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About this Manual

About this Manual

This manual describes Seakeeper, an 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 description of Seakeeper, its principal features and mode of operation.

Chapter 2 Using Seakeeper
Explains how to use Seakeeper and provideststetep examples tguide 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 thedgoethm used in Seakeeper.

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

Appendix A Strip Theory Formulation
Presents more idepth explanation of the theoretical model used in Seakeeper.

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 seakeepinglgsia program in the Maxsurf software suite. It uses the

Maxsurf geometry file to calculate the response of the vessel talefeed sea

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

of Salvesen et als ued to calculate the coupled heave and pitch response of the vessel.

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
animationofh e vessel s response to specified sea

Strip theory, 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 e Maxsurf suite, make Seakeeper particularly useful in initial
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.

9 Assumptions
I Coordinate System

9 Wave Spectra
{ Characterising Vessel Response

| Calculating Vessel Motions

| Statistical Measures

{| Computational Methods

9 Visualisation

Users familiar with these concepts may wiglgo straight tdChapter 2 Using Seakeeper

Assumptions

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

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

9 Hull'is rigid.

9 Speed is moderate with no lift from forward speed.

9 Motions are small and linear with respect to wave amplitude.
9 Hull sect ions are wall -sided.

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

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

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

9 A constant user -specified linear damping is used.

Please see Appendix A for further detah the strip theory formulation for coupled
heave and pitch 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 dte 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 vessskismed to rotate about the

centre of gravity. Hence the distance 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 and three angular. 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 fiemdom
often given the subscripts 1 to 6; thus heave motion would have a subscript 3 and pitch 5.

+ve ¥

///;'— 180

=90

+ve y

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

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

Characterisation

Ocean waves are often characterised by statistical analysis of the time histery of th
irregular waves. Typical parameters used to classify irregular wave spectra are listed
below:

Characterisation of irregular wave time history

mean of many wave amplitude measurements
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
crossings

mean of many wave period measurements éetvsuccessive zero down
crossings

mean of many wave period

modal wave period

G I [ TSN

+

mean of highest third amplitudes or significant amplitude

m|g\|;~i\“ﬂ el

—
=
(5%}

mean of highest third wave heights or significant wave height
variance of the surface elevation relativehe 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 standard sea stateseede

below. Each code repressra 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 14.0 over 14.0 Phenomenal
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Sea state data may alse 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 atypically 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 variation of the waves with
frequency and is known as the waamplitude energy density spectrum, or more
commonly referred to as the wave energy spectrum. The spectral ordinates (or wave
spectral density) are given the symb8l:(1%) . (This is similar to the power spectral

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

S R e e A R Iy PECR L L LR

vRE EELEEEE

187"

1487~

I B i B

L7 e At St H T

nat--—----

Wigve Spectral Density m*2radss)

037"

1
OEt------- TR R

o L e Ei R

1 03 0E oa 1.2 15 1.8 21
Wave, Encounter Frequency radfzs

These spectral representations of sea conditions are central to determining the response
of a vessel in the seaway. This will be discussed more fully in the following sectibns an
also seeWave Spectran pageb5 for more indepth information.

Idealised Spectra
It is often useful to define idealised wave spectra which broadly reptéasen

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

9l Bretschneider or ITTC two parameter spectrum
91 One parameter Bretschneider

9 JONSWAP

9 DNV Spectrum

q Pierson Moskowitz

The specgt and their formulations are dealt with in more detail inGhapter 4
Theordical Referencen pages2.
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Encounter Spectrum

An important concept when calctiteg 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 certain speed. This is
effectively a Doppler shift of the speatn 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 Theoti&al Referencgsection
What the Vessel Sees pages9.

Characterising Vessel Response

This section outlines the method used to 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 systems undergoing simple harmonic motion. Thisusnassby 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 of superposition holds. These assumptions are pedivided that the vessel is

not experiencing extremely severe conditions.

Response Amplitude Operator

The Response Amplitude Operator (Rh@lso referred to as a transfer functitns 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 height

or wave slope. Typical heave and pitch RAQs gitown below:

1_8' """" [ aTTTTo T Aa==-=-=-=- T-~=°=°- r--=-=--=-- | (I aT s
' ' ' 1 1 ' '

P SN 1 LT S SN SOOI N

R &2 (transfer function)

0 05 1 15 2 25 3 35 4

Encourter Frequency radfs
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 to zero since the effect of many very short waves @ainover 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 greater than unity indicates that the vessel's respsmgeater 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. Thus once the RAOs have been calculated the motiores$el 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)

'
]
'
1
1
[~ ="= === T = === =-q-==--p--=-—-=-==71----fF-=--°7
'
'
]
1
]
. h My Ity E B I Sl E |
NN AN U UG IO [ U R I |

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

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 Theotial Referencen pag 52 for further details on how these
calculations are performed.

Statistical Measures

Often it is important to know certain statistical measures of the motion spectrum. These
can be used to detemna 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 limiting criteria, such
as limiting maximum vertical acceleratis, 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 gravity of the vessel. In
addition, the user is able to gjifg 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 Measureen
pagess5and67.

Computational Methods

Several numerical methods are available for estigativessel'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 systerthadride added inertia and

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

Strip Theory

Strip theory is a frequeneyomain method. This means that the problem is formulated as

a fundion 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 vessel is split into a number of transverse secti@th & 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 to obtain the global coefficients of the equatidnaation 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 pag 79.

Conformal Mapping

Fundamental to strip theory is the calculation of the sections' hydrodynamic properties.
There are two commonly used methods: conformal 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. One of the most useful is the Lewis mapping. apgsan
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 more parameters, it is possible to map an evenangkeof
sections. SedCalculation of Mapped Sectiols page22 for more information.

Visualisation

Seakeeper is able to provide a three dimensional vieweofdbsel 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 page34
Time Simulation and Animatioan page37
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Chapter 2 Using Seakeeper

You have been introduced to the way in which Seakeeper works and can now go on to
learn in detail how to use Seakeepefdiiowing the examples outlined in this chapter.

9 Getting Started
{ Opening a Model in Seakeeper

{ Additional Hull Parameters

{ Environmental Parameters

{| Completing the Analysis

q Viewing the Results

{ Graphing the Results

9 Rendered view

I Time Simulation and Animation

{ Saving the Seakeeper Model

{ Saving the Seakeeping Analysis Results

I Limitations and Guidelines

Getting Started

Install Seakeeper from the CD. Seakeeper may then be started, and will display three
windows containing a view of the Maxsurf model, a talmdaesults 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 to become corrupted, or you may simply want tolaukto

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 preferecliesOK.

These preferences are:

9 Colour set tings of contours and background
9 Fonts

{ Window size and location

f Recent files

9 Units

Opening a Model in Seakeeper

A Seakeeper model consists of Maxsurf surface information and Seakeeper input data,
such as sea environment, speeds etc., and also informatiba bull characteristics
such as damping factors and moments of inertia.

Opening the Maxsurf Design File in Seakeeper

Choose Open from t
0 Max\Sampl e Designs
information of a simple Maxsurf design.

he File menu. Sel ect t he
0 f telcaht@ins the Maksudquréace i t . Thi

Page 9




Chapter 2 Using Seakeeper

The .msd file contains the Maxsurf surface information.

Opening Seakeeper Data

Existing Seakeeper designs have Seakeeper input data already defined and saved in a

Skd file. Toopen existing Seakeeper data, choose i
menu. Sample Seakeeping data corresponding to the Seakeeper Sample.msd file can be

found in the Sample Designs folder: Seakeeper Sample.skd.

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 analygisif 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 sufficient for initial
calculations but for more accuratesgictions, 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

Jnpthull Measure all
Measure none

¥ Trim surfaces

By default sections are mapped with Lewis sect{gesCalculation of Mapped Sections

on page22 for further details).. This has the limitation that, for sections which are very
wide and/or deep and have a low sectoea, 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 those that are measured.
For heave and pitch motions, remng 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 Factesection on

pagels).
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Seakeeper will automatically choose the best Lewis section that can be fitted to the
section. I f the sectional area coefficient
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 normatlvisable 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 always vertical where it
crosses the horizontal axis amorizontal 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 increase in
mapping terms can lead to conformal mappiectisns 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 conformal
mapping using 12 terms to map the same sextibime 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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12

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 contours with, at
most, one opening in the contour (tlghen 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. Seakeepaiculates 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 are calculated fromtheé seco n 6 s  draftowaterliné heans :
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 depth and area (e.g.
near a bulbous bow or swath hull); therre 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 havingdhedt, waterline beam and cress

sectional a@a 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 messagll be displayed.
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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 Seakeeper uses the data frovfetisel Type dialog in
Maxsurfwhilst allowing the user to make quick changes to the vessel type and, in case of
a catamaran, the demihull 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 override Maxsurfobés vessel
investigate the effect afemihull 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 the demihull
centreline spacing for a catamaran through\tessel 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 model should
be generated in Maxsurf where the Vessgiéldialog 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 seas, interactions between the demihulls are smalhndccur 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, hence results 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 been found to 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 heave damping properties.

Page 13
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When using a single demihufodel as a basis for a catamarna in Seakeeper, the
demihulls are spaced according to the specified demihull separation. Because of these
changes, it is not possible to change the demihull spacing of a full catatamaran model
defined in Maxsurf

E= Seakeeper 64-bit - [Body Plan]

. File Edit View Analysis Display Data Window Help

wraala ioeeata EEENEIE-Sa. o EEEa. Boc>. -

@ Catamaran ' Aasurf | ﬂ'

Demihull centreline spacing

() Monohull

OK ] [ Cancel

0 kts; 135 deg; JONSWAP: 9.985 s, 4 m

ltem mi units RMS units | Significant amp units
1 Modal period 9580 : = - -
2 Characteristic wawve height 4000 :m - -
3 Spectrum type JONSWAP - -
4 Wave heading 135.0 i deg - -
Iﬁ "EiEFHiH'ﬁ'ii'ﬁlﬁlﬁlﬁgé}ﬁ'é'ﬁ{""""""""m et m'EE{EH;EFEH':f:'llé'ﬁ"l'ilﬁlﬂ'I'IHEEE{EiHE" e ey
7 [Vessal Gt TG54 m = =
3 Wessel trim 0.0 ; deg - -
] Transom method MNe transom terms - -
10 Wave force method Arbitrary wave heading - -
11 Added res. method Salvesen —
<[]\ Summary |{ MS| £CG RAQs £ CG spectra £ Remote location spectra 4 Global hydrodynan]| « |
leady C:\Designs

In addition, the demihull spacing is also given in the Summary results table

Seakeeper catamaran modelled as a single demihull in Maxsurf

Also see:
Asymmetrical sectionsn pagedO.
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Setting Mass Distribution

Seakeeper requires the pitch and roll inertias of the vessel. These are input as gyradii in
percent of overall length and beam respectively. Typical values are pitch gyeadies

roll gyradius 35% 40%. The gyradiug, is related to the inertid, by the equation

below:

- \E
m where

mis the vessel's mass.

The vertical centre of gravitig also to be specified here, this is meadudrom 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 beerl@dated, Seakeeper will have calculated the vessel's centre
of buoyancy. The centre of gravity will be placed on the centre line, at the same
longitudinal position as the centre of buoyancy at the height specified in the dialog. The
centres of gravity, lmyancy and floatation will all be displayed in the design views.

Please note that if you open a second design for analysientjtbsof the gyradii will

be kept the same, not thercentagesf length and beam. Hence it is very important to

check the gradii values when you load in a new design, especially if the designs differ
considerably in length or beam. If the 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 heave and pitch response. The specified non
dimensional damping is assumed to be evenly distributed along the length of the vessel.
This is added to thimviscid damping calculated from the oscillating section properties
and is applied when the coupled equations of heave 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 D amping Factors oK,
Heave/Pitch [additional]  |0.001 Cancel

Rolltotall  [0.15

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

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

the roll stiffness, the roll gyradius and the roll damping. Roll damigiagmost entirely

due to viscous effects, which are not modelled by Seakeeper, hence it is possible for the
user to specify the nedimensional damping (or sometés 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 roll decalyithst
can help in selecting the nalimensional damping to be used.

See:Roll decay simulatiolmn page34 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 tedd as:

b

}? =
2ea . where

b is the dimensional damping;

cis the stiffness in roll;

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

Specifying Remote Locations

Seakeepemay be used to calculate the motions at the centre of gravity of the vessel and
also at specified positions on the hull away from the centre of gravity. These positions
are known as remote locations. This may be useful for determining if a slam isdikely t
occur; what accelerations are likely to be experienced in the bridge or accommodation
areas, etc.

Seakeeper will calculate the absolatel relativglto wave surface) vertical motion,
velocity and accelation and MSI at the specified remote locations.

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

—loj x|

Mil tip side/side| - |

Position from CG Ml slide friction

Position [m]

Offget [m] | Height [m] Offget from CG |Height from CG Ml tip foresaft.

35.00 0.00 1:3.00 .00 0.00 1500 0.7 017 023

35.00 -3.00 1:3.00 .00 -3.00 1500 0.7 017 023

Bridge Stho

35.00 a.00 1:3.00 F3.00 a.00 1500 0.7 017 023

Fuwvel Accom Centre

40.00 0.00 10.00 40.00 0.00 10000 0.7 017 023

Fuwvd Accom Port

40.00 -3.00 10,00 40,00 -2.00 10,00 0.7 017 023

Fuvd Accom Sthd

40.00 2.00 10,00 40,00 2.00 10,00 0.7 017 023

1
2
3
4
3
B
7
g

Aft Accom Centre

10.00 0.00 10,00 10.00 0.00 10.00 0ro 017 025

Aft Accom Port

10.00 -5.00 10,00 10.00 -5.00 10.00 0ro 017 025

g

Aft Accom Sthd

10.00 5.00 10,00 10.00 .00 10.00 0ro 017 025

10

Propeller

3.00 0.00 1.00 3.00 0.00 1.00 0ro 017 025

11

Forefoot

47.00 0.00 020 47.00 0.00 0.20 0ro 017 025

12

Fuvdl Deck

47.00 0.00 8.80 47.00 0.00 §.60 0ro 017 025

4 I L4 I\Locations A Speeds A Headings A Spectra /

L] [
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The first column is used to specify a label or name for the eetooation. The next three
columns give the remote location's position relative to the zero point. The next three give
the location relative to the vessel's centre of gravity; you may use which ever is most
convenient using the following coordinate systémgitudinal, positive forward;

transverse, positive to starboard; and vertical, positive up. The centre of gravity will be
computed from the vessel's hydrostatics and will be positioned such that its longitudinal
and transverse positions coincide withga of the centre of buoyancy. The VCG is
specified by the user, see the sectiorsetiing Mass Distributionabove Note that the
vessel's hydrostatics will not be computed untilltbk 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 locati®tandard 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 flor 0.19
Sliding of helicopters, typical minimum | 0.20
Sliding of helicopters, typical maximum | 0.80

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

MSI after specified exposure
Seakeeper caltates the MSI according to the McCautyal. 1976 formulation which

includes an exposure time. This is thdy place where the MSI exposure time for the
remote location is used.

The exposure time can be specified for each remote location (you dae mefdtiple
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 Incidenqeages8 for
details of the calculations performed.

Remote location display

The remote locations and centre of gravity will beldiged in the Design view as small
crosses.
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I_Efridge Part

BEridae Centre

Ewd Accom Fort
L |
Fwd ACUE_-I'TH Esﬁhe
T YL

!

zero pk. E?

Adding remote locations
Use the Analysis | Add Remote Locations menu item to add remote locations. This will

add remote locations below the currently selected row in the Rernoatidns 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 therselect Delete Remote Locations from the Analysis menu. (You must click in the
numbered grey cell on the left to high 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, velocities and accelerations are calculated:

4% Results
, 0 kts; , 3.142 rad; (JONSWAP: 10 s, 4 m) =
tem | mbo [ units | RMS units |Signiﬁcant ampl| 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 0.259 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 0145 m*2is™4 0.381 mis"2 0.762 mis"2
24 Roll acceleration 0.00000 (rad.l’s!s)"‘2 ' 0.00000 radfsfs 0.00000 radfsfs)
25 Pitch acceleration 0.00100 (rad.fsis)"‘2 ' 0.03155 radisls 0.06310 radisis)  «
<[> [\Summary £ M5 ACG RAOs £ CG spectra 4 Remaote 1] < [»]
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Environmental Parameters

Seakeeper calculates the motions of the vessal $pecified sea condition given in
terms of a wave spectrum.
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Setting Environment Parameters

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

Enyironment

Water density ]1,025 tonne/m™ 0K l
Deep water |100000 m Cancel

Setting Vessel Speeds, Headings and Spectra

The Inputs window allows you to define multiple speeds, headings and spectra for
analysis.

4% Inputs EE &)
Hame Heading [deg] Analyse -

1 Head 180.00 vd

2 Bow Quartering 135.00 v

3 Beam 90.00 v

4 Sterrn Quartering 45.00 v

5 Stern 0.00 v

I i
4 | : ]ﬂ Speeds )\Headmgs ;( Spectra ,7 4 »

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

Ctrl+A and tte Delete key respectively). New items are added below the currently
selected row (multiple rows can be added at once by selecting the number of rows
required, these are then added below the lowest selected row). To delete a row or rows,
simply select theaws you wish to delete and choose Edit | Delete.

For easier identification, you may give a hame to each condition. Headings are given in
terms of the relative heading of the waves compared with that of the vessel track (head
seas = 180°; followingsead=U; st ar board beam seas = 90U,

When entering a vessel speed, the vessel Froude Ngimingld also be considered. The
results from Seakeeper are likely to become less reliable at high Froude Numbers since
the \ertical force due to forward motion is ignored by Seakeeper. Seakeeper has been
found to produce useful results at Froude Numbers of up to around(.6

The AAnalyseo column allows you to select
analysis run.

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

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

Page 19



































































































































































































































































































































































