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Abstract In this paper, we report a method of improving the productivity of lead wire fabricated through the rolling
process by increasing its linear velocity. The most important point to consider when raising the linear velocity is that
the original specifications must still be adhered to. In other words, the dimensional tolerance must be satisfied when
increasing the linear velocity of the wire without causing cracks. However, if the linear velocity of the wire is
increased, the degree of reduction must also be increased, which causes more damage to the wire and increases the
load on its surface. Therefore, we studied a three step rolling process which can satisfy the specifications of the wire
produced through the two step rolling process and improve the productivity. In this study, only the roll gap of the
three-stage rolling roller is assumed to be a variable, while the other conditions are the same as the field conditions.
In addition, through the PIANO (Process Integration, Design and Optimization) tool, the (optimum?) surface roughness
and maximum stress are maintained.
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Fig. 1. Design for flat rolling system

Fig. 2. Definition of roll gap
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0.725mm<G1<0.775mm, 0.675mm<G2<0.725mm,

0.625mm<G3<0.675mm®l Yrti F43 4= Yt o]
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Velocity 1m/s
Length 300mm . )
Coefficient of friction 02 Table 4. Five cases analysis
Tension 30kgf(294N) thickness( |max stress
time step 0.01s Gl(mm) | G2(mm) | G3(mm) | = (kPa)
1 0.625 0.575 0.525 0.554189| 2.290
2 0.675 0.625 0.575 0.591442| 2.014
Table 2. Material properties 3 0.725 0.675 | 0.625 0.62877 | 1.834
Matorial Stainless Steel 430 4 0.775 0.725 0.675 0.691045| 1.806
Density 7750kg/ 7 5 0.825 0.775 0.725 0.774581| 1.784
Poisson’s ratio 0.31
Yield stress 205MPa L .
Tonsile stress 450MPa Table 5. Limit values of the variables
. . Lower . Upper
Design variables boundary Initial boundary
2.2 MAIZN HAIS} Gl1(mm) 0.725 0.750 0.775
Go s s G2(mm) 0.675 0.700 0.725
sfolole] HARTAGLE SFATE HAMTE 2 G3(mm) 0.625 0.650 0.675
7] 913 AAEAE A4 3151 Table 3. ¢ 2t} gfolo]
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Table 3. Optimization of design e ) oo ola
v 8RR A8 wEE SlEIA 48 PIDO(Process
Objective Function To minimize Max_stress(0, .. ) . .
Design Variables GL G G3 Integration and Design Optimization)E<%! PIAnO
o < 205MPa (Process Integration, Automation, and Optimization)E
Constraint max _
0.64mm < T < 0.66mm ALgE] 820 AFAHS ZAd F o]of] A5}
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Aol  AoEct  wEA  1e7e] AYAS Fig. 4. Scatter of experimental point
ALDH(Augmented Latin-Hypercube Design)®4]< o] . )
o o Table 6. Table of experimental point
gal F7kstel % 25709 A4S Fal 2AlRae A4 A
roll gap 1|roll gap 2|roll gap 3| thickness |max_stress
(mm) (mm) (m/s) (mm) (kPa)
1 0.725 0.675 0.625 | 0.62877 | 1.834
2 0.725 0.700 0.650 | 0.671465 | 1.839
3 0.725 0.725 0.675 | 0.688589 | 1.832
4 0.750 0.675 0.650 | 0.681158 | 1.757
5 0.750 0.700 0.675 | 0.68691 | 1.792
LS-Dyna analysis 6 0750 | 0725 | 0.625 |0.641874 | 1923
7 0.775 0.675 0.675 | 0.684349 | 1.719
8 0.775 0.700 0.625 | 0.653619 | 1.831
9 0.775 0.725 0.650 | 0.672723 | 1.821
Prociuced wire by 10 0.728947| 0.689474| 0.665789| 0.686403 | 1.787
Approximate medell) NO 11 0.731579| 0.710526| 0.663158 | 0.684677 | 1.833
12 0.734211| 0.684211| 0.642105 0.673302 | 1.796
13 0.736842| 0.713158| 0.647368| 0.672588 | 1.835
14 0.739474| 0.681579| 0.657895| 0.683252 | 1.761
LS-D si 15 0.742105| 0.715789| 0.634211] 0.662983 | 1.910
~Uyna analysis 16 | 0.744737] 0.697368| 0.655263| 0.675824 | 1.824
17 0.747368| 0.705263| 0.628947| 0.655275 | 1.873
18 0.752632| 0.686842| 0.639474| 0.676096 | 1.777
19 0.755263| 0.721053| 0.652632| 0.673575 | 1.833
20 0.757895| 0.707895| 0.636842 0.662668 | 1.826
21 0.760526| 0.694737| 0.668421| 0.6868 | 1.757
22 0.763158| 0.718421| 0.671053 | 0.681603 | 1.830
23 0.765789| 0.692105| 0.644737 0.668119 | 1.788
Complete 24 0.768422| 0.678947| 0.631579| 0.66443 | 1.808
25 0.771053| 0.702632| 0.660526 0.679442 | 1.792

Fig. 3. Algorism of simulation
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Fig. 5. Scatter of maverick removal

2.6 Z|XMHA Aot
Fig. 6. & F(initia) 7 F2]7 BEE 0|83t
Ao HHAA AIKAO pred), ANSYS 814 A}
(AO_act)o|th. WA, HAHA AIHAO_pred)=
(0 s TS BHEBPEA 27] Fh(initial)oll Hlsh o,

= 7.27% A% X 1695Pac|th. Ed AO act

47|
%7]

an

I~
Sx

-1
initialol] B]3l] 7.66% A3t 320 1688Pac|T}. HE3
AO act= 1688PaC. 2 AO pred9te] 23182 1% olUl

ojtt, AR I} AA] S X3Ee] E o F AES o

initial

2000

@ AO_pred D AO_act

1800

1600

1400

1200

1000

800

600

400

200

0

Max stress(pa)

Fig. 6. Max stress of each model



FFAE &5 =B A8 A5B, 2017

Table 7. Result of meta model

lower initial optimal upper

rﬂﬁ;’ 0.725 0.750 0.774 0.775

r‘z’zﬁ;’ 0.675 0.700 0.698 0.725

roll gap 0.625 0.650 0.637 0.675

3(mm)
Lc‘?;ipa) - 1.828 1.695 -

thickness 1 630 0.674 0.649 0.650

(mm)
A3t 4 girk AR Aol A BAE A= oA 3
A F A siA o] AYwet A e el A4 ek
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