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ABSTRACY

The Integrated Ship Design Systes (1SDS), 1s

in developwent to permit prelimisary ship desige
- to be accomplished using ilateractive computing.

Curi.utly ISDS does not address ship dynzmics and
this report explicores programs in this discipline

- tor imciusion in ISDS.

A literature search was performed to identity,
classity, and iabulate computer programs involving
ship dynamics. The search included programs address-
ing motion prediction, added rqsistancg in waves,
slamming, deck wetness, and maneuvering for dis-
placement hulls, hydrofoils, surface effect ships,
air cushion vehicles, plasing hulls, and catamarans.

Candidate programs were analyzed with respect to

‘their input data requirements «nd the relationship

of theae requirements to the flow of data among
existing design programs of the Integrated Ship
Design System (ISDS), and two dynamics programs
for displacement hulls are recommended for

integration into ISDS.




1. INTRODUCTION -

A. NEED FOR THE STUDY

The Navy's Computer Aided Ship n&ntan aud Lonatruc&iou
(CASDAC) program addreases the task of enpiuying computer
“progrn-a to improve design, reduce design costs, and speed
up the design process. CASDAC is generaily concerned with
the status of conpnter programs ind with fostering the use

¢l good programe 1n the snlp dusign process.

A major couponent of CASDAC is the integrated Saip De-
sign System (1SDS), a coicecVLon of. coordinated nival deslgn
programs which interface with & common data base to form a
powerful design tool. The systes reduces calendar time for
the design procegs by facilitating programs’ 1upﬁt and out-
put and by use of interactive griphics dnd‘téietypﬂ‘uodea
of design program operation. There are currenfiy‘no ISDS
programé which address shib dynamics. There. is increasing
intersgt in the Navy to cousider the manuvering and sea-
ke8ptng'characterisﬁics of ships early enough‘xn‘the:deaign
cycle that they wmay effectively impact the deSign. Inasmuch
as ISDS does not presently address ship dynamics, it is pro-
posed that compatible dynamics programs be cbtained or devel-
oped for inclusion in ISDS.

B. OBJECTIVE

The objective of this task was to determine what ship

dynamics programs are availlable and to identify any candi-
date programs suitable for iuclusion in ISDS.
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C. SUMMARY OF TASK

The iask performed vas to make a literature sesrch for
computer programs involving ship dynamics, tabulate the
programs found from this literature search, and assess
the potential usage of these programs in ISDS.

D. SCOPE OF STUDY

1. Ship Types - The literature search was directed toward
finding computer programs involving the following vehicle
types: ‘

Naval and Commercial Displacement 3hips

Kydrofoils |

Surface Effects Ships (SES)

Alr Cushion Vehicles (ACV)

Planang Hulls

Catamarans

2. Topics of Interest - The specific topics of interest
in this literature search are the following:

Motions Predictisms

Added Resistance in Waves
Slamming

Deck Wetaness

Maneuvering




1. GENERAL APPROACH

ks LITERATURE SEARCH

The following literature searches were conducted to de-
termine what programs are available:

A literature search of the DTNSRDC library
A Maritime Research Information Service (MRIS)

A Defense Documentation Center (DDC) literature
search

A Ship Automatic Retrieval Project (SHARP)
literature search
In order to assess the ship dynamics programs, informsa-
tion was tabulated on each program found in the above litera-
ture searches.

B. CONSULTATIOR WITH EXPERTS

" Experts in the field of ship dynamics at DTNSRDC were
counsulted to determine if any significant ship dynamics
programs were missed in the literature search, and their
i recommendations were obtained for programs to be integrated
into 1ISDS. The experts consulted were:

Dr. Michel Kazuo Ocni 1506 Speciralist ~ Naval Architect

Daniel: S. Cieslowski 1507 High Performance Vehicles
Program Office

Dr. Manley St. Denis 1513 Specialist - Naval Architect

Dr. ¥en Chin Lin 1524 Design Evaluation Branch

Dr. Nils Salvesen 1552 Hydrodynamics Branch
Geoffrey G. Cox 1568 Surface Ship Dynamics Branch
Nathan K. Bales 1568 Surface Ship Dvnamics Branch
Dr. Choung Mook Lee 1572 High Performance Craft

Dynamics HBranch
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111, FINDINGS

A. TABULAR FINDINGS OF LITERATURE SEARCH

The findings of the literature search are presented as
two tables in Appendix B. Table 1 is a list of the ship
dynamics computer programs and a brief summary of each.
Programs listed in Table I are those for which the library
search yielded documsentation or detaziled discussion; Table
1 does not list programs for which the search produced ref-
erences but no further discussion. The entries in Table 1
are ordered according to ship type and topic of interest,
with the newest programs in each grouping listed first.

Table Il is a list o{ publications encountered in the
literature search which reference computer programs in ship
dynamics, including some of the programs listed in Table 1.
Table II is also ordered according to ship type and topic
of interest.

B. DISCUSSION OF FINDINGS

1. Six Degree of Freedom Programs - For conventional naval and
commercial displacement ships, there are three 8-degree of

freedom (pitch, heave, roll, sway, yaw, surge) programs which ]
address the topic of motion prediction: |

eThe DTNSRDC Ship Motion and Sea Load Computer Program!s
eprogram SCORES - Ship Structural Response In Waves?

o)

eThe MIT 6-Degree of Freedom Program?

All of these programs are based upon the compromise theory.**

*Superscripts refer to references in Section VII.

ssappendix A provides a brief discussion of several accepted
theories which form the basis for various dynamics programs.

5
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All three G-degree-of-freedom programsg compute the
ampiitude and phase for the pitch, heave, roll, sway, yaw,
and surge motions, the vertical and horizontal shear forces,
and the bending and torsional mo&ents. Various of thes:
programs also include other design features such as compu-
tation of hydrodynamic pressure distributions, deck vetness,
added vesistance and slamaing.

The 6-degree of freedc2 progrims require as input a physical
description of the ship 1uc1uding‘bull oflsets, ship speed,
ship heading relative to vaves;-ﬁ&ss of the ship, mass dis-
tribution, and a representation of the sea cordition.

2. Pitch - Heave Programs ~ Ship motion programs for the
prediction of pitch angd heav, are aumerous® however, most of
these prqarams are based on one of two theories the com-
promise theory or the Korvin-Kroukovsiy theory.S

The Frank Close-iit Ship Motion Computer Program® com-
putes pitch and hecave motions for shipsin regular and irre-

gular head waves. The regular wave responses are computed

according to the compramise theory. The 1rregular seaway 1is
represented by the Pierson-Moskowitz Sea Spectrum and statis-
tical response parameters are computed for pitch and heave as
well as for absolute and relative vertical displacement veloc- '
ity and acceleration at any point along the length ot the ship. j

x‘ i

A in ¢the Frank Close-Fit Ship Motion Program, there are two

el o

methiods used for computing the two-dimensional! added mass

and damping coefiicients. the Lewis-form method and the close
fit method. The Lewis-~form method is fast but it 1s only
accurate for regular (no knuckles, bulbous bows, etc.) common
ship forms, while the close-fit method is time consuming

e i+

but accurate for any station shape. The user has the option
of selecting the best method for each station.

*Francis Ogiilvie and Robert Beck present a review of the theory
for predicting ship motions"
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Avother example of the 2-degrea-of-ireedom progran is
"Computer Aided Prediction of Seaxeeping Verforsasce ia Ship
Design” by T. A. Loukakis. The theory used im thiz program

is essentially the strip theory of Korvig-Kroukovaky and

& with the changes presented by Gerritaoss aad

Beukelman”. The program will caiculate the respouse oper-

Jacobs,

ators (the ratic of the ship respouse to the wave smpliitide)
of pitching z2nd heaving motions iu regular waves, it will
calculate motions, velocities, accleraticas, relative motioas,
relative veir~rzities, bending moments aad shearing forces for
any position along the ship, and it will calculste the mssn
added resistance of the hull fors. The regulzy wave results
are used in conjunction with the superpositics prisciple to
predict reakeeping behavior in a seaway, 1.e., in a coafused
pattern of waves of various sizes, shapes, and directioas.
The results of the ship Lehavior i a seawsy are then used
in coajunction with statistical theory to predict additional
seakeeping characteristics of a ship such as probility of
occurrence of deck wetness, propeller racing, ausd slasming.
Fisaliy, the program can calculate the calm water resistance
and propulsive coefficient of & hull form on the basis of
Series 60 or Taylor Series, and it can calculate the cals
water shearing forces and bending moments. In geacral the
prediction of the additiunal seakeepiang characteristics--
deck wetrness, propeller racing, and slamming--are aot cos-
sistance with experimontal results. The discrepancies can

be attributed to the follow.ng reasounr:

iR ol il ahal o il sl i
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8) the chip Sporates at & differont dymsaric draft
unds? speed (equat), and

b) local comditicas prevailiug at the bow aad
the stern are not predicted by theory.

Another method for predicting pitck and heave is the
“standard series” approach. The techanique for a standard

series spproach iz to gemerate a family of hull forus with

LLoep s

a systemiatic varistion of all geometric variables which are
expected to stroagly imfluesce sealioeping. The performance
of these hulls is established (by model tests, full scale
aeasuroment, ec¢c.) s2d data sre recorded to produce an
exiensive data Sase which may be subsequently interpolated

to predict persormeuce of later designs.

The Entry szd Solutioa Program €£SP)1° uses a standard

neries approach to calculate tue heave, pitch, relative

ET

motion and absoclute acceleration. As ship wotions do not

— g

appesr to be seasitive to locai details of hull shape, it is
possible to s¢lect a sivplified family of kathematical forms.
2 Each mathematical wode!l represents all hull forms having the
| same waterplane, profile, and zectional avea curve. The math-

ematical model is further simplified by adopting a siaple

systematic set of waterplanes - each has a parallel midship

sogment togethey with fourth degree polyuomials which swing

into the centerline at the fore and aft perpendiculars

without a discontinuity in curvature. The profile is

rectangulur, so all sections have the same depth.




3. Roll Motion - The calculation of the force-motion coef-
ficients relating to roll wmotiorn is primarily a ncoalinear

problem.

Few programs exist expressly for the calculsation of rell
motion. The 6 degree of freedom programs include roll aotions
predictions and the portion of the program calculatiang the
roll motions could be extracted from them. The 6 degree ol
freedom program by Salvesen et al. uses an ianviscid strip
theory to compute the linear componeunts of wave dauping. A
quasi linear correction term was then added to acccunt for
the nonlinear viscous damping. The correction term depends
on frequency, hull geometry, bilgekeel dimensions and via-
cosity. A tr.ial snd error procedure is used to solve the

equations.
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There iz also in use at DINBADC the Conally Roll Proaran.ll
an unpublished roll program, in which linear theory is used
to repreasnt rolling motion. This program gives the rolliag

motion and moment of the ship in regular waves of any selected

length and height, and this may be combined with any eaergy
spectrum of wave alope to give a spactrum of motion in irregu-
lar waves. In irregular waves the response amplitude operstors
are calculated, and the RES roll and woment are givea.

4. Added Resistance - A number of prograss exist for the pre-
diction of added resistsnce in waves; Appeadix A describes

the theories upon whicl four of these programs are founded.
Since added resistance programs require iaput data describing
the motion of the ship, the programs are often setup to run in
tandem with & ship motion program.

The added resistance prograss calculate the added resis-
tance in regular head 2eas for = numbar of wave encounter
frequencies. Average added resistance of the ship proceeding
at a certain speed in irregular head seas can then be predicted
by superimposing i programs' sdded resistince in regular seas
with the energy spectrum of the irregular sea.

5. Slamming and Deck Wetness - M.K. Ochi and L.E. Matter'2
present a method for prediction of slamming characteristics
and hull responses of a ship at an early desigre stage, given
ingput data descriding the motion of the ship and certzin hull
form coefficients which are significant in slam predictios.
The predictions include:

® frequency of occurrence of slam 1lpact§.

® elapsed time before the next severe impact will
occur,

® magnitude of impact preszure,

® the largest (extreae value) impact pressure most
likely to occur,

¢ the extrewe pressure for design consideration,

¢ sitip speed at which bottom plate dumage is most
iikely to oecur,

P21 m&lll‘ s
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® ship sposd Ires fron slan demege,

® limicing speed for which slem impact is tolerable
for the crew,

e :pauu distribution of impact pressure agd resulting
orce,

@ mais hull girder responses such as whipping stress
and acceleration to slam impact.

This wethod has not been completely programsed, however,
portions of the wmethod dealing with frequemcy of slam impact
have boen iategrated into ship wotioa programs as design
features.

The predictioa of deck wetness has alsc beet integrated
into ship motion programs as a design feature. The relstive
sotion baetwesn the zhip and the water surface is obtained
from the ship motionR program. Standard correction factors
are applied to adjust for flare and the effect of the ship's
standing wave pattern. ‘

6. Haneuvering - For conventional displacement ships there

are maneuvering programs such as “A Digital Computer Technique
Prediction of S/andard Maneuvers of Surface Ships"” by J. Strom -
Tejsenls and "Directicnal Stability and Control of ships in
Restricted Channels” by Haruzo Ednlé. These programs require
as input hydrodynamic force and moment derivatives which must
be obtained from expensive captive model testing techniques.
Captive model tests are performed by means of test facilities
asuch as the rotating arm, oscillstors, and the planar motion
mechansim. The hydrodyramic derivatives depend largely upon
the ship geometry and design and the derivatives differ signif-
cantly frowm one hull form to another. The hydrodynamic deriva-
tives are by definition partial derivatives of a force or moment
with respect to one or aurc of the motion variable. To obtain

these derivatives it is necessary to force the model to execute
various prescribod motions and Lo uweasure the forces and moments

as functions of the different motion parameters.
11

e,

e

LT E R

o T



"
"
o
o
s
X
w
3
i3
\

There are special purpose programs for various classes
of ships which do not require the hydrodynamic derivatives,
but which are limited in application. These programs predict
maneuvering g8 a function of various parameters, which
define ship and rudder geometry, and which define operating
variables.

The relationships uased in these programs were derived
by use of regression analysis technigquesz and the results of
the programs are only applicable to ships similar to those
in the data base.

7. Hydrofoil, SES, ACV, Planing Hulls - Programs for the
prediction of ship dynamics of hydrofoils, surface effects
ships, air cushion vehicles, and planing hulls are time
domain programs. Time domain programs use simulation tech-
niques to compute the dynamics of the vehicle during a suc-
cession of incremental time slices, thus giviong a time
history of the dynamics. The simuiation of the dynamics is
usually carried out by an analog program. It is usually not
possible to write such programns that run in real time. The
ratio of simulation time to real time sometime becomes as
large as 100 to 1. Ar important factor in the motions of
these ships is the auto pilot, the ship's real time control
mechanism which interprets inputs from motion semnsors and
generates directives to the ship's active control devices.
The auto pilot must, of course, be considered in the program
for simulation of the ship dynamics. There is no general
analog program for ship dynamics, one Or more new programs

12
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mist be written for each ship. Most of these existiag pro-
grams are not documented. Some of the specitic programs which
are documented are listed in Table I of Appendix B.

8. Catamarans - For the prediction of ship motion and loads
of catamarans there are progrums such as HIT's "CAT-S“ls.
This program is capable of predicting moctions, velocities,
and accelerations of catamarans moving in waves at any
heading angle. The wave induced forces and moments on the
catamaran crogs-structure are alsoc computed. These respounces
cak be obtainad in regular waves ss well &3 long-crested or
short-crested random waves. For the latter cases, the one-
parameter Piersoa-Moskowitz ¥Wave Spactrum and the two-para-
meter Bretschneider spectrum are used. These spectrx are

defined in Section 1.d. of Appendix A.

The basic input to the program includes the overall
dimensions of the catamaran, the form and spaciang of the
demi-hullsg, the longitudinal and transverse weight dis-
tributions, the general heading angle and the description
of the ses condition by wave apecira. The output of "CaAT-S"
consists of the five degrees of motion (surge neglected) and
the wave induced forcaes and moments on the crogs-structure.

There is also a ship motions program for catamarans
being developed at DTNSRDC which is based on "lotion amd
Resistance of a Low ¥Waterplane Area Catamaran” by P. C. Pien
and C. M. Lee.ls This method predicts characteristics of
amotion and hydrodynamic loads of either conveuntional cata-
marans, or saall VWaterplane Area Twin Hull Ships (SUATH).
The equations of moticn for catamarans are derived in the
frequency domain under an assumption of a linear excitation-
response relationship. The hydrodynamic coefficients involved

13
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in the equations of motious are determised from strip theory,
assuming slender geometry of each hull of the catamaran. The
effect of forward speed on the hydrodynamics coefficient is
treated as i{ there were no perturbation on the fluid due

to the {orward sovewent of the ship. An apparent underestima-
tion of damping results ia an unrealistically large motios
amplitude st the resonant freguency. The imtroduction of
supplemental 2amping into the eguation of sotion is needed to
achieve a ressonable prediction of catamaran smotions. The
Supplemental dampiug is introduced into the equations of
motion so as to be linearly proportionsl to the osicillation
velocity. Prediction of statistical sverages of msotion
axplitude for the catamaran in irregular seas is mede by using
the {requency response amplitude operator in coajunction with
the Pierson-Moskowitz sea spectrum.

The probable frequency of a water contact with the cross-
deck structure is computed for given conditions such as
significant wave beight, forward speed, and height of the
cross-deck structure above the waterline. The formula used
is bazed on a truncated Rayleigh's probability distribution
for slamming and is similar to the formula developed by Ochi
(1864) for bow slamming of monohuil ships.

Respecting added resistance for catamarans, it has been
shown that by using the concept of an "effective hull form"
the added resistance for catamarans can be predicted with
the same methods used for conventional wmonchulls.

e
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| IV. RECOMMENDATIONS FOR DYNAMICS PROGSAMS IH ISDS

A. RECOMMENDATION FROM THE DTNSRDC SHIP PERFORMANCE DEPARTMENT

- The Ship Perforsance Depariment mode the following rec-
L[ \ aoamendatiocns concerning programs for integration ianto 18DS:

. e Candidate programs should address pitch, heave and
5 loads in head seas and roll in beaxm seas, because
[“ ;g::; conditions represent the worst motions and

] ® A peir of programs - ope for pitch-heave-loads in

{ head seas and ome for roll in beam seas - are recoxmend-
| éd for use early in the ISDS design process, and another
& similar pair for wore exsct analysis later in the process.
Fe ‘ These four progrims are:
|
!
|
L
|
|

For early uge:

- For pitch and heave, the Entry and Solution Program
which uses a standard series approach.

- For roll, the Conolly Roll Program.

For later, more exact analysis:

- For pitch-heave-loads, the Frank Close Fit Ship-
Motion Computer Program.

[ - For roll, the DTNSRDC Ship-Notion and Sea-Load
g

Computer Program. ‘}

These recocamended programs are described in Appendix C.

S e Ll

B, 1ISDS DESIGN PROCESS CONSIDERATIONS

% The four programs recommended by the Ship Performance

: Department were scrutinzed by DTNSRDC Code 18353 with respect 1
} to the input dats required by each. The sequence of ISDS f
programs (See Figure 1) was examined to identify the earliest j
peint in the ISDS process at which data is available to allow

execution of the four recoummended dynamics programs.
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The findings of this exandnation are &s follows:

e The principal significant difference amocag the four
programs respecting input rogquirements is that ths
hull form is described to the paily of early programs
werely in terms of bagic hull diwensions and form
coefficients, wheress the two mcie éxact prograss
require & table of olfsets or hull statious.

e The two more exact programs alio roguire izput rve-
specting the dynamic properties of the ship (center
of gravity, rudii .of gyratioa, etc.), roll damping
and bilge keel description. Data for the dymamic
properties and roll damping cen be satisfactorily
estimated from known properties of similar ship
types. Feasible bilge keel configurations can be
assuxked and verified. All these data can be com-

piled by the engineer subseguent to the operation
of SCCl.

s Hull offsets are produced by the second 1SDS design
procedure, HULLGEN/BODYPLAN. These offsets are not
faired, but they are considered to be acceptable for
use in the two more exact dyrnamics programs.

Given that the two more exact programs can be exercised so
early in the ISDS design process, it would be difficult to
justify the effort of integrating into ISDS all four dynamics
programs. However, three alternative rationales which use all
four programs have been identified and briefly examined; ncae

of these rationales are considered to merit further development:

(1) Rationale: The two early programs could be executed
after SCO1l and in parallel with or prior to HULLGEN/BODYPLAN,
thus verifying the seakeeping characterigtics earlier in the
design process.

Retort: HULLGEN/BODYPLAN can be executed in 1 - 3

days and this small difference does not fustifv the extra
} implementation cost.

(2) Rationale: The two early programs could te incorporated
within SCO! itself, and seakesping cousiderations would be avail-
able early enough to influence the selection of hull dimensions
and form coefficients.

et Akl |
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Retort: The (wo early prograss, as they presently
operate, are major programs in their own right, and require
msodeast CPU time to execute. Operstion of these programs
within 8COl to examine each of a large matrix of possible
designs would absort very much computer time, increasiag
markediy the operation cost of SCOl. Furthermore, a major
coding effort would be required to join the programs. If
indeed a measure of seakeeping is needed in this formative
design step, it would sesm that a faster, less precise
routine should be developed to better meet the need.

(3) Rationale: At the stage of design represented by
HULLGEN/BODYPLAN the design is still fluid, and the dyna-
mics programs may have to be executed many times; programs
which are cheap to operate are desirable for the early
iterations.

Retort: The more exact roll program runs in less
than one minute of CPU time. so there is not much to be saved
by avoiding its use. The Frank Close-Fit Ship Motion Computer
Program may Le operatled in a "quick-and-dirty® mode utilizing
& built-in Lewis form to represent the hull form. Execution
time would presumably be reduced, as would the precision of
the resultis, but the user would enjoy the cption to rus in
either mode.

C. RECOMMENDATION FOR INTEGRATED SHIP DESIGN SYSTEM

The Frank Close~Fit Ship-Notion Computer Program should
be used to investigate pitch, heave and loads in head seas,
and the NSRDC Ship-Motion and Sea-Load Computer Progrum should
be used to investigate roll in beam seas. Both programs should
- be integrated into ISDS such that they ould be executed at any
g time after the ISDS design procedure HULLGEN/BODYPLAN has been
; run (Figure 2). }
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V. SUMARY AKD CONCLUSION

A literature search for computer programs iavolving ship
dynaaics was performed. The programe found in this literature
search are listed with a brief deacription of esch in Appendix B.

The programs recosmended for integration into ISDS are as

follows: .

*the Frank Close-Fit Ship Motion Computer Program
should be uassd to investigate pitch, heave and

loads in head seas.

*The NSRDC Ship-Motion and Sea-Load Computer Program
should be used to investigate roll in beam seazs.

Both programs may be executed very early in the ISDS
design sequence.
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Presented in this appendix is a brief description of
some widely used theories which have been programmed to pre-
dict ship dynamics.

1. SHIP NOTIONS

a. Strip Theory

In strip theory the ship is assumed to be a siender body,
i.e., the beam and draft are small compared with the length.
Because of the slenderness of the body, it is assumed that
the major filuid motion around the body is in the transverse
directions,; there is not enough frontal area to cause impor-
tant lomgitudinal fluid motion. In this case, the flow in &
transverse cross-section can be described by the laws of fluid
motion in two dimensions.

The theories which are presently used in the computer
precdiction of ship motion are the Compromise Theory and the
Korvin-Kroukovsky Strip Theory. Both of these are strip
theories in which it is assumed that the fluid is inviscid.
The viscous effects (damping) are small and can be disregarded
cxcept in the case of roll motion.

.|

o e e




b. Compromise Theory
The e?gprnnlac theory, ss described by Salvesen, Tuck and
Faltinsen reets upod thiee priscipal aszunptions:

¢ The bull form is assumed to be a slender body,
i.e., the beam and draft are small compared with
the length. More precisely, any platces tangent
to the hull should be nearly paralled to the loa-
gitudinal sxis.

; @ It is assumed that there are no significant interactions
] tetween the uasteady flow and the steady disturbabdce
causod by the forward motion of the ship.

@ It is assumed that the velocity potential functios in
the fimal eguation for the ship motion transfer func-
tions can be evaluated stripwise.

The compromise theory can predict the heave, pitch, surge,
swy, roll, asd yaw motions as well as the wave-induced verti-
cal and horizoatil shear forces, bending moments, and torsional
soments for a ship advancing at constant speed in regular waves.

Under the assumptions that the responses are linear and
harmonic the six linear coupled difierential equations of
sotion cas be written in the following form:

6 * s - fwt 3
+ [(u“ujk) akw“nkoc“nk] Folt ge1...6
| LD -~ -
lasrtia forces damping hydroastatic
force force
where:

IJR are the components of the generalized maegs matrix
for the ship

‘jk are the added mass coefficients
Bjk

cjk are the hydrostatic restoring coefficieants

n are the translatory and angular displacements

are the damping coefficients

ﬁk sre trazasslating and angular velocities

h& are translating and angular acceleratious

FJ are the coaplex amplitudes of exciting forcc and wmoaent

w is the [reguency of eacounter
i = J-I

e = cxponential constantzs




The six coupled equations of motion reduce to two in-
dependent as sets of coupled iinear Jdifferential equations
with frequency and speed dependent coefficients. This re-
duction is made possible by recognizing the lateral symmetry
of a ship. One set ol three coupled equations are expressions
for surge, heave, and pitch and another set of three coupled
equaticas for sway, roll, and yaw. Thus for a ship with lat-
eral symmetry, aurge, heave, und pitch are not coupled with
sway, roll, and yaw. The equations for the wave induced loads
&re expressed in terms of the resulting motions and the de-
rived hydrodynamic coefficients.

The agreement .etween the‘canprouise theory and experiment
is very satisfactory for the heave and pitch motions and for
the vertical loads, in cblique and ‘ollowing waves as well as
in head waves. Good agreement is also obtained for the cou-
pled sway and roll motions in beam waves. Due to lack of
experimeantal data, it has not been possible to confirm by
experiment the theroretical motions for sway, yaw, and roll
in oblique waves. Nevertheless, the good agreement shown f{or
the horizcatal shear forces, bending wmoments and torsional
moments in oblique waves asuggests that the theory may also
predict the horizontal motions quite well.

¢. Korvin-Eroukovsky Theory

While the compromise theory is an analytical approach,
the Korvin-Kroukovsky theary8 is based or ingenious and care-
ful physical argumsnts. Because the Korvia-Kroukovaky theory
is a strip theory, the flow around the ship is a 2-dimensional
problem. From the solution of the Z-dimensional boundary value
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problems of the fiow, cne can computs the hydrodynamic pres-
sure distribution on the shid caused by its cwn motion; thue

one can also compute added mass and dampiag forces.

It is not essy to compute the exciting forces due to
waves, but Xorvin-EKroukoveky usde a sisple assumption: In
the sdded-aass and damping problem, he replaces the velocity
and acceleration of the ship cross-section by an effective
relstive velocity and acceleration of that section with re-
spect to the instantansous water surface.

Fianslly it was necessary to introduce some correction
for the effects of forward speed. One effect iec the Doppler
shift ia the frequency of encounter of the ship with the
waves. The second effect is that the forward motion of the
ship causes ap apparent cross-flow in a transverse cross
section if the ship happens at some instant to have a non-
Zero pitch angle.

Reasonably accurate prodictions are cobtalined from the
Korvin-Kroukovsky theory. . The theory accurately predicts
the heave and pitch motions as well as the vertical shear
forces and bending moments for regular cruiser stern ships.
Predictions are less accurate for ships with bulbous bows,
knuckles, transom sterns, and other irregular features.

d. buotions in Irregular Seas

A very good description of irregular sea computstions is
contained in the Frank Close-Fit Ship-loticn Computer Program
by W. Frank and N. Salvc:ene and is quoted as follows:

“The motions of the ship in irregular seaz are anslyned ia
a statis&%fal manner following the procedure of 8t. Denis
and Pierson. The statistical approach does not give the sctual

time history of the motions but rathsr a statistical description
of the response.




“The procedure can be outlined in short as follows: It
is assumed that both the excitation (the irregular sea) and
the regponses (the ship motions) zre random processes which
can be assumed to be stationary Gaussian. Under this asssump-
tion an adequate statistical knowledge of the sea elevation
and the ship responses are determined completely by thelir
respective energy spectra. The energy spectrvan is a function
which specifies the fraction of the total energy which is
asgociated with sany given frequency band. The sea energy
spectra are known functions furaished by the oceanographer,
while the response spectra must be computed.

" The second fundamental assumption is that the linear super-
position principle is applicable to this problem. This assump-
tionvlends to a simple relationship between the sea spectra and
the ship response spectrum. More specifically, St. Denis and
Piersonlg stated that 'it is assumed that the sum of the res-
ponses of a ship to a number of simple sine waves is equal to
the response of the ship to the sum of the waves.' Uader this
assumption the ship response c¢nergy spectrum is

Sg(w) = [(R(w)1? . S (w)

where R(w) is the amplitude of the response to a sinusoidal
wave of unit amplitude, Ss(u) is the sea energy spectrum and

« is the wave frequency. Hence, the ship respounse spectrum
SR(u) which completely describes statistically the ship motions
in the irregqular sea is given in terms of the response ampli-
tudes which are obtained by the strip theory ... and the sea
spectrum which is a kpown func .ion."

The following three sea specira are often used in irregu-
lar sea calculations:
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The Neumann Sea Spectruns
The Bretachaeider Ses Spectrum
The Plersca-loskowitz Sea IJpectrum

The Neumann Sea Spectrum is a single parameter spectrum
which describes fully develqped seas as a function of wind

speed: 9
2g? x!} B '%:i
R
3'(0) = gea e~arry spectrum
whare 3 s acceleration of gravity
c = a constant (8.27 X10~%)
w = wind speed
e = expotantial constant
™ = freagquency of wwve pattern

The Bretschneider is a two parametsr (significant wave
height snd vear period of waves) sea spectrum for describing

develaoping and decaying seas
4
S (w) = Au™de ¥

where 33(‘) = gea eaergy spectrum

A = 4 t’h_}’ J T
B = 163 /Tm*
h+ = gignificant wave height
T = mean period of waves

w = freguency of wave pattern

w = wind spsed




The Pierson-Moskowitz Sea Spectrum is 2 single parameter
(significant wave haight) sea spectrus for describiag fully
developed seas:

4
where: 8, () = Aw =5 o B
A - .008%&!
« 33.58/h;%
e. Roll ¥otion 4

The linear methods uvsed in computer programs for the
compromise and Korvin-Kroukovsky theoriey do not acceptably

predict roll motion due to its characteristic non-linear
nature.

Although much work has been done in other fields to
develop methods for the efficient sclution of noanlinear
problems, little use has been made of these methods in the
field of ship hydrodynamics.

In pure roll motion there are two principle sources of 1
nonlinearity. The first is the nonlinear restoring force.

At large roll angles the righting moment curve may not remain ]
iinear with heel angle. The degree of the nonlinearity de-
pends oun the ship form. The other source of nonlinearity in
roll motion is the damping force. Roll damping comes f{rom
three sources: frictional damping, energy lost in eddy makiag,
and the damping due to wave making. Frictional and eddy mak-
ing damping are both due to viscous effects and are essentially
nonlinear with respect to roll velocity. ®ave damping is 3
associated with the energy carried away from the rolliag ship
by the generated waves and can be predicted fairly well using
linear theory.

In the technique for prediction of roll used in the Compro-
mise Theory as described by Salveson, Tuck and Faltinsen, the i
viscous roll-damping effects are introduced into the equation
of motion as a quasilinear term. This term is the product
between the meximum roll velocity and a constant which depends
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on the frequesncy, the viscosity, the bilge-keel dimensions,
and the Bull geawatry. The maximum roll velocity is esti-
sated before the motionas are computed. If the differeonce
between the eatimated and the computed maximum roll velocity
is toc large, a new valus for the maximums roll velocily must
be estimated and the motion thena recomputed until the two
converge.

A linecar theory for the prediction of roll is pressuted
by J. E. Concllyl(1969). In this theory it is assumed:

¢ the ship is wall-gsided at the waterlinve

¢ the buoyancy forces are distributed along the
length, their magnitude depending upon theo
locsl sectional area of the ship

¢ the local force is sssumed to act norsal to the
local wave surface

Integrating over the length of the ship leads to an effective
wave which is less steep than the true wave, and which has a

frequency equal to that with which the true wave is encountered.

in view of the above simplifying assumptions, it is consid-

ered justified for ease of solution to replace the ship by a
simple "equivalent" hull having rectangular sections and &
constant draft. For fine warship forms the design waterline
can be reascnably represented by a parabola having maximumn
width at amidship and zero half-bresdths at the ends. Ellip-
tical and rectangular waterplanes forms are also available.
The vertical center of gravity of the equivalent hull is
placed between the center of buoyancy and the metscenter in
the same relative poaition aa that of the real ship (i.e.,

B/ G is the same for both).
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The “response amplitude operator" relates the roll
responses of the ship to various regular waves, and is
defined as the maximum roll angle divided by wave slope.
Wave slope is represented as a function of frequency of
wave pattern, wave direction relative to the ship, and
ship speed. The following information is required to com-
pute the roll response amplitude operator for a particular
ship in a particular wave pattern:

oThe natursl period of roll in still water

eThe ratio of added hydrcdynamic inertia to
the ships mass

«The distances between vertical center of
buovancy vertical center of gravity and
metacentey

¢The damping moment per unit roll velocity
as a function of ship speed. This moment
can be expressed non-dimensionally in terms
of a coefficient of rol) descay which defines
the manner in which rolling oscillation would
decay after removal of the rolling moment.

M




2. ADDED RERISTANCE

Reapecting the topic of gdded resistance in waves for con-
ventional ships, there are four distinct theories:

Potential flow sclution, by Maruo

Drift force approach, by Joosen

Pressure distributions, by Boese

Radiated epergy approach, by Gerritssia & Beukelman

These égeories are presented and compared by Jorgen Strom-Tejasen,
et, al.

The theory developed by Maruo is & potential flow solution
to the problem in which the velocity potential is divided into
three compounents which are considered separately. A singular-
ity distribution is used to represent the hull form, and the
wave field potential consists of the potemtial associated with
the regular wave field and velocity potential ol the waves
produced by the singularities. Maruo has shown that the pitch-
ing and heaving motion of the ship dominates the effects of
surge, and he was therefore able to neglect the effects of
speed variation.

In application of the theory, Maruo has further approxi-
mated the ship hull by a line distribution of sources, thereby
allowing the evaluation of the added resistance in terms of
the geometric characteristics of the ship (described at each
section) and the measured or computed ship motion.

The added resistance theory formulated by Joosen is based
on the extension of a drifting-force-in-waves theory to the
case of a ship under way. The drifting force problem was
completely analyzed by Maruo and extended by Newman. MNaruo
determined the drifting force as a function of the motion of the
ship and the wave reflection from the ship hull. Newman's
contribution was an extension of the theory to iaclude the

33
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determiagtion ol vertical moment and the derivation of approxi-
mate eupressions for sleander ship in long waves.

Joosen has expanded Maruo's drift force expression in an
asymptotic series of powers of a slenderness paraseter and
has truncated the series after the firast order terms. The
resultant slender body approximation for the drift forces is
valid for short waves. The theory is exteéended to account for
the added resistance in waves at ahead speed by the substitu-
tion of a wave encouiter frequency which is a function of
velocity for the wave frequency appearing in the analysis.

Joosen has shown that the drift force in the losgitudinal
direction in head waves is dependent only upon the potential
of the radiated waves. He has concluded that if the ship
motion amplitude is of a similar order of magnitude over the
eantire range of encounter frequencies, the wave diffiraction
effect may be neglected everywhere except for very seglil waves
where it becomes dominant.

Joosen's final expressions are equivaleut to thoge derived
by Havelock except for the inclusion of & wave-motion coupliag
term. The added resistance is determined through & knowledge
of the ship's frequency depetdent dawmpiug coefficients as well
as information on the hesving snd pitchdng movion and phese
relatioaships.

Boese has receantly studied the added resistasce problems
using an approach similar to the original work perfurmed by
Havelock, but considering a more sophisticated approich to the
initial motion data. Boese states that since the three-dimen-
sional pressure distribution oo a ship in waves cannot pre-
sently be determined, it is necessary to employ linear strip
theory for computing the ship motions, und hence also for the

pressure distribution.




The pressure forces acting on a ship are divided by
Boese iantoc two segmenis:

e The fluctuating force caused by the wave fisld
and the heaving and pitching wotion over s fixed
surface, i.e., the hull below the static water-
line.

s A correction to the fixed surface force to account
for forces cver regioms of the hull which are not
contiaucusiy immersed. For this correction, dynam-
ic forces are peogiected and a linear pressure dis-
tribution is assumad to be effective.

Computing the time average countribution to the longitu-
dinal force completes the calculation of added drag.

Bcese justifies his method on the ground that first order i
effects dominate in motion responses.

The method used by Gerritsma and Beukelman to calculate
added resistance is to compute the energy flux radiated from ]
the hull. The energy is found in terms of the sectionsal
damping coefficient and the vertical relative water velocity
between the ship and the wave. The radiated energy is then %
equated to the work being done by the ship. Gerritsma theory
has the advantage that the added resistance is easy to compute 1
if one is already computing the motions from strip theory. i
Also the radiated energy approach gives perhaps the easiest :
description of resistance in gquartering and beam seas. The
added resistance in oblique seas is found by considering the
energy radiated from each side of the ship separately.

&
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3. SLAMMING

Michel K. Ochi and Lewis E. Motter present & sethod to
predict the slamming characteristics and hull responses of
a ship at an early design stage. A statistical approach tou
the development of a prediction method is taken.

The following is a briefl outline of the overall predic-
tion method. Two prerequisites have to be prepared in advance.
One is the description of ship motions and the other is the
evaluation of coefficient zasociated with slam impacts. A
computer progran to evaluate the coefficient for a given
gsection shape is available in reference 20.

Hith these two prerequisites in hand, the following pre-
dictions can be made:

a. Frequency of Occurrence of Slam Impact. This can be
easily obtained from the information on ship motion and
velocity relative to waves.

b. Limiting Speed for Which Slamming Impact is Tolerable.
From results obtained in Item a as a function of ship speed,
the limiting speed for which slam impact is tolerable - here-
after referred to as tolerable speed for slam impact - is
estimated as the speed for which either the probability of slam
impact at Station 3 reaches a level of 0.03 or the significant
amplitude of the vertical bow acceleration reaches a level of

0.4 g. This subject is discussed later in the section on ship
speed and slamming damage.

c. Time Interval Between Successive Impacts. From results

obtained in Item a the time interval between successive impacts
can be estimated.

PRSP a— ) . T - )




d. Slasming Pressure. The probability function necessary
for predicting impact pressure is established frow the ship
motiors and coefficient associated with slam impactz thus the
average and significant values of impact presaure can be pre-

dicted.

e. Elapsed Time Before the Next Severe Impact. The time
between one severe impact and the next at a zpecific location
along the ship length can be estimated from the results obtain-
ed in Itewms & and d.

f. Most Probsble Extreme Pressure. By applying order
statistics, the magnitude of the largest impact pressure most
likely to occur in a specified ship operation time in a given
sea can be predicted at any location aloung the ship leangth from
the results obtained in Item d.

€. Ship Speed at Which Bottom Plate Damage is Most Likely
to Occur. By equating the pressure magnitude obtained in Item
f to that which will cause permanent set of a rectangular plate,
the speed is estimated at which bottom plate damage is most
likely to occur.

h. Extreme Pressure for Design Consideration. The magni-
tude of extreme pressure for design considersation can be esti-
mated by applying order statistics to the probability function
obtained in Item d. The extreme value is controlled by a pre-
assigned small probability of being exceeded, which the designer
specifies.

1. Ship Speed Free From Slam Damage. By equating the
pressure magnitude obtuined in Item h to that which will cause
permanent set of a rectangular plate, the attainable (maximum)
speed below which no plate damage would occur is estimated.
The probability of occurrence of damage is the small number

asaigned in item h.




J. Slam Impact Porce. The magnitude of impact force
can be estimated from Items { or b, taking spatial distri-
bution and traveling time of the pressure into consideration.
The torce evaluated using the extireme pressure in Item h is
used for design consideration.

k. Main Hull Girder Response to Impact. Using the in-
formation obtained in Item J as an input, the main hull
girder responses such as whipping stress aud deceleration
due to impsct are estimated by solving a sathesatical model
representing the hull structural chara~teristics. Available
computer programs for dynamic response of the hull may be
used with necessary alterations.

According to M. K. Ochi and L. E. Motter (1973), a com-
plete method to estimate in the design stage the slamming
characteristics and hull respouses of a ship, inciuding the
estimation of ship speed for which damage on bottom plating
could possibly occur, is not available at present. There
are, however, uaumérous papers on methods to obtain limited
information on slamming including both thecretical and
experimental approaches.

4. MANEUVERING

In order tc calculate the path of a ship the hydrodynamic
force and moment derivatives)which are by definition partial
derivatives of a force or moment with respect to one or more
of the motion parameters, must be known. The only way to
obtzin these derivatives is from captive model tests. Captive
model tests are performed by means of test facilities such as

the rotating arm, oscillators, and the planar motion mechanism.




The hydrodynamic derivativexdepend largely upon the ship
geometry and design and in general they differ significantly
from one¢ hull form to amother. To cobtain the hydrodynomic
derivatiives it i3 anecessary to force the mode)l to oxecute
various prescribed smotioans and to measure the forces and
soants o functicns of the differeat motion parameters.

Tiie hydrodynsamic force and moment derivatives are used in
combination with the equations of motion to calculate the path

of a ship.
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APFENDIX B
TABULAR FINDINGS OF LITERATURE SEARCH

Appendix B is presented as two tables. Table I is a list
of the computer programs dealing with ship dynamics fouand in
the literature ssarch and includes a brisf susmary of each
program. Table 11 is a list of publicaticns encousntersd in
the literature search which reference computer programs in
ahip dynamics.
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MPERIX C

This appeadix iscludss a descriptios of the four pro-
graiss recomiisaded by the Ship Performasce Deparimest ifor

uoe is 1SBS. The deucriptioa of esch program iecludes the
taput reguiremeats, output. typical russing time., apd gea-
eral discussioa of the progras.
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EXTHY AND SOLUTION PROGRAY. (ESP)

ESP utilizes a standard seriex approsch to estimate pitch
and heave motioas in head seas. It was developed by N. K.
Bales of DTHSRDC.

ESP allows determination of treads in seakeeping responses
with chaages in hull geomeiry at an early stage in thz design

Procesas.

The seakeeping respoases conaidered are heave, pitch.

and the amplitude and acceleration of vertical motions near

the bow.

The user iaputs the significant weve height (average

of the oane-third highest waves) representative of the sea
state of intervst. and the program uses the Pilerson-Moskowitz
wave specirum to campute each respoanse at the input speed and
at speeds corresponding to Froude numbers of 0.1, 0.2, and

0.3.

ESP requires the following iaput:

Ship geometry:

length between perpendiculars
beam
draft

nominal sectional area coefficient at forward
perpendicular

aominal sectional area coefficient at aft perpendicular
waterplane coefficient forward of midship

waterplane coefficieat aft of midship

midship section coefficient

Significant wave height

Ship speed (knots)

Set of response weighting factors (opticnal):

Wi-weighting factor for wks Lhocave

¥2-weighting factor for vaas pitch

¥Wi-weighting factor for mms relzstive motion
Vi-weighting factor for rms absolute acceleration




The output from ESBP is:

RS heave amplitude (ft)
RUS pitch amplitude (ft)

RMS relative moticn (ft) at 10% of shiov lenxth
RMS accelerstion (ft/sec?) (Station 2)

Seakeeping efficiency, a composite measure obtained by applying
weighting factors to the above four motions.

The weighting factors are used only to emphasize the rel&-
. tive importance of the different moticn responses in the com-
ﬁ ‘ _putation of seakeeping efficiency, an emperical measure of
T overall seakeeping sbility. The assignment of weighting
factors is s value judgement which the designer must mske :
on the basis of the mission requirements which he is attempt- ‘j
ing to satisfy. If, for instance all four responses are con-
sidered to be equally important, he should assign a weight of
y 1 to each response. If on the other hand, relative motion is
g considered to De significantly more important than the other
| responses he might assign it a weight of 5 and the other
responses weights of 1.

The current data base is limited to singie screw cargo
huils with either conventional sterns or transom sterns. To
extend this data base, say to destroyers, would cost approxi-
: mately 60K per class of ships.

On the CDC 6700 computer, this program requires 71,200
octal words to load and a maximum of 40 cpu secouds to run,
however this program has not been optimized for either min-
imum memory or running time.
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CONOLLY ROLL DROGRAM

The Conolly Roll Program is an unpudlished roll program in

which it is assumed that the ship is wall sided at the water-

iize and that distributed alozg its length are buoyaacy forces

whose sugnitudes are determined by the local sectional areaxs.
The local buoysacy forces are assumed to act uormal to the
local wave surface. This theory involves a number of simpli-
tying assumptions, and ia view of these it is considured
Justified for ease of soluticn to replace the ship by &
simple equivalent shape haviag rectangular sectioas aad a
constaat draft. For fime warship forms, the waterliss widih
can be reasoaably represeated by a parabola havisg saximum
half-breadth at the mid-leagth and zero half-breadth at the
ends. This abape tesds to over-estimste the width of the
forebody, and under-estimnte that of the afterbody. Ellipti-
cal and rectangular waterplane shapes are aiso availgble.

This program gives the rolling motion and rightiag arw
moment of the abip 18 regular waves of any selected leagth
and height. Any energy spectrum of wave siocpe may aiso be
specifiied to give a distribution of motioe is irregular
waves. Iun irregular waves the respoanse smplitude operator,
the RS roll, and the heeling wmoment are calculated.

The input for the Couolly Roll Program is as follows:

Ship geometry:

elengih between perpendiculars
shieam

sdraft

ecenter of buoyancy
‘metaceatric height

*natural roll period
*coefficient of roll decay

*ratio of hydrodynamic inertia to ship inertia
Speed
Significant wave height

122
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The output for this program iz the RiKS Roll Amplitude
of ths ship to regular waves for every 15‘ of headiag.

On the CDC 6700 the program requires 16.200 octal words
to load. A typical ruz to analyze three ship speeds at
baadiagsof svery 15 degrees requires about 23 sscoads of
computer time.
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As w28 stated 1ia peragraph IV.B 2, there are a large sunm-
ber of programs for the caltulatioa of pitch. heave and loads.
Thene prograss are bBused ca the same theori«=. and all calculate ]
approzimately the same cutputs. The progras iaput forssat, size, '
axd ruaciag timse say vary from program to program tiut the calcu-
intions are all similar. The spacific program recommended for
perforasing tie calculstion is the Frazk Close Fit Ship dotioa
Computer Program. This prograsm is recommended, even though it
is difficult to say that oae program is better tham tbe other, i
because of familiarity of savy persoansel with this progras. 1
The Praak Close Fit Ship Motics Computer Program doos aot at
presant calcuiate some design information (slamming, deck wet-
ness, propeller emergeace) that would be useful. Iacluding 3
these design features would be only a small extension of the

presest program.

PR

The gocmetry of the suip stations may be defined by two
2 different methoda, namcly:
- a. by giving about eight offset points for each statica,or

b. by giving the beam, the draft and the area coefficient
of the cross sections

kit | A il ittt

i Note that it is not nec=ssar) that the same method be used
? for the edtire ship.

o o

3 If a station is represented by offset points, the user then
= has the freedom to select between the close-fit method (r the
Lowis-form wmethod in the computation of the sacticual added
mass and damping cocfficients. When the Lewis-form wmethkod

is selected, the caomputer scans the offsets for each section
to determipe the local beam, draft, aud sectiounal area, and a
Lewis forms matching those parameters is selected for the sec-

= TS 2 S
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In additios to the informetioa about the geometry of
the ship, the user alan must select the comditioms for which
he wants the computations performed. For regular wave out-
put he must sslect the ship speeds and the raage of encounter
tragquencies.

T Ry v
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For irregular see coagutations it is mecessary to speci- 1
fy the aaip spesde, ship iength, the significant wave height,
and the loagitudiaal locatiocas at which sotion vespotces ure
to be calculated.

The Plersoa-loakowitz cea aspectrum is exprossed in this
progras as & fumctiom of the sigaificant wave height.

1The program is degigsed 30 that irregular sea respounses
can be computed at six differcnt ship lengths for the same
givea ship form without any changes to those data cards
which give the geometry of the ship form.

The input for the Frank Close Fit Ship Motion Computer
Frogram is as follows:
Ship geomstry:

|
i
%

¢ longitudinal radius of gyratiog
* lesgth betwean perpendiculars

i

3

- ® geomstric description of an adequate nuwber (less
?‘ tham 30) of ship stations, either as offsets or as
g the beam, draft, and area coefiicient for ceach

- station

For regular waves:
® Froude number
¢* range of encouster f{requencies

For irregular waves:
significant wave heights

rasge of ship speods

¢ points along skip for which motioo responses are to be
calculated

139
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Output from this program:

F ® coefficients and forces in the equations of motion for
pitch and heave

For regular waves:

Ty
o

pitch and heave amplitudes and phases over range of
encounter freguencies

® plots of pitch and heave amplitudes and their phase
angleos as a iunction of wave length

e Ll

For irregular waves:

the average, significant, and 1/10 highest amplitudes
of pitch and heave

¢ the absoute and relative vertical displacemsat velocity

:gd acceleration at any point along the length of the
K 1‘)

i F:« "
[

Properties of input hull form:
® block coefficient
o displacement
f e longitudinal centur of buoyancy

* longitudinal center of flotation

* gectional beam
¢ gectional draft
¢ gecticnal area coefficient

* plot of section shapes

tione and 40 frequencies is 500 CPU seconds on the CDC 6700
however, if all Lewis form sections are used the running tiwe
18 reduces to about 50 CPU seconds. The running time 1s
proportional to the number of stations and frequencies umed.

130
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DTNSRDC Ship-Motion and Sea Load Program

This program iz & genersl six degree of freedom motion
program from which the portion of the program for calculat-
ing roll can be removed. The reagon for not using this
program as is for the caliculation of pitch and hesave szs
well as roll is that the program is a resesrch tool pro-
viding much more iunformation than ige needed for design sad it
is very time consuming to run.

PSR )

i

f The NSRDC Ship Motion and Sea Load Computer Program in ‘
4 its present form predicts the roll motions for coaventional

cruiser stern hill forms &t moderate speeds in beam sees
3 with reasonable accuracy?.

In order to calculate roll motions which are reasonably
accurate in the frequency range close to resgonance it is
necessary to obtaip good estimates for the viscous roll
damping coefficients used in the equation of motion. The
total and sectional viscous roll damping coefficients are
; not generally available for most ship forms and they are ex-
*‘ tremely difficult to obtain.

Sl o .
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Non-linear viscous roll dawping is introduced in the
: gsix-degree of freedom equations of motion in the form of a
) quasi-linear term which is added to the linear damping co-
| efficient. This quasi-linear term depends on the frequency
of encounter, the viscosity, the bilge keel dimensions, the
hull geometry, and the maximum roll zngle.

The program uses a trial and error procedure for solving
roll motions. First the roll responses are computed using
an estimated value for the maximum roll angle keeping the
wave slope congtant, then the program costpares the maximum
computed roll amplitude with the estimated value. If the

i T T TR AT TR ‘-&P“"‘PT
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difierence is larger than cune degree, a new value for the
neximus roll angle is estimated by tha program and the coma-
putations are repeated until the difference between estimated
and computed maximum roll amplitude is less than one degree.

The imput for the roll portion of the NSRDC Ship Motion
and Sea Load Computer Program is as follows:
e offsets cn 21 stations
¢ mags of ship
e roll and yaw radii of gyration
e mass product of inertix about the X and Z axes

o vertical and longitudinal centers of gravity
ﬁ‘ e total length of submerged portion of the hull

e classification of each section shape (e.g., deep V,
extremely rounded sectioms, etc.)

¢ dead rise

e bilge radius

\ ¢ bilge keel description (See Figure 3 )
® length and width of bilge keel

e angles ¢ and &
egirth distance (G) from bilge keel to DWL

* distance (D) from bilge keel to & longitudinzl axis
through the CG.

The output from this program is:

e the coefficients and forces in the roll equation of
motion

¢ the roll amplitude as a function of frequency of
encounter

FE
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| Figure 3 - Typical Ship Cross Section Illustriting the

3 Geometric Paraseteors Required to Describe '
i the Location sed Orientation of the Bilge

v Keels
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® ths roll response weplitude operatora (gives roll
eAplitude as & Yunction of wave height)

e the roll non-dimensional transfer functions (gives
roll amplitude &8 S function of wave slope)

The estimated time to run this program for r»oll wotion
is less than 80 seconds.




INITIAL DISTRIBUTION

fi Copiss

’ 1 NAVSEA

1 SEA 0331H, A. Chaikin
6 NAVSEC

1 S8EC 6105B, ¥. Dietrich
SEC 61058, P. Anklowitz
SEC 6114B2, A. Fuller
SEC 6136, R. Keeane

SEC 6138, . Fuller

SEC 6136, D. Billingsley

12 DoC e

CENTER DISTRIBUTION

-
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Code 15

Code 1504

Code 1506

Code 1507

Code 1513 - Dr. Manley St. Denia
Code 1524

Code 1552
Code
Code
Code
Code
Code

SY
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1561

1568

1572

18 - G. Gleissner
Code 185 - T. Corin
Code 1851 - J. Braiain
Codée 1853 - R. Cross
Code 1853 - B. Thomson

LENS L S

Code 184 - H. Lugt
Code 1808.3 - D. Harris
Code 522
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OTNBRDC HELES THAEE TYPES OF REPORTS

(1} DOTNGROC REFORTS, & FORKAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHMICAL VALUS, DEBIGNATED @Y A SERIAL MEPOAT NUMBER

(2} DEPARTMENTAL REMOATS, A SEMIFORMAL SERIES. RECORDING INFORIA
TION OF A PAELIMMNARY OR TEMPORARY KATURE. ON OF LIMTED INTEREST Gt
SIGMIFICANCE, CARRYING A DEPARTMENTAL ALPRANUMERIC IDENTIEICATION

(3) TECHNICAL MEMURANOA AN INFORMAL SERIES USUALLY HNTERNAL
WORKING PAPERS OR DINECT REPORTS TO SPONEORS, KUMBENED AS TM SENIES B
AEPORTS, NOT FOR GENERAL DISTRNUTION.
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