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Preface

During the 19" and 20*" centuries, technology was used to test new ideas.
The technological solutions were the result of the imagination of genius men
and women and were used by a few people and designed to answer problems of
some specialists. Nowadays, the technological solutions are created by indus-
tries, result from scientific analysis and logical developments, and are designed
to be used by everybody to solve the complex problems of their daily life. This
evolution represents a real change in the paradigm of the creation of innova-
tive solutions to address the future problems of mankind. Industries can now
do this thanks to the training of excellent engineers and creators, based on a
rational discipline called “industrial science”.

Recently, Chinese and French scientists engaged a conversation on the possi-
bility of publishing works on industrial science at the highest level to put at
the disposal of the scientific community a synthesis of the modern methods of
analysis and design of technological systems. The result of this conversation is
this series of books (the present book is for the first year of University) that we
have the pleasure to present. It realizes the synthesis of the scientific methods
used to analyze, model, validate and design complex industrial systems. It is
as complete as possible for the present time, according to the present degree
of development of industrial science.

This book has been written by Chinese and French scientific colleagues, which
creates the richness of this project. It tries to be as pedagogic as possible, to
help anyone understand the mathematical and physical developments of in-
dustrial science and their technological applications, which is the fundamental
point of this discipline. It represents a work which does not seem to have been
undertaken by different cross-cultural views at this level anywhere else in the
world.

Apart from this book, the Chinese and French colleagues have made a real in-
vestigation to understand when and how industrial science could be taught to
train future engineers. Based on the knowledge of the French system of engi-
neering schools, they decided to introduce industrial science as a lecture given
to students from the early first year of their higher education until the last year.
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This choice was motivated by the aim to give them some interdisciplinary com-
petences (in mechanics of systems, automation engineering, hydraulic science,
system control, computer science, applied mathematics, etc.) as soon as possi-
ble in their training. Moreover, they wanted to help the students to develop a
strong technology culture through the study of innovative industrial systems,
which takes time, as soon as possible.

The necessity to set up some experimental activities on real industrial systems
seemed rapidly clear, as practical works can provide the students with some
competences in the understanding of the industrial complexity of a real sys-
tem. This practical works also give the students possibilities to make some
interesting measurements and to validate their models. As a consequence, it
was decided to create, at the Ecole Centrale de Pékin (ECPk), an industrial
science laboratory with real industrial systems. Such a laboratory is the first
one created in China. It contains, for the present time, a boat autopilot, a
power-assisted steering system, a packaging machine and an electrical assisted
bike, and new investments have already been decided to develop this labora-
tory.

Based on the analysis of the Chinese and French colleagues and on the feed-
back of the students, the creation of this laboratory was an excellent choice as
industrial science really helps to train future engineers by giving them a con-
tact with the reality of industrial systems. Besides, the tasks that they have
to carry out during their professional career are in relation with the design of
new innovative systems, the measurement of performances, the prediction of
behaviors, the modification of some technological parts or control laws, etc.,
and each of these tasks can be carried out in the industrial science laboratory
that was created.

Today, the industrial science laboratory plays a major role in the training of
the students. All the lectures are illustrated by some experimental activi-
ties and some concepts are first identified during the experimental activities.
All the new scientific concepts are in relation with a problem defined on a
real industrial system. The students can manipulate and test some innovative
technologies coming from the industrial world. They can understand how these
technologies work, what they contain, and how to pilot them. They can now
easily describe a complex system and they are able to make some clear rela-
tions between the theoretical lectures and their immediate application in the
industry or in real life. Based on these observations, they can imagine some
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new technologies with better performances. To sum up, they begin to become
real engineers during their early higher education.

The Chinese and French colleagues have also worked on the best way to use
the experimental activities to help the students in their future career. After
some pedagogical and cooperative work, they have decided to train the stu-
dents in having a global approach of complexity. The daily life of an engineer
is indeed concerned with the modeling of complex problems, which quite never
have trivial solutions. This is exactly what the students are being asked to
do: model a complex industrial system with a global approach (by beginning
with a global description of the problem and by making a zoom, if necessary,
on some details), give one possible solution based on rational choices, and be
able to justify this solution and to predict its validity limitation. Today, every
student performs all these steps on every industrial system in the industrial
science laboratory.

We hope that the reader of this book will be able to see that these pedagogi-
cal works have greatly influenced the redaction of its content. We have indeed
tried to present a synthesis of all our works and benefic discussions in this field.
One direct impact is the selected illustrations: they come from the devices that
are used in the industrial science laboratory of ECPk.

Of course, we remain at the disposal of anyone to present this laboratory and
explain how it is used in the engineers training.

Be one life a dream, and be this dream a reality thanks to industrial science.
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Chapter 1

Systems Study
In this chapter, we will first define what a system is, and then analyze the

characteristics and functions of systems.

1.1 General Definitions

1.1.1 Need

- A need is a necessity or a desire expressed by a customer. A need can
be explicit or implicit. '

A product is what will be provided to a customer to meet one of his
needs.

1.1.2 System

A system is a structured association of interrelated elements which
constitutes an entity and has one or many functions.

For instance:
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e the nervous system is a natural system in which the elements are organs
and tissues, and the interactions between these elements are performed
by means of electrical and chemical signals which allow communication
between the human brain and the different parts of the human body;

e the solar system is a natural system in which the elements are the Sun
and the planets of its planetary system, and the interactions between
these elements are caused by the gravitational force, which makes these
planets orbit the Sun;

e a system of equations is a modeling system in which the elements are
equations, and the interactions between these elements are caused by
the simultaneous presence of some variables in more than one equation;

e etc.

It is necessary to avoid the confusion between a system and a set. The
knowledge of all the elements or components of a set is sufficient to know the
whole set. However, the additional knowledge of the interactions which exist
between these elements is necessary to understand the functioning of a system.
For instance, a bicycle results from the structured association of two wheels,
a frame, a chain, a handlebar, and lots of other components, but the set of
all these components does not suffice to design a bicycle: interactions between
these components are necessary.

Systems are used in a given context, which is the environment in which the
system is used. This context can be defined by means of:

e the type of environment (marine, domestic, etc.);
e the application field (aeronautical, automotive, medical, etc.); and

e the type of customer (private, professional, young, old, etc.).

Technico-economical constraints can also be taken into account when studying
a system, amongst which:

e its lifetime;

e its cost;
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e the produced quantity (depending on whether the system is a unitary
system, or a system with a small, medium or high series production);

e its reliability (ability of a system to perform its required function under
stated conditions for a specific period of time); and

e its maintainability (ability of a system to be maintained in a state in
which it can perform its required function).

Systems can be divided into two categories:

e natural systems, which have not been created by mankind and exist
in Nature (e.g. the solar system, the nervous system, etc.); and

e artificial systems, which have been created by mankind to perform a
given function (e.g. a bicycle, a nuclear power plant, etc.).

The content of this book will exclusively be dedicated to artificial systems.
Amongst these, three types of artificial systems can be identified according to
how much human beings are implicated:

¢ non-mechanized systems (also called basic systems, or manual sys-
tems), for which all the energy is provided by the user who commands
the system: a bicycle is an example of non-mechanized system;

e mechanized systems, for which an external power supply allows the
user to perform tasks that his own capacities do not allow him to perform:
a motorcycle or an electrical drill are examples of mechanized systems;
and

e automated systems, for which tasks are performed in a relatively au-
tonomous way; such systems are driven and controlled by an external
structure, the energy is provided by an external power supply, and the
user has only a supervision function: a drink vending machine or a wash-
ing machine are examples of automated systems.

The remainder of this chapter, and this book as a whole, will focus on auto-
mated systems.
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1.1.3 Function

From the point of view of the user, a system is not a set of interrelated com-
ponents, but a services generator which aims at satisfying the user by meeting
his needs. For instance, a bicycle driver does not consider his bicycle as a set of
interrelated components, but as a mean of transport. He will hence be satisfied
if his bicycle:

e is cheap;

e allows him to move without too many efforts;
e can go fast without too many efforts;

e has a nice design (shape, colors, etc.);

e etc.

All these aspects characterize the global function of the system.

The global function of a system represents the original and main use
of the system. If the system does not perform the function for which
it was designed, there is no reason for it to exist.

— i

The work material is the part of the environment of the system which
is modified by the system. It can be a product (material), an energy,
and/or a piece of information which is modified by means of an added
value by the system.

The added value of a system is the difference between the final state
and the initial state of the work material which has been modified by

the system. This basically is what the system provides to the initial
work material.

f




