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A New Coordinate System and the Equations Describing Manoeuvring Motion of a Ship in Waves

by Masami Hamamoto, Member

Yoon-Soo Kim, Member

Summary

The purpose of this paper is to find an equation of motion in a reasonable combination describing the
manoeuvring motions in horizontal plane, rolling motion in lateral plane and seakeeping motion in
vertical plane. The reasonable combination here is to find such a coordinates system as using the
formulae with respect to the hydrodynamic forces which have been developed in field of
manoeuvrability, stability and seakeeping. A new coordinate system called Horizontal Body Axes is
presented for describing the equations of manoeuvring motion of a ship in waves. Froude-Krylov forces
and Hydrodynamic forces on a ship are evaluated with respect to Horizontal Body Axes. The Time
domain simulations are carried out for turning and zig-zag trial of a ship in waves. Finally, it is
concluded that this new coordinate system would be considered to be available for describing ship

motions having six degrees of freedom.
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Tablel Traditional and New Equation of Motion
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Ve = iég+iig+kig Vg = iutjv+kw Vg = iU+jV+kW
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K=y ([ o¢528tas— v [[ opsZPras

L w s
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+ffp¢( aqsz a¢x)s
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(55)
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8, F I BBEASEC X - THEET %, M, 2o DR
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My=— UfN(x)de

Mﬁ’:’_mzxc
My = —/N(x)xd.r——(mz—~mx)U

THEzoh, ERBEEREN LAMEEmZA MY v
TRy P B0 bR T D, TOTE, Mo 3RS
DO FFCIBR I N TW A EEE B2 20T, Table
2B DOHEETRT, 2 2T, BARRERIE M, DRl
HEWCLZ2HTHS,

Table 2 Coefficient of Traditional and New Equation
of Sea-Keeping Motion

Cofficient Horizontal Body Axes Earth Fixed Axes
Zy —m, —my
Zw [ Na)dz [ N@)=
Z5 - ;TG —m. TG
z |- / N(z)zdz + (m, —m)U - / N(z)zdz + m,U
% U [ N(z)ds Zex +U [ N(@)dz
M; —Ju —Juy
M; [ N(z)zdz / N(z)c?dz
M, ~U / N(z)zdz Meg —U / N(z)zdz — m,U? |
My, —m;Iq —m.Tg
Mw - /N(z)zdz — (m, —m U —/N(z)zdz —-mU

4. BEEHEBA

R CROIFMEN L FDE— 2>+ %(23) RV (25) 5K
WHRALT, BHY 2 LRfGES), BIBESRCHOES <
nzhic LTk 2B 3,

RtEE HER
(m+m)U—(m+my) Vd+XviVd+mezcl
+m:W6=T(1—t)—R+ Xt &, 6, ¢)

—%pARUﬁfa sin @ sin 8

(m+m) V+ YVt muzed +(m+m)Ud—Y § é
—myzed=Yix(Ls, b, 0, §)+ Yor(Ew, Ew)

~%pARU§f¢ sin az cos &

(Ia+]a) & +(N ¢ +myzcl) ¢ +muxecV
+NV —Uex+ Joz) 0 — muzcUd
=N;“-K(CG) ¢) 6: ¢)+NDF( gwr gw)

+%pARlRUI%fa sin ar cos ¢

(63)
wpEEE RN
([Ix+fxr) ¢""K¢3¢- ”“(Ixx'*']xx) ‘9¢

—mzzcUd —muzc V=Kt x(te, $, 0, ¢) (64)

+%pAnhRUfe’fa sin ar cos &

HeEB AR
(m+m)W+ZwW+Z6
+Z4 +200_My20¢2
=Z¢ x(8e, $, 0, $)+ Zo.r(Ew, Eu)tmg
(Zyy+ Juy) G+Méb+Mb+ MW
+ My W +mzzcU+ J b §
=Mix(Lc, &, 0, $)+ Mo.r(Ew, Ew)

& C, Horizontal Body Axes (2[4 % &8y 2= (63),
(64) XU (65) ROFTHAB 2R 31201z, Fig 212w
74990 GT #l a2 > 7 Fif D 35 ° fERFAER K& UF 10°-10° Zy
ZaFBOY I av—va VEHER AP EFERPIZD
WTEML 72,

%9, 35° IEMEERDOIEEINBE L 2 ORIEARED ¥ 1
LERAPMY —ZDOWTOHOYIav—yaretEERS
Fig. 3 & Fig. 4 R L 120 & 2 C, WRBORERIFRER B

(65)

T,
STL

STL.

2
STL. STL. FW FOSL. /
X |>\<}\ V) / ygst /

NS 77

=

8L

AP 12 92 FP

L =115(m) B = 19(m) d =6.4(m) A = 10135(t)

Fig.2 Body Plan of 4990GT Container Ship
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Fig.3 Turning tests of a ship in waves of 115m
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5[ (deg/sec) DIREED S 150, HE A 15m L, & H #2.3m &
. . 3.45m DFEWX DO THAPDO TR EHERL TRLTH

- L. 3,

) PR i a5 BT, 10°-10° Zig-Zao BREROEITESA ¢, HEE U BAIERI A
3t A LogoHrATARA L fb 0,6DFAAEAN) —DY I 2L —va VEHHERES
.': ¥ . "n'::- i ARV . WEMEDREAD0°, 30° KU 60° DFEWDWT Fig.
2r 7 H=3.45m )\=115m‘. ¥ 5, Fig.6 RO Fig. TR Lo 22T, BWRHPOD Zig~Zag
H=23m A=115m ¥ SUBRIEHER A1 115m & U, B H % 2.3m £ 3.45m O
1r Still Wator BEE OO TEAPOZh L HEBELTRLTH 3, Fig.3
T 1o Fig TECOY I av—ya YREEBRLD, #Kk
00 100 200 300 400 HOMEIZ AR CHBROEN 2R D EBL TWwa T L
t(s) WBHIMPB, 2D L&Y, Horizontal Body Axes IZB¥

Fig.4 The time history of turning rate of ship in waves
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Fig.5 Zig-Zag tests of a ship in waves of 115 m length
at hesding angle zero degree
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Fig.6 Zig-Zag tests of a ship in waves of 115 m length

at hesding angle 30 degrees
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BRI DWTAIERE L, ROBRE2EB,

(1)

(2)

(3)

20
10

ZOHEND DI, F LWEIZR & L T Horizontal
Body Axes System %88 AL, ZOREERIZET 3
HHEARA 2 EH I, :
Z DEER IR D General Body Axes System
& Earth Fixed Axes System A FbwE L
ToTEY, ZOBERICET 2MENZELE»S
B, ERERVHEREOSSEF CRBL TR
BHEUERNZEEET VRV CERT 32 L
MBTE 3,

I THEWIEHARROHENS 2R T 520
WEMLZERESEREL Y, HEbhORGES 5

¥, & (deg)

-

-10
_zoE

20
10

WTTN

300 t{s)

-ttt .100: +—t }‘!00:

Still Water

Y. 6 (deg)

30

T TN

100~ +J 300

H=2.3m A=115m %=60"

Y .5 (deg)

-10
-20

Fig.7 Zig-Zag tests of a ship in waves of 115 m length

H=3.45m A=115m ¥»=60"

at hesding angle 60 degrees
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