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Abstract

When a ship is travelling in following seas, the encounter frequency is reduced to be very
low. In that case surf-riding, broaching-to and capsizing phenomena are most likely to occur.

In the present paper, the emphasis is laid upon the transverse stability of ships in following
seas, which is related to capsizing phenomenon.

The authors intend to clarify the mechanism of the stability variation in following seas. In
order to predict that variation, the theoretical calculation method and computer programming
are developed. The theoretical calculation is based on Froude-Krylov Hypothesis and static equ-
ilibrium condition in waves.

Through the application of present caleulation method to cargo vessel and fishing boat, it is
verified that the transverse stability in following seas with crest amidships can be reduced to a
half extent in comparison with calm water stability. On the other hand, the present calculation

results are compared with existing experimental data.
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Fishing boat Cargo vessel
Items

Ship Model Ship Model
Length between perpendiculars L,p(m) 27.90 2.00 175.00 3.00
Breadth moulded B (m) 6.30 0. 4516 25.40 0. 435
Draught d (m) 2.25 0.1613 8.50 0. 1457
Displacement volume V (m®) 278.53 0.1026 21222, 00 0. 1069
Height of buoyancy above base line KB(m) 1.28 0.092 4,615 0.0791
Height of metacenter above base line KM(m) 3.01 0.2156 10. 39 0.1781
Metacentric height GM(m) 0.28 0.02 1.17 0.02
Block coefficient Cp 0, 6868 0. 559
Midship section coefficient Cu 0. 9695 0. 966
Breadth-draught ratio B/d 2.80 2.99
Length-breadth ratio L/B 4,43 6. 89
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Fig. 3 Body plan and hull end profiles of cargo vessel

FP

Journal of SNAK, Vol. 26, No. 1, March 1989



F3FdA gt Aue S44 54 &%

fa:4
4

o
<
()
&)
ke
<
o

.8 1

Fig. 4 Variation of sinkage of fishing ship due to
relative position of ship to wave

{_ J—

Present

tHamamoto's calculation

>
o
T

O Hamarmgste's

Fig. 5 Variation of trim of fishing ship due to
relative position of ship to wave

GM7GM
—-—— Present calculation
3.C ~——— Hamamcto's calculation
— (o] tHamamoto's experiment fo)
~
o "\ H/X = 1/12 o//
2.0k N ML = 1.08 ’
. (o] \
OO \
\
\
1.2
o 1 i L L 1 1 1 i L I
G.2 c.4 G.8 0.8 1.0

Fig. 6 Variation of metacentric height of fishing
ship due to relative position of ship to wave

AEBEMBEE H264% 518 19804 38

L/a
— Present calculaticn
L. = ——= Hamamcic's Ialculaticn
Haramotn's experiment
0.4 [ —
1712 PRa<)
c.2
2
-0.2
-0.4
-0.6
| 1 1 1 J ! L I
o} 0.2 0.4 0.5 .8 1.0

Fig. 7 Variation of sinkage of fishing ship due to
relative position of ship to wave

)
2 ma/ i
0.6
G.4
.2
o
-¢.2
-0.4
0.6 b
! I 1 ! 1 H 1 1 3 E/)\
¢ 0.2 5.4 5.6 cLs 1.0
Fig. 8 Variation of trim of fishing ship due to
relative position of ship to wave
—_— Present
3.0 m o~ —=—=—Hamamoto 4
N o] Hamamoto's experiment /
N H/A = 1712 4
/
\ A = 1.4
20 /L 4 /
1.0
! 1 ( L ST ] : | I 5/
v 0.2 0.4 c.5 0.8 1.0

Fig. 9 Variation of metacentric height of fishing
ship due to relative position of ship to wave



8
. Caiculaticn
< CET- o Experiment[11]
L H/V = 1/1%
l.ar
XL o= 1
T ’ o
2y /O
o /O
3z 1 5
3 © /
ook ©
“ (o]
~
-l.4 -
'
=L .t =
N s I L 1 ! { 1 1 1 g
c 0.2 0.4 0.6 6.8 1.2

Fig. 10 Variation of sinkage of cargo ship due to
relative position of ship to wave

i
4
PP %
- - o
“
! : ) 1 1 : i I I 1 1 g/
< 3.2 C.4 C.5 0.8 1.0

Fig. 11 Variation of trim of cargo ship due to
relative position of ship to wave

GMGM

0.2 0.4 0.6 c.8 1o
Fig. 12 Variation of metacentric height of cargo
ship due to relative position of ship to wave

-
o,
lq:
o
Hr
ol

-Or H/N = /12

Calculation, AL om LLn

o]

c.z2 0.4 CLi T8

Fig. 13 Variation of metacentric height of cargo
ship due to relative position of ship to wave

S S ol EH 02 Hrles)
AeA, ubdeste dd £44 dHAA Froude-

Krylov 714 & o] 23l A4y S Fgelge. 2 o

2 e A g Eeboh e 2 A4 o

o olr AE 24 75
Hgles, 2AAAANA B2Y & g Aol
282 234FA AAFA] shHel AL
wgeo] Bl waAA Auboletn Fau, o
489 9% Ak AL BAT £ AU

AL A, FaFMe E4A HFFL
#A4 2 broaching @ 45}9] dA#AA T FA=z
e ofof & o]},

Fog E ATT A ATY 47 Ao o
& FHHGLE wsle, o] A A7 A9 E
E g ch

I

S

{1) Umeda, N., “On the Surf-riding of a Ship”,
Journal of the Society of Naval Architects of
Japan, Vol. 152, 1982(in Japanese).

(2] Renilson M.R., “The Broaching of Ships in
Following Seas”, Ph.D. Thesis, University of
Glasgow, 1981.

(3) Paulling, J.R., “Ship’s Capsizing in Heavy Seas-

Journal of SNAK, Vol. 26, No. 1, March 1989



F53ol A FYohe Awe LY 5 AF AT

The Correlation of Theory and Experiments”,
International Conference on Stability of Ships
and Ocean Vehicles, University of Strachclyde,
Glasow, 1975

U AAE, $3TE, B34 49 A¥Ax
Hogye B 2, F2U =8 A9

4, A167, 1977
Grim, O., “Das Schiff in Von Achtern Auflau-
fender See”, Jahrbuch S.T.G. Vol. 45, 1951.

5]

(6] Kerwin, J.E., “Note on Rolling in Longitudinal
Waves”, Inter. Ship. Progress, Vol. 2, No. 16,
19855.

(7] Paulling, J.R., “The Transverse Stability of a

Ship in Following Seaway”, Jour. of Ship Res-
earch, Vol. 4, 1961.
(81 Hamamoto, M. et al., “Transverse Stability of

T

A4 o]3le] AMa]3 =S Lewis forme 2 AL4Hg

TE ol AsA, g Fo] NEEeq A4 A4 #
EE(ymzaols Bvh. 2B (yaz n)"’r (Fni1s Zai1) 9
Aol g A4 ZTaresd FAel WA k&3 Z2e
2%, »=1,2,-,N,N--1o]¢},
Y= PaZ T ga
pn:&jl_yn , qn:‘yvnzn*l‘znyn-él (A1)
Zptl— Zn:1"7"2n
2=p. y+¢a 1
pur= e TEn g EaYad"OaE | (A.2)
Va1~ ¥n Yn-1"¥n
A (A1), (A2)EYE, ZEAAY Ji, Jo, Js JiE

thg st o] AlA o] s .
JIZ‘J.B ? e™* dy

:gl HE Oy (A.3)
e[ i i e

ﬂéf“mmMmH%MMz (A.4)
:&QéﬁﬂmW%%mMM@ydy (A.5)

s fir [ v

KEERBEE $26% 5 15 1939F 34

2 Fi:

9

a Ship in Following Sea”, Jour. of the Kansai
Society of Naval Architects of Japan, No. 185,
1985 (in Japanese).

Jens, J.L.E. et al., “IMO Activities in Respect
of International Requirements for the Stability
of Ships”, Stability, 82 Symposium, The Soc-
iety of Naval Architects of Japan, 1982.

A8 4 Al edAd s, “IMOS #1313 ¢
A4, 4 dHR=A9HY 2, AY F,
Vol. 39, 1986 (in Japanese).

Son, K.H., “The Unstable Behaviour of Ships
Due to Coupling of Manoeuvring and Rolling”,
Ph.D. Thesis, 1983(in
Japanese).
Motora, S. et al.,
q7, dadAA,

€}

103

(113

University of Osaka,

“43 % HFFRES +F

1982 (in Japanese).

(123

X ME 2
0 .
>y
a9
'
ﬂéfmmmMmﬂmwuwz (A.6)

s, 2 (A3, (A4, (A5), (A.6)l A9 y,2,
Ay, dz'5 F&5 2o},

y=5 (Sairt9a) (A.7)
z———(z,.+1+zn) (A.8)
AY=Ynt1—Ya (A.9)
A2 =2p 11— 2a (A.10)



10
Fig. 1e14 7 2 A (dynamometer) 2] %4 & 0z} 3
=, AFAzRY 4% HFpA8L Y, 344
ESAEES Kot 3y
K=—Y=z (A.1D
g7 28 Y9 #FeA9 7o)},

¢, #4349 GF99 §FALINEE Kob 3

gus

I

EAE, ¥TE
2
Ke=—Y(z,—0G)
=K+7Y-0G (A.12)
] vl ¢bE A A FAFA GAY H
2L
Ko+ W-GM*-¢=0 (A.13)
K+Y:0G+W-GM*.¢=0 (37)

Journal of SNAK, Vol. 26, No. 1, March 1989



