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Abstract

This study examined the cause of the wrinkle defect which is frequently encountered in wire rod rolling of
low carbon steel(C0.08~0.13wt.%). Even a small defect on the surface of rolled bars can easily develop into fatal
cracks during cold heading process of low carbon steel, and it is therefore necessary to minimize inherent defects
on the surface of hot rolled bars. Hot rolling process of low carbon steel was analyzed to identify the cause of
the wrinkle defect in conjunction with FE analysis. The integrated analysis revealed that the wrinkle defect
initiated in the first stage of rolling, and it was at the billet edge where severe deformation and drastic
temperature drop were present. To elucidate the micro-mechanical mechanism of the wrinkle defect, hot
compression tests were carried out at various temperatures and strain rates using Gleeble-3800. The surface
profile of the each other compressed specimens was compared, and rough surface lines were observed at
relatively low temperatures. Those surface defects can develop into wrinkles during multi-pass rolling. To
contro} the wrinkle defect in rolling, it is necessary to design an adequate caliber which can minimize the loss of
ductility, and thereby prevent flow localization. To use the result of this study for other steels, the quantitative
measure of the wrinkle defect and flow localization parameter should be proposed.
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Fig. 2 (a) Surface cracks after cold upsetting of rolled bars, (b) wrinkle defects on the surface
of the crop in the 5th stand, and (c) micrograph of a defect in cross—section.
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Fig. 3 Location of surface defects in cross—section of the crop in the 5th stand.
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Fig. 4 Wrinkle defects according to specimen shapes and roll calibers.
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Fig. 5 Traced location of defects in the 1st stand.
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Fig. 6 Strain and temperature history in the edge and in the center of a billet.
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Table 1 Experimental conditions

Parameters Levels Thermal history
Reduction in 60 %) O
height ’ 5 TJ> won
. 10.0, 5.0, 1.0, 0.5, 0.1 | § | o
Strain rate 2 £
(1/s) g Il() e
500, 600, 700, = ! 3
Temperature . g 1 &
800, 900, 1000 ("C) | & v
Specimen 10mmx15mm T 3
dimension (DiameterxHeight) Time, sec
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Fig. 7 Surface profile change according to temperatures and strain rates.
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Fig. 8 Load-stroke curves: (a) 800°C and (b) 1000°C.
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Fig. 9 Efficiency of power dissipation: (a) £= 0.3, (b) €= 0.6, and (c) € = 0.9.
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Fig. 10 (a) Roll grooves and billet geometry and (b) maximum plastic work.
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