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Prediction of Maneuvering Hydrodynamic Forces
and the Steering Motions
Based on the Oblique Hydrodynamic Forces
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The authors had developed a component~type mathematical model of hydrodynamic forces acting
on a ship hull in steering motion that is deduced from the simplified vortex model. This mathematical
model describes the hydrodynamic forces X, Y and N with small to large drift angles. and it is also
applicable to changing trim and loaded condition of a ship.

This paper describes a prediction method of ship maneuvering hydrodynamic forces with small
to large drift angles by oblique hydrodynamic forces and the estimated results of the steering motion

using the hydrodynamic forces expressed by the component-type mathematical model.

On this

estimation, the expressions proposed in this paper to estimate some hydrodynamic characteristic

constants are used.

Through these investigation, it has been found that the component-type mathematical model can
predict hydrodynamic forces with small to large drift angles and the steering motion only through
oblique hydrodynamic forces. This method will be useful to predict maneuvering behavior at initial
design stage or in the case of few of sea trial data available.
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Table 1 Principal particulars of ship models.

VLCC PCC Trawler
Top (m) 4.0 3.0 16
B (m) 0.652 0.536 0.617
dm (m) 0.285 0.137 0.300
Cs 0.830 0.547 0.622
t/dm 0.000 0.000 0.263
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Fig. 1 Co-ordinate system fixed in ship.
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Fig. 2 Analyzed and estimated hydrodynamic forces of VLCC with changing analysis ranges of drift angle.
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Fig. 3 The influence on accuracy of estimation in the components of hydrodynamic forces of VLCC with

changing analysis ranges of drift angle.
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Fig. 4 Turning trajectories of VLCC due to rudder angle 35 degree with changing numerical value of hydro-
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Table 2 Oblique hydrodynamic characteristics
analyzed and estimated by 2 component-
type mathematical model.

{(i)VLCC
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Fig. 7 Trajectories and time histories of turning motion due to rudder angle 35 degree by means of estimation
and analyses of oblique hydrodynamic forces.
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Fig. 8 Changes of turning ability indices of 35° steady turning motions simulated due to estimation and
analyses of oblique hydrodynamic forces.
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Table 3 Added masses and moments of inertia
about z-axis.

VLCC PCC Trawler
m., 0.021 0.009 0.056
my 0.227 0.135 0.384
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Fig. 9 Time histories of 10°/10° Z maneuver
tests of VLCC.
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Appendix

BADRYUREETNERVWEREHEO XM

N (Xy. Y, Nu) BEUTFOESITERET 5.

Xp=X1+ X+ Xp; + Xc+ X&+ Xp

Yy
Ny=N;1+NL.+ Np; +

=Y+ Y. +Yp:i +Yc (A1)

J,VC

Ky=K;+ Ko+ Kp: + K¢

IZT
2y = -z, =z5/Lpp = —TafLpp = 0.5
dn = (ds +da}/2, t=da—ds

T =-~-1/6-t/dm L

cosfy = u/JET 0T Z T

—sin8y =(v+zs-r)/ /2 +(v+z5 1)
cos Ba =u/\/u_2T(m;

—sin B, =(v+:c.,'1')/\/1—1.2—4»(_114-51:‘,—-1')2

C..=1

1) BAEHHA&RN
X;=1/2-p-L2,-
)v', =-1/2-
Ni=-1/2-
-1/2-

c(vertzor)

[
i.,.-mx

-dy - my,
p- L2, ‘reu (A2)
p LP cdm y cIyTU
p- Lf, cldm - (m,—m) v-ou
2) ¥{EB A
X1.=1/2-p-Lypp-dm
ds/dn -l - cosp
v+ Cev-z5-1)-(V+25-T)
+dafdm - Cpq - cos 8
(v+Cey 7o 1) (V+2a-T)
+ar -{ds/fdm - CLy-cosf
Cey-zy-1
+dafdm - Cp, - cosfB
Cev " Ta-T} V)
e ==1/2-p- Lypp-dm
- [dffdm - CLy - cos B
(v+C.irxy-7)u
+dy/dm - Cp, - cOs 3
(v+Cev 2o 1) 1
+ar - {dy/dm - Cry - cos 3
Cev-xp T
+do/dsm - Cl, - coOs B
Cev " Ta T} 1}
Nev=-1/2-p- L3, -dm
-2}y - dg/dm - CLy - cosf
(v+C.o-xy-T)u
+zl - dafdm - CL, - cos 3
(v+Co-Ta-1)- 1]

(A3)

3) H/IA

Xpi=—1/2p-Lpp-dm
- (g /dm - {my - (0 + 27 1)
+Cpy-cosB-(v+Cey-z4-1)}
- cos By
{Cory - (Lpp/2/dm) - {Civ - m),
(v+Covc-zy-1)
+Cpy-cosB-(v+Ceu-zy 1)}
+Cpyy c - Ch- |cos By
(v 4+ Cepc - 75 - 1)}
+da/dm - {—my - (V+Ta-T)
+Cp,-cosf-(v+Ce.-2a-1)}
-cos 3,
{Cbrs (Lpp/2/dm) - {~Civ - my
(‘U + Ccvc *Ta - T)
+Cp,-cosB-(v+ Coy-za-71)}
~Cpuyc - Cl - |cos fal
‘(U + Cruc +Ta T)}

71—



+dm [ - {=2- 1), 2f o7 {CpLys + (Lpp/2/dm) - {~Cuv - ),

+OL'(dj/dm'C£!'COSﬂ ‘(U+Cruc'xa'r)

Cew Ty T +C, -cos @

+dafdm - Clp, -cos 8 (v+Cev - 2a - 1)}

Cev - Za - 1)} —Cpiryse - C.-|cosB|

ccos - Ceuc (W4 Cevc-2a-1)} ]

{CoLs - (Lpp/2/dm)

{-2-Cio-my-z5-1 ) yozr7oO-FéH

e Sl Cyosd Xe ==1/2-p- Ly -dn-Coim-C

+dg/dm - C}, - cos 8 :([lm_v I.C(Zq.gl)-;-zt r?) . Ly,

.Ceu-:ra-r)} , +llf/dm'01f'COSﬂ

—Cpirfe-2-ClL-|cos| -z -7} ] 0+ Cep-zg-r)-(v+2/-7)
Yp: =-1/2-p- L,,,'- dm +daf/dm - Cp, - cosf

-[d{/d,,.-{my-(u-f—z;-r) (v+Ceo 2a-1)-(V+24-7)

+CL! cosfB- (v+ Cev - 25 1)} +ar - {ds/dm -Cp;-cosB-C.p - x5 1

-(—sin By) , +dafdm - Cp, - cos B

ACbis - (Lppf2/dm}- {Cs. - my Cey " Za 1} 1]

(v+Cevcczy-r)

7 =g . . . . - I2
+Cry-cosfB-(v+ Cer -5+ 1)} Yo ==1/2:p-Lpp dm - Cprc - C

+Coije - C | cos By ./d/dm wdzor)

W+ Ceue - x5+ 1)} .

+dofdm - {-m} - (v+za-T) (1 +vp'c°5dﬂ7)
+C£a.cosﬂ.(v+cev.za.r)} '(_Slnﬁz)' z )2 (AS)
(- sin Ba) —1/2'p'Lpp'dm'°C'C;DLc'Cc
{CoLy - (Lpp/2/dm) - {~Cy. - m} 2-dm[Lpp - [2- (Lpp - 7)

0 4 Cove 20 7) [ty - 1cos

+Cl, -cosfB-(v+ Cer - Ta - 7)} ,
—Cprjc-Cl-|cos fBal sgn(v+z-r)-dr
'(U+C¢uc'xu'r)} A‘-C =~1/2'p'L:P.dm.cD[‘r.C£2
+dm[dm - {-2-my - zf-T 2

+ag - (dy/dm - Cl - cos B (A4) - [ dfdm (v +zo1)

Coyzy-1 ‘(1 +p-cos’ 5;)

+dofdm - Clq €08 B-C.y - za 1)} «(-sinB;)-z' . dr’

(~sinB) - Ceuc -1/2-p- L2, -dm -ac-Cpr. - C!?
.}Cng (LPP1/2/d'") 2-dmfLpp/2 (Lpp-1)?

d — . sv * my . xf O o 2 2

+ay - (df/dwm - CLy - cos B - [ (d/dn)” - (1 = |cos B: )
Cevrxyer sgn(v+z-r)-z' - dr'

+dafdm - ClL,-cosf Xe"=1/2-p- Lpp-dm

Cerv - Ta - 1)} dds/dm - C (1 -

~Cprse-2-Cl-|cosB|-zs-1} ] -gvi/z,-r)g"‘sj (1 - | cos By))
Npi=-1/2-p- L3, -dm —dafdm - CLasa - (1 — | cos Ba])

szl cdyfdem - {my - (vt x5 0T) (v + 24 - 1)?)

+Cpprcosf-(v+Cey-zy-7)}

-(— sin By) 5) Mk RiE MRS

{Cprs - (Lpp/2/dm) - {Cso -m; Xr=-1/2-p-Lpp+-dm -Cp - |u| -u (A6)

v+ Cevezs-1)
+Cpy-cosf-(v+ Cep -z - 1)}
+CpLyc - CL + | cos Byl
(v + Cepc x4 -1)}

2y cdafdm - {-m}, - (V+2a-T)
+Cla-cosfB-(v+Cev- 2o - 1)}
-(— sin 8,)



