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Design Optimization of Roller Straightening Process for Steel
Cord using Response Surface Methodology

Jong-Sup Lee, Hoon Huh, Jong-Gu Bae, Jun-Wu Lee and Deuk-Tae Kim

Abstract

A roller straightening process is a metal forming technique to improve the geometric quality of products such as
straightness and flatness. The geometrical quality can be enhanced by eliminating unnecessary deformations produced
during upstream manufacturing processes and minimizing any detrimental internal stress during the roller straightening
process. The quality of steel cords can be achieved by the roller straightening depends the process parameters. Such
process parameters are the roll intermesh, the roll pitch, the diameter of rolls, the number of rolls and the applied tension.
This paper is concerned with the design optimization of the roller straightening process for steel cords with the aid of
elasto-plastic finite element analysis. Effects of the process parameters on the straightness of the steel cord are
investigated by the finite element analysis. Based on the analysis results, the optimization of the roller straightening
process is performed by the response surface method. The roller straightening process using optimum design parameters is
carried out in order to confirm the quality of the final products.
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Fig. 1 Cross sectional view of finite element model of
the wire

Fig. 2 Schematic diagram of the roller straightener and
the wire
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Fig. 3 Flow stress curves of 4 different wire materials

Table 1 Conditions of 4 wire materials

carbon ) yield
. area reduction
material contents . stress
ratio[%]

[wi%] [Mpa]

Ml 0.8 96.85 2778.5
M2 0.9 96.85 2974.7
M3 0.8 97.56 3276.4
M4 0.9 97.56 3410.8

2. Parameter study of roller straightening
process
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Fig. 4 maximum plastic strain along the longitudinal
direction with respect to the intermesh
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Fig. 5 maximum plastic strain along the longitudinal
direction with respect to the applied tension
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Fig. 9 comparison of residual stress of wire between
before roller straightening and after roller
straightening
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3.2 optimization results

2 = 4 sy AA e JER Hold,

o] 2% 744 IAHL ot #oh
® = 10884.58 - 469.571, + 7881161, + 23028 371

+16.501,1,-715.621,1, + 6488.231,1, + 33321,
+4461931,7 +12939.621," +3238.201,°1,-342.891 1.

Table 2 run table for FEA, [mm]

un | I I, Is |Run| I; I I

100140 | 140 8 1060 1.00! 0.60
10010601140 9 [140]1.40]1.00
1.00 1140 | 0.60 | 10 {0.60 | 1.40 | 1.00
1001060 | 0.60 11 |1.40]0.60]1.00
140 11.00 | 1.40 1 12 | 0.60 | 0.60 | 1.00
060 11.00 | 1401 13 [1.00{1.00]1.00
1.40 | 1.00 | 0.60
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Table 3 Conditions of 4 wire materials

variable value
I 0.859
I 0.803
Is 0.806
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