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ABSTRACT: An experimental method to investigate the dynamic characteristics of buoys in extreme environmental condition is
established. Because the buoy model requires a resonable size for accurate experiment, the test condition in model basin that satisfies
the similarity law is hardly compatible with capability of test facilities. It is suggested that the linear wave component that is unable to
satisfy similarity is separated with others. The model experiment is carried out with mitigated condition for the linear wave components
while others including wave drift, current and wind are keeping the similarities. Then, the result can be extrapolated to give the
dynamic behavior of buoys in extreme condition because linear wave component is solely responsible to oscillatory buoy motion and
other environmental components are applied as a initial tension. The similarity for current and wind conditions is viewed as equivalence
of restoring forces. The validity of proposed method is examined with different types of standard ocean buoys and it indicates that the
linearity of measured characteristics is assured with a limitation of resonable distance between test and estimated wave conditions.
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Table 1 Principal dimensions and characteristics of ocean bouys (model values in parenthesis)
Buo Draft Buoy Weight Mooring Weight KG Kxx GMr=« Disp. Scale
Y [om] [ke] [kgl [m) [m] [m] [ke] Ratio A
LL26(M) 117.14 5,742.7 548 0.281 2.354 0.482 6,130 s
(23.43) (45.94) (4.384) 0.0562)  (04708)  (0.0964) (49.04)
LL30 104.25 7,644.2 548 0.142 2.604 0.954 7,990 s
(20.85) (61.15) (4.384) (0.0284) (0.5208) (0.191) (63.92)
15.35 33.48 5,705.3 548 0.931 1.350 0.562 6,101 5
(14.70) (45.64) (4.348) (0.186) (0.2700) ©.112) (48.81)
LNBY-100 152.60 109,324 2,400 0.582 2.085 4.651 108,999 10

(15.26) (109.3) (2.400) (0.0582) (0.2085) (0.465) (108.00)




S 3% BE 34T ZYAIEE ANE 137

Table 2 Extreme environmental conditions at sea, corresponding similarity conditions and test conditions

d [m] T [sec] H [m] U, [mjs] U. [knot]
sea LNBY-100, A=10 20 78 5.0 31.8 5.00
environment Others, A=5 20 7.8 50 318 5.00
similarity LNBY-100, A=10 20 25 05 10.1 1.58
conditions Others, A=5 4.0 35 1.0 142 224
test LNBY-100, A=10 3.4 25 0.2/0.35/0.4 10.0 -
conditions Others, A=5 3.4 35 0.2/0.35/0.4 10.0 -
Table 3 Computed wind and current forces on buoy models Aol HA F3EE TR F, o] AN F e AU AR
e pop— FEEE PAstlo} Bk Helo) ole) Aahed wiare)
Buoy o Tom G EEMISD, A 0F 4835 79 5yeINe FaEn
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Fig. 1 Schematic diagram of experimental setup for the buoy model test
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Fig. 3 Maximum height of buoy motions
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Table 4. Estimated maximum height of st order motion at the
design wave height

motion Surge Sway Heave Roll Pitch  Yaw
type m  (m)  (m (deg) (deg) (deg)
LL-26(M) 5788 5213 1056 34341 65216 73.228
LL-30 18459 5570 4.185 23.893 79.850 24.115
LS-35 17482 0855 4.834 11.115 42238 9.652
LNBY-100 3992 1234 449 4292 13559 2281
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Table 5 Estimated maximum tension forces cased by each environmental load

force Environmental Load [ton]}
Ist O. Wave Motion Wind 7nd O. Weight of
Current . .
type at anchor at buoy 45mysec 60my/sec 70my/sec Drift Chain
LL-26(M) 1.841 1.603 0415 0.576 1.024 1.394 0.177 0.438
LL-30 3221 3.149 0.660 0.466 0.828 1.128 0.147 0315
LS-35 2.716 3.020 0.400 0.344 0.612 0.832 0.081 0.347
LNBY-100 22.513 22.793 1.505 1.802 3.204 4.360 0.366 2.002

Wave Heighi (m) for LNBY-100 . »
25 3 s 4 as vzv:"' H':'“"‘ (";)5'“ LNEV 'oevs

6, LL-30, LS-35, UR17
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%
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T T T T
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@ ®
Fig. 6 Maximum mooring tensions induced by 1st order wave
component (a) at anchoring point and (b) at the junction point of
buoy and mooring line
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