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1. Introduction

A friction brake of any design is basically a pair of friction elements.
One of them. the metallic drum or disc usuallv rotates and the other, the
brake lining is unmovable. The whole concept of breaking — as generally
known — relies on the use of friction to convert kinetic energy to heat. which
is ultimately dissipated to the atmosphere. The bhrakes not only must develop
the force required to slow. stop. or hold the vehicle and convert to heat and
dissipate the kinetic energy of the vehicle, but they are required to accomplish
this by means readily controllable by the operator. to have a long and econo-
mical life, and to achieve the highest degree of safetv. Thus the brake lining
must be compound so as to obtain quietness and smoothness of engagement,
to minimize heat and water fade. and to minimize drum wear relative to its
own wear.

2. Tribological properties of brake linings
2.1 Materials used for brake linings

Friction linings used in vehicle industry may be divided into three
main groups: solid woven ashestos; sintered metals; and rigid moulded
ashestos.

— Solid woven ashestos friction linings mayv be produced in two forms:
metallic and non-metallic. The metallic woven linings may include zinc
and brass wires. The metallic wires reduce the coefficient of friction and
result a better antifade properties and wear resistance. Non-metallic
woven linings contain synthetic resins as impregnant. This type elimi-
nates drum scoring and has a great resistance to wear.

— Sintered metal linings are produced by hot pressing and partial fusion
of mixtures of fine powdered metals. The most common ingredients are
copper. iron, tin, lead, graphite and silica. These linings have coeffi-
cient of friction of 0.35 dry and 0.06 to 0.1 when immersed in oil. They
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are normally available in disc form. This type is usually used for heavy-
duty vehicles.

— Moulded asbestos linings are produced by heating under pressure a
mixture of ashestos fibres, organie resin, fillers and modifiers. The coeffi-
cient of friction of this type ranges from 0.4 to 0.1. This type has good
antifade and wear properties up to 300 to 450 °C. It is the most com-
monly used type for vehicles. For this reason it has been chosen to study
the tribological properties; fade phenomena and wear resistance con-
nected with this tvpe of brake linings.

2.2 Wear of brake linings

Lining or drum wear life usually is referred to a number of brake stops
or kilometers, Wear phenomena of brake linings reflect mechanisms and charac-
teristies of hoth metal-metal and metal-elastomer contacts. Brake linings
wear by one or a combination of the following mechanisms: thermal wear.
adhesion wear, abrasive wear, macro-shear wear and fatigue wear [1. 2, 3].

— Thermal wear is the material loss caused by frictional heat generated
at the interface of lining and metallic drum. It deserves special attention
because it encompasses a group of phvsical and chemical reactions. These
reactions include: pyrolysis, or thermal decomposition. oxidation. explosion.
melting, and evaporation.

— Abrasive wear is caused bv the gouging or ploughing action of the
surface asperities or hard particles caught between the two sliding surfaces.

— Adhesion and tearing wear involves the adhesion and tearing of
organic or inorganic constituents in the frictivn material to the metallic drum
of dise.

— Maecro-shear wear is a relatively sudden failure of a friction material
which has been previously weakened by heat. and it is most likely to occur
at elevated temperatures and under severe hraking conditions.

— Fatigue wear occurs in two forms. namely thermal and mechanieal
fatigue: Thermal fatigue is caused by repeated heating and cooling, which
induce cvelic stresses in the surface and steep thermal gradients. A special
case of thermal fatigue iz called thermal shock eracking: secwrring as a result
of a single abusive braking. Mechanical fatigue is caused by repeated mecha-

nical stressing of the lining material.

2.3 Fading phenomena in brakes

Probably the most common term applied to brake linings with respeet
to the response of their coefficient of friction to temperature is “fade”. Fade
means a drop-off or decrease in friction coefficient with an increase of tem-
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perature. This loss of effectiveness due to heat is partly connected with che-
mical aspects and partly with mechanical changes.

In many cases there is an actual increase in the coefficient of friction.
Bevond this, the coefficient of friction begins to drop with increase in tempe-
rature. A gradual drop-off in friction is important and desirable. since it acts
as a fuse in the brake system. Obviously, one that has a very rapid fade i.e.
a rapid dropp-off in coefficient of friction offers no gradual warning. This can

create an unexpected condition. Very rapid fade mav be catastrophic. espe-
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Fig. 1. Friction voefficient of various types of friction materials as a function
of temperature after [7]

cially if it occurs at a relatively low temperature. Fig. 1. The ideal friction
material with the best performance would not fade at all but would maintain
a uniform friction coefficient at all operating temperatures. It can also be
mentioned that the ideal friction material should fade gradually. It may bhe
concluded that the best serviee brake should maintain a constant friction level
up to fairly high temperatures and then fade gradually. Newcomb [4] studied
theoretically and experimentally the temperature rise due to frictional heating
during braking. Kragelsky [5] describes the mechanism for brake fading on
the basis of the decomposition of the resin in the friction lining at high tem-
peratures.

Georgievs ;ch [6] investigated the effect of different factors on the frie-
tion of the resin-hased friction linings. According to his investigations, thermal
decomposition of the resin produces liquefied products above 300°C and
gaseous products above 400 °C. The liquefied products ereate conditions of
boundary or semifluid friction and the gaseous products act as an elastic gas
cushion which decreases the frietion.

Generally speaking. fade may be due to the liquefied products. gas prod-
ucts, low-friction solid products or a combination of the three.
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3. Problems of the selection of brake linings

The brake linings” wear mechanizm and fade proper s are known to
be controlled. among others. by the lining structure and tribo.ogical properties,
The structure properties inciude both volume and surface properties. The
volume promérries are: thermal conductivity, tensile strength. inipact strength,
hardness ete. The surface properties include roughness. surface energy. che-

mical aeti\'zz}' ete. These properties are determined by the chemical eompeo-

tructure and the manufacturing processes of the lining.

A soasto have suitable mecha-

Thus. the friction lining has to be selec

nical. physical. chemical and funetional properties ie. certain swrface and

xohum properties: the chemical compositien is one of the most important

bevond the tribological and the structural properties of

lining: the price and the a\'udabi ty are lmportant questions. Therefore the

selection of the brake Iining involves a series of mechanical. phyvsical, chemical,
functional tests and ecenomical examinations.

There exist several methods for characterizing the lining materials hence
helping the suitable selection of friction linings. The resinography test was
developed for characterizing virgin friction linings in general. Resinography
for brake linings is analogous to metallography for metals. It is a procedur
for preparing zelected surfaces of lining for examination under the mieroscope
and for making photographs when desired for record.

Resinography tests may be used for showing the effectivness of mixing,
struetural flaws, missing components. as well as the surface structure. In the
last time many researchers used the SEM scanning elecironmicroscope for the
investigation of structural changes of brake lining surface. The wear mecha-
nism. the worn out surfaces. and the wear debris are easv to study by the
SEM technigue.

The thermal properties as well as the chemical reactions that takes place
on the surfaces of the brake linings is studied by using thermogravimetric
analysis TGA, differential thermal analysis DTA and pyrolysis gas chromato-
graphy PGC.

In the tlwi‘mograrimetric analysis TGA. a test sample is weighed con-
tinuouslyv while being heated at a uniform rate and weight is plotted as a
function of temperature. Changes in the slope of the curve indicate that some
new reaction is occurring.

In the differential thermal analysis DTA, a test sample is heated at a
uniform rate along with a sample of some inert material such as alumina.
Thermocouples are in contact with each sample and connected in opposition.
When the test sample reaches a temperature at which some reaction occurs,
the heat of reaction causes the temperature of the test sample to differ from
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that of the inert material. The difference AT is plotted vs. temperature. Peaks
and valleys in the curve indicate that reactions are occurring. If they do not
correspond to a change in slope at the temperature in the TGA curve, a solid-
state reaction or a phase change such as melting is involved.

The pyrolysis gus chromatographv. PGC. involves the 1)\-1'01'\*51: of a sample
of a few, 5 to 10 mgs followed by the instrumental separation and the sensing
of products of decomposition. The products of decomposition may he used

to characterize the tilgdﬁl(‘» nature of the ()Tg'"."dHC constituent in the friction

linings.

Xe-rav iechniques mav be X-ray w{iiographv or XN-rav diffraction
The Xerav radiography show limits of acceptabilitv {or purticle size, 1»’1111C1
distribution. normal internal struciure. missing components, abnermally high

LN

or low levels oi components normally present. effectiveness
flas
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Yot
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structural flaws
The X-rav dz; raction is used to study thermal decomposition and other

reactions of such crystalline solids as ashestos by identifving the crys

structure,

Function iests mayv be either continuous operation tests i.e. constant
input and constant output tests: or inertia tests l.e. constant input and variable
output tests. They are intended to measure the actual properties of interest
in brake linings: the coefficient of friction, fade temperature and wear rate.

Spencer et al. [7] developed the resinographs test te characterize the
virgin friction linings.

Gatrel and Schreiber [8] described various methods for studying che-
mical changes at brake wear surfaces but provided no specific examples.

Jacke and Ducharme [9] demonstrated that the thermogravimetric

analysis TGA of friction lining surfaces was adequate for demonstrating simila-
rities or differences hetween similar materials.

M. J. Jacko [10] studied extensively the physical and chemical proper-
ties of the char layer for a commercial type of brake linings using optical
microscopy, X-ray techniques and inertia brake dynamometer.

D. M. Rowson [11] showed that the characteristic chrysotile ashestos
fibre was almost absent from the wear debris of hrake linings using SEM,
TGA. DTA, and X-ray diffraction.

K. Tanaka et al. [12] investigated the effects of various factors on brake
friction using the inertia brake dynamometer under arbitrary working con-
ditions.

L. S. Bark. D. Moran and S. J. Percival [13] studied the inorganic and
organic changes of two friction materials by the application of various analv-
tical techniques

In our experimental work for \tudwnf' different properties of brake

linings and for the elaboration of selection methods we used: SEM, X-ray
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diffraction for surface examination, TGA, DTA and PGC for thermal analysis
and ccr “inuous and inertia dynamometers for functional properties.

4. Experimental

For studying the tribological and tunctional properties of brake linings
we used a systematic and integrated set of tests. The effect of chemical com-
position has heen studied on the physical, chemical, mechanical and functional

properties of moulded ashestos brake linings,

1.1 Tested material

-

Eleven brake samples. described in Table I, with different chemiecal
compositions were examined. The formulation of each sample consists of
ashestos, organic resin as a binder and inorganic friction modifier (barium

ulphate).

th

Table 1

Composition of samples

Asbestos content Resin Modifier

7, by wol. “%
0— 1 30 20 0
0— 2 65 35 I 0
0— 3 30 50 i 0
0— 4 10 90 0
0— 3 75 15 10
0— 6 30 40 10
0— 7 60 25 15
0— 3 65 15 20
0— 9 50 25 25
0—10 10 16 50
011 20 10 7

The samples measured 12012010 mm. They were produced under
pressure of 2000 N/em? and at a temperature of 150 °C. They have been cured
at 180 °C in electric furnace for 10 hours.

4.2 Test methods

4.2.1 Structure examination

3canning electron microscopy SEM and X-ray diffraction were found
to be good techniques to examine the surface and to study the chemical
reactions and topographical changes that take place on the rubbing surfaces.
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TGA

i

Fig. 2. TGA and DTA curves for virgin sample 0—4

For SEM. samples were evaporated w. g gold to cover wne surface
with a layer of good electrical conductivity.
The X-ray diffraction suits to detect the vaciations in the crystalline

structure of some components such as baryte, asbestos, iron, olivin ete.

4.2.2 Thermal analysis

Thermogravimetric analvsis TGA, differential thermal analysis DTA
and pyrolysis gas chromatography PGC were used.

For TGA and DTA a sample weighing 500 mg is heated gradually from
room temperature to 600 °C at a heating rate of 3 “C/min. The TGA and DTA
cnermograms are recorded on a photographic chart.

In PGC, a test sample of 510 mg undergoes pyrolysis and the products
of decomposition are recorded and identified. The product data may be
tabulated or recorded.
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4.2.3 Functional properties

Two test machines were used for the investigation of the functional
properties of the prepared samples. One is a continuous testing machine and
the other is the seale brake dynamometer.

Fig. 3. Continuous testing machine used for testing functional properties

In the continuous testing machine. Fig. 3. the samples are conditioned
for 15 minutes at a speed of 8.87 m/sec and a pressure of 80 N em®: The disc
surface is then rubbed with an emery eloth and cleaned with aceton to have a
clean fresh surface. The sample is then rubbed against the disc surface and g — T
charts ave established. Fade temperature and wear rate are also determined.

For the scale brake dvnamometer a tapped program for scaled drum
brake of saloon-caris used. The n — T charts. fade temperature and dynamom-

eter comulative wear mav be determined.

5. Resulis and discussion

5.1 Structure examination

[}

The surfaces of virgin and tested samples were examined using SEN
(Figs 4. 3). According to the photographs the leading mechanisms of wear
are abrasion, adhesion, and thermal wear.
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Ploughing and shearing of irregularities on the surface may be observed
(Fig. 5). The adhesion of the asbestos to the metal surface of the disc is also
observed in the same figure.

During severe braking conditions, pyvrolvsis thermal decomposition,
oxidation. melting. evaporation. sublimation and explosive reactions may

aeeur,

Fig. 6. SEM photograph for tested sample (3000<).

Due to the conversion of the solid organic constituents into gases under
the surface at high temperatures, explosion and rupture of the surface may
oceur. This explosive wear is shown in Fig. 6.

From the diffractograms of both virgin and tested samples (Fig. 7),
the ashestos was observed to change from chrvsotile type to olivin one. Also
iron partiecles were identified, indicating that the iron particles are transferred
from the disc and embedded in the lining surface.

5.2 Thermal properties

The chemical reactions taking place on the surface of brake linings
have been studied by thermogravimetric analvsis, TGA. and differential
thermal analvsis DTA.
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The degradation of the phenolic resin. used as a binder in the formulation,
results in energy and weight changes. Fig. 2 shows the TGA and DTA curves
for virgin sample 0 -5 — as characteristic — when uniformly heated from
room temperature to 600 ~C. A 129 weight loss is observed. due to the degra-
dation of the organic constituent. The ashestos and barium sulphate did not

show any weight loss when heated under the same conditions.

The TGA curve of functionally tested sample 0—5 showed only 79, of
weight loss. According to our opinion, this difference of losses is due to the
resistance of resin to degradation. This organic retention was previously
observed [14].

The changes of the organic constituent have been studied in functional
tests using the PGC. The pyrolysis products of the virgin and tested samples
have been compiled in Table 2.

Table 2

Pyrolvsis products of virgin and tested sample

Sample Fragment peak

Non-Phenolic Phenolic 9
Ne. weight mg e S
Total L phe M AM— 2--5DM 24DM 2—4,6THM
0—11 5.1 870 27 56 8.2 3.8 1.0 2.0 —
*0—11 5.0 $00 100 — — — — — _

"0—11 virgin sample.
#)—11 tested sample.

The simple organic compounds which remain after testing are seen
in Table 2 to have some stable structure. The absence of phenolic compounds
indicate the absence of oxygen.

5.3 Functional properties

Results of scale brake dvnamometer and continuous testing machine
lead to the following conclusions:

The friction at each temperature is seen in Fig. 8 to depend on the
asbestos content. In case ¢f sample 0—4 where the ashestos content is very
low (109%) no variation in the coefficient of friction may be observed. This
means that the ashestos plavs an important role in the friction mechanism.
The coefficient of friction decreases with the increase of asbestos content up
to a certain value. It increases over a range of contents of 40 to 609, Fig. 9.

The wear increases with the asbestos content (Fig. 10). For the samples

having 3 components (ashestos, resin. and modifier), with high modifier
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contents the wear decreases rapidly as the asbestos content increases but
assumes a more gradual slope above 509, asbestos content (Fig. 11).

Fig. 11. Relationship between dvnamometer cumulative wear Wand asbestos content ratio 8

For resin-ashestos samples with more than 50% asbestos no fade has
been observed. For low ashestos content. very low fade temperatures have
been observed. For the 3 component samples the increase of modifier deereases
the fade temperature.

Summary

This paper has been dealt with the tribological properties and the problems of selecting
moulded asbestos brake linings. On the ground of literature survey. the paper analyses the
wear and fading phenomena and the methods of investigating these properties. After this the
effect of the chemical composition was examined and measurements showed the asbestos
to play an important role in wear fade phenomena. The effect of the medifier is also examined.
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