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Experimental Study on the Roll Damping of Ships
—Part I. Free Rolling Tests of Model Ships—

By
Yoshifumi TAKAISHI, Toshihiko SARUTA and Yoshie YOSHINO

Summary

Damping of rolling motion was measured on various ship types, i.e. container ships, cargo
liners; car ferry, roll-on/roll-off ship, neuclear ship, mathematical ship form, and fishing
boat.

The models of these ships were towed by the carriage which constrained the model to
move freely in rolling, pitching and heaving motions while the other modes of motions were
restrained. The rolling axis were coincided with the longitudinal axis through the center of
gravity of the model.

From the record of the decrement of the rolling amplitudes after the release of the initial
heeling the linear and the non-linear coefficients of roll damping were determined.

The coefficients of roll damping are represented on the diagrams of this paper, and the
effects of forward velocity are mainly shown. The effects of bilge keels, rolling period, loading
condition are also shown according to the model test. Damping coefficients obtained from the
free rolling tests are compared with those measured by the forced rolling experiments on a

container ship model.
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Fig. 1 Schematic figure of the free-
rolling experiment
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Fig. 6 Equivalent-linear coefficients of roll-
damping for a container ship model
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Fig. 7 Linear and non-linear coefficients
of roll-damping for a container
ship model
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Fig. 9 Equivalent-linear coefficients of
roll-damping for a container ship
model
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Fig. 11 Effect of load conditions on the
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model
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Fig. 12 Effect of GM or rolling periods on
the roll-damping for a container
ship model
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Fig. 28 Comparison of equivalent-linear
coefficients of roll-damping ob-
tained from the free-rolling and
the forced rolling experiments
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Fig. 29 Comparison of linear and non-
linear coefficients of roll-damping
obtained from the free-rolling
and forced rolling experiments
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Table 1-a Model particulars and test condition
Snip To. © @ | ®-= ®-» @
Ship Mcdel Container |Container Container |Container Container
Zxperiment Oscillat- do. No. 2 Tank do. do.
} ion Tank
Tank
Lop (m) 1.750 3,000 4.500 4.500 5.000
B (m) 0.254 0.435 0.653 0.633 0.726
D (m) 0.154 0.264 0.7396 0.396 0.440
dm (m) 0.095 0.163 0.219 0.244 c.271
% (m) 0 0 0.026 0 0
v (m?) 0.242 0.122 0.361 0.410 0.562
C3 G.572 0.572 0.562 0.572 0.572
C} 0.969 0.969 0.966 0.969 0.969
Cw 0.712 0.712 0.686 0.712 0.712
GM  (m) 0.010 0.017 0.026 0.026 0.033
0G (m) -0.001 -0.001 -0.022 -0.002 0.002
leb  (m) -0.025 -0.047%3 -0.081 -0.081 -0.071
Tp (sec) 1.80 2.36 2.89 2,89 2.77
izx  (m) 0.4%8 0.75 1.125 1.125 1.250
bpg (cm) 0.45 0.77 1.16 1.16 1.29
Rolling. Axis G G G G Free
Appendages Rudder Rudder Rudder Rudder Rudder
Ag (cm?) 27 78 176 176 217
0.013
mest Condition GM =0,026
0.039
Ship Form SR 108 - SR 108 - | SR 108 - SR 108 - SR 108 -
Single Sc. | Single Sc.|Single Sc. | Single Sc.|S8ingle Sec.
Test Condition|Full Toad Mull Icad [Normal Cn. | Full Load {Full Icad

References

without Sc

without Sec

. wWithout S

b without 3¢

Figure No,

~1 O

9
10

11
12

i3

Note: OG is downward positive, lc» is forward positive.
No. 1 Tank; Manoeuvering and Seakeeping Tank (80 m X80 mXx4.5m)
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Table 1-b Model particulars and test condition

Ship Yo. (-2 (®-» ® @
. : _ Cargo Super
Ship Model Container | Contairer | Contziner 'Liher Tiner
Experiment No.2 Tank |[No.l Tank do. No.2 Tank de
Tank
Ipp (m) 5.225 5,225 5.000 4,000 4.000
B (m) 0.653% 0.653% 0.625 0.535 0.600
D (m) 0.396 0.396 . 0.500 '
dm (m) 0.219 0.219 0.208 0.240 0.25%
t (m) 0.026 0.026 0 0 0
v (m)) 0.419 0.419 0.365 0.328 0.353
CB 0.562 0.562 0.561 0.660 0.595%
CM 0.966 0.966 0.980 0.951 0.947
cw 0.686 0.686 0.772 0.783 0.709
GM  (m) 0.025 ©0.025 0.031 0.024 0.035
0G¢ (m) -0.023 -0.023 -0.018 0.044 0.082
lch (m) -0.094 -0.094 -0.125 -0.021 -0.064
T¢ (sec) 2.87 2.87 2.72 2.55 2.28
1pg  (m) - 1.306 - 1.306 1.50 1.192 0.869
bpg (cm) 1.16 1.16 0.91 1.24 2.29
Rolling Axis G Free ree G G
Appendages Rudder Rudder Rudder Rudder Rudder
A (cm?) 249 249 237
Test Condition
Ship Form Deformed l do SR 108 -
SR 108 - o Twin Scrw. without
m s+:~nl Single Sc. f Single Rug. : Serw.,
Test Condition Normal Cn.1 Fa11 Toad without Sc.
References withgyt Sc. 5) 5) '
Figure No. 14 .15 .16 17 18

Note: OG is downward positive, le» is forward positive.
No. 2 Tank; Large Towing Tank (400 mx 18 m X8 m)
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Table 1-¢ Model particulars and test condition

27

Ship No. ©) © @ @ -= @ -»
oo Nl Super Czr Ferry | Roll-on Yuclear Nuclear
Ship Model Tiner Roll-off Ship Ship
Experiment Ogg&l%ﬁf; No.2 Tank | No.l Tank |No.2 Tank do.

Tenk R
Ipp (m) 2.000 5.000 5.000 4,00C 4,000
B (m} 0.300 0.803 0.734 0,655 0.655
D (m) 0.466 0.466
dm  (m) 0.177 0.211 - 0.160 0.233 0.223
T {(m) 0 0 -0 0 0.037
v (md) 0.0441 0.409 0.413 0.385
Cm 0.947 0.¢982 0.988
Cy 0.70¢ 0.86€3
GI (m) 0,018 0.052 0.057 0.031 0.057
0G (m) 0,041 -0.152 ~0.178 -0.023 -0.012
lcb  (m) -0.032 -0.192 -0,202 -0.079 ~0.124
Tg (sec) 1.61 2.61 2.60 2.79 2.01
1BE (=) 0.435 | witn =¥ 150 it do.
©EK (cm) 1.15 1.20
Rolling 4xis G G Free G ;G
Apperndages Rudder Rudder Rudder Budder Rudder
1g (cz®) 2 % 1e2 2 x 100 209 209
without with and
Test Condition Fin Zvab without
Fin Stab.
Ship Form i .o Pll.Toad | Tesi Conén
without ‘without with Twin |without without
. Scrw. Serw. Scrw, Scrw. Scrw.
Test Condition
References 7) 8)
y 20 22 23 23
Figure lo. 19 ;1 o4 24

Note: OG is downward positive, lco is forward positive.
No. 3 Tank; Towing Tank (140 mx7.5mx3.5m)
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Table 1-d Model particulars and test condition
Ship No. %) @)
Mathemati-| Fishing Container
Ship Model cal Model Bcas
Experiment No. 3 Tank|Oscillation| ¥yushu
Tanlk Univ,
Tank and SRT
Ipp (m) 3.000 1.771 3.000
B (m) 0.420 0.514 0.435
D {m) 0.300 0.200 0.264
dm  (m) 0.160 0.154 0.163
% (m) 0 0,086 0
v (m?) 0.120 0.114 0.122
Cp 0.593 £.813 0.572
Cym 0.889 0.789
CW 0.667 0.712
GM  (m) 0.084 0.017
o¢  (m) o] -0.,028 -0.001
ich (m) 0 -0.1%6 -0.043
T¢ (sec) 1.91 1.60 2.36
lpx (m) 0 without 0.75
ber (cm) BK 0.77
Rolling Axis 0 G G
Appendages Rudder Rudder
Ap (cm?) with Skeg 78
without
N cas and with
Test Condition Bulze
Ship Form SR 108 -
Single Sec.
Test Conditicn Full Ioad
without Sc|
References 9)
28
Figure No. 22 27 29

Note: OG is downward positive, les is forward positive.
Oscillation Tank (50 mx8 mx4.5m)
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