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The strive towards cleaner and more ef-
ficient combustion engines, driven by leg-
islation and cost, introduces new configu-
rations, as exhaust gas recirculation, tur-
bocharging, and variable valve timing, to
name a few. Beside all the positive ef-
fects on the emissions and fuel consump-
tion. They all affect the air-charge sys-
tem, which increases the cross-couplings
within the air-path control, making it an
even more complex system to control. As
the SI engine uses a three-way catalytic
converter, which enforces a condition of
stoichiometric combustion, the amount of
air flow and fuel flow are connected. This
means that the air flow has a direct impact
on the driveability of the engine, through
the torque.
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The previous figure is from Paper V[5] and
displays the effects on the air mass flow,
from the intake manifold pressure and in-
take cam phasing. The increase in airmass
flow corresponds to an unwanted torque
increase during the negative transient.
A component and model-based method-
ology were chosen in the thesis, as it would
bring flexibility and the possibility to reuse
previous development.
To be precise in the control of the airmass
flow, the actuators are also constantly de-
veloped and becoming both faster and
more precise. One example of this is the
wastegate investigation in Paper I[1].
The air-charge system’s task is to supply
the combustion chamber with the correct
air mass flow, in the most energy efficient
way. Airmass flowmodels are investigated
in Paper II[2] and III[3], where Paper II fo-
cuses on compact compressible flow mod-
els, used to model throttles, EGR valves,
wastegates, poppet valves, etc.
Paper III focuses on modeling the volu-
metric efficiency with a dependency on ac-
tuation of the cam phasing. In the last part
of the thesis, Paper IV[4] and V[5], model
predictive controllers (MPC) are used as
reference governors to control the system
with different constraints active. In Pa-
per IV the throttle is controlled to fulfill

an intakemanifold pressure demandwhile
keeping down the intake manifold peak
temperature.

Paper V demonstrates a real-time imple-
mentation of MPC, that controls both the
intake camphasing (θ) and the throttle (α),
to fulfill an intake manifold pressure (pim)
demand, while having a constraint for the
intake cam phasing that depends on the
intake manifold pressure. Above figure
demonstrates different weights on error in
pim, in the MPC formulation, resulting in
different behaviors.
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