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ABSTRACT

The importance of the evaluations of the respomsplitude operators as well as of the
accelerations in several points of interest on labaf ship is directly linked to the index of
operation of a floating structure. The higher treasstate to operate, the better the ship
efficiency and operability. The aim of the pregesper is to underline the importance of
the evaluation of seakeeping performances of an\stip in order to evaluate the upper
limits of the affordable sea states from the paihtiew of roll the motions amplitudes
and the comfort on board. The effects of bilge kaealoll motions are also investigated.
The paper is dedicated to the memory of Buof. Dr. Eng. lon Bidoag pioneer in
ship hydrodynamics research and education in Roaanrto passed away 20 years ago.
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terms of solution to the sectional two-

1. INTRODUCTION dimensional problem of a cylinder with the
The purpose of the hydrodynamic analy-same shape as the individual cross-sections

sis is to perform the calculations in order tooscillating on the free surface [5]. The pro-
evaluate ship motions and accelerations irgram is using the “close fit source distribu-
several points of interest in order to be com-ion technique” developed by Frank. The
pared with specific requirements in offshorenonlinear roll damping is introduced using
industry [7]. Tanaka method.

The evaluation has been performed us- Based on the first set of results the cal-
ing a computer code based on the well-culations of the accelerations have been also
known theory developed by Salvesen, Tuckperformed in all defined points of interest for
and Faltinsen [6]. The program is able todifferent sea states, using a specific computer
calculate the response amplitude operator§ode, ACCEL. Using the RAO’s and the
(RAO) and phases for all six degrees of freeJJONSWAP formulation of the sea spectrum,
dom, i.e. surge, sway, heave, roll, pitch andstatistic calculations can be performed. The
yaw motions. The main assumptions of thecoordinate system is presented in Fig. 1.

program refer to the nature of the fluid, con- M e To0dea
sidered to be inviscid, the ship geometry al- s Sway

lowing the assumption that the length is e W gﬁ:h@

much larger than the beam and draft and th G— xai
displacements of the ship and the waves ar '* = RIS b@e_j—m?ﬁf;iw

small. In other words, the slender body the-
ory is assumed and the three dimensiona 270 deg

beam wave

hydrodynamic quantities are expressed in  Fig. 1. Motions and coordinate system
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2. GENERAL INPUT DATA

The application was carried out for an
anchor handling tug supply (AHTS) having
the main characteristics according to Table 1

Table 1.Main characteristics of the ship

Length between perpendicularspL 59.40 m
Breath, B 16.00 m
Design draught, T 480 m
Displacement 3277.30
Vertical center of gravity, KG 6.11m
Metacentric height, GM 1.74m

TORKT DIGHITY

Photo 1 General view of the ship

The spectral analysis was performed for twg
sea states (fully arisen sea) i.e. Sea State
and Sea State 8 respectively.

For the sea state 4:

- wind speed, ¥ = 10.3 m/s,

- average wave height, b 1.52 m,

- significant wave height,;3 = 2.32 m,

- significant wave period, (J);;3 = 6.38 s.

For the sea state 8:

- wind speed, \{ = 23.7 m/s,

- average of wave height, & 6.35 m,

- significant wave height,;a = 10.13 m,

- significant wave period, ()13 = 9.55s.

The calculations have been carried out for g
range of heading angles from 0° (following
sea) up to 180° (head sea), with a step of 15°
The accelerations have been evaluated in
different locations (points), having the fol-
lowing coordinates related to zero station (aft
perpendicular) KO, centre line, CL and base
line, BL respectively:

- P2 (28.8 m; 6.800 m; 6.800 m) — Midship
section on deck, starboard;

- P3 (58.300 m; 0.000 m; 11.750 m) — Deck,
fore perpendicular (FP);

- P4 (45.100 m; 6.300 m; 14.200 m) —
gation deck, starboard.

All evaluations have been performed for zero
speed and for v = 12 kts.

3. EVALUATION OF MOTIONS

Navi-

The results of the calculations are graph-
ically presented in terms of response ampli-
tude operators for the two speeds: zero (Fr =
0) and v = 12 kts. The zero speed is consid-
ered the most important one as well as it cor-
responds to the operational case in open sea.
For the first case the results are Fig. 2 + Fig
10 and for the second case in Fig. 5 + Fig 10
for v = 12 kts.
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Fig. 2. RAQ’s surge motion (v = 0)
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Fig. 3. RAQO’s sway motion (v = 0)
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Fig.4. RAO’s (I) heave motion (v = 0)
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Fig. 7. RAO’s (ll) roll motion (v = 0)
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Fig. 5. RAO’s (Il) heave motion (v = 0)
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Fig. 8. RAQO'’s (1) pitch motion (v = 0)
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Fig. 6. RAO’s (1) roll motion (v = 0)
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Pitch amplitude / Wave amplitude [deg/m]
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Fig. 9. RAO'’s (ll) pitch motion (v = 0)
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Fig. 13.RAO’s heave motion (v = 12 kts)

Fig. 10.RAQO’s yaw motion

For zero speed, due to their higher impact or
accelerations, for heave, roll and pitch mo-
tions, the results are presented for the wholg
range of frequencies used for calculationg
which include the case related to following
waves cases [2], [4].
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Fig. 14.RAOQO’s roll motion (v = 12 kts)
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Fig. 11.RAO’s surge motion (v = 12 kts)
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Fig. 15.RAQ’s pitch motion (v = 12 kts)
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Fig. 12.RAO’s sway motion (v = 12 kts)
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Fig. 16.RAQO’s yaw motion (v = 12 kts)
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An evaluation of the influence of the bilge
keel dimensions on roll motion, for both
speeds, has been carried out in order to ider
tify the optimum configuration [3]. In Fig. 17
is presented the influence of the bilge keel or
the roll amplitude of motion for zero speed
and 90 heading angle, while the same ef-
fects, corresponding to a speed of 12 kts an
the same heading angle, are shown in Fig
18. For all investigated heading angles, the
results are synthetically presented in Tab. 2
and Tab. 3 respectively.

Tab. 2. Effects of bilge keel, v = 0 kts

Effect of bilge keel, v = 12 knots, heading 90 deg
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Fig. 18.Effect of bilge keel on roll motion
attenuation, v = 12 kts

Effect of bilge keel, v = 0 knots, heading 90°
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Atena | 2om | 208 | 200 | 21| 212 tional provisions and standards [7]. In Fig. 19
tion [%] : : : : : + Fig. 21 the rms values [1] of the accelera-

tions and roll motions are represented against
the heading anglp [°] and two sea states for
the point P4 corresponding to the navigation
deck, starboard. Comfort criteria in this loca-
tion are mandatory [4D be fulfilled.
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Fig. 17.Effect of bilge keel on roll motion
attenuation, v = 0 kts

Tab. 3. Effects of bilge keel, v = 12 kts
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Fig. 19.Lateral accelerations for Sea
States 4 and 8 compared to the acceptable
limits for different activities.
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speed the limitations for the roll angle sug-
gest that heavy manual work can be per-
formed up to sea state 4 (SS 4) and up if the
heading angle is not in the range of 25° -
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