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Development and trends in ignition systems for internal combustion engine
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Abstract:To improve the ignition stability of internal combustion engines in lean-burn mode, the effects of

different ignition methods are analyzed from two perspectives : ignition principles and the coverage range of
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distribution characteristics of exhaust temperature, the combustion control area in the cylinder is divided into
several intervals, and differentiated temperature control sirategies are formulated for each interval. Based on the
experimental verification of the effects of two exhaust thermal management technologies, namely intake throttle
valve regulation and combustion parameter optimization, an adaptive exhaust thermal management strategy for
the engine integrated with SCR automatic heating mode is designed. Engine bench cold world unified transient
cycle (WHTC) tests and high-altitude complex road condition real vehicle verification tests are conducted to
evaluate the actual effectiveness of the thermal management strategy. The results show that the influence of post
injection quantity and post injection timing on exhaust temperature is significantly greater than that of rail
pressure, main injection timing, and pre-injection timing. Furthermore, as the post injection quantity and
timing increase, the exhaust thermal management effect gradually strengthens. When the closing degree of the
intake throttle valve is not less than 70% , the exhaust temperature shows an upward trend with the increase of
the closing degree of the intake throttle valve. When the engine operates at medium to high loads, it can achieve
good thermal management effects by optimizing combustion parameters such as fuel injection quantity and
timing. Under low load and zero load conditions, the strategy of regulating and coupling combustion parameters
through the intake throttle valve can achieve good exhaust thermal management effects. Under cold WHTC
conditions, the average exhaust temperature of the engine increases by about 20 °C. With a weighted average
fuel consumption growth rate of only 4% in cold WHTC, the NO, specific emissions are significantly reduced
(by about 30% ). In the case of long downhill slopes on the plateau, the inlet temperature of SCR can be
maintained at around 370 °C for a long time. The designed engine adaptive exhaust thermal management strategy
can enable the engine to have good thermal management effects in harsh working conditions such as
refrigeration, high altitude, and low temperature.
Keywords : diesel engine ;exhaust thermal management ; SCR ; combustion parameter ;intake throttle valve
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discharge plasma. The potential of the ignition system in combustion rate control and detonation suppression is
discussed, and the development direction of advanced ignition systems is summarized. The analysis results show
that the ignition system plays a key role in the combustion control process of internal combustion engines.
Advanced ignition technology can ensure the ignition stability of internal combustion engines in lean-burn mode.
Increasing ignition energy and ignition coverage can enhance ignition stability, but both will lead to a sharp
increase in total ignition energy, requiring higher power for the ignition system, increasing system complexity,
and reducing engine economy. Currently, the majority of ignition methods generate plasma ignition of the
mixture through gas discharge. By adjusting the characteristics of the discharge plasma, the ignition system can
flexibly control the combustion heat release throughout the combustion process in the cylinder.
Keywords: internal combustion engine; ignition system; high voltage discharge; plasma; combustion

process control
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