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Three-dimensional Simulation of Tubes in Stretch Reducing Mill
and the Production Technology of Thick-walled Tubes

Yasuhiro Sopant, Tomoyuki Hiraxawa, Kenji Ixkvi, Masayuki Hatanaka and Ken-ichiro Mor

Synopsis :

Three-dimensional deformation of tubes in stretch reducing milll is simulated both by rigid-plastic finite-element method
and by rolling experiments with a single three-roll stand. The mechanism responsible for circumferential wall thickness
variation, so-called polygonization of the tube bore is clarified :

(1) The wall is thinned at the groove root and is thickened at the flange after a single-pass rolling.

(2) The degree of polygonization increases as the t/D ratio, the reduction in diameter and the ovality of the roll groove
increase. It decreases as the front or/and back tension increases. The position of the neutral line which is closely related
to the stress-strain distribution in the tube has a great influence on the degree of polygonization.

(3) The finite element analysis on the polygon formation appeared in a multi-pass rolling reveals that the circumferential
position of the thickest wall lies between the groove root and the flange side. The degree of polygonization after each pass
is also calculated.

The rolling conditions such as the reduction in diameter, the ovality of the roll groove and the magnitude of inter-stand
tension are optimized to suppress the polygon formation. This leads to the expansion of the product range of thick-walled
tubes of which the t/D ratio exceeds 30% in a small-diameter seamless tube mill.
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Fig. 1. Schematic representation of the experimen-
tal apparatus.

Table 1. Experimental conditions.

Tube material Lead (0.9% Antimony)
Tube size 706X 6~ 24t X1600mm
Reduction in diameter 5.0%

Groove ovality 0%, 6.5%

Tension stress o;, ob=0~14MPa
Roll radius 160mm

Roll rotational speed 0.8rpm

=Interface boundary

Fig. 2. Finite element meshes of tubes in the steady
state of the first pass (r=4.5%, Oyv=6.5%,
D, =70mm).
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Table 2. Rolling conditions used for simulation of
three-dimensional deformation in reducing
mill.

Outside diameter of unrolled tube ; Do (mm) 70

Wall thickness of unrolled tube ; to (mm) 12, 18, 24
Flow stress (MPa) 46.1¢%2180%041
Friction coefficient 0.25

Reduction in diameter ; r (%) 4.5, 3.0, 1.0
Groove ovality ; Ov (%) 6.5, 3.0, 1.0
Roll radius ; R (mm) 160
Y
[ea
Y X

Fig. 3. Reducing mill with three grooved rolls.

Groove root

Frange side

A: The hatched area

Fig. 4. Definition of polygonal magnitude and ratio.
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(b) Oval groove rolling (O, =6.5%)

Fig. 5. Transverse variation in wall thickness after single-stand rolling.
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Fig. 6. Influence of front/back tension on poly-
gonning (to/Do=17%, r=5%, Oy =0%).
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Fig. 7. Variation of wall thickness after the first
pass (r=4.5%, Oy=6.5%).
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Fig. 8. Relationship between polygonal ratio and
to/Ds in the first pass (r=4.5%, Oy =6.5%).
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Fig. 10. Variation of wall thickness after each pass
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Fig. 11. Variation of wall thickness after each pass
in 6 pass rolling (to/D,=349%, r=4.5%, Oy =
6.5%).

5 ol to/Do=17%
o

2 6

8

% 4

> to/Do=34%
S 2

a

0 1 2 3 4 5 6
Pass number n

Fig. 12. Variation of polygonal ratio in 6 pass
rolling (r=4.5%, Oy =6.5%).
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Fig. 13. Variation of wall thickness after each pass
in 6 pass rolling (t,/D,=34%, r=4.5%, Oy =
6.5% in odd pass, Oy =39 in even pass).
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Fig. 14. Variation of wall thickness after each pass
in a multi-pass rolling of steel tubes.
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Fig. 15. Reduction patterns in stretch reducing of
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Fig. 16. Rolled tube sections before/after improved.
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Fig. 17. Statistical distribution of polygonal ratio in stretch reducing of thick-walled tubes.
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