
薄膜構造物の大変形と流体構造連成問題
研究背景・目的 
　液晶や薄型太陽光パネル等の品質向上・製造技術の改善

研究内容 
・極めて柔軟な構造物（薄膜）の大変形解析と計算効率の改善 
・周囲流体の流れによる振動の発生予測
研究成果 
1. 弾性はりや薄膜の大変形モデルの構築と計算性の改善

2. 周囲の流れにより発生する振動の予測（新しい解析法を構築）

今後の展開 
・接触領域（ローラ搬送）を通過する柔軟構造物の運動解析
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Fig. 4 Simulation results of a
free falling of a flexible beam
calculated by the proposed and
the previous formulations

Fig. 5 Distance between the tip
positions calculated by the
proposed method and the
previous method [26]
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In this numerical implementation, the acceleration of gravity g is 9.81 m/s2.
Figure 4 shows calculation results of dynamic behaviors of the flexible beam every 0.1

second for the strain models with Eq. (20). In this figure, open circles (©) represent results
from the proposed formulation, and dots (•) show the results calculated by equations derived
by the previous formulation (see Eq. (27) in Ref. [26]). It can be found that the proposed
formulation gives almost the same results as by the previous formulation. In order to discuss
equivalence of the results by the proposed method and the previous method in more detail,
the time history of the distance between the positions of the beam tip calculated by the
proposed and the previous formulations is shown in Fig. 5. From this result, it can be seen
that the difference ranged roughly below 10−13. Therefore, the equivalence of the proposed
method to the previous method in this example can be verified. In other words, Figs. 4
and 5 indicate that the proposed method is the equivalent transformation of the equations of
motion rather than an approximation of equations.

As can be found in Eqs. (39) and (40), the descriptions of strain energy derived by the
proposed method are expressed as a tensor of lower order than the previous formulation. Ac-
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高機能フィルムの製造工程の解析モデル

【課題1】薄いフィルムの搬送時の 
              変形（しわなど）予測 
【課題2】塗装・乾燥時の流体の 
             吹付けの影響（振動防止）

周囲流体の流れを受ける両端固定はりの振動（2次元，左：座屈型，右：振動型）
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