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ABSTRACT

By superplastic forming, the workpiece with complicated shape can be produced by one batch processing thus the processing costs

resulted from traditional processes such as cutting processing, thermal treatment, plastic processing and bonding can be eliminated

while achieving products of high precision. So far there have been cases of successfully produced components and parts based on this

technology for the applications of aerospace and automobile industries among foreign countries, such that it has become one of the

most important precision processing technologies. The majority of superplastic materials for aluminum are in the categories of fine

grained (

Keywords : Aluminumalloys、Coares-grained、Dynamic recrystallization、Superplastic forming、High temperature deformation

Table of Contents

目錄 封面內頁 簽名頁 中文摘要....... iii 英文摘要....... iv 誌謝........... vi 目錄........... vii 圖目錄......... ix 表目錄......... xii 第一章 

前言.... 1 第二章 文獻回顧.2 2-1 鋁合金簡介..2 2-1-2鋁合金之分類... 4 2-1-3 A6061介紹..... 5 2-2 超塑性成形簡介..... 8 2-2-1晶

粒尺寸對超塑性影響... 11 2-2- 2 超塑性成形優缺點..... 15 2-3超塑性力學分析... 16 2-4 鋁合金動態回復與再結晶介紹. 19

2-4-1 動態回復...... 19 2-4-2 動態再結晶.... 21 第三章 實驗步驟..22 3-1 實驗流程.....22 3-2 實驗材料.....24 3-3 DSC熱分析....25

3-4 高溫拉伸試驗........25 3-5 高溫脹形系統........27 第四章 結果與討論.......32 4-2 壓縮與拉伸應力分析..33 4-2-1 真實應力-真

實應變分析...33 4-2-2 m值與延伸率探討.........35 4-3 拉伸與壓縮試驗顯微組織觀察..........40 4-4 大晶粒A6061高溫脹形可行性

分析.......46 4-5 大晶粒A6061模具脹形試驗.............54 4-6 TEM分析.............................59 第五章 結論.....63 參考文獻........64

REFERENCES

1.R. M. Brick, A. W. Pense, R. B. Gordon, Structure and Properties of Engineering Materials, McGraw-Hill, 4th Ed, pp.4, 1997. 2.ASM Metals

Handbook, Metallography Structures and Phase Diagrams, 8th Ed, Vol.8, p.397, 1973. 3.M.H Jacobs, Phase Diagrams, European Aluminum

Association, Training in Aluminum Application Technologies, Lecture 1203, 1999. 4.J.R. Davis & Associates, Aluminum and Aluminum Allays,

ASM Specialty Hand Book, 1993, pp.569-570, 1993. 5.O. M. Smirnov, Promising Processes for Shaping Superplastic Materials, Metallurgist,

Vol.54, pp.491-497, 2010. 6.W. A. Backofen, D. H. Avery, J. R. Turner, Superplasticity in Al-Zn Alloy, Trans. Am. Soc. Metals, Vol.57, p.980,

1964. 7.A. J. Barnes, Superplastic Forming 40 Years and Still Growing, Journal of Materials Engineering and Performance, Vol.16, 2007. 8.G.

Giuliano, S. Franchitti, The Determination of Material Parameters From Superplastic Free-bulging Tests at Constant Pressure, International

Journal of Machine Tools & Manufacture, Vol. 48, pp.1519-1522, 2008. 9.R. Verma, A. k. Ghosh, S. Kim, C. Kim, Grain Refinement and

Superplasticity in 5083 Al, Materials Science and Engineering, Vol.A191, pp.143-150, 1995. 10.D. H. Shin, C . S. Lee, W. T. Kim, Superplasticity

of Fine-Grainsd 7475 Al Alloy and A PrpPosed New Deformation Mechanism , Acta Metallurgica Ink, Vol.45, pp.5195-5220, 1997. 11.B. P.

Kashyap, Interfacial Phenomena and Microstructural Evolutionduring Superplastic Deformation, Surface and Interfaxe Analysis, Vol.31,

pp.547-559, 2001. 12.T. L. Lin, Y. Liu, Microstructural Evolution and Mechanisms of Superplasticity in Large-grained Iron Aluminides, Materials

Science and Engineering, Vol.A268, pp.83-93, 1999. 13.F. Sun, T. L. Lin, Superplastic Phenomenon in A Large-Grained TiAl Alloy, Scripta

Mater, Vol.44, pp.605-670, 2001. 14.T. L. Lin, F. Sun, Superplasticity in A large-grained TiAl alloy, Intermetallics, Vol.12, pp.875-883, 2004.

15.T. R. McNelley, D. L. Swisher M, T. Perez-Prado, Deformation Bands And the Formation of Grain Boundaries in A Superplastic Aluminum

Alloy, Metallurgical and Materials Transactions, Vol.A 33, pp.279-290, 2002. 16.M. A. Garca-Bernal, D. Hernandez-Silva, V. Sauce-Rangel,

Superplastic Behavior of Coarse-grained Al–Mg–Zn Alloys, Journal of Materials Science, Vol.42, pp.3958-3963, 2007. 17.A. R. Chezan, J. Th.

M. De Hosson, Superplastic Behavior of Coarse-grained Aluminum Alloys, Materials Science and Engineering, Vol.A410-411, pp.120-123, 2005.

18.劉亞倫，超塑性鋁合金5083快速成形之空孔與金降組織研究，碩士論文，中央大學，桃園，2001。 19.R.V. Curtis, Overview –

Superplasticity Community, Mat.-wiss.u. Werkstofftech, Vol.40, No.4-5, pp.265-274, 2008. 20.R. Verma, P. A. Friedman, A. K. Ghosh, C. Kim,

S. Kim, Superplastic Forming Characteristics of Fine-Grained Aluminum, J. Mater.Sci. Eng, p.543, 1995. 21.E. H. Chia, H. McQueen,

Microstructural Control in Aluminum Alloys:Deformation, The Minerals,Metals&Materials Society, 1st Ed, pp.202-209, 1987. 22.E. Robert,

Physical Metallurgy Principles, Reed-Hill Abbaschian, 3rd Ed, pp.181-186, 1994. 23.S. Gourdet, F. Montheillet, A Model of Dynamic



Recrystallization, Acta Materialia, Acta Materialia, Vol.51, pp.2685-2699, 2003. 24.S. Gourdet, F. Montheillet, A Experimental Study of the

Recrystallization Mechanism During Hot Deformation of Aluminium, Materials Science and Engineering, Vol.283, 2000, pp.A274-288. 25.邱稚淳

，熱塑性變形參數對鋁合金再結晶晶粒尺寸影響，碩士論文，大葉大學，彰化，2011。 26.American Society For Testing, Standard Test

Method forDetermining the Superplastic Properties of Metallic Sheet Materials, ASTM E2448-11, 2005. 27.ASM Metals Handbook, Properties

and Selection: Nonferrous Alloys and Special-Purpose Materials, 10th Ed, Vol.2, pp.62-64, 1990. 28.T. Sheppard, Extrusion of Aluminium Alloys,

Kluwer Academic Publishers, pp.253-317, 1999. 29.R. M. Cleveland, A. K. Ghosh, J. R. Bradley, Comparison of Superplastic Behavior in Two

5083 Aluminum alloys, Materials Science and Engineering A, Vol.351, pp.228-236, 2003.


