
同調スロッシングダンパーの制振性能の向上
研究背景・目的 
　同調スロッシングダンパー：高層ビルやタワーの制振装置

研究内容 
 ・構造と流体の運動の相互作用を正確に予測可能なモデルの構築 
 ・高い制振効果を発生させる流体の運動の予測

研究成果 
1. 構造と流体の相互作用を表す新たな解析法の構築
2. 制振効果が高い低液深時の流体の挙動・流体力の予測

今後の展開 
　物理モデルの高度化（3次元問題，流体・構造のモデル改善）

主系

水槽 
（制振装置） 液体の慣性

振動

同調スロッシングダンパーによる制振メカニズム

液体の慣性

振動
設置例： 
・横浜マリンタワー 
・新横浜プリンスホテル

構造（主系）が振動 
▼ 

水槽内の流体の運動に変換 
▼ 

構造の振動が低減

Application of the DAE approach to the nonlinear sloshing problem 2079

(a) Experiment (b) Present model (mG) (c) Present model (DD) (d) Conventional model (MP)
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Fig. 8 Transitions of the liquid surface profile for about 1/2 period in the case of h/ l = 0.250: a Experiment, b present model (mixed
Galerkin method, mG), c present model (discrete derivative, DD), d conventional model (midpoint scheme, MP)

Table 3 Normalized computation time during t = 0−100 (s)

Time-step size !t

0.01 0.005 0.001 [s]

Present model (mG) 0.47 0.35 0.27

Present model (DD) 0.24 0.26 0.27

Conventional model (MP) 1.00 1.00 1.00

Durations of the present models are normalized by that of the conventional model

harmonics due to the nonlinear mode-to-mode inter-
actions in the small liquid depth, the present method
does not introduce any reduction methods based on
the assumptions for asymptotic relations between the
sloshingmodes as frequently shown in the conventional
approaches. The resulting equations are expressed by
the differential algebraic equations (DAEs) consisting
of the differential equationswith respect to time and the
constraints (the algebraic equations). In contrast to the

conventional approach such as the Lagrangian formu-
lation, the present method does not contain the time-
dependent coefficient matrix which complicates the
processes of the numerical integration and leads to the
burden on the calculation. Instead, iterative processes
for the constraints are incorporated into the numeri-
cal integration procedures. In addition, since the mul-
timodal model without the reduction techniques leads
the severe numerical stiff system,we have tried to intro-
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Fig. 8 Transitions of the liquid surface profile for about 1/2 period in the case of h/ l = 0.250: a Experiment, b present model (mixed
Galerkin method, mG), c present model (discrete derivative, DD), d conventional model (midpoint scheme, MP)
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harmonics due to the nonlinear mode-to-mode inter-
actions in the small liquid depth, the present method
does not introduce any reduction methods based on
the assumptions for asymptotic relations between the
sloshingmodes as frequently shown in the conventional
approaches. The resulting equations are expressed by
the differential algebraic equations (DAEs) consisting
of the differential equationswith respect to time and the
constraints (the algebraic equations). In contrast to the

conventional approach such as the Lagrangian formu-
lation, the present method does not contain the time-
dependent coefficient matrix which complicates the
processes of the numerical integration and leads to the
burden on the calculation. Instead, iterative processes
for the constraints are incorporated into the numeri-
cal integration procedures. In addition, since the mul-
timodal model without the reduction techniques leads
the severe numerical stiff system,we have tried to intro-
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Fig. 7 Comparison of numerical predictions andmeasured datas
(h/ l = 0.125): a present model (mixed Galerkin method, mG),
b present model (discrete derivative, DD), c conventional model
(midpoint scheme, MP)

of wave height in the positive side. Since the predic-
tions by the present methods and the measured data in
Fig. 6a, b do not show such results, it can be expected
that the oscillatory behavior shown in Fig. 6c arises
from numerical problems rather than physical reasons.
Note that since the conventional model could not give
convergent results by employing the 1st mode modal
damping ratio ζ1 = 1.69 × 10−2 shown in Table 1, a
slight larger constant damping ratio ζ1 = 2.00 × 10−2

is introduced for only the conventional model (Fig. 6c).
The results for the lower depth (h/ l = 0.125) are

depicted in Fig. 7. In contrast to the results in the case
of h/ l = 0.250 (Fig. 6), three methods under consid-

eration agree well with the measured data. It can be
observed that the time histories of liquid surface have
two peaks in the positive side during 1 period. Obvi-
ously, this behavior is caused by effects of the higher
harmonics due to the nonlinear mode-to-mode interac-
tions. In general, the effects of nonlinearities on liquid
surface behavior are more significant when the liquid
depth is smaller. The behavior of numerical solutions
in Fig. 7 coincides with this prediction. Note that the
maximum amplitude of wave height in Fig. 7 is quite
smaller than that in Fig. 6, even though we consider the
external excitation having the almost same amplitude
in the case of Fig. 6 and the frequency in the vicinity
of the dominant (the 1st) natural frequency. It can be
expected that the smaller response of thewave elevation
is the reason why all methods do not fail to calculate in
this condition in contrast to Fig. 6.

4.6 Transitions of liquid surface profiles

Figure 8 shows transitions of liquid surface behav-
ior for about 1/2 period of the excitation frequency
ω f /ω1 = 1.07 (0.914Hz). In Fig. 8, the beginnings
of the measured data and the predictions by the present
models are adjusted at time when the peak of wave
surface passes through the center of tank (x/ l = 0),
because it is difficult to completely synchronize the
measured data and the predictions. It can be found that
three models under consideration can describe the liq-
uid surface behavior like a traveling wave, even though
only the conventional model has relatively large phase
errors. As mentioned in Sect. 4.5, the prediction by
the conventional model showed the oscillatory behav-
ior due to the numerical problem. Therefore, it can
be expected that the phase errors between the conven-
tional model and the present models also arise from the
numerical problem.

5 Conclusions

In this paper, we have presented the formulation and the
numerical treatments for the nonlinear sloshing with
the multimodal models under the assumption of invis-
cid, incompressible and irrotational flow. In particular,
theHamiltonian formulation for the constrained system
is introduced to derive the equations of motion. More-
over, in order to consider precisely the effects of higher
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液面形状のスナップショット 
（左：実験，右：解析）

液面変位の時刻歴波形 
（実線：解析，破線：実験）


