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About this Manual

About this Manual

This manual describes Seakeeper application which may be used to predict the
motion and seakeeping performance of vessels designed using Maxsurf. This manual is
organised into the following chapters:

Chapter 1 Introduction
Contains a descrijon of Seakeeper, its principal features and mode of operation.

Chapter 2 Using Seakeeper
Explains how to use Seakeeper and providestsiegpep examples to guide the user
through the operation of the program.

Chapter 3 Seakeeper Reference
Gives details of each of Seakeeper's menu commands and provides a more detailed guide
to the calculation methods and strip theory algorithm used in Seakeeper.

Chapter 4 Theoretical Reference
Gives a summary of the theoretical background to Seakeeper.

Appendix A Strip Theory Formulation
Presents more in depth explanation of the theoretical model used eefeak

Appendix B Validation
Gives details of some of the validation work carried out with Seakeeper.
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Chapter 1 Introduction

Chapter 1 Introduction

Seakeeper is the seakeeping analysis program in the Maxsurf software suite. It uses the
Maxsurf geometry file to calculate the response of the vessel taefeed sea

conditions. In order to calculate the vessel response, linear strip theory balsedvonkt

of Salvesen et als used to calculate the coupled heave and pitch respotise\assel.

The roll response is calculated using linear roll damping theory. In addition to graphical

and tabular output of numerical results data, Seakeeper is also able to provide an

ani mation of the vesselds response to speci

Striptheory, and hence Seakeeper, is able to provide reasonably accurate seakeeping
predictions for a relatively wide range of vessel types. The speed of the analysis and its
integration into the rest of the Maxsurf suite, make Seakeeper particularly usatftihin
design stage. For a greater insight into the accuracy that can be achieved by Seakeeper,
please refer to the validation appendices at the end of this manual.

Continue to readSeakeeping Fundamentais page2.

Seakeeping Fundamentals

In this section we will outline some of the fundamental principles used in seakeeping
analysis.

e Assumptions
e Coordinate System

e Wave Spectra
e Characterising Vessel Response

e Calculating Vessel Motions

e Statistical Measures

e Computational Methods

e Visualisation

Users familiar with these concepts may wish to go straig@htipter 2 Using Seakeeper

Assumptions

Seakeeper uses linear strip theory to compute the coupled heave and pitch motions of the
vessel. The underlying assumptions imply the following constraints:

e Slender ship: Length is much greater  than beam or draft and beam is much less
than the wavelength).

Hull is rigid.

Speed is moderate with no lift from forward speed.

e Motions are small and linear with respect to wave amplitude.

Hull sections are wall -sided.

Water depth is much greater than wa velength so that deep -water wave
approximations may be applied.

The hull has no effect on the incident waves (so called Froude -Kriloff hypothesis).

A simplified forced, damped masgring system is assumed for the uncoupled roll
motions. This assumes tf@lowing
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e An added inertia in roll is used which is assumed to be a constant proportion of the
roll inertia.

e A constant user -specified linear damping is used.

Please see Appendix A for further details on the strip theory formulation for coupled
heave angitch and the simplified method used for roll.

Coordinate System

The coordinate system used by Seakeeper is the same as for Maxsurf. The coordinate
system has the origin at the user defined zero point.

-+

q -

Seakeeper User Coordinate System and view Windows are the same as for Maxsurf

X-axis +ve forward -ve aft
Y -axis +ve starboard  -ve port
Z-axis +ve up -ve down

When calculating motions at remote locations, the vessel is assumed to rotate about the
centre of gravity. Hence thdistance of the remote location from the centre of gravity is

of interest. Seakeeper calculates this distance internally and all positions are measured in
the coordinate system described above.

A vessel has six degrees of freedom, three linear andahgegar. These are: surge,

sway, heave (linear motions in x, y, z axes respectively) and roll, pitch, yaw (angular
motions about the X, y, z axes respectively). For convenience, the degrees of freedom are
often given the subscripts 1 to 6; thus heave matiould have a subscript 3 and pitch 5.

+ve X

///L:'— 180

i =90

+ye y

Wave direction is measured relative to the vessel track and is given the symbol p. Thus following waves are at
u = 0°; starboard beam seas are 90°; head seas 180° and port beam seas 270°.
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Wave Spectra

Irregular ocean waves are often characterised by a "wave spectrum”, this describes the
distribution of wave energy (height) with frequency.

Characterisation

Ocean waves are often characteriggdtatistical analysis of the time history of the
irregular waves. Typical parameters used to classify irregular wave spectra are listed
below:

Characterisation of irregular wave time history

mean of many wave amplitude measuents
mean of many wave height measurements
mean of many wave period measurements between successive peaks

mean of many wave period measurements between successive trougl
mean of many wave period measurements between successive-zero u
crossigs

mean of many wave period measurements between successive zefo d
crossings

mean of many wave period

modal wave period
mean of highest third amplitudes or significant amplitude

I [ TSN

+

m|g\|;~i\“ﬂ el

—
=
(5%}

mean of highest third wave heights or significant wavgttei
variance of the surface elevation relative to the mean (mean square)
standard deviation of surface elevation to the mean (root mean square

oq CDE

Sea State Codes

In 1970 the World Meteorological Organisation agreed the stdrsd@r state codesee
below. Each code represents a range of wave heights but there is no indication of the
corresponding wave periods.

World Meteorological Organisation sea state code

Sea State  Significant wave height Description
Code [m]
Range Mean

0 0 0 Calm (glassy)

1 0.0-0.1 0.05 Calm (rippled)

2 0.1-0.5 0.3 Smooth
(wavelets)

3 0.5-1.25 0.875 Slight

4 1.25-2.5 1.875 Moderate

5 2.5-4.0 3.25 Rough

6 4.0-6.0 5.0 Very rough

7 6.0-9.0 7.5 High

8 9.0-14.0 115 Very high

9 over 140 over 14.0 Phenomenal
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Sea state data may also be obtained for specific sea areas and times of year. This can be
useful routing information. One of the best sources of this information is Hogben and
Lumb (1967).

Wave Spectra Representation

Irregular ocean waves are typically described in terms of a wave spectrum. This
describes a wave energy distribution as a function of wave frequency. The continuous
frequency domain representation shows the power density variatioa whves with
frequency and is known as the wave amplitude energy density spectrum, or more
commonly referred to as the wave energy spectrum. The spectral ordinates (or wave
spectral density) are given the symbSi:(a)) . (This is similar & the power spectral

density, PSD, used in electronics and communications analysis.) A typical wave
spectrum is shown below:

AT T E LR L A T A L ey T T T T

vAE EELEREE

0aT------

Q3T-""""-

Wiave Spectral Denzity m*2iradss)
[ ]

:
06t------- TR R

T - ~-~~°"rT-T"="a-TT=AaTT° =T

1] 0.3 0.6 049 1.2 1.5 1.5 21
Wiawe, Encounter Frequency radfs

These spectral representations of sea conditions are central to determining the response
of a vessel in the seaway. This will iecussed more fully in the following sections and
also seeWave Spectran pagebl1 for more indepth information.

Idealised Spectra
It is often useful to défie idealised wave spectra which broadly represent the

characteristics of real wave energy spectra. Several such idealised spectra are available in
Seakeeper and are described below:

e Bretschneider or ITTC two parameter spectrum
e One parameter Bretschneider

e JONSWAP

e DNV Spectrum

e Pierson Moskowitz

The spectra and their formulations are dealt with in more detail iGlibpter 4
Theoretical Referenaen pagesl.
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Encounter Spectrum

An important concept when calculating vessel motions is that of the encountered wave
spectrum. This is a transformation of the wave spectrum which describes the waves
encountered by a vessel travelling through the ocean at a certainHpises.

effectively a Doppler shift of the spectrum which smears the spectrum towards the higher
frequencies in head seas and towards the lower frequency in following seas.

A full explanation of this effect is given @hapter 4 Theoretical Referensection
What the Vessel Sees pages5.

Characterising Vessel Response

This section outlines the methocdedsto describe a vessel's response in a seaway.

Harmonic Response of Damped, Spring, Mass system

For most purposes, it is sufficient to model the vessel as a set of coupled spring, mass,
damper systas undergoing simple harmonic motion. This is assumed by Seakeeper and
most other seakeeping prediction methods. This method may be successfully applied to
the analysis of the vessel's motions provided that these motions are linear and that the
principle d superposition holds. These assumptions are valid provided that the vessel is
not experiencing extremely severe conditions.

Response Amplitude Operator

The Response Amplitude Operator (Rh@lso referred to as a transfer functtns is
similar to the response curve of an electronic filter), describes how the response of the
vessel varies with frequency. These are normallydiorensionalised with wave héig

or wave slope. Typical heave and pitch RAOs are shown below:

1_8' """" [ aTcTTT T Aa==-=-=-=- L r===--=-- rTTTTTT [ i i
' 1 ' ' ' 1

S SRR 11 LTS SRS S S

R & (tranzsfer function)
(o) (o) (o) —_ —_
R S B . S

=
i

0 05 1 15 2 25 3 35 4

Encourter Freguency radss
It may be seen that the RAOs tend to unity at low frequency, this is where the vessel
simply moves up and down with the wave and acts like a cork. At high frequency, the
response tends torzesince the effect of many very short waves cancel out over the
length of the vessel. Typically the vessel will also have a peak of greater than unity; this
occurs close to the vessels natural period. The peak is due to resonance. An RAO value
of greatetthan unity indicates that the vessel's response is greater than the wave
amplitude (or slope).
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Calculating Vessel Motions

Assuming linearity, the vessel's RAOs depend only on the vessel's geometry, speed and
heading. Thusnce the RAOs have been calculated the motion of a vessel in a particular
sea state of interest may be calculated.

It is hence possible to obtain a spectrum for a particular vessel motion in a particular sea
spectrum:

L= I T Tt T [ vooTTTrTTTTTTT
Epectraldensity JHese(Bncountet freg.)

g S S —
1 ]

_;
=

=

i
f
i
i
i
i
1

Linear Motion Spectral Density m*2radis)

NN AN U UG IO [ U R I |

1
1
+
1
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1
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1
'
]
1
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1
'
1
T
1
]
1
T
1
1
+
1
1
1
T
1
1

'
]
'
1
1
[~ ="= === T = === =-q-==--p--=-—-=-==71----fF-=--°7
'
'
]
1
]
S S b S e E iy R N |

T Rt | Rt SRCEtt SLESE R o
VN T T O S T
ST S S L R S
s 1 15 & 25§ as

Wave,En[:Durlter'Frequenc'j raclfz

SeeChapter 4 Theoretical Referenme pagebl for further details on how these
calculations are performed.

Statistical Measures

Often it is important to know certain statistical measurgh@mmotion spectrum. These
can be used to determine significant motions, Root Mean Square (RMS) motions as well
as other measures such as Motion Sickness Incidence (MSI).

It is also possible to calculate the probability of exceeding certain limitingiariseich
as limiting maximum vertical accelerations, propeller emergence, slamming and so forth.

Seakeeper is able to calculate the significant and RMS motions, velocities and
accelerations of the heave, pitch and roll motions at the centre of grathiy wéssel. In
addition, the user is able to specify remote locations away from the centre of gravity.
Seakeeper calculates the vertical absolute and relative motions as well as the MSI at
these locations.

For further information please refer $tatistical MeasuresndProbability Measuresn
pagess2 and62.

Computational Methods

Seveal numerical methods are available for estimating a vessel's response. One of the
most widely used methods is Strip Theory. Seakeeper uses this method to predict the
vessels heave and pitch response. Roll response is estimated assuming that the vessel
behaves as a simple, damped, spring/mass system, and that the added inertia and
damping are constant with frequency.

Page 7




Chapter 1 Introduction

This method, originally developed in the 1970s (Salvesen et al. 1970) is useful for many
applications; unlike more advanced methods, itlegikely simple to use and not too
computationally intense. Other, more advanced methods, require computational
resources beyond those available to the average naval architect.

Strip Theory

Strip theory is a frequenayomain method. Tik means that the problem is formulated as

a function of frequency. This has many advantages, the main one being that
computations are sped up considerably. However, the method, generally becomes limited
to computing the linear vessel response.

The vessels split into a number of transverse sections. Each of these sections is then
treated as a twdimensional section in order to compute its hydrodynamic
characteristics. The coefficients for the sections are then integrated along the length of
the hull toobtain the global coefficients of the equations of motion of the whole vessel.

Finally the coupled equations of motion are solved.

Further details of Seakeeper's implementation of the Strip Theory method is given in the
Appendix A Strip Theory Formulatioon page74.

Conformal Mapping

Fundamental to strip theory is the calculation of the sections' hydrodynamic properties.
There are two commonly used methodsifoamal mapping and the Frank Close Fit
method. The former is used by Seakeeper and will be discussed at greater length.

Conformal mappings are transformations which map arbitrary shapes in one plane to
circles in another plane. @rof the most useful is the Lewis mapping. This maps a
surprising wide range of shifke sections to the unit circle, and it is this method that is
used by Seakeeper. Lewis mappings use three parameters in the conformal mapping
equation, but by adding mmparameters, it is possible to map an even wider range of
sections. SedCalculation of Mapped Sectios page2l for more information.

Visualisation

Seakeepeis able to provide a three dimensional view of the vessel in the waves. This
can be either a static image or an animation of the vessel travelling through the waves.

Further details are given in:
Roll decay simulatiomn page32
Time Simulation and Animatioan page35
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Chapter 2 Using Seakeeper

You have been introduced to the way in which Seakeeper works and cgo oovo
learn in detail how to use Seakeeper by following the examples outlined in this chapter.

e Getting Started
e Opening a Model in Seakeeper

e Additional Hu Il Parameters

e Environmental Parameters

e Completing the Analysis

e Viewing the Results

e Graphing the Results

e Rendered view

e Time Simulation and Animation

e Saving the Seakeeper Model

e Saving the Seakeeping Analysis Results

e Limitations and Guidelines

Getting Started

Install Seakeeper from the CD. Seakeeper may then be started, and will display three
windowscontaining a view of the Maxsurf model, a tabulated results window and a
graph of the results.

Windows Registry

Certain preferences used by the Seakeeper program are stored in the Windows registry. It
is possible for this data t&ebome corrupted, or you may simply want to revert back to

the default configuration. To clear Seakeeper's preferences, start the program with the
Shift keydepressed. You will be asked if you wish to clear the preferecliedsOK.

These preferences are:

e Colour settings of contours and background
e Fonts

e Window size and location

e Recent files

e Units

Opening a Model in Seakeeper

A Seakeeper model consists of Maxsurf surface information and Seakeeper input data,
such as seanvironment, speeds etc., and also information on the hull characteristics
such as damping factors and moments of inertia.

Opening the Maxsurf Design File in Seakeeper

Choose Open from t
O MxsuiSampl e Designs
information of a simple Maxsurf design.

he Fi
0

|l e menu. Sel ect t
f ol de

he
r and open it. Thi
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Chapter 2 Using Seakeeper

The .msd file contains the Maxsurf surface information.

Opening Seakeeper Data

Existing Seakeeper designs have Seakeeper iapabtteady defined and saved in a

.skd file. To open existing Seakeeper dat a,
menu. Sample Seakeeping data corresponding to the Seakeeper Sample.msd file can be

found in the Sample Designs folder: Seakeeper Saskal.

The Seakeeper data consists of:

1) Input data window data
Locations, Speeds, Headings and Spectra

2) Analysis menu data

Measured Hull sections, Vessel type, Mass distribution, Damping factors,
Frequency range, Environment, Analysis methods.

The .skd file contains all Seakeeper analysis input data.

Measure Hull

Choose Analysis | Measure Hull from the menu. By default all the surfaces will be
measured and 11 equally spaced sections will be calculated. This is sufiicieittal
calculations but for more accurate predictions, the number of sections should be
increased to between 15 and 30.

If the design includes surfaces which are trimmed, then the Trim Sudiaeelsbox

should be ticked.

Number of mapped sections
4 aximum number of mapping terms Cancel

Select surfaces

J npkhull Measure all
Measure none

¥ Trim surfaces

By default sections are mapped with Lewis sectiseeCalculation of Mapped Sections

on page21 for further details).. This has the limitation that, for sections whie very

wide and/or deep and have a low section area, the mapping may be inaccurate. This may
occur for sections which have a skeg, rudder or keel. For sections such as these, it may
be necessary to remove the skeg, rudder or keel surfaces from thtcme thneasured.

For heave and pitch motions, removing these surfaces is unlikely to have a significant
influence on the results. Roll motions use the damping factor specified by the user, which
should include the effect of such appendages$séiing Damping Factosection on

pageld).
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Chapter 2 Using Seakeeper

Seakeeper will automatically choose the best Lewis section that can be fitted to the

section. If the sectional area coefficient is too low forthdsech 6 s dept h, Seake
limit the draft of the mapping. Conversely, if the sectional area coefficient is too large,
Seakeeper will select the Lewis section with the largest possible sectional area coefficient

for the given section breadth doaft ratio.

However, in most circumstances, it is normally advisable to remove appendages from the
design, this will result in better modelling of the main hull. It should also be noted that a
feature of the conformal mapping is that the mapped section is alesicalwhere it

crosses the horizontal axis and horizontal where it crosses the vertical axis. However, this
is not generally a major limitation.

/ ///j Section through hull
i

Higher order conformal mappings

Conformal
mapping

Conformal mappings of up to 15 terms may be used in Seakeeper. The iitrease
mapping terms can lead to conformal mapping sections to better match the actual hull
sections see below: The picture on the left shows three different sections mapped with
threeparameter Lewis mappings, whilst the picture on the right shows calform
mapping using 12 terms to map the same sections. The number of terms is set in the
Analysis | Measure Hull dialog. (If Seakeeper is unable to compute a higher order
mapping for a section, it will revert to the Lewis Mapping.)

three-parameter Lewis mappings 12 parameter conformal mappings
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Mumnber of mapped gections 11
b aximumn number of mapping terms Cancel

Select sufaces

J Default MeazLre all
Meazure none

[ Trim surfaces

The constraints for the hull model are the same as those for Hydromax; essentially, any
transverse section through the hull must form one or more continuous comitb et

most, one opening in the contour (this is then closed with a straight line to define the
watertight portion of the hull).

The Frame Of Referenckalog may be used to set tthaft (DWL) at which calculations

are to be performed. Seakeeper calculates regularly spaced sections between the fore and
aft extents of the waterline. Thus submerged parts of the hull which extend forward or aft
of the waterline (e.g. bulbous bows) will not be included.

Frame of Reference and Zero point

Longitudinal Daturm Vertical Datum
Al Perp. Set to DWwL ™ DwiL 25m
7 Midships |-1.015m (* Baseline |Om Find Baze
" Fwd Perp. | 20046 m Set to D'wL O Other 0.028 m

Aft extent
&+ Other Om _—

Fuwd extent

ak | Cancel |

The Lewis mappings ar e cal odaft watedirekebdamom t he
and crosssectional area. In some cases the Lewis mapping will be a poor fit to the

section, this will occur if: the waterline beam is very narrow for the depthreade.g.

near a bulbous bow or swath hull); there are multiple contours (e.g. bulbous bow or keel

bulb) or where the hull sections are asymmetricethis last case, Seakeeper will

compute a symmetrical Lewis section havihgdraft, waterline beam and cress

sectional area of the asymmetrical section.

Occasionally Seakeeper may have problems forming sections at the extremities of the

hull; this can happen particularly if there is, say, a very slight wobble in a vertical
transom. If this occurs, the following error message will be displayed.

12
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Seakeeper

! } SL_MLIN: Hydrostatic calculations Failed.

The problem can normally be solved by ensuring that a section can be formed; either by
moving the perpendiculars slightly or by adjusting the models surfaces in Maxsurf.

Additional Hull Parameters

A number of other hull parameters are required by Seakeeper, these are reviewed in the
following text:

Setting the vessel Type

The Vessel Type dialog in Seakeepses the data from théessel Type dialog in
Maxsurfwhilst allowing the user to make quick changes to the vessel type and, in case of
a catamaran, théemihull centreline spacing

Vessel Type
(+ Catamaran oK
Demibull centreline spacing |65 m
Cancel
" Manahull

The Demihull centreline spacing is the horizontal distance between both centrelines of
each of the demihulls of the catamaran.

The ability to overri de &hikeemnenabldésyoutoe s s el
investigate the effect of demihull separation on seakeeping performance.

Note that changes made in the Vessel Type dialog in Seakeeper will only affect the
computations and not the model as drawn. In other words: changing thaillemih
centreline spacing for a catamaran through the Vessel Type dialog in Seakeeper, will not
change the displayed demihull centreline spacing in the view window. If rendered
simulations with the correct demihull centreline spacing are required, this stmled

be generated in Maxsurf where the Vessel Type dialog should also be updated. The
model can then be loaded into Seakeeper where it should be analysed without making
modifications to the Vessel Type dialog.

Catamarans
In head seasnteractions between the demihulls are small and only occur at quite
low Froude numbers, for catamarans where the demihull spacing is small. Note
that because Seakeeper is a linear theory, the effects of overhangs-aradlnon
sidedness are ignored, hemesults for hulls which have large overhangs or
significant flare will be less accurate than for hulls without these features.

The added mass and inertia in roll for catamaran vessels is computed from the
heave properties of the vessel. This has beamiftm provide accurate predictions

of the roll response, particularly for catamarans with wider spaced demihulls (S/L
above about 0.35). You do not need to specify the roll damping because the roll
damping factor for catamarans is computed from the hemwpidg properties.
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Also see:
Asymmetrical sectionsn page39.

Setting Mass Distribution

Seakeeper requires the pitch and roll inertias of the vessel. Tiedspuat as gyradii in
percent of overall length and beam respectively. Typical values are pitch gyeadies
roll gyradius35% 40%. The gyradiug, is related to the inertid, by the equation
below:

k:\ﬁ
m wheae

mis the vessel's mass.

The vertical centre of gravitg also to be specified here, this is measured from the user
zero point, positive upwards. The VCG is used in the calculation of the roll response.
Note that the VCG must be low enough so that the transverse GM is positive. Seakeeper
will warn you if the VCG is too high.

Once the RAOs have been calculated, Seakeeper will have calculated the vessel's centre
of buoyancy. The centre of gravity will be placedtbe centre line, at the same

longitudinal position as the centre of buoyancy at the height specified in the dialog. The
centres of gravity, buoyancy and floatation will all be displayed in the design views.

Please note that if you open a second desigarfalysis, théengthsof the gyradii will

be kept the same, not thercentagesf length and beam. Hence it is very important to
check the gyradii values when you load in a new design, especially if the designs differ
considerably in length or beam tiife Seakeeper program is closed and then restarted, the
percentages will be reset to their default values of 25% and 40%.

Setting Damping Factors

Heave and Pitch additional damping

An additional damping can be added to the headepinoh response. The specified non
dimensional damping is assumed to be evenly distributed along the length of the vessel.
This is added to the inviscid damping calculated from the oscillating section properties
and is applied when the coupled equatidniseave and pitch motion are computed.

The heave/pitch damping should probably be left as zero unless you have good reason to
change it.
D x

Mon-Dimensional 0amping Factars oK
Heave Pitch (additional] {0,001 Cancel

Roll tetal] 075

For catamarans, you do not need to specify the roll damping because the roll
damping factor for catamaranscemputed from the heave properties.
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Roll total damping

The roll response is calculated based on the vessel's hydrostatic prépetiies define

the roll stiffness, the roll gyradius and the roll damping. Roll damigia¢gmost entirely

due to viscous effects, which are not modelled by Seakeeper, hence it is possible for the
user to specify the nedimensional damping (or sometimes called the damping
coefficientor damping parametgfactor to be used in the roll model. Typical values for
most vessels are between 0.05 and 0.1. Lewis 1989 gives a value of 0.05 for typical ships
without roll suppression devices.

Once the calculations have been performed, you can simulate a free rpltetteahich
can help in selecting the nalimensional damping to be used.

See:Roll decay simulatiolmn page32 for more information on roll decay.

Definition of non-dimensional damping
The nondimensional damping used in Seakeeper follows the formulation used in Lloyd
1989 and Lewis 1989, and is defined as:

b
}? =
2ea . where

b is the dimensional damping;

cis the stiffness in roll;

ais the inertia in roll includingdded inertia effects. Note that this is half the
definition used in some texts.

Specifying Remote Locations

Seakeeper may be used to calculate the motions at the centre of gravity of the vessel and
also at specified positions omet hull away from the centre of gravity. These positions

are known as remote locations. This may be useful for determining if a slam is likely to
occur; what accelerations are likely to be experienced in the bridge or accommodation
areas, etc.

Seakeepewill calculate the absolutend relativglto wave surface) vertical motion,
velocity and acceleration and MSI at the specified remote locations.

You may specify as many remote locations as you like andatteeseferred to by name.
Remote locations are specified in the Input table:

=[S

Ml tip side/side|

Position from CG Ml slide friction

Position [m]

Offset [m]| Height [mi] Offzet from CG |Height from CG Ml tip fore/aft.

-

35.00 0.00 15.00 35.00 0.00 15.00 070 017 025

35.00 -5.00 15.00 35.00 -5.00 15.00 070 017 025

Bridge Sthd

35.00 5.00 15.00 35.00 .00 15.00 070 017 025

Fuvd Accom Centre

40.00 0.00 10.00 40.00 0.00 10.00 070 017 025

Fuwed Accom Port

40.00 -5.00 10.00 40.00 -5.00 10.00 070 017 025

Fuvd Accom Sthd

40.00 5.00 10.00 40.00 .00 10.00 070 017 025

Aft Accom Centre

10.00 0.00 10.00 10.00 0.00 10.00 0.7 047 025

1
2
3
4
]
5]
7
g

Aft Accom Port

10.00 -5.00 10.00 10.00 -5.00 10000 0.7 047 025

g

Aft Accom Sthod

10.00 5.00 10.00 10.00 5.00 10000 0.7 047 025

10

Propeller

3.00 0.00 1.00 3.00 0.00 1.00 0.7 017 025

11

Farefoot

47.00 0.00 020 47.00 0.00 020 0.7 017 025

12

Fuvdd Deck

47.00 0.00 8.80 47.00 0.00 .80 0.7 017 025

4] [\Locations £ Speeds A Headings A Spectra /

KN [
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The first column is used to specify a label or name for the remote location. The next three
columns give the remote location's position relative to the zero point. The nexgivee

the location relative to the vessel's centre of gravity; you may use which ever is most
convenient using the following coordinate system: longitudinal, positive forward;
transverse, positive to starboard; and vertical, positive up. The centrevitf widl be
computed from the vessel's hydrostatics and will be positioned such that its longitudinal
and transverse positions coincide with those of the centre of buoyancy. The VCG is
specified by the user, see the sectiorsetiing Mass Distributigrabove Note that the
vessel's hydrostatics will not be computed until the hull has been measured. To do this,
select Measure Hull or Solve Seakeeping Analysis from the Analysis menu.

The last three columns are used to specify the coefficients to be used when calculating
motion induced interruptions (Mll) at the remote location. Standard sliding and tipping
coefficients are:

MII coefficients for different events

Incident Coefficient
Personnel

Foreandaft tipping 0.17
Sideto-side tipping 0.25
Sliding on dry deck 0.70
Equipment

Sliding of chair on linoleum floor 0.19
Sliding of helicopters, typical minimum | 0.20
Sliding of helicopters, typical maximum | 0.80

Source: Stadard material requirements for RAN ships and submarines, vol 3, part 6.

MSI after specified exposure

Seakeeper calculates the MSI according to the McCatlaly 1976 formulation which
includes an exposure time. This is tiy place where the MSI exposure time for the
remote location is used.

The exposure time can be specified for each remote location (you can define multiple
remote locations at the same point on the vessel and give them different exposure times if
you wish.

Hame

yaz20 1260 2580 1289 1280 1755

4 |Bridge wing 1h
[\ Locations 4Speeds AHeadings 4 Spectra /

Specification of exposure time for each remote location for the MSI 1976 calculation

See:Calculation of Subjective Magnitude and Motion Sickness Incidengeageb4 for
detailsof the calculations performed.

Remote location display

The remote locations and centre of gravity will be displayed in the Design view as small
crosses.
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Adding remote locations
Use the Aalysis | Add Remote Locations menu item to add remote locations. This will

add remote locations below the currently selected row in the Remote Locations table.
The number of remote locations inserted is the same as the number of rows selected.

Deleting remote locations
To delete remote locations, select the rows of the remote locations you wish to delete,

and then select Delete Remote Locations from the Analysis menu. (You must click in the
numbered grey cell on the leftiigh light the entire row.)

Seakeeping resultt remote locations are summarised in the Summary table in the
Results window. For each remote location, the absolute and relative (to the wavy surface)
motions, velocitiesrad accelerations are calculated:

4% Results
, 0 kts; , 3.142 rad; (JONSWAP: 10 s, 4 m) =
item | mbo [ units | RMS units Significant ampll units |
16 Added resistance 51.464 kN - -
17 Heave mation 0651 m"2 0.807 m 1614 m
18 Roll motion 0.00000 rad"2 0.00000 rad 0.00000 rad
19 Pitch motion 0.00178 rad”2 0.04222 rad 0.05444 rad
20 Heave velocity 0.289 m*2/s"2 0537 mis 1.075 mis
21 Roll velocity 0.00000 (rad.fs)"‘z 0.00000 radis 0.00000 radis -~
22 Pitch velocity 0.00118 (rad.fs)"‘2 0.03440 radfs 0.06880 radfs
23 Heave acceleratio 0.145 m*2is"4 0.381 mis"2 0.762 mis"2
24 Roll acceleration 0.00000 (rad!s!s)"‘2 ' 0.00000 radfsfs 0.00000 radfsfs)
25 Pitch acceleration 0.00100 (radfsis)"2 ' 003155 radisis 0.06310 radisis) .
<[> [\ Summary £ M5 ACG RAOs £ CG spectra 4 Remaote I < ],

Environmental Parameters

Seakeeper calculates the motions of the vessel for a specified sea condition given in
terms of a wave spectrum.

Setting Environment Parameters

The water density should be specified in this dialog. At present Seakeeper assumes deep
water for all calculations.
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Enyironment

Water density |1.025 tonne/m™ 0K |
Deep water [100000 m Cancel

Setting Vessel Speeds, Headings and Spectra
The Inputs window allows you to define mulgpeeds, headings and spectra for

analysis.
ﬂ Inputs E]@@
Hame Heading [deg] Analyse -
1 Head 180.00 v
2 Bow Quartering 135.00 v
3 Beam 90.00 v
4 Sterrn Quartering 4500 v
5 Stern 0.00 v

<[> [XSpeeds \Headings £ Spectra / 4 »

Use the edit menu to add or delete items (or you can use the keyboaitlishoft

Ctrl+A and the Delete key respectively). New items are added below the currently
selected row (multiple rows can be addedrate by selecting the number of rows

required, these are then added below the lowest selected row). To delete a row or rows,
simply select the rows you wish to delete and choose Edit | Delete.

For easier identification, you may give a hame to each condileadings are given in
terms of the relative heading of the waves compared with that of the vessel track (head
seas = 180U; foll owing seas = 0U; starboar

When entering a vessel speed, the vessel Froude Nsimingd also be considered. The
results from Seakeeper are likely to become less reliable at high Froude Numbers since
the vertical force due to forward motion is ignored by Seakeeper. Seakeeper has been
found to produce useful resuis Froude Numbers of up to around 0.8.7.

The AAnalysed column all ows you to select v
analysis run.

All the locations, speeds, headings, spectra and other analysis options are saved when
you save the Seakeepetala

If no speeds, headings and spectra are selected for testing it is not possible to perform an
analysis and the following warning dialog will be displayed:

Seakeeper, E]

2 Mo vessel speeds selected for testing.
! Mo vessel headings selected for testing.
Mo wave spectra selected for testing.
Please define and select at least one vessel speed,
heading and spectrum for testing in the Inputs window,
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Specifying Wave spectra Input

The wave spectrum type may be seledtedh five different standard spectra. For each
spectrum, different input data are required, this is summarised below:

Spectrum: Characteris  Period Peak Wind
tic Height Enhancement  Speed

Factor

ITTCor2 Required Required Fixed 10 Not

parameter applicable

Bretschneider

1 parameter Required Specified by Fixed 1.0 Not

Bretschneider method applicable

JONSWAP Required Required Fixed 3.3 Not

applicable

DNV Required Required Depends on Not
period and applicable
height: 1.0/ 5.0

Pierson Estimatedby Estimated by Not applicable  Required

Moskowitz Seakeeper  Seakeeper

It should be noted that, the ITTAONSWAPand DNV spectra are closely related, the

only difference being the peak enhancemenbfaesed. The ITTC always has a peak
enhancement factor of 1.0, whilst the JONSWAP spectrum has a peak enhancement
factor of 3.3. The DNV spectrum has a peak enhancement factor which varies from 1.0 to
5.0 depending on a relationship between period ané Wwaight.

For spectra requiring a wave period to be entered, the user may enter the modal period
(T,), the average period(,, ), or the zero crossing period,(). The corresponding
values for he other periods and other related values will be estimated by Seakeeper.

The Pierson Moskowitgpectrum is based on wind speed. If this spectrum is selected
then the other spectral parameters will be estimated from the windl sptezed.

Setting the Frequency Range

Seakeeper automatically calculates the range of frequencies over which to predict the
vessel's RAOs. However, the number of steps at which the RAOs are calculated may be
specified by the useA sufficient number of steps should be specified to obtain good
definition of the RAO curves, depending on the speed of your computer, you may want
to try a smaller number at first and verify that the calculations are preformed correctly
then increase theumber for the final calculations once all the parameters are set up
correctly.

Frequency Range
Number of frequencies at which |21
to evalulate RA0s = :
ancel

Completing the Analysis

Once you have specified the hull geometry, the hull mass distribution, the roll damping
and the environment conditiongpu may proceed with the analysis.
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Analysis Method

There are various options to control the exact formulation and solution of the strip theory
problem. At present it is possible to specify the following options:

Transom terms

According to the underlying strip theory formulation, corrections should be

applied to vessels with transom sterns. These corrections have the effect of
increasing the heave and pitch damping and thus reducing the maximum response
of thevessel. The transom terms also depend on the vessel speed and are greater at
high forward speed.

It is possible that the inclusion of transom terms may over predict the damping,
particularly for vessels with large transoms at high speeds. It is sugtestéat

this type of vessel, results be compared for calculations with and without transom
terms and that the user use their judgement as to which results are the most
plausible.

Added resistance

Fouralternative methods are ptided for the calculation of added resistance. The
different methods will give different results and again the user must use their
judgement as to which are the most likely. Added resistance calculations are
second order with respect to wave amplitudeanedbased on the calculated
motions. This means that if motions are calculated with an accuracy of
approximately 1015%, the accuracy of the added resistance calculation will be no
better than 2080% (Salvesen 1978).

The method by Salvesen is purportethéomore accurate than those of Gerritsma
and Beukelman for a wider range of hull shapes; whilst Gerritsma and Beukelman
have found their method to be satisfactory for fast cargo ship hull forms (Salvesen
1978).

The Salvesen method is based on calculdtirgseconérder longitudinal wave
force acting on the vessel. Theoretically, this method may also be applied to
obliqgue waves.

The two methods by Gerritsma and Beukelman are very similar and are based on
estimating the energy radiated by the vesseldiol the effect of the relative

vertical velocity between the vessel and wave. Method | uses encounter frequency
in the wave term whereas Method Il uses wave frequency. Method Il is
mathematically rigorous, however, in some cases, Method | has beertdagive

better results. Strictly speaking, both of these methods apply to head seas only.

Finally themetod of calculating added resistance as proposed by Havelock
(1942).

The interested user is directed to the original papers: Gerritsma and Beukelman
(1967, 1972) and Salvesen (1978) for full details of the methods.

The methods are only applicable to head seas and are calculated only from the
heave and pitch motions.
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The added resistance calculated is due only to the motion of the vessel in the
waves.It does not account for speed loss due to wind; reduction of propeller
efficiency or voluntary speed loss in order to reduce motions.

Resistance in waves

o .

2 Added resistance I

[a:d

15

i)

[l

Calm water resistance
Tirne
Wave force

Two alternative methods for calculating the wave excitation may be used in
Seakeeper:

Heal seas approximation: here a simplifying assumption that the vessel is

operating in head seas is used, this speeds up the calculations to some degree. This
method is exactly valid in head seas and can be applied with reasonable accuracy
up to approximatel@(° either side of head seas; i.e. 16Qu < 200

The arbitrary wave heading method does not make this assumption but is
somewhat more computationally intensive. This method should be used-for off
head seas calculations.

Analysis Method
Tarso e [ T~
Added resistance |Salvesen L] Cancel
Wave force ]Albitrary wave heading LI

Calculation of Mapped Sections

After the hull has been measuyed at the beginning of the seakeeping analysis, if the
hull has not been previously measured, the conformal mappings which are used to
approximate the vessel'sdions should be computed.

If you are unfamiliar with the principles and limitations of conformal
mapping, or you have an unusual design, then it is a good idea to check the
mapped section thoroughly before continuing with the rest of the analysis.

Also seeMeasure HulandHigher order conformal mappings pagelo.

Seakeeper will first calculate regularly spaced sections along theimatdrthe vessel:
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22

To view the mapped sections, click on the Display Mapped Sections toolbar button.

The mapped sectiomse used to compute the section hydrodynamic properties. For
unusual hull forms, it is advisable to checktitiee mapped sections are an adequate
representation of the hull before proceeding with the more time consuming response and
seakeeping calculations. Typical mappings are shown below:

=

) Hull
zero pt. section

Conformal
mapping =~

Note that, in general, due to the limitations of the conformal mageatmique, the

mapped sections will not be an exact match to the actual hull sections. However, these
mapped sections are only used to estimate the hydrodynamic properties of the hull and,
in most cases, these will be calculated with sufficient accutadpé strip theory

analysis.

The main limitations of the conformal mapping method are:
e The mappings always cross the axes at 90  °.
e The sections are continuous (chines will be rounded off).

e There are limitations in the range of section breadth to draft ratio and sectional
area coefficients that can be accurately mapped.

Also seelimitations and Guidelineand in particulaAsymmetrical sectionsn page39.

Solving Seakeeping Analysis

Once you are satisfied with the mapped sections, you may proceed with calculating the
vessel's response; select Solve Seakeeping Analysis from the Analysis menu.

Viewing the Results

The results may be viewed graphically or in tabular format. Also the results may be
copied from the tables and pasted into a spreadsheet for further analysis.
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The results displayed in the table and plotted in the graphs cantegpthe condition
selected in the Results toolbar:

| [.180deg | [woNSwaP:10s, 4m) = | R

To view the results table, select Results from the Window menu.

You may view different sets of results by selecting the different tables of the Results
window. The tables are described more fullyhia following sections.

Summary Table Results

This table displays pmRMSand significant amplitudef the different motion, velocity

and acceleration spectra of the vessel fergecified conditions. The mean squarg, m

of the spectrum is the area under the spectrum and gives a measure of the total response
of the vessel. The RMS is the square root of the mean square, and for seakeeping
calculations, the significant amplitudetivice the RMS value. (The significant height,
measured peak to trough, is twice the significant amplitude.)

The mean square of the spectrum is given by:

whereS( ) is the density of the spectrum of interest.
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