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1 -Introduction-  

 

The brake system is a very important component to vehicles and machinery equipment in 

industries. Nowadays, most vehicles use disc brakes as they dissipate heat better hence reducing 

fade when compared to drum brakes. The rotor disc materials of a disc brake system are 

normally made from gray cast iron due to its excellent heat conductivity, good damping capacity 

and high strength. 

Brake pads are a component of disk brakes used in automotive and other applications. 

Brake pads are steel backing plates with friction material bound to the surface that faces the disk 

brake rotor.  

 
Figure 1.1 – brake pad 

 

Function 

Brake pads convert the kinetic energy of the car to thermal energy by friction. Two brake 

pads are contained in the brake caliper with their friction surfaces facing the rotor.
[1]

 When the 

brakes are hydraulically applied, the caliper clamps or squeezes the two pads together into the 
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spinning rotor to slow/stop the vehicle. When a brake pad is heated by contact with a rotor, it 

transfers small amounts of friction material to the disc, turning it dull gray. The brake pad and 

disc (both now with friction material), then "stick" to each other, providing the friction that stops 

the vehicle. 

In disc brake applications, there are usually two brake pads per disc rotor, held in place 

and actuated by a caliper affixed to a wheel hub or suspension upright. Although almost all road-

going vehicles have only two brake pads per caliper, racing calipers utilize up to six pads, with 

varying frictional properties in a staggered pattern for optimum performance. Depending on the 

properties of the material, disc wear rates may vary. The brake pads must usually be replaced 

regularly (depending on pad material), and most are equipped with a method of alerting the 

driver when this needs to take place. Some have a thin piece of soft metal that causes the brakes 

to squeal when the pads are too thin, while others have a soft metal tab embedded in the pad 

material that closes an electric circuit and lights a warning light when the brake pad gets thin. 

More expensive cars may use an electronic sensor. 

 

2.Types of Brake Pads 
 

There are numerous types of brake pads, depending on the intended use of the vehicle, 

from very soft and aggressive (such as racing applications) and harder, more durable and less 

aggressive compounds. Most vehicle manufacturers recommend a specific kind of brake pad for 

their vehicle, but compounds can be changed (by either buying a different make of pad or 

upgrading to a performance pad in a manufacturer's range) according to personal tastes and 

driving styles. Care must always be taken when fitting non-standard brake pads, as operating 

temperature ranges may vary, such as performance pads not braking efficiently when cold or 

standard pads fading under hard driving. In cars that suffer from excessive brake fade, the 

problem can be minimized by installing better quality and more aggressive brake pads.  

 

If it's time to replace the brake pads on your vehicle, you'll need to know what type of 

brake pads your vehicle uses before you go out and purchase them. So, here's a quick list of the 4 

main types of brake pads that are commonly used in today's vehicles. 

 

Semi Metallic Brake Pads 

 

These types of brake pads are made from about 30% to 65% metal, and are commonly 

made out of steel wool, wire, copper or other metal materials. These types of brake pads are 

considered to be very durable, but also may wear brake rotors faster. Also, semi-metallic brake 

pads may not function well in very low temperatures. 

 

Non-Asbestos Organic 

 

This type of brake pad, commonly referred to as NAO, is made from organic materials 

such as fiber, glass, rubber and even Kevlar. These types of t pads are usually softer and don't 

create much noise, but they tend to wear faster and create a lot of dust. 
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Low-Metallic NAO 

 

These are made primarily from an organic formula mixture with small amounts of copper 

or steel added to help with heat transfer and provide better braking. Because of the added metal, 

there is usually a considerable amount of brake dust and these pads are often noisy. 

 

Ceramic Brake Pads 

 

Ceramic brake pads are composed primarily of ceramic fibers and other filler materials. 

While ceramic brake pads are usually more expensive than other types of pads, they are cleaner 

and produce much lower noise levels. Also, they provide for excellent braking and don't cause a 

lot of wear on the brake rotors. 

 

Materials 

 

Brake pad materials range from asbestos to organic or semi-metallic formulations. Each 

of these materials has proven to have advantages and disadvantages regarding environmental 

friendliness, wear, noise, and stopping capability. Semi-metallic pads provide strength and 

conduct heat away from rotors but also generate noise and are abrasive enough to increase rotor 

wear. 

Ceramic compounds and copper fibers in place of the semi-metallic pad's steel fibers 

accommodate higher temperatures with less heat fade and generate less dust and wear on both 

the pads and rotors. They also provide much quieter operation due to the ceramic compound that 

helps dampen noise by shifting its resonant frequency beyond the human hearing range and 

reduced metal use (approximately 15% metal content by weight). 

 

There are environmental factors that govern the selection of brake pad materials. For 

example, recent legislation in Washington State (SSB 6557) and other states will limit the 

amount of copper that is allowed to be used in friction materials, to be eventually phased out to 

trace amounts. Other materials like antimony compounds will be monitored as well. 

 

Asbestos was widely used in pads for its heat resistance but, due to health risks, has been 

replaced with alternative materials, such as mineral fibers, cellulose, aramid, PAN, chopped 

glass, steel, and copper fibers. Depending on material properties, disc wear rates vary. The 

properties that determine material wear involve trade-offs between performance and longevity. 

Newer pads can be made of exotic materials like ceramics, aramid fibres, and other plastics. 

 

Vehicles have different braking requirements. Friction materials offer application-

specific formulas and designs. Brake pads with a higher coefficient of friction provide good 

braking with less brake pedal pressure requirement, but tend to lose efficiency at higher 

temperatures, increasing stopping distance. Brake pads with a smaller and constant coefficient of 

friction don’t lose efficiency at higher temperatures and are stable, but require higher brake pedal 

pressure. 
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Disc brake advantages 

 

Disc brakes offer better stopping performance than comparable drum brakes, including 

resistance to "brake fade" caused by the overheating of brake components, and are able to 

recover quickly from immersion (wet brakes are less effective). Unlike a drum brake, the disc 

brake has no self-servo effect—the braking force is always proportional to the pressure placed on 

the braking pedal or lever—but many disc brake systems have servo assistance ("Brake 

Booster") to lessen the driver's pedal effort. 

 

3- Literature-     
 

By research paper tribological properties of the two potentially new fabricated non-

commercial brake pad materials (non-asbestos brake pad material – NABP and asbestos brake 

pad material – ABP), and comparing them with a non-asbestos commercial brake pad material – 

CMBP. The friction materials were characterized by measuring their hardness and ultimate 

compression stress. Tribo tests were carried out using a pin-on-disc type tribo-test machine. 

 

The present paper is the first of two papers dealing with brake squeal instability. An 

experimental setup is specifically designed for this purpose and is characterized by a simple 

design to aid measurements and modeling. This first paper describes the experimental setup 

called ‘‘laboratory brake’’ and presents the measurements performed on it to characterize its 

dynamical behavior and its squeal behavior. The tests are aimed at identifying the key 

parameters controlling the squeal phenomenon that are necessary to build a model of the setup. 

The experimental analysis on squeal presented here identifies several characteristics that lead to 

instabilities and correlates them with the operating parameters as well as with the dynamic 

behavior of the system. Measurements also highlight that the pad dynamics have a key role in the 

selection of the squealing modes at one of the out-of-plane eigenfrequency of the system. 

 

It has been known for some time that the friction intensity is not distributed evenly across 

the surface of brakes and clutches and that the local friction intensity of an imaginary 

 

friction lining segment changes in the course of the friction process. Barber introduced 

the term thermo elastic instability (TEI) for this process. Lee and Barber developed an analytic 

model to simulate the TEI , which can be used to determine the so-called critical friction 

velocity. The critical friction velocity is the velocity where the TEI starts. TEI was principally 

described as the interaction between the frictional heat, the thermo elastic distortion 

(deformation) and the elastic contact between the friction lining and the disc. The same authors 

describe results of experiments where the occurrence of TEI was studied using automobile disc 

brakes under constant braking conditions using the variable parameters velocity and pressure in a 

different source . 

 

Brake linings are important parts in braking systems for all types of vehicles. They 

convert the kinetic energy of the car to thermal energy by friction in the contact zone . The 

complicated series of events that occur in the contact zone play a crucial role in the tribological 

behaviour of the brake lining materials and have been investigated by many researchers over 

many years . The frictional forces and wear behavior of the brake lining change continuously 
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during braking, depending on various factors, such as driving conditions, brake lining 

formulation, manufacturing parameters and the characteristics of the friction film that 

accumulates at the interface between the rotor and friction material . Therefore, many 

experimental studies on the different compositions of brake linings have been designed to 

provide stable friction, durability, adequate wear resistance, low noise and vibration for all 

braking, and acceptable environmental conditions, especially in the last decade .Although the 

type of brake lining composition has the greatest importance in terms of tribological performance  

and production cost, it is generally affected by the manufacturing conditions, since the 

ingredients in brake lining can lose their properties through high temperatures applied during 

manufacturing. 

 

Improving the manufacturing parameters increase the tribological properties and decrease 

the manufacturing cost of brake linings.  It is known that different vehicles have different 

requirements imposed on the friction material as a part of the braking system, and each friction 

material has the appropriate manufacturing parameters itself for the best performance.  

. 
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