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Abstract

There is a need for particular technology to recover energy that is often squandered in today's
world because of the energy crisis and the resulting resource depletion. To put it another way, the
regenerative braking system is one of those useful advancements for automobiles on the whole.
The Kinetic Energy (K.E.) of a vehicle or object is converted into a structure that may either be
used immediately or stored for future use. Regenerative braking is an energy recovery technology.
It is possible to recover part of the vehicle's K.E. that is lost during the braking process by using
the regenerative brake system in automobiles. Alternatively, the vehicle's K.E. is stored or returned
to its original layout. During a battery or bank of capacitors, this energy is occasionally put away
for use sometime in the future . Energy likewise can be put away with the help of a pivoting
flywheel which is one among the premier economical and viable strategy for putting away and
recovering power. The current development gives energy-putting away regenerative stopping
mechanism by sending the flywheel force as a force having a tendency to go against the forward
revolution of a wheel on applying the brakes.

The exceptional slowing down mechanism is specifically stood firm on in footing by a rider-
controlled grip instrument, to gather energy more than a few slowing down occasions. Using
regenerative braking, electric vehicles use the engine as a generator, and the product is sent to an
electrical load. Slowing down has an influence, and power is recovered by transferring energy to
the heap.
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1.1

1.2

CHAPTER 1

Introduction

The recent focus of advanced car research has shifted from increasing productivity and
lowering exhaust gas emissions to addressing the current lack of reliable optional energy
sources. A significant amount of active energy is lost during the frequent slowing and
steady driving at low speeds on allotted city courses for business cars, for example, which
results in a greater fuel consumption and GHG release than other on-street vehicles.
Several efforts have been made to improve automobiles in the future. EGR and DPF after
treatment is perhaps the best strategy to manage vehicle yield, outstandingly for NOx and
residue. 'Mechanical mix' Although this method may reduce GHG emissions, the low-
temperature igniting of this invention causes an increase in the amount of fuel used. It's
impossible to solve the energy crisis by sacrificing the efficiency of a motor in exchange for
less pollution. In order to meet the goal of reducing GHG emissions, a significant reduction
in business cars is needed.

Advances in advanced automotive research have focused on increasing productivity and
reducing emissions since there are no solid alternative energy sources available at this
time. Businesses, such as refuse trucks and conveyance vehicles that constantly slow
down and operate at low speeds on allotted municipal courses, consume more fuel and
emit more Green House Emission Gas (GHG) than other on-road vehicles, bringing about
more prominent fuel utilization and GHG emanations. A few endeavors have been made to
further develop autos later on. EGR and DPF after treatment are a popular mechanical
combination for settling vehicle discharge, especially for NOx and residue. EGR and DPF
are two of the most used diesel particulate filters. The low temperature burning of this
invention causes an increase in fuel punishment, hence this technology will not reduce
GHG emissions. It's not possible to solve the energy crisis by sacrificing motor skills in
exchange for reduced toxins. The usage of commercial vehicles must be reduced
significantly if we are to achieve our overall goal of reducing GHG emissions.

It has been shown that the front pivot of commercial vehicles loses between 50 and 80
percent of their braking energy and that this misfortune changes with time. That's why only
around 20 to 30 percent of the regeneration energy potential has been measured.

Working Principle

Regenerative slowing down is a slowing down method that utilizes the motor's mechanical
energy by changing over it into electrical energy, which is then stored in the vehicle's
battery. Hypothetically, the regenerative slowing mechanism may use a similar standard to
an alternator to power the battery by changing over a significant portion of its motor energy.



1.3

Regenerative brakes
Acceleration Braking

Electric motor

Regenerative braking mechanism

Regenerative braking uses the car's electric engine to slow the vehicle down when the
driver presses the brake pedal, and the electric engine works backwards to do so. The
motor functions as a generator and recharges the batteries while going backwards. It was
still operating at full speed while the motor was moving ahead and drawing energy from the
battery. Because it uses less gasoline and emits less pollutants thanks to regenerative
braking, electric vehicles are more environmentally friendly. These kinds of brakes are most
suited to urban driving environments, where stop-and-go traffic is common.

Types of Regenerative Braking System

This system uses springs, flywheels, electromagnetic, and hydraulic processes to convert energy. A
Regenerative Braking System with a cross-over electromagnetic-flywheel has just evolved. As a result, the
shifting efficiency and applications for every kind of Regenerative Braking System are different. Each type
makes use of an alternative energy change or capacity method.

1.3.1 Electromagnetic

1.3.2 Flywheel

1.3.3 Electromagnetic flywheel
1.3.4 Spring

1.3.5 Hydraulic

1.3.1 Electromagnetic

In an electromagnetic framework, the vehicle's drive shaft is connected to an electric generator that utilizes an
attractive field to confine the turn of the drive shaft, easing back the vehicle and making power. By virtue of
electric and hybrid vehicles, the power created is delivered off the batteries, giving them charge. In inward
ignition vehicles, the power can be used to control the vehicles equipment or delivered off a battery that may
hence be utilized to help the vehicle's power yield. This technique is presently being utilized in a few Le Mans
Prototype hustling vehicles.
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1.3.2 Flywheel

Flywheel Regenerative Braking System utilises a transmission and gearbox to revolve a flywheel
connected to the drive shaft for braking purposes. The spinning flywheel may then exert force on
the vehicle's drive shaft, providing it with a source of power.

1.3.3 Electromagnetic flywheel

The electro flywheel regenerative brake is a half and half of electromagnetic and flywheel
Regenerative Braking Systems. The electromagnetic structure is shown the fundamental standards
of the power period, however the energy is put away in a flywheel instead of batteries. The
flywheel might be considered a mechanical battery that stores and deliveries electrical energy.
Electric flywheel Regenerative Braking System is a more financially savvy power limit method since
flywheel batteries have a more extended life expectancy than lithium-molecule batteries.

1.3.4 Spring

Vehicles driven by humans, such as bicycles and wheelchairs, usually use a regenerative system that
uses stacked springs. Human-controlled vehicles, like bikes and wheelchairs, frequently utilize a
spring-stacked regenerative stopping mechanism. During slowing down, a loop or spring is twisted
around a cone to store energy as versatile potential in a spring regenerative stopping mechanism.
Driving up a hill or across an ugly environment may be made easier with the return of the potential.
1.3.5 Hydraulic

An electric motor generates power that is then utilised to compress fluid in the Hydraulic Regenerative
Braking System. It is fairly uncommon for people to choose nitrogen gas as their working liquid. As 6
compressed liquid does not disperse energy after some time, water-controlled Regenerative Braking
Systems offer the longest energy stockpiling limit of any structure being used today. Compacting gas by
means of a siphon, then again, is an awkward activity that seriously restricts the regenerative stopping
mechanism's power.

1.4. Problem statement

Automobile manufacturers have a significant challenge in this century's quest to decrease vehicle
fuel consumption and emissions owing to dwindling fuel supplies and an accompanying worsening
of the world's air pollution crisis. Ozone, carbon monoxide, and other air pollutants present in
metropolitan areas are all attributed to conventional ICE automobiles by the United States
Environmental Protection Agency (EPA). According to one research, the brake uses between 20 and
25 percent of the energy available. The appearance of the Regenerative Braking System is viewed
as an answer for these four challenges since it recuperates lost energy and returns it to the matrix
in another structure. Regenerative Braking System has a significant and positive impact, but it also
has its own set of challenges to overcome; one of the most major concerns is the battery that
should be used in this kind of vehicle.

Applications

¢ Kinetic energy re-use system.

e ltis also used in electric lit engines and crane lifting engines.



e Electric and half-hybrid automobiles, electric rail route vehicles, electric motorcycles, and so on all use
this technology.

e Atransport architecture that moves material from one workstation to the next and finishes at a
predetermined distance after an authorised stretch might benefit from this technology.

1.5 Advantages

e Better Performance.
e Eliminates contamination connected with supply generation.
e Depending on the machine cycles, vehicle plan, computerised control plan, and productivity of the
individual section of the machine, the fuel use may be reduced.
e Decreased mileage of Engines.
e (Cutting down on the cost of replacement brake linings, the cost of labour for the establishment and
personal machine time. * Diminished Brake Wear
e Diminished emanations Cuts down on contamination connected with power
age, motor decoupling diminishes the absolute number of
transformations and accordingly motor emanations.
+ Smaller accessories - decreasing the size of the fuel tank and hence the vehicle's weight.

1.6  Disadvantages

The regenerative brakes have a little margin of safety when it comes to stopping a car, thus a high
number of vehicles that use them also have rubbing brakes functioning nearby. This is one reason why
regenerative brakes don't safeguard all of the slowing down energy.

e Excessive expenses for parts, plan, and establishment.

e As opposed to dynamic brakes, regenerative brakes are expected to match the power
given by the data supply (DC and AC supplies), and this is done interestingly with the
guide of progression of power gadgets.

e Regenerative slowing mechanism wellbeing is compromised when the batteries it are
completely energized to store the recovered energy. In the event of an excessive
charge, the battery's voltage would exceed an acceptable threshold of safety.

e Depending on the complexity of the strategy, more care may be required.

1.7 Future Scope

However, future turns of events, like ultra-capacitors, flywheels, and pressure-driven
frameworks, may have much higher power limits, increasing the likelihood of relying
significantly more intensely on regenerative slowing down components, even at high
velocities and high stops, with the possibility to decrease or even wipe out the grinding
stopping mechanism.



CHAPTER 2

LITERATURE REVIEW

2.1 History

1. The Flybird was the first of these devices to be unveiled. After accounting for internal losses, the
system has a total energy capacity of 400 kJ and a mass of 24 kg. For a total of 6.67 seconds, a
power increase of 60 kW (,80.4 HP,81.6 PS) may be applied. The flywheel has a diameter of 240
mm, weighs 5.0 kg, and rotates at 64,500 revolutions per minute (rpm). Its maximum torque is 18 Nm

(13.3 ft Ibs). The system has a 13-liter capacity.

2.1 Flybrid

Formula one

FIA approved the usage of KERS' 81 hp (60 kilowatts; 82 ponies) in the 2009 Formula One season's
regulations, as a sign of Formula One's support for environmentally conscious solutions. A flywheel-
based device was first tested in 2008, and it may be used to store mechanical or electrical energy,

depending on the user's preference (as a battery or super capacitor).



2.2flywheel

2  Tests of the KERS system in 2008 resulted in two minor mishaps. When Red Bull Racing tested their
KERS batteries for the first time in July, the most important thing occurred: it broke down and caused a

fire alarm that prompted the group's production line being cleared [3].

3 A BMW Sauber mechanic was electrocuted during a test at the Jerez track after he came into touch with

Christian Klien's KERS-equipped car, which had just been out of the shop for seven days.

4. Ferrai, Renault, BMW, and McLaren were the first four teams to use KERS in 2009, and they all did so
sooner or later all through the season. Renault and BMW quit using the innovation all through the season.
Vodafone McLaren Lewis Hamilton's triumph at the Hungarian Grand Prix on July 26 was whenever a
Mercedes first group had dominated a F1 race utilizing a KERS-prepared suspension. The group's second
KERS-prepared vehicle came in fifth spot. ' Hamilton's colleague Heikki Kovalainen qualified second and
completed second in the following race, becoming Hamilton the primary driver to acquire the post position with
a KERS vehicle. 5 This was the first time a front row of all KERS engines was used. Kimi Raikkénen won in

the Belgian Grand Prix on August 30, 2009, utilizing a KERS-prepared Ferrari. Second-put Giancarlo



Fisichella said that "Truly, | was faster than Kimi... He took me in light of KERS at the beginning" since it was

whenever KERS first had straightforwardly added to the race triumph.

CARMAKERS

e Honda is one of three automakers that have experimented with KERS frameworks so far. Peugeot
Sport divulged the Peugeot 908 HY during the 2008 1,000 km of Silverstone, a cross breed electric
adaptation of the diesel 908 with KERS.

e Peugeot intended to race the vehicle in the 2009 Le Mans Series season, notwithstanding the way
that it was not ready to score title focuses. The Hybrid Air power train from Peugeot is similarly
compressed air regenerative slowing down.

e Vodafone McLaren Mercedes started testing 13 of its KERS in September 2008 at the Jerez test
circuit in anticipation of the 2009 F1 season, in spite of the way that it was not yet known whether they
may be working an electrical or mechanical system at that point.

e By 2010, Freescale Semiconductor will work with McLaren Electronic Systems to additionally foster
KERS for McLaren's Formula One vehicles. This was first reported in November 2008.The two
players accepted this cooperation would work on McLaren's KERS framework and assist the
framework with separating down to street vehicle innovation.

e While competing in the 24 Long Periods of Tokachi event in July 2007, Toyota used a super capacitor
to help it recover from the loss.

e Regenerative slowing down has been utilized by BMW on their E90 3 Series and in late forms like the
F255 Series under the Efficient Dynamics screen.

e Blue Motion regenerative slowing down advances are found in the MK7 Golf and MK7 Golf

Estate/Wagon models, as well as other VW bunch brands including SEAT, Skoda, and Audi.

Auto part makers

3 As part of Bosch Motorsport Service, a KERS is being developed for use in motorsport. A

lithium-particle battery with a variable limit or a flywheel, a four-to eight-kilogram electric



motor (with a most extreme power level of 60 kW or 80 hp), and the KERS controller for
power and battery the board are all included in these power storage frameworks for crossover
and motor capabilities. Electric half-breed systems from Bosch are also available for light-duty

and corporate use.
4 Motorcycles

In the 2008 Valencian Grand Prix season-ending 125cc Valencian Grand Prix, KTM hustle manager
Harald Bartol discovered that the manufacturing facility rushed with a secret dynamic energy recovery
framework (KERS). Due to the fact that this was against the rules, they were unable to carry it out going

forward.

5 Use in civilian transport

Cars

Numerous electric cars from the early days of the AMC Amitron concept vehicle have regenerative
brakes. Regenerative stopping mechanisms can't completely imitate customary brake work for drivers,
however there are proceeding with progressions.

The adjustments used to decide when energy will be recovered and while contact slowing down is

utilized to dial back the vehicle influences the manner in which the driver feels the braking activity.

Car examples:

=  Audie-tron

= Ford Fusion Hybrid

= Hyundai Kona Electric
= Nissan Leaf

= Tesla Model

= Toyota Prius

Bicycles



Non-electric bicycles may also benefit from regenerative braking. With the assistance of understudies from the
University of Michigan, the EPA assisted with fostering the Hydraulic Regenerative Brake Launch Assist

(RBLA). Electric motorcycles with direct-drive centre point engines can easily get you there.

Objectives

* To shorten the time it takes to brake by employing regenerative brakes and producing power by using

kinetic energy to generate electricity.

* To be able to rapidly and effectively regulate the speed and stop a vehicle without sticking.



CHAPTER 3
METHODOLOGY
3.FABRICATION

3.1 DESIGN

Only the fundamental braking system will suffice, and a regenerative braking mechanism may not be enough on its own.
This is because of the restrictions on energy dissipation that come with operating at such high voltages. Plan limitations
may prevent the frameworks from working at those levels. Because of basic degree of security associated with the
framework, dependability becomes begging to be proven wrong and it requires a frictional slowing mechanism to
coincide with electrical regenerative braking mechanism. This frames a half and half slowing mechanism, and that
implies:

1. Very much like hybrid drive frameworks, there can be many plan arrangements and control techniques.

2. The design and management of the structure should ensure that the vehicle's braking performance is optimal while
also catching, if necessary, however much energy as could reasonably be expected.






3.2 List of Materials



S.NO | NAME OF PARTS DESCRIPTION QUANTITY

1. Solid shaft 14mm DIA 0.62m

2. Bearing Internal DIA 14mm 2 pieces

3. Bicycle wheel Internal DIA 14mm 1 piece

4. Sewing Machine | 6500 r.p.m 1 piece
Motor

5. Pulley Internal DIA 14mm 1 piece

6. Multimeter

1. Pulley rope V-BELT 600mm length

8. Brake wheel

9. Brake spindle 1 piece

10. | Electric Wires Copper wire 6m

11. | Brushed D.C Motor | Brushed D.C 12v 1piece

13

3.2.1 Solid shaft

This mild steel solid shaft served as the foundation for the wheel and brake spindle. It was necessary to mount
the wheel to the shaft. In order to link one of the shafts to the electric engine, a pulley and rope were utilized.



Movement is communicated from the engine to the pulley, and afterward from the pulley to the wheel's shaft, as
soon as it is started by the engine.

3.2.1 Shaft
3.2.2 Bearing

A course is a gadget having an enemy of rubbing bearing in it, which permits any strong shaft to turn while the external
ring stays still. The inner diameter of the bearing employed in the project is 14 mm. It is implanted in the bearing, which
is used for the development of rotation in the shaft.

14

3.2.3 Bicycle wheel



Vehicle wheels are represented by the bicycle wheels used in this illustration. To demonstrate the movement and
application of brakes in a typical car, it is utilised in this way. The pulley and the motor are linked by a belt to the bicycle
wheel, which is then turned by the motor.

3.2.4 Sewing Machine Motor
An AC 220V Sewing Machine Motor may reach a maximum speed of 6500 RPM. Towards the end of the
motor, there is a little pulley where the belt is attached. The motor's acceleration mechanism may be utilised

to raise and decrease the motor's speed as needed.

15

3.2.5 Pulley



The motor's rotatory action is transferred to the shaft through the pulley. The internal diameter of the pulley

utilised is 14 mm. The belt serves as the link between the pulleys.

3.2.6 Multimeter

A multimeter is an equipment used for measuring current, voltage, and resistance, as well as for troubleshooting
household appliances and electrical components of vehicles.

16

3.2.7 Pulley rope

The power from the motor is transferred to the shaft by means of a pulley rope.



3.2.8 Brake wheel
The shaft's progress may be halted by applying pressure to the braking wheel. The internal diameter of the braking

wheel, which is 14 mm, is attached to the shaft. Polyvinyl Chloride is the material used to construct the brake rotors

(PVC).

17



3.2.9. Brake spindle

The motor's tip is used to drive a gear in the braking spindle. Shaft development is dialed back once the stuff on the
slowing down axle and one more stuff on the brake wheel network appropriately.

3.2.10 Electric Wires

The internal wire is made with copper and it is secured. They are used to move the power from the motor to the
multimeter.

18



3.2.11. Brushed D.C Motor

As a Dynamo, this engine is put to good use. Small braking wheel is attached to motor tip and gear meshes with the
brake wheel causes the spindle to move. Electrical energy is converted from dynamic energy by the pivoting axle's

motor and electro-attractive force. The motor's voltage limit is 12 volts.
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3.3 Equipments used in Fabrication

4+ CUTTING SAW
A saw is a device that has a sharp edge, wire, or chain with a toothed edge that is solid and sturdy. It is used to cut
various materials, such as wood, metal, and stone, on a regular basis. The material is sliced by pressing the toothed

edge against it and pushing it aggressively forward and backward or continually forward.

4 Table saw
A table saw, otherwise called a seat saw, is a carpentry device with a round saw state of the art fixed on an
arbor and controlled by an electric engine, either straightforwardly, through a belt, or by means of cog
wheels and stuff trains. Through the most elevated place of the table, the sharp edge helps the material,

which is usually wood, to be cut.
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<+ Drilling

Penetrating is a metal evacuation technique wherein a bore is utilized to make or grow a roundabout
opening in strong materials. Utilizing a bore is a rotating cutting strategy. The piece is turned at speeds
going from hundreds to thousands of cycles each moment while being constrained against the work
piece. While the front line is constrained against the workpiece, it removes chips at the drill opening's
edge.

21
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PROCEDURE

+ At first for the frame work we used a plywood with thickness of 18mm and cut it using a table
saw with length of 760mm and breadth of 580mm.

+ For holding the bearings we cut the wood to two rectangular pieces drilled holes with DIA
20mm and fixed the bearing in that drilled holes.

+ For placing the rectangular bars we removed certain amount of wood material to the depth of
20mm.

+ As we place the rectangular wooden bars at its position with a distance in between of 420mm.

+ The shaft of DIA 14mm is placed in between the bearings .

+ The shaft consists of a wheel,pully and brake wheel.

+ The DIA of wheel is 120mm and internal DIA of 14mm, DIA of the pully is 40mm and internal
DIA of 14mm,the brake wheel DIA is 60mm and internal DIA of 14mm as of shaft.

+ Then we placed the sewing motor at a distance of 120mm from the shaft.

+ A speed regulator is connected to the sewing motor to adjust speed levels.

+ For connecting the motor and shaft using a belt, which helps to transmit motor energy to rotate
the shaft.

+ The brake wheel is attached to the tip of the dynamo which is attached to a brake spindle
.which helps in generating energy as well as stop the vehicle.

+ The output of the dynamo is connected to the multimeter using copper wire.

+ The output can be seen in multimeter which displays the certain value of energy generated
during braking. The value increases depending on speed of the vehicle.

Precautions used during Fabrication

e Apron isworn

e Gloves are used

e Face shield

e Proper coolant is supplied during the Drilling process.
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Final Fabrication
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Results

After the successful testing, the model is run and the data acquired under different loading conditions are

recorded and tabulated.

4.2 Result table
S.NO RPM VOLTAGE OUTPUT
1. 500 2.3V
2. 1300 3.1V
3. 1700 4.2\
4. 2100 5.2V

As per the outcomes table, the effectiveness of regenerative stopping mechanisms utilizing D.C. engines
ascends as the rakish speed of the engine increments. This is because the recovered energy increases with the
speed of the vehicle, making the system more efficient. The engine is less proficient at lower speeds, in this
manner the misfortunes are bigger, yet at higher velocities, the misfortunes are generally mechanical, for
example, contact and air drag.

25



4.3 Discussion

As the markets for hybrid, electric, and conventionally driven cars with high efficiency and low emissions
expand, so too does the rate of development of regenerative braking systems. Battery-electric vehicles (BEVs)
now face two major hurdles in the market: their high cost (especially for the battery packs) and their restricted
range. Cost reduction, increased vehicle range, and compliance with more stringent safety and emissions
regulations will be major future hurdles for system development. Advanced systems that not only stop the car
but also collect braking energy will need to have the brake regulation applied to them. This will be necessary.

Summary: present, "original" regenerative braking methods don't give a second thought to safety. The tests did
on one such structure, fitted to a mutt vehicle, raised no security issues. An important factor in determining the
strength of a regenerative stopping mechanism may be the capacity of a battery or other energy storage
device/framework, that is all there is to it capacity to rapidly change over the dynamic energy of the vehicle into
its put away structure.

Essential mechanical designing theory proposes for current frameworks, which can work at exceptionally low
power levels (< 30KW, say), the regenerative slowing down part is likely going to be very little, particularly at
high speeds. Such frameworks in this way need a significant extra wellspring of

slowing down force for medium-high deceleration prevents from such velocities, for example a regular
frictionbraking framework.

26



CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Using a regenerative braking system, which is what the cars have, allows the driver to save energy when braking. When
the car is slowing down, the battery charge is lost. The regenerative braking system attempts to recover part of that
charge. Contact brakes disseminate the heat generated from the converted energy. Generator rotors pivot using this
energy to convert mechanical energy from the wheels into precious battery charge. It is impossible to use the
regenerative slowing down framework as a major stopping mechanism for a vehicle since it is unable to bring the
vehicle to a complete stop.

Increasing the wheel speed (rpm) increases the voltage generated, and vice versa. This has been shown
experimentally. D.C. engines are used instead of stepper or servo engines as a regenerative engine since other
researchers have used these types of engines. For example, the voltage generated by the gear-operated DC engine is
much greater than that of the two other engines.

Accordingly, in any event, somewhere around 11% of the battery's energy might be recuperated utilizing the
regenerative stopping mechanism, which would somehow or another be spent to warm rubbing brakes. Therefore, the
distance between two charging prerequisites might be expanded by 10 to 15 percent by utilizing regenerative slowing
down in the middle of them.

5.2 Recommendations

A few complications may arise if this framework is extended to the present fleet of operational cars, since this is entirely
dependent on an experimental test rig. Anti-Lock Braking System should be used to implement this framework since
regenerative braking mechanisms do not offer quick braking.

If you're going to use an Anti-Lock Braking System, you'll need a different form of Braking framework, such as
Regenerative Braking.

It's necessary to make a few adjustments to the driving style in order to include regenerative braking into a vehicle's
architecture. This requires some investment becoming acclimated to, however studies have shown that drivers answer
decidedly and attempt to amplify the energy they can recover and hereby broaden their reach.

Carrying out this framework in the current working vehicle will increase the mass of the vehicle so, that consumes extra
space. So this component should be considered before plan of the vehicle so that this component could be survived.

the utilization of regenerative slowing down is immovably associated with eco-driving. If eco-it are applied to drive
techniques by countless drivers, this could effectively affect traffic stream.
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