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Development of a Hydrogen Engine for Light Commercial Vehicles
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A hydrogen-fueled spark-ignition engine for light commercial vehicles was developed as part of a multi—pathway approach toward
carbon neutrality, aiming to expand hydrogen utilization beyond fuel cell electric vehicles. The engine was derived from a mass-produced
3.5 L turbocharged gasoline engine, retaining more than 95% of the base components to minimize additional investment and ensure
manufacturability.

Lean combustion with an excess air ratio of A > 2.4 was adopted across the entire operating range to suppress NOx formation. Direct
hydrogen injection was employed to prevent backfire and improve mixture homogeneity, which is critical for suppressing abnormal
combustion such as pre-ignition. Model-based development was used to optimize spray characteristics, injector layout, and piston crown
geometry to enhance tumble flow while avoiding direct impingement on the spark plug, combustion chamber walls, or exhaust valves.
The hydrogen injector was developed based on a conventional gasoline injector, with an injection pressure of 4.5 MPa selected as a balance
between performance, driving range, and durability.

Hydrogen-specific reliability issues were comprehensively analyzed. Early pre-ignition, which poses a high risk of component damage
due to extremely high in-cylinder pressure, was classified into injection-synchronized and injection-unsynchronized types. Injection-
synchronized pre-ignition was traced to heat sources near the injector tip, including residual hydrogen combustion and exothermic
reactions of injector insertion aid. These issues were resolved by reducing injector sac volume and changing to non-reactive insertion aid.
Injection-unsynchronized pre-ignition caused by residual electrical charge in the ignition system was eliminated by adopting a newly
developed ignition coil that suppresses unintended re-discharge. As a result, early pre-ignition was completely prevented.

Late pre-ignition, which occurs near the main ignition timing and increases during durability operation, was also investigated. Durability
tests revealed that cylinders with frequent late pre-ignition exhibited higher levels of oil-derived deposits on intake valves and combustion
chamber surfaces. Chemical analysis showed that these deposits contained calcium and zinc originating from engine oil additives. Further
evaluation demonstrated that such deposits could react with hydrogen at relatively low temperatures, acting as localized ignition sources.
These findings highlighted the importance of engine oil selection and oil consumption control to suppress deposit formation and ensure
long-term reliability.

Additional hydrogen-specific challenges included water condensation and crankcase hydrogen accumulation. Hydrogen combustion
generates significantly more water than gasoline combustion, leading to risks of oil emulsification and functional degradation, particularly
under short-trip operation. A new estimation logic was developed to monitor water accumulation in the oil pan with high accuracy without
additional sensors, enabling notifications to the driver to encourage warm-up driving. The PCV system was also redesigned with minimal
added components to ensure sufficient crankcase ventilation under
both naturally aspirated and boosted conditions, maintaining
hydrogen concentration within safe limits while balancing oil
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driving range is essential for commercialization. Therefore, we will
advance the development of hydrogen engines that contribute to
carbon neutrality, including powertrains that integrate HEV systems.
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