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Abstract

In this thesis, two separate PC based maneuvering simulation programs have been

developed using FORTRAN programming language. The first is for conducting

displacement hull maneuvering simulation (it is capable of simulating all the standard

ship maneuvers) and the second is for conducting planing hull maneuvering simulation (it

is capable of simulating planing hull turning circle maneuver). Both programs are valid

only when the vessel is moving in unbounded, calm, and deep water. A captive model test

plan for a Zodiac Hurricane 733 craft has also been developed in this thesis, which can be

used to measure and create the hydrodynamic coefficients database which is required as

input by the developed planing hull maneuvering simulation program.

For validation studies, standard maneuvers of ESSO OSAKA have been simulated using

the displacement hull program and turning circle maneuvers of a simple planing craft (for

which Katayama has published full scale sea trial results) and the Zodiac Hurricane 733

craft (for which Virtual Marine Technology provided some full scale sea trial data) have

been simulated using the planing hull program. Simulation results have been compared

with full scale sea trial results wherever data was available and good agreements have

been found. Observed discrepancies in a few cases have been explained.
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Chapter 1: Introduction

1.1. Overview

1.1.1. Displacement Type Ships

Since transportation of goods by large displacement type ships (where the hull is

supported predominantly by buoyancy) over long distances is the most economical

transport method available today, the traffic and size of these ships (especially large

tanker and container ships) is continuously increasing all over the world. As a result, the

risk of incidents such as collisions and grounding is increasing. This has enhanced the

focus on possibilities of improving safety at sea, which among other things depends on

the maneuverability of the ships and the skills of the crews sailing them. The International

Maritime Organization (lMO) approved Standards for Ship Maneuverability (lMO,

2002a; lMO, 2002b; lMO, 2004) and encouraged the application of these standards for

vessels constructed after 2004. Because of this, the evaluation of ship maneuverability

during the preliminary design stage has become an essential part of the "design spiral" in

naval architecture. The lMO standards specify the type of standard maneuvers and

associated criteria. Prediction of maneuverability validated by full scale sea trials could

be used for the demonstration of compliance with lMO standards. Computer programs

using either numerically computed or experimentally determined hydrodynamic

coefficients have allowed an accurate simulation of ship maneuverability for vessels with

displacement hull and IMO standards for ship maneuverability clearly recommend the use

of maneuvering simulation for maneuvering prediction of displacement type ships.

Maneuvering simulation provides a method of accurately assessing a vessel's handling



capabilities in a wide range of environmental conditions and scenarios, therefore enabling

potential reduction of navigation and maneuvering risks. Also, real life training of crews

using real equipment presents a number of challenges for example:

• Increased risk to personnel and equipment

• Limited access to required marine assets

• High costs

On the other hand, maneuvering simulation under highly realistic circumstances presents

a safer and more cost-efficient training alternative. Hence the demand for the

maneuvering simulation technology for displacement type ships is continuously

increasing. In this thesis, a displacement hull maneuvering simulation program capable of

simulating standard maneuvers is developed using FORTRAN programming language.

The developed program can be easily incorporated in a simulation environment in future

for training purposes. As there was no target displacement type ship for which the

program was to be developed, an extensive literature review was conducted and different

3 and 4 DOF hull, propeller and rudder force models are included in the displacement hull

maneuvering simulation program. Shaft speed and saturation dynamics will also be

simulated using shaft torque equation. This will make the program very versatile and

capable of simulating various mathematical models available in literature.

1.1.2. Planing Hulls

Planing is the mode of operation for a waterborne craft in which its weight is

predominantly supported by hydrodynamic lift, rather than buoyancy (hydrostatic lift). A

vessel is planing when the length Froude number Fn > 1.2 (Savitsky, 1992). However, Fn



= 1.0 is also used in some cases as a lower limit for planing. The planing hull form is

configured to develop positive dynamic pressure so that the vessel's draft decreases with

increasing speed. The dynamic lift reduces the wetted surface and therefore also the drag.

The planing hull incorporates, typically, shallow V-bottom sections with at least one

chine. Vessels with planing hull are used as patrol boats, fast rescue crafts (FRC),

ambulance craft, offshore supply craft, recreational craft, and for sport competitions. In

the past few years, significant improvements have been made in vessel performance and

tactical operations of high speed crafts with planing hulls. Hence naval, coast guard and

law enforcement agencies increasingly task them to complete a growing range of

operational objectives. Because of this, there is a continuous demand to enhance

personnel training. As we improve our understanding of planing hull hydrodynamics, the

use of maneuvering simulation technology for this purpose is becoming more and more

attractive. While developing a displacement hull maneuvering simulation program, it can

be assumed that the wetted hull surface is constant. For planing hull maneuvering

simulation program, this cannot be assumed as the shape of the hull under water will

change with some motions (for example forward speed and drift angle). Some of the

consequences are:

• Hydrodynamic coefficients cannot be considered constant throughout the

maneuvering motion

• There is strong coupling between longitudinal, lateral and vertical motions

Also, many vessels with planing hull use wateIjets and outboard motors as their

propulsion and control devices whereas the displacement hull maneuvering simulation



program developed in this thesis only incorporates conventional rudders and propellers in

its mathematical models. Thus the developed displacement hull maneuvering simulation

program cannot be used for simulating planing hull maneuvering motions. Hence, in this

thesis, a separate planing hull maneuvering simulation program capable of simulating

planing hull turning circle maneuver is developed using the FORTRAN programming

language. To address high speed craft personnel training demand, the simulation program

can be incorporated in a simulation environment in the future. For this program, a

simplified 3 DOF mathematical model based on Katayama's method (Katayama et a!.,

2006) will be used. A sample captive model test plan for Zodiac Hurricane 733 craft is

also developed, which can be used to measure and create the hydrodynamic coefficients

database for any planing craft (the database is required for executing the developed

program).

1.2. Literature Review

This section presents a literature review of the state of the art in maneuvering simulation

for both displacement type ships and planing hulls.

1.2.1. IMO Requirements

Concerns about environmental risks and ship safety increased with the increasing size of

ships and for the first time, significant research was done on ship safety in 1970's. After

1971, the International Maritime Organization (IMO) started publishing

recommendations on rudder size standards, mainly for ship maneuverability and ship

safety. IMO also started special committees and sub-committees to deal with ship



maneuverability regulations, such as the Maritime Safety Committee (MSC), the Design

and Equipment (DE) sub-committee and the Working Group (WG). On 4th December

2002, at MSC 76, the Maritime Safety Committee adopted the final standards of ship

maneuverability (lMO, 2002a). The same year, on 16th December, MSC also adopted a

new set of "Explanatory Notes to the Standards for Ship Maneuverability" (lMO, 2002b)

which were modified and finalized in 2004 (lMO, 2004). These standards supersede alI

previous standards and are used presently in the industry. lMO encourages the application

of these standards for vessels constructed after 2004. To certify that the maneuverability

of a vessel complies with the latest IMO Standards for Ship Maneuverability, four distinct

criteria are required and another two distinct criteria are recommended. These criteria are

listed in Table I-I. These finallMO standards are applicable to vessels, equipped with alI

types of steering and propulsion devices, of 100 m in length and over, and chemical and

gas carriers regardless of length. These standards cover alI types of rudder and propulsion

devices and are not applicable for high-speed craft as defined in the relevant code. lMO

has not yet come up with any quantitative indices that should be attained in terms of

maneuvering performance of high speed craft. A paper published by Coccoli (Coccoli et

aI., 2006) needs special mention here. They carried out sea trials for two high speed crafts

(a catamaran and a monohulI) to determine their steering and maneuvering characteristics.

They concluded that the present IMO standards are not adequate for high speed craft.

They also recommend that more systematic fulI-scale trial data should be accumulated to

develop new standards for high speed craft.



Table I-I: IMO Standards for Ship Maneuverability (IMO, 2002a)

Measure of Criteria and Maneuver IMO Standard

Maneuverability Standard

REQUIRED CRITERIA

Turning Ability Turning Turning <5L

Diameter Circle with

Advance Max. Rudder <4.5L

angle

Course First 10110 Zig- < 10· (LIU<IOs)

Changing and Overshoot zag test «5+0.5LIU)' (lOs<LIU<30s)

Yaw Checking Angle <20· (30s<LIU)

Ability Second <25" (LIU<lOs)

Overshoot «17.5+0.75LIU)' (lOs<LIU<30s)

Angle <40· (30s<LIU)

First 20/20 Zig- <25·

Overshoot zag test

Angle

Initial Turning Distance 10110 Zig- <2.5L

Ability traveled before zag test

10-degrees

course change

Stopping Track Reach Crash Stop <20L (for large, low powered ships)



Ability <15L (forrest)

RECOMMENDED, NOT REQUIRED CRITERIA

Straight-line

Stability

Residual

tumingrate

Pull-out test to

Course Keeping Width of Simplified :SO (L/U<9s)

Ability instability loop spiral :s(H-3) (9s<L/U<45s)

(Applicable
:S12 (45s<L/U)

only for path-

unstable

vessels)

1.2.2. Methods for Prediction of Ship Maneuverability

The final report and recommendations of the maneuvering committee of 25th lITC

(lTTC, 2008) gives an overview of the state-of-the-art of the methods that are in use

today for the prediction of ship maneuverability and divides them into three categories

(Figure I-I):

• No simulation

• System based maneuvering simulation

• CFD based maneuvering simulation

For 'No Simulation' method, there is no need of a mathematical model. Hence the

hydrodynamic derivatives (or maneuvering coefficients) are also not required.

Maneuvering parameters such as ship advance, transfer, overshoot etc. are directly
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