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Pass parameter optimization and numerical simulation for
tandem rolling process of aluminum tube

YU Hui, DU Feng-shan, XU Zhi-qiang, XU Hai-liang

(College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to investigate the influence of the pass parameters on the tandem rolling process of aluminum tube, a
numerical simulation project was designed by orthogonal experiment optimization design method. On the FEM software
platform of Marc, the influence of roller pass parameters including the side wall angle, the ratio of side wall radius, the
fillet radius, the roll gap size and the friction coefficient between the roller and tube billet on the rolling force, rolling
torque, the external diameter ovality and the wall thickness unevenness was investigated. Moreover, the effect order of
the parameters was analyzed. The results show that the side wall angle is the major factor, the influence of the friction
coefficient between the roller and the tube billet on the external diameter ovality and the wall thickness unevenness is
secondary, and the influence of the ratio of side wall radius on the rolling force and the wall thickness unevenness is the
least. The optimum pass parameters are obtained based on the influence law. Furthermore, the FEM analysis on the
5-stand aluminum tube random rolling process is carried out.
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Table 2 Parameter associations and simulated results
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Table 1 Parameters of orthogonal experiment

Level
Factor
1 2 3 4
Friction coefficient, 0.3 0.35 0.4 0.45
Fillet radius, #/mm 6 8 10 12
Side wall angle, 6/°) 35 40 45 50
Side wall radius ratio, p 1.5 1.75 2.0 2.25
Roll gap, o/mm 4 6 8 10
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Test Roll force/ Roll torque/ Outer diameter ~ Wall thickness
No. # g 0 P o (kN-m) ovality/% unevenness/%

1 1 1 1 1 1 85.171 0.693 6.8 43.6

2 1 2 2 2 2 83.240 0.692 6.2 16.8

3 1 3 3 3 3 90.337 0.541 8.6 17.2

4 1 4 4 4 4 80.872 0.462 10.0 20.4

5 2 1 2 3 4 87.375 0.760 7.0 17.1

6 2 2 1 4 3 83.803 0.727 6.2 19.4

7 2 3 4 1 2 85.235 0.544 9.0 17.7

8 2 4 3 2 1 86.818 0.579 8.1 16.8

9 3 1 3 4 2 90.632 0.640 9.2 18.2

10 3 2 4 3 1 82.393 0.437 9.9 20.4

11 3 3 1 2 4 84.928 0.767 7.4 19.6

12 3 4 2 1 3 86.669 0.761 7.2 18.0

13 4 1 4 2 3 87.750 0.650 9.8 19.0

14 4 2 3 1 4 87.249 0.805 7.9 17.2

15 4 3 2 4 1 88.475 0.715 7.6 17.8

16 4 4 1 3 2 84.404 0.788 7.1 19.8
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Factor
Target Index
u r 0 p 0
K, 339.620 350.928 338.307 344.323 342.857
K, 343.231 336.685 345.759 342.735 343511
Roll force/
N K; 344.621 348.975 355.035 344.509 348.559
Ky 347.878 338.763 336.250 343,783 340.424
R 8.258 14.243 18.785 1.774 8.134
K, 2.388 5 2.743 4 2.898 9 2.802 4 2424 4
K, 2.609 3 2.6617 2.9273 2.688 8 2.5879
Roll torque/
K; 2.604 9 2.566 0 2.5657 2.449 3 2.678 8
(KN'm)
Ky 2.8821 2.5136 2.0929 2.5442 2.793 7
R 0.493 6 0.177 4 0.806 1 0.3532 0.369 3
K 31.507 32.768 27.474 30.897 32.408
K, 30.324 30.223 28.045 31.485 31.388
Outer diameter
) K; 33.681 32.505 33.710 32.575 31.806
ovality/%
Ky 32.393 32.408 38.675 32.947 32.303
R 0.033 57 0.025 45 0.112 02 0.020 50 0.010 20
K, 98.014 97.905 102.351 96.495 98.529
K, 70.996 73.744 69.774 72.186 72.427
Wall thickness
K; 76.125 72.180 74.436 74.436 73.602
unevenness/%
Ky 73.740 75.046 77.438 75.759 74317
R 0.270 18 0.257 24 0.32577 0.243 09 0.261 02
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Fig.3 Schematic diagram of rolling deformation of tube billet
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