
　▼　　　　　　　　　　　　　　　　▼ 
計算結果の精度を確保しつつ，計算時間の大幅な短縮を実現

大規模係留システムに対する数値積分法の効率化
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ter of mass calculated by the present and the conven-
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Table 2. Normalized computation time during t =
0−1000 [s].

Time step size ∆t

1.0 0.1 0.01 [s]

Present model 0.009 0.07 0.56

Conventional model – 1.56 1.00

Table 3. Average iteration times during t = 0−1000
[s].

Time step size ∆t

1.0 0.1 0.01 [s]

Present model 4.0 3.7 3.0

Conventional model – 65.0 4.1

5. CONCLUSIONS

This study has developed the numerical model for
the mooring lines for the time domain analysis. The
lines are modeled as the multi-rigid bodies, and the
formulation is based on the framework of the multi-
body dynamics. In particular, this study introduces
the method describing a rigid body motion without
relying on parameterizations of rotation. Instead, it
employs the rotation update equation consisting of
the rotation tensor in the current configuration and
the incremental component of the rotation. The re-
sulting equations of motion involve the approximated
form of rotation expressed by the discrete form with
respect to time with the angular velocity.

The present model is validated against the con-
ventional model. As a result, the performance of
the numerical integration is drastically improved by
the present method. Even though present model
showed the very good agreement with the conven-
tional model, the total computation time is reduced
siginificantly. More specifically, the present model
could introduce the larger time step size, and the iter-
ation times for the convergent results are quite small
compared to the conventional method.
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研究背景・目的 
　海洋でのエネルギー開発が拡大 
 　→・浮体式生産貯蔵積出設備 
　　 ・洋上風力発電など

研究内容 
　大規模係留システムに対する精度と効率を両立した解析法の構築

チェーンの初期形状

研究成果 
　水中のチェーン1本を対象としたモデル構築と計算による検証

計算時間の比較

チェーンの運動の時刻歴波形

今後の展開 
　浮体の係留問題（より現実に近い問題）への応用

▼  
大規模な非線形システム

浮体式生産貯蔵積出設備 
（https://en.wikipedia.org/wiki/Floating_production_storage_and_offloading）


