LINEAR WAVE-BODY INTE RACTIONS

© CoONSIDER A PLANMNE PROGRESSIVE
REQULAR WAVE INTERACTING WITH A -

FLOATING BODPY (N TWO DIMEN Slanvs,

® THE MAIN CONCEPTS SUVRVIVE ALMOST
WITH NO CHANGE 10 THE MHoORE
PRACTICAL THREE-DIMENSION AL PROBLEM
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LINEAR THECRY
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SMALL WAVE STEEPNESS, VERY Goop
ASSOMPTION FOR GRAVITY WAVES IN
MOST CASES , EXCEPT WHEN WAVES
ARE NEAR BREAKE NG CovDITIoNS
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THess ASSUMPTIONS ARE VALID IN MOST
CASES AND MOST BODIES OF PRACTICAL
INTEZEST, UNLESS THE VESSEL RESPONSE
AT RESONANCE IS HUIGHLY TUWED o
LLGHTL DAMPED. THIS ISOFTEN THE
CASsE FoR ROLL W HEN A SMALL AHPLITUDE
WAVE [NVTERACTS WITH A VESSEL WerkLY
VAMPeED IV RoLL,



@ THE VESSEL DPDYNAHIC RESPONSES /N
WAVES MaAY BE HOPELED AccoRPING
TO LIV EAR SYSTEM THEORY ¢
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BY VIRTUE O6F LINEARITY , A RANDOM SEASTATE
MAY BE REPRESENTEYD AS THE LIN EXR
SUPER POSITION OF PLANE PROGRESSWE WAVES ;

-S(K;‘t)# Z A\l COS(K&'X—W_;‘&*—éJ)
‘) -

2
W HERE IV DEEP WATER : k\;:wj /j .




Accc»fzmwa TU THE THECRY of ST. PENIS
AND PIERSON, THE PHASES & ARE
RANDOM AND UNIFORMLY PISTR] BVTED
RCTWEE N (’_,-5)7(’3 FOR NGw WE ASSUHE

THEM kNnovwnN CoNSTAMTS:
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AuD THE CORRrRESPONDING VESSEL RESFONSES

toltow FroM LIN EARITY IN THE FORN I
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W HERE T, (w) 1S THE conpPeLex FAO

ok MOPE \K. [T IS THE ORJECT ©OF LINEAR

SeArEEPING THEORY IN THE FRE®QRUEN (¥

DO NAIN TO DERINE EQUATIONS For H(ew )

THE TREATMET IN THE STOCHASTIC CASE I3



® THE ELUATIONS OF MOTION FOoR. (el

Fo Ltow FRoM NEWTONS LAW APPLED

TO EACH MOPRDE IN TwWO DIMENS|onNS.

THE SAME PRINCIPLES APPLY GOITH V ERY

©
MINOR CHANGES N THRES DIME NSIONS
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THe BoODY PUE To THE FLUID PRESSURES,

d¥, -
",:;1 AND Fy IS THE FORcE ON
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VIRTUE OF LINeEARITY, Flw Wit BE ASSuweD
TO BE A LIVEAR FUNCTIoNAL OF ‘§1) 27)%’,

MEMORY EFFECTS EXIST WHEN SURFA CE

Qo
WAVES ARS GENERATED oM THE FREE
DURFACE ;50 hHiw DEPENMDS IN PlRINC) PLE
ON THE EBNNIRE HISTORY OF THE
VESSEL DISPLACEMENT,

® WE witL ADOPT HERE "THE FREQULENCY

DoMAIN FORMULATION WHERE THE VESSEL

MOTIoN 1HAS BEEN QOIWG OV OVER AN INFIVITE
TIWME INTERVAL , [—e, L) OITH e 't pepeypBvce.




WE WILL THERE fORE SET

Ek(f)"' ﬁz—?§£k e{wﬁ‘g , k=1, 3,'-,@

IN THIS CASE W& CAN LINEARIZE THE WATER

INDUCED FORCE ON THE BOOY AS Foltows:

SURGE

s’

Fow (8)= X, &) = Ay 5, — Aus gs_ ALz,

- G § = Cyq §3-CL*§#
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THE SAMe EXPANSIoN APPLIES For OT HER Mo OES
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NAME LY HEAVE (k=3) AND ROLL (K=4). (1) sum ®
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THE ADDED- MASS MATRIX A, REPRESENTS
THE AppED |NERTIA PVE TO THE ACCELERATION
OF THE BOOY (N WATER WITH AELERATION §

' J



@ THE DAMPING HATEIX [3); GOVERNS
THe EVvERCY DISSIPATION IN ToO THE
FLOID DOMatv (N THE ForM ofF SURHACE

WOAVES

® THE HMDROSTATIC RESTORING MATRIX
Ly REPRESENTS THE SYSTEM STIFNESS
DUE TO THE HYOROSTATIC RESTO RING FORCES
AND MOMCENTS

FoR HARMoNIC MITIONS THeE MATRICES

AK& AND 61_;.3 ARE FUNCTIONS OF ¢V , oL

/A‘Ké [w) ) 816.3 C‘U)

THIS FUNCTIOWAL FORM WLl BE DISCUSSED
BELow. THE HYDROSTATIC MATR X Cmﬁ

IS INOEPENPENT O~ W) AND MANY OF 1TSS

ELEMENTS ARE (OENTICALLY EQUAL TO Z2E{ep

COUE CTING TERMS IN THE LEFT- HAND SIDE

AnD DENSTING BY My THE BODY INERTIA MATRIX;
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THE BxXTENSION OF THESE EQUATION S ToO

S1Xx PEGREES oF TREEOOM 1S STRAIGHT FOoRWARD

HouwBveER BEFORE OISCUSSING THE GCNERAL
CASE WE WILL STuDY SPECIFIc PRO PERTIES
OF THE 20 PRoBLEM FOR THE SAKE OF

CLARITY o



CONSIDER A BODY SYMMETRlIC ARBONT THE

= 1S,
X=0 AXIS 2,3
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For A BODY SYMMETEIC PORT /STARBOARD:

e VERIFY TH';r HEAVE IS DECOUVPLED FRO M
SUVURCE AND RoLL. IN OTHER OoRDS T HE
SVRGE AND RoyL MOTIONS DO NOTIN FLUEBN CE
HEAVE AnD VICE VERSA:

["WzCM +Azz )+ 1w Bas +C33] Eg = A

® THE ONLY NON2ZefRO WYORDOSTATIC COEFFICENTS
ARE C33 AND CM_. VERIEY THAT THIS 1S

THE CASE EVEN) FoR NoN-—-SYMMETRIC SECT (oNS

@ SUVURGE AND RO LLARE Covu PLED ToR
SYMMETRIC AND NON- SYHMMETR IC BOD IES
THE CovrPLED EQuATION OF MOTION BEco MES:




Svege-RoLL
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@ (UHEN NEWTON'S LAW IS EXPRESSED AGOUT

THE CENTER OF GRAVITY?

Mig= Mg =0, Mu= M, Maw = Ig

WHERE T, 1S THE BoDOY MOMEWNT OF INERTIA
ABoUT THE CENTER OF GRKAVTY. IF THE
EQUATIONS ARE TO BE EXPRESSED AR AJT
THE ORIGIN OF THE COORODINATE SYSTEM,
THeN THE FORMUILATION MVUST START

W1 TH RESPECT TO &G AND EXPRESSIONS

DeeweED WRT O, VIA A COopOIVATE

TRANSFARMATION

THE EXciTrve Porces X,y , ¥Xi ARe
DEFINED IN AV OBVIOVS MANNER ALov(
THE X- AND 2Z-AXES . THE RoLL

MoMeENT Y 1S DEFINED INITIALLY ARAT &,




NEED TO DERIVE DEFINITIONS FopR
THE COEFF!&(EMTS‘ THAT ENTER THE

HEAVE X SURGE-RolLL ERULATIONS OF
MoT(onv:

P AF )‘ A = VOLUME oF COATER
DISPctAces BY BooDy

ARCHIMEDIAN PRINCIPLE OF
- Buovamncey

® (3= ?‘iAW = 036

A = BODY WATERPLANE AREBA
= B ((BEAM IN TWO DIHEI\)S’IONS)

, 3 . ‘
| , B _ e
= P = oLL RESTORING MOMENT
* (C‘*‘*), r3 /1'2.
G DUE TO A SMALL ANGOLAR
DISPLAcEHENT ABONT THE
(ENTER OF GRAWTY. VERIFY

FoR ALL WALL X NoNv~-QIALL
S(DEO SecTIoNS,

O _[cC L (C,. . bERIVE AN
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