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® THE SECOND ~ORDER COM PLEX TRAMNSFER

)t

FoncTions F (Wi, wed For THE SOM AND

DIEFERENCE FREQVENCY PROBLEMS ARE
THE PRINCIPAL QUANT(TIES TU BE BVALUATED

FROM THE SOLUTION OF THE SECON D—ORPDER
PRoBLEM.

o roe vAaLves oF (le,€) THAT MAY BE AS LARLE
AS 30-SO FoR REA LISTIC SEASTATES AND Fo
COMPLEX THREE-D(MENSIONAL STRUCTUEES | THIS

REPRESENTS A VERY SIANIFICANT COM PUVTATION AL

TASK. |'T CAN BE REDUCED BY A FACTOROF2

Bv [M?O’SiNG THE SYMME TRY con DITION Fei

HERMITIAN FoRMS &
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NET THIS LEAUES A SIGN I FICANT COUPUTATIONAL
EFFORT WHICH (N 1Ts GENERAYTY IS CARRIED

VT BY THREE-~DIMENSIONAL PANEL METHODS
SoLyING THE SuM- AND DIFFERENCE FREQUENCY
RAD IATIo N AND DIFFRACTION PROBLEMS AROGUND
FLOATING STRUCTURES,



® |N THE D! FFERENCE- FREQUENC PROBLEM A
VSEFUL AND ACCURATE APPROXI MATION For 1, (¢)

IS AVAILA BLE KNOWN AS NEWMAN'S APPR o X HATION,

IN UNIUDIRECTIONAL WAVES IT APPROXIMATES THE
TR AN SFER FUNCTION AS FOLLOWS: |
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orepe D (W) IS THE MEAN DRIFT FO RCE

ON THE FLoATING PLATFoRM AT FieEco VENCY

W WHICH 1S
DISCUSSEND EARLIER.

EVALVATED WLITH THE METHODS

® THE RESvcCT oF THIS APPROXIMATION IS
THAT THE SoLUTIoON OF THE SECOMD-D RPER
PROBLEM IS ClRCUMVE NTEP EwnTIRELY | TTHIS

1S IN PRACTICE VERY DESIRARLE DUt TO
THE COMPLEXITY AND EFFORT |V SocvIiNnG
SEcoun-0OLRDER PpRo BLEMS .

@ THE EVALUATION OF THE ResocCTING
SECOND-OROER FORLE RECORD {5 (D MPY BE
CARRIED OUT USING HFFT ROUTINES. _



 SPECTRAL DENSITY OF SECOND-ORDER EFFECTS

@ [N PRACTICE IT (S NECESSARY TO BE AR(E TO
DETERUINE THE STATISTICAL PROPERTIES OF
LINEAR AND SECOND-O ROER FORLES AND
VESSEL RESPONSES.

@ THIS MAY BE ACCOMPLISHED VIA BIRECT STHULATION
IN THE TIME DOMAIN WHEN APPROPRIATE NUMERICAL
METHODPS ARE AVAILABLE OR RY SPECTYEAL AN ALYSIS
IN COMEBINATION WITH APPROXIMNATE LINEAR

RESPONSE MODELS. —

o

@ [N THE CASE OF SEQGND-ORDER WAVE BFfECTS
ON OFFSHORE PCATFORMS, FOR EXAH PLE THE
Sow-D BRI FT EXCITATION AND RESPONSE ofF
SEMISUBMERSIBLES, SPARS AND TLP'S , oogeD
OR TETHERED To THE OCEAN FLOO R, LUINTEAR
R.ESPONSE MOPELS EXIST. THEY ARC EXQTeD
BY A SECOND—ORDER foRcE THE SPECTRAC

DENSITY OF WHICH |S USEFUVL TO Xwoar.

® THE REMAINDER OF THIS SECTION DE FINES THE
SPECTRAC DENSITY OF THE SuM AND DILFFERENCE
FRELQOLEMNCLY FORCE ON ANY FLOATING BoDY.



@ lc7v S(w) BE THE SPECTRUM OF THE
AMBLENT SEASTATE ASSUMED UNIDIRECTION AL

THE RECLATION BETWEEN S} AnD THE
AMPLLITUDES OF THE POLYCHROMATIC AMIBIENT
SEASTATE A ; WAS GIVEN EARLIER AND REPEATED

HeER E
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ToR A SHALL FREQRUENO! BAND Aw CENTERED
ARoUND W . T

© LINEAR SYSTEM THEORY

Given SCw) AnND THE CoMPLEX TRANSFER

FoncTioNn ©oF A LINEAR Fopce (OB OTHER
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THIS RPESOLLT 1S EXTENDVED BELOW TO SECOMD

O RDER [LoRCES (AND MOMENTS) , _



SUM- FREQU ENcY PROBLEM

®@ THE SPECTPAL DENSITY OF A SOM-FREQULENCY

FORCE WITH COMPLEX QVADRATIC TRPANSFER
+
F})NCTl0N F—_ (w‘,we) IS GIveEn BY Tue

ExPRE SSton ( STATED HERE OITHOUT PRooF):
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WHERE S(w) IS THE SPECTRUM o F THE
AMBIENT SBASTATE

DIFFERENCE — FREQUENVLY PRO BLE M

@ THE CoreEsPONDING EXPRESS(ON FOR THE
DIFFERGUCE - FREQ UENCY FORCE (S:
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ALSO 1T 1S USEFUL TO RECALL THE MEAN VALVE
OF THE DRIFT FORCE IN AN AMBIEMT SEASTATE

WITH SPECTRAL DENSITY S(w):
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D=2 { Sc) Deadder. -

NONLINEAR RESPONSES OF COM PLIANT

OFFESHORE PLATFORMS EXCITED BY SECOND-

OROER E FFECTS
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- X(#) = Stow-DRIFT Z(£) = SPRINGING 6R
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THE ABONE TwO FIGORES |LLLUSTRATE Two
TYPICAL NONULI NEAR RESPONSES 6F COMPUANT
OFFSHORE PLATFORMS DPESIGNED TO o PERATE
IN WATERS OF LARCE DEPTH EOR THE EXTRACTION

OF OIL AND GAS FROM SORB-SEA RESERVO1£S

@ SLOW-DRIFT eESPONSES X (¢)

THESE ARE TYPICALLY LARGE AMPLITUDE
Low- F-EECQU-ENC‘( RESPONSES O FTHE O€DER
OF MINMUTES EXQTED BY SECOND-ORPER
DIFFERENCE~FREQUEN Y EFFECTS , A3 eELL
AS TIME DEPENDENPT WIND. & CURREANTS.
THE LATTER ARE OF VISCoUS NATURE.

AN EFFEcTIVE MODEL For X () IS:

© (M-FA) ;Ztt%‘ B>‘<Lt)+ C X(ﬂ:?zéf)

THe FOoRQING IN THE RIQHT- HAND SI10E HAS
BEEN STUDIED A BOVE AND LTS SPECTRAL
DENSITY 13 ASSOMED KNOWN. THE REMAINING

Co EFFI IENTS ARE SELECTEP 30 AS To ALLOW
TH1S LINEARSYSTEM BE AS CLose To REALITY. —



® SPRINGING RESPONSES OF ‘TLP'S Zt)

THEY ARISE BECAUSE OF THE FLEXURAL RESPO NSE
OF THE PRETENSIONED TETHERS OF TENSION
LEG PLATFORMS OPERATING I N QWATERS of
LARGE DEPTH. THEY ARE BXCITED PRIMARILY
BY sEcoud -0 RDER OR MoRE EXTREME
NONUNEAR EFFECTS AND CAN ALSo BE

MopELED EFFECTIVELY BY A LINEAR SYSTEM S

| +
(M+A) 2+ BZH) CZ(4) = Talt)

THE ABOVE DESCRIPTION DOES NOT EXPLICITLY
PECO GNIZE IMNACT TYPE LOADS KNoWwN AS
RINGING THAT MAY BE AODED TO THE RIGHT-
HAVD SIDE.

@ THE SPECTeAL DENSITY OF ’?z+ét) 1S DETERMINED
AS DISCULSSED ABoyE

o IN BUTH TNPES OF PPOBLEMS TT IS ESSENT AL
TO NoDEL PRAPERLY AND IN CLUDE INTO A
LINEAR DAMPING CoEFRICtENT R (o A

NONULINEAR MORISON TYPE TERM ) ALL EEFECTS

THAT MAY INFLUENCE THE PUATFORM CESPoNSE
AT RESONANCE . — |





