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Preface

In the past few decades, friction materials engineering has become more sophisticated
with many tests and techniques to investigate the properties of materials and their
counterparts before, during, and after friction has occurred. Many research techniques
are currently used in the field of material science, such as X-ray diffractometry, scan-
ning and transmission electron microscopies, infrared spectroscopy, just to give a few
examples. Moreover, the real scale dynamometric benches have become even more
complete, including static friction, inertia, noise, weather and climate simulations,
among others.

Nevertheless, although knowledge of friction materials structure and properties has
increased, surprisingly the design of formulas and processes is still a basic “trial and
error” development in many companies. Sometimes it is supported by experimental
design techniques coupled with an approximated knowledge of raw materials. This
situation is often due to the basic facilities and limited resources of the small and me-
dium size companies, while the larger ones often dedicate their resources to increase
their friction testing facilities (such as the number of dynamometric benches) in order
to increase their probability of success through the growth of the total number of tested
formulas. My scientific works, my background, and the many collaborations around
the world (especially in Mexico) that have enriched me led me to a wide knowledge
of the raw materials and compounds involved in the development of friction materials.
These are a constellation of polymers, inorganic fillers, ceramic compounds all held
together by a binder, usually phenol formaldehyde resin.

In spite of many books focused on testing and standards related to the automotive
industry and brake performances, very little information has been dedicated to the
raw materials. Moreover, what information exists commonly confuses the means with
the objectives, since many technicians feel more comfortable focusing their attention
on what they can control easily, such as test procedures, rather than taking the risk of
getting into the difficult world of raw materials.

However, finding the proper tests and measurement tools to select the most ade-
quate material to suit real needs is another topic that an expert in the field should deal
with in another book. In fact, it is noteworthy to remember that materials and products
are developed for actual end-users and not to fit test machines. For these reasons, the
goal of this book was to fill only one of these voids, specifically related to raw materi-
als, and offer the first extensive and succinct outlook on the several raw materials used
in formulations of friction materials as well as their main friction effects and material
structure. This volume allows the younger (less experienced) material engineer as well
as the elder (more experienced) practitioner to find the way to move through this wide
world. I am aware that this book is not all-encompassing, but the objective was to
include the most common raw materials and provide some elements for selecting new
ones, being aware of their cross-interactions due to tribochemical reactions.
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Friction materials: Friction for
brakes

Friction is one of the most common phenomena in nature; it is everywhere in our daily
lives without our even noticing it, since it is intimately part of almost everything we do
that involves movement or change. It is so common that many times we are not aware
that, without it, many aspects of our life would be very difficult, if not impossible.
The purpose of this short chapter is not to introduce the reader to the principles of
friction, but only to provide a different insight into friction, in order to look at friction,
friction materials, and brakes as part of a larger context. A frictionless world would be
that ideally depicted in the physics created by Galileo and Newton, characterized by
a movement without energy losses. However, the simple acts of holding a water glass
with our fingers or walking would be impossible without a friction force that balances
and opposes the force of gravity or the reaction force, respectively. Friction makes
many things both difficult and possible at the same time: for example, car movement,
which consumes energy to feed engines to overcome the friction of wheels against
the ground, but also needs the wheels' friction against the ground to make movement
possible.

Another important aspect to be mentioned is that friction is characterized by sys-
tems composed of many fundamental particles (atoms, molecules, crystals, etc.), such
as surfaces in sliding contact, gases, and liquids. Systems composed of many particles
imply interactions among them, and therefore imply irreversible processes—that is,
a net entropy increment in our world. These interactions can be attractive or repul-
sive, mechanical, and ultimately they generate forces. This kinetic energy dissipation
causes heat and produces wear, as well as many other forms of energy. The science
that studies friction between surfaces is called fribology and was founded as a new
discipline in the 1960s. The major concern at that time was to decrease the coefficient
of friction between sliding surfaces and consequently reduce wear in machines, espe-
cially those dedicated to manufacturing, so that energy consumption and parts replace-
ment could be improved. Another important topic is tribochemistry, which is a new
scientific branch dealing with chemical reactions activated by the work of friction.
Triboreactions exhibit rates much higher than those of thermally activated chemical
reactions.

There is only one technical device in which a high coefficient of friction is desired:
the brake. Since machine motion exists, the manner to decrease velocity and stop the
motion is a fundamental issue. The need for powerful brakes began when vehicle
speeds increased and became necessary to control them. Brakes fulfill this role by
transforming kinetic energy into other forms of energy, with heat being the most rele-
vant. This, then, also implies the task of dissipating that heat.

The basic concept of any brake is to dissipate kinetic energy, whether in a horse-
drawn carriage, a car, a train or an aircraft; this energy is dissipated through friction

Handbook of Friction Materials and their Applications. http:/dx.doi.org/10.1016/B978-0-08-100619-1.00001-8
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due to viscosity, such as in magnetorheological brakes, or friction between sliding
surfaces. The following equation of power dissipation can be considered the basic
equation for each type of brake, because it introduces the concept that an external
force is necessary and that is the origin of the force opposing motion:

%=W(X)FNV (1.1)
dr
where W, is work dissipated,  is time, w X ) is a coefficient of proportionality and X
the set of variables that affect w()? ) , vis the speed, F is the force component normal
to and between the interacting surfaces, which can be either electric, or magnetic,
incident pressure, or a combination of several forces. F can be formally considered
to be an attractive force between the two opposing surfaces. Controlling F,, means
to control the power dissipation and therefore the vehicle and machine speed. This
equation highlights the importance of instant dissipation since this determines many
surface effects, which depend upon the energy shots rather than on the total amount
of energy dissipated.

A more general equation than Equation (1.1) is the following, which relates the
friction force to the dissipated power:

W
5dtd = Fv (1.2)

In the case of dry friction w(f( ) is the coefficient of friction u, which is affected
by temperature, speed, and other variables (for an outlook on the friction law, see the
book Tribology by I.M. Hutchings [1]), so that y can be expressed in the following way:

u()?)=[5::")/FNv (1.3)

This equation expresses the dependence of the coefficient of friction on some of the
main variables that may affect it in vehicle brakes.

For example, consider an 80kW car moving at maximum power to be stopped
within 10m and 10s, and if we assume that the two front brakes are dissipating 100%
of the kinetic energy, and that each brake pad has an apparent area of 200cm?, and a
normal force of 10bars applied to the friction material, we obtain that the coefficient
of friction must be at least 0.4, which is considered a “magic number” in car brakes.

The power dissipated per unit area is another important aspect that we usually do
not think about, but the aforementioned pads dissipate 0.1kW cm at the maximum
power of operation. This is a significant power for a small area; a heavy truck brake
pad can dissipate 0.2-1.0kWcm™. These facts explain the reason for such a great
variety of brake sizes, types and brake lining areas, depending upon the particular
application, power, speeds, the vehicle momentum of inertia, and other variables.

For example, aircrafts need to dissipate a great quantity of energy in a small space,
so that the dissipated power in Equation (1.3) is very large and consequently so is the
amount of heat produced that must be disposed of.




