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High-Speed Catamaran
II-Geun Oh*
O7d 79 34 A
A= o = N
a&AEAY EE5AC B AT
E
Key Words : Seakeeping Analysis( &4 141), Dynamic Response(-5318-5h), Ride Quality
(24171, High Speed Catamaran(314-2-5-41), Wave Spectrum(¥H% 2= # B8]
= =
AAH ez ook Fdskn ol audale] A4 Stk e Al e e
Hojof shi= FR 8 4olch IS Bddow HE £FL Fukshy] 17 sl FAEE
SAg Welsh P 5 wAa 43S AYshA wrh el g3 w84 mE el
wgstel wheb sjof SabAAEE AvHEAe) st AHE ST 2wl e A
wolw 274 §3 2 £A1% AuE Ewsiy ik B wPe wsgEil e W e e
2qsta o HAaZATE AP vlastarh AsHEL W FER o) 4 Y SEdEs
& Abgshedn, Aol dat AshEael SWEA A ek wmal warAstel g
SEoute 2Ask] flakel ITTC ShE ~¥ =0 e A gstal on), & udgdgie] $54%
of ol3i A4 ge] dgs wdstar
1. INTRODUCTION weight  of every parts and equipments.
Designing such a large-size high-speed vessel
The worldwide market of car-ferry requires an accurate understanding of wave
catamarans is growing rapidly. Its tendency of loads imposed on the vessel in waves.
demand is characterized by increasing the speed In addition to that a high speed ship is

up to 50 knots and enlarging the size up to 100
m. The high speed is achieved by designing a
light-weight ship and carefully controlling the
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inevitably accompanied by the excessive motion
which causes passengers to expenience extreme-

ly unpleasant discomfort, such as seasickness.
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nausea, and vomit. As the airborne and land-
borne vehicles are highly upgraded these days,
the ship-operating companies begin to focus on
the embodiment of pleasant ride quality and aim
at expanding their business by increasing the
number of passengers.

The operation of a high-speed catamaran in
waves produces greater emphasis on the aspects
of vessel motions and resultant structural loads.
This 1s due to the larger encounter frequencies
arising from the higher speed, by which increase
in acceleration is attended. It is thus required to
investigate the motion characteristics of a ship
and to effectively reduce motion magnitudes
relative to the free surface.

The analytical treatment of most models for
motions and loads of ships in waves 1s primarily
via frequency domain analysis, which is applied
to linear dynamic systems.' ™ It is also possible
for high- speed catamarans in both controlled and
uncontrolled modes of operation to use frequency
domain methods. This approach is done by the
stochastic equivalent linearization procedures (i.e.
deseribing function).” It is widelv known that
linear {requency domain models are generally
adequate for the predictions of wave -induced
motions and loads.”

A catamaran of 80m class became recently
popularized in worldwide car -ferry market. Since
the seakeeping characteristics or ride quality is
an important factor to consider necessarily in
designing such a vessel, it 1s absolutely required
method
reducing its motions and loads. The need for
habitability

efficient

to develop a for determining and

increased of a ship requires to

develop methods  including  the
consideration of adequate types of Ride Control
System (RCS) which employs various forms of
lifting surfaces, such as foils and trim tabs.
The

domain models for determining

frequency
of

present . or  describes

motions a
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It

analysis for regular and

high-speed catamaran in waves. presents
the results of motion
irregular waves and of comparison with the
experimental results. It also shows the influence
of ship speed and heading angle on vertical
acceleration of the catamaran in irregular waves
and investigates the reasonable causes of their
The the

following sections.

effects. details are described in

2. SUBJECT CATAMARAN

The car ferrv ensures fast transportation of
passengers and vehicles  on international routes.

Usually a high-speed catamaran is designed
based on the concept of a light aluminium alloy.
The of the

catamaran used in this paper are listed in Table

design  particulars high-speed
I and its profile view is shown in Fig. 1. The
the

investigated in the present paper.

motion  characteristics  of catamaran 1s

Fig. 1 The Profile View

Table 1 Design Particulars of the Car-Ferry

Catamaran

Length ovefall (m) 1813
Length at desiér;waterline (m) | 778

Bearn overall (m) L 195

Drdft at full displacement (m) " 29 T
Service speed at 90% MCR and) 25

full load displacement (knots) !

>I\Ivo~.m<)f':)assengers ([)erS(;nﬁ)m 600

No. of vehicles : 30 Cars + 4 Buses

Disel Engine X 4 sets,
5420 kW x 1000 rpm

Waterjet X 4 sets

Propulsion Engine

Propulsor
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3. EQUATIONS OF MOTION

In order to calculate the motion of a
catamaran in waves, the six degrees of freedom
should be considered. However, in this paper
only the longitudinal equations of motion which
are primary motions are analysed and the
translational mode of x-axis is neglected. The
speed V 1s assumed constant even if the draft
changes significantly. Then the equations of
motion are formulated relative to an axis system
whose origin 1s at the center of gravity., A
right-handed coordinate system shown in Fig. 2
is selected.

The heading angle 5 is defined as 180° for
head sea and 0° for following sea. The incident
waves are assumed unidirectional sinusoidal
waves, The surface wave elevation relative to

calm water is represented as

7= Asin [ w,t—k(x cos B+ysinF)] (1

where A s wave amplitude, k is wave
number, A is wave length, ® is circular wave

frequency, and w. 1$ encounter wave frequency;

w,= w—kVcosf (2)

i — - _—

Fig. 2 The Coordinate System
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The geometric difference of a catamaran from
a conventional monohull vessel is basically twin
hulls. Its motion, however, can be handled
practically in the same manner as conventional
monohull cases. The equations of motion are
simplified and the hnearized coupled ordinary
differential equations of motion for vertical
motions (1.e., heave and pitch coupled motions
only) are obtained as follows."¥
Z;Z +Z,Z+Z,Z (3)
YZy0+2450+Z50=Z ppres

My +M;0+M,0
M Z+M_ Z+M.Z=M s

(4)

where Z;:1s the sum of mass and added mass
of the vessel. 7, is damping coefficient which
depends on the encounter frequency and Z. is
restoring force coefficient which depends on the
waterline area. Other coefficients are defined
similarly. The hyvdrodynamic forces are deter
mined for each sidewall hull separately, and the
total effect on the vessel is found by their sum.
They are obtained from integration of local
vertical forces via the well-known new strip
theory methodology. This procedure is based
upon the assumption of no interference between
the separate hulls, which 1s a generally valid
result for high speed operating conditions for
catamarans. The equations of motion for
horizontal modes of motion are also derived in

the same manner as those for vertical ones.

4. METHOD OF ANALYSIS

The motion in an irregular seaway is deter-
mined by the following steps” :

A suitable wave spectrum is first chosen for
the particular seaway in which the vessel is to

operate. In this study an irregular wave system
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of 25 m significant wave height using ITTC
spectrum shown in Fig. 3 is considered as
follows.”
A —-B -
= - — i o
S(w) e exp( o ) (5)
HZ
A= _llgfﬂ , B= 691 6)
- 1
where 7T1 is averaged period and Hus is

significant height of waves. As illustrated in Fig.

3, the wave energy is concentrated in the
frequency range between 06 rad/sec and 0.9
the
excessive magnitude of motion when the heave

the

rad/sec. ‘This implies possibility  of an

(Response  Amplitude Operator) lies in

condition of resonance.
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Fig. 3 The I'T'TC Wave Spectrum

Next a plot 1s obtained in which the ordinates
represent the amplitude of motion with respect
to a base encountering frequency distribution.
This be by

experimentation with regular or irregular waves

can obtained analytically or

in a towing tank. In this study it was obtained
analytically in regular waves and extended to
irregular waves."

analytically
the

To get the amplitude of motion

the external force due to waves and
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hydrodynamic coefficients (added masses and
the
encounter frequencies) are required. The external

damping coefficients corresponding to
force was obtained by
although

of

addressed. The hydrodynamic coefficients are

Froude-Krylov force
the high

1  not

assumption frequency

component motion completely
calculated basically by NSM suggested in the
reference'”.

The
modified so that the ordinate represents the ratio

diagram of the amplitude of motion is

or the square of the motion amplitude divided by
the square of the wave amplitude.
the

This diagram

is  termed response amplitude operators

The

RAO diagram is transformed into a base

(RAQ) or simply the transform spectrum.
of
absolute wave frequency to be integrated with
the 4

diagram as obtained for heave motion in the

wave spectrum. Fig. shows such a

present study.

Heave Amp, / Wave Amp

5

00

00 1.0

Fregeuncy(radss)

Fig. 4 Heave Response in Regular Head Waves

By integration of multiplying the ordinates of
wave spectrum by the ordinates of RAO for the
corresponding wave frequencies, the motion in
irregular sea is obtained. This is formulated by
the following equation describing the RMS (Root

Mean Squared) magnitudes of heave.”™
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oz=\/ S I T )2 S(0)dw %)

where ¢, is RMS value of heave amplitude
and 7.(w) is heave RAO. For vertical accelera-

tion the encounter frequency should be multiplied

as follows

I oo .
o= [ 1T(0) S(@wldo ®)

where o is RMS value of vertical accelera:

ton.

5. ESTIMATION OF SEAKEEPING
PERFORMANCE

5.1 Effect of Ship Speed

It 15 widely known that the scakeeping

performance becomes worse as the speed of a
. N L

vessel increases.””  Although  this s due to

various complicated reasons, the most important
two factors can be pointed out as follows. First,
the increase of vertical acceleration, which is one

of the major measurement of seakeeping per

formance, 1s proportional to the square  of
encounter frequency as equation (8). Thus in
head sea condition the encounter period

decreases or the encounter frequency increases
as vessel speed increases. This is readilv shown
(2).

Secondly, the frequency range of the peak

by the last relation of equation

magnitude of Heave RAO moves closer to the
frequency range of concentrated energy, usually
to the lower frequency side of wave spectrum.
Fig. 5 shows the vertical acceleration with
varyving the ship speed as a parameter for the
cases of head sea, beam sea, and following sea.
In the case of head sea the calculated result is
compared the  experimental These

to ones.

experimental results were obtained from a series
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of towing tests performed at Korea Research
Institute of Ships and Ocean Engineering for the
present high-speed catamaran” They illustrate
considerably a good agreement.
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Fig. b Vertical Acceleration at  Midship  with

Varving Ship speed

It 15 also found from Fig. 5 that the increase
of vertical acceleration with ship speed is not so
the

ships. This seems to be a contradictory result 1o

large as case  of convenuonal low speed

the previous explanation of the present section.

1
O,

However, a close inspection of Iig. wave
spectrum, and Fig. 4, heave RAQO, unveils the
reason.

As speed increases, the resonance region of
heave RAO moves to the lower frequency side.
Thus the

ships, the vertical acceleration increases with the

in case of conventional low-speed
increase of speed as was explained by the two
reasons stated before.

However, 1n the case of high speed ships, tic
vertical acceleration does not increase noticeably

but even decreases sometimes as the ship speed

increases.” This fact is explained by the
following example.
When  the ship speed 1s 25 knots, the

resonance region of heave RAQO of the catamaran

1s found in Fig. 4 around the frequency range
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between 0.6 rad/sec and 0.9 rad/sec. This
frequency range corresponds very closely to the
frequency range of peak magnitude of wave
energy in Fig. 3 of wave spectrum. So if the
speed is increased further or greater than 25
knots, the resonance region of heave RAO
moves to the even lower frequency side, which
is now outside the frequency range of peak
wave energy. Then this matching condition of
heave RAO and wave spectrum would result in
an unnoticeable Increase or even decrease of
vertical acceleration. Nevertheless, it does not
mean that the seakeeping problem is not
important for high-speed ships because the
absolute magnitude of response is still large and
is regarded very severe considering the smaller
scale and lighter weight of high-speed ships
compared to the low ~speed ones.

A simple method to reduce the ship motion 1s
to decrease the speed of vessel for conventional
ships.” It may still be a good method for
high speed ships in much higher waves than
25m” This is because the wave spectrum of
40m wave height 1s shifted t the lower
frequency side and comes out of the resonance
condition. However, it cannot be a good solution
when the significant wave height is around 2.5
m, at which severe motion response occurs most
frequently for high-speed ships. Therefore, to
produce a high-class ship with good seakeeping
performance, one understands that the active
method, such as active ride control system, is
not an option but a necessity.

Vertical acceleration is a measure of
seakeeping performance and is estimated by an
analysis in the frequency domain. [SO requires
the results of 1/3 octave band analysis of
vertical acceleration and proposes a standard by
specifying the articles 2631/3.

Fig. 6 shows th. /3 octave band data of

RMS vertical acceleration recommended by ISO

2631/3 seasickness criteria for 30 minutes and 2
hours. It also shows the RMS vertical
accelerations at midship obtained by calculations
and experiments for ship speeds 25 knots and 35
knots at head sea condition. Circles are used to
show the experimental results clearly. The
calculation results and experimental results show
good agreement qualitatively except that
calculation yields larger peak magnitudes and
lower corresponding frequencies than experim-

ents.
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Fig. 6 1’3 Octave Band Data of Vertical

Acceleration at Midship

The present calculation method is  thought
being capable of predicting the seakeeping
performance. Assessment of seakeeping perform-
ance with the present method reaches a conclu-
sion that the present catamaran does not
possesses a very good seakeeping capability for
a long voyage. Such a poor quality of seakeeping

performance 1s inevitable for high-speed ships.

52 Effect of Heading Angle

Fig. 7 illustrates the RMS values of vertical
acceleration in the umt of g (gravity) with
varving the heading angle as a parameter.

It shows that the largest vertical acceleration

occurs in the case of bow sea and the smallest
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in the case of quartering sea. This is again
(2), the
between speed and encounter frequency, and the

explained by equation or relation
relation between heave RAO and wave spectral
density function.

According to the last relation of equation (2),

the encounter frequency . for following sea

case increases to a certain point and decreases
the The

encounter frequency of following sea 1s lower

later as ship speed V increases.
than that of head sea after all, especially much
lower than the frequency range of concentrated
wave energy. Since the vertical acceleration is
proportional 1o the square of encounter frequency,
it 1s smaller for following sea than head sea.
When large head waves are upcoming, the
head sea condition
Vertical

ship 1s steered to avoid

resulting in possibly bow sea condition.

Acceleration  of  the  present  high-speed

catamaran, however, 1s even larger for bow sea

than that for head sea. Fig. 7 shows this result

clearly. Large vertical acceleration causes an
unsafe and uncomfortable navigation. This
means the change of heading angle for

improving bad ride condition in head sea does
not guarantee an effective result or drives the

ship into an even worse situation.
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Fig. 7 Vertical Acceleration at Midship with

Varying Heading Angle
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Fig. 8 shows the 1/3 octave band of RMS
vertical acceleration at midship of the present
high-speed catamaran given by the same ISO
2631/3 criteria as Fig. 6. The calculated results
of vertical accelerations at 35 knots for the cases
of head sea, beam sea, and following sea are

compared with the 1SO critenia.

Jertcal Acceleratinn (RMSing)

Frequency (Hz)

Fig. 8 1/3 Data of

Acceleration at Midship

Octave Band Vertical

As the heading angle decreases from head sea
(8 +180°) to beam sea (8=90°) and to following
(B8 =0°),

shown in Fig. 5, two peaks appear in latter two

sea vertical acceleration decreases as
cases, and the distance of frequency between the

two peaks becomes larger. It is conceived that
the peak at the lower frequency is due to the
peak of wave energy spectrum and the one at

the higher frequency is due to that of RAO.

6. SUMMARY AND CONCLUSIONS

The seakeeping performance of a high-speed
catamaran was analysed by investigating the

relation between the wave spectral density

function and the heave response amplitude

operator (RAO). It turned out that the range of
operating or design speed and thus its encounter
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frequency lies in the resonance region of
external wave force spectrum.

The effect of ship speed on the motion
characteristics of a high-speed catamaran was
investigated.

The traditional simple method of reducing ship
motion has been to decrease the ship speed for
conventional ships. It was, however, shown that
it cannot always produce a good result for
high-speed ships. It is because changing the
ship speed may cause the resonance condition
between the RAO characteristics and the wave
spectrum.

The result of motion analysis was compared
with the experimental results and they show
considerably a good agreemet. They were then
compared with the ISO 2631/3 standard criteria.
It was concluded that the present high-speed
catamaran does not possess a very good
seakeeping characteristics.

The effect of ship’s heading angle on the
motion charactenistics of the catamaran was
also investigated. It was shown that motion
characteristics of the catamaran is worst in bow
sea case.

When large head waves are upcoming, the
ship operator has traditionally steered to avoid
head sea condition resulting in possibly bow sea
condition. It was shown, however, that the
change of heading angle for improving bad ride
condition in head sea does not guarantee an
effective result or drives the ship into an even
worse situation.

It 1s thus recommended to adopt an active ride
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control system. The development of an optimal
ride control system 1is not a simple job.
However, it is much more efficient compared to
the change of hull form. Therefore, the design
of an effective ride control system becomes one
of major procedures in designing a high-speed
ship and requires further work and so does the
estimation of seakeeping performance system-

atically using various design parameters.
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