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Example of Slowly-Varying Drift Motion
Excitation:  F.(t) = fo cos(wt) + 0.1 fy cos(0.1wt)

2
Equation of Motion: M% = F, (1)

0.1
Solution of motion:  z(t) = -— o !Coswt+ Wcos(o.lwt)l

M w?

Jo

{coswt + 10 cos(0.1wt)}
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Responses of Floating Structures in Ocean

Natural Frequency: Wy, — \/(M—EM )

 For surge, sway, and yaw: hydrostatic restoring coefficients (1, Css,Cgs = 0

— w, =0

Large-amplitude responses can be excited by slowly-varying excitations.

 For structures with small water-plane area such as semi-submersibles, the
hydrostatic restoring for heave, pitch, and roll are small, the natural
frequencies are small. In this case, large-amplitude responses can also be
excited by slowly-varying excitations.

* In general, very little wave energy at low frequency is present in the ocean. Thus
low frequency wave excitation (based on linear wave theory) is small. Thus, from
linear theory, no large-amplitude slowly-varying responses can be caused by the
action of waves!!

« Source of slowly-varying excitations:
—Nonlinear wave structure interaction
—WIind loads
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Source: Fatinsen, O. M. Sea Loads on Ships and Offshore Structures.
Cambridge University Press, 1993. © Cambridge University Press.
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Slowly-Varying Wave Force/Moment

A

Incident wave: 7

ny = Aj cos(wit — k1x) + As cos(wat — ko) y
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Slowly-varying wave force/moment comes from:
(1) 2"d-order hydrodynamic pressure due to the first order wave
(2) Interaction between the first-order motion and the first-order wave

(3) 2nd-order potential due to slowly-varying forcing on body surface and free-surface



2nd.order Slowly-Varying Hydrodynamic Pressure

Consider two simple plane progressive waves in deep water:

_ 941 Jkiz gAs koz
®(z,2,t) = =L Lte"#sin(wit — kix) — 472eM% sin(wat — kox)
?7(213‘, t) = Al cos(wlt — klx) + AQ COS((Ugt — kQZIZ‘)
We look at the pressure field of the wavefield: M =-92-1V®.Vd— gz

Ve VO =32 4 2 4 $?

b, = g—illkl ef1? cos(wit — kix) + 9—‘122]‘32 e*2? cos(wat — ko)

(I)2 = .-+ 2W1WQA1A26(k1+k2)Z COS(wlt — klaz) COS(C()Qt — kQSC) + -
= o Fwiw Ay AgeFrTR)Z feog (W) — wo)t — (k1 — k2)z) 4 cos[(wy + wa)t — (k1 + kg)z)} + - -
— Sum-frequency

L. Difference —frequency
—>2nd-order (slowly-varying)
In wave amplitude

2nd_order slowly-varying pressure component: ~ A; AgeF1152)2 cos|(w; — wo)t — (k1 — ko)x]
Integration this slowly-varying pressure component over body surface to give
slowly-varying force/moment



Interaction Between Body Motion and First-Order Wave

Pressure

Partly in

or out

of water Non-zero

/A =P mean force
. THPT R Y, I, Time
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] ' water

F(t) = [g) P()iids = [5, PP (8)iids + [5 g, PO (t)ids

2"d-order slowly varying

pressure effect

Source: Faltinsen, O. M. Sea Loads on Ships and Offshore Structures.
Cambridge University Press, 1993. © Cambridge University Press.

All rights reserved. This content is excluded from our Creative
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AS(t) ~ Aqcos(wit + Az cos(wat)

Interaction gives 2"d-order
slowly-varying force/moment
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2nd.Order Slowly-Varying Potential Due to Forcing on
Body Surface and Free-Surface

A

Incident wave: 7
nr = Az cos(wit — k1x) + As cos(wat — ko)

y
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Body has a first-order motion resulting from the action of the incident wave, for example, the heave motion:
(3(t) = ay cos(wit) + ag cos(wat)

General body boundary condition imposed on instantaneous body position Sg(t):

d¢s(t .
g‘i = Cjt( ) .n, = —n, [a1wi cos(wit) — waas sin(wat)]
Applying Taylor series expansion of the body boundary condition about the mean body position S*B
0P _ 0% *P
on lSp(t) %}S'B + G3(1) - 8z8n‘§ T
B ~ cos|[(w; — wa)t]

|_, This terms gives slow-varying terms: )
~ sin|(w; — wa)t]

Similar forcing terms are also obtained on the free-surface boundary condition.

- These lead to a 2M-order potential: ®(2) ~ cos[(w; — ws)t]and sin[(w; — wo )]

From Bernoulli equation, this potential gives a slowly-varying pressure P(2) — _paq{f)



Determination of Slowly-Varying Wave Force/Moment

A

A
nr = Az cos(wit — k1x) + As cos(wat — ko)

/\/y.
,H (|
/\/\ ~X
[/ ~ \//\/
T B J=1,-.6

S

Fj‘.sv (t) = AlAQ{Q{S COS(U}]_ — Cd2)t ‘|‘ Q{; Sin(W1 — CUQ)t} ,] — ]-7 ) 6
Qi5(wi,w) and  Q}3(wi,w2) are the slowly-varying force/moment transfer functions.
How to find the slowly-varying force/moment transfer functions??

« By experiments — accurate measurement of 2nd-order slowly-varying
force/moment is challenge in laboratory

« By numerical computation — using WAMIT or other nonlinear computational tools
(state-of-the-are research in this area is still going on....)



Determination of Slowly Varying Force/Moment in Irregular Seas

* Incident wave travels in x direction in deep water:

N
n'(x,t) = Z Ay cos(wpt — kyx + €)
=1

Ap(we) = \/QS(wg)Aw and Aw = (Wmaz — Wmin)/N

S(w) is the spectrum of the irregular waves

» Slowly-varying force/moment on a floating body is given by:

N N
1 ic 1S .
Fs° = 5 Z Z Ay Ag {sz cos[(wr — we)t + (e — €0)] + Qyp sin[(wr — we)t + (e — eg)]}
0=1 k=1
j=12,...,6 n=Q and Qp=-Q

* Applying Newman’s Approximation:

Jjc __ NJc _ nNJjc Jjc Jjs _ IS __
o = @ =y + Q. and Qpp =@, =0

where Q‘Z and Qﬁ are the transfer function for drift force/moment, i.e.

Fj(we) = A?Q); and Fj(wi) = A2Q75,



« Spectrum of the slowly-varying force/moment:

Se,0) =8 1SS+ wIQiF(w + /2P



Slowly-Varying Motion

Moored system in waves: Mass-Spring-Dashpot system:

- Fsv (t) C

i ."4.,4—"‘\ = +_"
0 2(t) F?@)‘Eﬁﬁw
-/ _L N
X(¥)

c: mooring line spring equivalent
b: total damping in the system

Equation of motion:
(M + M,) 5 2(t) + bl z(t) 4 cx(t) = F(t)

In the frequencydomain:
—w?(M + M) X (w) + iwbX (w) + cX (w) = f(w)

_ J(w
X(w) = [c—w2(M—(|—]\)/[a)]—|—z'wb

. C
Wn = \/M—i—Ma

wn ~ 0.1 rad/s
Much lower than wave freq. Wn,



Spectrum of slowly-varying motion:

. Spsv(w)
S;U(CU)  le—w?(m+My)]|?+b%w?

Variance; ~00

Source of ¢: mooring lines

Source of b: (i) related to hull from — friction, flow separation, current/wind,
wave drift damping
(i) mooring lines
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