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Abstract @ Demand for leisure facilities such as mooring facilities for berthing leisure vessels and floating pensions based on floating bodies is
increasing owing to the rapid growth of the population and related industries for marine leisure activities. Owing to its relatively light weight as a fluid,
inclination is easily generated by waves and surcharges flowing to the coast, resulting in frequent safety accidents because of the low stability. As a
solution to this problem, a motion reduction device for floating bodies is proposed in this study. The device (motion reduction device based on the air
pressure difference) was attached to a floating body and the effect was analyzed by comparing the results with those of a floating body without motion
reduction. The effect analysis was further analyzed using a computer analysis test, and the method for increasing the stability of the floating body was
studied, and its the effect was verified. Based on the analysis of the test results, the stability of the floating body increased with a motion damping device
is higher than that of the floating body without a motion reducing device as the wave momentum reduces, owing to the air pressure difference. Therefore
it was concluded that the use of such a device for reducing motion a floating body is useful not only for non-powered ships but also for powered and

semi-submersible ships, and further research should be conducted by applying it to various fields.
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Floating on the water
(Steady state)

Motion reducing spring role
© g spring o)
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Pu"ingw
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(Motion state)
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Slope restoration
(Steady state)
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Fig. 1. Mechanism for device of reducing motion.
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Side Loading
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Fig. 2. Formation of a water column on the opposite motion
reducing device when an inclination occurs due to the

load on one side of floating body.
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Fig. 3. Layout of lightweight floating body and motion reducing

device.

Table 1. Size of test model

Division Dimensions
LOA 12.0m
Breath 3.0m
Depth 0.686m
Draft 0.3m

Table 194 v
=2 ¥ds 4 9ok

RS i

H—8-—8-—8

r ] 0.686m

12m

Fig. 4. Plan and side view of lightweight floating body
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Connector

Air way / Air Switch

Device

e« Protruding Plate

Fig. 5. Schematic of motion reducing device.
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Table 2. Division of test models

Model A Non-Equipped; Motion Reducing Device

Model B Equipped; Fixed Motion Reducing Device

Model C  Equipped; Semi-Fixed Motion Reducing Device
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Fig. 6. Computational modeling of motion reducing device.

o 2000 b i
— —
= B

AR R AREHE SeAREA ] ans T
ol AAZ FA o) Wt s2d S FAste] A3t Wl
o #AE =g F olE MER AZYow HE3
th ol F2AIF e B Fig 79 2k &EALGA
el Hlol A 8] e 71 Al <3 2715 & g4
F A A &7 W =71Ee] Asdtels Al
THoE A T A AZHoR FEehe ot

ojul AR B A5 2EAWEA A9l
wjZoll AlE o)A A 2 F(Pulling) ¥} 3 F(Press) =L
& Agsian, A9 co A FEE dEste Al
le® idwEe] glorm e A e(Pulling) X5 83t
At ol 2 3l AL (Pulling) 3ol W IS A=
50kN/mo] =& o, ¥ (Press) dtwoll ek -1
WA= 147kNme] gro] =2y ARG 2
AE Atz 8 Pulling) te 3H Y EF(Press) dhzell o

$Ad 5

3k 3o #AAE ol L= Fig 8% Fig 9% &
o)
AN

(a) Experiment Overview

(d) Operate of Vacuum flow
Preventing Device

Fig. 7. Water tank test of motion reducing device.
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Fig. 8. Graph of pulling direction force and displacement.
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15
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Fig. 9. Graph of press direction force and displacement.
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Table 4. Wind force and wave height in normal and bad weather

Div Normal Bad weather
Wind(m/s) 14m/s 40m/s
Wave(m) 0.3m 0.5m
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Table 5. Model A without mooring

Wave Wind Tide
CASE current
5m NO. H| T Dir \Y% Dir \Y Dir
45“( (m) | (sec) | (°) | m/s) | (°) | () | (°)
e : AISAS 3o 0 150 | O 0.5 0
Vs R (Normal) 45 45 45
S 90 20 90
’ g AG~AT0 | oo | 5aa | 135 | 400 | 135 | 5 | 135
7 o (Abnormal) 180 180 180
: UE%UW -

Table 6. Model B without mooring

/rrrrrr\\ —

. / - H\\_H\ CASE Wave Wind current

o e NO. H| T | Dir | V | Dir | V | Dir

- : (m) | (sec) | (°) | (mfs) | (°) | (m/s) | (°)
BISBS “Toslom | 0 lqs0 | 0 | o5 | 0

(Normal) 45 45 45

90 90 90

B6~B10 135 135 135

(Abnormal) | %% | 27 | 180 | 490 | 130 | ® | 180

Table 7. Model C without mooring

Wave Wind Tide

CASE current
NO. H| T | Dir | V | Dir | V | Dir
(m)| (sec) | (°) | () | (°) | (mfs) | (°)

CINCS Tos o | 0 | yso | 0 | o5 0

(Normal) 45 45 45

7+ A 2 g AR zZAL e Fob 2 Table 29 05| 273 40.0 0.5
gHI X =58 29adT Uw a2 24 Table (Abnormal) 180 180 180
jo 7

2 A
AYRAL 247t GEgE, ARGUE FRAAD, G5
0°

~180° AFolollA] 5
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Table 8. Model A with mooring I Agnd A9 5P 1402 AME A, A S
Tide 2% (Wind Heeling Arm) AH8 S 9138 28542 36mis= 2
CASE Wave Wind current ATt Aol AHgE ESE 03m, 8L 0386me] ¥ GM
NO. H| T | Dir | V | Dir | V | Dir < L7m= AjbE o] Rtk Aok ok V|EE S5 ¢S At
(m) | (sec) | (°) | (ms) | (°) | (ms) | (°) za0).
MAIl~ 23]
MA3 | 03| 2.11 . 15.0 . 0.5 .
ormal
(Normal) 45 45 45
MAG~ ) 90 90
MA8 | 05| 273 40.0 0.5
(Abnormal)

Table 9. Model B with mooring

Wave Wind Tide
CASE current )
NO q T Dir v Dir v Dir Fig. 14. Test result of Flooding angle : Test model A.
(m) | (sec) | (°) | (m/s) | (°) | (w/s) | (°
MBI1~ Table 11. Test result of Stability : Test model A
3| 2.1 15. . - -
(Nl\(fr]?lfal) o 0 >0 0 02 0 Static Dynamic
45 45 45 . Stability Stability
MB6~ 9% 9 9 Load | Depth | o Area Ratio
MB38 05| 2.73 40.0 0.5 Case m t
(Abnormal) () (m) GM>o | Seawater Secondary

Inflow .
Angle Intersection

3.06 1.95
Table 10. Model C with mooring Full 03 0386 1.7> (14°) (29°)
Tid Load 0.0 >1.4 >1.4
Wave Wind 1de
CASE current
NO-'m T | Dir | V| Dir | V| Dir 5.2 B FALE MYAL
) Geg () @9 (D) @YD pagw gae 288 990 S50 haA 294
MCIN & 2] % H=lod o «wol EANe) Slul A = FHc B\
MC3 | 03] 211 15.0 0.5 AAA FEstglon, «<drjde AT A=y,
(Normal) ;)5 ;)5 ;)5 201170 ¢Jshd A2 AR AE 7159 AE GMS 0 ©
MC6~ 90 90 90 Ay PR AHALZEE 5710 w]ko]ojof &}
MC8 1051273 400 05 A AT, A8 AY A9 Fig 159 Table 12 2o] 7
(Abnormal)

AR AN ABAA} STI0E ol AES DA Ra

, Ci= Fig. 159} Table 13 12|31 Table 14 2
Aol g s A kAol STt

=

14 FATAA % Faw

77k Beis gepdme A4 okxgiolel BuEs &% Model A Model B Model C
ARAAE TS e ARRd A ARSI, 1 2

Fig. 15. Comparison of Test models deck slope.
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Table 12. Test result of deck slope : Test model A Table 15. Test result without mooring condition : Maximum
P——" movement
tatic Stability
Load Depth | 1ree ) )
Case (m) Board GM>0 Slope Angle Mamgum Dynamic
m ° ovement
) (m) © Model Vz;\)/e
Full Load Heave | Roll Pitch
(in Position) 0.3 0.386 1.7>0.0 0.00<5.71 (m) (°) (°)
Full Load 045511 N Normal 03 | 0182 | 4862 | 1.998
(Side 0.29 0.396 3.36>0.0 '(N G)' Abnormal 0.5 0.353 | 6350 | 3.445
position) 5 Normal 03 | 0100 | 2.844 | 1.090
Abnormal 0.5 0.236 | 4481 | 2.339
Table 13. Test result of deck slope : Test model B . Normal 03 0.120 | 3.490 | 1.348
. . Free Static Stability Abnormal 0.5 0.274 5.240 2.692
Loa Dept!
oo (IE) Board GM>0 Slope Angle _ Normal Model B | 548 | 585 | 546
(m) (m) ) Agaft 2 Model C| 656 | 71.8 | 675
.F‘ﬂ; Load 1004 | 0446 16500 | 0.00<5.71 ) | Abnommal |04l B 667 | 706 | 679
(in Position) Model C | 774 | 825 | 78.1
Full Load
(Side 0.26 0.426 2.51>0.0 4.62<3.71
position) (OK) Table 16. Test result with mooring condition Maximum
movement
Table 14. Test result of deck slope : Test model C Maximum Dynamic
Wave Movement
; i Model
Load Depth Free Static Stability (m) Heave | Roll | Pitch
Case (m) ng;d GM>0 | Slope Angle m () (°)
(m) © Normal 03 | 0171 | 4305 | 1.893
Full Load A
i O 033 0.356 1.59>0.0 0.00<5.71 Abnormal 0.5 0334 | 5537 | 3.205
(in Position) ’ ’ ’ ’ ’ ’
B Normal 0.3 0.104 | 2.847 | 1.140
Full Load
(Side 036 0326 27320.0 5.58<15<.71 Abnormal 0.5 0242 | 3.483 | 2.151
position) (0K) . Normal 03 | 0129 | 3.438 | 1.404
Abnormal 0.5 0275 | 4316 | 2.529
5.3 CIEAE| SREQ2F AsZE Normal Model B | 60.9 66.1 | 60.2
GEAE O BAle] AT 03m) B o)Al Agaft a Model C | 75.8 | 79.9 | 742
31 0.5m) A x gt 64 % Hu 545 A} (%) Abnormmal Model B | 72.5 62.9 | 67.1
= ofel Table 159 Felatolon, AP A3 29w B, 9 Model C | 86 | 779 | 789
4FREIEE UFAA AYRY A B o2
90° 7oA B QEFRole] 571°5 =98] 7S W 5.5 ASAH
344 sk, e ol 88 SEALGAE T FFRAA
AA GG E det] el sfdelA Fig 163 o] A
5.4 ARAEH SRSy 4HFY B4 P AFH gt
AFdE A€ ‘Ti*o“\l@r oA Az ud AA AAE FAe 271594 A543 Table 173
Heave, Roll, Pitchol] th3t 525 &9 A3} Table 163 7 Zo] Z7|EQFEH7} 62308 EFA(TE4)Y GoM7]
om, gEdHels g BE AR FaF VIFEAE 01550 400 o] A EAE o] Erv) edE Blom 3
B APRE AolA A 5793kNe] TA AT chEh
MNAERS S0 5+ AU
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Table 17. Test of initial stability with sample product (field test)

Stability Test(GoM)
Test Note
Non Full
Standard |y ded | Loaded
over 7.526 6.233 Multihulls
Result 0.15 T
: 0K 0K ype

Fig. 16. Test of initial stability on the sea
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