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Fracture Prediction of Sheet Metal Incremental Forming

Based on Oyane Criterion

LI Junchao'", GONG Pengcheng, YANG Shitao, WANG Wei
(College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China )

Abstract:In order to solve the fracture defects in incremental forming, the Oyane criterion was introduced into
numerical simulation, and the forming limit of sheet metal in incremental forming was effectively predicted. Firstly,
based on DC56D+Z plate and its material constants of the Oyane criterion, the critical value of fracture integral (/=
4) was determined by experiment and numerical simulation. Afterwards, by using response surface methodology, a
nonlinear model between the process parameters (forming angel «, interlayer spacing Az and diameter of tool head
d) and I was established, and the effectiveness of the model was verified by a parametric analysis. It is found that
the value of I can be effectively predicted by the numerical model. The value of I increases with the increase of «,
Az and d. The influence of &, Az and d on I value gradually decreases in sequence. In addition, the relative large
interaction effects of a&Az and a&d are found.
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Tab.1 Performance parameters of DC56D+Z steel plate

PAPERHR/GPa IR/ MPa R (kgem™)  AEALAERL AL
207 136.19 7850 0.24 0.28
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Fig.1 NC incremental sheet metal forming CAE model
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Fig.3 Workpiece made by incremental forming
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Fig.4 Finite element analysis results of different forming angles
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Tab.2 Factor levels
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Tab.3 Arrangement of orthogonal test and

results of numerical simulations
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al® Az/mm d/mm 1 fi
1 40 05 15 12.730
2 40 1.0 10 15.080
3 40 0.5 5 3239
! 60 05 10 7791
: 20 05 10 0.921
6 60 1.0 15 13.930
! 60 15 10 16.770
’ 40 15 15 16.350
’ 40 10 10 14.18
10 20 10 15 1746
! 20 10 5 2.450
2 40 15 5 16.140
13 40 1.0 10 15.080
14 60 1.0 5 3.450
o 20 15 10 3773
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Tab.4 Results of variance analysis

J5 258 SS df MS FAE p i
ACZHEEE Az) 100.48 1 100.48  56.62  0.0007
BOIESM o) 136.55 1 136.55  79.64  0.0002
CTHKFER ) 4742 1 4742 2672 0.0036
AB 9.39 1 9.39 529 0.0085
AC 21.53 1 2153 1213 0.069 8
BC 31.27 1 3127 17.62 00176
A 0.51 1 0.51 029 06139
B 18579 1 18579  104.69  0.0003
o 19.41 1 1941 1096  0.0213
B 2% 8.87 5 0.042
Bt 55296 14
R 0.950 8 R BEIEAH 0.862 3

R WME.  0.776 4 Adeq Precision  10.686
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Fig.6 The interaction of parameter combinations on fracture integral value
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