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Study on numerical simulation on dieless spinning for thin-walled
hexagonal frustum part
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Abstract: For the dieless spinning accuracy problem of non-symmetrical and non-circular cross-section which is the focus and difficulty in
the research of dieless spinning, taking the thin-walled hexagonal frustum part as the research object, dieless spinning method was used to
form, and based on the geometric relationship of formed parts, the radial and axial operation laws of spinning wheel with the shape of
hexagonal frustum, and the trajectory formula of spinning wheel path was derived. Then, the forming process was simulated by software
ABAQUS, and the distribution laws of equivalent stress, equivalent strain and wall thickness were analyzed. Furthermore, on this basis,
the non-circular cross-section spinning experiment was carried out to obtain the thin-walled hexagonal frustum parts consistent with the
model by PS-CNCSXY600-5 CNC spinning machine, which verifies the reliability of the numerical simulation results for the hexagonal
frustum dieless spinning and the feasibility of the process, and provides support for the subsequent research on the dieless spinning method
and forming mechanism of special-shaped parts, which has high application value.
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Fig. 1 Schematic diagrams of thin-walled hexagonal frustum part

(a) 3D diagram

(b) Three view
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Fig. 2 Path of rotary wheel for thin-walled hexagond frustum part

(a) Top view  (b) Left side view
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Fig. 3 Schematic diagram of division for discrete points
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Table 1 Mechanical properties of 6061 aluminum alloy at
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B WA WMERER/GPa  JERSRIE/MPa  PUHiTRIE/MPa

BE  0.33 67 51.59 146. 12
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Fig. 5 Finite element simulation assembly drawing for thin-walled hexagonal frustum part

(a) Front view
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Fig. 6 Measurement edge distributions

(b) Top view
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Table 2 Comparison of straight side lengths for thin-walled
hexagonal frustum parts between simulated and

experiment results

Hilldi's B HIA K/ mm SIS H K/ mm
L(0°) 29. 68 31.74
L(60°) 30. 42 32. 88
L(120°) 29.42 31.88
L(180°) 28.76 31.88
L(240°) 30. 82 32.68
L(300°) 29. 62 31.90
H(0°) 51.84 53.56
H(60°) 51.32 53.70
H(120°) 52.18 53.82
H(180°) 51.02 52.98
H(240°) 51.32 54. 08
H(300°) 52.71 53. 88
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Table 3 Comparison of wall thicknesses for thin-walled
hexagonal frustum parts between simulated and

experiment results

b= FEAULEE L/ mm FHBEE/ mm
1 1.875 1.878
2 1.747 1.751
3 1.819 1.821
4 1. 861 1. 865
5 1.743 1. 744
6 1.827 1. 863
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Fig. 7 Comparison of experimental and simulation results

(a) Axonometric view of experimental part

(b) Axonometric view of simulated part

(c¢) Top view of experimental part

(d) Top view of simulated part
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Fig. 8 Equivalent stress cloud diagrams at different stages of dieless spinning
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Fig. 9 Equivalent strain cloud diagrams at different stages of dieless spinning
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