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Abstract: - Braking system is a means of converting momentum into heat energy by creating friction in the
wheel brakes. The braking system which works with the help of hydraulic principles is known as hydraulic
braking systems. The braking system used most frequently operates hydraulically, by pressure applied through a
liquid. These are the foot operated brakes that the driver normally uses to slow or stop the car. Hydraulics is the
use of a liquid under pressure force or motion, or to increase an applied force. Our special interest in hydraulics
is related to the actions in automotive systems that result from pressure applied to a liquid. This is called
hydraulic pressure. Since liquid is not compressible, it can transmit motion. A typical braking system includes
two basic parts. These are the master cylinder with brake pedal and the wheel brake mechanism. The other parts
are the connecting tubing, or brake lines, and the supporting arrangements. Braking action starts at the brake
pedal. When the pedal is pushed down, brake fluid is sent from the master cylinder to the wheels. At the wheels,
the fluid pushes brake shoes, or pads, against revolving drums or disks. The friction between the stationary
shoes or pads and the revolving drums or disks slows and stops them.
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l. INTRODUCTION

Master cylinder is a component of hydraulic braking system and it is just a simple piston inside a
cylinder. Master cylinder is the key element of braking system which initiates and controls the braking action. A
reservoir is attached to the master cylinder to store brake fluid. A master cylinder having a reservoir and a
cylinder formed from a single piece of molded material. Master cylinder is a component of hydraulic braking
system and it is just a simple piston inside a cylinder. Master cylinder is the key element of braking system
which initiates and controls the braking action. A reservoir is attached to the master cylinder to store brake fluid.
A master cylinder having a reservoir and a cylinder formed from a single piece of molded material. The master
cylinder displaces hydraulic pressure to the rest of the brake system. It holds the most important fluid in your
car, the brake fluid. It actually controls two separate subsystems which are jointly activated by the brake pedal.
This is done so that in case a major leak occurs in one system, the other will still function. The two systems may
be supplied by separate fluid reservoirs, or they may be supplied by a common reservoir. Some brake
subsystems are divided front/rear and some are diagonally separated. When you press the brake pedal, a push
rod connected to the pedal moves the "primary piston" forward inside the master cylinder. The primary piston
activates one of the two subsystems. The hydraulic pressure created, and the force of the primary piston spring,
moves the secondary piston forward. When the forward movement of the pistons causes their primary cups to
cover the bypass holes, hydraulic pressure builds up and is transmitted to the wheel cylinders. When the brake
pedal retracts, the pistons allow fluid from the reservoir(s) to refill the chamber if needed. Electronic sensors
within the master cylinder are used to monitor the level of the fluid in the reservoirs, and to alert the driver if a
pressure imbalance develops between the two systems. If the brake light comes on, the fluid level in the
reservoir(s) should be checked. If the level is low, more fluid should be added, and the leak should be found and
repaired as soon as possible.

1. WORKING OF MASTER CYLINDER

When the brakes are not applied, the piston cups of the primary and secondary pistons are positioned
between the inlet port and the compensating port. This provides a passage between the cylinder and reservoir
tank. The secondary piston is pushed to the right by the force of secondary return spring, but prevented from
going any further by a stopper bolt. When the brake pedal is depressed, the primary piston moves to the left. The
piston cup seals the compensating port blocking the passage between the primary pressure chamber and the
reservoir tank. As the piston is pushed further, it builds hydraulic pressure inside the cylinder and is applied or
transmitted to the wheel cylinders in that circuit. The same hydraulic pressure is also applied to the secondary
piston. Hydraulic pressure in the primary chamber moves the secondary piston to the left also. After the
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compensating port of the secondary chamber is closed, fluid pressure builds and is transmitted to the secondary
circuit.

Brake Application

As the piston cup

passes the compensating
Port pressure begins

to increase in the
hydraulic circuit

Primary Piston

Fig 1. Working of master cylinder-brake application

Brake Release

Brake fluid inside the
reservoir tank flows into the
cylinder via the inlet port,
through small holes
provided at the front of the
piston, and around the
piston cup.

Fig 2. Working of master cylinder-brake release

Design Considerations of Master Cylinder:

The basic information about brake system and its master cylinder, function, purpose, working principle,
different shape and size of master cylinder, failure considerations has been taken from automotive brake system.
The work done by brake system parts manufacturers tells that cost mold brake master cylinder made of cast iron
was used universally in all the old car and light trucks and after that there has been increased research done on
improving the mileage of the vehicle by reducing the weight. The research made a way to concentrate on
reducing the weight of brake master cylinder by changing the materials. The manufacturers came up with new
idea of composite master cylinder having integral body made of aluminum and reservoir made of plastic
material and thus reducing the weight when compare to cost mold master cylinder made of cast iron. Those
manufacturers are concentrating on reducing weight of master cylinder by changing the material and by
changing the type of manufacture. This information gives basic steps for this project in taking reduction of
weight further and considering plastic material to design brake master cylinder. The second edition of brake
design and safety gives basic design considerations to design safer brakes and its components. The standard of
quality of brake technology as changed over the last two decades The new design can only be achieved through
proper research, through the use of sound engineering concepts and testing the results of small design changes.
The information provided by the author has helped in considering engineering design concepts, safety
considerations, material selection, guides, standards and practices for the project.

1. MODELING USING PRO-E
COMPUTER AIDED DESIGN (CAD):

Computer Aided Design (CAD) is the use of wide range of computer based tools that assist
engineering, architects and other design professionals in their design activities. It is the main geometry authoring
tool within the product life cycle management process and involves both software and sometimes special
purpose hardware. Current packages range from 2D vector based drafting systems to 3D parametric surface and
solid design modules.
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Fig 3. Master cylinder

FEA/M: The finite element method is numerical analysis technique for obtaining approximate solutions to a wide
variety of engineering problems. Because of its diversity and flexibility as an analysis tool, it is receiving much
attention in almost every industry. In more and more engineering situations today, we find that it is necessary to
obtain approximate solutions to problem rather than exact closed form solution. It is not possible to obtain
analytical mathematical solutions for many engineering problems. The finite element method has become a
powerful tool for the numerical solutions of a wide range of engineering problems. It has been developed
simultaneously with the increasing use of the high- speed electronic digital computers and with the growing
emphasis on numerical methods for engineering analysis. This method started as a generalization of the structural
idea to some problems of elastic continuum problem, started in terms of different equations

Importing the Model:

In this step the PRO/E model is to be imported into ANSY'S workbench as follows:

In utility menu file option and selecting import external geometry and open file and click on generate. To enter
into simulation module click on project tab and click on new simulation

Defining Material Properties:

To define material properties for the analysis, following steps are used The main menu is chosen select model
and click on corresponding bodies in tree and then create new material enter the values again select simulation
tab and select material

Defining Element Type:

To define type of element for the analysis, these steps are to be followed:

Chose the main menu select type of contacts and then click on mesh-right click-insert method

Method - Tetrahedrons

Algorithm - Patch Conforming

Element Mid side Nodes — Kept

Meshing the model

To perform the meshing of the model these steps are to be followed:

Chose the main menu click on mesh- right click- insert sizing and then select geometry enter element size and
click on edge behavior curvy proximity refinement and then right click generate mesh.
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Fig 4. Mesh generation
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Fig 5. Total deformation
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Fig 7. Equivalent stress at cut section”
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Dia of the Total deformation(mm) Equivalent stress Pressure
cylinder
Minimum maxim | minimu | maximum
um m
22.2 0 0.0079 | 0.00905 61.925 5.89Mpa
mm 581 21
25mm 0 0.0665 | 0.04506 154.56 4.468Mpa
52 7
20mm 0 0.0510 | 0.02513 185.88 7.26Mpa
17 9
V. RESULTS AND CONCLUSION
Dia of the Total Equivalent stress | Pressure
cylinder deformation(mm)
Minimu | maximu | minim | maxim
m m um um
22.2mm 0 0.00795 | 0.0090 | 61.925 | 5.89Mpa
81 521
20mm 0 0.05101 | 0.0251 | 185.88
7 39 7.26Mpa

For a pressure 7.26 Mpa, applied at 20mm diameter of the cylinder. The maximum stress acting on the surface

of Cast Aluminum cylinder is 185.88 N/mm2. Since the maximum stress acting the surface of cylinder is very

less compare to the ultimate strength of that material, so the 20mm diameter size of the cylinder can easily

withstand the pressure. So We can prefer 20mm dia cylinder instead of 22.2mm dai cylinder.
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