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Abstract.

During recent years both ride comfort expectations and vehicle refinement have increased such that
any brake vibration problems are quickly highlighted. Much emphasis has been placed on the
elimination of uneven disc wear and the reduction of un-sprung mass. Problems generally associated
with the use of cast iron as the brake rotor, including uneven wear, corrosion and distortion, have been
overcome using a thermally conducting coating. The thermally sprayed coating (HIPAC) is a composite
- of dispersed silicon carbide abrasives in a copper matrix. The coating has excellent thermal
conductivity and wear resistance with high energy absorption and heat dissipation. With careful
selection of friction material adequate levels of friction can be generated over a wide range of operating
temperatures. When applied to aluminium discs dramatic reductions in rotor mass can be achieved
without the interface melting problems generally associated with aluminium metal matrix discs.
However, problems may still be encountered with excessive bulk temperatures. As a result the coating
may find initial success when applied to cast iron discs.

It is widely accepted that the performance of automotive friction couples is influenced by the transfer
film or third body layer formed between the friction surfaces. Optical, scanning electron optical and
enargy dispersive X-ray techniques have been used to examine the frictional surfaces of the two
elements of the couple. Films on both cast iron and HIPAC coating have been examined extensively.
Evidence is presented which relates the friction characteristics to the distribution and chemistry of the

transfer film.
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1.0 Introduction.

As increasingly severe requirements are placed on the automotive brake system, intensive efforts have
continued to improve all contributing components. Presently the majority of braking systems are the
friction couple type utilising either a metallic disc or drum and a mating friction material.

With driving patterns changing, automobile development improving, and ‘feel' factors becoming an
important part of a successful braking system, previously unimportant problems have become much
more obvious. Uneven disc wear and the associated 'cold judder' phenomena has been the direct cause
of a high number of brake system replacements under warranty resulting in a massive unexpected
expense to the manufacturer. As would be expected in the light of this, the problem has seen

considerable attention.

During braking materials are transferred and back transferred between the two mating components.
The transferred material present on the contacting surfaces is known as the third body layer or more
commonly, the transfer film. This film forms the running surface between the friction couple such that
there is no contact between the original surfaces. Film analysis has been the subject of much recent
work which has indicated a clear connection between the nature and composition of the film and the
wear and frictional performance of the friction couple.

The purpose of this present section of work is to study in detail how variations in the friction material
composition effect the tribological performance of the couple and the nature of the transfer film. The
film on both sides of the couple will be analysed with variables such as thickness, distribution and
elemental content considered. It is hoped that the analysis of the films will further the understanding of
the mechanisms occurring at the friction interface and aid in the reduction of judder problems.

The initial analysis concerns cast iron discs, presently the most common disc material, and friction
materials consisting of standard lining components. Recently a very low wearing copper coating has
been introduced by Plasma Coatings Ltd. Applied to cast iron discs this may provide a possible solution
to brake judder as well as common disc corrosion problems. Additionally when applied to aluminium
discs a drastic reduction in the un-sprung mass of the vehicle can be achieved resulting in superior ride
comfort. Although in terms of manufacture and performance the coating is largely developed, there is
still little known about the surface mechanisms occurring during braking. It is intended to conduct a
test and analysis schedule similar to that performed with cast iron discs in order to aid in the
development of a suitable friction lining for this coating.



1.1 Programme of Research.

In an automotive brake system frictional forces are generated between two surfaces, the friction
material and the disc or drum. Previous work has shown that the friction coefficient, fade and wear
characteristics of the friction couple are extremely dependant on the transfer film chemistry. The
nature of the film, which is essentially a complex oxide, is dependant on the composition of both disc
and friction material as well as the severity of the braking application. The project aims to investigate
how the friction characteristics of a particular couple are controlled by the transfer film and how
improvements can be made to braking performance by changing the constituents of the friction

material.

The initial section of work will involve subjecting a cast iron disc to different formulations of friction
material in similar braking situations in order to gain an insight into how various lining components
effect performance and film composition. Drum brakes will be neglected from this study as the front
discs tend to perform the majority of the braking action and it is within the disc brake unit that judder
_problems generally arise. The friction materials used will be experimental compositions mixed and
\ donated by B.B.A. Friction Ltd. All testing is to be conducted on a laboratory based F.A.S.T. Machine,
also donated by B.B.A. Friction Ltd.

The second section of work concerns the development of a lining material suitable for coupling with
copper coated friction discs. Werking closely with Plasma Coatings Ltd., an intensive testing and
development regime has been implemented utilising both university and industry based facilities.
Friction test results and surface analysis form part of a continuing loop of lining alteration with the aim
of producing the optimum material for the required braking parameters.
Friction testing has been conducted by both leading automobile and friction material manufacturers
using a range of equipment including dynamometers and actual on-vehicle testing, Investigation of the
same lining materials on the university based F.A.S.T. machine ran in conjunction with the industry
testing, Following completed tests the couple surfaces were analysed by both optical and electron
* microscopical techniques in an attempt to explain how the nature and composition of the transferred
film effects friction performance.
The majority of the friction testing used only a small selection of lining materials chosen for their
suitability for coupling with the coating, These were donated by both B.B.A. Friction Ltd. and Ferodo
Ltd.































































































































































































































































































































































































































































































































































































































































