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ABSTRACT

The research carried out in this article is to deiee the RAO
(Response Amplitude Operator) heave and pitch mstad three
different ship’s hulls forms. Ship is running aethead sea of the
regular wave and its responses are obtained by fieddstrip
theory using Maxsurf software. Three different &hipull forms
(Wigley-S60-DDG) are selected in order to predint results.
The obtained results of RAO heave and pitchionetare
presented and discussed at various Froudeensmb

KEY WORDS: Seakeeping; RAO; Heave and Pitch; Hull
Forms (Wigley -S60-DDG).

NOMENCLATURE

a;j Added Mass Coefficient

m Ship Mass

X Acceleration in i-Direction

b;j Damping Coefficients

X Velocity in i-Direction

Cij Restoring Coefficients

X; Motion in i-Direction

Fs0 Vertical Force: Diffraction + exciting

Iss Longitudinal Inertia

We Encounter Frequency

¥s Encounter Angle of Wave with i Diregtio
Fso Pitch Moment: Diffraction + exciting

t Time

1.0 INTRODUCTION

Prediction of ship performances in calm and rougievs is one
of imperative concerns of naval architects and sepikg
performance is one of the most important aspecthigf design.
The hull is designed in most cases need to be g@tn

It's important to know that all process of optimizell needs to
investigate seakeeping performance of vessels #npeesons
who works on hull optimization, determined seakegpiSome
researchers have considered two or three objefitivetions for
optimizing hull form and some others only one otjec
functions. Bagheri et al. (2014) work on optimizinte
seakeeping performance of ship hull forms using etien
algorithm, Scamardella & Piscopo (2014) use onlg objective
function in Passenger ship seakeeping optimizdtjothe Overall
Motion Sickness Incidence, Gammon (2011) uses thibgective
functions in Optimization of fishing vessels by tinalbjective
genetic algorithm, Biliotti et al. (2011) utilizevd objective
functions for automatic parametric hull form optaaiion of fast
naval vessels, Ozim, SS$ener, B., Yimaz, H. (2011)
investigated the seakeeping qualities of fast shipsresa
Castiglione (2011) investigate numerical analysixludes
evaluation of ship motions, effects of wave stespnen ship
response, Grigoropoulos and Chalkias (2010) uskizeuttwo
objective functions in Hull-form optimization in loa and rough
water, Mousaviraad, Carrica, Stern (2010) develagpédrmonic
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wave group (HWG) single run seakeeping procedwyreising an
unsteady RANS solver, Bunnik et al.(2010) carriad €RS
project that conducted a comparative study, like #HTC
Seakeeping workshop and the results from the @iffier
approaches have been compared. Zhang et al. (2@l@)paper
about Time-domain simulations of radiation andrdiffion forces
that studied large amplitude, time domain and wéasle
interactions problems with forward speed and usedxact body
boundary condition with linearized free surface rabary
conditions. Zhang et al. (2010) also studied sqakege
computations using double body basis flow that fsegface
boundary conditions are derived based on a doulddy b
linearization and the mixed Euler-Lagrange time pgieg
techniques. Huang et al. (2009) the seakeepings tesid
numerical predictions confirmed that even thougisising impact
pressures are nonlinear and stochastic, global tlea#ts and
LNGC motions are deterministic, Bhushan, S. et2800) used
the VOF scheme for numerical treatment of free am@fin
seakeeping investigation, Greco et al. (2008) iigate concern
the further development of the numerical poterft@ak method
for seakeeping of a model in regular/irregular wave

Simonsen et al (2008) carried out a motion analgsithe KCS
ship hull in heave and pitch motion in regular heades, Clauss,
(2008) proposed a technique to generate a sequéneaves for
the simulation of extreme seas for seakeeping. t8arsdz, Saridz
(2006) proposed a new optimization procedure, baseda
nonlinear problem solved by direct search techrigue
Grigoropoulos (2004), Saha et al. (2004) employdterént
types of nonlinear linear programming as optimizati
techniques, Kukner & Saritz (1995) optimized thekseping
qualities of a high speed vessel, using the Lackenbthod to
generate several hulls, BAILEY, P. A. (2000) ThelNFgh-
speed round bilge displacement hull series, Jourfi€®2)
developed personal computer program based on betbrtlinary
and the modified strip theory method, Hearn, Hlarioz (1991)
Practical seakeeping for design, Besso and Kyogl$®&4) works
on ship motion reduction by anti-pitching fins iadu seas.

Given the variety of some hull designs used vessisésextent
to which overall design influences motion respoissaot clear.
The objective of this paper is to investigate thteet to which
hull design can influence the seakeeping respomserder to
make such a comparison a computational methodighalid is
required.

2.0 HEAVE AND PITCH MOTIONS

The basic of our calculation are the strip thedmattis the
standard tool for ship seakeeping computationpStreory is a
frequency-domain method. This means that the pnoble
formulated as a function of frequency. This has yredvantages,
the main one being that computations are speedngiderably.
However, the method generally becomes limited topating the
linear vessel response. The vessel is split intauember of
transverse sections. Each of these sections istteated as a
two-dimensional section in order to compute its roggnamic
characteristics. The coefficients for the sectioase then
integrated along the length of the hull to obtalre tglobal
coefficients of the equations of motion of the whalessel.
Finally the coupled equations of motion are solvad.is well

known, strip theory remains a solid basis for sepkey
calculations and competes successfully with newat more
rigorous methods, even at high speeds, when cochpaita
experimental and full-scale results. The ship isstered to be a
rigid body floating in an ideal fluid: homogeneous,
incompressible, and free of surface tension, itimtal and
without viscosity. It is assumed that the probldrthe motions of
this floating body in waves is linear or can beeéinized. For
displacement vessels the range of under 0.4, wthereheave
motion show a resonant response with values oh#dave RAO
significantly in excess of unity. Whilst the intnaction of ride
controls has somewhat reduced the severity of metio some
cases, there has been considerable interest imttexlying effect
of hull form on the ship motions. As a result ofsthonly the
external loads on the underwater part of the shépcansidered
and the effect of the above water part is fullylaeged.

The heave and pitch equations are coupled so thateh
motions are influenced by pitch and vice versa.

Heave: (m + a33)9€'3 + b53X3 + c53x3 + a3556.'5 + b355f5 + Cc35X5
= Fy3 sin(wet + ¥3) (1)

Pitch: a53xé + b53.7.53 + C53X3 + (155 + ass)jés + b55.7.C5 + C55X5
= Fys sin(w, +¥s) 2)

However, the coupling is usually fairly weak and dofirst
approximate to the motions of two independent secorder
spring mass systems. The analogy is not rigorousuuse the
coefficient in the equations is frequency dependentontrast to
constant coefficients assumed in the classical tanmsa
Nevertheless, we may define approximate naturglufacies for
heave and pitch using equation (3):

C. C,
33 , wS — 55 (3)
m+ass Isstass

Where the heave added mass and the pitch added inertia
agsare to be evaluated at the respective natural érecjas.

The focus of this paper is the head sea seakeepapgpnse of
heave and pitch motions and no attempt is madedluate the
efficiency of the designs considered with respeatesistance. In
this paper, we tried to obtain response amplityskrator of ships
motions in oblique waves and the damping factorotif motion
as non-dimensional is considered 0.15 but sincarthr issue
of our calculations is investigation of heave aitdipmotions, we
preferred to ignore roll motion.

w3 =

3.0 THREE SHIP’S HULL FORMS

The hull forms selected for this comparative stadg Wigley
model, S60 model and a modern ship. The main dimesof
these models are shown in Table 1. For simulatibrstop
motions and analysis we used Maxsurf motion motha¢ is an
application which may be used to predict the motamnd
seakeeping performance of vessels designed usinguvfa

The Wigley model is a popular model in ship hydnayics
experiments. The Wigley Hull model tank test dateavailable
were carried out at the Ship hydromechanics Laboyatf the
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Delft University of Technology (DUT). The standadgley hull
is a mathematical displacement hull form, the gddmsurface
of which can be defined as:

r=2- &) (1- ) ®

where B is the ship breadth, L is the ship lengths the ship
draft, and-T < z < 0. The Wigley model (Cm = 0.667, L=3m,
L/B = 10) have been tested at three forward speents0.2, 0.3,
0.4 that shape of this hull form is given in Figute Vertical
motions of hull sections are predicted by the cedtrip theory
and the Frank method. The hull form seakeepin@iged out at

a single Froude numbeF{ = U/\/E) that is constant for each

model and that is 0.3 for the Wigley, where U anaré the speed
and the waterline length of the model, respectively

Table 1: Models dimensions

Parametel Wigley S6( DDG51
Midship coeff. 0.6667 0.98 0.974

(Cm)

L/B 1C 7 5.5
Length [m] 3 122 93.4
Breadth [m 0.3 174 17
Draught [m] 0.1875 6 6.21

Displacement | 57g 9605 3450

[m’]

B/T 1.6 3 2.73

Cg 0.4¢ 0.7 0.571

Figure 1: Body plan of the Wigley.

The second hull form is Series 60 model that is @irgtandard
series for merchant ships. The S60 model propetties is
discussed in this article are L=122 m, L/B=7, CB5MB/T=3,
and shown in Figure 2.

The third hull form is DDG. Models scaled by 1:22480f that
vessel have been constructed and tested by thed Deylor
Model Basin (model DTMB5415) and Istituto Naziongler
Studied Esperienze di Architettura Navale (INSEAN Italian
ship model basin.

Figure 2: S60 body plan.

Model C.2340; Campana & Peri 2000). (L=93.4m, B=17m
CB=0.577, T=6.21m) that there is its other numériaad
empirical results. Figure 3 is shown its body plan.

HIBSEBESEB51 BB B6S6 BED EEHS

Figure 3: Body plan of the DDG.

4.0 RESULTS AND DISCUSSIONS
4.1 Wigley hull

The Ship hydromechanics laboratory of the Delft u@nsity of
Technology has published experimental data on hgdobanics
coefficients for heave and pitch, vertical motiowsyve loads and
added resistance in head waves of two Wigley hariing. The
wave is head sea with encounter angle of 1800 ek eight
of 2 cm for this test. Using main dimensions andagipn (4) to
calculate offset table then we draw the numericaddeh
Comparison between numerical results and experahefata at
Fn=0.3 are shown in Figures 4-7.

As shown in Figures 4 and 5, the peak value of &eand pitch

RAOs occur af/L=1.2 and is about 1.7 that means the ship has

worst condition of floating. Based on the experitaénand
numerical charts the computational error rate muali0%. Now,
according to the low error rate of calculation edso be used to
assess other environmental condition of vessel.

We can see in predicted charts of seakeeping peafuce that
at low speeds, peak values of heave and pitch eedaod the
difference between peak value of heave and pitche@sed. At
larger angle of attack the peak values of heavep#ol reduced
too. Also at higher speeds the peak value occukéLatl.2. In
general, the graphs illustrate that Heave and FR&Os will
increase with increasing velocity but at higherlaraf the wave
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hit the ship is inversely related. Also the comparicharts 0 20
showed the accuracy of experimental test and ngaieerrors. 1 18 95
Figure 8 shows peak values of heave and pitch aatdut.=1 for 10 ﬂ o
Froude number 0.2 and the RAO’s values reach tbuatiie at L -20 u L -90
ML=3.5. Max values of heave and pitch are 1.3 af8.6igure 9 € 30 =
shows heave and pitch for Froude number 0.4 thak palues o - 40
occur at\/L=1.3. The Froude number of this condition is ase g L 60
that the speed is near to reach high speed vesdalimum o 50 ————— — -
values of heave and pitch are 2.6 and 2.3.The naidéis speed 2 60 Exp. Journée] | _go
will have sever shocks and due to maximum amoufRAD can s 70 et Present method - -100
be seen the ship simply move up and down wftilreach about I
3 that the ship movement is smoothly. Numericalltesof the -80 - 120
RAO heave and pitch at various encounter angldsdliae angle -90 L -140
between wave attack and the ship motion are showkigures
10~12. -100 ML -160
Figure 6: Comparison of the phase heaves for Wigfey= 0.3)
1.8
1.6 250
o 1.4 200
I 12 1T o 150 EEEEE T ™ | e=s==present method
o | 1 | =2 .
© 0; g 100 ————— i =m==txp-fJournée}-
§ 0.6 gt present method % 50
. . < 0
0.4 == EXp. [Journée] ;’_ 50 ols i 1= 9 2.5
0.2 E -100 L1 1
0 '150 .
0 0.5 1 L 1.5 2 2.5 -200
Figure 4: Comparison of the RAO heave for Wig{&y = 0.3) -250 WL
Figure 7: Comparison of the phase pitch for WiglEy = 0.3)
2 1.4
1.8
1.6 1.2 —————k
1.4 i ol L0 8T
ST 1 PP
@ ¢+ " u 0.8
5 . - heave b t method
_a:-. 0.8 | | - 0.6 ===f=n NEAVE DY present metnho
0.6 ==& == pitch by present method
0.4 —s=ilile==Exp. [Journée] — 0.4
0.2 0.2
’ 0 0.5 1 1.5 2 0 M
’ ML ' 0 1 2 3 4
Figure 5: Comparison of the RAO pitch for Wiglgjn = 0.3) Figure 8: RAO Heave and Pitch for Wigley(@n = 0.2)
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1.2

1

0.8

0.6

0.4

==¢==heave by present method
0.2

==@==pitch by present method

0 1 ML 2 3 4

Figure 10: RAO Heave and Pitch for Wigley &fn =
0.2) & (u = 210°)

1.6

1.4

1.2

1 —_ — -

0.8
0.6
0.4
0.2

-+o— heave by present method

- pitch by present method

0 v =
0 1 2 3 4

Figure 11: RAO Heave and Pitch for Wigley(&h = 0.3)&(u =
210°)

\
3 2.5
——o— heave by present method
2.5 ) A
9 —@— pitch by present method
1.5
L5 T e
1 1
—o— heave by present method
0.5
—@m— pitch by present method 0.5
0
0 0.5 1 ML 1.5 2 2.5 3 0
: i i 0 1 2 3 4
Figure 9: RAO Heave and Pitch for Wigley(@&n = 0.4) ML

Figure 12: RAO heave and Pitch for Wigley(Bt = 0.4)&(u =
210°)

4.2 S60 Hull

Using data for the S60 offset table and its dinmamsi we draw
our numerical model then compare Bagheri’'s RAO tshaith
present method. The wave is type of Param. Bre&dbn head
sea with encounter angle of £8@ccording to charts of Figures
13 and 14, the peak value occurs\t =1.2. Figure 15 shows
heave and pitch for Froude number 0.3 in headtlsaamax
value of heave RAO is 2.3 and occursv/at=1.4, the max value
of pitch RAO is 1.45 that occurs afL=1.4. Figure 16 shows
heave and pitch peak values of Froude number Osoat
ML=1.6 that is the case when the ship is like a &sp. For
heave, max value is about 2.8 and it's 1.9 forhp@caph. Figure
17 shows heave and pitch RAO at Froude numbera6the
ship starts planing. The peak values occur/lat1.9 with heave
and pitch maximum values of 3.9 and 3, respectivilgrease
speed by higher Froude numbers causes peak vatoes m
further place of chart. In all cases the RAO rechnit value at
ML about 3.5. The last mode is shown, can’t chdbs&etype of
hull as a high speed craft and it's only suitalde displacement
vessels.

1.6

1.4

1.2

1

0.8
i
0.4

0.2
0

Heave RAO

==g== Present method

=== EXp. [Bagheri]

0 0.5 1 1.5 2 2.5 3
ML
Figure 13: Comparison of the RAO Heave for S6(Fat = 0.2)
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1.4
12 ¢ T
1
Q
S 0.8
<
S o6 ==g== Present method
o === EXp, [Bagheri]
0.4
0.2
0
0 0.5 1 1.5 2 2.5 3
ML

Figure 14: Comparison of the RAO Pitch for S6QFt = 0.2)

2.5

1.5

=== heaye by present method

=== itch by present method

0 1 2 3 4
ML

Figurel5: Numerical results of RAO Heave and PftwhS60 at
(Fn =0.3)

25 A

, L\

1.5 ——F————
1
=== heave by present method
0.5
=== pitch by present method
0
0 1 2 3 4

ML

Figure 16: Numerical results of RAO Heave and PitwhS60 at
(Fn=0.4)

4.5

o

=== heave by present methc

3.5 itch by present methoc

2.5

1.5 w—

0.5

0 1 7JL2 3 4

Figure 17: Numerical results of RAO Heave and PitwhS60 at
(Fn=0.6)

4.3 DDG Ship
In this section, we focus on the seakeeping peidiana of DDG.
The wave properties of model test are head seaargh water
with spectrum type ParamBretschneider and sigmifioaave
height H,s=1m and modal period 10s. Figures 18 and 19 show
thecomparison of the presents results withotheoltes The
results derived by strip theoryusing Frank (S-T-¢se-fit
method are older than three-dimensional (3-D) pamele by
SWAN2-2002, a modern time-domain 3-D Rankine soyameel
code, and strip theory using Salvesen method usitigjs paper.
The heave graphs show that Frank calculation emogsmore
than other methods and our present method has lessrthan
5%. The peak values of heave and pitch charts sl about
1.4. By our negligible error of calculation, we giet modern
DDG seakeeping performance for other Froude numéensell
as Fn=0.3, 0.4 and 0.7, in Figures 20, 21 andezheactively.
Figure 20 show RAO heave and pitch of Froude nunib@r
with peak values of 1.08 and 1.2 for heave andchpitat these
values occur &t/L about 1.2. At Froude number of 0.4 as shown
in Figure 21, the RAO peak values occuiit=1.3. Seakeeping
performance of DDG is more smoothly &dtL=3.2. Figure 22
show heave and pitch RAO for Froude number 0.7 BR2G will
work like a planing craft and peak values occur\dt=1.6.
Maximum values of RAO heave and pitch are 2.2 arfil 1
respectively.

1.6
1.4
1.2 —r—T—T71 —
2 1 EEEE
o=t
g 0.8
8 0.6 [ ] === Present method
= 0.
0.4 ™) ==l== EXD.
0.2 === Numerical[Frank]
0
0 1 ML 3 4

Figure 18: Comparison of the RAO Heave for DEn =
0.237)
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1.4
12— S99 3™ 0des
1
=} === Present method
<0.8
E == EXp.
506 Numerical|Swan]
Y
04 Mm@ —————— == Numerical{Frank}—
0.2
0 L
0 1 ML 2 3 4

9
2.5
2
1.5
1
0.5 =p==heave by present method
=== pitch by present method
0
0 1 ML 9 3 4

Figure 19: Comparison of the RAO Pitch for DjEn = 0.237)

1.2
1 _______________
0.8
0.6 —&— heave by present method
0.4 —=— pitch by present method
0.2
0
0 1 ML 2 3 4
Figure 20: Numerical results of RAO Heave and PitctDDG
at(Fn = 0.3)
1.6
1.4
1.2
1 S S - —
0.8

=== heave by present method

0.6
0.4 === pitch by present method
0.2
0
0 1 ML 2 3 4

Figure 21 : Numerical results of RAO Heave andiPitc DDG
at(Fn = 0.4)

Figure 22: Numerical results of RAO Heave and PitetDDG at
(Fn=0.7)

5.0 CONCLUSIONS

Caculations of the RAO heave and pitch of the thdéféerent

ship’s hull at various Froude numbers are preserfthdse three
different ships are Wigley, S60 and DDG. Some tesakre

compared with experimental data and seem that @belts are
satisfactory. Froude number is from 0.2 to 0.7 iggpleven at
high Fn, the trend of the results are relativelyivileherefore, it is
revealed that the present calculations method cstimate

properly for the RAO of the ship motions.
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