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Abstract

Increasing demands for lower carbon dioxide emissions and fuel consumption
drive technological developments for car manufacturers. One trend that has
shown success for reducing fuel consumption in spark ignited engines is
downsizing, where the engine size is reduced to save fuel and a turbocharger is
added to maintain the power output. A drawback of this concept is the slower
torque response of a turbocharged engine. Recent hardware improvements
have facilitated the use of variable geometry turbochargers (VGT) for spark
ignited engines, which can improve the transient torque response. This thesis
addresses the transient torque response through three papers.

Paper 1 presents the optimal control of the valve timing and VGT for a fast
torque response. Optimal open-loop control signals are found by maximizing
the torque integral for a 1-d simulation model. From the optimization it is
found that keeping the ratio between exhaust and intake pressure at a constant
level gives a fast torque response. This can be achieved by feedback control
using vgt actuation. The optimal valve timing differs very little from a fuel
consumption optimal control that uses large overlap. Evaluation on an engine
test bench shows improved torque response over the whole low engine speed
range.

In Paper 2, model based, nonlinear feedback controllers for the exhaust
pressure are presented. First, the dynamic relation between requested VGT
position and exhaust pressure is modeled. This model contains an estimation
of the on-engine turbine flow map. Using this model, a controller based on
inverting the input-output relation is designed. Simulations and measurements
on the engine show that the controller handles the strong nonlinear
characteristic of the system, maintaining both stability and performance over
the engine’s operating range.

Paper 3 considers the dependence of the valve timing for the cylinder
gas exchange process and presents a torque model. A data-based modeling
approach is used to find regressors, based on valve timing and pressures, that
can describe the volumetric efficiency for several engine speeds. Utilizing
both 1-d simulations and measurements, a model describing scavenging
is found. These two models combine to give an accurate estimation of the
in-cylinder lambda, which is shown to improve the torque estimation. The
models are validated on torque transients, showing good agreement with the
measurements.
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