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On the Instability of Ship’s Rolling due to the Heaving caused
by Waves

Ritei KAWASHIMA

Abstract

It is very important to know the amount of instatility of a ship resulting from various sea conditions.
As connected with the manoeuvering of a ship, the auther studied from the view pomt of dynamics the insta-
bility of rolling due to the heaving caused by waves,
It is considered that the transverse metacentric height is reduced on any wave crest when ship is lymg‘
transversely on the wave, and the loss of GM is given as follows, under the condition defined by G.S. Baker.%>
A m = 20-h/Lw? (0.42 BM + 0.07 D
where; A m :Lossof GM '
h  : Wave height
Lw : Wave length
BM : Transverse metacentric height
D :Draft in still water
But, the loss of GM is periodical and has the same pericd of encounter as the. wave or the time between the
passing of successive wave crests. ’
Then, cons:dermg this loss of GM, the author assumed that GM was given as follows

my =m=*+=Am  +:%/P>t>0
: tom/P >t > ®/P
where; . me  : GM under above mentioned condition
m ¢ GM in still water

Tw = 27/P : The period of encounter as the wave
Further, the equation of rolling motion was given as follows:
. d®/ dt? +Wm(1lx+ Am/m )8 =0
Solving this equation, and given tke tourdary corditicrs, the author finally’ got the critical range of perxod
for ship’s rolling due to the heaving caused by waves. It is shown in Fig. 1. = - .-
According to.these theories, the author calculated each value for two kinds of fishing boats and dwcussed
their instability. : : . -
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Fig. 1. Diagram for instability of ship’s rolling

//11/ :  The critical ranges of period for which the instability of
rolling motion occurs.
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Table 1. Am/m for No. 36 TAIYO-MARU
Gross tonnage 744,42 tons
Length P. P. 54.95 m
Breadth 9.50 m
Depth 5.09 m
Ttem No. 1 2 | 3 ] 4
Full conditions
Condition Light condition Leaving port Fishing ground Arriving port
Mean draft (m) 2.92 3.85 3.93 3.77
BM (m) 2.95 2.28 2.24 2.33
GM (m) 0.587 0.851 0.647 0.531
Am (m) 0.076 0.086 0.087 0.085
Am/m (= 0.129 0.102 0.134 0.160

BM : Metacentric Radius
. GM : Metacentric Height
4m : The change of GM



Table 2. Am/m for No. 12 KAIO-MARU

Gross tonnage 309.64 tons
Length P. P. 43.34 m
Breadth 7.20 m
Depth 3.60 m
~___Item No. 1 2 o 38 4
) . Full conditions
Condition Light condition Leaving port Fishing ground Arriving port
Mean draft (m) = 1.87 X 2.97 3.14 2.85
BM (m) 2.56 161 1.53 1.63
GM (m) 0.70 0.46 0.51 0.51
Am (m) 0.052 0.061 0.063 0.061
Am/m D) 0.074 '0.133 0.123 0.120

w, A?m t Lw/Lpp B7r Steepness & OB§EA (3), (DXL bEoh b, b 52, 3, 4 XTS5
Mrich,
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Fig. 2. Am/m for wave and ship’s length ratio, '
No. 36 TAIYO-MARU

(1) Am/m=0.13%x1/ Lw/Ly, () 2am/m=0.10x1/ Lw/Ly,
(3) Am/m=0.13%1/ Lw/Lyp (4) Am/m=0.16x1/ Lw/Ly,

* Numbers in the parentheses in Figs. 2, 3, 4, and 5 correspond to the
numbers in Tables, that is, they indicate ship’s conditions.
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Fig. 3. Am/m for wave and ship’s length ratio, No. 12
KAIO-MARU
(1) Aam/m=0.075x1/ Lw/Lp,  (2) Am/m=0.13%x1/ Lw/L;»
(3) Aam/m=0.12 x1/ Lw/Lpy  (4) &am/m=0.12x1/ Lw/Lyp
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Fig. 4. Am/m for wave steepness, No. 36 TAIYO-MARU

(1) Am/m=2.60xh/Ly (2) Am/m=2.00xh/Ly
(3) Am/m=2.60xh/Lw (4) Arm/m=3.20xh/Lw
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Fig. 5. Am/m for wave steepness, No. 12 KAIO-MARU

(1) Am/m=1.49xh/Lw  (2) Am/m=2.65xh/Ly
) Arm/m=2.47xh/Lw (4) Am/m=2,40xh/Ly
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Light Condition ATl ¢ = 0.265 n + 0.273
Full Condition ILATIX ¢ = 0.170n + 0.229 n=D’/B
SERCRETER T D//D = 1.35
P e~ AHTCIR D//D =1.20
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Table 3. Rolling period for No. 36 TAIYO-MARU

Ttem No. 1 3 J 3 l 4
Full conditions
Condition Light condition Leaving port = | Fishing ground Arriving port
Mean draft (m) 2.92 3.85 3.93 .3.77
GM (m) 0.587 0.851 0.647 0.531
c =) 0..443 0.346 0.338 0.355
Ts (sec) 11.0 7.2 , 8.0 9.2

" Ts : Rolling period of ship
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Table 4. Rolling period for No. 12 KAIO-MARU

Item No. | 1 2 J 3 | 4
Full conditions
Condition Light condition, Leaving port Fishing ground Arriving port
Mean draft (m) 1.87 2.97 3.14 2.95
GM (m) 0.70 0.46 0.51 0.51
c -> 0.452 0.359 0.344 0.360
Ts (sec) 8.0 7.6 : 6.9 7.2
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