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Summary

Few hydrodynamic vibration damper have been developed. As far as the authors know,
one is the U-type hydrodynamic vibration damper developed by the NPL of England, and
the other is the spring and hydrodynamic damper devised by the authors. The former is the

_prototype damper for the actual war ship, and the latter is model. Recently Bauer showed

that rectangular container filled with two immiscible liquids is very available for reducing
vibration.

This paper deals with experimental and theoretical investigation into a method to reduce
vibration with the sloshing in a tank. The authors carried out exciter test of the off-shore
structure model with the rectangular tank filled partially with water, and also calculated
damper effect of the sloshing with the theory, in which the sloshing is simplified into mass-
spring systems. The authors obtained the conclusion that the sloshing works as dynamic
damper for reduction of vibration and the above-mentioned theory, which was developed for
estimating dynamic strength of a tank on land, gives coupled natural frequency in good agree-

ment with measured one.
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Fig.6 Experimental apparatus
Table 1 Experiment condition
Exp. S-type_hydrodynamic_damper 0S model _f
Name %‘(’,':,'z;' ,',:',:, fo1(Hz)| foa(Hz) |L(mm) [fu(Hz){Mn(Q) v %H
P3-H |180| 8 | 245 | 420 148
P2-H |100| 8 | 260 | 365 1.58
1400 1.65 |3149
PI-H |180] 2 | 230 | 420 0 1.39
PO-H 1.45 | 285 0.88
P3-M [180| 8 | 245 | 420 1.09
P2-M | 100| 8 | 260 | 365 1100|225 13189 I.16
PI-M | 180} 2 | 230 | 420 ’ ’ 1.02
PO-M 1.45 | 285 0.64
P3-L 180 8 | 245 | 4.20 082
pP2-L [100| 8 | 260 | 3.65 0.87
900|300{3725
Pl-L |[180] 2 | 230 | 420 0.77
PO-L 145 | 285 0.95
B : Breadth fou : Ist natural frequency of SH.D.
t : Thickness fo2 : 2nd natural frequency of SH.D.

fu :Ist natural frequency of OS model



427

AW AEEN Y FIF LBk BE 3 5 ERAIFE

057V f2185H2
9+ ° -0-0- WH(mm)/VA(gal)
fieled .
73t 733\ - 0S(gal)/VAlgel) g%
D=
sal- } Leldoo WH/VA

.08 mode! without SHD.
(fy=1.65H2,0S/VA=733)

4

5
— Frequency (Hz)

6

Fig.7(a) Measured resonance curve of OS-model
with SHD-model (P 0-H)

st — Amp, — Amp.
" 05 0 05 1 ™ 05 0 05 |
' I " (Platform) I ' ?
- o - (e}
fi=1.25 Hz [ ° f2=1.85 Hz [ °
- D -
° D=l00M™ °
L L=laod™ L o
Platform L
- ~ O
o 3%
| I | J L | 1 ]
-l -05 0 05 | -l -05 0 05 |

Fig.7(b) Measured mode shape of OS-model with
SHD-model (P 0-H)

=11, L T v=0.8 & Lfo, ¥R\ EE PO-L
13, fp D2RRENTOWTHIRMEARFN L LS &F
5LDTH5b,

222 ERERLTOBER

Fig.7 1 SHD #& oKk WH L OS R 75

0S/VA

f3=3.25H
86} <o-o-WH(mm)/Va(gal) | ¥

69 = 0S(gal)/VA(gal) b =
_0S mode! without SHD,__"]

511 (fn=3.0%,0S/VA=154.8) D=100(mm) WH/VA
12145 L=900(mm)

57

4.3

28

1.4

'y 1 |
4 5 6
— Frequency (Hz)

Fig.8 Measured resonance curve of OS-model
with SHD-model (P 0-L)

vy } 7 3 — 2 DB E 0S o3RI X OSIRRIc BT
% OS A DIRE) T — FORAGAZR T, FHRMBOR
iz, SHD gEER o OS HEOBERREM &IG
LE%LBEC Lico SHD A% OS HMECRE TS &,
WEVER LT, Fig.7(b) OiRE)E — FOERJAFIR
FEow, 1%kEEE- V2RO 2HOBFRE, EHb
N5, i, TOIREEOKE INFERNCHERTHE
{Ie>T\wb, ¥i, Fig 8 13 SHD #F D 2 KkiRE %
MR LICBEOERYREER LTS, 2D Lil,
EBEONECER LCEBEREFAKTH DY,
v 7 EFIR LICBRIRRATETH B Z R LT
%o
Table 2 13 SHD #E OBRBERIZKOERER LT L

KETHD, REFORLEAGWa, £V —FHRE,
FHRIGE M Ry 11

a=(fo—fi—|fa—FfoDIfu

E=(Q—As/Ag)x100

Ry ,=A,,/Agx100

AB .y

Table 2 Experimental result

Exp.Name Before setting damper]  Afrer setting damper model | Response ratio [Damper Sg'.irgdflﬁeq-roﬁo
) gt () |5ty Libon| (521 lgaiont e R (%) | R (%) el | ™% |V (o)
|P3-H 245]160(58.09|245| 2.89|27.30| 7924 | 3.95 | 62.76 | 0.030 | 1.48
P2-H 165 | 7331 260|1.70116.15|265] 1.47/10.17 | 2203 | 200 | 86.13 0 1.58
Pl -H 230[160|50.73{2.35554| 9.70| 6920 | 7.55 | 86.77| 0.165 | 1.39
PO-H 14511.25| 7.88| 1.8591.27| 326 10.74 [124.51 | 95.55 | 0.242 | 0.88
P3-M 245 (2.10(50.93(255 |30.12| 6.18 | 5842 | 3456 | 9291 | O.l |1 1.09
p2-M 2258718 260(225| 875/265 | 879| 875| 10.03 | 10.08 | 8997 | 0022 | 1.16
PI-M 23012.10113.33]255 {2601 251 | 1529 | 2983 | 97.12 | 0.198 | 1.02
FO-M 1.4511.40| 450|245 15770 658 | 5.17 |180.90 [ 9246 | 0.111 | 0.64
P3-L 24512201 2691325 (6407| 760| 1.74 |41.38 [ 95.09| 0.167 | 0.82
'PZ- L | 300!15425 260 |245| 323|325 |4548| 494| 208 | 29.37 | 96.81 | 0.133 | 0.87
Pl-L 2.301220| 259|320 |51.36| 689 1.67 | 33.17 | 9555 | 0.100 | 0.77
PO-L 2851280| 481 |3.25|866!| 596 | 3.10 | 5593 | 96.15 | 0.100 | 0.95
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Table 3 Measured and calculated natural frequency
of SHD-model

Natural frequency Data for calculation
Exp. Name | st 2nd 3rd  |0(mm)|b{mm)|h(mm)
f1 .48 | 2.87 3.71
Fo fe 1.45 2.85 3.70 284
ft 2.35 4.12
P
3 e | 245 | 420 | 560 | "% 6ali0
pp’ ft 2.35 4.12 140
fe 2.34 4.00 4.30
P ft 2.35 4.12 141
fe 2.30 4.20 5.40
a
ft : Theoretical natural ai——
frequency —I—h
fe : Measured natural E K
frequency
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Fig. 17 Measured and calculated resonance curve
of OS-model with SHD-model (P 0-H)
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Fig. 18 Measured and calculated resonance curve

of OS-model with SHD-model (P 1-M)

Table 4 Measured and calculated natural frequency

of OS-model with SHD-model

Natural * frequency Data for calculation

Exp. Name | st 2nd 3rd | MH(@)| KH CH
i | 132 | .79

Po-H (432 1 LT9 3147/33845(7.086

Po-M i1 143 | 225 | 288 |3 49/63735(7586

fe 1.40 2.45

PO - L ft 1.46 2.82 3.0!

fe 1.45 2.80 3.25 3725/132%5.118.732

ft 1.50 2.45

pa-H 1201 245 314933045 7.086
P3-M I; éi’g ggg 31.89/6373.5(7.586
P3-L [ii—oEo 1 298 37.25)13235.1/8.732
PI-H |33 g:gg 31.49|3384.5(7.086
Plom (S| 255 31.89|6373.5|7.566
pl-L (i 226 | 298 37.2513235.1|8.732

fe 2.20 3.20

ft : Theoretical natural frequency Unit : Hz

fe :Measured natural frequency
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