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Study on the Unusual Manoeuvring Characteristics of
Full-Bodied Ships (2 nd Report)

-On the Results of Full-Scale Trial and
the Control of the Ship--—

by Kuniji KOSE
Kazuhiko HASEGAWA
Tadaharu ISHIYAMA

Summary

In the first report®, the unusual phenomena appeared on two full-bodied ship
models are investigated.

In this report, the unusual phenomenon appeared on a real ship is analyzed
and the countermeasures of the phenomenon are discussed from the view point of
control. The ship is the real ship whose model was treated in the first report.

The main conclusions obtained in this report are as follows:

(1) The manoeuvring characteristics of the full-loaded ship is initially unsta-
ble and besides overlapped by an unusual phenomenon.

(2) The real ship is less stable than her model ship. The fundamental features
of the unusual phenomena are equal but the behaviours are slightly different
between the ship and her model.

(3) The response equation of manoeuvre proposed in this report can simulate
the ship motion fairly well.

(4) In the consideration of the auto-piloting system of unstable ship with un-
usual phenomenon, cares should be taken not only to the stability of the system.
but also to the unusual phenomenon.

(5) The nonlinear control method of auto-pilot, proposed in this report is ef-
fective and promising for ships with unusual phenomena.

(6) The smaller the L/V of a ship with unusual phenomenon is, the more dif-
ficult can a human operator keep the course. Therefore in smaller or faster ships,
designers should pay possible attentions to avoid the unusual phenomena.
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Table 1 Principal Particulars

of the Ship
Condition Ballast Full
D.W.(ton)* §25.670 38.570
Leop (m) 183.0
3 (m 30.0
as: (m). >y.4-70 20.2 Fig. 1 Body Plan and Stern Profile
da (m *J 5.50 10.6 of the Ship
da (m) * ] 6.30 10.4 g
v (m})ew 45,200 (d.gtﬁ)
L/B . 6.10
B/d *e 2.97
Cb o 0.814 L 3
Cp e 0.817 o ) ; ) (ml.sxz)
ca . 0.996 =003 0. 003
lcb (%) ** -2.14 (fore) r
AR/Ld  ** 1/65.4
~-03

*) Estimated values at the trial

Fig. 2 ¢-¢ Phase Plane Trajectory of
**) Designed values 10°-0.2'/s Y. R. Z. (Ballast)
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A.l. Hurwitz ORERHE
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Fig. A-1 Bolck Diagram of Feedback System

Y(s) . G()  _bus"tbu st +by
X() 1+GH(S)  aps"+an 18" '+ 14,

A.D

L, n2m T, LHICERMTH 3,



12 B AEnS~®W BT

HrEFEN,
QS+ SV by = 0 (AD
THD, RURETHIRHR, SHIBXDTRTOBNADEBE S DL ETHB, £DBHiciE, &5 (1),
@), @) FTNTEBETHEBBE+RRETH 3,
(1) @ndam @) DREMTXTHEEL,
(2) 2EEFST,
(3) RDTFIF (Hurwitz OTFIR) MEKOIL-S T &,

D R - S An-21+1 |
‘ an Au-2 Apy -0t An-2142
0 An-y Aoy coooee Q2143 a
D, =: >0 (A.D)
17 0 a [ IR Au-2¢-4
] 0 0 ceeres Qe

L, i=2,3n THD, ay T k<0, k>n B23%KDEE0E4 3,

A 2. HEFREBAOEA

PD&@EMAADOMARIC Hurwitz ORERMLEAT S, — b Moy b (L, TREZTSE
BR<), MR, MBI 20, Fig 11 glids, 2o, HEHEHFBEX (A 2) RRKROLS
733,
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T, = —'j‘h(—KPK)—"h)‘:—‘/(‘Iz(—KpK)—(13}2—4‘71(44(—KPK)Z—%(—KPK)+qrj (A.5)

2a(—KKD
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A=TT,T;

B =T\T:+T:Te+T:T,

C=T+T+Tg

¢ = A—BT;

92 = QA—BT)T, : (A.8)

43y = 2A—BC—BT,

q = ATy
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qs = A—BC
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