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Process Design of Multi-Step Wire Drawing using
Artificial Neural Network

D.H.Kim, D.J.Kim and B.M.Kim

Abstract

Process design of multi-step wire drawing process, conducted by means of finite element analysis
and ANN(Artificial Neural Network), has been considered. The investigated problem involves the ade-
quate selection of the drawing die angle and the correspondent reduction rate in the condition of
desired initial and final diameter. Combinations of the process parameters which are used in finite ele-
ment simulation are selected by using the orthogonal array. Also the orthogonal array and the results
of finite element simulation which are related to the process energy are used as train data of ANN. In
this study, it is shown that the application of new technique using ANN and Othogonal array table to
the process design of metal forming process is useful method.

Key Words : ANN(¢1-54173%), Orthogonal Array Table(® s 4 &), Multi-Step Wire Drawing
(bt 213, Forming Load(d 835)
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Table 1 Condition of process parameters

Corﬁm\'x\\\- Process 1 Pass 9 Pass
Half die angle(®) 6~10 6~10
Initial workpiece diameter (Di : mm) 4.7 D,
Final workpiece diameter (Df : mm) D, 4.0
Reduction in area(%)) R1 R2
Length of die land(mm) 1.5 1.5
Wire drawing speed(mm/s) 5000
Constant friction factor(m : 0<m<1) 0.1~0.2
Die distance(L : mm) 30
Table 2 Levels of design parameters
Parameters Constant of Half die Half die Friction
percent reduction
Levels in area(R) angle(al) angle(e2) (m)

1 2 6 [ 0.1

2 1 8 8 0.15

3 0.5 10 10 0.2
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a iﬂ 585 '
J
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Fig. 3 Analysis of variance
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Fig. 4 Average load by level
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Table 3 L,,(3") Orthogonal array table and load data

Design parameters

R al o2 m FE-simulation
Column no.
Trial no. 1 2 5 10 Load data(N)
1 1 1 1 1 3587.298
2 1 1 2 2 3832.535
3 1 1 3 3 3928.423
4 1 2 1 2 4130.364
5 1 2 2 3 4295.264
6 1 2 3 1 3785.400
7 1 3 1 3 4515.704
8 1 3 2 1 3891.978
9 1 3 3 2 4064.863
10 2 1 1 3 3831.373
11 2 1 2 1 3477.267
12 2 1 3 2 3817.351
13 2 2 1 1 3413.667
14 2 2 2 2 3830.880
15 2 2 3 3 4069.429
16 2 3 1 2 3841.176
17 2 3 2 3 4202.655
18 2 3 3 1 4018.306
19 3 1 1 2 3710.237
20 3 1 2 3 4060.996
21 3 1 3 1 3810.271
22 3 2 1 3 3777.071
23 3 2 2 1 3617.939
24 3 2 3 2 3990.661
25 3 3 1 1 3410.586
26 3 3 2 2 3844.547
27 3 3 3 3 4178.150
Fig. 4¢] YebiAch. 714 Agatzod Vg 2 432 R=0.5, «1=6", €2=6", m=0.1°|}Ac}. 28
HAE AAMSE SOl al, R, @282 deh  95%9 AATNE Fob THYT AFAT 7o
wrh Adskes HaR ke 7 AANSSEY @2 3.422%0.194(kNje]%ith.
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Table 4 ANOVA Table

Average Sum Degree M
Effects Parameters load by level(N) of of ean F ratio
1 2 3 squares freedom square
) R 4003.5]3833.613822.3] 185621.3 2 92810.6 3.6t
Main ol 3783.9(3878.913996.4] 203901.1 2 101950.5 4.04
effects o2 3801.913894.913962.5| 117023.1 2 58511.5 2.3
m 3668.113895.84095.5| 823103.3 2 411511.6 16.1¢%
Interaction *Rxal 197302.5 4 49325.6
effects *Rxal 225717.2 4 56429.3
Error error 36437.1 10 3643.7
Ep 459456.8 18 25525.4
Total 1789105.5 26

Note : Ep indicate pooled error
* indicate pooling
t At least 95% confidence
t At least 99% confidence

AT HS B Fohd HA2AYPsEE e 4
AREZHOE {8 84 B E 3 A, 1
23] 7IAE JEeEL 3.450(kN)olslen, oA
A B ol Ag A} FollA] 71 e AYsEolUn
A A Z2 9 Ao ATt

OH g

4.2 Q1B AY 54

AFAATE e vlolelE AFshe dole MUY
Fo7l 8 7€t} o3t HolH 2 AFANALE 5l
Flerbel me} grEA] e el Hloled tig 53
o A7) sgo e doj AA FYho] Aol B B
d 5 g7] WEolr} B dFolNE ATAAG g
o} 2 AA37| Y&l BATE XA AT FLE

A RE o] 43T AR AL AESHE
o) QA5 g dneFoEA, P9 FUE 2= sy
o 4g2% M wdE e 293, 13z 44 20
20, 10, 57K 7w & Ze 4749 24F 722 syt
At

Fig. 50l QFAA%E o] 43 s A4A-& Yehilgict.
A71M B4A], & BARSE APaFolrh WA 2 a)
dRe AANszHoE f¥2AsE ¥} 1A o
< AN B HANFZEE JYF wUReR 8
3, FRsdddoz Jd& AYEas 2YF wAR
ogdlod AFAAY T2aY S s}, T £
A 2e A ez £t 292 Ao £ geld

Edor =Rl 728

axaNg S5 298

FANG 3, GEF 7
oo 7Y 24
23873 223ke] #o](Root Mean Square Error)7}
1070} =2& o 7AX 2 &a, 2 e s

AR

AT

A A

E 408508 Act. 1 +HAE S Fig. 60 eSS A

Al BEEEE AN Askd 4(13)9) SEE N
9 2AEAS o & 2eldle) 448 ngtom &

0.1, @& 092 oh_ 2179 & 092 39S o
A L Ao B} we] st A o2 Uy

Table 50} ZZMEEL o] 43 AFAUZEFe) T
olel ¢} 1 £ TE ERAAT. Table 59M & + A%
o], AFAATY o AL Al YL 8L
Her gL *éﬁéa}%, Z EAZ A dAsta e,
ol 2M Q1FANALY Fgol 2 HUSES ¢ F YU

a5 AL EAUH JAANE o83
120070¢] AARFZEA g QTG EFHS
Fig. 7o1 vERAQIT). o] 1200749] dHeolHe @uzt4a s

29 R& 29 0.5 HHYdA 5H4e2 A oA &,
toiutz a 17 @ 28 742 6° 9 10" H 9ol ok =5
T3 e JgE A £FELR FEE W wE £ 9
E *éﬂl'afr&%om ol ¥ MAWMFZHE FolM
A HEaEL 7HRlE 28 R=1,01=6", 0 2=¢",
m=0.10]8 ©] 2§oz =% s 3.384(kN)
ol BAFA 4oz Fohd HAYHsFHT ¢
AL goldrt.

)'rl

A MIIDHBX)/A TR 25, 19989 /133



HEE -8R AR

Decision of
Characterisitics

Orthogona! array(assignment of parameters)

FE-simulation

v
Train ANN

Convergence ?

Yes

i Add train data .

Change the ANN structure: Hidden
layer and neuron number

FE-simulation
:Using ANN results

Is it acceptable?
No

onfirmation of Optima
Design

Fig. 5 Flow chart of the process design using ANN
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Fig. 6 Root mean square error of ANN
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Fig. 7 Outputs of ANN using test data
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Table 5 Orthogonal array table and results of ANN

ANN input data outﬁil\;ata
Input layer Output layer After train

No. R al a2 m FEM(load:N) ANN(load:N)
1 2 6 6 0.1 3587.298 3587.306
2 2 6 8 0.15 3832.535 3832.229
3 2 6 10 0.2 3928.423 3928.190
4 2 8 6 0.15 4130.364 © 4130.121
5 2 8 8 0.2 4295.264 4294.949
6 2 8 10 0.1 3785.400 3785.197
7 2 10 6 0.2 4515.704 4515.520
8 2 10 8 0.1 3891.978 3891.718
9 2 10 10 0.15 4064.863 4064.604
10 1 6 6 0.2 3831.373 3831.187
11 1 6 8 0.1 3477.267 3476.936
12 1 6 10 0.15 3817.351 3817.115
13 1 8 6 0.1 3413.667 3413.629
14 1 8 8 0.15 3830.880 3830.938
15 1 8 10 0.2 4069.429 4069.126
16 1 10 6 0.15 3841.176 3840.611
17 1 10 8 0.2 4202.655 4202.313
18 1 10 10 0.1 4018.306 4018.011
19 0.5 6 6 0.15 3710.237 3710.031
20 0.5 6 8 0.2 4060.996 4060.803
21 0.5 6 10 0.1 3810.271 3810.066
22 0.5 8 6 0.2 3777.071 3776.859
23 0.5 8 8 0.1 3617.939 3617.798
24 0.5 8 10 0.15 3990.661 3990.469
25 0.5 10 6 0.1 3410.586 3410.268
26 0.5 10 8 0.15 3844.547 3844.039
27 0.5 10 10 0.2 4178.150 4177.932
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Table 6 Comparison between ANN and FEM results

Design parameters Load Load error

Condition o
R al1(° )| az20°) m FEM(N) ANN(N) (%)
Test condition 2 9 6 0.2 4430.245 4446.734 0.37
Test condition 0.8 7 9 0.1 3669.527 3672.119 0.07

Statistical "
Opt. Condition 0.5 6 6 0.1 3450.347 3424.140 0.75
ANN
Opt. Condition 1 6 6 0.1 3367.227 3384.429 0.51
PNU

2766047 [ 00748
320.6861 W 0.1338
3647675 = 01929
4088489 02519
4529303 = 03109
4970118 0.3699
541.0932 g 04289
6265007 [} 05433

—

effective stress  effective strain

effective strain

effective stress

Fig. 8 Stress and strain distribution in two-step wire drawing
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Fig. 9 The effects of process parameters on the load
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