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Analysis and compensation of the springback of metal wire bending

Wang Mengmeng' Yao Bin' Shen Zhihuang' Ouyang Kun' Lu Jie' Feng Wei' Zhang Dongsheng’
(1. Department of Mechanical and Electrical Engineering Xiamen University Xiamen 361005 China;
2. School of Mechanical Engineering Shanxi University of Technology Hanzhong 723003 China)

Abstract: It is evidently shown that the springback has an influence on the accuracy of wire bending process. In order to explain the law
of springback a mathematical model of wire bending process was built for 45 steel wire and finite element analysis and experimental re—
search were carried out. The consistence of springback angle was attained through the finite element simulation and experiments. Consid—
ering the influence of the two main parameters of bending angle and wire diameter a double-parameter mathematical model of springback
angle was established. When the double-parameter mathematical model was applied to the compensation module of wire-bending machine
for the test of wire bending a prominent compensation effect was achieved the processing precision was up to 1° with the springback com—
pensation of arbitrary bending angle and wire diameter realized.
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(a) Fig. 1 Structural diagram of wire bending
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Fig. 2 Schematic diagram of wire bending
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Fig. 3 Effective stress figure of wire bending before springback
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Fig. 5 Scatter diagram of comparison between

Fig. 4 Effective stress figure of wire bending after springback

simulation and experiment
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Table 1 Table of experimental statistics ( °) ’
10 15° 30° 45° 60° 75°
! 2 3 90° 105° 120° 135° 150°
Y By b B> b2 B3 Y ; ¥ 6 P4 P5 o6 D7.5 @Y @9.5 mmo
10 174.53 5.47 174.8 5.2 174.2 5.8  5.49 4.51 60
20 164.13 15.87 164.23 15.77 164.1 15.9 15.85 4.15
30 154.4 25.6  154.37 25.63 154.47 25.53 25.59 4.41 .
y
40 144.13 35.87 144.17 35.83 144.27 35.73 35.81 4.19 R
7 =-1.1044 +0.0282%, +0.2507x,  (7)
50 133.72 46.28 133.80 46.20 133.82 46.18 46.22 3.78 )
X, VX, °
60  123.87 56.13 124.03 55.97 123.89 56.11 56.07 3.93 3
70 114.53 65.47 114.33 65.67 113.83 66.17 65.77 4.23 .
80  104.67 75.33 104.53 75.47 104.17 75.83 75.54 4.46 (1) F o 0 ¥
90  94.4 85.6 94.83 85.17 95.17 84.83 85.20 4.80 Xy X o
100 85.13 94.87 85 95  84.97 95.03 94.97 5.03 ! yoom %
110 75.17 104.83 75.5 104.5 75.73 104.27 104.53 5.47 °
(2) . R =0.9058
120 66.17 113.83 66.13 113.87 65.97 114.03 113.91 6.09 I

130 56.5 123.5 56.53 123.47 56.67 123.33 123.43 6.57 (3)
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Fig. 6 Mathematical model of springback angle under

combined influence of bending angle and wire diameter
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Fig. 7 Flow diagram of compensation module
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Fig. 8 Comparison diagram of springback angle with and

(2)

0.9,

without compensation

1%

A X e e

—l <
=

SHIGET @ ) MR R AR R eple e



FE sl g et T R R e (D) e

A

R TA

70 39
2005 24 (6): 653 -658.
GuRJ YangH Zhan M et al. A review of the research on spri—
1 Manel Rodriguez Ripolla Sabine M Weygandb Hermann Riedela. nghack in bending ] . Mechanical Science and Technology
Reduction of tensile residual stresses during the drawing process of 200524 (6) - 653 -658.
tungsten wires ] . Materials Science and Engineering 2010 8 Cleveland R Ghosh A. Inelastic effects on springback in metals
1314 (527): 3064 3072 J . International Journal of Plasticity 2002 5 -6 ( 18):
2 ] 769 -1785.
2012 37 (3): 136 - 139 9 Firat M. U-channel forming analysis with an emphasis on spring—
Guo FP Yao B JiZY etal Study of wire rolled springback back deformation ] . Materials & Design 2007 28 (1)
J . Forging & Stamping Technology 2012 37 (3): 136 - 147 - 154.
139 10 ANSYS
3 Roger N Wright. Wire TechnologyProcess Engineering and Metal—- b : 2010.
1 M . London: Butt cthHei 2011 Lu C C. The Numerical Analysis and Optimization of the Roll Ben—
urgy . London: Butterwo einemann .
4 ding Process of Wire Based on Ansys D . Hangzhou: Zhejiang
] 2000 11 (2): 30-33 University of Technology 2010.
LiuJW Wen B HeY X . Calculation of re-spring bending mo— i + Deform 5..03
ment for beams of circular section J . Journal of Hunan Institute M ' 2007.
f Eneieer 2001 11 (2): 30-33 LiCM Wang X L. Yan H J. Deform 5.03 Tutorial of Metal
of Engieering : -33.
5 Lia K P Cardenb W P Wagonera R H. Simulation of springback Forming Finite Element Analysis - M. Beijing: China Machine
J . International Journal of Mechanical Sciences 2002 (44): Press2007.
103 — 122 12 MATLAB M .
6 2012.
J 2010 28 (6): 60 -65 Wang Y Sui S L. Experimental Design and Data Analysis in Mat—
Zhang X Lu CC ZhaoZF et al. Establishment and research on lab- M . Beijing: Tsinghua University Press 2012.
Springback mathematical model of wire roll bending process J . 13 Robert H Wagoner  Hojun Lim  Myoung-Gyu Tee. Advanced is-
Licht Industry Machi 2010 28 (6): 60 —65 sues in springback J . International Journal of Plasticity 2013
ight Industry Machinery : —-65.
4 I 45 (1): 3 -20.

(

(

- » 201

o

Mises v Tresca

4 7

)

Levy — Mises - -



