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RINGKASAN : Dalam kertas ini pandangan keatas bahan geseran bagi brek 
dibentangkan. Bahan geseran digunakan dalam komponen seperti permukaan klut, 
brek pad dan lapisan brek di mana elemen kawalan tahap geseran diperlukan. Mereka 
mesti mempunyai sifat-sifat yang ketat berbanding lain-lain komponen geseran, dari 
itu sifat-sifat utamanya perlu dibincangkan. Resipi untuk bahan geseran termasuklah 
serat, pengisi, pengikat, pelaras geseran dan pelincir. Kertas ini memberi contoh 
resipi dan gariskasar tugasnya. Penerangan pendek tentang formulasi bahan juga 
dibincangkan. lni termasuk bahan-bahan geseran berasaskan asbestos, organan 
bukan-asbestos, separuh metalik, bermatriks metalik, dan berasaskan karban. 
Formulasi bahan adalah berlainan bagi model brek yang berbeza. Penerangan am 
proses pengeluaran adalah dikemukakan. lni termasuk pencampuran bahan-bahan 
mentah, pra-pembentukan, pemampatan pada suhu tinggi, rawatan dan kerja-kerja 
penyiapan. Bahan geseran adalah komponen kritikal, maka ujian-ujian pemastian 
sifat-sifat dan keupayaannya adalah sangat mustahak. Beberapa jenis ujian sebelum 
kelulusan terakhir adalah dikemukakan dan tujuan setiapnya dibincangkan. 

ABSTRACT : In this paper, an overview on the friction materials fo(brakes is 
presented. Friction materials are used in components such as clutch facings, brake 
pads and linings in which elements of a controlled friction level are necessary. They 
have more stringent requirements than almost any other sliding components, therefore 
their important functional properties are discussed. Ingredients for the friction materials 
include fibres, fillers, binder, friction modifiers and lubricants. This paper gives an 
example of the ingredients and the outline of their roles. Short descriptions on material 
formulations are also discussed. These include asbestos-based, non-asbestos 
organic, semi-metallic, metallic matrix, and carbon-based friction materials. Different 
material formulations are used in different models of brakes. A general description of 
the production process is presented. It includes raw material blending, pre-forming, 
hot-pressing, curing and finishing. Friction materials are among the most critical 
components and therefore testing to determine their properties and performance is 
of great importance. The types of tests before final approval are described and the 
purpose of each is discussed. 
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INTRODUCTION 

Modern friction materials (Carter, 1950; Kwolek, 1976; Kuse et al, 1995) are used in devices 

(components) such as clutch facings, brake pads and linings (Figure 1) in which elements of 

a controlled friction (Curnier, 1984) level are necessary. Usually the friction material converts 

kinetic energy into heat, which, in turn, must be dissipated so that the friction device does not 

overheat. 

Any brake system must be able to slow or stop the vehicle when in motion and it must be able 

to hold the vehicle in position when stopped on a slope. For example, in the automotive brake, 

the force input by the driver is multiplied by the actuation system and enables the energy of 

the vehicle's motion to be transferred to the brake drums or rotors when friction converts it into 

heat energy and stops the vehicles. 

In the past decade, friction materials (Shibata et al, 1993) were made from asbestos because 

of its heat absorbing properties and quiet operation. Asbestos is a mineral composed of a 

mixture of silicates, mainly magnesium and iron silicates. The property of asbestos that makes 

it attractive for use in friction material industry is its fibrous nature, which combines strength 

and flexibility with resistance to heat and chemical,. However, friction materials composition 

changed dramatically when its main composition, asbestos, was found to be carcinogenic 

(Pye, 1979). Nowadays, the use of non-asbestos friction materials is increasing. 

Exposure to asbestos dust occurs particularly during dusty operations such as the opening of 

bags of asbestos, or where handling, cutting, grinding, and drilling are performed upon materials 

containing asbestos. The major diseases resulting in the long term from asbestos exposure 

are asbestosis, lung cancer and mesothelioma (Pye, 1979). 

This paper addresses all friction materials that operate using dry type. Wet type friction materials 

(Lloyd and Di Pino, 1981 ), that is, those that are oil immersed, are beyond the scope of this 

discussion. 

CHARACTERISTICS REQUIRED FOR FRICTION MATERIALS 

Friction materials have more stringent requirements than almost any other sliding component. 

While absorbing far more energy and working over a wide range of operational conditions, the 

materials are expected to have some important functional properties. 
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Figure 1. (a) Linings, (b) brake pads, and (c) clutch facings 

Friction Coefficient 

The friction coefficient ( µ ), an index of shearing force of contacting parts, determines the 
degree of performance of the friction material. The required level of the coefficient of friction 
(Burwell and Rabinowicz, 1953; Rhee, 1975) depends on the operating conditions and the 
end use of the products. In developing the material, the fade phenomenon, in which the friction 
coefficient becomes smaller as the temperature rises, is well known. Recovery is the rate at 
which the material returns to its original friction level after having been exposed to a fade 
condition. Recovery is typed as normal recovery, slow recovery or over recovery. Most desired 
is normal recovery in that it will return to its pre-fade friction level with very little temperature 
reduction. A formulation that delivers consistent, predictable friction is the most important 
need in a friction material. 
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According to SAE J-998 standard, no brake lining shall be approved which : 

(i) has a normal coefficient of friction below 0.25, 

(ii) has a hot coefficient of friction below 0.15, 

(iii) exhibits more than a 20% variation of coefficient of friction below the average values of 

friction tests performed according to SAE J 661a test procedure. 

Despite the many differences, some generalisations can be made about the friction coefficient 

of each type of friction material : 

(i) Non-asbestos organic : 

European type : around 0.45 to 0.55 

USA and Japanese type : around 0.35 to 0.40 

(ii) Semi-metallic : around 0.35 to 0.40 

(iii) Sintered metallic : around 0.25 to 0.35 

Wear Rate 

The best friction materials will have minimum wear at low to normal operating temperatures 

and only a modest increase in wear rate at elevated operating temperatures. Friction materials 

must also not cause excessive wear, scoring, or grooving on the mating disc or drum. 

Although wear is almost exclusively considered from an economic standpoint, it is closely 

associated with the safety and efficiency of the braking operation. An inferior lining may wear 

rapidly, creating excessive dust in the drum and resulting in sensitive or erratic braking as well 

as drum scoring. 

A quality friction material is consistent in wear characteristics from one piece to another 

regardless of the age of the material. Such consistent characteristics promote better 

brake balance. 

Mechanical Properties 

Friction materials must have an adequate compressive, shear and rupture strength under all 

operational levels of stress and temperature. Furthermore, they must resist structural damage 

from fracture and thermal fatigue associated with the cyclic stress and temperature conditions 

usually encountered in brake applications. 

During in service, friction materials are always exposed to high temperature (Jacko et al, 

1969) and maybe to water, mud or salt water. Therefore, the materials are required to be 

strong and durable enough to bear braking torque even in such severe environment. 
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Noise and Judder 

While braking, abnormal noises (Basford and Twiss, 1958; Earles and Soar, 1974; North, 
1976; Millner, 1978; Tarter, 1983; Lewis and Shah, 1987; Rhee et al, 1989; Lang and 
Newcomb, 1995) usually called brake noise (squeal, squeak, groan etc.) (Papinni et al, 2002) 
and abnormal vibrations called brake judder such as brake pedal vibration and body vibration 
occur in some cases. Squeal can be related to the coefficient of friction between the disc and 
pad. The higher the coefficient of friction is the higher the tendency to squeal. Groan is a low 
frequency noise, generated at low speed with light brake applications. Noise-free operation 
is desired and can be achieved if the source and the cure are both found. 

Various anti vibration clips or springs are used to reduce or eliminate vibration noises. Some 
lining materials have better damping of vibrations before exciting the system into audible 
moans, squeaks or squeals. Some have special shims (also known as noise insulators) 
between the pad and the caliper to damp vibrations. Alternatively, a flexible bond (constrained 
layer damping) is created that affects the natural frequency of the pad and damps the tendency 
for vibration. 

Thermal Properties 

One of the main requirements of a friction material is that it should be capable of absorbing 
the maximum amount of energy, dissipated by the rubbing process, without ur'."lergoing 
appreciable thermal damage. Consideration must therefore be given to such factors as 
inflammability, softening or melting, thermal shock resistance, thermal stability and possible 
changes in physical structure. Swell and growth are the parameters which measure the 
stability characteristics of a friction material (SAE J-160). 

If the pad has a large thermal conductivity (Newcomb and Spurr, 1973), the heat caused by 
braking is conducted from the caliper to the brake fluid. As a result, the temperature of the 
brake fluid rises, thus leading to the vapour lock phenomenon in the worst case. 

Thermophysical Heterogeneity 

A desirable quality of any brake lining/pad is thermophysical heterogeneity (Anderson, 1980). 
For simplicity, the lining/pad thermal and/or physical properties should not be uniform, at 
least on the microscale. Under the action of friction forces, contacting asperities will experience 
a temperature rise, which will cause thermal expansion. This expansion from one asperity 
contact could result in a locally greater pressure, producing more friction work which gives 
rise to even greater expansion. The effect on the contacting points will, therefore, be self
intensifying until a few contact sites would support the entire load. Under these conditions, 
the brake materials using organic binders would be degraded thermally, producing rapid 
wear. Homogeneous metallic materials, in some cases, may experience local surface melting 
with low resultant wear rate and low friction. Consequently, most friction materials are 
intentionally formulated to be heterogeneous. 
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Energy Absorption Capability 

The speeds and the weight to be braked determine the level of the kinetic energy to be dissipated 

in the braking process. In field tests, it is often observed that high friction rated materials fail to 

stop heavy-duty vehicles, such as trucks, although they performed adequately on the 

dynamometer tests. Consequently, it is very important that the friction materials should exhibit 

high-energy absorption under heavy-duty conditions. This criterion is usually expressed as a 

kinetic energy that a friction material can absorb per unit area of the lining or pad (J/mm2). 

Other Properties 

Other properties, which are usually required of friction materials includes : 

minimum sensitivity to moisture or oil 

capability of being formulated with consistency at reasonable cost and ease of manufacture 

conformability, where the contact spots are expected to be distributed evenly throughout 

the nominal contact area 

INGREDIENTS OF FRICTION MATERIALS AND THEIR ROLES 

Friction materials derive their properties from fibres (Friley et al, 1992), fillers, binders, friction 

modifiers, and lubricant ingredients. The type and the amount of each ingredient in the friction 

material have been determined mostly on the basis of empirical observations. 

Fibre 

The fibre weaves through the matrix and overlaps on itself to provide the necessary rigidity, 

strength and integrity to the brake lining. Typical examples are asbestos, steel wool, and 

aramid fibre. Previously chrysotile asbestos is widely used as a major (30 to 70%) reinforcing 

fibre in organic linings. As the design operating temperature of resin-asbestos linings is 

increased, the amount of asbestos must be reduced, that is because asbestos undergoes a 

dehydroxylation around 65°C which renders it weakened and brittle, and this will adversely 

affect lining life. 

Filler 

Fillers are added to extend the brake lining, occupy space, and minimise cost (Watson and 

Millsap, 1999). Barytes (natural barium sulphate) and zircosil flour (sand stone) when used as 

fillers increase strength and friction (Spurr, 1972) by reducing the space available for the 

binder. Calcium floride and hard metal oxides are also used to improve the wear resistance 

and coefficient of friction at high temperatures (Joshi , 1980; Washabaugh, 1986). 
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Binder 

Among many ingredients currently available for friction materials, the binder plays a crucial 
role in determining the friction characteristics and is often blamed for various brake-induced 
problems. The binder is the material that holds the brake lining together. 

Phenol-formaldehydes are the most common binders for friction materials. It is used because 
of its high thermal resistance, favourable formability, and reasonable price. The resin can be 
a cresol-type of phenolic, a novalac, or even a modified version of the cashew nut oil type. 

Friction Modifier 

The most diverse type of material in brake linings is the friction modifiers. These include 
elastomers added to improve mechanical properties and wear characteristics, phenolic friction 
particles, curing agent for the phenolic resins, and other additives to raise or lower friction 
levels. Metal chips such as brass, zinc or copper, are added to control abrasive properties and 
also to maintain cleanliness on the brake rotor or drum. 

Lubricants 

Lubricants in friction materials produce uniform slippage on the friction track and help to keep 
operating temperatures below the melting point of the metallic counter-surface. Graphites 
(Spurr, 1972), carbon blacks, low-melting metals (such as powdered lead, brass chips, and 
aluminium powders), low melting metallic compounds such as iron pyrite, and high melting 
point waxes are used as lubricants. Lubricants are also added to assist in part removal from 
the moulds during production. 

DESCRIPTION OF MATERIAL FORMULATION 

Selection of ingredient materials (Jacko et al, 1984; Drava et al, 1996) is the difficult task for 
formulating a friction compound. Friction materials are made from mixtures of several ingredients 
that are blended together in precise ratios and moulded under controlled heat and pressure. 
Exact formulations are rarely disclosed because they are considered a proprietary secret. 

Table 1 is an example of common raw materials used in brake pad formulation. As many as 
ten items are selected for a specific formulation to try to get the best balance of uniform friction 
and wear throughout the service life of the friction material. It is possible to identify five categories 
(Filip et al, 1997) of friction materials available today. These categories are asbestos-based, 
resin bonded organic (non-asbestos organic), semi-metallic, metallic matrix, and resin bonded 
graphite (carbon-based). 
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Table 1 : Raw materials used for brake pads 

Materials Function . 

Resin Phenolic, Epoxy etc. Binder 

Fibre Asbestos, Steel, Aramid etc. Friction material reinforcement 

Metal Powder Cu, Cu-Zn, Fe, Al, Zn, etc. Increase friction coefficient 

Solid Lubricant Graphite, MoS2, Mica, etc. Prevent micro stick to the rotor 

Abrasive AI.O,, SiO •• MgO, Fe,o. etc. Cleaning surface of rotor 

Organic Filler Cashew Dust, Rubber, etc. Reduce wear at low temperature 

Inorganic Filler BaS04, CaC03, Ca(OH)2, etc Reduce wear at high temperature 

Asbestos-Based 

It is a composite of one or more binder resins, chrysotile asbestos fibre (Loken, 1981 ), and a 
blend of additives, and may be tailored for use due to its high coefficient of friction and high
energy ability. Low tolerance of abuse requires very conservative design when used in brakes 
and industrial applications. 

Resin Bonded Organic {Non-Asbestos Organic) 

A mixture of non-asbestos organic fibres, friction modifiers, fillers and resins are moulded 
into a net shape and cured to obtain strength and frictional characteristics. It is used 
primarily dry with good engagement characteristics, but has lower abuse tolerance than 
metal matrix materials. 

Semi-Metallic 

As expected the softer materials provide better friction but wear more quickly. The harder 
organic and the man-made materials improve service life. Semi-metallic (Dong et al, 2000) 
are a mixture of chopped, powdered or sintered metal bound together with phenolic resin, 
friction modifiers and other filler materials. The metal is there mostly to aid in improved strength 
and heat transfer. Generally the harder metals like iron and steel are used for higher temperature 
applications. Semi-metallic (Aldrich, 1972) is a compromise between organic and sintered 
metallic matrix types. 

Metallic Matrix 

Metal friction, metal against metal, can produce almost ideal braking. A combination of different 
metal powders is the key to the successful sintered metallic matrix. Metallic matrix formulations 
are a mixture of metal powders (iron or copper), fillers, graphite, and alloying metals such as 

zinc or tin. They are made by heating the ingredients, under pressure, at temperatures below 
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the melting points of the metals until the particles coalesce and form a dense heterogeneous 
solid. Sintered metallic formulations are generally poor in toughness and strength properties. 
However, they have outstanding thermal stability (Kang, 1993) and exceptional thermal rupture 
resistance, which permits high input power densities. 

Metallic-matrix (Batchelor and Carey, 1954) friction materials have two main disadvantages -
they are about three times as expensive as equivalent resin bonded organic and are two or 
three times as heavy. Examples of metallic friction materials are solid state sintered bronze 
with mullite, and sintered iron with graphite. 

Resin Bonded Graphite (Carbon-Based) 

It is composite of carbon or graphite, coke, fillers and resins moulded and cured to obtain the 
desired characteristics of a friction product. It has a coefficient of friction (Gopal et al, 1995) 
and higher energy handling, but lower tolerance of abuse than bronze. 

Carbon based formulations are lightweight material and used for high performance (up to 
2000°C operating temperature). One example is carbon-carbon friction material, composed 
of carbon fibre bonded with amorphous carbon. Table 2 shows typical maximum and operating 
(working) temperatures for the various types of friction materials (Newcomb and Spurr, 1973). 
If the maximum temperatures quoted are exceeded, µ may fall drastically, and therefore they 
are to be regarded as upper limits for an emergency type of application or when the brake is 
applied infrequently. If such temperatures are maintained for any length of time wear may be 
excessive, so it is usual to specify much lower operating temperatures to ensure economic life 
of friction material fitted to brake or clutches that operate continuously. 

Table 2 : Operating conditions for various types of friction materials 

Temperature °C 
Type Friction Coefficient 

Maximum Maximum Operating 

Lining Materials 

Woven cotton 0.50 150 100 

Woven asbestos 0.45 250 125 

Moulded 

Light duty (Flexible) 0.33 350 175 

Medium duty (Semi-flexible) 0.35 400 200 

Heavy duty (Rigid) 0.35 500 225 

Pad materials 

Resin based 0.32 550 300 

Sintered 0.30 600 300 
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MANUFACTURING OF FRICTION MATERIALS 

Friction materials are usually manufactured by variations of the same dry process. This involves 

material preparation resulting in the mixing of dry ingredients, preforming this mixture in cold 

presses, hot pressing and curing (or sintering) the preformed pieces, and cutting, grinding, 

drilling as well as finishing (Figure 2). The pieces can be shaped during or after hot pressing. 

Type 

Mix production 

Shaping/ 
Compression moulding 

Final curing/ 
Bake 

Finishing 

Dry Processing 

Intensive mixer 

Pre-forming at 
room temperature 

Hot press moulding 
at 140 - 160°C 

Clamped or free curing 
up to 160 - 280°C 

Grind 

Paint I Drill 

Print and Pack 

Figure 2 : Simplified manufacturing process for friction materials 

Raw Material Blending and Preforming 

Friction materials involve a variety of compositions. The selection of the composition depends 

on the nature of application. The first step in production is the thorough mixing of ingredients. 

Powdered phenolic resin and fillers are first blended until the mix becomes uniform. The 

addition of friction modifiers followed, with fibres added last to minimise fracture in the mixing 

process (Nicholson, 1995). 
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The mixed formulation is weighed and transferred to the preforming mould for the pressing 
operation that produces dry-pressed preforms. All steps are usually carried out manually. 

Hot Pressing 

The preformed pieces are compacted using hydraulic presses under a predetermined 
temperature and pressure (Watson and Millsap, 1999). Pressure of compaction is 
determined by raw materials ingredient, and the compacted density required. Before 
starting an actual production, a series of density checks should be made. Usually the 
preformed pieces are moved manually from the pre-forming presses to the hot presses 
and transferred into moulds with pre-placed backing plate. Prior to this, backing plates 
are cleaned and shot blasted to achieve good bonding with the friction material. 

Curing or Sintering 

Green compacts, placed on supporting steel backing plates, are baked (or sintered) in 
oven (or sintering furnaces). Baking or sintering bonds particles of the ingredients together 
to form a strong pad. Baking is a process to cure the binder resin inside the mixed 
ingredients. The oven temperature, heating and cooling rates are friction material specific. 
For the non-metallic formulation, baking is done at 230 - 246°C. Sintering is carried out for 
the metallic matrix formulation, in a protective atmosphere at temperatures of 550 to 1000°C 
in order to prevent oxidation. 

Cutting, Grinding, Drilling and Finishing 

During these steps, the moulded pieces are cut to proper dimensions, shaped and beveled by 
grinding and if necessary, fitted with holes for fastening to brake shoes. Grinding and drilling in 
particular are very dusty procedure. 

Finishing processes involve polishing, painting, riveting, etc., followed by packaging. The 
finishing processes determine the finished dimensions of the part such as thickness and flatness 
but does not affect the physical integrity of the part (Watson and Millsap, 1999). 

TESTING OF FRICTION MATERIALS 

A number of materials tests are employed during the development of brake materials, but the 
final qualification test for brake materials involve extensive on-vehicle tests with full-sized 
components. Brake performance is affected not only by the materials, and vehicle hardware 
design, but also significantly by driver behaviour, the vehicle usage, the state of adjustment of 
the brake hardware, and the overall environment in which the vehicle is driven. No laboratory 
test can simulate driving conditions precisely. 
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Testing of friction materials before final approval is an obvious necessity. Four main methods 

are used; Friction Assessment Screening Test (FAST), Chase dynamometer, Inertia 

dynamometer, and Vehicle tests. 

Laboratory Tests 

· A series of laboratory tests could be carried out to characterise the thermal and mechanical 

properties of the experimental materials. The mechanical tests included tensile, impact strength, 

flexural strength, compression, shear and hardness tests, while the physical tests included 

density, porosity, swell and growth, thermal expansion, thermal conductivity, specific heat and 

heat transfer. The thermal stability (Moran, 1973) of the experimental materials could also be 

investigated using thermogravity analyser (TGA), differential thermal analysis (OTA), and 

differential scanning calorimetry (DSC). The data from laboratory tests can be served for the 

interpretation of the friction and wear results obtained from the tribological tests (dynamometer 

tests). 

Friction Assessment Screening Test (FAST) 

Successful FAST test results (Tang and Lu, 2003) are the basis for a more complete future 

overall evaluation. FAST test (Salama, 1988) samples (12.7 mm x 12.7 mm x 3.8 mm) were 

placed in contact with the cast iron rotor at room temperature. The rotor rotated at a constant 

velocity equivalent to a linear rubbing speed of 7 mis. The applied normal force was held 

constant at 77 N throughout the 90-min test, and a transducer recorded the tangential force 

on the sample to calculate friction coefficients. The wear of the pad was expressed as weight 

loss per cent as, W %= (W0-W1)/W0 x 100 % where, W0 and W1 are the weight of the pad 

before and after FAST tests, respectively. The FAST (Figure 3) does not reproduce vehicle 

conditions (Flitcroft, 1990). Qualitative observations were made of noise, wear debris and 

any rotor damage (scars) (Chapman et al, 1999). Rotors were sanded or machined as 

necessary to produce clean, flat surfaces for each test. The theoretical basis of optimising 

formulation technique is tried usinq the FAST machine (Lu, 2003). 

Figure 3. Friction assessment screening test (FAST) machine 
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Chase Dynamometer Tests 

Chase dynamometers (Figure 4) offer small sample test, designed to simulate temperature 
and conditions without the necessity of large machines. Results from these machines are 
not very good at relating materials with respect to each other in actual service conditions, or 
with inertia dynamo meters (Tsang et al, 1985; Flick et al, 1987). However the test is consistent 
on successive batches of the same material, it therefore is a useful quality control test. 

The test procedure (Nicholson, 1995) is according to SAE standard J661 a. It begins with the 
bedding in of 20 applications, 10 seconds on, 20 seconds off, with friction readings at every 
fifth application. This is followed by a drag test where the test drum temperature is allowed to 
rise to 550°F (287.8°C). Friction readings are taken at 50°F (1 o°C) intervals. During the recovery 
part of the test the drum is allowed to cool, and the brake is applied and friction readings 
taken, at 100°F (37. 7°C) intervals. The wear portion of the test consists of 100 applications at 
400°F (204.4°C), 20 seconds on, 10 seconds off. 

This is followed by a second fade and recovery test. It is similar to the first, but with 
temperatures going up to 650°F (343.3°C). Finally a baseline like the one at the beginning. 
Test samples are weighed and thickness is measured before and after testing to get some 
idea of wear. 

Figure 4. Chase dynamometer machine 

Inertia Dynamometer Tests 

Inertia dynamometers (Flitcroft, 1990) are used to test full size friction materials, as they 
would be used on a vehicle. Inertial and speed characteristics of vehicles are simulated by 
flywheels and the friction materials under test are made to brake these flywheels. Inertia 
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dynamometers are related to actual conditions by appropriate conversion tables. Inertia 

dynamometers test the total brake rather than assessing parameters of the friction materials 

directly (Neuman et al, 1983). 

Vehicle Tests 

Vehicle tests are expensive, time consuming, subject to road/track and weather conditions. 

However they are the only tests that give truly reliable data. Dynamometer testing is relatively 

faster and less costly. Inertia dynamometers, though, are time consuming and expensive in 

themselves in comparison to other types (Neuman et al, 1983). 

FUTURE TREND 

No single fibre is known that function effectively by itself as an asbestos replacement in friction 

materials. Friction material industry is finding ways to formulate new friction material 

compositions. The requirements (Table 3) has been in the direction of greater heat resistance, 

greater frictional stability at a higher friction level, reduced noise, and extended durability. 

Friction material testing has also advanced rapidly and further rapid advances can be expected. 

More tests and more sophisticated tests are being used. Certain areas need expansion and 

additional equipment should be developed. 

Table 3. Required characteristic properties of friction materials 

Required Characteristic Properties of Friction Materials : 

Fade resistance 

Wear resistance 

No chatter 

Low braking noise 

Coefficient of friction 

Good braking performance 

Oxidation resistance 

High temperature strength 

Good thermal fatigue 

No cracking tendencies 

No scoring tendencies 

Longer brake life 

Low replacement labor costs 

Easy maintenance 
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