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ABSTRACT

A control-oriented nonlinear dynamic engine model is developed to represent a spark ignited
engine over a wide range of operating conditions. The model includes intake manifold
dynamics, fuel film dynamics, and engine rotational dynamics with transport delays inherent in
the four stroke engine cycles. The model is mathematically compact enough to run in real
time, and can be used as an embedded model within a control algorithm or an observer. The
model is validated with engine-dynamometer experimental data, and can be used in design and
development of a powertrain controller.

F27]&4° : Engine Control System (A7 A ojAl2~5), Model-based Control(® 47|
gtAo]), MBT(22 #3417]), Intake Manifold Pressure Dynamics(-& 7]
WuZ= ¢te F#&) Fuel Film Dynamics(@5% F#8) Engine
Rotational Dynamics(dR 3|2 F# &)

Nomenclature D Throttle bore diameter [m]
(A/F), Stoichiometric air-fuel ratio d Throttle shaft diameter [m]
« ShelulEm U)erel 7] A E e Josr Effective inertia of engine and
P Zéié’]—‘a, 1:)_}03‘:]1 -(_r_;!_ﬂ hrd %:_j}_—éy_ﬂ_iq_ dynamometer System [kg - mﬁ]
K Static flow rate of injector [kg/s]
My Air mass in intake manifold [kg]
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Cylinder ajr charge/stroke [kg/str]
Steady state cylinder air charge/
stroke [kg/str]

Normalized air charge [bar]

Air mass
intake port [kg/s]

MBT at arbitrary A [ " BTDC]
MBT at stoichiometry [ ° BTDC]
Fuel flow rate entering cylinder
[kg/s]

Injected fuel mass flow rate [kg/s]
Mass of fuel in the fuel film [kg]
Mass flow rate of fuel vapor [kg/s]
Engine speed [rpm]

Engine speed [krpm]

Nuspber of cylinders [-]

Manifold Inlet Air Pressure [bar]

Intake manifold pressure [bar]

flow rate into the

Stagnation Pressure [bar]
Cylinder pressure [bar]

Gas Constant,

287 x 10°[bar-m’/kgK]

Ambient Air Temperature [K]
Engine Coolant Temperature [K]

Engine Coolant Temperature at
calibration condition [K]
Intake Manifold Air Temperature

at calibration condition [K]
Stagnation temperature [K]

Brake torque [Nm]
Friction and pumping torque [Nm]

Indicated  torque  at  arbitrary
operating conditions [Nm]
Indicated torque at MBT

and stoichiometry [Nm]
Load torque [Nm]

Sampling interval for simulation [ s]

Injection duration [s]

t, Dead time of injection [s]

Vo Engine displacement volume [m*]

V man Volume of Intake Manifold +
Surge Tank [m’]

V., Stroke volume [rn3]

Ve Cylinder volume [m’]

a Throttle opening angle [deg]

a,” Actual throttle closing angle [deg]

&, Angle for minimum leakage area
[deg]

NasA Spark timing efficiency [-]

y Air-fuel ratio efficiency [-]

Tyl Volumetric efficiency [-]

r Crank angle [deg]

b Equivalence ratio of in-cylinder
mixture [-]

¥ Specific heat ratio [-] (1.4 for air)
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Fig. 2 Experimental setup for dynamic engine
model development
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Fig. 11 A/F efficiency
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Table ! Mean errors in the steady state
predictions of the engine model

Variable % error
N -5.01
Pruon 5.68
Mt -3.41
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Fig. 14 Validation of engine model at
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Fig. 15  Validation of engine model at
constant engine speed (N=2000rpm)
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