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ABSTRACT

The demand for non-impact printers has grown considerably with the advent of the personal computer. At the low end, two

drop-on-demand techniques predominate the market — piezoelectric impulse and thermal-bubble types. However, the high cost of

piezoelectric printhead and the thermal problems encountered by thermal-bubble jet printhead restrain the use of these techniques

in array-type printhead. In this study, we propose a new design of printhead with ER fluid acting as a working medium. The ink

drop is controlled by the ER fluid valve. This innovative design should not only solve the aforementioned technical problems of the

state-of-art printheads, but also evade the patent right problem. As a first step toward developing this new printhead, the

characteristic of an ER fluid valve which controls the deflection of the elastic diaghram is investigated. Firstly, the discretized

governing equation of the valve is derived. Then, the prototypes of the ER valve is designed and fabricated. The experimental

measurement based on the sinusoidal response should verify the theoretical analysis. Finally, the dynamic response of the valve is

studied experimentally to prove the feasibility of using this ER valve for the ink-jet printhead.

Keywords : ER Fluid ; ER Fluid valve ; Ink-jet Printhead

Table of Contents

封面內頁 簽名頁 授權書⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ iii 中文摘要⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯ v 英文摘要⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ vi 誌謝⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯ vii 目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ viii 圖目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ x 

表目錄⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ xiii 符號說明⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ xiv 第

一章 緒論⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯1 1.1前言⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯1 1.2 電流

變液的簡介⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 3 1.3 電流變液的動態特性⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 5 1.4 電流變液閥⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 7 1.5研究動機與目的⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯9 1.6內容概述⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯12 第二章 單一噴墨單元的可行性測試⋯⋯⋯⋯⋯⋯⋯⋯⋯13 2.1 噴墨單元的架構⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 13 2.2 測試結果及初步分析⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 14 2.3 測試結果與討論⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯.⋯⋯⋯⋯18 第三章 流變液體閥的理論模式推導⋯⋯⋯⋯⋯⋯⋯⋯⋯19 3.1 流變液體閥簡化之離散系統的建立⋯⋯

⋯⋯⋯⋯⋯ 19 3.2 流變液體閥之離散模型參數的推導⋯⋯⋯⋯⋯⋯⋯ 21 3.2.1 流體閥參數推導⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯ 21 3.2.2 輸入端隔膜的參數推導⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 24 3.2.3 輸出端隔膜的參數推導⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 26

3.2.4壓力室的參數推導⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯27 第四章 流變液體閥的實驗量測與結果討論⋯⋯⋯⋯⋯⋯29 4.1 電

流變液的配製⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 29 4.2 實驗設備的建構⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 30 4.3 儀器設備

的校正⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 32 4.4鋁板的等效彈簧常數⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯33 4.5系統內液體壓縮

性的影響⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯35 4.6外加電場對系統的影響⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯41 4.7振幅對系統的影響⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯47 4.8頻率對系統的影響⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯50 4.9不同尺寸電極塊對系統的

影響⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯54 第五章 結論⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯57 參考文獻⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯ 60

REFERENCES

[1] H. Le, “Ink-Jet Printing,” IS&T’s Tenth International Congress on Advances in Non-Impact Printing Technologies, Tutorial Notes, 1994 .�

[2] W. R. Wehl, ?Ink-Jet-Printing: The Printing State of The Art,? 1989, pp.2-46-2-52.�

[3] I. Endo, Y. Yano, and H. Kobayashi, ?Electrostatic Printing Method, ? US Patent ?4106409, 1978.�

[4] S. D. Howkins, and C. T. Ridgefield, ?Ink Jet Method and Apparatus, ? US Patent ?4459601, 1984.�

[5] 程志堅,“電黏性流體的動態特性量測及智慧型結構模擬,”大葉大學碩士論文,中華民國八十六年六月.�

[6] D. R. Gamota, and F. E. Filisko, “Dynamic Mechanical Studies of Electrorheological Materials : Moderate Frequencies,” Journal of

Rheology, 35(3), 1991, pp. 399-425.�

[7] Y. Choi, A. F. Sprecher, and H. Conrad, “Vibration Characteristics of a Composite Beam Containing an Electrorheological Fluid,” Journal



of Intelligient Material Systems and Structures, 1, 1990, pp. 91-104.�

[8] J. P. Coulter, and T. G. Duclous, “Application of Electrorheological Materials in Vibration Control,” Proceedings of the Second

International Conference on Electrorheological Fluids, Technomic Pub. Co., Lancaster, PA, 1990, pp. 123-134.�

[9] D. Brooks, “Visco-elastic Studies on An Electro-Rheological Fluid,” Colloids and Surfaces, 18, 1974, pp. 293-312.�

[10] A. J. Simmond,“Electro-Rheological Valve in a Hydraulic Circuit,”IEE Proceeings-D, 138(4), 1991, pp.400-404.�

[11] T. W. DeYoung, and V. B. Maltsev, “Ink Jet Apparatus with- Improved Transducer Support,” US Patent ?4439780, 1984.�

[12] M. Whittle, R. Firoozian, D. J. Peel, and W. A. Bullough, “Electrorheological Relaxation Times Derived from Pressure Response

Experiments in the Flow Mode,” Journal of Non-Newtonian Fluid Mechanics, 57, 1995, pp.1-25 [13] M. Whittle, R. J. Atkin, and W. A.

Bullough, “Dynamics of an Electrorheological Valve,” International Journal of Modern Physics B, 10(23?), 1996, pp.2933-2950.�

[14] C. Y. Lee, “Finite Element Formulation of a Sandwich Beam with Embedded Electro-Rheological Fluids,” Journal of Intelligent Material

Systems and Structures, 6(5), 1995, pp.718-728.�

[15] C. Y. Lee, and C. C. Chang, “Complex Moduli of Electro-Rheological Fluid under Oscillating Shear,” International Journal of Mechanical

Science, to appear, 1999.�

[16] S. P. Timoshenko, and S. Woinowsky-Krieger, ‘Theory of Plates and Shells’, 2nd edition, McGraw-Hill Co, 1959.�

[17] D. J. Peel, R. Stanway and W. A. Bullough,“Dynamic Modelling of an ER Vibration Damper for Vehicle Suspension Applications,”Smart

Materials and Structures, 5, 1996, pp.591-606.


