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A Study of the New Longitudinal Motion Control System
for Catamaran-type High-speed Passenger Ship with Hydrofoils

Yutaka TERAO, Michihisa MIYyAGAWA, Hideyuki MORIHANA
and Akihiko TANIGAMI

Abstract

Recently, high-speed performance is required even in the seaways. In the previous
papers, authors discussed the speed performance of the hybrid catamaran with 150
passengers and the strength of the hydrofoil in the seaways. (Miyagawa, etc. 1999;
Morihana, etc. 1999). Hybrid catamaran consists of twin catamaran hulls and fore and
aft hydrofoils connect each other hulls. In this case study, even in the high cruising
speed, the total lift force of the hydrofoils supports up to 75 % of the hull weight and
the buoyancy force acting on the hull supports residual hull weight. This buoyancy
force gives her the self-height control mechanism and contributes to the stability of the
lateral motion. But in the seaways, hydrofoil lift control is necessary for seaworthiness
and comfort for passengers.

In this paper, we propose a new hydrofoil control method, which is based on the
simple fuzzy control algorism. Towing tank test is carried out to examine the algorism
under the conditions of heading and following seas. Using the scale model with newly
developed hydrofoil motion control mechanism, foil control algorism and experimental
data measurement system are installed in a laptop computer and tested. From the
experiment, characteristics of the hydrodynamics of the hydrofoils are clarified and
effectiveness of this algorism is proved.
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Table 1. Condition Table.

Condition Mar Ly La
ems = AM M> =1 1

em =AM < e M> 0 1
—em S AM < e M= 0 0
—em2 =AM < —emn M< 1 0
AM < —éeum ML 1 -1
ez = AL L> -1 =]
en=AdL< e L:> 0 =,
—en=4dL<en L= 0 0
—en=AdL< —epn L« 1 0
AL < —é€r LL 1 1

Table 2. Tactical Table.
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Table 3. Model Principal Dimensions.

L 1.81m

B 0.425m Foil Area (Fore & Aft) 0.0186 m?
D 0.185m Flap Area (Fore & Aft) 0.0031 m*
d 0.0725m Displacement (.0149 m®
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Fig. 2. Rear view of flap control device and forced meter.
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Still water test
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Table 4. Experimental condition.

Lift/Displacement (%) 60% 75%
Actual (Kt) 30 34.8
Speed Model F, 0.871 1.01
Vn (m/s) 3.451 4.0
Flap control with without with without
Heading sea condition
Lift/Displacement (%) 60% 75%
Speed Actual (Kt) 30 34.8
Model (m/s) 3.451 4.0
Flap control with without with without
Wave condition
m m AL
O L 0.5 1.0 1.5 2.0 3.0
0.5 (0.025) &
1.0 (0.05) O O O O
2.0 (0.10) ©)
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Fig. 10. Fore hydrofoil lift coefficient due to forced flap oscillation test.
(Attack angle: 4°, period: 1.25 Sec.)
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