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A Study on the Drawing of Rectangular Rod from Round Bar
by using Rigid Plastic FEM and Neural Network

Y. C. Kim, Y. Choi, B. M. Kim and J. C. Choi

Abstract

In this study, to analyze the shaped drawing process from round bar, the practical conical die with
considering die radius and bearing was defined by a mathematical expression, and also a simple
technique for initial mesh generation to the shaped drawing process was proposed. The drawing of
rectangular section from round bar, one of the shaped drawing process, has been simulated by using
non-steady state 3D rigid plastic finite element method in order to evaluate the influence of semi-die
angle and reduction in area to corner filling. Other process variables such as friction constant, rec-
tangular ratio, die radius and bearing length were fixed during the simulation. An artificial neural
network has been introduced to obtain the optimal process conditions which gave rise to a fast simu-
lation.

Key Words : 3D-FEM, Corner Filling, Drawing of Rectangular Rod, Reduction in Area, Semi-die
Angle, Neural Network
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Table1 Drawing process conditions of rectangular section

for simulation

Die exi

Friction e ex1t‘ Die radius | Bearing
Rectangular corner radius
. factor R length
ratio r

m {mm) (mm)

(mm)

15 0.1 0.3 0.25 0.6

LAY

Fig. 3 The exit cross-sectional shape of the die for
simulation

T =953.37 50‘14[N/mm2] (15)
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Table2 The condition of FE-simulation and the input
data of neural network

(a) 30% Reduction in area

Neural network(Input data)
Input layer Output layer
Trial no. a a, Unfilling Drawing
(degree) (degree) (%) stress(N/mm?)
1 5 10 0.70 464.44
2 5 15 0.83 441.97
3 5 20 1.12 437.77
4 10 10 0.47 467.16
5 10 15 0.70 433.13
6 10 20 1.06 449.37
7 15 10 0.59 486.13
8 15 15 0.70 454.06
9 15 20 1.04 448.00
sl 5 5 0.76 549.25
s2 10 5 0.64 550.08
s3 15 5 0.96 559.32
(b) 40% Reduction in area
Neural network(Input data)
Input layer Output layer
Trial o a a, Unfilling Drawing
"| {degree) (degree) (%) stress(N/mm?)
1 5 10 0.59 604.99
2 5 15 0.70 568.93
3 5 20 1.25 570.56
4 10 10 0.72 617.18
5 10 15 0.55 570.96
6 10 20 0.86 564.68
7 15 10 1.36 630.48
8 15 15 1.10 587.22
9 15 20 0.98 575.80
sl 5 5 0.93 688.87
s2 10 5 1.15 711.89
s3 15 5 1.67 717.37
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(a) Configuration of die geometry (b) Initial billet

Fig. 4 Die geometry and initial billet
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Table3  Verification of neural network results using FE-
simulation

(a) 30% Reduction in area

Unfilling Area(%) Drawing
a a, Coner
Case ) 1) FE- Neural fill stress
simulation | network | ™8 | (N/mnr)
1 6 12 0.76 0.64 |unfilling | 462.77
2 9 4 0.64 0.67 unfilling | 483.87
3 8 8 0.49 0.50 filling | 491.80
4 |10 |12 0.53 0.50 filling | 460.02
5 14 | 12 0.53 0.52 filling | 460.33
6 14 | 5 0.85 0.89 | unfilling | 582.80
(b) 40% Reduction in area
Unfilling Area(%) Drawing
2 a, Coner
Case ¢y (%) FE- Neural - stress
simulation | network | T8 | (N/mum?)
1 6 12 0.57 0.54 unfilling | 557.62
2 7 13 0.53 0.52 filling | 587.33
3 8 |14 0.49 0.51 filling | 571.50
4 8 15 0.47 0.52 filling 566.88
5 9 15 0.47 0.52 filling | 563.55
6 13 |12 1.00 1.02 unfilling | 615.47
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