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State of the art

Manoeuvres are generally performed in calm waters close to
ports, but some times are also performed at sea in higher sea
states.

This requires models which can handle manoeuvring and
seakeeping.

The hydrodynamic problem is very complex, and we may still be
a long time away from a solution.

The state of the art uses a combination of manoeuvring and
seakeeping models via either

o Motion superposition
o Force superposition
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Frequency-domain seakeeping models

These models can be used to simulate wave-
Induced ship motion time series:

Freq. Domain Time Domain

Wave Motion

Linear Motion
Spectrum —>| RAO > Spectrum Z

Time Series

T

l t
Seakeeping Analysis

(Statistics, Operability)
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Motion superposition model

Seakeeping Model (RAQ)

Wave Motion 1
—h‘ RAO —>»
| spectrum [ spectrum Z

Linear
L wave-
. | frequency
motion
4 . ™ (time-series)
Maneuvering Model (Low-Frequency) = '
Linear mass-damper-spring
based on hydrodynamic y(!_, L=
Conirol forces derivatives (@ = 0) Motion

and moments

Nonlinear terms
(viscous damping,
Coriolis etc.)

e | | - @NTNU
18/09/2007 @ osranit One-day Tutorial, CAMS'07, Bol, Croatia D&t skajside universitet



Motion superposition model

Commonly used in control applications: autopilot,
manoeuvring, formation control, rudder roll
stabilisation.

The rationale behind this is that a wave filter rejects
the 15t order wave induced motion, and no memory
effects are then considered.

It can be a good assumption in lower sea states.
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Force superposition model

/" Seakeeping Model (FTF)

Wave ; Ftati
FTF Wave excitation 2
spectrum spectrum

t
Reference frame
transformation

Linear mass-damper-spring
with memory effects —
frequency dependent (= 0)

Motion
—

Control forces
and moments

Nonlinear terms
(viscous damping,
Coriolis etc.)

Time-domain SK model + nonlinearities.
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Force superposition model

This is an attempt to obtain a unified model for manoeuvring in a
seaway.

Fluid memory effects are incorporated, together with other non-
linear effects characteristic of manoeuvring: lift-drag, cross-flow
drag, viscous roll, etc.

These models are based on the Cummins Equation expressed in
terms of body-fixed coordinates, and the nonlinear effects are
added.

The Centripetal-Coriollis due to added mass terms still remain an
Issue.

This model is valid provided that the vessel manoeuvres slowly—
because part of the model is based on a seakeeping model.
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Kinematic transformations {s}-{b}

Following Perez & Fossen (2007)

Equilibrium state

'nb = Tns + T'sb

In {n},

n o .n n_.s
Fop =T + Rs gy

ns
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Kinematic transformations {s}-{b}

Taking the time-derivative

n __ sn NS
rnb_rns_i_ I

Equilibrium state

T, =T, + RanI‘sb
s+ Ry,

Taking it to {b},

Rb n _|_RbRn

nnb nfns

Rb”+v

n - mns

R’ 1
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Kinematic transformations {s}-{b}

Let
S AR %
Vol 5V2
vi = [u,v,w]’ ovy = [0u,ov, dw]"
v = gt Bve = pdabl’
Then Vi =1 +0v
_UCOS@- U
v 2RY |Using | =R2 |0
0 0
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Kinematic transformations {s}-{b}

The angular velocities are related by

Wnb = Wns + Wsb @ Wnb = Wsh

In {b}

b b _ K
w,nb = wsb — V9o — C)VQ

Combining results
v = Ucol; (RY)

V=1"U-+ oV Coup Co0
v = [l_/ilra 03><1]T | S¢S + C5hC5HSS6
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Kinematic transformations {s}-{b}

Taking small angle approximations

CoCo0 1
Vi=U | =854C50 + CoySs0Ssp | => v1=U | =0
i S§p S5 + CspC5HS50 ] i 00

Hence, we obtain the sought

transformation: i .
v~U(-Lin+ei)+ov

0 --- 0 0
0 -+ 0 1
0 -~ =1 0

h
|I>

o -~ 0 0
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Kinematic transformations {s}-{b}

To relate the accelerations
v =v+ dv

where 0
—or
0q
—Udrcoly(R?) + Udg cols(RY).

v, =RST (W) = RYU

Taking small angle approximations and considering only

linear terms .

—or
aq

Ij’lﬁU = —ULov

Which is consistent with 077 ~ ov
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Kinematic transformations {s}-{b}

Velocities: v~U(-Lin+e)+ov
Accelerations: v~ —ULSv + dv
U cos 1_5-
Generalised Positions: 1 = |Usiny | +J,(n)ov
O4x1

Now we can transform the Cummins Equation to {b}.
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RB seakeeping Eq. of motion in {s}

Using the body-fixed perturbation coordinates
we have

linear
Non-linear
on = Jy(dn)ov. 0T = 0,
S S\ Sy, S Mppov = 0T
Mprpov 4+ Crp(dv)iv = 0T
Mpgpg _MEI)%B MRB(S’Y)%(ST
0T = 57—?&(1 T 57—2}{(‘,

.. < <
MRB& — Trad -+ T exc
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RB seakeeping Eq. of motion in {s}
We can think the linear-seakeeping equations of motion
MRB% — T?ad + Tgxc

as obtained from the body-fixed perturbation equations considering

£ =on=ov,

s o Kb
Trad ~ OTrad?

s o Sb
Texe =~ ()Texc

NOTE: In the literature, it is commonly said that the seakeeping eq of motion is
formulated in {s}, but this would imply that the inertias are time varying.

In our derivation, we formulate them in body-fixed coordinated and then keep
only the linear terms; this way, the inertias are constant because we are in
body-fixed coordinates.
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Cummins Equation in {b}

(Mgpp + A)é +BE + / K(t —thé()dt' + GE = 15,
0

§ =on=ov,
S o S-b
ﬁ Trad ~ OTrad?
S

S ~ Sb
Texe ™~ OTexc'

excC

t
Mo+ Bow -+ [ K(t— ()ow(t)de + Gon = b
0 .

M = Mpgp + A

This model describes deviations from the equilibrium state in {b} within a
linear framework and small angles.
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Cummins Equation in {b}

Expressed in terms of absolute (instead of
Incremental) variables:

n=Jynv,
MIO/—|—CRBI/—I—CAV—I—BU CRBéMRBUL}
. Y
+/ K(t — )u(t) + ULg gy~ 4~ AUL
' 7' 2 B

—|—G7]_T@XC—|—T

NOTE: This equation valid provided the manoeuvring is very
slow—Dbecause of the seakeeping assumptions under which
the Cummins eq. was derived.
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Summary

The problem of manoeuvring in a seaway is still an open problem
In ship theory.

A step towards a unified model for manoeuvring in a sea way
consists of expressing Cummins Equation in {b}.

This is still a seakeeping model, which assumes a state of
equilibrium from which the vessel is disturbed; and therefore, it
may be use it for slow manoeuvring.

For slow manoeuvring, we can add Lift-Drag effects as a first
approximation.
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