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Numerical simulation of special-shaped tube roll forming process
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Abstract; The large deviation of adjacent concave and convex angles in multi-pass roll forming of P-shaped special-
shaped tubes for automobile columns cannot meet the high-precision requirements. On the basis of the large
elastic—plastic deformation theory, a 15-pass roll forming finite element model of P-shaped special-shaped tube was
established by using the professional design software COPRA. Combined with the actual production process, the finite
element simulation of the complete forming process was carried out, and it was found that the insufficient supply of the
perimeter of the welded pipe and the uneven metal flow of the corners of the P-shaped special-shaped tube in the roll
pass caused the large deviation of the adjacent concave and convex angles. Thus, a precise control method of adjacent
angles was proposed based on simulation and production practice, which combines selecting the appropriate compression
coefficient, assigning the appropriate section deformation, and correcting the roll shape. The finite element simulation of
roll forming of the P-shaped special-shaped tube was carried out by the proposed method. Resulis showed that the cross-
section of the simulated final product was basically the same as the design cross-section, the concave and convex angles
were 90.5° and 89.9°, and the angle deviation was within the error range of +1°. The metal flow was in place, so that the
corner metal filled the roll pass, which improved the forming quality of the adjacent concave and convex angles of the P-
shaped special-shaped tube. The proposed method achieved an increase of 33.84% and 36.70% in the accuracy of the
adjacent concave and convex angles of the P-shaped special-shaped tube through industrial application, which can
effectively improve the forming quality of the P-shaped special-shaped tube and provide basis for production practice.
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Fig.1 Deformation roll flower patterns of P-shaped tube
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Fig.2 Forming rolls of P-shaped tube
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Tab.1 Parameters of P-shaped tube roll forming unit
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Fig.3 Actual production line of P-shaped tube forming
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Fig.4 Schematic of meshing of initial straight seam welded pipe
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Fig.5 Overall model of finite element simulation of P-shaped

tube roll forming
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Fig.6 Requirements for cross-sectional dimensions of P-shaped

tube
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Fig.7  Comparison between design section and simulation
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Fig.8 Comparison between P-shaped special-shaped tube sections

in original roll forming process and in simulation
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Fig.9 Schematic of node paths on inner and outer surfaces
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Fig.10 Von Mises equivalent stress of nodes on inner and outer
surfaces of concave and convex angles
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Fig.11  Equivalent plastic strain of nodes on inner surface of

concave and convex angles
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Fig.12  Schematic of metal flow in critical adjacent corners
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