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A Study on the Corner Filling in the Drawing
of Quadrangle Rod from Round Bar

Yong Chul Kim*, Dong Jin Kim*, and Byung Min Kim**

ABSTRACT

The comner filling in shaped drawing process is an important characteristic, unlike the round drawing. It has
also influence on the dimensional accuracy of the product. In this study, therefore, the shaped drawing process has
been simulated by the three dimensional rigid-plastic finite element method in order to investigate the effect of
process variables such as reduction in area and semi-die angle to the corner filling. The artificial neural network
has also been introduced to reduce the number of simulations. To verify the results of simulations, experiments
have been performed on the real industrial products. According to the results, the main process variable on the
zomer filling is the combination of semi-diec angle in the irregular shaped drawing processes, but in the case of
~egular shaped drawing processes, reduction in area has great influence on the corner filling.
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Fig. 1 The exit cross-sectional shape of the die for
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Table 1 Under-filling area according to each friction (b) Reduction in area 40%
factor Neural network(Input data)
Friction factor m 0.08 | 0.1 0.12 Input layer | Output layer
_filli ’ Under-filli Drawin,
Under-filling area (%) 0.54 | 0.55 | 0.57 Trial 0'1 2 nder-illing g
area stress
no. ° °
OO o | mm
Table 2 Drawing process conditions of rectangular 1 5 5 0.93 688.87
section for simulation 2 5 10 0.59 604.99
o Die exit ) ‘ Bearing 3 5 15 0.70 568.93
Friction . Die radius 4 5 20 1.25 570.56
corner radius length
factor R r | 5 10 5 1.15 711.89
m (mm) 6 10 10 0.72 617.18
(mm) (mm) 71 10 | 15 0.55 570.96
0.1 0.3 0.25 0.6 8 10 20 0.85 564.68
9 15 5 1.67 717.37
10 15 10 1.36 630.48
32 MAdasS o8¢ o|s0t S HE oS i1 15 15 1.10 587.22
Table 39} Table 40 Zt7he] A2 vl v 2 | 15 20 0.98 275.80
Ztzt g @ gA g i f3esd 34
FYPZAE YA
Table 3 The condition of FE-simulation and the ARG w1500 EH?]HT‘:‘ 1€ tol %—Z":
S = A=) L= SRS
input data of neural network with the AN SAALE alE 3TE 28 4°"'—_°}’:
rectangular ratio 1.5 ou, A2 ol 2% 27 12(3><4-12)BL,] ™
Fas 48 Az gad gagel ol 4
h Kol
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Trial | @ | @ eriing 29 27 WAL A5t Table 39} Table 4ol 7+
1o (9 €9 area stress % velgee
) 0 2 A .
06 | (Nimm) 2 AFolae Az 2R 7Y A8
1 5 5 0.76 549.25 - N o x
T 0 it D27 HA o) tho] WAL AAHY) P8 A
3 [ 5 | 15 0.83 441,97 B3e Agsgon, A7 e AR 24 A
4 5 20 1.12 431.77 2ol g FHUF AFE 2AEAC A&
5 10 5 0.64 550.08 Y 7oA vFT 2T BAHE ol &d T
6 10 10 0.47 467.16 FRATEY 7Y Ao T FFE AFHoE
7 10 15 0.70 433.13 zZApeglon, HA tlol wizbS AR QESE
8 10 20 1.06 449.37 oz Flm uEQ 23 AAL Ao HH=
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Table 4 The condition of
data of neural

FE-simulation and the
input network with the
rectangular ratio 1.0

(a) Reduction in area 20%

Neural network (Input data)
Input layer Output layer
Under-filli Drawin
Trial | ol | @2 | o N8 &
B . arca stress
no. | ()| () 0 .
(%) ( N/ mm”)
1 5 5 1.49 318.49
2 10 10 1.03 275.17
3 15 15 0.64 282.37
4 20 20 1.22 324.38
5 25 25 1.57 364.32
(b) Reduction in area 25%
Neural network (Input data)
Input layer Output layer
Trial| a1 22 Under-filling Drawing
. . area stress
no. | () () 0 2
(%) { N/mm®)
1 5 5 0.72 337.02
2 10 10 0.21 331.24
t 3 15 15 0.42 346.18
| 4 20 20 0.81 386.60
| 5 25 25 1.10 410.70
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Fig. 2 Outputs of neural network using test data in
shaped drawing process with the rectangular
ratio 1.5
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Table 5 Verification of neural network results using
FE-simulation with the rectangular ratio 1.5
(a) Reduction in area 30%

Under-filling area

. c Drawing
Case ar| % ) f(l)]t:ner stress
° ° R illin
([ FE Neural g ( Nlmm?)

simulation| network

6 |12 0.76 0.64 |unfilled| 462.77
9 | 4 0.64 0.67 |unfilled| 483.87
8 | 8 0.49 0.50 | filled | 491.80
12 0.53 0.50 | filled | 460.02
14 {12 0.53 0.52 | filled | 460.33
i4]5 0.85 0.89 |unfilled| 582.80

| |W (N~
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(b) Reduction in area 40%

Under-filling area

Drawing
Case | % (%) C01tner stress
0™ . FE-' Neural | filling ( Nl
simulation| network
1 6 [12 0.57 0.54 |unfilled| 557.62
2 7 113 0.53 0.52 filled | 587.33
3 8 |14 0.49 0.51 filled | 571.50
4 8 |15 0.47 0.52 filled | 566.88
5 9 |15 0.47 0.52 filled | 563.55
6 | 13 |12 1.00 1.02 |unfilled| 615.47
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Table 6 Verification of neural network results using
FE-simulation’ with the rectangular ratio 1.0
(a) Reduction in area 20%

Under-filling

area Drawing

. ay| a, Comer
Case| . (%) fillin stress
CICITFET [ Neural & ( N/mm?®

simulation| network

1 {13]13 0.73 0.72 |unfilled| 285.46
2 123123 1.56 1.52 |unfillied| 254.76
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(b) Reduction in area 25%

Under-filling area Drawing

case| 11 2 %) COMer | Stress
(0D FE- Neural | filling .
simulation | network ( N/ mm®)

I 1 8| 8| 029 | 027 | filled | 348.40
2 1171171 0.60 | 0.58 |unfilled| 358.19
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Fig. 4 Experimental apparatus for shaped drawing
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drawing process with the rectangular ratio 1.0

150



S AYFEIA A7 A6k

g FAA A ] 1.5 AALGA
TR sty ¥W A A tho] whzbel Wl
oA & Mzl F3 Wi Ay g dig
3¢ 2 &4 ARE Fig7el YeEAUAT Fig
'7(a) byl A S Fago] 30%8 49, FEe

A AT A THA FAE 30%0 Uik HA
2] tho] ¥hzh 28l o 1=10° , a 2=10° 4 A7}
Fead M ARERE dEH A 40%A
A9 tho] Wz} 2 q 1=8° , a 2=15° ¥
ARG 3YURs o F AY9HES ¢ F itk
E Fig. 7))ol ¥9i A 7Hago] 40%Y
= @i A 44ag 30%9e 2 E}O} whz} éiM
0 1=8° , a 2=15° ¥ A, I AFo] ¢ Z o] F
()-];3.9_._ o} /‘\ o]q,

A2kl A 2B Hol ol

o) 1}

2

)

O

I‘

shw, A Az

w7k 10 A5-E Fees Y 2 }d?éuc} s
A7 RE doj Adst 3o} o a 280
A5 58 WH29 =AU iH%Oﬂ °§‘ & F
e s o # 1, 2A2hd w7 1se A
A faguchs o] Wz 3ol Age) 3
g U= _,:m ol ¥ we gge Fus
A& & & Yok weka wAOTA o) A
t}o] whzhe] zghe] 9]l e T A 7HA &)
A% z7F 2 A9d 4 s & 4 gl

B

e

(a) RA. 30%, ol = &

v.'.'.qr:"

(b) RA. 30%, ¢l =

10°

151

TS
,.-—.:.:‘

(c) RA. 40%, a1 = 10° a2 = 10°

"'.::-'50
.g.n.‘

(d) RA. 40%,

a1 =8 @1=15
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