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Preface

The increasing requirements for automotive drives with internal combustion engines

on reduced fuel consumption, low emissions and good driveability need continuous

improvement of combustion and exhaust treatment processes and their control. This

can be reached by a higher variability with an increase of actuators and sensors in

addition to thermodynamic, mechanical and structural improvements. Modern en-

gines have therefore an increasing number of manipulation variables and sensors

and a complex electronic management. The design of the many control function re-

quires good physical understanding and model-based methods taking into account

mechatronic engineering principles.

The book treats as well physical-based as experimental gained engine models for

gasoline (spark ignition) and diesel (compression ignition) engines and uses them for

the design of the different control systems. The procedure and the workflow from the-

oretical and experimental modeling over simulations to calibration with test benches

is systematically described and demonstrated by many examples. Not only the sta-

tionary but also the dynamic nonlinear behavior of engines is taken into account. The

combustion engine models include the intake system, fuel supply and injection, com-

bustion cycles, mechanical system, turbochargers, exhaust and cooling system and

are mainly generated for real-time computation. Engine control structures and engine

control development with different digital feedforward and feedback control meth-

ods, calibration, optimization and simulation tools are considered in detail. Various

control systems are developed for gasoline and diesel engines with both, conven-

tional and alternative combustion processes, based on nonlinear static and dynamic

multivariable engine models and demonstrated by experiments on test benches.

The book is an introduction into the electronic engine management with many

examples for engine control and it is oriented to advanced students working in con-

trol, electrical, mechanical and mechatronic engineering and will also be useful for

practicing engineers in the field of engine and automotive engineering.

The author is grateful to his research associates, who have performed many

theoretical and experimental research projects on the subject of this book since

1986, among them K.U. Voigt, Chr. Schmidt, St. Leonhardt, K. Pfeiffer, O. Nelles,

Chr. Ludwig, St. Sinsel, M. Schüler, M. Willimowski, M. Hafner, O. Jost, J. Schaffnit,



M. Schmidt, N. Müller, S. Töpfer, J.A. Kessel, F. Kimmich, A. Schwarte, M. Vogt,

A. Engber, E. Hartmanshenn, M. Weber, R. Zimmerschied, M. Kohlhase, K. v. Pfeil,

M. Leykauf, S. Clever, S. Zahn, A. Schreiber, M. Mrosek, D. Böhme, H. Sequenz,

Chr. Eck, A. Sidorow, M. Kowalczyk, F. Kunkel and S. Zydek.

Without their continuous work on new methods and building up and maintaining

the combustion-engine test bench, measurement and computer equipment the results

of this book would not have been possible. Great appreciation goes also to our pre-

cision mechanics workshop guided by A. Stark.

We also would like to thank the research organizations Forschungsgemeinschaft

Verbrennungskraftmaschinen (FVV), Arbeitsgemeinschaft industrieller Forschungs-

vereinigungen (AiF), Deutsche Forschungsgemeinschaft (DFG), Faudi-Stiftung who

supported many projects. Several results were obtained in cooperation projects with

industrial companies. Among them are AVL List GmbH, Robert Bosch GmbH,

Daimler AG, Adam Opel AG, Dr.-Ing. h.c. F. Porsche AG, GM Europe, and Volk-

swagen AG. We appreciate these cooperations strongly as they contributed positively

to our own research.

I am also grateful for proofreading of some chapters by S. Clever, H. Konrad, M.

Kowalczyk, F. Kunkel, H. Sequenz, H. Stuhler, S. Zahn and S. Zydek.

Finally, I would like to thank Kerstin Keller, Moritz Neeb, Lisa Hesse and es-

pecially Brigitte Hoppe for the laborious and precise text setting, Sandra Schütz for

drawing many figures and Springer Verlag for the excellent cooperation.
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Darmstadt, May 2014 Rolf Isermann
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List of Symbols

Only frequently used symbols and abbreviations are given:

1. General letter symbols

a parameters of differential or difference equations

b parameters of differential or difference equations

c spring constant, constant, concentration, stiffness

d damping coefficient

e equation error, control deviation e = w − y, number e = 2.71828 . . .
f fault, frequency (f = 1/Tp, Tp period), function f(. . . )
g gravitational acceleration, function g(. . . ), impulse response

i integer, gear ratio, index,
√−1 (imaginary unit)

j integer, index

k discrete number, discrete time k = t/T0 = 0, 1, 2, . . . (T0: sampling

time)

l index, length

m mass, order number

n rotational speed, order number, disturbance signal

p pressure, index, controller parameter, probability density function, pro-

cess parameter

q controller parameter

r index, radius, reference variable, residual

s Laplace variable s = δ + iω, symptom, actuator position

t continuous time

u input signal change ΔU
v specific volume, disturbance signal

w speed, reference value, setpoint

x space coordinate, state variable, concentration

y output signal change ΔY , space coordinate, control variable change

ΔY , signal



z space coordinate, disturbance variable change ΔZ, z-transform

variable z = expT0s
x̂ estimated or observed variable

x̃ estimation error

x̄ average, steady-state value

x0 amplitude

x00 value in steady state (identification methods)

xd desired value

A area

B magnetic flux density

C capacitance

D damping ratio, diameter

E module of elasticity, energy, potential, bulk modulus

F filter transfer function, force

G weight, transfer function

H magnetic field strength, height

I electrical current, mechanical momentum, torsion, second moment
of area

J moment of inertia, loss function

K constant, gain

L inductance

M torque

N discrete number, windings number

P power, probability

Q generalized force, heat

R electrical resistance, covariance or correlation function

S spectral density, sum, performance criterion

T absolute temperature, time constant

T0 sampling time

U input variable, manipulated variable (control input), voltage

V volume

X space coordinate

Y output variable, space coordinate, control variable

Z space coordinate, disturbance variable

a vector

A matrix

AT transposed matrix

I identity matrix

θ parameter vector

P covariance matrix

ψ data vector

α coefficient, angle
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