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	摘要(中)	本論文透過有限元素軟體Deform-3D進行螺旋齒輪旋轉鍛造製程分析，研究各因子間對品質特性之影響。本文之設計因子包含旋轉鍛造之加工因子以及預成形圓台體胚料之幾何參數。旋轉鍛造製程參數包含上模具傾斜角γ、每轉進給率s，胚料之幾何參數包含胚料高度H、胚料下直徑D，探討對製程中成形力峰值以及模穴填充率之影響，並設計亦料槽以達到減少二次加工之目標。實驗設計採用適合建構二階反應曲面之Box-Behnken 4因子3水準的設計建立共26組模擬，使用統計軟體Minitab依Deform-3D有限元素分析的結果進行迴歸分析，以建立成形力及下模穴填充率的預測模型，求得在成形力最小的情形下，下模穴填充率之可以達到一定水平之最佳設計因子。本文所建立的成形力峰值及填充率預測方程式與有限元素模擬的結果進行比對，其結果證明預測模型具有相當的準確度。
	摘要(英)	In this study of cold rotary forging of helical gear,we use FEM software Deform3D to anylyze the factors which effect the peak force and the filling ratio in the process.There are four factors in this study, including the workpiece geometry parameters and the process parameters.The workpiece geometry includes height H and down diameter D. The process parameter includes inclination angle of the upper and die feed amount of per revolution s. 

Our goal in this study is optimizing the peak force value and the filling rate could be found.to achieve this goal,we use the surface response methodology based on the Box-Behnken design of experiments to anylyze the results from FEM model.we use the Minitab software to do the regression analysis and develop the predicted equations,after that we can use the equation to get the optimum design of the peak force value and filling rate. In this paper,we are going to use FEM model to check the accuracy of predicted equations.

Keywords: cold rotary forging, FEM, RSM, helical gear
	關鍵字(中)	
      	  ★ 旋轉鍛造
★ 螺旋齒輪	關鍵字(英)	
      	  
	論文目次	目錄

摘要    i

Abstract    ii

致謝    iii

第一章 序論    1

1-1前言    1

1-2文獻回顧    4

1-2-1旋轉鍛造鍛粗加工    4

1-2-2 齒輪旋轉鍛造加工    7

1-2-3 螺旋齒輪鍛造加工    10

1-2-4填充率文獻探討    10

1-3研究動機、目的與方法    11

第二章 旋轉鍛造運動分析    15

2-1旋轉鍛造運動分析    15

2-2上模接觸分析    23

2-3螺旋齒輪模具之建立    25

第三章 有限元素法與實驗設計法    29

3-1有限元素模擬    29

3-1-1有限元素分析基本理論    29

3-1-2有限元素法之力學模式及數值分析    30

3-2 Deform-3D有限元素軟體[40]    31

3-2-1軟體介紹    31

3-2-2 Deform-3D的使用流程    32

3-3模擬參數設定    34

3-3-1有限元素法之力學模式及數值分析    34

3-3-2材料性質    37

3-3-3旋轉鍛造加工參數    38

3-3-4胚料參數    39

3-3-5路徑軌跡有限元素分析    40

3-4實驗設計法    42

3-4-1反應曲面法(Response Surface Methodology，RSM)    42

3-4-2迴歸分析基本理論    46

第四章 結果與討論    49

4-1模擬驗證    49

4-2迴歸分析以及品質特性之探討    53

4-2-1旋轉鍛造軸向成形力    53

4-2-2填充率    55

4-3旋轉鍛造迴歸分析    58

4-3-1成形力峰值迴歸分析    59

4-3-2填充率迴歸分析    65

4-4迴規模型檢驗    71

4-5 因子與反應之效應    72

4-5-1 上模傾斜角(γ)以及進給率(s)對成形力峰值之探討    72

4-5-2 上模傾斜角(γ)以及胚料高度(H)對成形力峰值之探討    74

4-5-3胚料高度(H)胚料下直徑(D)對成形力峰值之探討    77

4-5-4上模傾斜角(γ)以及進給率(s)對填充率之探討    78

4-5-5進給率(s)以及胚料高度(H)對填充率之探討    80

4-5-6胚料高度(H)胚料下直徑對填充率之探討    82

4-6品質特性最佳化    84

4-7等效應變及等效應力之探討    86

4-7-1等效應變探討    86

4-7-2 等效應力探討    89

4-8旋轉鍛造傳統鍛造比較    91

4-9填充率探討    91

第五章 結論與建議    96

5-1 結論    96

5-2 建議    96

參考文獻    97

附錄    102
	參考文獻	[1] Samo?yk, G., 2013, “Investigation of the cold orbital forging process of an AlMgSi alloy bevel gear”, Journal of Materials Processing Technology, Vol.213, No.10, pp. 1692-1702. 

[2] Slick, E, E., 1918, “The Slick Wheel Mill”, The Iron Age, Vol.102, No.9, pp.491-498

[3] Shivpuri, R., 1988, “Past developments and future trends in the rotary or orbital forging process”, Journal of Materials Shaping Technology, Vol.6, No.1, pp. 55-71.

[4] Marciniak, Z., 1970, “A rocking-die technique for cold-forming operations”, Machinery and Production Engineering, Vol.117, pp. 792-797.

[5] Slater, R.A.C., and Appleton, E., 1970, “Some experiments with model materials to simulate the rotary forging of hot steels”, Machine Tool Design Research Conf., Binningham, U.K., pp. 1117-1136.

[6] Standring, P. M., and Appleton, E., 1980, “Rotary forging developments in Japan, Part 1, Machine development and forging research”, Journal of Mechanical Working Technology, Vol.3, No.3, pp. 253-273.

[7] Zhang, M., 1984, “Calculating force and energy during rotating forging”, In 3 rd International Conference on Rotary Metalworking Processes(ROMP 3), pp. 115-124.

[8] Decheng, Z., Shijian, Y., Wang, Z. R., and Zhenrui, X., 1992, “Defects caused in forming process of rotary forged parts and their preventive methods”, Journal of Materials Processing Technology, Vol.32, No.1, pp. 471-479.

[9] Choi, S., Na, K. H., and Kim, J. H., 1997, “Upper-bound analysis of the rotary forging of a cylindrical billet”, Journal of Materials Processing Technology, Vol.67, No.1, pp. 78-82.

[10] Guangchun, W., and Guoqun, Z., 2002, “Simulation and analysis of rotary forging a ring workpiece using finite element method”, Finite elements in analysis and design, Vol.38, No.12, pp. 1151-1164.

[11] Liu, G., Yuan, S. J., Wang, Z. R., and Zhou, D. C., 2004, “Explanation of the mushroom effect in the rotary forging of a cylinder”, Journal of materials processing technology, Vol.151, No.1, pp. 178-182.

[12] Han, X., and Hua, L, 2009, “Comparison between cold rotary forging and conventional forging”, Journal of mechanical science and technology, Vol.23, No.10, pp. 2668-2678.

[13] Hua, L., and Han, X., 2009, “3D FE modeling simulation of cold rotary forging of a cylinder workpiece”, Materials & Design, Vol.30, No.6, pp. 2133-2142.

[14] Han, X., and Hua, L., 2012, “Friction behaviors in cold rotary forging of 20CrMnTi alloy”, Tribology International, Vol.55, pp. 29-39.

[15] Han, X., and Hua, L., 2012, “3D FE modelling of contact pressure response in cold rotary forging”, Tribology International, Vol.57, pp. 115–123.

[16] 余征諴，2006，”齒輪之壓機與擺輾鍛造製程分析與模具設計”，碩士論文，國立高雄應用科技大學。

[17] J.J, Sheu., and C.H, Yu, 2007, “The die failure prediction and prevention of the orbital forging process”, Journal of Materials Processing Technology, Vol.201, Issue1-3, pp. 9-13.

[18] Deng, X., Hua, L., Han, X., and Song, Y., 2011, “Numerical and experimental investigation of cold rotary forging of a 20CrMnTi alloy spur bevel gear”, Materials & Design, Vol.32, No.3, pp. 1376-1389.

[19] Deng, X. B., Hua, L., and Han, X. H., 2011, “Three-dimensional FE modelling simulation of cold rotary forging of spiral bevel gear”, Ironmaking & Steelmaking, Vol.38, No.2, pp. 101-111.

[20] Han, X. H., Hua, L., Zhuang, W.H., Zhang, X.H., 2014, “Process design and control in cold rotary forging of non-rotary gear parts”, Journal of Materials Processing Technology, Vol.214, Issue.11, pp. 2402-2416

[21] 蕭至祥，2014，”傘形齒輪旋轉鍛造製程有限元素分析”，碩士論文，國立中央大學。

[22] 伍太賓 顧峻勇，2015，” 具有雙螺旋齒面的直錐齒輪冷擺輾成形過程的數值模擬與試驗研究”， 製造技術與機床，第7期，pp.137-140。

[23] 趙龍清，2015，”以有限元素法與反應曲面法分析加工路徑對旋轉鍛造齒輪最佳化設計之影響”，碩士論文，國立中央大學。

[24] 蘇耿民，2015，”以有限元素法及反應曲面法分析傘形齒輪之旋轉鍛造加工問題”，碩士論文，國立中央大學。

[25] 張劭賓，2016，”加工路徑對傘形齒輪旋轉鍛造製程之有限元素法與反應曲面法分析”，碩士論文，國立中央大學。

[26]Choi, J.C., Choi, Y., Tak, S.J., 1998, “The forging of helical gears (I): Experiments and upper-bound analysis”, International Journal of Mechanical Sciences, Vol.4, Issue.40, pp. 1376-1389.

[27] Jung, S.H., Kang, M.C., Kim, C., Kim, C.H., Chang, Y.J., Han, S.M., 2008, “A Study on the Extrusion by a two-step process for manufacturing helical gear”, The International Journal of Advanced Manufacturing Technology, Vol.41, Issue 7–8, pp.684-693.

[28] Feng, L., Hua, L.,2011, “Multi-objective optimization of process parameters for the helical gear precision forging by using Taguchi method”, Journal of Mechanical Science and Technology, Vol.25, No.6, pp. 1519-1527.

[29] Feng, L., Hua, L. Han, X.H.,2012, “Finite element analysis and simulation for cold precision forging of a helical gear”, Journal of Central South University, Vol.19, Issue.12, pp. 3369-3377.

[30] Jeong, M.S., Lee, S.K., Yun, J.H., Sung, J.H., Kim, D.H., Lee, S.,Choi,T.H., 2013, “Green Manufacturing Process for Helical Pinion Gear Using Cold Extrusion Process”, International Journal of Precision Engineering and Manufacturing, Vol.14, No.6, pp. 1007-1011.

[31] E, Sleeckx., J,P. Kruth.,1992, “Review of flash design rules for closed-die forgings”, Journal of Materials Processing Technology, Vol.31, No.1, pp. 119-134.

[32] 葉怡成，2001年6月，”製程與產品最佳化”，五南出版社。

[33] DEFORM-3D Version 6.1(sp1) User’s Manual,2007.

[34] V, Ranatunga., J, Sgunasekera., W,G,Frazier.,K,D,Hur.,2001, “Use of UBET for design of flash gap in closed-die forging”, Journal of Materials Processing Technology, Vol.111, Issue1-3, pp. 107-112.
	指導教授	
      	  葉維磬
      	 	審核日期	2018-8-16
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
