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Loading Paths Optimization and Forming Rules of Hollow Double-throw Crankshaft
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ABSTRACT: The work aims to study the effects of loading paths on the formability of hollow double-throw crankshaft. Finite
element simulation of hydroforming processes of 304 stainless steel hollow double-throw crankshaft was conducted by using fi-
nite element analysis. During the simulation, the effects of loading paths on bulging height of the double hollow crankshaft and
thickness distribution were studied and the causes of defects such as cracking and wrinkling were analyzed. Finally, according to
the results of the numerical simulation, the actual forming experiment was conducted. The numerical simulation results were
compared with the experimental results. Winkling occured on pipe bilet as the forming pressure was < 20 MPa and cracking oc-
cured as the forming pressure was > 60 MPa. In the experiment, parts of double-throw crankshaft with uniformly distributed
wall thickness were obtained. And the numerical simulation results were basically consistent with test results. High axial feed
and insufficient internal pressure may cause wrinkling in transition corners; low axial feed and excessive pressure may bring
about severe thickness reduction and even cracking in the throw parts. Only when reasonable loading path is set up, an eligible
double-throw crankshaft of good wall thickness uniformity and buldging height can be successfully manufactured.
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Fig.1 Geometry and cross-sections of double-throw crankshaft
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Table 1 Perimeters and tube diameters of typical section
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Fig.2 FEM model of SS304 crankshaft hydroforming
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Fig.3 Five loading paths of the simulation
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Fig.5 Results and FLD of loading path 2
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Fig.6 The wall thickness distribution
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Table 2 Crankshaft bulging height and wall thinning ratio
of different loading paths
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Fig.7 Hydroforming die of double-throw crankshaft
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Table 3 Comparison of experimental results and simulation results
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