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ABSTRACT
The friction materials are used in a variety of applications such as brakes, clutches, etc.
These are sacrificial materials intended to provide necessary friction under all mild to
severe service conditions. The formulation of these materials which need to satisfy
number of performance properties is a multiple criteria optimization problem and hence it
is still treated as an art rather than science by the Industry.

Non-asbestos Organic (NAQO) resin based composites are most popular and
friction materials for today’s industry for automobiles and locomotives. It is basically
because of the ban on asbestos and ever increasing performance requirements in friction
materials for aggressive operating conditions.

NAO based composites consists of four classes of materials vii., organic résins as
binders, fibers as reinforcements, abrasives and lubricants as friction modifiers and inert
materials as volume fillers. In these composites, abrasives are added to boost the
coefficient of friction () to a desired level. These abrasives, however, impart fluctuations
in p. To accommodate this problem, solid lubricants (vii. graphite, MoS; etc,) are added
in adequate amount. Among thé solid lubricants, graphite is the most popular and widely
used in frictionv materials, ‘t'he amount being around 10-15 wt%. It smoothens the
fluctuations in p leading to stable p during frequent brakings. Interestingly, it has a dual
role. It not only moderates the p at lower temperature performing as a solid lubricant, it
also tries to boost the p at elevated temperatures when the friction material is used in
severe operating conditions and is vulnerable to temperature related problems causing
fade due to organic contents such as resin Aramid pulp, CNSL powder etc. Lubricity of
graphite is based on the adsorption of moisture. Elevated temperature leads to desorption.

of moisture and affects its lubricating efficiency. Thus as a matter of fact, it sometimes
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enhances the p in such situations, additional increase in p at elevated temperature
compensates for the fade in p due to high temperature. Moreover, graphite being very
good conductor of heat, helps heat dissipation at the interface efficiently leading to
minimizing the fading in p and deterioration of the binder. It also has added advantages
of very good compatibility with phenolic resins and other general ingredients, low cost
and easy availability. The literature, however, does not provide clear evidences on this
aspect and is silent over graphite related issues in friction materials.

A variety of graphites varying in its origin, purity, crystallinity, thermal
conductivity, size, shape etc. is available commercially and used in friction composites
based on available field experience rather than scientific information or support. Though
it is universally accepted fact that these variable features of graphite can affect
tribological properties of any composite, hardly any literature pertaining to this fact is
availablé .in case of _fricti.onv composites.

In this scenario it was extremely urgent and important to

o understand the role of graphites in controlling friction and wear performance

of composites and,

o generate the data and reasoning which would help the practitioners to select

;he right type of graphite for their formulaiions.

A] this background, this research work was focused to investigate the role ('>'f graphites
with varying origin (natu’fai-a‘nd synthetic), particle size and crystallinity on performance
properties of brake-materials in the form of brake-pads under three major testing modes
viz. 1oad-spéed sensitivity of friction coefficient, fade and recovery behavior and thermal

localization phenomenon on the disc.
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The proposed research work was accomplished by selecting fourteen graphites
with different properties (origin, size and crystallinity) and categorizing them into three
major series and sub series as follows.

Series 1: Differing in particle size keeping crystallinity and origin (natural) constant
Series 2: Differing in particle size keeping crystallinity and origin (synthetic) constant

Series 3: Differing in origin (natural and synthetic) keeping crystallinity and particle size

constant

To invéstigate and highlight the performance properties of these graphites, the
formulation was designed in such a maﬁner that all the ingredients of full scale friction
composites were kept identical in the type and amount except the type of graphite (10 wt.
%). In all, fourteen composites in the form of brake-pads and tensile specimens were
formulated and fabricated.

The developed composites were charaéterized for physical, thermal, and
mechanical properties. The brake-pads were evaluated on three types of testing modes.
First, on reduced scale proto type rig (RSP) to evaluate sensitivity of pu towards load and
speed. Second was a Krauss machine for fade and recovery behavior of the composites
basically intended to investigate sensitivity of p towards temperature. The third was
specially designed pin-on-disc tribo-meter for evaluating counter face friendliness in
more realistic and more severe conditions. In depth studies brought out the influences of
- variation. of each feature of graphite keeping other two constant on tribo-performance in
three major modes.

Natural graphite proved to be a better choice than the synthetic one in most of the
performance properties. It was concluded that the larger sized graphite particles rendered -

high performance p under mild operating conditions which showed sharp decline under
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severe conditions indicating unsuitability of larger sized particles. Very fine particles
also proved unsuitable since these could not lead to desired friction level for the brake-
material. These graphites, however, proved the best in terms of minimal tendency to
generate hot —spots on the disc. Over all, moderate sized particles (137 pum) proved best
performers in terms of sensitivity of p towards load, speed and temperature (Fade &
Recovery studies). These were superior from wear point of view also but not from hot-
spots generation point of view. The selection of friction material is a multi-criteria
decision problem and is handled based on weight-ages of the performance parameters.
Keeping this in view, natural graphite having average particle size in the range of 137 um
and crystallinity in the range of 80% can be recommended for developing brake- material

of required performance.
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