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Abstract

Rapid heating of the three-way catalyst during cold start is one of the main challenges in reducing emissions from
gasoline and hybrid vehicles. In this study, using an EC5 engine installed in a test cell equipped with a
dynamometer and AVL PUMA system, the effects of four key parameters — engine speed, load, ignition timing, and
air-fuel ratio — on exhaust gas temperature, hydrocarbon (HC) emissions, and fuel consumption were
experimentally investigated. The tests were conducted under steady-state conditions after the engine reached its
normal operating temperature, and data were collected in 48 operating points covering various speed and load
conditions.

The results showed that increasing engine speed led to a continuous rise in exhaust gas temperature and a
noticeable reduction in HC emissions. While slightly leaner mixtures (lambda > 1) caused a moderate temperature
increase, ignition retard had a more significant effect on raising the catalyst inlet temperature. Although this
strategy slightly increased fuel consumption, it considerably enhanced exhaust heating and pollutant reduction
efficiency.

The analysis of engine load indicated a nonlinear relationship between load, exhaust temperature, and fuel
consumption. The most effective temperature rise occurred at low load conditions, which are crucial for rapid
catalyst warm-up. Overall, the optimal combination of limited ignition retard and slightly lean mixtures provided
conditions that achieved a substantial increase in catalyst inlet temperature, a remarkable reduction in HC
emissions, and only a moderate rise in fuel consumption. These findings provide valuable insight for developing
control strategies to reduce cold-start emissions in hybrid vehicles.

Keywords: "Cold-start emissions”, " Catalyst light-off’, " Hybrid vehicle",
optimization".

Ignition timing and lambda
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