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Characteristics of Response of Buoy with Moving Payload at Sea
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Abstract: Some kind of operation system at sea was simplified to a buoy with a moving payload in-
side, where the buoy is a floating cylinder with outer diameter of 533mm and the payload a cylin-
der with outer diameter of 180mm and weight of 50kg. Such a buoy system is designed to operate
under the sea state 3 with adequate stability. Its natural cycle in calm water and RAOs of motion
in waves are calculated by numerical simulation with frequency domain method. Thereafter, the
time history of motion of the buoy system under the sea state 3 was obtained through time domain
method, where the JONSWAP wave spectrum was adopted. As results, the amplitudes of buoy’ s
motion are presented and the buoy’ s freeboard recommended.
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Fig. 1 Diagram of buoy with moving payload
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Tab. 1 Particulars of buoy with moving payload
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Tab. 2 Centers of gravity and buoyancy of buoy

with payload moving

s Ui RSN R R B
o H,/4 H,/2 3H,4 H,
HOBME K,/ m  0.36 0. 60 0.58 0.56 0.55
FOMEIE/m 0,98 1.10 1. 10 1.10 1.10
iR/ m o 0.72 0.51 0.53 0.55 0.56

H&ZD,/m @ Hy/m Jihdt M,/kg WK d/m
71
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i1
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Fig. 2 Added mass of buoy with moving payload
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Fig. 3 Radiation damping of buoy with moving payload
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Tab. 3 Natural cycle of buoy with moving payload in calm water

st 1 3t IR B S i R
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H,/4 H,/2 3H,/4 H,
AWM/ 2.61 2.84 2.74  2.61 2.51
FHEW /s 3.09 3.10 3.10 3.10 3.10
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Fig. 6 Typical time history of vertical motion
—— T of buoy system
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Fig. 4 RAO of buoy with moving payload

3.2 BEzhmMNEFHEERSH

XA ) 7 TR T I R SR BOR Th iz 3

ITeF st &, HirE REEL B EE R 3
v&y KM JONSWAP 3%, A X e 1. 25m, 5
AN 0. 881rad/s, TAHBEIR H, /4 RET W #
%%%E%ﬂ%%é&ﬁfﬁ%%%5~®7
XF £ RIS 38 3 i D il R HE AT Ge A . S5 AR
4R,

L5
1.0
05
0.0

-05

-10

-15

-20

0 2000 4000 6000 8000
A a) /s
s FEERSERSHRIHE (GFHFRH,/4)

Fig. 5 Typical time history of lateral motion
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Fig. 7 Typical time history of rolling motion

of buoy system
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Tab. 4 Statistic parameters of motion of buoy system

% /m AR/ ()

AXE RRE R/ME A UE BRE f/ME

&t 0.66 0.8 —0.86 4.20 5.60 —5.06
MBI Hy/4 0.62  1.40 —1.28 5.05 10.54 —8.74
HEH, /2 0.62 1.38 —1.38 4.90 10.18 —8.52
R 3H, /4 0.62 1.36 —1.31 4.71 9.78 —8.31

I H, 0.62 1.34 —1.33 4.64 9.65 —8.30
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Fig. 8 Displacement amplitude of different positions

along buoy’ s vertical centerline
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Tab.5 Maximum displacement amplitude of buoy system

JIE 35 4V 8% / m 1935 (32 %% / m
A XAH RORME A XAH RKMHE
25 1] 0. 752 1.351 0. 853 1. 381
MEHH H, /4 0.750 1. 349 0. 867 1. 398
B H, /2 0. 749 1. 349 0. 864 1. 388
W 3H, /4 0. 750 1. 349 0. 862 1. 386
W% H, 0. 755 1. 350 0. 866 1. 387
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Tab. 6 Minimum freeboard of buoy system

= H,/4 H,/2 3H,/4 H,
F/NFR/m 0.049  0.282 0.278 0.276  0.274
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