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Abstract

Model-based control of UBHC in a Sl engine under cold start condition

Amir Naghshejahan

Nowadays, it has been proven that up to 90% of HC pollution emitted by an automobile in a
typical drive cycle, take place during cold start period of the engine because of more
unburned hydrocarbon (UBHC) during cold start operation. Many efforts have been taken in
order to reduce HC emissions, but one of the best devices to reduce emissions is catalytic
converter. Unfortunately, in cold start period catalytic converter is inactive for specific time
called light off time. In order to reduce HC emissions, reducing this time seems necessary. A
model-based control strategy seems reliable and cost efficient solution to the cold start
hydrocarbon reduction problem.

The objective of this dissertation is modeling and control of cold start hydrocarbon emissions
with achieving quick catalytic convertor light off. This dissertation could be investigated in
three main parts:

» Modeling of engine
» Modeling of catalytic converter
» Control strategy

In the first part, predicting engine UBHC is developed. For this purpose, the difference
between actual heat release and theoretically heat release over one cycle is calculated.

In the second part, a catalytic converter model is developed to predict the cold start warm
up behavior of the catalyst, accounting for heat transfer from the exhaust and to the
surroundings. Heat generation of Carbon Monoxide (CO) and HC oxidation is taken into
account and the catalyst conversion efficiency is parameterized using a 2-dimensional Wiebe
function of air-fuel ratio (AFR) and temperature.

In the third part, control strategy to achieve quick catalytic light off is developed. To achieve
this purpose, exhaust gas temperature is kept at the desired level, by controlling the spark
timing. The proposed control strategy is based on separate analysis of the engine and the
catalytic converter.

Key words: S| engine, UBHC control, Three way catalytic converter, Spark timing, Cold start
condition, Control
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Date co THC NMHC NOx HC+NOx PM
Euro 1 July 1992 2.72(3.16) - - - 0.97(1.13) -
Euro 2 January 1996 2.2 - - - 0.5 -
Euro 3 January 2000 2.3 0.20 - 0.15 - -
Euro 4 January 2005 1.0 0.10 - 0.08 - -
Euro5 | September 2009 1.000 0.100 0.068 0.060 - 0.005
Euro 6 | September2014 1.000 0.100 0.068 0.060 - 0.005
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! Nitrogen oxides
? Total hydrocarbon
* Non-methane hydrocarbons
4 .
Carbon monoxide
> Particulate matter
® Three way catalytic converters




