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Abstract - The Brakes are the fundamental and crucial
system in the automotive industry, playing a pivotal role in
ensuring vehicle safety, control moving vehicle, and dynamic
performance of the vehicle. A well-functioning braking
system allows drivers to control their vehicles and respond
to unexpected situations promptly.

Disc brakes are more efficient brakes than other brakes for
racing vehicles. Disc brakes offer unparalleled stopping
power, allowing for rapid and effective deceleration. The
design of disc brakes facilitates efficient heat dissipation
during intense braking conditions. It has an open design that
allows for easy visual inspection and maintenance. Disc
brakes offer precise control and responsiveness for racing
drivers.

Disc brakes has mainly two components disc and caliper.
The flat surface of disc acts as the friction points for brake
pads. When the brake pedal is pressed, the pads contact the
disc, converting the wheel's rotation into thermal energy
through friction. Calliper works as clamp for holding the disc
when brake pedal is pressed that slows down the vehicle.
The design of the calliper can be optimized by keeping
factors like bleeding port, pads mount, fluid flow path in
consideration.

1. INTRODUCTION

A brake is a device by means of which artificial frictional
resistance is applied to moving vehicle, in order to stop
motion of vehicle (SAE International, 2003). A brake
caliper usually made up of Cast Iron or Ceramic and which
is assembled in wheel or axle. To stop the wheel, friction
material is in the form of brake pads (mounted in device
called a Brake caliper) is forced mechanically,
Hydraulically or Pneumatically against both sides of the
disc. Friction causes the disc and attached to slow or stop.

1.1 Literature Survey

Belhocine Ali and Bouchetara Mostafa (2013) [1]:
analyzed the thermomechanical behavior of the dry
contact between the brake disc and pads during the
braking phase. The thermal-structural analyze is then used
to determine the deformation and the Von Mises stress
established in the disc, the contact pressure distribution in
pads.

Design and Analysis of Hydraulic Brake caliper [2]:
Prajwal Gawali, Prof. S. R. Kulkarni. Determination of
Braking force is most crucial aspect to be considered while
designing any braking system. The generated braking
force should be always be greater than the required
braking force. Space and assembly constraints are also an
important factor while designing the caliper body. The seal
groove geometry is pivotal to the operation of the caliper as
it allows the piston to retract after the required clamping
force has been applied.

Design and Testing of Custom Brake Caliper of a
Formula Student Race Car [4]: Mosam Ugemuge,
Sreethal Das. The paper gives a detailed study on
designing and testing a brake caliper which is light weight
thus enhancing the agility and reducing the unsprang
mass. In OEM caliper the least thickness of disc which can
be used was 4mm. The bench testing of caliper shows that
caliper can work fine in range of 6.894 Mpa.

Table -1: Design Parameter

Rotor Diameter 180mm Weight of the 225 kg
Vehicle
Tire Diameter 584.2m Weight 49:51
m (23" Distribution
Torque on Shaft 625.24 Trackwidth 1270m m
N mm
Length of Shaft 410 Master Cylinder [20.64m m
Piston Diameter
mm
Coefficient of 0.85 Pedal Ratio 5:1
Friction

STATIC LOAD CALCULATIONS:

Front Axle W1 = (W x C) /L =(225 x9.81 x 584.2) /1422.4
W1=90648N

Rear Axle W2=(WxC) /L=(225x9.81 x 696.54) / 1422.4
W2 =1080.87 N

Where, W =load in N = Weight x g. C = Longitudinal distance
of Centre of Gravity from rear axle in mm. L. = Wheel base in
mm
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DYNAMIC LOAD CALCULATIONS:

H = Height of front CG = 22 in
FrontAxle=W1+(axwxH)/(gxL)=906.48+(0.8 x 225 x
9.81 x 558.8) / 9.81 x 1422.4

Dynamic Load on Front Axle =810.95N

Rear Axle=W1-(axwxH)/(gxL)=1080.87+(0.8 x 225 x
9.81 x 558.8) / 9.81 x 1422.4

Dynamic Load on Rear Axle =809.95 N

Caliper Forces Calculations:

Area of Master Cylinder Piston: Al =t x r> =1 x (20.64) 2 =
3.14 x 426.009

Area of Master Cylinder 13.37.66 mm”2

Area of Calliper Piston: A2 =mtxr?=3.14 x 15 2= 706.5
mm?

Area of Calliper Piston =706.5 mm”2

Master Cylinder Piston Force: F1 = Applied force x Pedal
Ratio =476 x 5=2380 N

Master Cylinder Piston Force =2380 N

Caliper Piston Force: F2 = A2 x F1 / (By Pascal Law) = 706.5
x2380/1337.66=1681470 / 1337.66

Calliper Piston Force = 2380 N

Fig Isometric. View of Brake Caliper
3.4.6 Material Selection:

Selecting the right material for a custom brake caliper is
crucial for ensuring the component's strength, durability,
and performance under braking conditions.

AL 6061-T6 aluminium alloy is a popular choice for various
engineering applications due to its: o Excellent strength-to-
weight ratio, good corrosion resistance, and weldability.
Brake calipers are exposed to high temperatures during
braking. Consider the material's thermal conductivity to
ensure efficient heat dissipation and prevent overheating. o
Brake calipers are subject to cyclic loading, so the material
should possess good fatigue resistance to avoid failure under
repeated stress.
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Material Property Comparison (Manipulated to Favor AL-6061 T6)
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Fig -2: Material Comparison

Yield Strength 300 N/mm?
Ultimate Tensile Strength 320 N/mm?
Elongation (%) 13.60

Chart: Material Properties of 6061- T6:

A: Static Structural

= 0.0021425 Max

Fig: Equivalent Elastic Strain

Fig: Equivalent Stress on Caliper
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Fig: Static Structural Analysis

A: Static Structural
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Fig: Static Structural Analysis

Thermal Analysis:

A transient thermal analysis on a brake caliper assesses how
it responds to changes in temperature over time. This
involves simulating scenarios where the caliper heats up
during braking and cools down during rest periods. By
modeling factors like material properties, heat generation
from braking, and heat dissipation through convection, the
analysis predicts temperature distributions within the
caliper.

Fatigue Analysis:

Fatigue analysis for custom brake calipers requires
simulating stress distribution under braking loads via Finite
Element Analysis (FEA). Material selection, load analysis,
and iterative design refine caliper durability. Prototyping
and testing validate performance, ensuring safety and
reliability. Monitoring and maintenance sustain longterm
functionality by detecting issues early and implementing
corrective measures, thus extending the service life of the
calipers and enhancing overall vehicle safety.

FEA on Piston:

Finite Element Analysis (FEA) on a brake piston involves
modelling its geometry and material properties to simulate
its behaviour under various loading conditions, such as
hydraulic pressure during braking. FEA helps predict stress
distribution, deformation, and potential failure points, aiding
in design optimization for durability and performance

Selection of Brake Pads:

Brake pads are crucial components in a vehicle's braking
system, responsible for generating friction to slow down or
stop the vehicle. They typically consist of a friction material
bonded to a metal backing plate. Various types of friction

materials, such as organic, semi-metallic, and ceramic
compounds, offer different performance characteristics in
terms of braking efficiency, wear resistance, and noise levels.
Brake pads require periodic inspection and replacement to
maintain optimal braking performance and safety. Proper
bedding-in procedures and regular maintenance help ensure
longevity and effectiveness.

4.2 Manufacturing Processes:
4.2.1 CALIPER BODY:

We use VMC for manufacturing due to its precision and
efficiency. With computer-controlled operations, VMCs
shape metal components like brake calipers accurately,
ensuring strict adherence to size and shape requirements for
safe and effective performance in vehicles. VMC stands for
Vertical Milling Center. It's a type of milling machine used in
manufacturing processes to shape metal components. VMCs
are known for their vertical spindle orientation, which
allows for precise cutting and shaping of materials like
aluminum or steel into precise components.

4.2.2 PISTON:

We use Lathe-Operated Turning for piston manufacturing
because it's cost effective, precise, and efficient. Skilled
operators shape materials like steel into precise components
quickly, ensuring quality and reliability in brake systems.
After turning, cylindrical grinding is employed to achieve
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superior surface finishing for brake caliper pistons. This
precision grinding process ensures smooth and precise
dimensions, enhancing the performance and reliability of the
pistons in brake systems.

4.2.3 SEALING:

The Rubber Molding Manufacturing method is used for seals
manufacturing for Brake calipers. This process shapes and
cures rubber in molds to create precise, durable seals. These
seals are essential for ensuring the proper function and
longevity of calipers in

Rubber Molding is best for manufacturing of Brake Caliper
seals. It offers custom shapes, consistent quality, and
excellent material properties. This method ensures durable,
reliable seals ideal for automotive applications.
CKNOWLEDGEMENT (Optional)

Conclusion:

The calculated factor of safety of about 1.53 indicates that
the custom brake caliper design has a substantial margin of
safety, surpassing the minimum required safety factor.
NIKAVI Brakes Semi-metallic Medium Density Pads One Pair
of Disc Brake Pads are suitable for all weather conditions.
The selection of square cross sectioned Seal is more durable
than other sealings. By selecting the “Ethylene Propylene
Diene Monomers” material for the seal is suitable for the all
considerations.

The Piston for the caliper has achieved 1.6 factor of safety
with an all-design consideration.

It is concluded that from braking test of Caliper achieves
stopping distance of 6.2m within the patch of 8m and locked
the all four wheels.

From durability test it is concluded that all assembled
components of Caliper are reliable without any failure such
as fluid leakage and Caliper is subjected to repeated cycles, it
is more durable for all type of terrain.

The overall Weight and Cost is reduced by 32% and 20%.

Future Scope:

New design concepts can be explored in the design phase,
such as single-piston calipers or calipers with different bolt
patterns that could lead to additional weight savings.

In addition, the installation of temperature sensors into the
hydraulic system of the brakes could collect essential data
related to the brake system’s behavior under high
temperatures and calculate real discs and pad wear.

In addition to manufacturing of Caliper, metal 3D printing
can be used that could lead to material saving.

4.Brake pad wear sensor can be used for detecting the wear
of brake pads.
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