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Prediction of Global Bifurcation Points as Surf-Riding Threshold in Following Seas

by Atsuo Maki, Student Member
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Summary

Surf-riding is a prerequisite for broaching-to, which is a major threat to ship capsizing. So far it had been revealed that the
threshold of surf-riding is a heteroclinic bifurcation, a kind of global bifurcation. In this research numerical methods identifying the
global bifurcation were investigated for predicting a threshold of surf-riding of a ship in following seas. Firstly, the Newton method
focusing on the propeller revolution number was applied and then numerical examples were successfully provided. Secondly, for
explicitly utilizing other unknown variables, the multi-valued Newton method was developed. Thirdly, for improving efficiently, a
method avoiding backward integration in time was proposed based on an analytical investigation, and was confirmed to improve the
convergence. Finally, the method was validated with the existing free-running model experiments. It was concluded that these
methodology can be used for developing a ship-specific operational guidance as an alternative to IMO’s ship-independent guidance.
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Fig.2.1 Body plan of the 135GT purse seiner.
Table.2.1 Principal particulars of the 135GT purse seiner.

Items Values

Length 345m

Breadth 7.60 m

Draught 2.65m

Block Coefficient 0.597
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Fig.5.1 Notion of heteroclinic bifurcation.
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Fig.5.3 Descent behavior of norm of s.

BONRHRIT, 421 THREINZLDOLFR—THD, L
TENo T, DX T _RTORMELZ 24 5 Newton
EERAWET VT ZANZILDA~T ey U=y 7450 mn
WRARETH D Z L DR S NIc bl Th 273, [FIREC G
DRBEENRES N & HHfRTE 5,

6. RSN BERRRE

6.1 ERIE

5. 1 IR LEFEF TN TORMEE ZHIH D Newton
ETHY ., 4.1 THOW-F 02T B D B A B R L
U 7o il & 135720 BUFICER SN2 b DO TH D B %
HND, L LD, ZOFEFSNT LLBE L THL
NRELBOMNEENEENTVDEEEZOND, T2
Ho ZORETIE 1281, b LI 1 Stk ADTF#HA L DR
RS D ~Trr ) =y 7iExEROLZ L2 AL
LTCW5, Led>T, ZOMBETE (6.1) AT AL L
T3,

G =G,+1 (6.1)

Fo, PG 2 22 0518 K0 BB DGR T D 720,
WRERIRE Y 21T 5 2 I3 E L2 & TR, T72bb,
DU OBUEFRAET U TS ILEDN RE BT 52 &
V250 THD, (Appendix B, ) L7=h-> Tuh®R
HI 72 57 I R DERER D T2 DI R Ry 2 77 b =2 ) XL K
DERINT 2 Z & RDBND, FERZ LIZ, KimTH-T-
£ 9 72 Tt AR Tl BSOS < BUEE, RE
SRR DI TEH 5723, ERERE S S EEIZI 5L 2 &
DHEHL ST ~ATaY )=y JHENERINZEB XD
ZLEBTE D,

PLEOBLENS, RIMEHEZEET L L (62) XEd,

X =(G,,u,,G,u,,Fn)" (6.2)



BB 5IE T A O BIEZ 3 KI5l S O HEE 211

dimX=5 kLY, 22 LW TRERFERA L 25,

W AT (cyin) = R(cy ) + X,y (G} (m+m,) =0

w, :2u, — (o, -%—0122)—\/(0111 +ay,) —4a, 0, —apa,) =0

W, (e, —u,)G, +a,u, =0 (6.3)
W, :G’+u-5"=0

W, 4G, ~(Gy =D} +(u, =G, )’ =0

A, (G, ) 1ZIE R WOHE A SR b BRI LT &
X0, (HE LSBT D EEEZ R LTV, Lo TH S A
HE &S OBASM E T D,

6.2 ANTAYV )= RBERFERER

6.2.1 TERATAZ)=vI5iEa

WREIZ N ETLERER, HEMRLEZ A/L=15. ¥
WHEZ H/2=00667 & L., ZOfREEZAWVTE LT
% Figs.6.1-6.2 \Z/”¥, Fig.6.l IZwifis LCThHx7-/ I F
VT v— RIS Fn=0.3483 IZWUR T 2O |V 2R L, £z
Fig.6.2 [JHE4 R hibs D /)L ARNFICHLE T DT 2%
LTW5,

04
0.38
0.36

0.34
032
0.3

0.28
0.26
0.24
022

0.2

Fn

Iterations

Fig.6.1

Behavior of Fn.

02
0.18
0.16
0.14
0.12
0.1
0.08 -
0.06
0.04
0.02

Norm of s vector

Iteration

Fig.6.2 Descent behavior of norm of s.

CORRELY, 5.1 THH LAY DT VoA LT,
ZOTNTY XA TIHNR E CTILET 2 KEFEOREIE
REDIRL 2o TWAH T ENHERTE D,

Newton {EDINKN E DD THNZ E0nn, T OffTEITE
K72 IR ORI WD T L IS FIRE T H 5, Fig.6.3 11,

WM H /2 =0.07 DR T TREMEL 2/ L ZIEKZE
(LERFTROIEFERTH D, ZOFEIL, ST A—2 221k
SR, ZORIO/RT A= Z KT DRI > T 5
DOEFIEDT T EG TR T D720 KEFEN
(oI A PRI AR & T D

1 1.1 12 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
AL

Fig.6.3 Lower heteroclinic bifurcation points for

various wave lengths.

6.2.2 EBRATAV)ZvIHFIER

ERRATE 7 ) =y 7 IR OB T HIRMER
RiFCToHHZ 2RO 2, wifi LU HEIAES
H/A=007 LEEL., EEMELA/L ZIERZERSECE
TERNT oy I i 2 RS LTS R % Fig6.4 12",

09 r
08 r

0.7 r
0.6
0.5 ¢

04 r
03 -
02 r
0.1 -
0

Fn

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
A/L

Fig.6.4 Upper heteroclinic bifurcation points for

various wave lengths.

6.3 SDBEROMBRNEE

6.2 1T LIz k91T, B s Fika Aviudol o
B EME T 2 8 7 B A A RE L 72 5, & BICHER
WEBLPONNIT D0, BE (64) NEERLREBT L,
WX)=0IZW:RT >R ERDZIEED, ~Tur )=y
7 I R OEEII IR TSR L 72 D,

X=(G,, u,, G, u,, Fn, A/L,H/A) (6.4)
CORBEITSTERE O NI FRA~AT R U = 7 43
ELDRTEERE Fig6s5 12, FR~T 27 U= 2743
HLEDRT LRI Fig6.6 (IRT,



212

Fig.6.5 Lower heteroclinic bifurcation manifold.

Fig.6.6 Upper heteroclinic bifurcation manifold.
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Fig.7.1 Comparison between experimental results and

heteroclinic bifurcation point.
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Fig.7.2 Lower heteroclinic bifurcation manifold with

nonlinearity of wave induced surge force.
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Fig.A.1 Notion of pendulum system.
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Fig.A.3 Notion of both trajectories.
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