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Manoeuvring and Control of a High-Speed Slender Vessel with Twin Screws
and Twin Rudders in Following and Quartering Seas '
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Atsuo Maki, Student Member
Hirotada Hashimoto, Member

Summary

Broaching is a phenomenon whereby a ship cannot keep a constant course in severe following and quartering seas with relatively
high speed. Once this dangerous phenomenon happens, even a ship complying with the current Intact Stability Code (IS Code) of
the International Maritime Organization(IMO) could capsize. This paper focuses on broaching of slender vessels with twin screw
propellers and twin rudders because they are often operated in high speed range which make susceptible to broach. First, existing
experimental results at the Haslar basin were explained by a mathematical modelling proposed by the authors and extended here to
predict broaching of high-speed slender ships in severe following and quartering seas. Second, we discussed the effect of the
fin-stabilizer (anti-rolling fin) with which high speed vessels are often equipped, on broaching. Then, we identified an optimal
control gains to reduce danger of capsizing due to broaching. Effects of the fin size and its aspect ratio as well as the area of rudder
were also investigated. The above results are expected to be used for designing high-speed slender ships with a fin-stabilizer set for

avoiding dangerous broaching at seas
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Fig.1 Body plan of the ship

Table.1 Principal particulars of the ship.

Lgp 109.7 m
Breadth 12.5m
Draught 42m

Displacement 2790t

GM 0.55m

Natural roll period 12.7s
Rudder area 7 o
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Fig4 Definition of the symbols relating to fins
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Fig.5 Comparison between model experiment and numerical

simulation .
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Fig.6.Time series of broaching calculated for Lloyd’s condition at
Fn=0.45A/L~1.25
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Fig.7.Time series of broaching calculated for Lloyd’s condition at
Fn=0.35\/L~=1.6
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Fig.8.Time series of broaching calculated for Lloyd’s condition at
Fn=0.5,\/L=1.0
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Fig.9 Number of capsizing with various gain of fin controller in

state IT
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Fig.11.Number of capsizing with various gain of fin controller in
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Table.3. Optimized control parameters of fin-stabilizer .

C 1 C 2 C 3
State 11 0 15 20
Statelll 0 10 25
StateIV 0 20 10
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Fig.12 Boundaries of ship motion modes in State I
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Fig.13 Boundaries of ship motion modes in State Il
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Fig.14 Boundaries of ship motion modes in Statelll
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Fig.15 Boundaries of ship motion modes in StateIV
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Fig.16. Number of capsizing with various autopilot gains and

differential time constants and rudder areas in state I
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Fig.17. Number of capsizing with various autopilot gains and

differential time constants and rudder areas in state II

Table.4. Optimized rudder area and autopilot parameters.

Ap Kp Tp
State I 7 1.6 0
State I 8.75 1.4 15
0.5 = capsize due to N
v 0.45 broaching
2 2 capsize without
s 0.4 broaching
: 0.35 = broaching without
e capsize
3 03
£ = stable surf-riding
- 0-25
E 0.2 periodic motion
o
€ 015 * not identified
0.1

0 5 1015 20 25 30.35 40 45
auto pilot course (degrees)

Fig.18 Boundaries of ship motion modes in State I with

optimized auto pilot.
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» 0.45 broaching
2 a capsize without
E 0.4 broaching
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o 03 .-
= = stable surf-riding
= 0.25
E 02 ¢ periodic motion
°©
£ 015 = not identified

0.1

0 5 1015 20 25 30 35 40 45
auto pilot course (degrees)

Fig.19 Boundaries of ship motion modes in State Il with

optimized auto pilot.
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