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ABSTRACT

The X-bow concept was developed by Ulstein company, in order to increase the ship hy-
drodynamic performance. Low resistance, reduced fuel consumption, smoother motion
and low acceleration levels are some of the hydrodynamics improvements. A theoretical
analysis on the seakeeping performance of a supply vessel with X-bow form was per-
formed by using Aveva Marine Engineering Software and it is presented in this paper.
The ship motions and accelerations on irregular waves were calculated and the influence
of the roll gyradius and bilge keel was analysed. The conclusion reveals the important in-
[fluence of the mentioned elements on the ship motions and accelerations.

Keywords: X-bow supply vessel, seakeeping performance, theoretical estimation

1. INTRODUCTION

The hydrodynamic safety of a ship run-
ning in waves field with a given speed repre-
sents a main component of the global securi-
ty concept. Its evaluation is based on the sea-
keeping performance analysis in dangerous
conditions.

The complexity of the theoretical ap-
proach on this topic is generated by the cou-
pled motions of the ship with six degrees of
freedom. The estimation of the ship motions
and accelerations with a satisfactory accura-
cy level is necessary. For this purpose, dif-
ferent CAD-CAE systems can be used.

This paper presents a theoretical analysis
on the seakeeping performance of a supply
vessel with X-bow form which was per-
formed by using Aveva Marine Engineering
Software.

The X-bow concept was developed by
Ulstein company, in order to increase the
ship’s hydrodynamic performance. Low re-
sistance, reduced fuel consumption, smoother

motion and low acceleration levels are some
of the hydrodynamics improvements reported
by Ulstein in the case of X-bow concept.

The main characteristics of the supply
vessel are presented in Table 1.

Table 1. Main characteristics of the supply

vessel

Main characteristics Full

scale

Length overall, Los [m] 83.3
Length of waterline, Ly [m] 79.5
Length between perpendiculars, Lgp [m] 82.3
Beam, B [m] 18.0
Depth, D [m] 20.3

Draft, T [m] 6.0
Longitudinal center of buoyancy, LCB [m] | 37.203
Volumetric displacement, [J[ m3] 5755.1
Design speed, v [m/s] 15.0
Froude number, F, 0.276
Block coefficient, Cp 0.646
Waterplane coefficient, Cw 0.827
Midship section coefficient, Cy 0.985
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The transverse sections of the body lines
plan are presented in Fig. 1.

Fig. 1. Transverse sections of the supply
vessel

A summary of the theoretical model, ap-
plied in this paper, in order to calculate the
seakeeping performance of the supply vessel
is presented in the next chapter.

2. THEORETICAL METHODOLOGY

The ship’s motion equations on the inci-
dent waves can be written by using Newton's
second law

d .

- m)=H (1
where M is the matrix of the masses and iner-
tia moments of the ship, n is the ship motion
and H represents the hydrodynamic forces
and moments.

Under the linear hydrodynamic model
assumption, the following relation can be
written

H =F; +Gy @)

where Fj are the excitation forces and mo-
ments generated by the incident waves and
Gy, are the radiation forces and moments giv-
en by the relation [3]

Gp=-ATG-BH-CH  (3)

The matrix A is the added masses matrix, B
is the potential damping coefficients matrix
and C is the restoring coefficients matrix.

The added masses and damping coeffi-
cients can be calculated on the basis of the
sources distribution method, suggested by
Frank [2].

The general form of the ship motion
equations is obtained by replacing the ex-
pressions (2) and (3) in relation (1)

(M +A)j+Br+Cn=F, (4

The response amplitudes operators of
the ship’s motion RAO, and accelerations
RAO, can be determined on the basis of the
solution of the system (4)

RAO, :(gJ (5)
RAO =| %L 6
y [ZJ (6)

where ¢ is the regular wave amplitude and a

is the ship acceleration.

For a given sea state with power spectral
density S,, the response spectra of the mo-
tions §), and accelerations S, can be calculat-
ed with the expressions [1]

S,(e.)=RAO, 1S, (c,) )

S,(a.)=RAO, 15, (a,) (8)

where @) represents the encountering circular
frequency.

Based on the mentioned response spec-
tra, the spectra moments of zero order for
motions my! and accelerations mg can be

calculated by using the relations

m] = TS” (@)@ )

mi =[S, (@) e, (10)
0
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Also, the root mean square values of the
amplitudes of the ship's motions RMS, and

accelerations RMS, on irregular waves can

be evaluated by using the expressions

RMS,, =+[m! (11)

RMS, =+/m¢ (12)

Specific criteria based on RMS values
were adopted for the ship motions and accel-
erations:

- Roll motion, RMS,, =8deg.;

- Pitch motion, RMS, =3 deg.;

- Lateral acceleration, RMS, =2 m/s’;
- Vertical acceleration RMS, =4 m/s” .

Based on the specific criteria, the polar
diagrams can be obtained, in order to deter-
mine the influence of the speed and ship-
wave incident angle on the seakeeping per-
formance, for a given sea state.

3. PRACTICAL EVALUATION

The ITTC spectrum was selected in or-
der to analyse the seakeeping performance of
the supply vessel, on irregular waves with
significant height H,, of 1 m, 1.5 mand 2 m.

The lateral and vertical accelerations
were calculated in a point situated on the
transvers section of the forward perpendicu-
lar, on the main deck edge.

The specific criteria for roll and pitch
motions were fulfilled for the considered sea
states (Fig. 2).

Fig. 2. Polar diagram. Roll and pitch
motions

In the case of lateral acceleration, the
mentioned criterion was not fulfilled for
quartering and beam waves, with significant
height greater then 1 m (Figs. 3 and 4).

Flovig S

Fig. 3. Polar diagram. Lateral acceleration
for H,=1.5 m

Fiown S5
o

Fig. 4. Polar diagram. Lateral acceleration
for H,=2 m

Also, the specific criterion was not ful-
filled in the case of vertical acceleration
(Figs. 5 and 6), in principal for head waves
and fore quartering waves, with significant
height exceeding 1 m.

The changing of the speed or ship-wave
incident angle represents solutions to avoid
the critical domains.

The influence of the roll gyradius on the
roll motion was analysed. The values of the
nondimensional roll gyradius were adopted
in the domain 0.2 ... 0.4 with step of 0.05
and their influence on the RMS o function
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was established. The nondimensional roll
gyradius was calculated by means of the roll
gyradius over beam ratio.

Filowp==s

Fig. 5. Polar diagram. Vertical acceleration
for H,=1.5 m

Fiodg S
o

Fig. 6. Polar diagram. Vertical acceleration
for H,=2 m

Figs. 7 and 8 depict the diagrams of the
RMS,, function depending by the ship-wave

incident angle p and the nondimensional roll
gyradius rxx, at zero and design speeds
respectively, on irregular waves with
significant height H,=2 m.

If the roll gyradius increases, the RMS,,

function decreases at zero speed. In the case
of the design speed, the maximum values of
the RMS ° function depend on the ship-wave
incident angle. If rxx=0.3 and p=60°, the
maximum value is obtained. On beam, fore
quartering waves or head waves, the RMS,,

function decreases if the roll gyradius in-
creases.

A similar analysis was performe on the
influence of the roll gyradius related to the
lateral acceleration RMS,, and vertical accel-

eration RMS,, - Figs. 9, 10, 11 and 12 illus-
trate the variation of the RMS,, and RMS,,

functions, on irregular waves with significant
height H,=2 m, depending by the ship-wave
incident angle p and the nondimensional roll
gyradius rxx, both at zero and design speeds.

RMS g

Fig. 7. RMS o function at zero speed, for
H,=2m

RMS &

Fig. 8. RMS,, function at design speed, for
H,=2 m

15 =1

In the case of zero speed, two maximum
values were observed for RMS,, and RMS .

functions, for ship-wave incident angle p
having the values 60° and 120° respectively.
In the case of design speed, only one
maximum value was obtained, when p=120°
for RMS,, and when u=150° for RMS,, -

The maximum values at zero and design
speeds were obtained for the RMS,, function

when the nondimensional roll gyradius
rxx=0.4. For the RMS,, function, when

rxx=0.2 the maximum values were obtained.
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Fig. 9. RMS,, function at zero speed, for
H,=2 m
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Fig. 10. RMS,, function at design speed, for
H,=2 m

e %x=020 == rxx=0.25 =—d—rxx=0.30 x=0.35 == rxx=0.40
Fig. 11. RMS function at zero speed, for
H,=2 m
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Fig. 12. RMS,, function at design speed, for
H,=2 m

The influence of the bilge keel on the
roll motion was analysed in the final part of
this study. The beam of the bilge keel was
modified in the range 0.2 m ... 0.6 m, with
step of 0.1 m and the length of the bilge keel
was equal with 0.7 Lw=55.67 m.

Figs. 13 and 14 present the diagrams of
the RMS, function depending by the ship-

wave incident angle p and the beam of the
bilge keel, in the critical case with the non-
dimensional roll gyradius rxx=0.2, on
irregular waves with significant height H,=2
m, at zero and design speeds respectively.

45
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Fig. 13. RMS,, function at zero speed, with
bilge keel influence, for H,=2 m and rxx=0.2
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Fig. 14. RMS,, function at design speed, with
bilge keel influence, for H,=2 m and rxx=0.2

An important contribution on the roll
damping can be observed at zero and design
speeds, due to the bilge keel.

If the beam of the bilge keel increases,
the RMS,, function of the roll motion

decreases.

© Annals of “Dunarea de Jos” University of Galati Fascicle XI- Shipbuilding,2018 13



Fascicle X1

The Annals of “Dunarea de Jos” University of Galati

4. CONCLUDING REMARKS

The evaluation of the hydrodynamic
safety of a ship running in waves field with a
given speed is based on the seakeeping per-
formance analysis in dangerous conditions.

A theoretical investigation on the sea-
keeping performance of a supply vessel with
X-bow form was performed in this paper, on
irregular waves with significant height equal
with 1 m, 1.5 m and 2 m, by using Aveva
Marine Engineering Software.

The ship’s accelerations were calculated
on the main deck edge, in the transvers sec-
tion of the forward perpendicular.

The X-bow concept was proposed by
Ulstein company, in order to increase the
hydrodynamic performance, the ship motions
and accelerations included.

The adopted criteria for roll and pitch
motions were fulfilled for all sea states. Ac-
cording with the Ulstein concept, the moder-
ate amplitudes of the motions for supply ves-
sel were determined.

In the case of vertical and lateral accel-
erations, restricted navigation area in the
polar plots were identified, for waves signifi-
cant height exceeding 1 m.

The influences of the roll gyradius and
bilge keels on the roll motion were analysed.

If the roll gyradius increases, the RMS, o

function decreases both at zero speed and
design speed, on beam or fore quartering
waves. If p=60° and rxx=0.3, a maximum

value of the RMS o function was obtained at

the design speed.

Also, an important influence of the bilge
keel was demonstrated, in the critical case
when the nondimensional roll gyradius has
the value rxx=0.2, on irregular waves with
the significant height H,=2 m, at zero and
design speeds respectively.

All these theoretical results must be val-
idated on the basis of experimental model
tests.
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