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Abstract

Thin-walled bent pipes are widely used as gas and liquid transmission pipelines in aerospace, petro-
leum, electric power and other fields. To solve the defects such as outer wall fracture and inner wall
wrinkling that are prone to occur during the forming of aluminum alloy pipes, a numerical analysis
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method based on the finite element model of the push-bending process was adopted to investigate
the influence laws of forming temperature conditions, differential temperature zone distribution and
heating zone temperature on the push-bending forming quality. The results show that compared with
the room temperature forming process, the thermo-mechanical coupled differential temperature form-
ing process can significantly improve the uniformity of wall thickness distribution. The forming qual-
ity is optimal when the differential temperature zone is set as r2 and the cooling zone as c2. When the
cooling zone is fixed at room temperature (20°C), the equivalent plastic strain distribution is the most
uniform under the heating condition of 400°C.
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Figure 1. Schematic diagram of differential temperature push-bending forming
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Figure 2. Finite element model of differential temperature push-bending
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Figure 3. Stress-strain curves of 5A02 aluminum alloy under different strain rates
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Figure 4. Die temperature zoning diagram
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Figure 5. Wall thickness distribution diagrams under different push-bending forming conditions: (a) Simulation results of cold
push-bending forming; (b) Simulation results of differential temperature push-bending forming
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Figure 6. Simulation results of bent pipe forming under different regional temperature distribution: (a) Cloud maps of temper-
ature distribution and stress distribution in heating zone c1 and cooling zone rl; (b) Cloud maps of temperature distribution
and stress distribution in heating zone c2 and cooling zone r2; (¢) Cloud maps of temperature distribution and stress distribution
in heating zone c3 and cooling zone r3
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Figure 7. Measuring results of wall thickness of forming bent pipe under different heating zones: (a) Measuring results of
curved inner wall thickness; (b) Measuring results of curved outer wall thickness
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Figure 8. Cloud maps of equivalent plastic strain (PEEQ) distribution and temperature distribution at different temperatures:
(a) Cloud maps of equivalent plastic strain distribution and temperature distribution at 100°C; (b) Cloud maps of equivalent
plastic strain distribution and temperature distribution at 200°C; (c¢) Cloud maps of equivalent plastic strain distribution and
temperature distribution at 300°C; (d) Contour nephograms of equivalent plastic strain and temperature distribution at 400°C
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