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Abstract : The present study aims to design and utilize a model test system of a Caisson in wet towing condition,
to assess towing stability of a 9,300 ton class caisson. The suggested towing system was designed to provide regu-
lar tension on the towline, whereas the previous model test system towed the model in constant speed. The new
model test system was expected to reproduce the towing condition more realistically than the test system with con-
stant speed condition, as the tugboat in actual towing condition tows the towline with constant power. Model tests
were conducted in a towing tank with 1/30 scaled model. In the model tests, six-degrees-of-freedom motion of the
caisson model and tension on the towline were measured and analyzed. By using the new system, fluctuation of the
motion of model and tension on the towline decreased. The variation in the draft and initial trim was applied in the
model tests. In the initial trim condition, the motion and towing force decreased.

Keywords: Caisson(7|©]<=), Wet towing(5 ¢ 21), Towing stability(¢121 2F784d), Model test(F.3 A1 3),
6DOF motion(6*Hr= %)
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Fig. 1. Design of the caisson and slit covers.

Fig. 2. Simplified geometry of the caisson model (left) and manu-
factured test model (right).
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Table 1. Principal dimensions of the caisson
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Item Unit Full scale Model Error
Scale ratio 1 1/30
Length m 28.7 0.957 -
Beam m 27.7 0.923 -
Depth m 28.0 0.933 -
Displacement m’ 9,350 0.350 -1.1%
Longitudinal center of gravity m 13.26 0.439 -0.68%
Vertical center of gravity m 11.76 0.404 3.1%
Radius of gyration (x) m 12.69 0.417 -1.4%
Radius of gyration (y) m 11.91 0.388 -2.3%
Radius of gyration (z) m 12.12 0.392 -3.0%
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Table 2. Test conditions for the wet towing

Model scale Full scale
Towing speed (m/s) 0.376 2.058 (4 knots)
Reynolds number 302,000 49,624,000
Froude number 0.122
Draft (m) 0.567/0.667 17/20
Trim (°) 0/10 0/10
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Fig. 3. Arrangement of the test model and towline in the model test (top: plain view; middle: towing system with constant towing speed;

bottom: towing system with regular towing force).

fHE SO o] oflsile. &3 DA A8 el do)
718 7] ol 097 ellQ e B ) 2 Ago] |ehusich.

o] 90° Zt= 2 Wit 0}1/}91 1210 72 A A el A4
L= 35t} djglate Eolof] ]
sl fct. 23 A= %Oef& WA 2 GeaE glt.

Aol 9 o2 I ol 2= Aol Ak =3
Aoz QF3HA Hrh. A F cIAAl 9] o1 A7} 3
AEo] Qlod Alol=e] #-5 F T& 8 (Pitch)e} A5 2 (Surge)
o] 55 A1 flste] dRlAtell F712Q1 o] ZkeiA
ST}, AAE AAEES: o] g3to] dQlFo] Ao HEE QF 3
A5 FAFTE Sk FEsh] whtel dQlake] Aele] YAt 4
FORE A F) olgo] AFSHA FA=EH 1 7t o] A}
o] £E910] & Tato] oQIAe] FElo] AASHA FAEE A
o} fAket B vk < Qlck

Aol A ALEE AZ A AELS- Seo et al. (2014)2] ATolA] A
|5 A3 2o} o] ASL ofQlatel AxH Hu e He
SONQ| A AIE o83} th. Full bridge strain gauge”} A4 %] =] o]
A7)0l ME-& A5 Al0]&S] 64 5 Xsens AF
94 MTw Al AHS3ISIT ol& 39 s, 343 A8 2%

AZdt 2= Q)= A ASHAZ, 77} 2o} RE o] BAEA

A Aol ARl A% %-’F“EEE?‘%H 1rn?<WEE ol Qlak

W
2

>r>4r

Aol AP |7 golaigint. & ATelME 64T &5 & <

el 71 2 G VX E 3E5 2 (Roll), M52 (Yaw) &

ﬂﬁﬁﬁﬂ

]g'; }\]/\Eﬂjq, o:“O] }\]/\Eﬂo o]_Q_ ]_o% ;H}\l—
5, 0° EY Z21ellA] 212} ofRlato] ol 4

o ZHow
=

P

% 15} o918 7 2419] 2548 lmaisieh
A o] 5 RATAAE) S 17 % 4 ERE
o] o) nw We vk AR Bl 498 A A

Table 3. Mean tension on the towline in two different towing conditions

Repeated Regular towing force ~ Constant towing speed
number condition (N) condition (N)
1 34.6 34.6
2 36.6 35.6
3 36.2 35.8
4 31.2 34.6
5 34.8 34.6

6 34.0 34.6
7 32.6 34.2
8 32.8 34.0
9 32.8 34.0
10 34.4 34.0
Mean 34.0 34.6
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Table 4. Result of Caisson towing model tests in still water
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Towing system Towing force

Standard deviation of tension on the towline

Standard deviation of pitch angle

Unit N N °
Constant towing speed 34.0 4.76 0.422
Regular towing force 34.6 1.47 0.114
— 50 Tension (N)
Z 45 35
I= 34 ‘
240 33
= 32
HES 31
£30 30
s 29
c 25 28
2 0 10 20 30 40 50 60 70
220 | Time (s)
s Sway acceleration (m/s2)
15 : : = 02
0 10 20 30 40 50 60 70 80 %0  ois
Time (s) 0.1
0.05
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Fig. 6. FFT analysis results of tension, roll, and yaw motion in calm
water: 17 m draft, 4 knots, and 0° initial trim condition.
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Table 5. Results of wet towing model tests in calm water
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Fig. 7. Comparisons of tension with initial trim variations: 0° (top)
and 10° (bottom).
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Draft in full Trim (°) Mean tension (N) Standard 'deviation of  Standard deviation of motion (°) Max-min of motion (°)
scale (m) tension (N) Roll Yaw Roll Yaw
17 0 33.8 2.15 1.22 3.92 3.42 9.21
10 29.3 1.51 0.99 3.44 3.17 8.26
20 0 37.7 1.82 0.48 3.57 2.18 8.01
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Table 6. Prediction of the effective power for wet towing of the caisson

Draft in full scale (m) Trim (°) Effective power (kW)
0 2135
17
10 1854
20 0 2522
10 2359
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