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Buoy Techniques for Obtaining Directional Wave Spectra
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Hiratsuka Branch, National Research Center for Disaster Prevention
S. Eguchi

Institute of Industrial Science, University of Tokyo

Abstract

Buoy techniques of a pressure-type wave meter, which is attached to gimbals, were
newly developed for obtaining directional wave spectra,

Response of heaving and pitching motions of the buoy to the regular wave mecha-
nically generated was investigated in the towing tank. The wave period used ranged
from 1.0 sec. to 3.0 sec. The natural periods of heave and pitch from the free damping
test were approximately 1.25 sec. and 0.87 sec., respectively. Because of the high damp-
ing, the amplitude response factor of heave did not differ much from unity for T =13
sec., and that of pitch for T > 2.0 sec. However, the scattering of data in pitch was
rather large.

In conclusion, the presented results indicates that there still remains a great room

for improvement with respect to the pitching motion of the buoy.
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Fig.7 [Illustration of the determination of the wave height H, the wave period
T and the position of center of the wave t that characterize the irdividal
waves .
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Fig.8 Schematic sketch of the towing tank at the ship Ship Hydrodyamics Laboratory.
Symbol 1,2 and 3 show amplifiers of the capacitance — type wave gauge
( symbol 8), the ship motion measurement apparatus ( symbol 6) and wave
meter of the buoy ( symbol 7), respectively. Symbols 4 and 5 are recorders
of symbols 7 and 6, respectively. Hereafter, the capacitance —type wave gauge
and the ship motion measurement apparatus are abbreviated as the
wave gauge and the measurement apparatus apparatus , respectively.
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Schematic skech of the ship motion measurement system. Solid circles
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Table 3 Instruments of experiment the towing
tank.
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He et )
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DEBIC PRI 7 A 2 RE L TT .
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BranaEERgE A (£ E45m, 18 5m, KE3Im) B TH ofc. FEHE X 7o 5 ERE 0
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Fig.10 An example of the free
-3t damping test with respect
to the heaving motion of
the whole buoy.
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ZITHALL. AEEHEBEORRS L MEEO ARMICESwY, 714 0FRAOTEND
Y —OWREE ThE A RRBHE Y 1 O BEESEEAY RS LML S, &
BRI LT, Y7o BEERTREC SREIEY B, SiTshe 7 — 211,
EERC L cTREShERABESETREBCELLARCBOh 0 L Lic, o
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CHIE SN CAPAERA L TRDE,

DEoz timXbh, E8IZ7AM 2Fc20-To E TN (Heave) & 74 ADKEREN (Pi-
tch) oW THT ofe. EBF — 7 OFINL, FHT2FREIBRIE TH 5 b @4
BT T2k,

s
0 11 #Akho71 AogEEho
';:Es . M RE).
% Fig.11 An example of the free
L i Buoy B damping test with respecr
= ; b :
o ray to the pitching motion of
0 ' t + "t —"* —— the buoy A.
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§ Fig.12 Same as Fig.11 but for
o the buoy B. The heavy line
-5k corresponds to the case of
buoy B with the hanged
1 pressure gauge, the dashed
or line the case of the buoy B
only.
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Table 4 Charactistics of regular waves.

15 3% R ER R g =] Flid ]
sec Tc(sec) Hc (em) d

1.0 1.0 0 250 0.0160

1.0 9 332 00179

1.2 1.2 0 212 0.009 4

1.3 133 3.34 00121

1.5 1.4 9 2.96 0.0085

1.4 9 4.7 4 00137

1.50 413 00118

L7 1.6 9 3.41 00077

2.0 1.99 4.16 0.0068

1.9 9 6.01 0.0098

200 4.3 5 00070

200 7.2 0 00116

2.2 218 4.2 7 00058

2.5 2.48 2.94 0.0032

2.7 2.6 8 376 0.0036

3.0 300 2.94 0.0023

3.00 6.6 6 0.0053

300 820 00065

301 4.2 5 0.0033

HEORHEE L ELTEL0THL. COBNIOFITORERRALELAE. ZDL5k
714 BOEFCToWT, HAUECH LToREBERo#ERO LI ATHVELSL S Eii T
3.

74 BOBEA OB S WTHEARTE bt s. che s RENTEIR 12
THY, FENLREROERMNAT 0T L THERE g R ThTh&ROEL L 21z, E
Nevs %Mo TdeHe

Tgg=1358 , up=0462
FEN v v —pi - BE
Tpo=1468 , wpg=0474

A AOBMEMAY) OBETE— 2 v P Kgit, KOOI RERIRRBIC Y s TR,
TAAD—HOWT 10 kg BOMBCH LT, TARIOEFF L. chibh 71 AD
Fev A -—OHEIGMIL 283mLih,
Kg=Mg + GM =777

2ot M7 1T ADBRTHA.

BRAEFD 71 Ok

BRI ARAFCR LT, 71 2oL TERE 71 AR OB UG E
#BrEBRNc Kot MR, BFREEOEX b bR BARCH LT O EM
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- 4 4 B 132 AMCcBELTERRNE LB RILE (
r o’ 4 Heave) Ofs R o g,

L /9 Fig.13 a Compatison between the wave periods
) measured by the wave gauge (T%) and
r© 1 the measurement apparatus ( TG >

=
‘;1.00—0-0-0--97—0—7 o~y oo ©
]

13 b RMICE L TESRH%E ( Heave) L R
st (n) OREROHE.

| Fig.13 b Same as Fig. 13a but for the case of
0-8f the measurement apparatus (TG) and
! L ) I 1 L L I I the wave meter (TﬁB),

T (sec)

i

~ 1.005-0-g-g=-0-~ B0~ ~0---§
b= B 13 ¢ BHIICHE L CGERAHIEE (Heave) L ER
- ] it () ORROLE.

Fig.13 ¢ Same as Fig. 13 a but for the case of

the measurement apparatus (7g) and
0-8r . the wave meter ( Ty ).

2
Te (sec)
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Frequency response of
the heaving motion of
the buoy among the
regular waves. The re-
sponse was expressed by
the ratio between the
wave height measured hy
the measurement appar -
ratus (HG) and the
wave gauge (He) .

Fig.14

]

15 HE B cAE s b

LTIy sgRito
FERIEEHE ATRS
THRENT - 2ICETIR
FEToEERT.
Same as Fig. 14 but the
response expressed by
the ratioH g . Sym
bols (@) and (O )
indicate the uncorrected

values by eq. (25),
respectively.

Fig. 15

16 BERFICHTEShA ETE
hoOBERLEHE Balk
BROMEZEL S ERACE
REdo,

Same as Fig. 14 but for
the response expressed
by the ratioHBﬁg.
Each symbol means the
same as in Fig. 15.
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Fig.17 Frequency responses of the pitching motion of the buoy A and B among the regular
waves. The responses are indicated by the ratio between the amplitude measured
by the measurement apparatus (fp 1, @p 2 ) and the wave gauge (0. ).

The TBO represents the natural period of the buoy B with the hunged pressure
gauge. The arrows indicate the condition of the wave steepness § < 0.005.
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H. ooz byfEamcis s, I7Tea3htuwd Lo, BAEo 1 2otERc st
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Fig.18 Frequency response with respect to the wave steepness. The ﬂ_B represents the
amplitude of pitching measured by the wave m=ter. Symbol (@) indicates the
condition of the wave steepness, < 0.005.
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Fig, 19 Comparison between the wave steepress measured by the wave meter (8 g ) and
the measurement apparatus ( Og
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F=w, 74 ADHRHORELEMERFLHOERT 2 THAL. 74 ADHEHEN
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-206 H o Ep 4
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Fig.20 Characteristics of phase of the pitching motion of the buoy A and B with
respect to the heaving motion.
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P

Fig, 21 Characteristics of phase of the wave slope change with respect to the elevation
change. Symbols (®) and (O) are obtained by the wave meter and the measur—
ement apparatus, respectively.
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