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Some Experimental Studies on Dynamic Characteristics of a Cutter—IIL
Rolling Characteristics of a Cutter in Still Water

By
Sueo TakasHIMA, Hiroyuki SADAKANE, Ichio HASHIMOTO,
and Tatsutaro HoNmA

This paper presents the results of free rolling trials carried out to clarify some rolling
characteristics of a cutter in still water. In these trials used a length 9 m type actual
cutter, the boat was given an initial heel angle, about 10~12 deg., by method of the
application of small moments synchronized with the boat’s period of roll, and there-
after it was permitted to roll freely.

Heeling angles has been detected by using a free gyro and recorded on oscillograph.
Classification of these rolling trials and boat’s conditions are shown in Table 1.

The results obtained are summarised as follows:

(1) In the case of all the crews landed on shore, the virtual radius r of gyration
about longitudinal axis through the center of gravity and the natural period T’ of roll
of a cutter, can be obtained as

r=039B and T, = 1.97/GH .

(2) When all the crews embarked on a boat, if the crews squat down on the bottom
board of the boat, the metacentric hight GM increases about 7% as compared with GM
when the crews landed on shore. But if the crews keep on other posture, i.e., remain
sitting or standing on thwart, etc., the metacentric hight decreases 7~38% as compared
with one of the crews landed on shore.

(3) The approximate values of the W.FROUDE’s extinction coefficient @ and b of
a cutter under all the crews landed on shore, were obtained from rolling trial as @=0.1305
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and b=0.0239. And these values are nearly twice larger than the values of other
general ship types. Moreover, that value of the extinction coefficient of a cutter under
the crews embarked on it, varies in accordance with the crews posture as showed in
Table 3.

(4) On the freely rolling motion in still water of a cutter under the crews embark-
ed on it, the crews action keeping one’s balance has an effect on roll damping. And
the effect when the crews remain standing is larger than when the crews sit down.

(5) The boat’s oars, held out and put in water with all the blades levelled, have a
clear effect on the increase not only of the metacentric hight but of the extinction
coefficient of roll.

(6) [If the values of a, b were obtained from general rolling trials with various
conditions of a cutter, rolling motion of the boat in still water can be obtained by
formula 1 with sufficient accuracy.
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Table 1. Classification of rolling trials and boat’s conditions.

Exp. No. Boat Crew Qar

1 Crews on boat Sit on thwart Hold out and keep level

Hold out and put in water

2 y " with keeping the blade level
3 " Hold out and put in water
"
with keep the blade vertical
4 " " Lay aside on thwart
5 " Stand on thwart "

Stand on bottom

6 " board "
Squat on bottom

7 ” ”
board

8 Crews on shore //’ "
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Fig. 1. Curves of KB, KM and Displacement.
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Table 2. Relation between boat’s conditions and metacentric hight.

Exp. No. GM(m) The ratios to Exp. No. 8 GM The ratios to Exp. No. 4 GM

1 0.5247 0.641 0.751
2 0.7198 0.879 1.030
3 0.7198 0.879 1.030
4 0.6991 0.854 1.000
5 0.5103 0.623 0.730
6 0.7641 0.933 1.093
7 0.8727 1.066 1.248
8 0.8188 1.600
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Table 3. The extinction coefficients 2 and b of a cutter under various conditions.

Exp. No. a b
1 0.1058 0.0375
2 0.3543 0.0357
3 0.3683 0.0045
4 0.2545 0.0141
5 0.4318 0.0052
6 0.3448 0.0023
7 0.2770 0.0304
8 0.1305 0.0239

Table 4. The extinction coefficients a and b of general ship type.

Ship type a b
Small passenger boat 0.050 0.0125
Small cargo boat 0.030 0.0155
Small fishing boat 0.100 0.0140
Whaler 0.060 0.0070
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Fig. 6. Influence of crew’s damping effect on roll decay motion in still water.
Note —— 1 Observed value of each experiment
— — — — : Non-linier calculated value obtained by using the GM of
each boat’s condition and the extinction coefficient a, b
obtained from Exp. No.8
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. i o Note : Observed value of each experiment
Note is same showed in Fig. 6. ——— : Non-linier calculated value obtained
by using the GM of each boat’s
condition and the extinction
coefficient @, b obtained from Exp.
No.4.

on roll decay motion in still water.
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List of symbols

|

KB Hight of the center of buoyancy above the keel

KM Hight of the transvers metacenter above the keel

GM Metacentric hight

Gz Righting arm GZ=f(p)=GM O +ab® a>0
w Displacement

B Breadth moulded

r The virtual radius of gyration about longitudinal axis through the center of gravity
LAI Virtual moment of inertia and its increased amount

M, Resisted moment of roll

T, Natural period of roll

T Period of wave
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SR8

Circular frequency of roll and wave W, =21/ T,, w=27n/T,
Coefficient of resistance proportional to the angular velocity

Coefficient of resistance proportional to the square of the angular velocity
Acceleration due to gravity

Heeling angle

The decrements of roll

Mean amplitude of oscillation

W. Froupe’s extinction coefficient

Surface wave slope

Coefficient of effective wave slope

Maximum wave slope
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