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Experimental Investigation on Rolling Characteristics and
Shipping Water of a Fishing Boat in Wind and Waves

Tomihiro HARAGUCHI* and Toshihiko SARUTA¥*

Abstract

It is well known that the running conditions in beam sea and wind as well as in quartering
sea are the most dangerous for the stability of a fishing boat. It is considered that the
factors affecting ship motions in these conditions are the drifting velocity by wind and the
oscillating characteristics in the small freeboard condition like a small fishing boat.

So the experimental investigation was made to examine the conditions generating shipping

water as a criterion of stability and the oscillations in beam sea and wind such as the bulwark

top reaches to water surface. The model experiments were carried out in regular, irregular

and transitionally concentrated waves under the constant wind velocity, and the response

characteristics of rolling in the listed conditions and relative wave elevations were obtained.

A lot of shipping water on the deck and large heel causing capsize were not generated

because wind velocity and wave height were moderate in these experiments but the critical

* wave height on shipping water were evaluated.
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Table 1 Particulars of model

SHIP | MODEL
LENGTH (m)|15.20 2.000
BREADTH {(m )| 3.80 0.500
DEPTH (m}| 1.48 0.195

DISP. _ (kaq)|[60.96 t]135.5
de  (m)| 1.083] 0.3
da (m)| 1.653] 0.218

dm {m)| 1.368! 0.180
TRIM {m)| 0.570| 0.075
GM {m)| 0.295 0.038
KG {m)| 1.704 0.224
WG (m)] 0.845 0.111
FBg (m)| 0112 | 0.015
T {sec)| 634 2.24
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Fig. 1 Model sketch of fishing boat
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Table 2 Experimental conditions of model

Listed Condition of 10° Listed 10° Listed
a Model Hull Upright to Starboad to Port
Bilge Keel
without B.K. O O
with B.K. @) O

Data Recorder 2

OO

Data Recorder 1
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A
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Int. L o___l
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Wl
Wave Meter
Amp .
W2 Wl

Fig. 2 Block diagram on generating method of concentrated wave
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Fig. 3 Arrangement of model and measuring equipment (sway fixed)
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Fig. 4 Arrangement of model and measuring equipment (sway free)
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Fig. 6 Arrangement of measuring equipment

of wind velocity variation
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Fig. 7 Equivalent-linear coefficients of
roll-damping
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Fig. 8 Linear and non-linear coefficients of
roll-damping (without B.K.)
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Fig. 9 Linear and non-linear coefficients of
roll-damping (with B.K.)
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AVE SWAY FREE
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| | ®
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Fig. 10 Roll amplitude (upright)
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Fig. 11 Roll amplitude (10° listed conditions)
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Fig. 12 Excited roll moment (upright)
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Fig. 13 Excited roll moment
(10°listed conditions)
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Fig. 14 Excited sway force (upright)
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(10° listed conditions)

WEIEARES OINERAR T, HEEAERET
HBo CNMBENYF—VOERCLEEZR 5
&, BHEE— X YV MREMDF—MABRENIEADK
BE2/LIE->TEY, EARENITREVY F— D
FekE UTRELIE-TED, Z0EIEBIERT
HETKREL 0 234 LD KEVEATR/NILE-T
W3e TNELDT EMSERBHEDEAR, EAvF

(358)

20 Cal. Exp.
HEAVE — o Upright

Ho Without BX. & 10 Listed toWsS,
% v 10°Listed to LS.

1.0k

0

0
20~

HEAVE
Hyg With BK.

w (rad/s)

Fig. 16 Heave amplitude
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Fig. 17 Relative wave elevation (upright)
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Fig. 18 Relative wave elevation
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Relative Motion S LS,
o a Without BK.

10° Listed to LS.
™ (Sway fixed) ° 4 With BK.
o
] . o
o°o°o°
OZAAAAAA : : A °
‘aﬁﬁ’ . a A a
R Sl B, SR R S S
1 2 3 4 5 6 7 8
w (rad/s)

Fig. 19 Relative wave elevation
(10° listed to L.S.)
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Fig. 20 Comparison of roll amplitude in
listed conditions (sway fixed)
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Fig. 21 Comparison of roll amplitude in
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Fig. 22 Oscillations in concentrated wave
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Fig. 23 Oscillations in concentrated wave
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Fig. 24 Oscillations in concentrated wave
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Fig. 25 Oscillations in ‘concentrated wave
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Table 3 Max. amplitude of oscillations in concentrated waves

MODEL SET | CONCENTRATED| ROLL| Zrws Zris
.10.| cospamzox |[PERTOD WAVE MAX. |MAX. | MAX. REMARKS
s (sec)| NO. MAX.(cp)| (DEG)| {cm) (cm) :
UPRIGHT .
941 | JPRIGHT | 2,25 | 1] 33.3 | 16.3 | 22.8 | 14.3
UPRIGHT
942 | JPRISHY | 5 25 | 2| 34.9 | 23.3 | 24.3 | 16.2
UPRIGHT . SHIPPING
o4q | UPRIGHT |3 45 | 1| 2806 | 21.7 | 27.6 | “16.5 | Shoime
UPRIGHT SHIPPING
945 | UPRTGHE | 145 | 2| 35.7 | 24.8 | 32.5 | 20.0 | Spro
10°LISTED
956 | POOBISTER| 225 | 1| 33.7 18.4 | 24.1 | 16.9
WITH B.K.
TO°LISTED :
95g | LOOLISTED| 5. 25 2| 35.6 | 21.4 | 20.4 12.2
WITH B.K.
10°LISTED SHIPPING
960 [TOOBISTED] 3 a5 | 1] 28.9 22.7 | 28.4 | 21.0 | SIIPPT
WITH B.K.
T0°LISTED SHEIPPING
961 | TOCLISTED| 1 45 | 2| 35.4 25.0 | 28.7 23.4 | SEIPRT
WITH B.K.
o
94g |LO°LISTED | 5 55 | 1| 34.3 26.3 | 24.8 14.6
To L.S.
WITH B.K.
955 [L1O°LISTED | o 4q 1| 29.8 21.3 | 24.5 13.7
To L.S.
WITH B.K.
10°LISTED
952 [1D°MISTED |y 45 | 21 35.7 | 26.4 | 28.3 15.5
WITH B.K.
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Photo. 1 Oscillation in concentrated wave

a) Before concentration

Photo. 1 b) In concentration

(364)

Photo. 1 ¢) After concentration
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Fig. 47 Relative wave elevation (upright)
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Table 4 Statical analysis result of oscillations in irregular waves

WAVE ROLL 7rwWs Iriw

= g (em) |y (deg) {o (cm) o (cm)

T.NO. cggg?gxow géﬁb SET(EZE) H1/3 1®1/3 |2i1/3 Z21/3
(m/5) Zerg |H 1/10 [® 1/10 |211/10 |Z21/10

Cross | H max $ max Zimax Z2max

6.84 5.97 6.06 4.99

774.| UPRIGHT 0 |1.45]|1.57] 20.3 22.4 19.5 14.8
25.9 26.6 22.5 17.7

33.1 29.1 24.3 19.2

6.71 5.83 5.48 4.57

776 | UPRIGHT 0 |1.45{1.54{ 18.5 21.4 18.5 14.0
25.2 27.9 22.0 17.3

33.7 32.2 27.7 18.9

6.79 5.08 3.44 2.44

777 | UPRIGHT | 5.60 |2.25(2.29| 22.1 18.4 12.0 9.83
26.7 23.8 14.6 11.3

27.4 24.2 15.8 11.7

6.27 5.75 4.87 3.68

778 | UPRIGHT { 5.60 [1.45[(1.62] 17.8 22.2 15.6 12.9
24.3 26.9 18.7 15.4

31.0 29.5 21.2 16.3

7.28 6.02 4.54 2.77

804 |10 LISTED 0 |2.25{2.26] 23.3 22.4 15.4 10.0
To L.S. ! 27.0 25.5 17.8 11.3

29.7 26.8 22.1 11.7

6.84 7.12 5.45 3.46

805 |10 LISTED 0 [1.45[1.62] 19.8 23.7 19.1 11.4
To L.S. |- 25.6 29.4 21.9 14.2

30.5 33.2 23.9 15.7

7.51 5.68 3.55 2.79

806 |10 LISTED | 5.60 |2.25{2.26] 23.2 20.7 13.5 10.5
To L.S. 26.5 23.4 15.9 11.9
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