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Abstract: Proportional valves used in fuel cell hydrogen supply systems perform functions
such as hydrogen flow regulation, pressure matching, and operating mode switching. Their
dynamic response, flow control accuracy, fault energy limitation, and durability in hydrogen

Wi AHA: 2026-07-24; f&RiisHHA: 2026-08-23.

EEWE: WAL R RIE SR H (2024BAB067); 2 RIEAHRIMEIFIBA LI (20259109)

F—EARBERAAN: B4 (1973—), 5, @&, ¥R, BEIRESIREEEHEAR, E-mail: liweibo@whut.edu.cn.

SIRARC: FYep, RARE, BEINME, 55 . 00 gLl R 5 A Ee ] IR S BRI e sl . SRS I R Beit[J]. fERERE = SHR, XXXX, XX
(XX): 1-9.

Citation: Li Weibo, Wu Tike, Yu Lijuan, et al. Key Technological Advances in Proportional Valves for Fuel Cell Hydrogen Supply Systems: High-
Frequency Drive, Hydrogen-Compatible Materials, and Co-Design[J]. Energy Storage Science and Technology, XXXX, XX(XX): 1-9.



itk & A ¥ 5 & K

environments affect the stoichiometric ratio of hydrogen at the stack inlet, anode pressure
stability, and system operating efficiency. This paper summarizes the key technologies of
proportional valves from three aspects: high-frequency drive, hydrogen-compatible materials,
and co-design. First, this paper compares the suitability of IGBTs, Si MOSFETs, and SiC
MOSFETs under different supply voltages, load powers, and switching frequencies. It
analyzes the impact of high-frequency PWM drive on coil current ripple, switching losses,
temperature rise, and electromagnetic compatibility, and points out that while SiC devices are
suitable for medium- to high-voltage and high-frequency applications, their system benefits in
12 V or 24 V low-voltage proportional valves still need to be evaluated in terms of power, heat
dissipation, cost, and fault energy. Second, the study summarizes the effects of metal
hydrogen-induced damage, hydrogen permeation through polymers, rapid depressurization,
coating defects, and alternating loads on the valve body, valve spool, seals, and interface
connections, and compares the applicability of 316L austenitic stainless steel, nickel-based
alloys, polymer sealing materials, as well as hydrogen-barrier coatings and surface
modification technologies. Third, based on the hydrogen supply requirements of fuel cells, this
study analyzes the coupled relationships among valve dynamic opening, compressible
hydrogen flow, pressure fluctuations, coil temperature rise, and sealing interface loads, and
discusses the roles of three-dimensional flow simulation, thermal-structural analysis, and
state-feedback control in collaborative design. The review indicates that the performance of
proportional valves cannot be evaluated solely based on switching frequency, response time,
material hardness, or permeability coefficient; rather, the results depend on the combined
matching of the actuator, structure, materials, control methods, and test conditions. Existing
research still needs to be strengthened in the areas of long-term durability in hydrogen
environments, dynamic sealing, product consistency, three-dimensional multiphysics coupling,
and fuel cell stack-level validation. Future work should establish unified definitions of
operating conditions, data extraction methods, and life evaluation methods to provide a basis
for proportional valve design and engineering applications.

Keywords: fuel cells; hydrogen supply systems; proportional valves; hydrogen-compatible

materials; collaborative design
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Fig.1 Block Diagram of the Si/SiC High-Frequency
Drive System for Proportional Valves
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Table 1 Comparison of Power Devices for Proportional Valve Drives
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Fig.2 Hydrogen-Compatible Material System and Its
Functional Relationships for Proportional Valves
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Table 2 Quantitative Evaluation Indicators and Evidence Boundaries for Hydrogen-Compatible Materials and

Surface Technologies of Proportional Valves
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Proportional Valves and the Interactions Among
Multiple Physical Fields
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