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连续多点成形中的成形载荷分析

龚学鹏1, 李明哲2, 卢启鹏1, 彭忠琦1

1. 中国科学院 长春光学精密机械与物理研究所 应用光学国家重点实验室,吉林 长春 130033; 
2. 吉林大学 无模成形技术中心,吉林 长春 130022

摘要： 研制了连续多点成形装置来完成三维曲面工件的高效、柔性加工,并对其成形载荷的变化趋势以及不同工艺参数对成形载荷的影响进行

了研究。首先,介绍了连续多点成形原理;基于一定的假设条件,建立了成形载荷的理论公式;以双曲率元件为研究对象,建立有限元模型,分析了y
方向载荷、z方向载荷以及合成载荷的变化情况。接着,分析了上辊压下量、板材厚度以及柔性辊曲率半径对成形载荷的影响。最后,设计出成形

装置并进行实验。结果表明,y方向载荷最大值为6.693 kN,成形载荷的最大值为6.716 kN,成形载荷主要由y方向载荷决定;z方向载荷最大值为

1.412 kN,为驱动工件运动的力;随上辊压下量的增加、板材厚度的增加以及柔性辊曲率半径的减小,y方向载荷均增加。成形载荷的变化情况与

实际情况吻合,为成形装置的研制提供了指导作用。实验结果证明,连续多点成形是一种连续、高效、柔性的三维曲面成形方法。
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Analysis on forming load in continuous multi-point forming
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Abstract: A Continuous Multi-point Forming (CMPF) equipment was developed to manufacture 3D surface parts in high 
efficiency and flexibility, and the historical changing of forming loads and the influences of different technical 
parameters on forming loads were analyzed. First,the principle of CMPF was introduced,and theoretical formulas of 
forming loads were established based on certain hypothetical conditions. By taking a double curvature part as a 
research object,a Finite Element Analysis(FEA) model was established, and the historical changings of y direction load, 
z direction load and equivalent load were analyzed. Furthermore,the influences of press displacement, thickness, and 
curvature radius of a flexible roller on forming loads were analyzed. Finally,the equipment was designed, and 
experiments were carried out. Results indicate that the maximum value of y direction load is 6.693 kN, maximum of 
forming load is 6.716 kN, and the forming load is made up of y direction load nearly. Moreover,the maximum value of z 
direction load is 1.412 kN, which is considered as a driving force. Along with the increases of press displacement and 
thickness of sheet metal, the y direction load is increased. Along with the decrease of curvature radius of a flexible 
roller,the y direction load is increased. The changing situations of forming loads accord with practical situation, which 
offers a guidance for CMPF equipment. From experimental results, CMPF is a continuous, high efficiency and flexible 
forming method for 3-D surfaces.

Keywords: flexible manufacturing   continuous forming   multi-point forming   numerical analysis   3D surface   

收稿日期 2012-02-21 修回日期 2012-04-11 网络版发布日期 2012-06-10 

基金项目: 

国家863高技术研究发展计划资助项目(No.2009AA04Z117);国家自然科学基金资助项目(No.50575090) 

通讯作者: 李明哲

作者简介: 

作者Email: 

参考文献：

[1] 中岛尚正. 针金束を用いた金型·电极の研究[J]. 日本機械学会志,1969, 603(72):32-40. NAKAJIMA N. Research on die and 
electrode by steel wire bind [J]. Japanese Journal of Mechanical Academy, 1969,603 (72):32-40.
[2] 北野广雄.钢板曲げ加工用萬能調整式プレス機械の研究 . 日本:京都大学,1961. KITANO. Research on universal adjusting machine 
for the bending of sheet Metal . Japan: Kyoto University, 1961.
[3] 西冈富仁雄. ユニバサル多点プレス法による船体外板曲げ作业の自動化に关する研究(第一报基础の研究)[J]. 日本造船学会论文集,1972
(132):481-501. NISHIOKA F. An automatic bending of plates by the universal press with multiple piston heads ( First 
report: basal research) [J]. Journal of the Society of Naval Architects of Japan, 1972(132):481-501.
[4] 西冈富仁雄. ユニバサル多点プレス法による船体外板曲げ作业の自動化に关する研究(第二报实用化研究)[J]. 日本造船学会论文集,1973
(133):291-305. NISHIOKA F. An automatic bending of plates by the universal press with multiple piston heads ( Second 
report:practicality research) [J]. Journal of the Society of Naval Architects of Japan, 1973(133):291-305.
[5] WEBB R D, HARDT D E. A transfer function description of sheet metal forming for process control[J].Journal of 
Engineering for Industry,1991,113:44-52.
[6] WALCZYK D F,HARDT D E.Design and analysis of reconfigurable discrete dies for sheet metal forming[J].Journal of 
Manufacturing System,1998,17(6):436-454.
[7] LI M ZH,LIU Y H,SU SH Z,et al..Multi-point forming:a flexible manufacturing method for a 3-D surface sheet[J].Journal 
of Materials Processing Technology,1999,87:277-280.
[8] LI M ZH,LIU CH G,CHEN Q M.Research on multi-point forming of three-dimensional sheet metal parts .6th 



International Conference on Technology of Plasticity,Nuremberg,Germany,1999,1:189-194.
[9] CAI ZH Y,LI M ZH.Optimum path forming technique for sheet metal and its realization in multi-point forming
[J].Journal of Materials Processing Technology,2001,110:136-141.
[10] LI M ZH,CAI ZH Y,SUI Z, et al..Multi-point forming technology for sheet metal[J].International Journal of processing 
technology,2002,129(1-3):333-338.
[11] HU ZH Q, LI M ZH, CAI ZH Y,et al.. Continuous flexible forming of three-dimensional surface parts using bendable 
rollers[J]. Int. J. Materials Science and Engineering A., 2009,499:234-237.
[12] 李明哲,胡志清,蔡中义,等. 自由曲面工件多点连续成形方法[J]. 机械工程学报,2007,43(12):155-159. LI M ZH,HU ZH Q, CAI ZH 
Y,et al.. Method of multipoint continuous forming for the freeform surface parts [J]. Chinese Journal of Mechanical 
Engineering, 2007,43(12):155-159.(in Chinese)
[13] 余希同,章亮炽. 塑性弯曲理论及其应用[M]. 北京:科学出版社,1992. YU X T,ZHANG L ZH. Plastic bending theory and its 
application[M]. Beijing:Science Publisher,1992.
[14] 吴坤,薛松,卢启鹏,等. SX-700单色器光栅正弦机构转角重复精度的模拟分析与测量[J]. 光学 精密工程,2010,18(1):45-50. WU K, 
XUE S, LU Q P, et al.. Simulation analysis and measurement of rotation angle repeatability for grating sine mechanism 
of SX-700 monochromator[J]. Opt. Precision Eng., 2010,18(1):45-50.(in Chinese)
[15] 王续跃,胡亚峰,许卫星,等. 基于吸收系数修正的硅片激光弯曲模拟与实验[J]. 光学 精密工程,2008,16(10):1928-1935. WANG X Y, 
HU Y F, XU W X,et al.. Modification of silicon absorbing coefficient in laser bending experiment[J]. Opt. Precision Eng., 
2008,16(10):1928-1935.(in Chinese)
[16] 谢娜,周海,张军伟,等. 大型激光装置光学元件的稳定性设计[J]. 光学 精密工程,2009,17(10):2411-2417. XIE N, ZHOU H, ZHANG 
J W, et al.. Stability of optical elements in large laser facilities[J]. Opt. Precision Eng., 2009,17(10):2411-2417.(in 
Chinese)
本刊中的类似文章

1．黎永前 李薇 郭勇君 苏磊.复合湿法腐蚀工艺制备硅基三维曲面[J]. 光学精密工程, 2013,21(6): 1531-1536

2．赵宏超 张景旭 杨飞 赵勇志 陈宝刚.预紧式八翼梁次镜支撑结构的动力学分析[J]. 光学精密工程, 2013,21(5): 1199-1204

3．龚学鹏, 李明哲, 卢启鹏, 彭忠琦.基于多点调形原理的旋转曲面连续成形[J]. 光学精密工程, 2012,20(1): 117-123

4．徐晨,刘桂雄,张沛强,蒲尧萍.基于磁流耦合效应的传感结构优化分析[J]. 光学精密工程, 2008,16(5): 965-972

5．杜颖, 李真, 张国雄.三维曲面的光学非接触测量技术[J]. 光学精密工程, 1999,7(3): 1-6

6．李礼夫, 钟先信.非球型回转体的内轮廓光电图象测量系统[J]. 光学精密工程, 1996,4(1): 81-85

7．江毅, 黄尚廉.傅立叶变换轮廓法用于测量大型三维曲面[J]. 光学精密工程, 1994,2(6): 91-96

8．龚学鹏 李明哲 卢启鹏 彭忠琦.连续多点成形中的成形载荷分析[J]. 光学精密工程, 0,0(): 0-0

Copyright by 光学精密工程


