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Abstract: The dynamic response characteristics and flow control accuracy of proportional
valves in proton exchange membrane fuel cell gas supply systems directly affect the stability
of gas supply to the fuel cell stack. Due to factors such as machining errors, variations in
spring stiffness, deviations in the magnetic circuit air gap, and low-temperature lubrication
changes, proportional valves from the same batch typically exhibit startup hysteresis, current
overshoot, and nonlinear flow output; traditional uniform control parameters struggle to
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account for these individual variations. To address these issues, this study proposes an
adaptive calibration and hierarchical screening method for fuel cell proportional valves based
on physical parameter identification. A proportional valve model is constructed to extract
dynamic response characteristics, including startup delay, steady-state displacement, peak
velocity, and decay time constants. Subsequently, the Beluga whale optimization (BWO)
algorithm is used to jointly identify static friction, spring stiffness, magnetic circuit gain, and
viscous damping, and comparative analysis is performed using particle swarm optimization,
genetic algorithms, simulated annealing, and local search algorithms. Based on this analysis,
a mapping relationship was established between performance anomalies, physical parameter
deviations, and compensation actions. Strategies for low-temperature startup boost
compensation, adaptive maintenance current correction, and lookup table (LUT) -based
current remapping were designed, and a four-level A-D screening rule was developed. The
simulation results demonstrate that BWO achieves the lowest objective function value,
minimizing the error between the identified parameters and their corresponding setpoints.
Under -30°C cold start conditions, the startup delay was reduced from 12.0 to 4.8 ms. For the
simulation scenario involving soft spring stiffness, the maintenance current decreased from
0.50 to 0.474 A, and the steady-state temperature rise dropped from 45°C to 38.15°C. For the
simulation scenario involving magnetic circuit gain deviation, the flow error was controlled
within the permissible range after LUT compensation. The proposed method enables a closed-
loop process of parameter identification, software compensation, and grade classification
without altering the hardware structure of the valve body and provides a simulation basis and
methodological reference for consistency control and quality screening in the mass production
of fuel cell proportional valves.

Keywords: fuel cell; proportional valve; dynamic response; parameter identification; adaptive

calibration; simulation validation
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Fig. 4 Simulation response curves before and after
low-temperature start-up compensation
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Table 5 Comparison of simulation performance

before and after stiffness compensation
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