull and crossbeam, were evaluated for the trimaran
travelling in regular head waves of unit amplitude at three
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