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A Practical Method for Estimating Ship Motions of High-speed Crafts in Oblique Waves

by Forng~Chen Chiu, Member Yunn-Chin Liaw

Summary

In the previous paper, one of the authors and Prof. Fujino, based on a nonlinear strip synthesis,
proposed a method to calculate the vertical motions and vertical wave loads of a high-speed craft in
head sea. The validity of this method are verified practically through the comparison with model tests
data. Furthermore, in this paper, following the similar synthesis scheme, a practical method for predict-
ing the motions of a high-speed craft in oblique waves is presented and applied to an existing craft to
clarify its fundamental characteristics of vertical and transverse motions in bow (or beam) sea.

In the method presented, the time-varying submerged hull surface and the coupling effect between
transverse and vertical motions are considered. Moreover, using the momentum theory, the nonlinear
flare impact and dynamic lift are also taken into account. Besides, the equations of motions are
described by the body-fixed coordinte, rather than the vehicle-carried vertical frame which is used
conventionally.

To prevent the numerical divergence due to the drift of sway and/or yaw motions in the time domain
simulation, artificial springs in sway and yaw modes are introduced. The effects of the spring constants
on the predicted ship motions are also discussed.
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(1) HWEf x=90°, 1125°, 135°, 157.5°, 180°
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Table 1 Principal Particulars of Ship

Length Overall L 18.20m

Breadth ({X))B 4.94m

Depth (ZX0°)D 3.0m

Draft (I} )d 0.84m
Displacement W 31.4ton
Vertical Position of C.G. KG 0.84m
Longitudinal Position of C.G 2.01m aft.(0 )
Transverse GM 2.88m
Longitudinal Gyradius 0.22L

Gyradius in Roll 0.27B
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Fig.3 Effects of Artificial Spring Constant on Trans-
verse Motions wih Different Ship Speed (x=
135°, A/L=20, H./A=1/40)
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Fig. 4 Effects of Artificial Spring Constant on Ship
Motions (F,=0.693, A/L=2.0, H.,/A=1/40)
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Fig.5 An Example of Time Histories of Ship Motions
(Fr=0.693, x=135°, A/L=2.0, Hu/A=1/40, K=
1.0)
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Fig.6 Effects of Artificial Spring Constant on Time

Histories of Transverse Motions (F»=0.693, x
=135°, A/L=20, H./A=1/40)
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Fig.7 Motion Responses (F»=0.693, Hu/A=1/40)
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Fig.8 Effects of Ship Speed on Ship Motions (x=135°,
AL=15, H,/A=1/40)
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Fig. 10 Effects of Wave Height on Time Histories of Ship Motions (F,=0.693, x=90°, A/L=1.5)
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Appendix
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— U?cos ¢ sin r cos r cos? ¢{($mzz)A

+ f mzzdx}

— Ucos ¢ sin r cos ¢f L2 dx

+ U? cos ¢ cos t sin ¢ cos ¢"{(xmyz)A

+ [muedz}

+ U cos ¢ sin «/)f my‘dr

Usin z;{fx m“d x%ﬂ 'z

— U cos 7 cos ¢[(xmyz)A—(xm§z)A

- m?}‘zderfmyzdz]

—U cos rs[(xmjz.u),ri-fm}‘z,odr]
INydx + zdl} Ucos ¢

X sin ¢foyyd$

-+ U cos ¢ sin rcos t/)foyzdr

— U? cos ¢ sin ¢ cos r cos ¢{<xMyy)A

+fmyydx}

~Ucosgbsm¢fx ”dx
+ U2 cos ¢ sin r cos r cos? </J{(xmyz)A
+ T’ﬂyzdx}

+ U cos ¢ sin r cos ¢f amyzdr

Da= f {mw( V1) + my(3VIFF)

+ M2y (ot +( Oty | Nu) V,

(g (B

+ U cos 7 cos ¢{(myy Vy)a
+(myz Vz)A“’(””xyﬁw)A}

Da= f {myz(aV_y75t)+ mo(TVLI3E)

+ e Bl 00+ (2222 4 Ny ) Vs
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— M2z Oz )
+(a_g;§_+sz) Vot ( ag’ltzz +Nxz)ﬁw}d$ +.Z‘( ot +sz)Vz+l‘( ot +Nez)Pw
+ U cos 7 cos ${(my:Vi)a + U cos 7 cos ¢(myeVy+ maz Vot mxzﬁw)}dr
e Vo)at (meeD o)) — U cos t cos ¢{(xmyzVy)a
DA:/{mzy( aVy ot ) + mIZ(aI/Z ot +(rmzz VZ)A+(melﬁw)A}
-+ mu(m—i-( am'ty +N1y) Vy Dﬁ——:f{l'”’lyy( aVy;at)'i‘.rmyz(aVz;at)
- ) OMmyy
+ (i’%’fi+Nu> Vi ( Hhaxy Nn> ;zsw} +am(0puldt) + 2 ( N, ””> i
+ U cos t cos ¢{(mazy Vy)a + x( a’gty‘ +Ny2> Vz+x( OMzy +ny)ﬁw
+ (m.rz Vz)A+(m11ﬁw)A}

+ U cos zcos ¢{myy Vy+maz V.t mzyﬁw)}dx

Di=~ [ |emuu(@V,18) + zmon(3VLIGD) i
3 + U cos 7 cos {(xmyy Vy)a
+1'mxz( Dw} )+-1"( UL +Ny2) Vy +(.l‘myz Vz)A+(meyﬁw)A}
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