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(a) Ferry model (b) Experiment in the wave tank
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Fig.1 Ferry model and experimental setup
(7 xV)—1RE & KBREE)

EERIER

Fig.2(a) &, MWICHROBEKE W 0 20% Ok % ANTHED, HIENA ¢ ORI
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H=13.0cm, f=0.69Hz T %, EBRIIEEMZ K THOHN A6 (R o(1=0)=
19.0deg.) WZEIE SR TG L. T, MEREEIIHELEZ 5 R 57201, t ~65scc.



114

THERROMBIER 28 {28z, TDT T 756 (i) t < £ 65sce. Tl HIEN O WIRIEIZ
# 5deg. TEHEEIIASHEOE R U TH S, (ii) t ~65sce. THREAGO MM % 8 <
Enid L, BIENOTMREIZH 20deg. TEHRABIEAFTE OO 2 512 % o 72, (iii)
% (AT EHAIRTH L2013 L, High (B77) EABRITHEMZEFZ L TWwa, b

W) ZEHbRD, Lo T, MAICHERAKRDSHFET 5 L. b T hiEI &) iAo
BN ARG 2 MEEMS S 5, /2. MUAN (K) O L TEBOHT) (EREh) 2°
T2 2 LR EHOFHDO VL OTH S,

Fig.2(b) iZ, RIBOKEWVHDOFEN (t > # 65sce.) DESRYIT— 5 %, KERENEE
(B(t), d(t + 7)) ZFAVT 2 RTEOBEIRBEMICERE LT VI 275 —% KT (r=T/4, T:
BRI o COMBIEZAINL YT - ThI7259—DEHICRZEDT, TORNITEKM 5
HERBREI CI 2 W LA FHEND, DLIFTATH D261, TNEARELRE— FE
WET 2 KIRIBES TH 20T, MOREMEEZ S LTHEFLEELHARTH 5,

EEROBEICL ), ZOMETIRROMBEN L IMNOKOEREE LN TH S LE X
bIb, #ZT, AL TIZZDEBGER I L AIERIEBHEEFFH L ARD I LI L

30 r
25
- o |
_E‘D B 2
~~
S [ o4
= i— 15
O S’
= <
g 10
— I
E |
' 5
'
1 I 1
]
0 1 1 1 1 X N
20 40 60 80 100 120 % o p= % 20
Time ¢ [sec.] O(¢) [deg.]
(a) Time history (b) Reconstructed attractor

Fig.2 Measured roll angle ¢(¢) of the ferry model
(7 ) —1BEOHENADEHAIRR)

The wave height H=13.0cm, the wave period T'=1.44sec., and the ratio of the
amount of flooded water w to the displacement of the model W, w/W=0.2.

At t ~65sec., the model was lightly impinged by a stick. 7=T'/4.
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115
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HIENEAGEY T,.=1.54sec. TH b, WHAWOETHEOSEMEA T RTHI %25
£, BRE ZKOMR (0.6mx1.5m) THRENLFERICAEE L (Figd(a) o ZDEER
FETIE, HEIEIEN (oll) |, £A1E (sway) , E T (heave) DANTHETH Y, #
NENRT v a A= —%2FHLCEHIL 7. T/, BEOFHUSEH KR E., EE 5%
THNERL Z2WEHIZT 272012850 % (ONRE £=3.92N/m) T E£HE (sway)
WL T 5B (Fig.3(b)) o

IHeave /Spring

Measuring system

Measuring system

Potentiometer for roll

Wave Model
=
PN
Roll D
B
(a) Experiment in the wave tank (b) Measuring system

Fig.3 Simplified two-dimensional motion of a box-shaped ship in beam sea

(FERAIREYEER)

EERAE R

WISHRIM 2 v/, WRAMEE f=0.7Hz ICEE L. HEOBBICES EiELOZLE
WREf L7, RN 3 9 Th L, K TIIEEIREOA L £ET 5, Figd 13, EE
HDOKDED w= 5kg DIHAEDREWLBIZNAOERY], KTORMBNEESR (4(t),
Pt +7)) ERCTEHBRENLT F 9275 —%KT (r=T/4, T=1/f) .
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Fig.4 Measured roll motion of the box-shaped model
(FERREE R DEHEh B DOFHAIKER)
Left: the time series of the roll angle ¢, right: the reconstructed attractor, the
wave freq. f=0.7Hz, the amount of water inside the box-shaped ship w=>5kg,

H; the wave height, 7=T/4, T=1/f. Sce caption of fig.5.
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Fig.5 Variation of roll motion of the box-shaped model with wave height

(FERRE R DIRE N EB DO D IRRR)

w; the amount of water in the model ship, H; the wave height, A; the wave
length. P!; Period 1, P?; Period 2, P3; Period 3, C;; Chaos of type 1, Cy;
Chaos of type 2, C3; Chaos of type 3.

Fig.5 iZ, BRIHNDOKDEN w= 3kg & bkg DHFED, KHOEIZE b 7% ) ERELON
5—vOEEFTLDORNTH S, M, HEIKEE H, 2 VIEEs H/x (O #R)
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0 m o w = o 0 m ) " v m B F— o v " 0 [ s TR o © - w 0 w
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(g) ¥=180dcg. (h) ¥=210dcg. (1) ¥=240dcg. (3) 9=270dcg,. (k) 9=300deg. (1) 9=330deg.

Fig.6 Stroboscopic plots (X bOK - 70 )

(9; phase of incident waves, w=>5kg, H=18.2cm)
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Fig.6 I3MAK D& w=>bkg, HNEHS H=182cm DL &N, A +aX - 7Ty b+ (o(t),
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. (¢) w=bkg, H=18.6cm, ZE, ZOV T 7/ 7HHBEEHEH L. ZOMKE. VT T/
THRBOBAME dmax 1 (a) Amax=0.203£0.009, (b) Amax=0.224-+0.012,

(¢) Amax=0.33040.018 TWIFNLIETH D, IN5OMIZIESIIN AW TH S LA
oz,

5. R TEK L ABOBIZhOMEEF L

Incident waves

£\
—

1K

Fig.7 Illustration of two-dimensional motion of a flooded box-shaped ship
in regular waves C(E/R®PTRKL =M OKER)
¢; roll angle of a ship, x; slope of the surface of flooded water, b,; breadth
of a ship, b,; breadth of a vehicle deck, dg; draft, f,; freeboard, d,,; depth of
flooded water, G,; center of gravity of a ship, G,,; center of gravity of flooded

water, By; center of buoyancy of a ship.
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Fig.8. Two parameter bifurcation diagrams in the (Q2, A,) plane
(p=0.1, Ay=1.0 v4,=0.05, and 1=0.05). (2 /%5 % — 2 HIEED—1HI)

The other parameter values are closely sct to the experiments using the box-
shaped model. The wave exciting moment A, [sec™2] and the wave frequency
Q2 [rad/sec] are represented in the experimental scale. Solid line : bifurca-
tion curves of the period-1 solution. Dashed line : bifurcation curves of the
v

period-2 solution. G" : the saddle-nodel bifurcation. : the period-doubling

bifurcation. HV : the Neimark-Sacker bifurcation. V : the period N solution.
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(a) Stroboscopic plots of the roll angle (b) Liapunov exponents

é(to + k27 /Q), k=0,1,2,- - -,30.

Fig 9. One parameter bifurcation diagrams with increase of A
(p=0.1, A;=1.0). (Fig.8 IZHT3 1 /¥F % —2BEED—H)
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Fig 10. An attractor of a chaotic solution of the mathematical model
(p=0.1, Ap=1.0, A;=0.6, 2=3.5). This attractor is reconstructed
using the delay coordinates (z,y,2)=(¢(t), ¢(t + 7), ¢(t + 27)) where

T:%—Q—QE. Unit: degree.) (Fig.9 Db+ XBEDOT7 b7 2D—1Hl)
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6. EX _
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FT, BFETN (B) RRBY 714 Y 7 ARKDOFEEREALT I LN TE S, ZORHIL,
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Voo 7 — Forlk, B, A A~y -y h—FlE) O b 0D F L FHEFRERE
& 2 I S E DR OREED, BHLIFRBBAROKRERBERO -2k > T0B LELD
N5, Figs.10(a)(b) IZEH 2 OO Fv - J — FolE & BEEEEASRR IR X 54
RIC 2 DR EAEDBOBEEFHEL CARLBERO—FIZELTWVDE (p=0.1, A;=0.0,
v$=0.05, 1p=0.05) » ZH 5 LD, KKIC 2 OFUEHAE T, 2 EIRE, 4 DR, 8 FL
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(a) The enlarged diagram near ‘a’ (b) The enlarged diagram near ‘b’

Fig.10 Two parameter bifurcation diagrams near the codimension
two bifurcation points (p=0.1 and 4,=0). (£XKT 2 DREAMNED 2
INT A — B BIFE)

The point ‘a’ in (a) denotes the codimension two bifurcation point at which
the saddle-node and the period-doubling bifurcations occur. Solid line : bifur-
cation curves of the period-1 solution. Dashed line : bifurcation curves of the
period-2 solution. Dot-dashed line: bifurcation curves of the period-4 solu-
tions. Dotted line: bifurcation curves of the period-8 solutions. V : the period
N solution. ¢D? : py > Lus = —lpga < 1. 12y < =1y = Lusas < 1.
The p;’s are the eigenvalues of 9T /Oug. Sec caption of fig.8.
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