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Abstract
Many conventional brakes, which are currently used in the vehicle, 
are frictional brake. This causes drag and wear. If the vehicle 
speed is high, the brake cannot provide the much higher force 
and cause braking problems. This disadvantage ordinary brakes 
can be overcome by a simple and effective mechanism of braking 
systems “Electro-magnetic braking” or “eddy current brake”. In 
the Electromagnetic Brake when the rotating wheel enters the 
magnetic field, an electric field is induced in the metal and eddy 
currents are generated. These currents act to oppose the change in 
flux through the plate, according to Lenz’s law. This eddy current 
produce heat finally it reduce its kinetic energy. As a result it 
develops a torque and eventually the vehicle comes to rest .In this 
project the advantage of using the electromagnetic braking system 
in automobile is studied. These brakes can be incorporated in heavy 
vehicles as an auxiliary brake. The electro-magnetic brakes can be 
used in commercial vehicles by controlling the current supplied 
to produce the magnetic flux. Making some improvements in the 
brakes it can be used in automobiles in future.
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I. Introduction
A brake is a device which inhibits motion. Its opposite component 
is a clutch. Electro-Magnetic brake is the new invention. We give 
just a small project and the working model on this innovation. 
Before starting the description of the Electro-magnetic brake 
function it is necessary to know breaking principle Magnet and 
the Magnetic field, Brakes & Brake types.

A. Principle of Braking System
The principle of braking system is; while operating the braking 
system the kinetic energy of moving vehicle is converted in to 
heat energy (thermal energy). Brakes must be able to arrest the 
speed of a vehicle in short periods of time regardless how fast the 
speed is. As a result, the brakes are required to have the ability to 
generating high torque and absorbing energy at extremely high 
rates for short periods of time.

B. Existing Condition
Types of Braking System:
The following are the classifications of Brakes:

by method of power: Mechanical brakes, Hydraulic brakes, 1. 
Vacuum brakes, Air brakes
by method of application: Service or foot brakes, Parking 2. 
or hand brakes
by method of operation: Manual, Servo, Power operation3. 
by method of braking contact: Internal Expanding Brakes, 4. 
External Contracting Brakes.
by Method of Applying Brake force: Single Acting Brakes, 5. 
Double Acting Brakes.

C. Mechanical or Friction Brakes
Friction (pads / shoes) brakes are often devices with a fixed pad 
and a rotary rotating wear surface. Common configurations include 
shoes which contract rubbing on the outer surface of a rotating 

drum, such as a band brake; a rotary drum with shoes that increase 
rubbing inside a drum, commonly called a “drum brake”, although 
other battery configurations are possible; and platelets which pinch 
a rotating disc, commonly referred to as “disc brake”. Other brake 
configurations are used, but less frequently. 

D. Characteristics
Brakes are often described according to several characteristics 
including:
Peak force is the maximum decelerating effect that can be 
obtained. The peak force is often greater than the traction limit 
of the tires, in which case the brake can cause a wheel skid.
Continuous power dissipation Brakes typically get hot in use, 
and fail when the temperature gets too high. The greatest amount of 
power (energy per unit time) that can be dissipated through the brake 
without failure is the continuous power dissipation. Continuous 
power dissipation often depends on e.g., the temperature and speed 
of ambient cooling air.
Fade As a brake heats, it may become less effective, called brake 
fade. Some designs are inherently prone to fade, while other 
designs are relatively immune. Further, use considerations, such 
as cooling, often have a big effect on fade.

E. Problems regarding to friction brakes

1. Brake Fading Effect
The conventional friction brake can absorb and convert enormous 
energy values (25h.p. without self-destruction for a 5-axle truck, 
Reverdin1974), but only if the temperature rise of the friction 
contact materials is controlled. This highEnergy conversion 
therefore demands an appropriate rate of heat dissipation if a 
reasonable temperature and performance stability are to be 
maintained.

2. Brake Fluid Leakage
If your vehicle has worn brake pads or brake shoes, the fluid 
level in your brake fluid reservoir will be low. But let’s say you 
have relatively new brake pads and you recently topped-off your 
brake reservoir only to notice a few days later that the fluid level 
has dropped noticeably. If that’s the case, it’s a good bet you 
have a leak somewhere in your brake system which means that 
you likely have bigger brake issues than something as simple as 
worn brake pads.

3. Other Major Problems
And other problems include the brake fluid vaporization and 
brake fluid freezing though vaporization occurs only in rare cases. 
Freezing is quite common in colder places like Scandinavian 
countries and Russia etc. where the temperature reaches as low as 
-50°C to−65°C, in such cases there is a need for some anti -freezing 
agents and increases the complexity and cost of the system.

II. Working Principle

A. Electromagnetism
Electromagnetism is one of the four fundamental interactions 
in nature. The other three are the strong interaction, the weak 
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interaction and gravitation. Electromagnetism is the force that 
causes the interaction between electrically charged particles; the 
areas in which this happens are called electromagnetic fields.

Fig. 1: Magnetic Field Lines

B. Introduction of Eddy Current
Eddy currents are the currents that are generated because of 
a change in time and space of magnetic flux passing through 
conducting nonferrous metals. This phenomenon is governed by 
both Faraday’s law of induction and Lenz’s Law. Faraday’s Law 
of Induction states that any change in the magnetic environment 
of a coil of conducting wire will cause a voltage (electromagnetic 
force, or εmf) to be induced in the coil. Lenz’s Law states that 
when a εmf is generated by a change in magnetic flux, according 
to Faraday’s law, the polarity of the induced εmf is such that 
it produces a current whose magnetic field opposes the change 
which produced it.

C. Electromagnet
An electromagnet is a type of magnet whose magnetic field is 
produced by the flow of electric current. The magnetic field 
disappears when the current ceases. An electric current flowing 
in a wire creates a magnetic field around the wire. To concentrate 
the magnetic field, in an electromagnet the wire is wound into a 
coil, with many turns of wire lying side by side. The magnetic 
field of all the turns of wire passes through the center of the coil, 
creating a strong magnetic field there. A coil forming the shape 
of a straight tube (a helix) is called a solenoid; a solenoid that is 
bent into a donut shape so that the ends meet is called a toroid. 
Much stronger magnetic fields can be produced if a “core” of 
ferromagnetic material, such as soft iron, is placed inside the coil. 
The ferromagnetic core magnifies the magnetic field to thousands 
of times the strength of the field of the coil alone, due to the high 
magnetic permeability μ of the ferromagnetic material. This is 
called a ferromagnetic-core or iron-core electromagnet.
The main advantage of an electromagnet over a permanent magnet 
is that the magnetic field can be rapidly manipulated over a wide 
range by controlling the amount of electric current. However, a 
continuous supply of electrical energy is required to maintain 
the field.

A simple electromagnet consisting of a coil of insulated wire 
wrapped around an iron core. The strength of magnetic field 
generated is proportional to the amount of current.

1. Factors Affecting Strength of an Electromagnet
The strength of an electromagnet is:

Directly proportional to the number of turns in the coil.• 
Directly proportional to the current flowing in the coil.• 
Inversely proportional to the length of air gap between the • 
poles.

In general, an electromagnet is often considered better than a 
permanent magnet because it can produce very strong magnetic 
fields and its strength can be controlled by varying the number 
of turns in its coil or by changing the current flowing through 
the coil.

III. Electromagnetic Brakes
Electromagnetic brakes operate electrically. This is why they used 
to be referred to as electro-mechanical brakes. Over the years, 
EM brakes became known as electromagnetic, referring to their 
actuation method. The variety of applications and brake designs 
has increased dramatically, but the basic operation remains the 
same. Single face electromagnetic brakes make up approximately 
80% of all of the power applied brake applications.

IV. Construction
We use following components:

Rotating disc1. 
Electro-magnet2. 
AC Motor3. 
Frame4. 
Pedestal Bearings5. 
Pulley and Belts6. 
Battery7. 

A. Rotating Disc
The brake rotating disc is the component of a disc brake against 
which the brake pads are applied. The material is typically Non-
ferrous material because Non-ferrous material is good conductor 
of magnetic field and so high amount of eddy current is generated 
in Non-ferrous material and efficiency of brake is increase. Non-
ferrous materials like Aluminum and Copper. So we take aluminum 
material for Rotating disc.

The specification of the Rotating Disc is as follows:
Diameter       : 280mm
Thickness      : 5mm

Fig. 2: Rotating Disc
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B. Electromagnets

Fig. 3: Electromagnet

C. AC Motor
An AC motor is an electric motor driven by an alternating current. 
It commonly consists of two basic parts, an outside stationary 
stator having coils supplied with alternating current to produce a 
rotating magnetic field, and an inside rotor attached to the output 
shaft that is given a torque by the rotating field. Where speed 
stability is important, some AC motors (such as some past motors) 
have the stator on the inside and the rotor on the outside to optimize 
inertia and cooling.

Fig. 4: AC Motor

D. Frame

Fig. 5: CREO Model

E. Design Parameters
PARAMETER SPECIFICATION
Aluminium  disc radius 140mm
Thickness of Aluminium  disc 4mm
Shaft Diameter 20mm
Bearing internal diameter 20mm
Air gap width 7mm

F. Assembled Model 

Fig. 6: Electromagnetic Brake System

V. Working of Electromagnetic Brake
This brake is completely depend upon generation of eddy current. 
When AC supply is given to the electromagnet through battery 
electromagnets energized and it produce magnetic field across 
aluminum disc this magnetic field is cut by aluminum disc and 
as a result eddy current is generated which produce heat and as 
per principle of brake kinetic energy converted into heat and it 
reduce speed and brake is applied.

A. Result

Time of 
acceleration (sec)

Initial time for 
stopping without 

brake(sec)

Braking time 
when brakes 
applied(sec)

10 14.50 4.38
20 19.26 6.58
30 24.52 8.30
40 25.04 9.00
50 26.22 9.42
60 26.62 10.02

Avg =35 Avg = 22.76 Avg =7.95

B. Advantages
Problems of drum distortion at widely varying temperatures. • 
Which is common for friction-brake drums to exceed 500 °C 
surface temperatures when subject to heavy braking demands, 
and at temperatures of this order, a reduction in the coefficient 
of friction (‘brake fade’) suddenly occurs. This is reduced 
significantly in electromagnetic disk brake systems.
Potential hazard of tire deterioration and bursts due to friction • 
is eliminated.
There is no need to change brake oils regularly.• 
There is no oil leakage.• 
The electromagnetic brakes have excellent heat dissipation • 
efficiency owing to the high temperature of the surface of the 
disc which is being cooled.
Due to its special mounting location and heat dissipation • 
mechanism, electromagnetic brakes have better thermal 
dynamic performance than regular friction brakes.
In the future, there may be shortage of crude oil; hence • 
by-products such as brake oils will be in much demand. 
Electromagnetic brakes will overcome this problem.
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Electromagnetic brake systems will reduce maintenance • 
cost.
The problem of brake fluid vaporization and freezing is • 
eliminated.

C. Disadvantages
Dependence on battery power to energize the brake system • 
drains down the battery much faster.
Generation of eddy current is low at low speed so less efficient • 
at low speed.

VI. Conclusion
From our experiment we conclude that this mechanism is very 
suitable at high speed. With all the advantages of electromagnetic 
brakes over friction brakes, they have been widely used on heavy 
vehicles where the ‘brake fading’ problem exists. The same 
concept is being developed for application on lighter vehicles. 
The concept designed by us is just a prototype and needs to be 
developed more because of the above mentioned disadvantages. 
These electromagnetic brakes can be used as an auxiliary braking 
system along with the friction braking system to avoid overheating 
and brake failure.
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