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ABSTRACT 

Lean combustion is a promising technology for gasoline engines to 
achieve high engine efficiency due to reduced pumping loss during 
part-load operations. To commercialize lean burn gasoline engines in 
the U.S. market, the following challenges need to be addressed: 1) 
control NOx to regulated levels in oxygen rich environment; 2) 
minimize the fuel penalty associated with emissions control; 3) 
reduce torque imbalanced and engine operation mode switching 
frequency. This dissertation aims at overcome these challenges 
through the aftertreatment system design and combustion control. 
To address these challenges, the following work has been done, 
which include: 

1) A model predictive control (MPC) was developed for the lean-burn 
gasoline engine to minimize the total equivalent fuel penalty 
associated with passive SCR operation while satisfying stringent NOx 
and NH3 emission requirements. Simulation results demonstrate that 
the proposed MPC controller is capable achieving high engine 
efficiency and stringent emissions requirements for lean gasoline 
engines with passive SCR system. Furthermore, with a new passive 
SCR design and non-uniform combustion strategy, the MPC controller 
can reduce the number of modes switching events by 41.18% and 
reduce the fuel penalty associated with NH3 production by 3.40%.  

2) To reduce fuel penalty caused by NOx control new TWC-LNT and 
passive SCR configurations were designed. Cooperating with non-
uniform strategy the proposed new systems have potential to further 
reduce fuel cost. Simulation results verified the effectiveness of the 
new aftertreatment systems in reducing fuel penalty.  

3) To implement non-uniform combustion strategy, a systematic 
torque balance method was presented and validated in simulation. 
The simulation results verified the effectiveness of the method. In 
addition, a methodology of controlling non-uniform combustion with 
balancing torque was proposed. The method was coded in the in-
house ECU and validated in Toyota V6 gasoline engine. The 
experimental results illustrated the validity of the designed control 
method. Besides, a series of experiments were conducted to 
understand the characteristics of the developed passive SCR system. 
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