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INTRODUCTION

The Ship Motions Program is a program for predicting regular wave
responses and statistical information from an initial hull geometry.
The motion can be calculated with five degrees of freedom; heave,
sway, roll, yaw and pitch. Different types of spectra may be used to
generate the statistics, and wave spreading may be invoked. The
wave angles may be from any direction between ahead and astern.
The Ship Motions Program is written for Windows 95/98 operating
systems.

The Ship Motions Program has been derived from a set of programs
that have been developed over the past twenty years by the
Department of Ship Science at the University of Southampton for the
M.O.D. The program results are constantly being validated against
full-scale ship trials and, when appropriate, against model tests in
regular and irregular seas.

The prediction of ship motions relies on several calculation routines.
The core routines are vertical and lateral motions, the data from
these routines are used to calculate Total Motions, Subjective
Motions, Time Series and Sustained Speed. When using these
methods the program allows a set of building blocks to create a flow
diagram for the program to run. This is shown in the following Figure
1.
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Figure 1 - Defining motions to model

The function and scope of these calculation methods is discussed
later.

The Ship Motions Program calculates motions from an initial hull
geometry. When calculating lateral motions the existence of a skeg,
bilge keels, stabiliser fins or tanks, rudders and shaft brackets may be
included. If desired the fins and rudders may be actively controlled,
thus modelling the real ship case.

The geometry is derived from a set of sections. These sections can be
entered from the keyboard, digitiser, mouse, or loaded from a file.
The following Figure 2 shows the editing screen.

Once the principal particulars are defined together with draught and
trim, see figure 3, 20 stations are derived for the underwater form.
The program uses a strip theory summation of responses at a series
of defined stations through the length of the ship. It assumes that a

linear superposition of all of the individual station responses equals
the total ship response, and that the ship is perfectly rigid between
stations. At each station the response is defined by the vertical and
lateral added mass and damping coefficients, calculated in one of
two ways, according to which motions are to be computed. For
vertical motions Lewis forms are derived from the beam, draft and
sectional area of the station. The vertical added mass and damping
coefficients are computed from the potential flow about the
oscillating 2-D Lewis Form cylinder. For lateral motions the Frank
close fit method is used to derive pulsating potential sources on the
hull surface. Lateral added mass and damping coefficients are
calculated from the potential flow solution on the hull surface.
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Figure 2 - Creating hull form

Appendage particulars are defined in a similar method to stations
and can be edited using the keyboard or mouse

In addition to the hull forces, the effects of bilge vortex formation,
and the lift and drag of bilge keels, skegs, rudders and propeller shaft
brackets are included in the calculations of lateral motions. Active roll
and yaw suppression by rudders and fin stabilisers is modelled, as is
passive roll suppression by stabilising tanks.

When data are available from tank tests or full-scale trials, they can be
incorporated to provide a calibration for the numerical results and
consequently provide a more accurate prediction of motion for all
speeds and headings.
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Figure 3 - Defining ship particulars
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Once the hull geometry and appendages have been defined a set of
operating conditions can be set, shown in Figure 4. Three types of
sea spectra are available - Pierson-Moskowitz, ITTC two-parameter
and JONSWAP. The waves can be modelled as unidirectional (long-
crested) or spread, with a user-defined wave spreading function.

The excitation wave spectrum is defined by the wave amplitude at a
series of discrete frequencies. For each combination of wave
frequency, ship heading and ship speed the wave encounter
frequency is computed and used as the ship excitation frequency.

Figure 4 - Defining sea spectra

APPLICATIONS/LIMITATIONS

The Ship Motions Program is applicable to conventionally shaped
monohulls at displacement speeds. Specifically, the limitations are:

Froude Number less than 0.3

L/B and L/T greater than 5

No multihulls or tunnel hulls

Planing lift is negligible

Viscous effects other than roll damping are negligible
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Ship response is a linear function of wave amplitude - no wave
breaking

Up to two rudders, five bilge keels and five propeller shaft A-brackets
can be defined.

Up to ten wave spectra can be specified, but they must all be of the
same type - Pierson-Moskowitz, ITTC Two-Parameter or JONSWAP. In
addition, each wave spectrum is defined by its type, significant
height and mean frequency, if needed.

SHIP MOTIONS: VERTICAL AND LATERAL MOTIONS

The main building blocks of the package are the Vertical Motions
calculation, for the predictions of heave and pitch, and the Lateral
Motions calculation, for the prediction of roll, yaw and sway. The
Vertical and Lateral Motions Methods calculate the non-dimensional
Response Amplitude Operators (RAOs) for vertical (heave and pitch)
and lateral (roll, yaw and sway) motions at a series of discrete wave
encounter frequencies for each speed and wave angle. For each
wave spectrum, the ship responses are output as RMS amplitudes of
displacement, velocity and acceleration for the entire wave

spectrum. The other methods in the Ship Motions Program use the
data from the Vertical and Lateral Motions calculations to predict
total motions at specified points on the ship, effects of ship motions
on shipboard personnel, maximum sustained speed and quiescent
periods in the ship's motion.

The response of the ship to a unit amplitude wave at each encounter
frequency is computed, using the methods outlined above. The
dimensional ship response is a combination of non-dimensional RAO
and wave spectrum. The program thus assumes that the ship
response is a linear function of wave amplitude, with no coupling
between frequencies.
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