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ABSTRACT 4
The FORTRAN computer program SWATh2 enables calculation of five

degree-of-freedom motions for SWATH ships. It is a development of an
earlier DREA computer program with the added capability of predicting
performance in long or short irregular crested seas with a variety of sea
spectra. A worked example demonstrates satisfactory agreement between
calculated and experimental results. '

RESUME

Le prograimme d'ordinateur en FORTRAN SWATM2 permet de calculer

les mouvements des navires SWATH A cinq degris de libert4. Il a'agit d'un
perfectionnement d'un programme d'ordinateur exiatant du CRDA dont la
nouvelle caract4ristique est Ia possibiliti de privision du rendement dans
des mr rtsirgl~e oge ucutspu n iest
d'4tats de Ia mer. Un exemple auquel le programm~e a 4tA appliqui ddmontre
qu'il y a concordance satisfaisante entre les rhsultats calculfis et
expdrimentaux.
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NOTATION

A constant in ITTC Spectrum

Akj(w') (k,j) coefficient of SR'W')'

Aij added mass coefficient in the ith mode due to motion in the
jth mode.

B constant in ITTC Spectrum
.-.'...*..

BCi box clearance of ship at station i .

Bij damping coefficient in the ith mode due to motion in the

jth mode.

E area under the wave energy spectrum

Fi  freeboard of ship at station i

H significant wave height i _-

Ho  average wave height of Gospodenetic - Miles wave sample

Hx(W) frequency response of a linear ship response, x, in
unidirectional seas

Hx(w0.) i )  frequency response of a linear ship response, x, in
short-crested seas

h period of operation, hours

k slamming pressure form factor

mn nth spectral moment = f w0n S(w)d"
0

NBI number of box impacts per hour

NDW number of deck wetnesses per hour

NKE number of keel emergences per hour

P(BI) probability of box impact

P(DW) probability of deck wetness

P(KE) probability of keel emergence

iv
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Ph most probable slamming pressure in h hours

Ph~a) extreme slamming pressure in h hours with probability of
exceedence, ai. :

SC (W) wave displacement power spectral density function

S(W,\))short-crested sea spectrum

SBCW,T,H) Bretschneider sea spectrum

SICw,T,H) ITTC sea spectrum jj:
SR'(w,T,H) normalized polynominal regression spectrum

(Gospodnet ic-Miles) 1

T average wave period r(-l) or T~l)

To average wave period of Gospodnetic - Miles wave sample

T(-l) 21r(m-l./m 0), energy averaged period

T(l) 27T(m 0/ml), modal period

TD draft

tf human tolerance weighting factor

*W(V) wave energy spreading function

* ci angular spacing between discrete wave directions, vi,
or probability of exceedence, depending on context.

I 13 predominant wave direction

P mass density

a root mean squared (RMS) value of a wave record

CA RMS vertical acceleration

CIRi RMS relative motion at station i

a'RV RMS relative velocity

*Ys RMS value of a linear ship response, x, in short-crestedp
seas

Iv



0 x  RMS value of a linear ship response, x, in unidirectional p..-

seas
wave direction

i  th wave 
direction

VS one-half the total angular spread between the minimum and -.-

maximum values of Vji ,.

W wave circular frequency

normalized frequency wT/2"

We circular frequency of encounter

iv
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"INTODUCTION

This report describes the computer program SWATM2, (SWATH Ship
Motions, Modification 2). A user's manual is included together with sample .6...
input and output, and a description of an input data preparation program,
OFFSET.

A theoretical model of SWATH shi ? motions, proposed by C.M. Lee'
was incorporated in two computer programs at the David W. Taylor Naval
Research and Development Center (DTNSRDC). One program, MOT35, predicted
heave and pitch motions while the other, MOT246, predicted sway, roll and
yaw motions. At DREA, the two DTNSRDC programs, MOT35 and MOT246, were
modified and combined to form the program SWATMO, predicting five degree of
freedom motions in regular waves. The version of the program reported
herein, SWATM2, is essentially an extension of the earlier DTNSRDC and DREA
work, with the added capability of irregular seas calculations.

The theoretical basis of the computer program is adequately
described in Reference 1 and will not be referred to here except where
warranted by alterations or extensions of program capability. Details of
alterations are described in Sections 2 and 3 and the user's manual is given
in Appendix B. Section 4 describes the offset data preparation program, I
OFFSET. Section 5 presents a number of correlations of SWATM2 with model
experiment results and with results obtained by use of the original DTNSRDC
programs, MOT35 and MOT246. The agreement is satisfactory.

Users manuals, together with sample input and output cases, are

given for SWATM2 and OFFSET in the Appendices. C__.

2. BASES FOR CURRENT WORK

In its first form, SWATMO, the program predicted the vertical
motion responses, heave and pitch; and the lateral motion responses, sway,
roll, and yaw, for a SWATH ship moving in a regular wave train of arbitrary
heading. These motions were obtained by solving the equations of motion
which were formulated as linear second-order differential equations. The
hydrodynamic coefficients in the equations of motion were divided into threecategories: b

(1) The coefficients which could be obtained under the potential-flow
assumption for a non-lifting body. These coefficients were
obtained by strip theory based on the solution of the
two-dimensional hydrodynamic problem of cylinders oscillating on
the free surface where the wave exciting coefficients were obtained
by the Haskind relation3

1 . -
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(2) The hydrodynamic coefficients associated with the viscous nature of

the fluid. These were obtained by the cross-flow approach for

slender bodies with moderate angle of attack.

(3) The hydrodynamic coefficients contributed by the control surfaces. "
These were obtained by slender body theory for low-aspect ratio ". ':

wing-body combinations.

Motions in irregular seaways are calculated by linear superposition ,

of the regular wave response and the wave energy spectrum in the

conventional manner, viz:

2 0-
ax =f I() 2 SC (W) )i (1)

Hx  = (J IHx(W)l2S Cw)d)J/ 2  (2)
RMS 0

wn
( HXCW)l SCWm)t1)/2 (3)

where axz is the variance of a response

Hx is a response
.p..- ::.:

S(W) is the wave energy spectral density.

2.1 Sea State Descriptions V
A number of wave energy spectrum formulations are in common use for

irregular wave calculations:

(I) The Gospodnetic-Miles quadratic regression spectrum is a

two-parameter spectrum derived from data obtained at Station India L
in the North Atlantic. The parameters are significant wave height,
H, and energy-averaged wave period, T. The normalized regression

spectrum takes on the form

M M-k k j

SR'(W',T,H) = E Akj(w')(H - Ho) (T - T O ) (4)
k=O j=0

2
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where Ho and To are the average H and T values of the measured
spectra used to compute the regression. It has been determine"-
that Ho = 4.016 m and To = 9.159 s. Thus, the polynominal . 4
coefficients, Ak:, are functions of W'. These coefficients,
Akj, can be foung in SUBROUTINE REGRES of the program. The
energy-averaged period, T, based on spectral moments is defined by

the formula

T = T(-l) = 27r(ml/mo ) (5)

where mn = nth spectral moment = f wns (W)d.

(2) The Bretschneider two-parameter spectrum, with the parameters --

significant wave height and modal wave period as extracted from P .
program PHHS5 s , is represented by the equation

SB(W,T,H) = aH2 /[WST4exp(8/(WT) )] (6)

where a = 487.0626 and B = 1948.2444 with significant wave

height, H, being in feet. The modal wave period, T, is defined as I .

T = T(l) = 2(mo/ml). (7)

The modal wave period used with the Bretschneider spectrum is
different from the energy-averaged period used with the quadratic

regression spectrum. The two periods are not interchangeable. .

6(3) The ITTC spectrum , in which the parameters are significant wave
height and modal wave period (or average zero-crossing period), is -

defined by

Sl(W, T,H) A exp (-B/W') (8)

where A and B are constants as given by

A n3 H2  1 3

A= and B = -

Note that the wave period, T, in this case is the modal wave period. d "

T -T(l) 27(mo/M 1 ) -"

3;: :.. ;



The ITTC spectrum differs trivially from the preceding
Bretschneider formulation; the two have been included in the
present program to offer the option of agreement with existing DREA
programs or with the widely used ITTC spectrum.

(4) Where correlation of theory and experiment is undertaken there is
often a need to predict responses from measured spectra which often
differ markedly from the formulations just described; therefore, '.
SWATM2 also accepts ordinates to arbitrary spectra as inputs.

2.2 Short-Crested Seas

The spectral formulations and root mean squared responses just
described refer to one-dimension (long-crested) waves. In considering the
short-crested (multi-directional) sea case the application of a
cosine-squared spreading function is most conmmon:

S(W',V) = W(v)S() (9)

where S(W) is the point spectrum and W(v) the spreading
function.

W(V) = (X/VS)(CoS[90(V - B) 5S])
2  (10)

where a is the angular spacing between the discrete wave
directions V, and VS is half the total angular spread.
a, B, V, Vi and VS are all expressed in degrees.

Typically, in numerical analysis (and as adopted as in the default
valve in SWATM2) angular spread might be 1200, so VS = 600,
with

,-V S < V < B+V S

divided in n discrete wave directions spaced C degrees apart,

n = 2vs/a + 1

Expanding equation (1) for variance of response in long-crested
waves to short-crested seas gives

n

CT 2  = W( i)EIHx(w,vi)I 2S (W)AJ (11)

n
* Z W(Vi)T2 xi (12)

i= 1

where C xi is the variance at heading vi in unidirectional
seas. Again,

- .- -' ..-- ' ~- . . . . .°



n \, va2 )1/2 C"13)
HsXlR ( (M) x (13)

1=1

2.3 Secondary Ship Responses

There are other seakeeping data of interest besides absolute body
motions.

(i) The vibration ride quality index (VRQI): F
7The vibration ride quality index proposed by Payne is used to

quantify human tolerance to vertical ship motions and is defined as

VRQI -OAtf 1 /2  (14)

where aA is RMS vertical acceleration and tf is a "tolerance ".
weighting factor". Payne's proposed VRQI limits are:

Limit Description VRQI Must Be Less Than

A Severe, less than one hour 0.5
B Tolerable, less than one hour 0.2
C Long-term, severe 0.2
D Long-term, tolerable 0.1

At low frequencies (below 0.2 Hz) tolerance to vertical

accelerations increases significantly with decreasing frequency;
however, Payne's low frequency model does not reflect this trend.
To account for this increased tolerance at very low frequencies,
Mackay and Schmitke5 have proposed multiplying the root mean
square vertical acceleration by a "tolerance weighting factor" such
that the long term severe limit of VRQI follows the 50% motion
sickness incidence curve. This "tolerance weighting factor"
represented by tF in the VRQI formula, is defined as

1 +l51 ..
tF = (15)

r2 + r 2

11 - *~ + 157111. .571J (.I 51e'.

where we is encounter frequency.

5
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(2) Deck wetness:

The probability of deck wetness, that is the probability of bow
down relative motion being greater than the freeboard, at station i -. "
is given by

F2
P(DW) = exp- Fi_ (16)

202 RMi

where F is freeboard, and ORM is root mean square relative
motion. The number of deck wetnesses per hour is simply

i ~3600 -
NDW =3- P(DW) (17)

T. "

where T is the average wave period in seconds.

(3) Keel emergence:

The probability of keel emergence at station i may be determined by

P(KE) = exp (-T ) (18)
22a RMi

where TD is draft. Again, keel emergences per hour may be
calculated by

3600
NKE P(KE) (19)

T

(4) Box impacts:

Similarly, if box impact occurs when relative motion, bow down,
exceeds box clearance, then the probability of its occurrence at
station i will be given by

P(BI) = exp (- B ) (20)-.

2a'RMi

where BC is box clearance above the still waterline. Box impacts
per hour may be determined from

• " 3600
NBI = - P(BI) (21)

T

6
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(5) Box slamming pressures:

Box slamming is of greater importance than hull bottom slamming for

SWATH ships because typically draft is significantly greater than

box clearance; but fortunately, the usual monohull algorithms for
bottom slam pressure prediction can be used for the box bottom.

Schmitke8 outlines various methods for monohull slam pressure
prediction and defines algorithms suitable for the frequency domain.

The most probable slam pressure in a period of h hours (in SWATM2, U
h = 20) is given by

2 3600h-C

P PkRv In 3600h aRV P(BI)} (22)

h RV RM.a
RM-

where P is water mass density, k is slam pressure form factor,

FRM is rms relative motion, and aRV is rms relative

velocity.

In practice, the most probable pressure is unsuitable for design

purposes because of its high probability of exceedence. A better -.

measure of design slam pressure, is the extreme pressure,

Ph(a), whose probability of exceedence in h hours is c.

2 3600h0
P (a) Pk ORV In{ RV P(BI)j (23)

h 2To RM

8
A commonly used measure , P2 0 (0.01), is adopted by SWATM2.

The specification of form factor, k, presents the greatest

difficulty in calculating slam pressures. Experimental data for slamming of

flat plates in waves show considerable scatter due to varying air entrapment

and impact angle (the angle between the plate and the plane tangential to

the wave surface at the impact point). Unfortunately neither of these

parameters can be modelled in a linear frequency domain program. For

present purposes, a default value of form factor, k=20, has been derived by

an analysis of Reference 9; however, given the limited data in Reference 9,

pressure predictions should be used with caution.

3. MODIFICATIONS TO PROGRAM

The most significant modification made to program SWATMO was the

addition of irregular sea calculations; however, this addition required _
further changes in the basic program structure.

7
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SWATMO calculated motions of a SWATH ship in regular waves. The

amplitudes and phases of these motions were given as functions of encounter
frequency, with encounter frequency ranges being specified in the program
input. It is generally more convenient to prepare input data for seakeeping
programs in terms of wavelength or absolute wave frequency. Thus, the input
specifications of SWATMO were changed such that the range of wavelengths was
required instead of the individual encounter frequencies. This form of
input is consistent with other seakeeping programs at DREA.

SWATMO originally calculated added mass and damping coefficients at
the encounter frequencies specified in input, these frequencies being the
same for all headings, in one computer run. With the alteration of input to
wavelength a difficulty arose: each of the different headings and speeds
specified in the input would generate new encounter frequencies with the
consequential increase in execution time being proportional to number of
headings and speeds. In addition, the added mass and damping coefficient
calculations are the most time-consuming part of the program.

Thus, an interpolation method was adopted to circumvent the
problem. SWATM2 calculates the extreme encounter frequency values for each
speed-heading combination input, and from these selects the overall range of
encounter frequency required for calculations. The input parameter NWE
(less than or equal to 30) then specifies the number of evenly spaced
encounter frequencies at which added wave and damping coefficients will be
calculated. The results of the calculation are stored in an array. For
each speed-heading combination, the required coefficients are derived by
quadratic interpolation from the stored array. Comparisons of the results
of calculations both before and after incorporation of the interpolation .--
routine suggests that no appreciable errors are introduced by interpolation.

In extending the program to irregular sea predictions, subroutines
employed in the monohull program SHIPMO10 were used where possible in
order to ensure the consistency of predictions. The methods employed
correspond to those given in Section 2.

4. PROGRAM "OFFSET"

The preparation of geometric input data for SWATM2 is laborious,

particularly with respect to section offsets. A preparative program,
OFFSET, was written to ease preparation of offset data.

4.1 Capabilities and Method

This program is capable of computing offsets for three hull

configurations:

8
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(1) hull section with strut,

(2) hull section without strut, and

(3) hull section with strut of zero thickness (i.e. stations 0 and 20).

Figure B2, Appendix B, illustrates the three section types. --

Trignometric relations are used to calculate offsets as x and y J
coordinates. For hull sections with struts, 13 offset points are generated;
for bare hull sections and hull sections with strut thickness equal to zero,
9 offset points are generated.

The OFFSET User's Guide is given in Appendix E.

5. DISCUSSION

With the alterations inherent in the development of SWATM2 from
SWATMO it was necessary to test the results against the "parent" programs,
MOT35 and MOT2462 . Additionally, comparisons were made with experimental
data included in Reference I. The computer program comparison was quite
extensive and only extracts will be given herein.

Figures 1 to 4 illustrate comparable non-dimensional added mass and
damping coefficients, where the subscripts refer to motions as follows:

Index Motion
2 sway
3 heave
4 roll
5 pitch
6 yaw

While there are differences between the results for the parent program and
SWATM2, they are not considered significant. For example, whereas the --

added mass coefficient, A3 3, shows the largest discrepancy between SWATM2
and MOT 35; the result is only a three percent difference in total mass in

the vertical plane, with an even smaller impact on predicted motions (also
note Figure 6).

Motions predictions for both the parent program and SWATM2 are
compared to experimental results' in Figures 5, 6, 7 and 8. Only for roll
is there notable difference between programs, but in this case SWATM2 is
more conservative.

9



Predicted motions correlate well with experimental results in the
vertical plane for heave and relative bow motion, Figure 9, but only .. ____

reasonably for pitch (Figure 5). Lateral motions, roll and yaw, are not 4
modelled as well, a situation typical of many seakeeping programs.
Fortunately vertical motions are generally of greatest importance in the
early stages of ship design, and for SWATH ships at least, lateral motions
are of small enough magnitude to present no serious risk to performance.

*6. CONCLUDIENG REMARKS

A SWATH ship seakeeping performance prediction program, SWATM2, has
been described. SWATM2 allows prediction of the performance of single or
tandem strut SWATH ships in either regular or irregular seas. In irregular V_
seas, either long- or short-crested spectral formulations may be employed.

It has been demonstrated that the results of use of SWATM2
correspond to results obtained from use of the two programs, MOT35 and
MOT246, from which it was derived. A limited comparison with experimental . -.

data indicated that vertical plane motions are predicted satisfactorily, but
that there are greater discrepancies between prediction and experiment for
lateral motions. Fortunately, vertical plane motions are of most importance
in the early design stages and SWATH ship lateral motions are generally of
small enough magnitude to represent no serious risk to ship operation.

Nonetheless, future developments of SWATH seakeeping programs

should address the improvement of lateral motions predictions. The addition
of an active motion control fin modelling capability also would be
valuable. Finally, SWATH box slamming experiments should be used to obtain
more reliable form factor estimates than given herein.

7. ACKNOWLEDGEMENT
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APPENDIX A

LIST OF PROGRAM UNITS

NAME FUNCTION

BRETS calculates the Bretschneider two-parameter wave elevation spectrum

CFTRP performs a quadratic interpolation I

DAVID returns the two-dimensional frequency-dependent velocity potential

and its normal derivatives on the body due to a pulsating source of
unit strength

FINIT returns the logarithmic terms in the expression of a pulsating I
source of unit strength

FRANK returns the added mass, damping, and complex amplitudes of exciting

forces and moments for each specific hull section

GAUSS solves a set of complex matrix equations using Gaussian elimination .

PAGE writes the heading and page number on each page of output

PGM1 returns the geometric and hydrostatic properties of the ship

PGMIB returns absolute and relative motions, velocity, and acceleration
as a result of the ship's motions in both regular and irregular seas

PGM2 returns the added mass and damping coefficients

PGM2B returns the cross-flow viscous damping contributions to the damping

coefficients and wave exciting forces

PRESS returns the pressures on the cross-section contours

REGRES calculates Gospodnetic-Miles quadratic regression spectrum

SEAOUT returns the probabilities of deck wetness, keel emergence, and box
impact in irregular seas and outputs irregular sea calculations ...

SHORT returns root mean square motions in short-crested seas

SIMPUN evaluates an integral of a nonequidistant function by Simpson's rule -

p.,
SITTC calculates the ITTC wave spectrum

17
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NAME FUNCTION

SOLVE sets up equations of motion and solves them by applying Cramer's

rule to complex matrices

SPLINE performs spline curve-fitting calculation used in short-crested sea

SWATM2 main program: reads in input and, as a check, writes out input for

verification; sets constants to be used in later calculations
according to the system of units specified; initiates execution

TAN returns the tangent of an angle IV

XMAX returns the maximum value of a specified array

XMIN returns the minimum value of a specified array

- . %. 2
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APPENDIX B

SWATM2 USER GUIDE -

SWATM2 is structured for operation on a DEC-20 computer and may
require modification for use on other machines. For example, the DEC-20
does not require initialization of arrays, unlike CDC computers.

The fundamental structure of SWATM2 is illustrated by the block .o

diagram given in Figure Bl. There are four main computational blocks:

- hydrostatic calculations;

- hull added mass, damping and exciting force calculations: done
for each station over a sufficiently wide frequency range and
stored in large arrays;

- frequency response calculations: computation of viscous damping
terms, setting up of system matrix, solution of the equations of
motion;

- irregular sea calculations: computation of root mean square
values of pitch, heave, sway, roll, and yaw in specified seaway
spectra.

The computer code for program SWATM2 consists of a main program
plus a number of subroutines. The main program handles input and initiates I.
execution while the subroutines are each called to perform appropriate
calculations. A description of the computations performed by the individual
program units is contained in Appendix A.

B.1 Input

Program input consists of an alphanumeric title and records of
numerical data, the records being in free format. The program reads the
input from the disk file SWATM2.DAT. A sample input is given in Appendix B.

Detailed descriptions of the input records are given below.

Record (1), 1 alphanumeric string (FORMAT 10A5)

TITLE alphanumeric title of any length up to a maximum of 100 characters.

Record (2), 6 integers

IFIN indicates whether or not the ship has fins.
IFIN = 0 = > no fins

IFIN = 1 = > fins present

19
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NUN specifies the system of units used for input/output data.
NUN = 1 = > British units
NUN = 2 = > Metric units

ICO control integer for program output of added mass coefficients.
ICO = 0 = > suppress output of added mass coefficients
ICO= I = > allow output of added mass coefficients

IEQ control integer for program output of equations of motion ___._

solved, excited forces, and damping coefficients.
IEQ = 0 = > suppress output of equations of motion solved .....

solved, exciting forces, and damping coefficients
IEQ = 1 = > allow output of equations of motion solved,

exciting forces, and damping coefficients
IREG control integer for program output of regular wave responses.

IREG = 0 = > suppress output of regular wave responses
IREG = 1 = > allow output of regular wave responses

ICHECK control integer governing program execution with respect to
verifying input data.
ICHECK - 0 = > allow program to execute
ICHECK = 1 = > suppress execution of program such that the

output consists solely of input data. The '
purpose of this is to permit the user to verify
the input data before the program is actually
run.

Note: (1) If IFIN = 0, Records (11) and (12) are not read.

Record (3), 7 integers

NFR number of wave frequencies for which ship motions are to be
calculated (rad/sec).
maximum = 30

NBTA number of principal sea directions to be considered with respect to
ship heading (degrees).
maximum = 8

NFN number of Froude numbers for which motions are to be calculated.
maximum = 4

NWE number of encounter frequencies for which the hull sectional
potentials, added mass, and damping are calculated (rad/sec)
maximum = 30

NSTR number of positions at which relative and absolute motions are to
be computed for seakeeping calculations.
maximum = 10

NOS number of stations for which hull/strut offset information is input.
maximum = 30

NLOOP maximum number of iterations for determination of non-linear
viscous damping effects. A value of 3 should be adequate.

Notes: (1) A principal sea direction is meant to be the principal

direction of wave advance relative to the ship velocity vector. .

20
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(2) For each principal sea direction, the ship responses for
regular and irregular seas are determined.

(3) For a short-crested sea spectrum, the spreading function is
centered about this angle. A curve-fitting routine (SPLINE) is
used to allow motions to be computed over the range determined
by the spreading function by interpolation. Thus, for
irregular sea calculations, NBTA must be at least 3.

(4) The tables of sectional potentials, added mass, and damping are I.
generated, as a function of encounter frequency, before ship
motions are computed. From these tables, particular values are
interpolated as necessary, since a given wave frequency, sea
direction, and ship speed will define the frequency of
encounter. Thus, it is necessary to ensure that the tables

(5) The hull and submerged portion of the strut are represented by

stations such that Station 0 occurs at the leading edge of the
strut and Station 20 at the trailing edge of the strut. The
distance between these stations, which is exactly EL, is
divided into even intervals. The hull section forward of
Station 0 is divided into evenly spaced stations having
negative station numbers while the hull section aft of Station
20 is represented by evenly spaced stations having station
numbers of value greater than 20.

(6) One record (19) must be input for each of the NOS stations.

Record (4), 2 reals

WLMIN lowest value of wavelength nor dimensionalized by ship length.
WLMAX highest value of wavelength non-dimensionalized by ship length.

Notes: (1) The frequency range for which ship motions are to be calculated L
is determined by the equation:

w where w has units rad/sec

Thus, the lowest wave frequency for which ship motions are to

be calculated will occur at WLMAX while the highest wave

frequency will occur at WLMIN.

(2) The increment in wave frequency between the minimum and maximum

wave frequency is determined in the program by dividing the

frequency range by the number of wave frequencies at which ship
motions are to be calculated less one (NFR - I).

21
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(3) Wave encounter frequencies are calculated for each ship speed,
heading angle, and wave frequency. The range of wave encounter
frequencies is computed by determining the minimum and maximum
of all the encounter frequencies with the increment being
determined by dividing the difference by the number of wave
encounter frequencies less one for which the hull sectional
potentials, added mass, and damping are to be calculated -'

(NWE-1).

Record (5), NBTA reals

WANG(I) principle sea directions to be considered relative to the ship

velocity vector (degrees). There must be NBTA values.

Note: (1) WANGCI = 00 for following seas.
WANG(I) = 1800 for head seas.

Record (6), NFN reals

FN(I) Froude numbers for which calculations are desired. There must L
be NFN values.

Note: (i) Fn = CV/ gEL where EL = strut length (station 0 to 20)
V = forward velocity of ship (knots)
C = conversion factor
if British units used: C = 1.689
if Metric units used: C = 0.5144

Record (7), 1 real

SD one-half the distance between the centerlines of the two hulls
(i.e. one-half the hull spacing) (m or ft).

Record (8), NSTR reals

RBMST(I) station number of position I where calculations are to be

done. There must be NSTR values.

Note: (I) The station numbering convention for RBMST(I) must be
consistent with the numbering of the hull; i.e. Station 0.0 is
at the leading edge of the strut and Station 20.0 is at the
trailing edge of the strut.

Record (9), NSTR reals

RBMHT(I) vertical coordinate (z-coordinate) of position I relative to
the calm waterline (m or ft). There must be NSTR values.

22



r - -- .

I%

Note: (1) The value of RBMHT(1) must be given as the distance from the
calm waterline to the point of interest (in the same
dimensional unit as EL), with a positive sign indicating a
point below. In the program, this vertical coordinate system
is changed to become relative to CG.

Record (10), 7 reals

EL strut length (i.e. distance between Station 0.0 and Station
20.0) (m or ft).

GYR pitch and yaw radius of gyration (non-dimensionalized by EL).
GYRT roll radius of gyration (non-dimensionalized by EL).
GCB longitudinal center of bouyancy given in terms of station

numbers as measured from Station 0.0.
VCG vertical center of gravity referenced to the waterline, with a

positive sign indicating below the waterline and a negative
sign indicating above (m or ft)'

GMT transverse metacentric height (m or ft).
DEPCAT vertical distance (a positive number) between waterline and

maximum breadth point of hull (m or ft).

Notes: () The value of EL is used for non-dimensionalization in the
program and should be used in defining the input variables GYR,
GYRT, RN(1).

(2) By defining GCB = 0, GCB will be calculated in the program.

(3) By defining GMT = 0, GMT will be calculated in the program.

Records (11) and (12) are not to be input if IFIN = 0. Records (11) and
(12) describe the geometry of the allowable arrangement of fins, one pair, A
in Record 11, with the second pair, B, in Record 12.

Record (11), 8 reals

FAL longitudinal distance from Station 0.0 to quarter chord of the
fin (m or ft).

FAY transverse distance between centerline of the ship and the
centroid of the fin (m or ft).

DEPA vertical distance between waterline and mean depth of the fin
(m or ft).

CHRDA chord of the fin (m or ft).
SPNA geometric span of the fin (m or ft).
THKA maximum thickness of the fin (m or ft).
CLFA lift-curve slope of the fin (rad-1 ).
XZFA drag coefficient of the fin.
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Notes: (1) If the fin is full-span (i.e. spans the entire distance between

hulls), then SPNA is defined as one-half that distance.

(2) XZFA may be approximated by 1.2, the value for a flat plate

attached to a wall in a uniform flow normal to the plate.

(3) CLFA can be calculated as follows:

Lift Curve Slope for Fins"

1. 8rtAe
CLFA = lift curve slope = -.'________'

1.8 + (Ae)2 + 4
per radian

r- r2 /r 2 o
where Ae =

avg. chord

where r - radius of submerged hull cross-section at
which the fin is attached.

ro - is the transverse distance from the centre

line of the hull to the tip of the fin.

Ae - effective aspect ratio.

Record (12), 8 reals

FBL
FBY
DEPB

CHRDB
SPNB 4
THKB
CLFB
XZFB

Notes: (1) These are the data for Fin B.

(2) The descriptions are the same as for the input of Record (11).

Record (13), 2 reals ..-. '-

XZFO hull cross-flow drag coefficient.

XZVL hull viscous-lift coefficient. t

Note: (1) For a SWATH with circular hull cross sections, XZFO is defined

as 0.5 and XZVL is defined as 0.07.
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Record (14), 1 integer

ISPEC control integer specifying the seaway spectrum to be used for
motion calculations in irregular seaways.
ISPEC = 0 = > no irregular sea calculations desired
ISPEC = 1 = > Quadratic regression spectrum

(Gospodnetic-Miles) L "

ISPEC = 2 = > Bretschneider two parameter spectrum
ISPEC - 3 = > ITTC sea spectrum
ISPEC = 4 > seaway spectrum must be input -

Notes: (1) If motions in irregular seas are not desired, set ISPEC 0.
If ISPEC = 0, no Records (15) - (19) are read.

(2) If unique spectrum is desired (i.e. ISPEC = 4), the wave energy - "-
spectrum values (S(w)) must be read in for each corresponding
wave frequency (W). These are input as Record 16.

Records (15), (16), (17). (18), (19) are not input if ISPEC = 0

Record (15), 1 integer

NSEA number of seaways for which motions are to be computed maximum
= 10.

Note: (1) For NSEA > 0, one record (18) is required for each seaway.

Record (16) is input only if ISPEC = 4.

Record (16), NFR reals

SW(N,I) wave energy value obtained from the unique sea spectrum
corresponding to the ith wave frequency used in the program.
There must be NFR values.

Note: (1) Record (16) is repeated NSEA times, once for each seaway.

Record (17), 1 real

ANGLE spreading angle to be used in a short-crested sea spectrum
analysis (degrees). If ANGLE < 0.0, no short-crested

analysis is carried out.

Note: (1) If ANGLE > 0.0, a short-crested sea spectrum is considered by
applying a spreading function about the principal sea
direction, with motions computed over a range of angles, in 50
steps, from WANG - ANGLE to WANG + ANGLE.

where WANG principal sea direction (read from Record (5)). "-
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ANGLE specified spreading angle.

For example, by specifying WANG - 900 and ANGLE = 150, a
spreading function is applied to responses computed at sea
directions of 750, 800, 85*, 900, 950, 100*, 1050. Naturally, -"

as the value of ANGLE is increased, computation time will
increase.

Record (18), 2 reals

HSW(I) significant wave height of seaway I (m or ft).
TSW(I) average wave period of seaway I (sec).

ISPEC - 1: energy-averaged period of seaway I (sec)
ISPEC = 2: modal wave period of seaway I (sec)
ISPEC = 3: average zero-crossing period of seaway I (sec) _
ISPEC = 4: energy-averaged period of seaway I (sec)

Notes: (1) If guidance is required in selecting modal wave period, Table
Bl provides the probability distribution of seastate parameters
for the North Atlantic. Alternatively, standard TSW/HSW
formulations may be used, such as the following:
ISPEC = 1, 2, 4 - > TSW - 6.17 + 5(HSW/g)1 /2
ISPEC = 3 = > TSW = 1.96 HSW 1/2

(2) For the ITTC spectrum only, the following relationships may be
used:

To = 1.406 Tz
T1 = 1.087 TZ
To = 1.166 T..1

(3) Record (18) is repeated NSEA times, once for each seaway.

Record (19), 3 reals -

FREEB(I) freeboard at position I (m or ft).
BXCL(I) box clearance at position I (m or ft).
FFACT (I) box slam pressure form factor at position I.

Note: (1) Record (19) is repeated NSTR times, once for each desired
position.

(2) The default value of form factor, k= 20.0, is set if
FFACT(I) = 0.0

Record (20), 1 real, 2 integers

ST(I) station number of the Ith displacement station of the ship.

MN(I) number of offset points used to describe the Ith station.

Y< M,(I) < 20.
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MPS(I) indicates location of parallel middle body.
MPS(I) = 2 = > first station of parallel middle body
MPS(1) = 1 - > each station, following the first station of

parallel middle body, that is part of the parallel middle body
MPS(1) = 0 = > station is not part of the parallel middle body

Notes: (1) The stations corresponding to ST(l), STCI) = 0., ST(I) = 10.,
ST(I) = 20., and ST(NOS) must be given.

(2) STCI) = 0. is located at the leading edge of the strut while
ST(I) - 20. is located at the trailing edge of the strut.
Thus, the distance between STCI) = 0. and ST(I) = 20.
corresponds to the distance EL (i.e. the strut length). The
value of ST(I) will be negative if the station is forward of
Station 0 and greater than 20.0 if the station is aft of
Station 20.

(3) The stations should be evenly spaced between Station 0 and
Station 20. The stations at the nose (forward of Station 0)
and at the tail (aft of Station 20) need not have the same
spacing as between Station 0 and Station 20. They should be
given as, at least, pairs of even intervals.

(4) MPS(I) is used to avoid costly repetition of the calculation of . . -

added mass and damping coefficients.

(5) Record (20) is repeated NOS times, once for each station.

Record (21). NM reals

X(IJ) values of the X-coordinates of the offsets of the immersed
cross-sectional contour (i.e. horizontal offsets) at Station
(I) (m or ft).
I < I < NOS

<J <NM

Record (22), NM reals

Y(I,J) values of the Y-coordinates of the points corresponding to
X(I,J) (i.e. vertical offsets of Station (I)) (m or ft). Refer
to Figures B2 to B4 in reading the following notes.

1 < I < NOS
1 < 3 < NM

Notes: (I) The origin of the X-Y coordinate system is at the point of
maximum draft at the longitudinal centerplane of one hull.

(2) The vertical offsets are input as heights above the hull

baseline.
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(3) All offsets must be input in a counter-clockwise direction.
There are basically three different transverse section
configurations: (1) completely submerged hull cross-section;
(2) hull cross-section with attached strut; and (3) hull
cross-section with overhanging strut.

Configuration 1: Completely submerged hull cross-section (no
strut present). The first offset point must be at the
intersection of the longitudinal plane of symmetry of the hull
with the station contour closest to the surface (i.e. at the
point where the y-coordinate is maximum). The last offset
point must also be this point in order to close out the curve.

Configuration 2: Hull cross-section with attached strut. The
first offset point must be at the intersection of the station
contour at starboard with the design waterline, while the last

offset point must be at the intersection of the design
waterline with the station contour at port. Note that the

program will close out the curve so that the areas can be
determined.

Configuration 3: Hull cross-section with overhanging strut
(i.e. strut not attached to the hull at the station). The
first offset point must be at the intersection if the
overhanging strut contour at starboard with the design
waterline. Offsets are then read in counter-clockwise around
the strut contour until it intersects with the longitudinal
centerplane of the strut. Next, offsets are input down the
longitudinal centerplane until it intersects with the hull
contour. Offsets are then input counter-clockwise around the
hull contour until the first offset on the hull is reached
again. Next, offsets are read up the longitudinal centerplane
(i.e. the same points as before) until it intersects with the
overhanging strut contour. Finally, the strut offsets are
input counter-clockwise around the strut up to the point where
it intersects the design waterline on port. This is the last
offset point.

Refer to Figure 2 and to Section 5..

(4) Records (21) and (22) are repeated NOS times once for each
station. Note that all the x-coordinates for Station (M) are
input followed by all the corresponding y-coordinates for
Station (I); that is, the offsets are not read in coordinate
pairs.

B.2 Output

This section describes the output in order of appearance on the
printout. This may be compared with the sample output given in Appendix C.
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(a) Input data. First, information is given regarding input
records (1) to (20). Following this, the hull offsets are
listed according to each station. These input data are printed -
for checking purposes.

(b) Hydrostatic calculations. Beam, draft, area coefficient, and
critical encounter frequency are given for each station
followed by the hydrostatic data for one hull. These data
include the ship's strut length, beam and draft at midships,
displacement, block coefficient, longitudinal and vertical
center of buoyancy, longitudinal center of flotation, radius of
gyration, and the transverse metacentric height. Also
calculated and displayed here are the heave/pitch restoring
coefficients, the moment of inertia, and the projected area of
the submerged hull.

(c) Regular Wave Calculations. This portion of the output begins
with a reference table which describes scaling factors used by
the program. If the control variable ICO is set equal to 1,
the added mass coefficients are listed along with the
corresponding encounter frequencies. For each specified ship
speed (i.e. Froude .umber), the appropriate table of added mass -,.
coefficients is output. This output may be suppressed by
setting ICO = 0. If the control variable IEQ is set equal to
i, the equations of motion solved are given for each ship speed
and heading angle. This is followed by the damping
coefficients and then the exciting forces, moments and phases
for each ship speed and heading angle. Also listed are wave
frequency, encounter frequency, and the ratios ship length
divided by wavelength and the inverse, wavelength divided by
ship length. This allows the user greater flexibility in
choosing the appropriate base values for making plots. This
section of output may be suppressed by setting IEQ =0. If the
control variable IREG is set equal to 1, the regular frequency L A
responses (i.e. motion amplitudes and phases) are output for
each ship speed and wave heading angle. Again, the same
selection of base values are given to facilitate comparisons.
Also output are the relative and absolute displacements,
velocities, and accelerations at a specified height above the
waterline for each desired station along the ship. This is
repeated for each ship speed and for each heading angle. By
setting IREG = 0, the output of the regular responses is
suppressed.

(d) Irregular Sea Calculations. The remainder of the output
presents the results of irregular sea calculations. For each
of the seaways specified and for each ship speed and principal
heading angle, seakeeping data are given for unidirectional and
short-crested seas. First, RMS values of ship translational
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and rotational motions are given; specifically sway acceleration,
heave displacement and acceleration, roll, pitch, and yaw. Next
are listed the results of seakeeping calculations for each
specified position along the ship at a particular height above the
waterline. These include

- RMS absolute heave motion, velocity, and acceleration;

- RMS relative heave motion and velocity;

- vibration ride quality index;

- probability of deck wetness and number of deck wetnesses per
hour;

- probability of keel emergence and number of keel emergences per L

hour;

- probability of box impact and number of box impacts per hour.

- most probable slam pressure in a 20 hour period of operation.

- extreme slam pressure with I percent probability of exceedence

in a 20 hour period of operation.
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.-. Iil

6.5 1.0 .8 .7 .3 .2

c 5.5 .5 2.3 1.0 .8 .4 .2

4.5 .5 2.4 2.6 1.0 .8 .4 .2 . 1

3.5 .6 3.5 3.0 2.6 1.1 .8 .5 .3 .1
z

c 2.5 1.7 4.2 4.4 2.9 2.3 1.2 1.0 .6 .3 .1

z 1.5 .2 3.0 5.1 4.2 4.1 2.8 2.6 1.2 1.3 .7 .4 .1

U0.5 .4 .3 4.2 4.3 3.0 3.7 2.0 2.0 .9 1.0 .5 .2..i'.

3.2 4.8 6.3 7.5 8.8 9.7 10.9 12.4 13.8 15.0 16.4 18.0 20.0

MODAL WAVE PERIOD (SEC)

TABLE Bi: SIGNIFICANT WAVE HEIGHT BY MODEL WAVE PERIOD -ANNUAL PERCENTAGE
OCCURRENCE IN THE NORTH ATLANTIC (FROM REFERENCE 12)
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APPENDIX C

SAMPLE INPUT FOR SWATM 2

This input represents SWATH 6A in bow seas. For directional seas,
it is necessary to specify a range of unidirectional headings, typically 0
to 180 degrees in steps of 30 degrees. This has not been done here to save
space.

SWATH 6A REGULAR WAVE TEST CASE .
-. I I 1 1 1 0" "

25 1 1 25 1 22 3
1.5 10.0
135.
0.4537
37.5

* 10.27278
7.330

172.3 0.315 0.223 0.0 7.44 15.00 19.17
40.44 25.75 19.17 8.5 10.2 1.28 4.38 1.2
188.12 23.55 19.17 14.7 17.6 2.2 3.43 1.2

0.5 0.07
0

-2.4 9 0

-1.6 9 0
-. 8 9 0
0.0 9 0
1.0 15 0
2.0 15 0 "-' -' -

3.0 15 0
4.0 15 0
6.0 15 2
8.0 15 1

10.0 15 1
12.0 15 1
14.0 15 1
16.0 15 0
17.0 15 0
18.0 15 0
19.0 15 0
20.0 9 0
21.5 9 0
23.0 9 0
23.8 9 0
24.6 9 0
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0. -3.44 -4.87 -3.44 0. 3.44 4.87 3.44
0.

12. 37 10.94 7.50 4.06 2.63 4.06 7.50 10.94
12.37
0. -4.23 -5.98 -4.23 0. 4.23 5.98 4.23

• 0.

-1348 11.73 7.50 3.27 1.52 3.27 7.50 11. 73
13.48~

0. -4.70 -6.65 -4.70 0. 4.70 6.65 4.70
0.

14.15 12.20 7.50 2.80 0.85 2.80 7.50 12.20
14.15

0. -5.06 -7.16 -5.06 0. 5.06 7.16 5.06
0.

14.66 12.56 7.50 2.44 0.34 2.44 7.50 12.56
14.66
-1.06 -1.06 -1.06 -1.06 -4.89 -7.47 -5.28 0.

5.28 7.47 4.89 1.06 1.06 1.06 1.06
* 26.67 22.74 18.82 14.89 13.14 7.50 2.22 0.03

2.22 7.50 13.14 14.89 18.82 22.74 26.67
-2.17 -2.17 -2.17 -2.17 -4.47 -7.50 -5.30 0.

5.30 7.50 4.47 2.17 2.17 2.17 2.17
26.67 22.67 18.68 14.68 13.52 7.50 2.20 0.

2.20 7.50 13.52 14.68 18.68 22.67 26.67
-3.01 -3.01 -3.01 -3.01 -4.11 -7.50 -5.30 0.

5.30 7.50 4.11 3.01 3.01 3.01 3.01
26.67 22.57 18.47 14.37 13.78 7.50 2.20 0. 1 ..

2.20 7.50 13.78 14.37 18.47 22.57 26.67
-3.41 -3.41 -3.41 -3.41 -3.92 -7.50 -5.30 0.

5.30 7.50 3.92 3.41 3.41 3.41 3.41
26.67 22.51 18.34 14. 18 13.90 7.50 2.20 0.

2.20 7.50 13.90 14.18 18.34 22.51 26.67
-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.

5.30 7.50 3.81 3.63 3.63 3.63 3.63
- 26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.

2.20 7.50 13.96 14.07 18.27 22.47 26.67
-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.

5.30 7.50 3.81 3.63 3.63 3.63 3.63
26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.

2.20 7.50 13.96 14.07 18.27 22.47 26.67
-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.

5.30 7.50 3.81 3.63 3.63 3.63 3.63
26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.

2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.
5.30 7.50 3.81 3.63 3.63 3.63 3.63

26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.

5.30 7.50 3.81 3.63 3.63 3.63 3.63

26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
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2.20 7.50 13.96 14.07 18.27 22.47 26.67
-3.48 -3.48 -3.48 -3.48 -3.88 -7.50 -5.30 0.

5.30 7.50 3.88 3.48 3.48 3.48 3.48
26.67 22.49 18.32 14.14 13.92 7.50 2.20 0.

2.20 7.50 13.92 14.14 18.32 22.49 26.67
-3.12 -3.12 -3.12 -3.12 -4.05 -7.50 -5.30 0.

5.30 7.50 4.05 3.12 3.12 3.12 3.12
26.67 22.55 18.43 14.32 13.81 7.50 2.20 0.

2.20 7.50 13.81 14.32 18.43 22.55 22.67
-2.43 -2.43 -2.43 -2.43 -4.31 -7.42 -5.25 0.

5.25 7.42 4.31 2.43 2.43 2.43 2.43
26.67 22.62 18.57 14.52 13.55 7.50 2.25 0.08

2.25 7.50 13.55 14.52 18.57 22.62 26.67
-1.43 -1.43 -1.43 -1.43 -4.56 -7.21 -5.10 0.

5.10 7.21 4.56 1.43 1.43 1.43 1.43 -
26.67 22.63 18.60 14.56 13.08 7.50 2.40 0.29

2.40 7.50 13.08 14.56 18.6"0 22.63 26.67
0. -4.81 -6.80 -4.81 0. 4.81 6.80 4.81
0.

14.30 12.31 7.50 2.69 0.70 2.69 7.50 12.31
14.30

0. -4.22 -5.97 -4.22 0. 4.22 5.97 4.22

K 0.
13.47 11.72 7.50 3.28 1.53 3.28 7.50 11.72
13.470. -3.33 -4.71 -3.33 0. 3.33 4.71 3.33 "-'

0. L
1.1 10.83 7.50 4. 17 2.79 4. 17 7.50 10.83

12.210. -2.32 -3.28 -2.32 0. 2.32 3.28 2. 32 -:"

0.

10.78 9.82 7.50 5.18 4.22 5.18 7.50 9.82
10.78

0. -1.06 -1.50 -1.06 0. 1.06 1.50 1.06
0.
9.00 8.56 7.50 6.44 6.00 6.44 7.50 8.56
9.00
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APPKUDIX D

SAMPLE OUTPUT FOR SW&Th2

This output was generated using the input file in Appendix C, on a
DEC 20-60 computer.

R:irducedro
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00A?710 SHIP NOTION$ OF SWATH 6A t10.LOLAR WAVE TEST CASE FACE

SYSTEM Of UNIT$ USED : SITISH

SWdATH 6A 11USOLoAR WAVE TEST CASE

1 &1 1 1 1

0000000.

0.435370
37.50000

14.00000 
'

30.00 000
172.30000 0.31300 0.22300 0.00000 7.44000 13.00000 19.47001)
90.44000 21.71000 19.07000 3.50000 10.20000 1.28000 4.30000 1.Z000 .J 9

18.10 23.35000 19.17000 14.70000 17.60000 2.20000 3.43000 1.20000
0."00000 0.07000

0. 0000
.0.000 9*91 00
34.00000 20.00000 0.00000
:2:400000 0
1.600 9 0
.000 0
0.0000 9 0

.0000 1
.0000 1LS 0
3.0000 10 04.00 13
.000 1s 2
0.0000 13 1

'0.0000 105 1
.2:000.0 131 114.0000 13 1
16.0000 1S 0
17.0000 I1.00 13 019.0000 13 0

- 2.0000 9 0
21.30 9 0
13:.0000 9 0
23 . 000 9 0
24 .4000 9

094790 SHIP 40T1000 OF SWATH 6A IRREGULAR AV TEST CASE FACE14 2

STATION -. 00
0.0000 -3.4400 _4.#700 -3.4400 0.000 3.40 480 3.40 .00

12.3700 10.9400 7.5000 4.0600 2.9300 4.0600 7.3000 10.0400 2130

STATI0N -1. 6000
0.0000 -4.20 -1:9600 -4.300 0:00 4.30 0.60 00 0.0
1340 11.1L 300 700 3270 1.32000 3.2700 700 170 34

STATION -0.6000
0.0000 -4.7000 -6600 -9.00 0.0000 '.700 650 " .700 I 0.4000-
14.1500 12.200 730 Soo00 0.a000 so00 7000 122000 14.ISO

00 STATIO 0.0000740
00000 -3.0600 -Y7.1600 -50040 0.0000, 3.o0 7.90 .0600 U.0000

14.6600 1 2.0600 7.0000 2. 4400 0.3400 ,.400 7.0000 1L2.5600 1 .:6000

STAT10N 1.000
-1.0600 ~ ~ ~ ~ _ -100 1090 -. 90 -. 90 -. u -0.0000 0.0000 5.9000 7.-700

4.0900 O.b60 1.60 100 .0900 .

2 6.6:7 00 22.0600 1G.OZ02 :.00 L3:14'000 110 7. S0U 2.2200 0.0300 2.2000 7 . 5.v
13. 1400 14.0900 10..200 22. 7400 29.9700

STATTON 2.oO

".70 -. 70 -. 70~.70 - .47 -7.3000 -0.3000 0.0000 5 3200 7.Soouo
-. 470 2170 2.170 -.,0 010

2660 260 0900 1!.6000 13:5200 2.vo .2000 V.0000 2.2000 7.3.100
10.00 1 .60 1.900 2 2.000700. 6 00 76730 J

1010 3.00000

13.7000 9.6800 L8- 700 22.6700 00.0730

S'041106 4.0000

-3.10 -. 3 390 -"."10 -01200 -7.0000Q -0.3000 ).1.000 5311, '.500.

19600 2.103 1 200 1~ .00 s1 7.10 I. 5Oooo 2 .20o,0l. vQ100 . 20.00~ ~
'7.100 4,00 1.. 12.7-Il 0.730O

STATION 4 .3110

-3.93011 -3.00 -0.10) 0.30 -. 00 -7.50ooo -0.2.100i oUo000 5. 301,0 7.5o0

0.10 3.00 3.11 .30 00

29. 1. 12 2 .0. 0 1 .37 - 00 L3.0933 ". 50.10 2. 20w) - uO~ 2 40 , ~ 0o
L3.9000 9. k78,0 . .23;) 20.5 420 ah. h00

-0.300) -3.630, -1030 -2.0000 -0,.100 -7,.Soo, -3.I 0 . 13.000I 3.J 10, 5- .- 11 01
0.0100 3.6100 1.00 3000 .300

.6670 12 .72 ;. 0.2701) Z-0700 1 3. 9600 7 - Stoo 1. OOU -. 00v 2.0, ".vw

.3.90j t0.1730 18.21720 .2. 1700 Z..oM'

.~4 . .. . . . . . . . ... . .



SIIAT"O SHIP NOTIONS OF SWJATH 6A EIKGULAZ WAVE Tk6OT CASE FAG&

STATION 1O.0000
.3630 3.30 -. 600 -3630 3.10 -."00 -:.3000 U.LI000 5.3000 7.50UG

3.8100 3.65100 -3.6300 -3300 )3.0

2660 2470 210 .00 13. 6~~ 00 1.30 0 .20 0.0000 2. Oo 7 .5000 -

STATION ZOO

::600 -. 300 -3: -. 1300 -31:.1100 -7.5000 -8.3000 0.0000 5.3000 T. 0
3.6100 3.0300 3.6300 3.6300 300

06.60 22.70 0600 1.00 13.800 7.5000 Z'2000 0..0000 2.1000 7.8000
13.6600 L4' 16.0000 16.:2700 Z0.6700 26. 6"00.-

$TATILON 16.0000
-3.6300 -3.4300 -3.6300 -3.6300 -3.8100 -7.50;0 -5.3000 0.0000 5.3000 7 .5060

3.8100o 3.30 3.30 6300 3.6300
6.6700 22.70 , 6270 16.0700 13.,00 7.5000o 0.2000 0.0080 2.2000 7.5000

13.8600 1.07.00. 1.2700 260 660

STATION 16.;0000
-3.4600 -3.60 -00 -30 -360 3800 -. 00 -5.3000 0.0000 :,l3000 7.500

3.80 3400 1.4800 3.80 3",.6800:' - .-
26.7008200 0: "a. 3 14.0 03.20 7Oo .00 .00 0.0 7.06

13.9200 L!.1400 183200 241900 26.6700

-3.1200 -3.1200 -3.10 -3.1200 -6.0500 -7.5000 -5.3000 0).0000 8.3000 '.5000
4.000 3.120 3.1200 312 00 3.IZO 0
0600 21.500 L'.630 16.300 13.8100O 7.5000 2.2000 0.0000 2.2000 7.5000

13 .8100 14.3200 T14.6300 2 2.8800 22.600

STATION L800
-2.6300 -2.630 -2.6300 -0.6300 -6.:310 7600 -. 50 0.00 510 760
4.3100 2.63000 2.630 0 2.43 00 2.63 00 0 -. 5O OUO .5U 74

2 6. 67,00 2 2. 6000 1 .31700 164. 5200 131.58100 7.5000 2.280U0 0 U.0 2.180)0 7.50.u
13.5500. 1520 18.800 2.I.0 26.600

STATION L9.0000
-1.6300 -1.43 00 -1.6300 -1.6300 -1:6.600 -. 10 -5.1000 0.0000: 5.1000 7. 110

6.3:'600 1.6300 1.300 1.0 . 30
260 0 22.630.0 18.00 16560 12060 7.5000 Z.&00 0Z0 2.66 7.500

l300 6560 a6600 22.6 300 26.067000

STATION 20.0000
0.0000 -6.0100 -6.6000 -6.8100 0.0000 4.8100 6.000 6.8100 0.00

14.3000 12.3100 7.5000 0.0900 0.7000 2.6900 7.8000 L2.3100 16:.000

STATION 2 1. 500
0.0000 -'.2000 -5.9700 -6.2200 0.0000 6.0000 8.8700 6.2200 0 000u
13.4700 1 120 7.5000 L.80 .5300 ).28 0 0 2L: 0 , 3 300 7. 500 11.7200 13.60

STION 23.0000.10 .30 0 00
00000 -. 00 -1.710. -1.3100 0.0000 3.33 0 .10 3.00 000 . -
1.0 10.6300 7.5000 4.1700 2.7900 6.1700 7.5000 10.6300 12.2100

SUATNO SHIP M0TI0N$ 0f SWATH 6A IKUCOULAA WAVE TIST CASE FACE 6

STATION 23.8000
0.0000 -2.3200 -3.2600O -2.3200 500000 2:.1000 3.200 2:3200 0:000
10.1100 9.820 7.800 5.1o00 62200 a0 75 000 8.620 0 0.0

STATION 26.00
0.00 -. 60 -. 00 .60 0.0000 l.00001.5000 .00 0.0000
.0000 6.360 7.00 '660 000 6.600 7.5000 6.8600 9.0000
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SWATNO 3111 NOTIONS OF SWAT8 6A IRREGULAR W11 TEST CASE PAC -

STATION lEAN AFT AtIA COEFFICIENT
"Z. 0 0,0000 %.7400 G.81 I..b.
-1.6000 0.0000 11.$600 0.8339
-O.S00 0.0000 9.3000 0.8326

0:0000 0.0000 L4.3200 0.8324

Z. GO.0 11 Do0 6 1 0. 1.9624
3.0000 6.0200 2 .6700 1.9386
'.0000 6.200 16.6700 1.373M
6.0000 7.2600 26.6700 1.3532 i fl
8.0000 7.2600 Z6.6700 L.3035
10.0000 7.2600 26.6700 1.353
12.0000 7.0600 26.6700 2.3333
16 .0. 2000 660 26.600 2.0 3
10 .00 6.9600 26.6700 1.3919
17.0000 6.200 26.6700 2.4238 I
18.0000 4.8600 26.5900 1.7806
9.0000 2.8600 26.3800 2.6034
20.0000 0.0000 13.6000 0.8339
21.5000 0.0000 11.9400 0.8308
23.0000 0.0000 9.4200 0.133"
23.$000 0.0000 6.3600 0.338L
04.6000 0.0000 3.0000 0.8323

CRITICAL ENC. 7019. 0 S:TTO -. 000 - o.o"'.0000
C ITICAL INC. FRED. PO STATION -. 6000 * 0.0000
CRITICAL INC 1 119. 101 STATION -0.8000 0.0000
CRITICAL INC. F11Q. FOR STATION 1.000O * 0.0 0
CRITICAL INC. F1Q. FO STATION 0.0000 - .0 00

CRITICAL INC. F8Q. FO STATION 1.0000 11.1679"
CRITICAL INC. FIJQ. 101 STATION 3.0000 * 9.1826
CRITICAL INC. 1119. 10 STATION '.0000 - 8.90
CRITICAL INC. .1Q. 10 STATION 6.0000 * 8.637-
CRITICAL INC. 111Q. 10 STATION 8.0000 8.6347
CITICAL INC. 1019. 101 STATON 20.0000 * 8.616

"

CRITICAL INC. FRQ. FOR STATION 12.0000 S .6367
CRITICAL INC. ?RQ. FOR STATION 1:0000 1 .634
CRITICAL INC. FRAQ. FO STATION 16.0000 8,818-

CRITICAL INC. F119. 101 STATION 17.0000 9.313
CRITICAL INC. FS1Q. FO STATION 18.0000 3 0.5934 I
CRITICAL SNC. FR. FO STATION 19.0000 * 13.7573
CRITICAL INC. FRIG. FO STATION 20.0000 0.0000
CRITICAL INC. FRQ. FO STATION 21.000 1 0.0000
CITICAL INC. F19Q. FO STATION 9. 0000 L3 00
CRITICAL INC. FISQ. FOR STATION 23.8000 0.0000-

CITICAL INC. 111Q FOR STATION 24.6000 - 0.0000

MINIMON CRITICAL INC. FRQ. - 0.0000 001 TO STATION 24.6000

SWATNO SHIP NOTIONS OF SWATH 64 IRREGULAR AVE1TEST CASE 1AG1 6

. DATA FO O0 NOLL...

LINCTH seTIrJIN PePlOICuLARS 72.30000 FELT
SIAN AT 1DS61 - 7.26000 FlIT

OLAF AT110817- 0.000 IIITDRAFT AT N'OSM[P o" "TD IST

DISFACIIINT - 1 7067 LONG TONS
BLOCK C0 1IC[.4T . 1.44947

LONGlTSOI7EA. ClNTSm 07 BU07 Y - 88.261.1 FEZI APT 0 7.f.
LONGITUOINAL C NTIR OF UOYANCY * 10.4509 5TAT[UN " .4U2NG 'I4 I 1 0TKUT
LONGITUIIAL C[OTII o1 ILOT.T1ON - $6,77533 F11T 4? Or 7.7.
LON GTOI0NAL C NT R 0 1FLOtATION L0.07059 STATIONS .AONG EDGE UF STKUT

VISTICAL CC T 3R Of SUOYANCY L 16.03670 F1T FRMu THE 01510114 .4 U jA U 4 LATE .
RAOIUS OF GYRATION/L.0&1. * 0.31500

TRANSVERSE 49TACENTI1C 7 KEG" I 15.001)-W FEET
&AN2/DRAFT 0.27222

LSNGTH/SCAN 23.73278

THE EAVIIVAY CSLTORING COIFItCI0T IS S.o635
II A IiAYI-PET 00STOR N c r11Ic"IO2NT"S -0..31.
THE PITC8-FITCH RESTORING COCFFICIENT 1S 0.16731

P AOJLCT ARA o4 TH SUN1R1D HULL,LT*2 * 0.108621.00
0OMtXTlL--3 - 0.1 660 09E-02 '0M1?RE 1 IN0IA 4 ~ 1.1 601

MULL SEPARATON/SIAN " 9.3306
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SWATWO SKIP 10TIOSS OF SWATH 6A IREEGULAR WAVE TEST CASA PAGE "

DYNAMIC CDFEPPCIHKTS 4F THE iQUATIONs oe 107108

A22 AN A33 Alt SCALED SY .

A26 ,A26 A2 ,A33 ,AND AID All SCALED KY Y'L. 1I
AAA,A4.,AIAA6.AND ADS AR1 SCALED Y I L"L.
22 AD 533 AE SCALED l M*QTG/L.L
N24.N26.S6S.535.ASO &53 AlE SCALEO KY M'SQIT(GL). ."
6AA.,46.56. ASD 5 AlE SCALED QU i'LSQET(0').

(564' 1 544 LECLUDING CROSD-FLOW 0EAG CONTKISUTIOs. .

EXCITING ?UICE.:SMNTD ASS FNA3SS

TEt SWAY FOCE IS SCALED BT KGC*A. %
TEE lOLL AND YAW MOMENTS AlE SCALED AT -G-A.

(OMENT DESOTES TKE MOMENT SCALESD .U MG-A-(AYE SU1S ).)
a YE VOICE AMPLITUDE IS SCALES ,Y TE lEAVE ISTOKIING FOICE
C33 - IlO*GA. WATEEFLAKE AREA). I:

TEE MONET AMPLITUDE CS SCALES IT THE PITCH AESTSAKIG ASENT
CI * .IO'G

6
A.(MME? SF I.EITIA OP WATEEPLANE)/L. 4

('KOMEST DNOTES TEE 'KOKEST A-4 PLTUDS SCALED IY L*(WAVE NUMIEII)*CD.).

NOTION AMPLITUDES AN IEASED

TEE SWAY AMPLITUDE ASD TEE HlAVE AMPLITUDE AlE SCALES SO A.
TEE lOLL AMPLITUDE IS SCALED BY *AI.
TEE YAK AMP ITUDE ASS TEE PITCH AMPLITUDE ALE SCALED It Z*A/L.

('IOLL DEMOTES LOLL AMPLITUDE SCALEO 6Y A(WAVE NUNIEi).) 
(*YAK DENOTES YAW AMPLITUOD SCALED SY A'(W&V NUKER).)

R TCE NOTES FITCH AMPLITUDE SCALES 41 A-(WAVE NUMBKE).)

.4 IS TEX DISPLACED MASS.
C ID THE ACCELEIATIOM SEE TO CLAVITY.
L IS TEE DISTASCE STWEC I P EPE NDCULA"S.
A IS TEE WAVE AMPLT MDE.

S ID TEE TOTAL NULL SEPAEATION.
SO IS TEE WAYSE DENSITY.
F IS TEE PROUD KUM$El - (POSWAID SPEED)/SQRT(G'L).
STA IS TEE WAVEKADION ANGLE IN DEGREES.

(SETA-160.0 fI SEAS SEAS.) C
OEA is TEE NCOUNTER FREQUENCY MOK*OIMNSONALIZD BY SQRT(G/l). CO.THE BULL SSPAIMATION/15A RA0 1S TE D ISTANCE &ITUSN"- ",*;

T, ULLS DIVID S TEE SAM 0F ONE lULL.THEl IEAS ANGLE IS %ZASUIKO IS 0C1993S WITH RESPECT TO THE WAVE AT CO."'-.-'-

L/LAM - L/(WAYE LSHOT).

SWATNO SKIP M0TEONS OP SWATH 6A ILEGULAR WAVE TEST CASE PAGE K

SAlE NULL POTEKTIAL FLOW AOEO 'ASS AND DAMPING COEPFICE9TS
FP * .454

ON A A33 A35 AI3 ASD 533 535 53 S5
0.9942 0.428175 -0.092S2D 0,091015 S.17601 0.200272 0.193394 -0.195132 0.032716
1.09'1 0.61973S -0.07a9 0.07 362 0.13817 0.192 0*27 S 112 -0.191ll0 .0U-540.
1.1939 0.4L3678 -0.062306 0.060964 0.145709 0.193647 0.186921 -0.L8D8a4 0.03 96
L.938 0.409256 -0.031374 0.03016' 0.13D3L 0.18730A 0.184913 0.1 a46 U0.312-
1.3936 S.A036A9 -. A042ASI 0.3A1413 0.128164 0.179585 0.LS3209 -U.L84877 .316L
l.4K35 0.01920 -. D34912 0.034150 0.121687 0.169756 0.1981380 -O.1SJ322 0.020734
1.33 0.397144 -. 27367 0.U~ d 0131 0110 1.701-.023 *.Ii~
L.6931 0.393021 -0.0L7337 0.117997 . 1 J18 f 3.1bZ119 0.177401H -v.q7919 0.01)11k
1.7950 0.398733 -0.007181 0.0S7303 u.10368 o. O0D 0.18(19*6 -0 .18146 .09t37
1.9)80 0.30 0 0.O9)7

1
' 1. l6lvo 1.131 24 0.180369 -0.183059 J.O1135"

1.9927 5.412909 -0.004777 0.003007 0.L04333 0.0340'4 0.18758 -1.167115 -J.'10431
2.0925 S.570365 -0.000870 0.0050 L.LL4SO J.322 ZOL.21104 -o.260881 O.009679
2.1924 0.50977 -0.000190 1 .20A93K 0.109908 0.027181 0.263623 -0.26336b 0.307737
2.2922 0.386792 0.000553 0.40016 0.10848L 3.099K9 0.236013 -0.266380 J.auU0 ,3 1
2.3920 0.59334Z 0.001198 0.003233 0.107665 0.012842 j .26805 -0.26f993 'J.0UJ8U-
2.A919 0.600662 0.001635 0.002734 0.107398 0.307517 0.27L39 -o.273102 0.OOIaU8
2.59L7 0.434236 -0.002165 -0.001399 0.099969 0.05671 0.196Z5 0 0.198019 J.0 60 1"

I.6916 -0.423930 -'3.32239 -0'24951 'k.*-idH 1.10388 -. 1936539 19)034 ). VIL3?
2.7914 -0. 106687 -10. 013429 -3.0)11339) 0.04632 .173Sod -0.030903 0. 064771 .1oAJU47 1
2.0913 0.118933 -1.11038 -0.307513 0.089054 0.0324?7 0.uS217 .. 55763 U.'3917
2.9511 0.168744 -0.0118 - Z J53 i00342 , 9 19) h l073j L)4 -:',. ) (.3 1 3 191"

3.01 .2 1 ) -. 00 9042 -0.00~19 1. 1 64(4 9.3711463 .L10372 --J.11-L3h -1125394
3.190 3.76919 0.000899 3,310395 1.111309 3.106407 :.1. :,. 33 1308 .j..1(

7
6

3.2906 0.955689 0.004316 3.3)t190 1.111* .1343*2 0.A3113. -0.433038 0.330973
3.3903 3.630K36 -0.003732 3.3089114 .102786 0.180O2 06 10.2839 -, 99 1..44
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0ATM0 SHIP OT1OS OF i4AT8 6A IKREGULAR WAVE TEST QASE PAGE 9

SAKE MULL POTENTIAL ?LJW 351E5 lASS CUEPPECICNTS

OMEGA A22 4246A42 A24 462 444 446 46. 466
0.9942 5.60013 0.316563 0.294221 -O.7419 0.038973 -3.74951 3.75036b I.15 1Z7

01.7 3 3. 4 5 0.317702 '1.611671 -: 480 : .0379 U 9 180 - 0.0 3633 - 01275 4 5911 2,

1.9939 2 36 254 0 395056 0 45 5960 0.3143915 0 0359 3 L J.032 94 6 0 .0 , 2 2 LL 9
.293 1 079317 0.3902 0.579768 -0.39569 01.059 0.023703 -0.01Z40 0.5L33

2.393 '.973957 4 029 935 U3368 -J14362 0.03 07 00221 -0.314532 0.9077V1 . 9 3 5 " 8 7 0 . 2 6 2 7 4 0 .6 6 U 0 - 0 , 4 g 5 4 U 3 9 7 8 0 U U 3 3 6 -5 .v 3 9 5 j 7 9 7 B
1.5933 4. 2 47 3.31 030 7 2.301 -92 016 a .0393Z7 0036215 -005263 3U.7813601.693t 3.9L3LOL 0. 2SI315 U .4h 2 50 -) i t ~q ). 15679 J 7 LL 2'.}7 ) . ZI7

L.7931 5. 4159 '.287497 .3 3L5,17 3.463 3794 0.0-:17 -0.203529 J.734313

2.13-30.846166 -. 6427 0.291 9 -0.1 .067 0.051435 -0.01846 -O.149543

2.91 -7.3487 62875o9 0.3261¢ -,3.490777 3.309071 0.037 -002687 -0.565301

.390 3.755988 0.138163 0.17079? -0,32376o 0.0067 0.0122 -0,24372 0 . 279 5
3.019 -2.2 67 -0. 090 0.140 -. 433941 0.033368 0.01o265 -0.02L473 -..4955 L
2. 9, 4 .1 5164 0.2 79 O.56L 1 1 .2,b] 0.039 9 U .576 U U L9 6 _O 02 26 0.8 3t84 U _ "1".

2.3903-0.98642 -0.2335 0.1291 -0.27456 0.026877 U0.0LZ75 -0.01436 -0.05 97"
3, 9019 4. 3 619S 0 . 82 5 0 a. 3 79 -ULO3592 U 06589 0. 020 26 -UO.Ct973T UZ 5 9

5 31 .08V90118 012679 SWATH06 0.kA g -0.GOAI AV 9TS CA S PAGEZ6 0,Z57 0Lgb5 "
Z.94 0.071 -8189 -252944 2.014637 -038383 0.063192142 0.33117 0.1465U

1.096 -0.814414 -3.07789 -2.471365 23663-.193 -0 .321313 0.26667 0.1938-,0350-,74S20." .

1.193914 -012263 0.33 48 27 -2. 60 290 0.023 ,02 -0.14137 L.24 9 -0.26797 1 1"-U

1.39L336 .46 2.2932 3.111 -20 6 2.280 0.36 -034" 0.392 341219
1.98 2897 . 9 8 297097 2.096789 0.06720 U -0.'2565 013444 .47339

:0:4i~~~lly~ 1 :_DL55U

1.95 33342 01573 1.0826 1.5370.0 094063 -01161 ).1272 -0.512729

. 4.090408 0210725 -. 3735 1.5309 00155 -4.0146 0.055 U.454
42.108838t 0.25700 -1200 1.3871 0.015338 -0.0154 -0.013463 -0.11954,

.2933 -.. 3933 -0.2 357U36-0.99400)5 10.1579 1 0 .0198 0U.06328 035_.U13 _U.07990 0.483

2.2932 .93663 -0.2323 -1. I21111 -0 190 0.0208657U05 -0.11228 0.1251 -0.033221SWATHO SHIP MOTION$ Of SWAT. 6A IRREGULAR WAVE TEST CASC PAGE LOi

&A&& HULL POTSNTIAL Fl.OW OAMP[NG COEFFICIENTS " "

ON|CA B22 A26-642 326 562 344 9A 64 36:2 ..

2.3930 3.41 4344 0.22994 -1.72911 1869 2 6 -0.02 93 0.0332 0.33171 0.33767

I . O9 1 9 3.0 4 2 5 4 01 . 0 6 9 3 -1 . 0 1 5 6 5 . 5 95 0 . 0 9 6 3 2 : 0 . 0 7 5 3 .11 9 6 7 0 . 3 0 2 7 0 
-4 2

2.39 1 1.22539 0.0547 -2.32600 2.43322 0.0023 -0.11138:0 o.135A8 0.2719 
-

.1.293 1.3200 0.090386 -3. 2 3.76233 1 13 0.1370359
2.714313. 08829 4.3180-9542.1230-2.36379 0.2614 -2.124 0. 39L 3 O.LZt97I
2.89T3 20.82390 12397 -. 995091 3.299 0.3084 -0.743468 0L34143 0.733893.5909 5.3382 0.329593 -1.a01091 1.955367 0.00940 oU.LL761 0.127927 0.49727
.693t 3.7,,,,16 0.035, .64972 .811736 0.0,L0 .09039 0.L2034 0.509 7.
1 79 30 3.96 5 144 0 .22 550 3 -0.0204Z9 16 7 1906 0 .0 0 766 , -030 0 L1320 0 .5 4 5 6"
3.2980 4.096265 3.24474 937 17340.91 .0L57 9 -1.12460 0.1102950 U.53548299 1 .. ,2 0..50 30 090 SO 3 .,. 0S 001133 -0.0 IS34 0 095463 0 S15
2.0925 ,0 395 03 0 .25315 a3 -0.9 6 4005 IL5749t 0o.Le028 - 0.065925 0:07990 a 0,48 12 3
2. 192 A 3. a9760 4 0.111123 -4. 19246 3 4.359932 0.020 0 o0.25 L340 .2A L 41 4 73 02.2922 3.691 661 0,24 2 3 -L.8231 I .9096 U020865 U L 2 23 O. 276 0.0 35Z -2' 1' "
2.390 3.74134 24930 0.414894I 1,36846 0.0209 -.,0386 , 6457 .,1737Z..9 19 3.042554 0.206936 -L,536 9 [,385 0.020345 -0,.07563 U. LI9564 0,.302 07 a.
2.5917 2.497416 0 . 70 727 _2.2 65 008 a .373.28 0.015519 -. 125290 0 .13559S 0 .22878- ' a

2.69 6 1.666068 0.198886 .3.619702 3.7623a3 O.Ot Ot2 -O.L87779 0.193203 0.L37803 1

2.7914103.058629 4.737478-42.610390-24.365792 0.246514 - Z.064523 -O,949660 1 8.4.156
2.89k3 20.823 $90 1 .2 37062 L3.g9q$54S-0.99049 0,008 3 0.743468 -. 739563 l,56 L36 - --

1 , 91 1.738519 O:.4 1 83 13,11117 - 1 1 l4 O I L'g. 0,1 38 -0.[9 7 . .. . 2 5 73

3.2906 4.062657 ,264744 J. L71 ?47 -'J.q ') .tj U.0)t4StL I, 12| ) -O ) 9 4 :, '1 3 U7'
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99 - .4.

VA 4TNO SHIP 4OTtOM$ OF $W - 6A IKFLEGULAit WAVE TEST AS PAGk It

O tGA All3 Al AS I3 ASS 31 3 35 53 3

t.94L 0.504500 0.23853 ).111699 3.198'032 1.361'.2 .U3603 2.3l3I1I II-.
1939 3.49846 -0.024q70 0.098299 3 . 402667 l ..uJ4 I .39.2 o 033 338.

L1.2938 3.49044 -0.01439 08700 0.7173 L.39319 1 a .556
1.3936 O..90436 -0.00313 0.078739 0.162063 1.523 9 0.33.986 3.129966 U.3 22 71 Z7 .- b
1. 93 5 0.40.071 86 0.136427 1.376 2 0 0.5331 9 .11021 0.317 1"
1.3933 0.61931 0.009969 ..3 2.147796 1. 3943 . 3u#63 0. L1356 U.3663
1.6931 0.477809 .u19999 '.j0 52 1 6. d 1383 U.549t87 "3.18624 0.39323
1.7930 0.483523 0.030114 0.064839 a. 387L L.25871 2.55Z443 U.113697 ".Ju 274,
L.8928 0.93019 0.2326-63 j.2,L06 O.136266 L.62LS 0.357k4d LO764 0.3006.-
1.9927 0. 497697 0.03 23 0.)40343 *.) 13 3b43 . 4U77 'J.559237 .1U7727 J. .3 62v
20o90 0.6613 ,1 . 1466 0.343195 0. L4O130 1.219163 ';.60993 1.033961 .. . 115

2.2922 0 671S80 ' ..0379886 0.U4134Z -I34? 7 *. Z1,9 1 .:A?11 0:J$663 0.I966.
3920 0.6710 0.03453 0.331929 3.11630 1.239880 0.685A 0.223 ..04 "84. 9 1 9 0 6 3 0 0 . ) 8 9 7 L l 43 0 0 6 9 L a]S 2 ")()O . ~ 8 . Z 6 . 9 9 L 1 '

.09L7 0 .5708 0.03590 3.23374t6 0.12245 1.212 38 2. 1 6 0. 0962 0 .37904.190 -0.3396 2.039 0.OL635 2.938 1.31310 2.719143 0.233983 6 .1984 Z
3.2 0 1.023899 0 .021906 3.03909 0.190 1.04123 03933 -2.120196 2:.3292 .$a9 3 0 .20 3 7 2 1 0 .0 2 62 9 7 0 .0 29 6 2 2 b. 5 56 k L.Z b 6 .U 2 39 36 0. 2 4U 0 O L a L -

-
2.99LI 0234531 0.026514 0.031904 0. LL$630 L.2590 0.46663 O.2319923 0 .3'03 " "2 -4 to

3.0 09 0 .376288 0 .028294 0 .035746 0 .122915 L . 8 5154Q6 02 15 L 0. 1607 07 0 .3LL~ 1- -, 70
3.1909 0 .354207 .038235 .047713 U .137938 i.32L310L ).71914J _ .05 165 ') .119 5 71
3.2906 L.040477 O0k6SZ J.052923 :.14L690 L.134Ll36 3.803933 -0.145L96 0.328R 9
3.3903 0.713624 3.033603 0.046Z49 0.129t19 1.366899 2.656908 2.307550 J. 3544

S3AT"O0 SRIP 0TONS OF SWATH 6A IRUEGULA WAVE TEST CASE PAGE 1

A000 MASS COEFFICIET? S

OMEGA A22 2A4A 406 460 946 6 464 466
0. 92 3.600236 0.116363 0.4106 -0.17266 0.340608 -3.739117 3.736366 L.37171.
1.0941 3.486266 0.307704 0.686761 -2.039849 0.041114 -1.997960 2.016564 1.353.74
1.1939 .31025t 2.313216 0.357695 -0.314815 0.041475 0.030049 -0:012232 1.176548
1.2938 3.079127 0.309102 0.627921 -0.389349 0.04L66 0 0 1.032822
1.3936 4.199130 0.299338 0.683093 -0.433693 0.041649 0.036960 -0.020335 U.907839
1.6935 4.482876 0.286278 0.719599 44 0.06 14 4 203984 -0.023930 0.797638
1.3933 4. 147644 0.70603 0.726333 -0.3868 0.00961 0.060786 -0.026303 0.709 3
1.6931 3.823I0 0.253333 0.70866 -0.313619 0.3.0343 2.0792 -2.027426 0.620394
1.7930 3.693839 0.233301 0.672347 -0.487320 0.039492 ).03970 -0.027313 0.33l999
1.8928 3.188816 .216563 0.606046 -0.466L2 0.036485 0.037670 -0.026210 ".98753
2.927 0.861624 0.19.039 0.377291 -0.396397 0.037164 a.035658 -0.006272 0.434363
2023 0.360676 0.160119 0.336371 -0.3324L7 3.034956 2.2333 71 -0..01 43 5 .12
2. 924 9.423164 0.39187 0.32466 -0.438164 0.059197 2.021420 -0.028263 0.a0307
0.2922 4.189337 0.ZS2287 0.403701 -0.258563 0.4UZOZ 0 .023763 -2.018309 10.513.7
2.3920 3.933677 0.24296 0.379733 -0.14160 .03641 23906 - i.1026 . .31,7T0
.. 9 :9 4.23a367 0.2007 0.362077 -0. 1'3i9Z 0.3018223 0.22OL2 -2.009973 08.5
2.S917 3.1L366 0.287497 3.37L179 0.L O38 0.039576 0. " 2,767 -J3. 329 3 .Q I 49
.691 6 8.13545 0 .419861 , .56203 0.333 86 0.243730 3.224520 0.0 1$42 l.21I

1.79|6 20.106436 1.2206431 -0.Iat0 1k. 1 32919 J.017554. -Q.062831 -2.396934 1.659355
2.8913-30.846266 -_.63 73 3. 64339 -1.3 1489 -0.066096 0.232731 -0. 8)46 I 2.-9026
2.99L1 -7.36828 -0.350296 0.247279 -0.4U777 ).212O0 J.0L74,9 -0.018873 -. 65362
3.0909 -3.735988 -0.158165 0.189684 -0.313700 0.022307 .10139 - .;9079 -'. 27s5"
3.1908 -2.267791 -2.079060 0.196134 -0.249541 .02703 l..316 -0O15473 -2.19727
3.2906 -1.44930 -2.035706 0.143403 -0.009103 0.09692 3.009936 -0.L3250 -0.279876
3,3903 -0.928642 -2.009385 .1320 87 -0.179860 031 1 0.08893 -o.11691 -. 030
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$WAT0 SKIP 40TON5 OF SWATH 6A IRREGULAR WAVE TEST CASE PAGE 13

EQUATIONS 0 F OTON SOLVEOD EECITINIG &C6E tNCo 0E F4 AN0 SOUY EFT ciT84csu f l..

Pm *A .454
317 -'35.,i

!W WE HEAVE ?RASE7 P172t .4U .11.
9. 33 0.430 1.19725 -3.J40 0. 1226d -123.436 L0. 1i0
0.365 0..6. 1.25916 -3.577 '.,3496 -129.4 6 9.401.

0.410 0.53, 1.41L 97 -15.07 0.40212 140.4.7 8 .97U6

0.13 09.572 .. l770 -23. q) 1.I400 -LSZ. 241 q.4111
A.I51 0:6 ,,19 1. 495,09 3369 U '93 -1s2410 5,o510.481 06 1.239)' -45.13 8.10464 LL.T9.) 45 1!, 1

.01 067 .27296 -57.692 0.105 -7.0. 6. .. b8
0 0726 1 081 9 -68.7 01919.1 -L6.393 -.26
0.546 0.767 0.8211 -13.860 0.16730 -159.10 3.93.1

0.568 ,0.80 0.71054 -76.931 0.153uL -L 51.1 4 3.)349

0.591 0.83020.39974 -79.294 0.14666 -144.931 3 .3603

0.:,,ID, I:111 ,ll 061] 0.93 0.45036 -304 .182 12. 713 3.1175
0.9 .36 0.366L1 -83.58 2.1914 :t3.0 2.01

0.659 0.91 0.0236 -85.o9 4.20008 -19.47 , . 4
0.681 1.026 0.31'9 3 -8.253 .0097 -127. 555 2. 526,

0 .704 1 .07l2 0 .23409 -84.4 30 2.19978 - 12 7.J38 2.1368
.726 1 . 19 0.18417 83_a.7-0 0.1942 -12 .39 2 .2 1

079 1. 165 03293 _61.0&V0.76 -19.5 I.oI7

0~~~ 9...TLb.-

0.772 L.213 0.18a5 64 -79..1 0.15629 -11.6 1 .97 1t0.796 1.262 0. 13925 -81. 160 1.16960 -119.91 1 .1606
0.817 1.312 0.09552 -90.09 1 0 -11.17 1.39 1
0.839 1.362 0.05880 -73 2.16599 -12.527 .66540.862 1.415 0.4210 -32873 0.15749 123. 761 1.75156 7
0.84 1.465 0.541 -6.317 0.152 15 .76 2.325 1 500,

06678 0 SHIP M010,8 OP SWT0 6 IRREGULAR W401 TEST CASE PAGE IA 17.
EQUAT1080 OP 907208 SOLVED US1NG 544 dXCLUONO VISCOUS EPPOCTS

BETA - 13530

i88 t 81 Y86 P9A0 ROLL 401E Y4W PK42!. .A4/
3.343 0.630 0.2317 A674 0.07378 -89 0.25L 145164 1to00

0.365 0.466 0.2'129 56.&3 0.1029 -5.744 0.314 147.281 8.601'
038 0.499 0.35224 65.23 0.42057 15.726 3.32460 168.9596 .86

0.410 0.335 0.31144 4.9357 0.11869 131.610 0.09687 169.251 .9706

0.433 5072 0.31161 95.362 0.12694 144.79 0.10940 171.417 6.28 2
0.455 0.09 0.5925 85.36 0.1 327 139.090 0.2267 179 3.65eo0.478 0.648 0.309424 96.09L 0. 53 134 4.241 0.23634 L73.178 5 .1

0501 0.687 0.49899 8668 0.14783 130.072 3.16993 173.5v5 62

0.29 0.726 0.6883 3 86.825 0.15316 128.473 0.16300 73.73. .86a

0.3 46 0 .767 0.47 96 1 87.322 0 .1 5746 1 23..w21 0119 173.94 3.4364
0.368 0.008 0.472 2 98.044 0.16109 12 0.9721 0. 174.!49 3I-326
a0.591 0.850 0.47013 89.214 0.16491 119.299 U4.19486 174.762 3.36U23
0.823 0.8,9 3 0.12 -0179 0.97 24.8 0.1 790 1 175.161i 3.117 5

0.3 .3 .442 7S.261 0.119 9 1031.61 J 14.3548 16809 .90

0.659 0.981 D. 33 24 53.327 0 .1317 1 07.927 9..O 3 62 2.7047
0.681 1.026 0.39352 87.749 0.5398 110.133 0.24316 177.037 2.3244

0.74 1.072 0.39630 99.314 3.16276 1il701 3.25)6. -179.774 2.3640
0.726 1 .118 0.40757 -269.947 Z.75 10.0 .64905 -3L7 0. 532 1 .23

9.4 .189 1. 574.9 -264.13 3.9A 100 36 '.99t1.2 24

3.772 1.2013 .30275 -162.174 0.12270N 35.7 0. 5 14 .1 .91
0. 796 1.262 0 .413319 99. 347 1.3356 58. 1% J 39379 -179.796 190
9.1 1.1 0.43529 7930 9.099 44. 2 4 1 .11319 9?7.13 I.5
0.3 1.36 " .06 60.159 0.98 5.1o77 1.30846 136.359 ..1 5

12.060 11 9.3090 9120 I 9..22 37.459 0.31)10 114.11 5'"
3.894 1.65 0.244'4 1.27 3.087 952 0 43)6 2.0 O
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SWAT8O SHIP MOTIONS Of SWATH OA IRHEOIOLAR WAVE TLSIE CAoS PAGE 1s

EQUATIONS OF OTION SOLVED WITH VISCOUS CEUS-Oe3L0OW ING EFFICfl.

BETA - 135.0
SW SE HEAVE PHASE PITCH PHASE LAI -L

0.343 0.430 1.197Z5 -. 040 0.3Z268 -k23.363 1o.0OUU
0.365 0.464 L.25936 -5.577 J.35496 -1Z8.4 6 8.8"L.

0.388 0.499 1.33316 -9.431 0.38309 -134. 951 7.80b1

0.4LO 0.535 1.41l97 -13.107 0..021Z -1.2.4d7 6.970"

0.433 0.572 1.7729 -Z3.281 0.041O9 -1323 6.2-23
0.455 0.609 1.49509 -3.'469 03939 -162.42" 5.656-
0.478 0.648 1.40900 -43.150U 3.04 12 -L 7 1.46o 5 .01D5

0.501 0.687 1.27296 -57.692 0.25105 -17 5.0 3 4."'921

0.523 0.726 1.03819 -68.047 0.19158 -169.80 4.0869

.546 0. 7 67 0.91 -761 8 *)03 -i4.O749
.368 0.80 0.10O. -76.830 0.15301 -150.14 1.5741

0.391 0.850 0.5991 -79.094 3.066o -L4U.313 3. OhiO

o.1 . 1 ,.893 0 ).45-116 -431.1:1)4 it A,93 -011i. 7 11 3.1 L17I3
0.636 0.936 0.36611 -8s.1 3.1914 .130.1)2 0.4.).l
3.659 0.981 0.30236 -5.409 3.20014 -L2'.- 2 .7047

0.681 U.26 '.024417 -95.03 ~ 0.)9 7 -12.1;5'5 2.5Zdl
3.704 1.072 0.20409 -84.630 3.T1997 -1,

7
.- 35 Z.3 8I

0.726 1.118 0. 18417 -63.746 1.14 -12.09V 0.221"
3.7;49 165 0.09 -6.)%.774 11.i .0

0.7 1,213 0.1836. -79.340 2.1562 -116..69 1.9711
0.794 2.262 0.225 -81.160 3.964 -118.3 1.8600
2.817 1.312 0.09332 -80.498 0.16860 -119.174 14540

0.839 1.362 0.05880 -73.596 0. L6599 -L2. 527 .8

0.860 . 13 0.04210 -65.2817 0.15749 -12 3.1 L.57i "

0.884 1.465 0.03641 -68.317 0.L5246 -122.325 1.3oOU

SWATNO SHIP NOTIONS OF SWATH 6A I RE ULAR WAVE TEST CAbS PAWS 16

EQUATIONS Or S.U-ON SOLVED dITH CROSS-FLO I VISCOUS UAMPING ANO ROLL WAVE EXCZTEM. MUMENT 1 XCD.0

78 * .44

BEA*135.0
WV WE SA PHASE ROLL PHASE YAW PHASE L/L

3.343 0.430 0.23124 56.45 0.07390 -3.859 0.2523 15.336 00.0000 . .

0.365 0.164 0.21560 56.714 0. 0737 -5.762 0.2519 247.265 8.0.

0.588 0.499 15.35022 4.906 '.2579 3.599 .3J27T59 168.903 7.8061
0.410 0.335 0.50824 85.303 0.1170 134.8S1 0.10084 068.930 6.9706

0.433 0.372 0. 098 3.802 .0252 02A.671 )1290 070.7'oS ,.13z
0.455 0.609 0.30726 86.228 0,12821 125.619 .3. 1069 171.T91 5.S6H

0.79 0.6 0.30286 88.603 0.L140 10.5 54 4 1 Si! 06 15

3.501 0.687 o.4961 46.963 3.13967 109.549 .15218 172.734 -. 6802
0.523 0.726 0.48804 87.35 0.1446"0 LL6.791 '.1b494 173.030 .2Zq6

0.546 0.767 0.47977 87.843 0.04865 114.b7 0.0176d4 175.9 3.9394

0.368 0.808 0.47310 88.547 0. 13265 112.925 0.0871 173.63. 3.6326

0.591 0.850 0.4712 89.685 0.1555 L11.97 ' .19595 174.187 3.3603
0.613 0.893 0.55342 -261.408 0.178a4 IL9.329 0.17680 7 4.382 3.0175

0.66 0.936 0.24136 77.216 0. 10649 93.367 .23609 067.987 -1.4001

0.639 0.981 0.33321 83.926 0.12991 LO0. L01 0.24035 173.263 2.7047

0.681 1.026 0.38455 88.192 0.14511 104.IZ 0.124323 177.113 0.528

0.704 1.072 0.39761 89.702 0.13O34 105.O3 0.25253 079.978 2.3688
02736 1.118 0,40884 -269.600 0.0692 005.247 0.26873 -176.693 .2238

0.749 1.165 0.37577 -Z69.105 0.18456 96.330 0.28073 17 ,2 2.0917 .

0.772 1.213 0.30399 -262.101 0.13056 21.17 ' .3.395Z -108.5$9 L0.97)L
3.794 0.262 0.41506 89.778 0.0176 1.758 3.3941 -079.746 L.065"
0.817 1.312 0,43749 75962 0.0824 88.951 0 51299 067.97 1.7590 . .a
0.839 t.562 ..079 sO.302 3.384 70..47 3.141 136.73 7 658 - ."

0.862 1 . 03 93 50.4 0.06847 61.706 1.313 1'8.0L .t796" .
0.684 L.465 0.24653 44.568 0.'05475 18.915 1 . 1 70 .. 93 1.5000 "
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584750 881? 4071094 10 04fl 6A 0C41. 4400. t. % . 14,;E 17

190677060 e 1 io.,- TI w.. I C i.n C,, 1 :1:r'

F "

81;,, -13 .0
61 01 HEAvE PHIASE P72 LTC 0.1 . Aol./

(1.143 0.430 1. 19636 -3116 0.32140 -23.14 )J1l!

036 5 0.4 64 is.252 -5.I7 0.03 -2.76 88
.348 0.499 1.3Z 645 -9 .649 .3 77129 -1341.666 1 1.80.61

00 0.535 1. 39939 -15.360 0.3944 -142.313 6.970
.433 0.372 14621 -23.79 0.39404 -15 139L .2623

0.435 0.609 1.66419 -33.441 0.36843 -160.923 5.6564
0.167 0.648 1.39034 -3.073 0.31471 -L68.847 S.1 3o"
0.51 0.67 1.2

:
1985 56.639 0.2411 -:171 09$ 4.,-

0.125 0.726 1.00691 -46.143 0.19426 -3.05 4.3868
0.546 0.767 0.80660 -1.297 0.17217 -1 54.837 3.939
0.568 0.808 0.69206 -75.20 0.1540 -L69.286 3.326
0.391 0.850 0.59834 -77.782 0.13298 -14 0.151 3.3 60 3
0.61 0.89 0.'635 -86.933 0.15188 -L30.658 3.1175

0.636 0.936 0.3 621 -45.588 0.8753 -1 .29.66 2.9001
0.59 0.61 0.30226 -856 ,91 0.19944 -170.0 '. 7

0.681 1.026 0.26976 -44.567 ? . Z0073 -27.114 2.286
0.706 1.712 0.20630 -64.298 .19887 -:26.609 3.93 88
0.726 1.118 0.11 -9. 0 020253 -1 25.6 2:".23
0.749 1.165 0.37,46 .,,.547 o.,5 .,,o.,5,9 -I 26.4130 2 .91 7

0.772 1.213 0.18378 -85.713 0 .1155I -1 10.316 1.91 ILI0.796 1.262 0.1463 -64.218 O.I16 -1180.06 1.8606
0.8 0 1.31 0.0 556 -92.724 0.167 7 -U:6 11 19.,14 1 I.

0.839 1.562 0.0669 -78.5 0.1699 -122.309 1.46-.0.862 1.613 0.04255 -65.679 0.L583 -123.936 1.5796
0.864 1.465 0.035104 -68.098 0.15307 -12*2399 1 .5000

0WA4670 SHIP 1? 0MIS o,: i4ATII 64 C4.1S.)UlI.; J607. rKI 400NV 0404. id4

FN - .54
8174 - 135.2
0 9 SWAY PHASE KOLL. PASF. YA 7444 LAM/ L

0.345 0.430 0.23L21 56.627 0.07391 05.11 0.231%7 145. 56.1 IJ.1.1.111

0.365 0.664 0.21448 57.008 07.1075 ' o-'.'00.25,1 14' 8. 01.14
0.38 0.099 0.3213 67.712 0.4 3 923 7 .44o 3.3555 L6.

j
79 7.8061

0. 410 0.535 .51)027 95. 41' . 0.6498 119.69 l1 1710U 11 7~. 697 f
0.433 0.572 0.50879 85.833 j. 12264 128.185 O.1'315 170..0 6.2623 L
0.455 0.609 0.50700 6.265 0.1L2870 126.420 0 .125,98 171.75, 5. .65.

0.478 a.648 0.50256 86.648 0.1347 12.U962 U.13927 172.050 .13S0

0.501 0.647 0.09585 47.01 0.16052 117.96 0.1 4 12.71! 4.65I2

0.523 0.726 0.46773 87.4l 0. 14545 11.457 0.16330 172.987 4.2860
46 0.77 0.47951 87.,00 0.19 43 11 .20l 3.. L7718 i7 .24, 2.9194

0.568 0.408 0.47290 4.13 L.64 Lfl. .1771 I3I. 140 .0. -
0.591 0.450 0.47099 09.744 3.1360o 113.91$ 4.199.9 174 .. 1. Jo. .
3.613 3.993 1 34 -6.51 31 7L91 1.0 1. 019 174.3i 1. L.T'r

,.1,6 3.9,6 0.241, 77.29 .,.5 " 2.196I -. 21621 67.I, .. .

3.459 0.981 0.33516 43.965 4.13004 99.51., .4 M7 I. I .I

.,4

3.681 1. 026 .34 4 4. 1.6 k-. t'.) 191., 1.121 1 7.11 .0

1.7.26 1.072 2g,977 I404 is.2 1).7) 14 1709. .4
0726 1. 1 1 )..,l') -29:07 j.163104 1.IJ5 .41 7.66 -17.30 2.211"I

0.749 1 .16 I 3.7s 8 I 8 176 .191 0.4 1249 17.9) .97

o- 7-. 75 1' .

294 1 .262 0.4),379 89..7 13.010 1 3j9 4.9)9, 10 3 4

317 i.3i2 '2-L~o 79. 7404 0..0116 093. .. 925 ,,...,,
2 .4 39 1.362 3..4077 1 o0.473 0.048b. 70.7 3.5 1)L4 1 1. .5' ~ .0

3.862 1.413 3.11.34 50.24) .114 1 61.4 1.1 . '.,140
386 1. 465 0.-4644 '4. 31, j3.11 s, 99 1: L0.g 14.)'
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084180 SKIP MOTIONS Of SWATH 64 IREGULAR WAV1 TEST CASE P&G& 19

OANPING.O CoFFICI98TS I8CI.IDI8G C1033-rt08 SRAG
7N - 454

ZTA - 133.0
OMEGA 3 33 135 353 55
0.994 1.4105 0.55163 0.099701 0.34215?

.041 .4 472 0.56233 0.10 6959 0.33710U
1.1939 1. 4140 15 0.55915771 0.1 0532 4 0.33 2610
1.2938a 1. 41 2478 0.557 0 . , 1006 1 128 9
1.39,36 1. 410325 0.510 L .1877 LOW .325V7
L.4935 1.407190 9l.1514 71)5 L.11,)91 8 .L1I1t711.19133 1. 401014 1.511t7 0.1117764 0.521567
1.6911L 1.386767 0.551325 0.113443 0.192
1.7910 1.3 4994 '.549746 0.116204 0341
1.9929 1.240499 0.243 '.49 .070
19-927 1.2407 s .o 49 0.110 '.746
2.09215 1.262107 '152 0.1 17 '.3122.1924 1.24 "007 0 .62111is 0.047492 0.302307
2.2922 1.1q1 i19 .. 1154 11 o.1129 1114
2.20) 1.24422 1.4194-4 1.0 1 *I 7~443

1.4419 1.214576 1.441 1 .L 414 I

2.5917 1.232004 "'491 0.11977 7 . 2914
2.96 1295 .7411 1. 4171 LI 1. " ! 891'

2.411 1.2049 .14100 0.1430) ,. lS4

2.911 I.41.1 1.24 .21499 .3.11l)7

3,1909 1290 0.412148 .2 117I11 0.30977$
508 1 "191 '414"' .11191) 0.1192k

3.2906 1.352149 0..064163 -0.10911 U.12988

3.3901 1.383177 0.617861 0.008503 0.33789

044TM0 SHIP 4OTIONS Of SWATH 6A IRREGULAR WAVE TEST CASK PA0E a0

248715G.0 cOEC1,281

OMEGA 522 324-542 344 366 326 362 546 364 344-
ZELTA...-

135.0

1.99 1.11473 .06 4 0.001884 0.29341 -2.3837651 24759 -0.114 0.1:144391 Q 0.11417e
L.2936 2.02 061 9 0.104070 0.032536 0.3203 -2.267618 2.341173 -. 32099 0 12390 0.052 708 .I9 2.811 0.343 0.5374 0.443241 -. 125170 2226&10 -0.1327 0.139867 005437

1.4933 3.59 0.'.86 0.0512 0.501 531 -1972127 2.095637 -0.1 25881 0.133868 0.o36355
1.5313 3.6266435 0.19999 0. 05 7125 0.54 9416 -1.809179 1.914212 -0.1184 01771 0082 t
1.69 31 4.004381 0.227397 0 .059104 0.573111 -1.4427 1.810581 _0.10o 99 0 0t12018 0.06736
1.793 0 4. 251361 0.249189 0.616 0.1772-.44? 1505 Q006 0.1 a4 .682
1.8928 4.378627 0.264558 .063217 0.566691 -131959 1.54542 b0211 0.1493 U00687
1.9927 6.397047 0.24 0.4 177 .44098 -12145 1190 -0.019 0.095206 0.06664

2.93 4327722 0.277469 0.:066980O 0.513375 - .0 1.1573 -0.066185 3.0791 .084
2.1926, 4.98 1)3.271110to 0.4917 0tU.4 76'87'4 -4.91617 4.314777 -J.211197 0 .46 49914 0.069b21
2.2922 3.984 01.2675 '1o.0690154 0.435664 -L1822466 1:97193 -0.1150 0.105419 0.049961
2.3923 3.7021631) '7.211124 1). 0164 0.399211 -1207 167311 -0038,42 0.116202. " 0.7142.6919 3.330771 0.230922 0.070958 0:.5342146 :L11%14441 L114, 99 -0.107819 0.1193109 0 .6
2.5917 2.71411 .19 4411 0.07'41 3.443 -0.0"141 2.17207 1 -0.125546 0.131326 0 .047635
2.69 16 1.958,17 0.,1277 0.081 0.1694 -1.66097 3.161223 -. 188L036 0 .192946 0.630

2 t7141 3 .34 4.616 0.066136 18.476:300-42.6'1545-2'.166947 -2.040790 -0.949916 2.29142Z9

2.91 :2.12109,1 .698 0293 6020 1.969-15.995203 0.741211 -0.739819 0.1299961 :
2'91 7.02638 0. 47 :0.11Il14 1 0.110 9 0 29 S7 1661497 3.3312 -322 0 0.63007 -0.154832 0.68310

3 .0909 5.442107 0.353484 0.077804 0.123931 1. 74,20'16 -1.6617 0.07461 -0.047058 0 .073256
31905 6763136 0.312542 0.072164 0.4162323 1.0866386 -0.871408 0.63 -0.U31107 0.070017

3.2 906 4.310876 0.288351 0.06901 0.425 220 0.129 -04216 0.264 L0.1551 o. 067 U627
3.0 4 .0526'02 0 .2771 0.0 694 0 .39670 0.473739 -0.3b8910 0.008251 0.000643 0.065970

49r
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K70. V7

SWAT40 081$e .901109 Of SWATH 6A LR£EIOLAA JAY! TENT 1ki PACE 2 1

EXCITING1 #4ICE. 409(570 14) FAAOE
F .454

IETA . 1 35.0

WE L/ 1.LAM FORCE P9402. 439.5!N $4441 ri .4!

I, 140 )3.,19, .3 .111, 11.5 2'))S Z. 364 )..12474 15..0 3u .0473J3 14J. 11

0.61 .64L1 0. 1 136 1.79-1i,4 1.:949 1 .13 35.111 L '1137 5.901

313 .33 '"1 0. 749010 2 5.3j2,) o. 3900. "6.1 41 0.11247 ,.71
0.432 0.71 0.3 J .72692 16.402 .142 694 3.19 5I. I4.2I7z

I..71 ).".'s 1.947 .6761 Z9.L 1 .417 2.5 - .14 5.110
03.300 0 696 6 0.361 613 A 74.5)1 1'' ±1I:I.471;11 1 ,.

6.22 07"6 IA.231 1 1 9.66 1 A ..2362 14.122I 1.9711I !4 .. ± 14
1.457 .766 0.33 11 .514946 33.7194 3.344 113 1920 399

0 .5683 0.01 0.45 1.917 19.1 L.n4a. I 13.1 I 0'' 3.1± L!
0.91 040 0.27 1.43 4 17 1.7±3410 16.994 .4924 3141

0.3 01..5±)5 029 0.11 1373 1.91 1956 ".32 3.1'
0.63605 0.9364 03448 0432 4473 ±.71 1.2 .544 291.0.6586 0.9907 0. 3697 3.4±575 45.3 2.25889 22.90 u.7±3 .7.
0.ba12 '3.25 7 1639115 . .39733Z . ±.3281 24.24 .97 .2.
303 11 .0715 Z.422 0.6679 .623 .544t1 i .S. 3.974 3349
1.±6: 1.1191 0.4497 0.33533 46.3 2.73097 Z6.943 0.97164 3.Z,34

0.49 1.1L654 0.4781 a.03 4616 2877 3.13 U.9646.) 3.01
0.7713 1.3134 0.3073 0.7267 45.36 3.71 29.909 I . 4 -. 9711

0.91 1.2623 2.3$375 0.2432 4 3 .732 3.199 3lI11.9 2J.946I1I 1..8665
0.8967 1.3118 0.5485 0 .21534 41.046 3. 3371 32.11081 0.93431 1 .7541
D.. .839 3 1.362±2 0 .. 003 0.18 94 1 36.641 3.4 67619 3266 : 0.1:919331 154

0.68 14133 0.431t 0.1657± 2946 15753 298 0449 155
6 .94 1463 0.667 0.4492 20. 300 3.64777 32.605) 0.970914 1.5000

5861590 SHIP 40TIO95 or S9619 64 IRREGULAR WAVE TEST CASK PAGE 2L

EECI?14OG POV39E 404(1T5 400 PHASES

2..2 3426 .100 3.953 98.414, .39 -o.0 0.221136 1.7± 17.1 1.7296 I02u
,).3631 0.-641 0.1136 3.01 -10.06 '3- 61 -13.9 3.33 1. 9 17.2 .897 8813.97 0.1993 1.1±91 3.99717 -101.739 0.19514 -10!.712 0.24243 L.18447 173.753 L.47206 7.80 61

3.13 0.352 03.1435 4 .53146 -103.759 0.254 1.3 '1 .25133 1.215904 111 2 .33240 6.9706
0.43'28 0.8719 2.57 U.6277 -106.061 0.25931L -171 0.2585. 1.2306 169.832l L11.23 6.262

3.54 0696 016 .69 33 -13..46 2.97 -109.325 2.26447 1.1 16.36 U.0996 5.6368
0.,78 0 .6476 0.1L97 6.301 -110.853 3.32811 -111I. 206 0 .2613 I.11 4.S 163. 5212 2.963 3 513
2026 0.996 0.U3 :39 -12.7 0.6 134 -1 '311 1): .692 '1.12334 161.10 0472 462

0.35232 0.724. 0 .2333 3 6.718669 _1.14.6 0.39±2 -14.54 0.21601 142 59. 362 0 .710 975 4.6
055 3.69 023 7.80 -1356 0.4 2230 _115 .699 0 .26 490o 3.94091 13.3 0.99 31939

0.63 0801 023 70381 -1.4 0.63090 -1I1I. 336 0.29069 0.38 138.073 0j.98023 3. 6124
S.509 0.6501 0.2976 7 . 63:07 -115.794 0.47901 -1±4. 4A5 0.156 0.719 I 19.3 0:.38196 3.36U3

0.13 .829 0329 .633 -46 3. 5 0922 -113.937 0.35116 1.59474 141..51 2.251 311

0.3 0 3.934 2.8 8.3880 -12 7 -. 14221 -114.723 0.23026 o0.47411 163.9486 0 .319 L .40
50.36 3.9807 0.31647 4.9449 42-L1Z.136 1.354353 -112. 734 '1.35 110 0. 35284 174.021L U. 2159 2.70*7

1.6812 1.0257 1.3955 9.94133 -106.53 10.649 -1.8 3.570 1.3258 67.1 3 ~~il .09359 2.3284
3:.7039 1:.071 1 .6422 !I 1. i444 - 1.)13.7 .3 I9 .702 -1 10. 3.276142 0.155 - 1134± 0.2399 2.680
3.26 1Z, I L . 3 .7 1.51 4.5 .15 -113.90) 0.32262 2.36146 13.8 0.11 2793 2.3
1.49 1.1954 1.4741 34.6,217 -113.3714 1i5i'1 -134 3145 &.154 -.9.377 1..10334 2.417

.''3 121164 1.1.175 43.5 0293 -202.709 4.22933 141.1A33 1.32674 21,.24479 -3.49 7.90 171

.374 3.631.37 32.6± -254.91 3. 13552 106.3211 0.92950 3..245 1.3 .1045156
3.416 I.1 6 1.34 13.)±92 2.26 3 3444 137.419 0 .21123 u22576 -25.6069 2.28004l 1.7391 . -

a.39 .62 3.03 7.0239 a-33 6. 123 0.42)63 1 32. 334 I.177s 031122Z -50.13 .I2 .94
3.619 1.-il] 2.513 5 .50273 -223.4301 0.27706 1.7. 363 2.09970 2.44042 .3o5 3.12 1.34

0.886- 1.4 651 2.6667 2.29828 -210.830 0.23328 160.387 0 .05135 0.496W -.844 011.19 1.Su

50
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SWAT710 SHIIP 'lOTEONS OF SWATH8 &A I4OIEGILAR WAVE TESTt CASE P63K 03

0013138 A8PLITUnP.S AND PHASE$
P9-.414

LLT LA. 1,.1E3HS.,1H11KSE FETi(I A/

.4 0 LLA ,IEAI q L'0 ':' L2 143 21. 0.000.,
0. 3021 G. 4281 0. LIIO 1 188' -. ':" L 1.8 1304 1343 1100

'1.00'' 1). l i8 1.03 -11 I . 38,1113 -134.91, ;.47 7.4061b

0.128 ).78 110 1.'.0 , . A3.24. 31.34 -111.4 .794 .03
3.4114 S.8014, 018 1.47L69 -1 ).4'j 1.137249 -1,1.142 0.1111 1.88 .
0.760 0..476, 0 3L947J I - 4) t4 -1.. t . 111 -19.', j1107 1 .11,

0.61 3 1416 ' 0. 71 3. 70911 -7.78 . 4 8 - I9.2 ) .61 ,.1'
0.18.18 0.41111 1.27 01408 .8.24 1 14416-8 6 1J.0. 181 ]I13 J. 26 S

0.131 .481 1.1.14 l3.1In -. !.1 ll -112..:I:0!7I3.!7
3.1 I.3n 0.I 4 017 0 -8.31 1168 10.4 0.110 1.911

0.61316 0.940 0.Z% I697 0.4 1 8.3 3.00183 -4.71 0.173t1 0.17

0.0 1 .9267 0.3913 0. 16780 84.531 .110 so 740 .871 014
3.7034 3.0711 0.422 D. 0.07 A 4.9 0.09 :16.7 A.51 0.8

0.7449 0:103 0.1781 0."01", 1 !,1 0',143 -13.10 I.l1311 .. 14

1 .71" 11 1 0 .7 0.208888 -78.787 0 3.2 609 -L 11.97304 u.093 1.91!
0 .794 L 1 61 0 . 47 0.128 337 -40.53 . " 1 9013 -k119.0634 4.1 6 1. 3

0.8111 1.311I8 0.5865 0.09667 -79.461 7 0.169151 -19 .474 0 .09471 17391
0.393 L.3622 0.6303 0.03967 -73.2553 .16702.7 1 0839 1.161

2.184 1.111 0:6031 0.047 -61. 14 0.112 -181 0.73a10
0.8 St.43 0.64 0.0o0 -68.09 0. 103 -122.34503.017308 1. s3u

3361380 HI 840TON O0f16 SWAT 06134 IRIIULAR WAVE TE1ST CASE PAGE 161.

N0OTI0N AKPLITUotts 440 '4448

P0 .644
19TA 135.0

48W WE L/LA6 SWAY PHASE ROLL. PHASE *8L . 11A4 PHASE *YAW LAII/L
0.3423 0408 .00 02129887 .731 -. 3 .4 0.0.34 143.8 00491 10.000
0.3651 D.66 0.13 0.1 16:.80 0.06 :51 0.8SO 0.0119 L170 0.0II441
0.3877 0.4 9"3 301 3.31 84.U1). 0.4814 1" 1.784 2.43M1 0.30773 169.042 0.81432 7.8061
0.84103 0.53.2 0.14631 0.38 .0334 U.114 L 1.8 0.86 .,,7 18.1 .23 .9704
0.4328 0.1719 0.1k08 7 0.06 83A 3 0.112 10.7 0.1111 0.11047 D 71.1 0.23 800

0611 0.0: 0.78 010731 46.2$41.L37'lo1 111. 144 4.5344 3.101573 171.711 0.026083 5.86
0. 0:0.4' 0.1'47 0.30297 4684 0128 31.4 0192 0.39 170.2 0.a0713 3.3

0.3006 0.68 66 0.2 136 0.4A9 630 a 66.961 0.1386 11 9.10L ').6177 0.124 170.Ll.717 0."64 A.88001
0.5032 0.7264 0.2333 0.48816 87.367 0.18369 116.800 0.45044 0. 6 493 172.990 a3.0030. 1.0868
0.3637 0.7668 0.2338 0.47989 8.13 0:.14763 L11.4sh 1,148~ 3) k.183 173.04 3.02173 0.8394
3.83 0801 023 3.330 4.1 0.3 1274 03l3 0.18739 173.60: 0.0l6 3.8306U
0909 3.301 0.2978 .428 9.2 0.1544611.0 L 11.I 0306 .1939 178.186 3l.096 3.60'
0613S 0.8929 0.30 3 .3336 1 -261.407 0.77 199 0.402 0.77 174.553 0.17139 3.1175
0.8360 0.9364 0.0648 0.241102 77.288 0.10 701 93.002 0.021 2650.2613 L17.876 0.01784, 0.9031'
0.68 3.80 0.8 0.33324 83.939 0.10972 99.930 0.56511 0.43 7.4 080 0.7o4 -

'383:.37 0311 0.3841 84. 10' 0.14471 104.) 34 0! 0.264 0.31 17117 .0.11 0.104
0.7038 :.0115 3.4020 3).39748 88.701 0.1100 103.0015 0.62 3.00 179 9 75 0 L939 1.)388

006 .1 1: .4497 ' D:.012 :219:100 .:31 49 los.271 ).,.7014 0.0641 -178.69 4 .90 .04L

* 1.771 1.2134 .171 0.3037 -6.10 S 1.1111 21.44.1 0.188 0.13U94 -173.118 '32 111 131
3.71 1 .2621 .1.5171 0.4.131 89.405 3.01044 0.436 0.0I2131 1.393 -t79.743 1.340 1., 118
0.41 fl 1.3118 21881 0:4374. 7919.4 v: 1.047 0803 4.1 1.3t113 1,7.1v, 1.4S715 19,r.1::391 1.80 0. 0031 0.43173 811 3 0.0478 7.1 2.0 1 .5113 138.53 0.7111 81

-\ 3.868 1.413 .801 308 3004 0.L8 L1231 0.171, U.1t543 118..140 0183 110
0.8484 1.4651 2.6687 0.444 .40 0110 1.73 06 0.19477 LI10. 1 3.306So33 U':111 1.534
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*SWATHO SKIP NOTIONS Of SWIATH 6A IRREGULAR 049KZ TEST CASC 94704 23

RELATIVE AND4 ABSOLUTES D1SPLIC34TVLOCtTY.4NO 4CC&LgIATI0N AT STATION 4.0000 AND 811011? so.OouO rIT

WAYS KEADONG *13. 4EGIIS

NC11SEC LE I11. AS S L 911 ACEL/ AS019. 1. ACC1/0W" E1
INC PER P C ElATL L.IA'L

14.82 0.316 1.304 .4 .0 3.738 1..0 0021 10.0U0
J ~13.5' 0.D 139 .4 0009 3.2 Z.50169 0.03 :.0*8

12.8 .4 147 0.13. 0.01k 23 161 0.4 7.01
11.78 0.708 1.,467 0.S39 0.014 5.4 0 T.90 0.046 8.9704,

1..', .9 1.829 0.93 2 0017 5.4 3.229 .07 .2823

9.70 1.2:5 1.2 0.987 020 8.144.Q: 0.041 5.3u

9.15 L.325 1.325 0.910 001 8.439 4.3 0.095 4.442
8.s 119 1.0 f).777 0ON .703 4.8 6.1 .284

*~~~~~ 8.9 129 0.4 . 0.1 8.0 1.2 O.12 3.N39A:
7.78 1.211 0.641 0.'5 0.014 7.07 5.719 0 .1;4 3.6326
7.39 1.17 0.5:3 0.474 0.L .01 79 6.13 0.L1 3.3401
7.04 0.0 0345 0344 0.010 8.307 a.1 0.20 .1 175

8.7 :103 0.9 0.7 000 5.080 4.757 0.138 2.00
8.71 1.0031 0.230 0.228 0.07 6.123 8.00s q.161 2.704711
81, 1.009 0.160 0.18 0.008 8.824 8. 99 a.223 2.:524

5.4 0.97 0.142 0.1331 0.005 1 7221 7.74 0.25 2.34Z
0.82 0.98 0a2 5.39 0.001 7..95 8.8017 u.307 1.2238
5.39 1.0310 05 0.8 0.013 a.80 10.282 03 72 201

3.8 .09 012 .12 0.008 4..93 4.12 0.06 1.9111
L.8 391 009 0.0 .0 .6 1.370 0.054 1.8406

4.79' 0.5 0.089 .091 0.004 337 471 018 1.74

A.t Q.929 0..79 018 .0 1.:" 33 0.228 .88

4.4 0.2 0.0S 0.120 0.000 3.032 425 018 139
4.29 3:23 0.080 0 .11 0.005 2.448 3.81115 0.14 1.3000

SWATHO 081P NOTIONS 0f SWATH 84 IRREG0ULAR WAVE TEST CASE PACE 28

81N5 NOTIONS IN VNISIWECTIOIA. SEAS

SEA STATE 6 Y T1 ,AV a.? It 1400 T WAE I45100 9.9100 SEC L
HEADING SWAY ACC 0149K tCEAVZ ACC MOLL1 PITCK Y4AW

0 c) (G) (F) (C0) (0I1g) (0DEG) 1010)
135.0 0.033 .70 "J'4, 1.4 .0.73 1.0 78

*STATION - 4.J300,1 -57.4400 r

4EDS ....10 . .Z. L?ALC.4.j- .4'G;R 3[VFiQ S4AYC 94W1)08 4 P14 34O6 (cP; 1,*1'. .t.4 4~.

310g C e/E F/SE 0I0 31C3.1 "SC.11 1.4I10 .1" '.953 5.053 0.082 0.048 0.000u 0.0 0j.0030 0.0 u.0003 0.1 5 37 .094
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SWATH 6A REGULAR WAVE TEST CASE

1 1 11 0
25 1 1 25 1 22 3
1.5 10.0

i-.:.135.

* :'"-.0.4537
37.5

10.27278
7.330
172.3 0.315 0.223 0.0 7.44 15.00 19.17

40.44 25.75 19.17 8.5 10.2 1.28 4.38 1.2

188. 12 23. 55 19.17 14.7 17. 6 2. 2 3.43 1.2
0.5 0.07
0

-2.4 9 0
-1.6 9 0

.8 9 0
0.0 9 0
1.0 15 0

2.0 15 0
3.0 15 0
4.0 15 0
6.0 15 2
8.0 15 1

10.0 15 1

*12.0 15 1
14.0 15 1
16.0 15 0
17.0 15 0

18.0 15 0
19.0 15 0
20.0 9 0
21.5 9 0
23.0 9 0

23.8 9 0
24.6 9 0

S0. -3.44 -4. 87 -3.44 0. 3.44 4.87 3.44
0.

12.37 10.94 7.50 4.06 2.63 4.06 7.50 10.94
12.37. _-

0. -4.23 -5.98 -4.23 0. 4.23 5.98 4.23
* 0.

13.48 11.73 7.50 3.27 1.52 3.27 7.50 11.73

13.48
0 0. -4.70 -6.65 -4.70 0. 4.70 6.65 4.70 4

0.
14.15 12.20 7.50 2.80 0.85 2.80 7.50 12.20

14:15
0. -5.06 -7.16 -5.06 0. 5.06 7.16 5.06

0.
14.66 12.56 7.50 2.44 0.34 2.44 7.50 12.56

14.66
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-1.06 -1.06 -1.06 -1.06 -4.89 -7.47 -5.28 0.
5.28 7.47 4.89 1.06 1.06 1.06 1.06

26.67 22.74 18.82 14.89 13.14 7.50 2.22 0.03

2.22 7.50 13.14 14.89 18.82 22.74 26.67
*-2. 17 -2. 17 -2. 17 -2. 17 -4.47 -7.50 -5.30 0.

5.30 7.50 4.47 2.17 2.17 2.17 2.17
* 26.67 22.67 18.68 14.68 13.52 7.50 2.20 0.

2.20 7.50 13.52 14.68 18.68 22.67 26.67 -,",

-3.01 -3.01 -3.01 -3.01 -4.11 -7.50 -5.30 0.
5.30 7.50 4.11 3.01 3.01 3.01 3.01

26.67 22.57 18.47 14.37 13.78 7.50 2.20 0.
2.20 7.50 13.78 14.37 18.47 22.57 26.67

-3.41 -3.41 -3.41 -3.41 -3.92 -7.50 -5.30 0.
5.30 7.50 3.92 3.41 3.41 3.41 3.41

26.67 22.51 18.34 14.18 13.90 7.50 2.20 0.
2.20 7.50 13.90 14.18 18.34 22.51 26.67 --

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.
5.30 7.50 3.81 3.63 3.63 3.63 3.63

26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
* 2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.
5.30 7.50 3.81 3.63 3.63 3.63 3.63 L .'

* 26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.
* 5.30 7.50 3.81 3.63 3.63 3.63 3.63

26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.
5.30 7.50 3.81 3.63 3.63 3.63 3.63 -

26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.63 -3.63 -3.63 -3.63 -3.81 -7.50 -5.30 0.
5.30 7.50 3.81 3.63 3.63 3.63 3.63

26.67 22.47 18.27 14.07 13.96 7.50 2.20 0.
2.20 7.50 13.96 14.07 18.27 22.47 26.67

-3.48 -3.48 -3.48 -3.48 -3.88 -7.50 -5.30 0.
5.30 7.50 3.88 3.48 3.48 3.48 3.48

26.67 22.49 18.32 14.14 13.92 7.50 2.20 0.
2.20 7.50 13.92 14.14 18.32 22.49 26.67

-3.12 -3.12 -3.12 -3.12 -4.05 -7.50 -5.30 0.
5.30 7.50 4.05 3.12 3.12 3.12 3.12

26.67 22.55 18.43 14.32 13.81 7.50 2.20 0.
2.20 7.50 13.81 14.32 18.43 22.55 22.67

-2.43 -2.43 -2.43 -2.43 -4.31 -7.42 -5.25 0.
5.25 7.42 4.31 2.43 2.43 2.43 2.43

*26.67 22. 62 18. 57 14.52 13. 55 7.50 2.25 0.08
2.25 7.50 13.55 14.52 18.57 22.62 26.67

- -1.43 -1.43 -1.43 -1.43 -4.56 -7.21 -5.10 0.
5.10 7.21 4.56 1.43 1.43 1.43 1.43

26.67 22. 63 18.60 14.56 13.08 7.50 2.40 0.29
2.40 7.50 13.08 14.56 18.60 22.63 26.67
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0. -4.81 -6.80 -4.81 0. 4.81 6.80 4.81
0.

14.30 12. 31 7.50 2.69 0.70 2.69 7.50 12.31
* 14.30

0. -4.22 -5. 97 -4.22 0. 4.22 5.97 4.22

0.
13.47 11.72 7.50 3.28 1.53 3.28 7.50 11.72
13.47

0. -3.33 -4.71 -3.33 0. 3.33 4.71 3.33
0.

12.21 10.83 7.50 4.17 2.79 4.17 7.50 10.83

12.21
0. -2.32 -3.28 -2.32 0. 2.32 3.28 2.32
0.

10.78 9.82 7.50 5.18 4.22 5.18 7.50 9.82
10.78

0. -1.06 -1.50 -1.06 0. 1.06 1.50 1.06

0.
9.00 8.56 7.50 6.44 6.00 6.44 7.50 8.56

9.0"
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APPENDIX E

R i nOFFSET USER GUIDE

NOS the number of stations to be analyzed.

*Note: (1) Non-integer stations should be given arbitrary integer station
numbers, later to be corrected by editing the output file with

the computer system editor.

Record (2), 2 reals

D(I) diameter of hull at Ith station.

STCI) strut thickness at Ith station.

Note: (1) Record (2) must be repeated NOS times. D(I) and ST(I) must be

entered as a pair.

Record (3), 1 real

DWL the draft of the SWATH ship.

Note: (1) DWL is given as distance from baseline to free surface. a
Record (4), 2 reals

*X01Ci) x-keel coordinate of Ith station.
Y01(I) y-keel coordinate of Ith station.

Note: (1) XOl(I) and YOI(1) must be entered as a pair.
Record (4) must be repeated NOS times.

5.3 Listings

Samples of input and output are given in Appendices F and G.
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APPENDIX F

SAMPLE INPUT FOR OFFSET

This input represents a trivial case of two SWATH sections. The
first section has a hull diameter of 15 feet with a strut 5 ft thick. The
keel is on the baseline. The second section is forward of the strut, with a
reduced diameter of 13 feet and the keel 1 foot above the baseline. --

2
15.0 9.0
13.0 0.0
28.0

0.0 30.0
1.0 30.0

59
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APPENDIX G

SAMPLE OUTPUT FOR OFFSET

This output was generated using the input file in Appendix D

-4.5000 -4.5000 -4.5000 -4.5000 -7.4665 -5.5481 0.0000 5.5481 7.4665 i ,
4.5000 4.5000 4.5000 4.5000
28.0000 33.1667 38.3333 43.5000 38.2084 32.4534 30.0000 32.4534 38.2084

43.5000 38.3333 33.1667 28.0000
0.0000 -4.5962 -6.5000 -4.5962 0.0000 4.5962 6.5000 4.5962 0.0000

43.0000 41.0962 36.5000 31.9038 30.0000 31.9038 36.5000 41.0962 43.0000

-i
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