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Process Map for Improving the Dimensional Accuracy in the Multi-Stage
Drawing Process of Rectangular Bar with Various Aspect Ratio
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Abstract

In the rectangular bar multi-stage drawing process, the cross-section dimensional accuracy of the rectangular bar varies
depending on the aspect ratio and process conditions. It is very important to predict the dimensional error of the cross-
section occurring in the multi-stage drawing process according to the aspect ratio of the rectangular bar and the half die
angle of each pass. In this study, a process map for improving the dimensional accuracy according to the aspect ratio was
derived in the drawing process of a rectangular bar. FE-simulation of the multi-stage shape drawing process was carried out
with four types of rectangular bar. The results of the FE-simulation were trained to the nonlinear relationship between the
shape parameters using an Artificial Neural Network (ANN), and the process maps were derived from them. The optimum
half die angles were determined from the process maps on the dimensional accuracy. The validity of the suggested process
map for aspect ratios 1.25~2:1 were verified through FE-simulation and experimentation.

Key Words: Multi-stage drawing process, Rectangular bar, Process map, Aspect ratio, Dimensional accuracy
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Fig. 1 Initial and final shapes of rectangular bar
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Table 1 Half die angle according to each case

Half die angle (°)
Case No.
1% pass 2" pass
1 5 5
2 5 15
3 5 25
4 15 5
5 15 15
6 15 25
7 25 5
8 25 15
9 25 25
Initial material i drawing

die

\ 1" drawn material
\

i Drawing

dircction

(a) 1" pass

1" drawn material
2! drawing

die

ZI‘

drawn material

Drawing
direction

(b) 2" pass
Fig. 2 FE-model of multi-stage drawing process
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Fig. 5 Process map according to various aspect ratio
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Table 2 FE-simulation results for verification of
process map

Aspect Half die angle (°) Error(%)
ratio 1% pass | 2"pass | H | W D
8 12 0.9 0.5 15
1.25:1 15 12 0.8 04 14
22 12 0.9 0.7 15
9 11 04 04 15
15:1 15 17 0.7 0.5 0.9
21 23 1.2 0.4 1.7
8 11 0.6 0.7 1.8
1.75:1 15 18 11 0.3 1.2
22 21 12 0.5 1.7
9 15 11 0.4 1.7
2:1 13 19 0.9 0.3 1.3
18 18 12 0.7 14
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Fig. 6 Combined process map for various aspect ratio

Table 3 FE-simulation results for verification of combined
process map

) Half die angle (°) Error(%)
Aspect ratio

1%pass | 2¥pass | H | W | D

8 12 12 | 05 | 11

1.325:1 15 12 07 {064 | 1.2

22 12 11 1059 | 1.0

8 13 10 | 06 | 0.8

1.675:1 15 16 1.1 0.6 0.9

22 19 08 | 06 | 15

8 17 02 | 03| 1.0

1.825:1 12 17 0.9 0.6 15

16 17 09 | 0.7 | 11
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Fig. 7 Verification conditions of the suggested process
map(2:1)

(b) 2" pass
Fig. 8 Manufactured shape drawing dies(2:1)
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Fig. 9 Experimental setup for shape drawing process

A

(a) 1" pass

}ed 1.25:1, 1.5:1, 1
SR A
o] g3ste 4719 F 3w th
IS dSsiaint. 224~
1.25:1% 15:1, 1513 1.75:1, 1.75:1%} 2:102
AN * A= F9eo H9E =EF
A, 39 T2 A WS E=ESITH 3 L

ol

1o o=

o
BUESS

Mook

R=S<N
=

o M

u

to

I

- e} =
zl zZe =

o N & 8 2 o
b T opoh o

o
ol
o

oY
ok
=

25~1.5:1, 1.5~1.75:1, 1.75~2:1° 3]9= ™, Fig. 69l

YERASIT. e abEe] vtk Rfle ZRAE

Well sEAleklom, of e dolA 2z sj2ef tho)

Table 4 Comparison between FEM and experiment for
final product shape

Half die Final product shape
angle (°) FEM Experiment
9 | 15

9 | 19

25 | 19

Table 5 Error(%) between FEM and experiment

Aspectratio 2: 1

Error(%)
Experiment
W D
02| 13
06| 1.7

Half die angle(°
9le(® FEM

w
0.4
0.6
0.8

H
11
1.2
11

D
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1.8
1.3

H
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11
1.2

2" pass
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19
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