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Development of Rotary Tube Piercing Machine and Parametric
Study on Design Variables using Finite Element Analysis

H. W. Lee®, G A. Lee, E. Z. Kim, S. Choi, and B. L. Jang

Abstract
Typical seamless tube production methods are an extrusion and a rotary tube piercing. The rotary piercing process is
more competitive than the extrusion process form view point of productivity, quality, and flexibility. It consists of twin

rolling mills, a pair of disc or flat guides, and a plug. Twin rolling mills are skewed with proper angles in two directions. A
round billet is progressively fed forward and rotated due to the rotation of twin rolling mills. Internal crack initiation and

growth at central area of the billet are gradually progress because of the repeating actions of tension and rotation. Design

variables in the rotary piercing rolling process are the feed angle, the cross angle, the reduction ratio, and the position of

plug. In this work, a rotary tube piercing machine was developed and parametric studies on design variables were carried
out using finite element analysis. The Brozzo ductile fracture criterion was utilized to determine an internal crack

initiation.
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Fig. 1 Developed rotary piercing machine with cone
type roll mills

Fig. 2 Pierced pure aluminum billet by developed
machine
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Fig. 4 Finite element modeling of rotary piercing
process with twin rollers and material

Fig. 5 Effective strain distribution of FE result from
the DEFORM/3D

Fig. 6 Principal stress distribution in sectional view
from the LS-DYNA3D without a plug
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Fig. 7 Variation of Brozzo index values according to
the radial position with respect to the material
position
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Fig. 8 Variation of Brozzo index values at central
point of billet according to the feed angle with
respect to the material position
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Fig. 9 Experimental result of the central ecrack
initiation in the feed angle of 4 degrees
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Fig. 10 Variation of index value of Brozzo ductile
fracture criteria and the threshold line of the
crack initiation with respect to the radial
position

Fig. 11 Experimental result of the S45C tube by
rotary piercing machine with the feed angle
of 4 degrees
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