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ABSTRACT: [Objectives] Due to the anisotropic nature of
titanium bipolar plates, their manufacturing process is highly
challenging. While hydroforming has been commercially
applied in bipolar plate production abroad, research in this

field remains limited domestically. In order to reveal the
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control relationship between hydroforming parameters and
quality in bipolar plate fabrication, it is essential to investigate
the hydroforming mechanism of titanium bipolar plates.
[Methods] This study focuses on the hydroforming process of
titanium bipolar plates with a serpentine flow field. It
analyzes the mechanical properties of the bipolar plates
during the hydroforming process and explores the effects of
key parameters, including die fillet radius, flow channel
width, flow channel depth, sheet thickness, and hydraulic
pressure, on the final forming quality. [Results] The stress
distribution in the corner regions of the serpentine flow
channels is highly complex, making these areas most
susceptible to fracture. Increasing the die fillet radius
effectively reduces the thinning rate, with a recommended
minimum radius of 0.2 mm. Increasing flow channel depth
significantly worsens thinning, and the depth should not
exceed 0.28 mm. When the flow channel width equals the rib
width, the thinning rate reaches its minimum. Hydraulic
pressure has a greater impact on thinning before the plate
contacts the die bottom but its impact diminishes afterward.
Additionally, as the plate thickness increases, the overall
forming quality deteriorates. [Conclusions] The coordinated
design of hydroforming parameters and structural parameters
is critical for ensuring the forming quality of bipolar plates.
These findings provide a theoretical foundation for the design
and optimization of metal bipolar plate hydroforming process.

KEY WORDS: hydrogen fuel cell; proton exchange
membrane fuel cell (PEMFC); metal bipolar plate;
hydroforming; thinning rate; stress distribution
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Fig. 1 Hydroforming structure of bipolar plate
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Tab.1 Structural parameters of bipolar plate
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Fig.2 Simulation model of bipolar plate hydroforming
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Fig. 3 Hydraulic pressure loading curve
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Fig. 4 Stress variation of titanium bipolar plate during hydroforming process
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Fig.5 Stress variation of bipolar plate with loading time
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Fig. 6 Residual stress distribution of titanium bipolar
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