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Influence mechanism of gas-assisted technology on PVC-U tube extrusion expansion forming
PENG Jiabin', KUANG Tangging', GAO Cong’, GAO Shangsen’, HUANG Jiawei‘, LIU Hesheng'
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Materials Science and Engineering, East China Jiaotong University, Nanchang 330000, China)

Abstract : A novel gas-assisted extrusion expansion molding process to address the prevalent technical challenges namely
insufficient tensile strength, high frictional resistance and low forming efficiency, in the conventional extrusion expansion molding
of unplasticized polyvinyl chloride (PVC-U) pipes was proposed. The strong shear effect between the melt and the mold wall during
traditional processing often leads to significant extrusion swelling, uneven wall thickness distribution, and disorder in molecular
chain orientation, consequently compromising the mechanical properties and production efficiency of the pipes. To systematically
elucidate the mechanism of the gas-assisted method, a two-dimensional axisymmetric viscoelastic model of PVC-U melt within the
expansion channel was established based on fluid dynamics theory using numerical simulation. The velocity field, wall thickness
distribution and first normal stress difference of the melt were comparatively analyzed under both conventional and gas-assisted
expansion modes using Polyflow software. The simulation results indicate that by introducing a stable gas film layer at the interface
between the mould wall and the melt, the gas-assisted expansion technology significantly reduces frictional resistance, effectively
suppresses extrusion swelling and enhances both the axial and radial velocity components of the melt in the expansion region. This

promotes the orientation of macromolecular chains along the flow direction, thereby improving flow stability and wall thickness
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uniformity during the expansion process. Experimental results and performance tests demonstrate that compared to the conventional

process, the axial tensile strength of pipes formed by gas-assisted expansion molding is increased by approximately 4.43%, and the

hoop tensile strength is increased by approximately 3.95%. To further optimize the forming effect, a cooling air ring was introduced

in the expansion section for localized temperature reduction, leading to a more favorable melt temperature field. The experiment

show that axial tensile strength of the pipe after cooling is increased by 6.68% compared to traditional expansion molding, and the

circumferential tensile strength is increased by 11.5%. In conclusion, the combination of gas-assisted extrusion expansion molding

with cooling air ring control can significantly improve the comprehensive mechanical properties of PVC-U pipes, providing a novel

approach and technical support for the green and efficient forming of high-performance plastic pipes.

Keywords : PVC-U pipe ; gas-assisted expansion ; tensile strength ; numerical simulation ; molecular orientation
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