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A Study on Behavior of Vehicles on Deck of a Wave Piercing Catamaran in Waves

by Tsutomu Momoki, Member

Yoshiho Ikeda, Member

Shinjiro Nagano, Student Member

Summary

Recently, fast car ferries of catamaran type have become larger and larger. In beam waves, motion of catamaran is relatively
severe because of its large stability. Therefore, in beam waves, tilt or turn over of cars is concerned for such catamarans. If
relationship between wave height and tilt of cars is clarified, safety voyage without lashing will be able to judge before sailing from

port.

A method of judgment of tilt of cars on deck was proposed by Kuwano. In this method, however, only rolling motion is taken
into account. It is necessary to take other motions into account for higher precision of the judgment of tilt of cars on deck. A new
method considering heave, sway and pitch as well as roll motion is developed in the present paper. Model experiments to check out
the relevance of the new method and the effect of motions except rolling on behavior of vehicles on decks are carried out.

The method is applied to a 112m wave piercing catamaran, and criteria of wave height for tilt of vehicles on decks are predicted.
The predicted results demonstrate the effects of other motions except rolling are significant in some cases. It is confirmed that the
most critical wave period of tilt of vehicles on decks of the wave piercing catamaran is about 6.0 to 8.0 seconds.
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Fig.1 Kuwano’s Relationship of Acceleration.
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Fig.2 New Relationship of Acceleration.
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{ : heave displacement
0 : pitch angle
n : sway displacement
@ : roll angle
x -y -z : distance between center of gravity of car and ship
o : roll angular velocity

&; * & <&z : phase difference of each motion from heave motion

ZEOHBI E PRI —F o FERE b Y OHElE O ElEE
— A IR0 ERDDIZTRAPEITHEETHS.

h-fl=b-f;=0 7

ERCHEHEZRAT S L, TRUITRTEWOBERIALEE
LHERMADBRD OIS LT, 2 e s B & rEs.

h(—~(g+{ —x0)sing —fjcosg+ H | ¢ | —yg?)

L - . (8
=b((g +{ —x0)cosg ~ijsing — y| ¢ | ~H¢?)

3. HBIKXOREE

@R O EMEREPHFIROMEREE L2 BT 2012, #

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engineers

BAR EEADBARANZ 317 57 v Lo Bl isid (2B 45658 259

Table | Location of center of gravity of a model car
h b
0.057 m 0.026 m

Model Car

Table 2  Principal Particulars of a model ship

Scale 1/40
Lypp (m) 1.550
B(m) 0.315
d (m) 0.120
GM(m) 0.030
n
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Fig.3 Schematic view of forced oscillation test for a model car
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Fig.4 Comparison of criteria for car turnover between
calculation with experiment
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Fig.6 Comparison of criteria for car turnover between
calculation with experiment ‘
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Table 3 Principal Particulars of the ship

Model Real
Size 1/80 -

Displacement 4.59kg 2350t
Overall Length 14m 112 m
Beam 0.38 m 30.4 m

GM 0.85m 68 m
To 0.46 sec. 4.1 sec.

GM, 4.04m 323m
Tro 0.56sec 5.05sec

Fig.8 Characteristic of heave amplitude
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Fig.10 Characteristic of sway amplitude
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Characteristic of roll amplitude
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Fig.13 Mesh for calculation
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Fig.14 Comparison with critical waves by formula (8) and
formula (4) [Car Deckl, h=1.5m, b=1.0m, y=60deg.]
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Fig.15 Comparison with critical waves by formula (8) and
formula (4) [Car Deckl, h=1.5m, b=1.0m, x, =75deg.]
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Fig.16 Comparison with critical waves by formula (8) and
formula (4) [Car Deck1, h=1.5m, b=1.0m, y, =90deg.]
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Fig.17 Comparison with critical waves by formula (8) and
formula (4) [Car Deckl, h=1.5m, b=1.0m, %=105deg.]
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Fig.18 Comparison with critical waves by formula (8) and
formula (4) [Car Deckl, h=1.5m, b=1.0m, ¢ =120deg.]
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Fig.19 Critical wave height for car turnover
[Car deck 1, b=1.0m, h=1.5m]
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Fig.20 Critical wave height for car turnover
[Car deck 1, b=1.0m, h=2.0m]
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Critical wave height for car turnover
[Car deck 1, b=1.0m, h=2.5m]
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Fig.25 Critical area of car turnover
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