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A Study on the Transverse Stability of Ships in Following Seas

Soon-Dong Yoon

Abstract

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

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

The theoretical calculation methods associated with the stability problems in following seas,
were discussed by Grim[5], Kerwin[6] and Paulling[7]. More recently, Hamamoto et al. [8]
measured the stability variation in following seas. These measured values were compared with
the computations.

The author intends to clarify the mechanism of the stability variation in following seas. In
order to predict that variation, the theoretical calculation method, analytical solution to box-
shaped ship and computer programming to real ship forms are developed. The theoretical
calculation is based on Froude-Krylov Hypothesis and static equilibrium condition of ships in
waves. The computer programming is based on line intergral method along 2 dimentional Lewis
form plane.

Through the application of present calculation method to box-shaped ship, cargo ship and
fishing vessel, it is verified that the transverse stability in following seas can be reduced to a
half extent on near wave crest in comparision with calm water stability. Futhermore, the
calculation are compared with the experimental data. [t is confirmed that the stability perform-
ance can be predicted in terms of the pressnt method to a certain extent.
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Nomenclatqre

. Wave amplitude

: Section area of strip

- Center of buoyancy or Ship breadth

- Breadth of strip

- Center of buoyancy of ship in waves

© Wave celerity

- Ship draft

: Port draft
: Starboard draft

. Force vector

- Gravity accelleration

: Center of gravity

- Transverse metacentric height in calm wates
. Transverse metacentric height in waves

- Longitudinal metacentric height in calm water
- Moment of incrtia about x axis

- Added moment of inertia about x axis

- Aoment of inertia about ¥ axis

Added moment of inertia about ¥ axs

- Righting arm 1 caim water

. Righting arm in waves

© Roll morment

. Ship length

c Moment vector

. Pitch noment

S Directionsl cosine sboul X axis

S Vivectioral cosine about » axis

Tipectional cosine about z axis

Pressun

CStatic prossure

Hypothesis

Time

. Ship sjreed
COWital velcity inox axis of wave rarticles

- Obital vel

sep in oz axis of wave particies

#aR
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@'s < Non-dimentional natural frequency of rotling

Wy : Natural frequency of yawing

o'y : Non-dimentional natural frequency of vawing
y : Naturai frequency of piiching

w', : Non-dimentional natural frequency of pitching
X : Surge force

Y : Sway force

VA : Heave force

VA : Depth to representative sub surface of wavas

(dK ’dx): Roll moment of strip
(dY/dx): Sway force of strip
(d2/dx): Heave force of strip
(@M dx): Pitch moment of strip
L : Sinkage

:Trim angle

: Roll angle

: Yaw angle

: Density of water

: Wave number(2r/2)

: wave length

* D g v

eh-

: Velocity potential of sinusoidal wave
A%y : Ship velume displaced

: Angle between still water surface and flare

)

t1/tana

: Distance from C.G. of ship to wave trough

M M o~

A : Relative position of C.G. of ship to wave trough
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d7 A BRROE 4 Adgdold $Aoe ¥ol chegetxs wotE bz A
@K, /dx) px= — I':! Pex y dy
=pga e *“ - cosw(E4 x)j ety dy
=pga e =% ** J cosk(§+x) (64)
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ds [} 1 []
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(dK,/dx) = — ”" +J::;El (Ps+Pry)y dy
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Fig. 195 GMY $3l slAl& share] J4& Yotus] fshed Ay sleich. 2344 ¢ T 3l
%ol L7} 1.0%2 A CM A% o] 713 2w, 2 o4l s A4 EAdd.

Table 2. Principal dimensions of cargo ship

ITEMS ACTUAL |  MODEL
Hull Length B.P. L(m) 175. 00 . 3.00
Breadth B(m) 25. 40 " 0.435
Draft Fore dr(m) 8.00 0.1371
Aft da(m) 9. 00 0.1543
Mean d(m) 8.50 0. 1457
Displacement volume (m?) 21.222 0. 10686
Height from keel to transverse metacenter KM(m) 10. 39 0.1781
Height from keel to center of buoyancy KB(m) 4. 6154 0. 07912
Block coefficient Cs 0.559
Prismatic coef. Cr 0. 580
Waterplane area coef. Cw 0. 686
Midship section coef. Cx 0.966
L.C.B. from F.P, 0.518L
Radius of gyration about z axis‘ : 0. 240L
Bilge Keel
Length (m) 43.75 0.75>
Depth (cm) 45.0 0.771
Rudder Area Agr(m?) 33.036 0. 009709
Height H(m) 7. 7583 0.133
Aspect ratio A 1. 8219
Area ratio Agr/Ld 1/45.0
Propeller
Diameter * D(m) ‘ 6. 533 ! 0.112
Pitch ratio ) P 1. 009
Expanded area ratio 0. 67
Boss ratio 0.18
Number of blade 5
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fff & 1. Cargo ship data
(SR 108, 3m model) ,

Table 3. Draught, breadth and sectional areas

Sq. St XX(@)/L d/d, B/B, S/S.
A.P. —0. 482 0.0235 0. 0512 0. 0011
1/2 —0.432 1. 0529 ©0.1454 0. 0930
1 —0. 382 1. 0471 0. 5030 0. 2592
1-1/2 —0.332 1. 0412 0.6718 0. 4195
2 —0.282 1. 0353 0. 8038 0. 5799
2-1/2 —0.232 1. 0294 0. 8980 0.7237
3 —0.182 1. 0235 0. 9588 0.8428
3-1/2 —0.132 1.0176 0. 9899 0.9302
4 —0.082 1.0118 0. 9997 0.'9874
4-1/2 —0.032 1. 0059 1. 0000 1.0121
5 0.018 1. 0000 1. 0000 1. 0000
5-1/2 0. 068 0. 9941 0.9972 0.9705
6 0.118 0. 9882 0. 9740 0. 9041
6-1/2 0.168 0.9824 0. 9052 0.7969
7 0.218 0. 9765 0. 8019 0. 6645
7-1/2 0.268 0.9706 0. 6673 0.5217
8 0.318 0. 9647 0.5135 0. 3874
8-1/2 0. 368 0. 9588 0. 3568 0. 2692
9 0.418 0. 9529 0. 2147 0.1778
9-1/2 0. 468 0. 9471 0. 1029 0.1114
F.P. 0.518 0. 9412 0.0314 0. 0640
do, Bo, So = midship section o] &g A,
do :0.1457m
Bo:0.435 m

Se : 0. 0515m?
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A=/ § (xdy-ydn) (A-12)
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(A-15)4 & (A-1046] AU a/de] B 2 A A0 QoA o A4S e
a__ 30+a): J(1+a)+8a(1—4p/x) (A-16)
d 4
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o Fo a/d=1/29) ZAe] & sh&3k A
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