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Abstract: The development of disc brakes dates back to 1890, with their adoption in automobiles beginning in 1902 by
Fedrick William, marking a pivotal advancement in vehicle safety and performance. In today's fiercely competitive
automotive market, where superior braking capabilities are crucial for both safety and competitive advantage, disc brakes
play a pivotal role. This review examines the evolution, components, materials, and operational principles of disc brakes.
It discusses the advantages of disc brakes over traditional drum brakes, emphasizing their efficiency, faster stopping times,
and enhanced reliability. The study also explores recent advancements in disc brake technology, including the use of
ceramic composites, carbon fibers, and advanced metallurgical alloys to improve heat dissipation, reduce weight, and
enhance performance under varying driving conditions. Moreover, the review highlights the impact of computer-aided
simulations and virtual testing on disc brake design and optimization. It concludes by outlining future research directions
aimed at further enhancing the efficiency, durability, and sustainability of automotive disc brakes.
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I. INTRODUCTION

The first disc brake was made in 1890, and it was used in the automobile industry in 1902 in a car by Fedrick William. In
today’s growing automotive market, the competition for better performance vehicles is growing enormously. The racing
fans involved will surely know the importance of a good brake system not only for safety but also for staying competitive.
The disc brake is a device for slowing or stopping the rotation of a wheel. A brake disc, usually made of cast iron or ceramic
composites including carbon, Kevlar, and silica, is connected to the wheel and the axle to stop the wheel. A friction material
in the form of brake pads is forced mechanically, hydraulically, pneumatically or electromagnetically against both sides of
the disc. This friction causes the disc and attached wheel to slow or stop. Generally, methodologies like regenerative
braking and friction braking systems are used in a vehicle. A friction brake generates frictional forces as two or more
surfaces rub against each other to reduce movement. Based on the design configurations, vehicle friction brakes can be
grouped into drum and disc brakes. If the brake disc is in a solid body, the heat transfer rate is low. The time required to
cool the disc is short. If the brake disc is in a solid body, the area of contact between the disc and pads is greater. In disc
brake systems, a ventilated disc is widely used in automobile braking systems for improved cooling during braking in
which the area of contact between the disc and pads remains the same [1].

How a Disc Brake Works
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Fig 1: Disc brake
In olden days the people are used drum brakes in the drum brake When the driver steps on the brake pedal, the power is
amplified by the brake booster and changed into hydraulic pressure by the master cylinder. The pressure reaches the brakes
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on the wheels via tubing filled with brake oil. The delivered pressure pushes the pistons on the brakes of the four wheels.
The pistons press the brake linings, which are friction materials, against the inside surfaces of the brake drums, which rotate
with the wheels. The linings are pressed onto the rotating drums, which in turn decelerate the wheels, thereby slowing them
down and stopping the vehicle. The main difference between drum brake and disc brake is that the drum brake is less
efficient and when we stop the engine it takes more time, but the disc brake is more efficient and when we stop it stops fast
as compared to the drum brake.

Advantages: Disk Brake Rotor

e Better Heat Dissipation: Rotors with vented, drilled, or slotted designs dissipate heat more effectively than solid rotors.
This helps prevent brake fade and maintains braking performance under heavy use.

e Improved Performance: Enhanced heat dissipation and cleaner braking surfaces (in the case of slotted or drilled
rotors) contribute to improved braking performance, especially in demanding conditions.

¢ Reduced Brake Fade: By dissipating heat efficiently, disk brake rotors can maintain consistent braking performance
over extended periods, reducing the likelihood of brake fade that can occur with prolonged or aggressive braking.

e Enhanced Wet Weather Performance: Cross-drilled and slotted rotors improve water dispersion between the rotor
and brake pads, reducing the risk of hydroplaning and maintaining braking effectiveness in wet conditions.

e Lightweight Options: Composite rotors made from materials like carbon ceramic are lighter than traditional metal
rotors, which can reduce unsprung weight and improve overall vehicle handling and fuel efficiency.

Disadvantages: Disk Brake Rotor

e Potential for Cracking: Cross-drilled rotors, in particular, are susceptible to cracking under heavy use or rapid heating
and cooling cycles. This can compromise the structural integrity of the rotor and necessitate premature replacement.

¢ Noise and Vibration: Some drilled or slotted rotors may produce noise or vibration during braking, especially at higher
speeds or when braking aggressively. This can be bothersome to passengers and indicate potential wear or rotor
irregularities.

e Increased Brake Pad Wear: Certain rotor designs, especially those with slots or holes, can accelerate brake pad wear
due to more aggressive interaction between the pad and rotor surface. This may lead to more frequent brake pad
replacements.

e Higher Cost: Performance-oriented rotors, such as vented, drilled, or composite options, tend to be more expensive
than standard solid rotors. This cost is often justified by improved performance and durability, but it can be a
consideration for budget-conscious consumers.

o Installation Considerations: Some types of rotors, particularly those with specialized designs like drilled or slotted
patterns, may require specific brake pad types or installation procedures to ensure optimal performance and longevity.

1. BRAKES USED IN VEHICLES

Brake is a device that transforms the kinetic energy of the running automobile into heat by means of friction. In braking,
the friction pad and disc take away the speed from wheels. The energy consumed by the brake is the thermal energy and
the heat is dissipated into the atmosphere and the vehicle's motion is stopped. [2, 3] Brakes are the important control
systems of the vehicle. It controls the vehicle in the shortest possible time and distance. It also controls the speed of vehicles
at turning and other crowded places.

A. Materials of Disc Brake

Disc brake rotors are made from gray cast iron, contains 3.5% carbon and other additives. [4] Carbon fibre reinforced
carbon-silicon carbide (Cf/C-SiC), a ceramic composite, has been used as a substitute for grey cast iron. Metallic
ingredients are added to improve wear resistance, heat transfer and mechanical strength. [5-6]

B. Constructional features of Disc brake

The disc brake as shown in Fig. 1 is a brake that uses callipers to press the pads against the disc to produce friction that
reduces the rotation of the wheels, either to minimise their speed or to keep them stationary. Disk brake elements are as
follows Disc or Rotor, Caliper, Brake pads, Master cylinder, Brake fluid reservoir, Brake line and Brake fluid. [7-8].
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Fig. 1 - Disc Brake [9]

2.3 Disc brake Rotors

It is the component which is used to hold or to stop the wheel rotation. Rotors of disc brake is made of cast iron. In racing
cars and high-performance vehicles composite materials such as carbon fibre or ceramics rotors are used. Fig. 2 shows the
assembly of disc brake which include.

CALIPER
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BRAKE PADS
ROTOR

Fig. 2 — Rotors and brake pad assembly

I11. LITERATURE REVIEW

Vdovin, A. et. al. (2020) [2] The brake system plays a pivotal role in the operation of any passenger vehicle, responsible
for converting the vehicle's kinetic and potential energy into heat to facilitate stopping. Effective dissipation of the heat
generated is crucial to prevent brake overheating. Traditionally, extensive experimental testing has been employed to ensure
optimal brake performance across various load scenarios. However, advancements in simulation techniques have prompted
vehicle manufacturers to explore the feasibility of substituting physical experiments with virtual testing. This transition
offers significant advantages but also presents numerous challenges and limitations that must be thoroughly understood to
achieve reliable and accurate simulation results. This paper consolidates these challenges, examines the effects that can
and cannot be accurately captured through simulation, and provides a comprehensive overview of the complexities
involved in conducting numerical simulations for brake cooling.

Biradar, D. et. Al. (2014) [3] we examine recent publications over the past 15 to 20 years focused on both computational
and experimental analyses of the thermal properties of various types of disc brake rotors. These studies explore
advancements in the application of heat conduction, convection, and radiation theories. The rapid evolution of computer
engineering has significantly expanded the scope of addressable problems, while advancements in mathematical methods
enable the development of analytical solutions for these thermal dynamic’s challenges. Emphasizing computational
methods, we highlight their potential in deriving straightforward engineering relationships for brake processes based on
thermal dynamics equations. This approach is particularly advantageous given the transient nature of actual braking
systems, which involve numerous variables changing simultaneously, making experimental calculation inherently
complex.

Tripathi, V. K., et. al. (2023) [4] The disc rotor is integral to the braking system of automotive vehicles, functioning by
creating frictional resistance between the brake pad and rotor to decelerate and stop the vehicle. This friction generates
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heat, necessitating rotor designs that facilitate heat dissipation, such as ventilated discs. Typically crafted from Grey Cast
Iron due to its heat tolerance and durability, disc rotors are critical for maintaining braking efficiency and safety. This
review aims to consolidate existing research on disc brake technology and proposes a structural analysis of disc brake
rotors using alternative materials like Titanium, Magnesium Alloy, Aluminum Alloy, and Structural Steel, comparing their
performance with traditional Grey Cast Iron. Employing CATIA for modeling and ANSYS Workbench 18.0 for detailed
structural analysis, this study seeks to enhance understanding and optimize the design of ventilated disc brakes through
material exploration and analysis.

Chand, G. G. et. al. (2019) [9] The braking system is the most vital system in automobiles. The brakes are used to
decelerate the automobile thus reducing speed. The brakes have a caliper and a disc brake. Usually, the brake is applied on
the disc brake. In that, the kinetic energy is converted to some heat. During this process, the disc brake undergoes some
temperature distribution, stress distribution, heat resistance, etc. These are calculated by using FEA (Finite Element
Analysis), analytical methods, and transient analysis. From the analysis, it is found that the performance and life of disc
brakes depend upon the heat dissipation of cast iron, steel, aluminium metal matrix composites, etc. In that case, we can
consider several materials like cast iron, ALMMC, steel, etc. Finally, we can analyze the disc brake properties and select
the disc brake.

Sureshkumar, M.S. et. al. (2023) [13] This article primarily explores the current research status and emerging trends in
ceramic materials for automotive disc brakes. It analyzes various properties and characteristics crucial to ceramic disc
brakes, such as fracture toughness, strength, density, corrosion resistance, wear resistance, microstructure, and thermal
stability. Within disc brake research, the study examines several ceramic research directions, including high-temperature
performance, bionic structures, layered structures, porous structures, eutectic behavior, superhard structures, and
machinability. The aim is to identify ceramic materials that align with future development trends in disc brake technology.

IV. DISK BRAKE COMPONENTSG
Calliper Assembly

The calliper assembly is a critical components of a disc brake system. It is typically made up of two main parts: the calliper
body and the calliper piston(s).

o Calliper Body: The calliper body is a sturdy metal housing that holds the other components and provides support for
the brake pads. It is usually mounted in a fixed position or may have sliding mechanisms to allow for proper operation.

o Calliper Piston(s): Inside the calliper body, one or more calliper pistons are located. These pistons are responsible for
applying force to the brake pads. When hydraulic pressure is exerted, it causes the pistons to extend outward, thereby
pushing the brake pads against the rotor. This action generates the required friction to decelerate or halt the rotation of
the rotor.

Brake Pads

Brake pads are crucial elements of a disc brake system. They are positioned on both sides of the rotor and are responsible
for generating frictional contact to create the necessary braking force.

e Friction Material: Brake pads consist of a friction material that is designed to provide high friction coefficients, heat
resistance, and durability. The friction material is often composed of a mixture of synthetic materials, such as resins,
fillers, and reinforcing fibres, combined with metal particles.

e Backing Plate: The abrasive material of the brake pads is bonded to a metal backing plate. The backing plate provides
stability and rigidity to the brake pad, allowing it to withstand the forces exerted during braking.

o Wear Indicator: Brake pads may also feature a wear indicator. This is a small metal tab or groove that contacts the rotor
when the brake pad material becomes thin, signalling that the brake pads need to be replaced.

Rotor

The rotor, also known as the brake disc, is a cylindrical metal component that is attached to the wheel hub or axle. It rotates
along with the revolving wheel and provides the surface for the brake pads to make contact and generate the necessary
frictional forces.

e Construction: Brake rotors are typically made of cast iron, Instead some high-performance vehicles may use carbon
composite rotors for improved heat dissipation and weight reduction. Cast iron rotors are durable, cost-effective, and
can effectively dissipate heat.

o Ventilation: Brake rotors often feature ventilation channels or vanes between the braking surfaces. These channels help
to dissipate heat generated during braking, reducing the risk of brake fade, and improving overall braking performance.
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o Surface Design: The braking surface of the rotor is usually smooth or may have a pattern of slots or holes. These designs
aid in the removal of water, dust, and other debris from the surface, maintaining consistent frictional contact with the
brake pads.

o Rotor Diameter: The size and diameter of the rotor can vary depending on the vehicle's braking requirements. Larger
rotors tend to provide enhanced heat dissipation and improved braking performance, particularly in high-performance
vehicles.

Each component of the disc brake system plays a vital role in achieving effective braking performance. The calliper
assembly applies the necessary force, the brake pads generate frictional contact, and the rotor provides the surface for the
contact. Together, they work in harmony to slow down or stop the vehicle efficiently and safely.

V. CONCLUSION

Disc brakes represent a cornerstone of automotive safety and performance, continually evolving through innovations in
materials, design, and simulation techniques. The transition from drum brakes to disc brakes has revolutionized braking
efficiency, offering improved heat dissipation, reduced weight, and enhanced reliability. Advancements in materials,
including ceramic composites and carbon fibers, have paved the way for lighter and more durable disc brake components.
The integration of computer simulations has accelerated the design and optimization processes, enabling engineers to
predict performance characteristics and refine designs before physical testing. Looking ahead, future research should focus
on enhancing sustainability, further reducing braking distances, and integrating intelligent braking systems for enhanced
vehicle safety and efficiency in diverse driving conditions. By leveraging these advancements, automotive disc brakes will
continue to play a pivotal role in shaping the future of vehicle braking technology..
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