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摘 要

本研究是利用結合理論數值分析之方法，探討一具彈簧－質量裝置之雙樑結構系統之動態特性。應用Euler-Bernoulli樑理論

推論出雙樑系統之運動方程式及所懸掛質量之運動方程式，並利用轉移矩陣法（transfer matrix method）建立彈簧－質量

系統的矩陣形式，由此可以計算出雙樑結構系統的特徵解(自然頻率及模態)。本研究理論分析結果並與國內外文獻互相驗

證。最後，並以實驗方法對此理論模式加以驗證。

關鍵詞 : Euler-Bernoulli樑、轉移矩陣、雙彈簧-質量系統、特徵方程式

目錄

封面內頁 簽名頁 中文摘要⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.iii 英文摘要⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.iv 致謝⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.v 目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯vi 圖目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.viii 表目錄⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯.x 符號說明⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯xi 第一章 緒論⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯1 1.1 前言⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯1 1.2 文獻回顧⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯1 1.3 研究動機⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯3 1.4 本文架構⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯4 第二章 研究方法⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯5 2.1 樑結構之各種邊界情形介紹及運動方程式⋯⋯

⋯5 2.1.1 樑結構之各種邊界情形介紹⋯⋯⋯⋯⋯⋯⋯⋯5 2.1.2 Euler-Bernoulli樑之運動方程式⋯⋯⋯⋯8 2.2 具彈簧－質量

裝置之雙樑結構系統分析⋯⋯⋯⋯12 2.2.1 變數變換處理⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯16 2.2.2 變數分離處理⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯17 2.3 接續點之轉移矩陣的建立⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯19 2.3.1 雙樑之各種邊界情形與其特徵值⋯⋯⋯

⋯⋯⋯23 第三章 數值分析與實驗驗證⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯38 3.1 實驗器材⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯38 3.2 材料特性⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯41 3.3 數值分析與實驗結果⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯45 第四章 

結論⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯56 4.1 結論⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯56 4.2 建議⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯57 參考文獻⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯58 附錄A.1.⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯61 附錄A.2.⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯69

參考文獻

[1]王柏村，“振動學，”全華科技圖書股份有限公司，2002.�

[2]M.L. James, G.M. Smith, J.C. Wolford and P.W. Whaley, “Vibration of mechanical and structural systems,” Harper Collins, 1994.�

[3]B. P. Shastry and G. Venkateswara Rao, “Dynamic Stability of Bars Considering Shear Deformation and Rotatory Inertia,” Computer &

Structures 19, 5/6, pp.823-827, 1984.�

[4]H.P. Lin, S.C. Chang, “Free vibration analysis of multi-span beams with intermediate flexible constraints,” Journal of sound and vibration,

281, pp.155-169, 2004.�

[5]H.P. Lee, “Dynamic response of a multi-span beam on one-side point constraints subject to a moving load,” Computer & Structures 55,

pp.615-623, 1995.�

[6]H.P. Lin and C.K. Chen, “Analysis of cracked beam by transfer matrix method,” The 25th national conference on theoretical and applied

mechanics, 2001.�

[7]H.P. Lin, S.C. Chang and J.D. Wu, “Beam vibration with an arbitrary number of cracks,” Journal of sound and vibration, 258(5),

pp.987-999, 2002.�

[8]H.P. Lin, “Direct and inverse methods on free vibration analysis of simply supported beams with a crack,” Engineering structures, 26,

pp.427-436, 2004.�

[9]P.A.A Laura, J.L. Pombo and E.A. Susemihi, “A node on the vibration of clamped-free beam with mass at the free end,” Journal of Sound

and Vibration, 37, pp.161-18, 1974.�

[10]J.-S. Wu and H.-M. Chou, “A new approach for determining the natural frequencies and mode shapes of a uniform beam carrying any



number of sprung masses,” Journal of sound and vibration, 220(3), pp.451-468, 1999.�

[11]P. D. Cha, “Natural frequencies of a linear elastica carrying any number of sprung masses,” Journal of sound and vibration, 247(1),

pp.185-194, 2001.�

[12]M. Gurgoze, Alternative formulations of the frequency equation of longitudinally vibrating rods coupled by a double spring-mass system,

Journal of sound and Vibration 208, pp.331-338,1997.�

[13]沈勇全、巫垂晃、簡國雄，“應用力學-靜力學，”高立圖書有限公司，1999.�

[14]M. Gurgoze, G. Erdogan, S. Inceo?lu, “Bending vibrations of beams coupled by a double spring-mass system”Journal of sound and

Vibration 243, pp.361-369,2001.�

[15]V. Mermertas, M. Gurgoze, “Longitudinal vibrations of rods coupled by a double spring-mass system” Journal of sound and Vibration 202,

pp. 748-755,1997.�

[16]S. Inceo?lu, M. Gurgoze, “Longitudinal vibrations of rods coupled by several spring-mass systems” Journal of sound and Vibration 234, pp.

895-905,2000.�

[17]張錚，“MATLAB程式設計與應用教學範本，”知城圖書，2006 [18]張志宏，“具彈簧－質量系統之樑結構之振動分析，”大葉大

學機械與自動化工程學系碩士班碩士論文，2007.


