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ABSTRACT:

A regenerative braking system is a technology designed to capture and store energy that would otherwise be lost during braking. In traditional braking systems,
energy is converted into heat, which is wasted. However, regenerative braking works by converting the vehicle's kinetic energy into electrical energy. This energy
is then stored in the vehicle's battery, where it can be used later to power the vehicle, improving overall energy efficiency. This system is especially common in
electric and hybrid vehicles, where energy conservation is critical. Regenerative braking not only enhances the vehicle’s range by reusing energy but also reduces
the wear and tear on traditional braking components, which leads to less maintenance over time. Furthermore, it helps to reduce the environmental impact by
lowering the overall energy consumption of the vehicle. By recovering energy from braking, it contributes to a more sustainable and cost-effective transportation
system. As technology advances, regenerative braking is expected to play an even larger role in the development of greener, more efficient vehicles.
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Introduction:

The increasing demand for energy-efficient and environmentally friendly transportation has led to the development of advanced technologies aimed at
reducing energy waste. One such technology is the regenerative braking system, which offers a smart solution for recovering energy that is typically
lost during braking. In conventional braking systems, the kinetic energy of a moving vehicle is dissipated as heat through friction. However,
regenerative braking captures a part of this energy and converts it into electrical energy using an electric motor operating in generator mode. This
energy can then be stored in a battery or capacitor and later reused to assist in vehicle propulsion or power auxiliary systems. The concept of
regenerative braking is particularly useful in electric and hybrid vehicles, where energy conservation is a top priority. It not only improves the overall
efficiency of the vehicle but also helps in reducing the wear and tear of mechanical brake components, leading to lower maintenance costs. Additionally,
it plays a significant role in enhancing the driving range of electric vehicles by minimizing energy losses. In this project, a simplified regenerative
braking system has been designed using a brushed DC motor, a battery for energy storage, a single wheel, and a chain drive mechanism. The aim is to
demonstrate how a basic physical model can replicate the energy conversion process involved in regenerative braking. The system is built to show how
motion energy from a rotating wheel can be harnessed and redirected back into electrical form. Through this model, the principles of energy recovery,
electrical conversion, and mechanical-electrical integration are clearly illustrated. This introduction outlines the importance and relevance of
regenerative braking in modern-day applications. It also sets the stage for deeper exploration into the working principles, design considerations, and
practical advantages of incorporating such a system into vehicles and machinery where energy efficiency is a critical goal.

What is the Regenerative Braking System?

A regenerative braking system is a method of slowing down a moving vehicle by converting its kinetic energy into electrical energy, rather than
wasting that energy as heat. In traditional braking systems, when brakes are applied, friction between the brake pads and wheels causes the vehicle to
slow down, and the energy generated during this process is lost in the form of heat. However, in a regenerative braking system, an electric motor is
used in reverse operation, acting as a generator during braking.

When the vehicle begins to decelerate, the wheels drive the motor instead of the motor driving the wheels. As a result, the motor generates electricity,
which is then stored in a rechargeable battery or other energy storage device. This stored energy can later be used to power the vehicle or assist during
acceleration, thereby increasing overall efficiency and reducing the need for external charging or fuel consumption.

This system is commonly used in electric vehicles (EVs) and hybrid vehicles to improve energy efficiency and extend battery life. It also helps reduce
wear on mechanical braking parts, leading to lower maintenance costs. The regenerative braking system is a step forward in sustainable transportation,
as it helps recover and reuse energy that would otherwise be lost.
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What is the use of Regenerative Braking System?

The number one use of a regenerative braking gadget is to recover energy that might otherwise be wasted during the braking procedure and convert it
into usable electrical strength. Instead of turning all of the vehicle’s motion strength into heat, this system transforms a number of that strength lower
back into energy, which can be saved in a battery or capacitor. This recovered strength can then be reused to electricity the vehicle, reducing the overall
electricity call for and increasing efficiency. One of the most important blessings of this gadget is its capability to extend the using range of electric and
hybrid cars. Since it reduces the need to draw strength from external charging or gasoline, it performs a critical function in improving fuel financial
system and lowering emissions. Additionally, it reduces the wear on conventional braking components, inclusive of brake pads and discs, which results
in decrease preservation fees and longer service life. In public transportation, inclusive of electric powered trains and buses, regenerative braking is
broadly used to improve power performance and reduce running prices. It is also helpful in stop-and-cross site visitors conditions, wherein common
braking permits for greater possibilities to get better strength. Overall, the device supports the purpose of building cleanser and extra energy-aware
transportation structures..

Methodology:

Regenerative braking works through Remodel the kinetic electricity of a transferring automobile into electrical electricity throughout deceleration. In an
average setup, an electric powered motor that drives the automobile also can function as a generator. When the car slows down, the motor's course of
strength glide reverses. Instead of consuming electricity to provide motion, it makes use of the rotational force from the wheels to generate electricity.

This process slows the wheel's rotation while sending electrical strength again to the battery or power garage system. The mechanical strength from the
wheels is converted into electrical strength in preference to being misplaced as warmth via friction.

This approach is handiest throughout downhill motion or common stops, wherein there are multiple possibilities to seize and save power that could in
any other case be wasted.

Typical work activities

 Regenerative braking converts the car’s kinetic electricity into electrical power at some point of deceleration

 When brakes are implemented, the power motor reverses its function and operates as a generator.

 As the wheels rotate the motor, electromagnetic induction produces electricity.

 The generated modern-day flows into an electricity storage unit, generally a battery or supercapacitor.

 This method reduces dependency on the mechanical braking system.

 It allows in smooth deceleration at the same time as simultaneously charging the battery.

 Efficiency relies upon on velocity, motor type, and battery condition.

 In hybrid or electric powered motors, it directly improves battery overall performance and variety.

Analog Method:

The Analog method for regenerative braking includes the use of simple components like a brushed DC motor, resistors, and direct wiring connections.
When the motor is attached to a spinning wheel, it acts as a generator and begins producing electrical power because the wheel rotates. This power is
either sent to a resistive load to simulate intake or directed into a rechargeable battery. Analog instruments like voltmeters or LED signs can display the
presence of generated voltage and contemporary.

This method is straightforward and cost-powerful, making it perfect for small-scale prototypes and educational fashions. Although it lacks the precision
of digital systems, it effectively demonstrates the fundamental running precept of regenerative braking in a clear and practical manner.

Persistence and Trends Regenerative Braking System Method:

The persistence and tendencies technique specializes in reading the device’s overall performance over time and underneath varying conditions. It
involves repeated checking out of the regenerative braking setup while recording key parameters consisting of pace, braking force, present day
technology, and battery voltage. By watching the consistency and Behaviour of the system at some point of multiple braking occasions, styles may be
diagnosed that help assess performance and reliability. This technique is useful for comparing how the gadget responds to frequent use, adjustments in
terrain, or exclusive load situations. It also facilitates in identifying areas for development, making it a treasured device for studies and performance
optimization in actual-international packages.
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Numerical Regenerative Braking System Method:

The numerical technique to regenerative braking includes the usage of mathematical formulas and simulation models to estimate machine overall
performance. Important physical quantities like kinetic energy, electrical power, braking torque, and motor efficiency are calculated the use of
equations. For example, the amount of kinetic energy recoverable for the duration of braking can be calculated using the formula E =1/2 mv^2, in
which m is the car mass and v is its speed. Other formulas determine the amount of power generated and the burden on the battery. Simulations may be
run using software program tools like MATLAB or spreadsheet calculations to predict how the device will carry out under various eventualities.

This technique is particularly beneficial for designing and optimizing regenerative systems earlier than bodily building them. provides the best means
of forecasting forthcoming meteorological conditions.

Objective:

1. To The predominant objective of a regenerative braking system is to growth strength efficiency via improving electricity this is generally
misplaced all through braking.

2. By converting this kinetic energy into electricity, the machine reduces the want for outside charging in electric powered automobiles or
gasoline intake in hybrid systems.

3. This not simplest saves strength however also extends the variety and overall performance of the automobile. Another key goal is to lessen
wear and tear on conventional braking additives, leading to decrease protection costs and longer service existence.

4. Additionally, regenerative braking supports environmental goals by lowering emissions and promoting sustainable strength use. Overall, it
objectives to make transportation structures extra green, good value, and eco-friendly.

Results

The implementation of the regenerative braking device yielded promising and regular consequences throughout the testing phase. The most sizable
outcome became the clean era of electrical energy as the wheel began to decelerate. As the wheel, connected through a chain force, become allowed to
rotate and then manually bogged down, the brushed DC motor operated effectively in generator mode. A measurable voltage and cutting-edge have
been produced, confirming successful electricity recovery. The readings various in step with the speed and length of braking, with better speeds
generating extra output. For instance, during quicker rotations, the generated voltage peaked, whilst slower braking ended in decrease values. This
demonstrated that kinetic energy is without delay proportional to electric power output on this machine.

Another key end result was the a success charging of the battery the use of the recovered strength. Even though the device became constructed as a
small-scale version, the battery confirmed a sluggish rise in voltage after repeated braking cycles. This showed that now not most effective could the
device generate power, however it may also store it efficiently for future use. The setup maintained stability for the duration of multiple trials, and not
using a overheating of additives or failure in electricity transfer. It also proven a slight however noticeable resistance from the motor throughout
braking, which helped in slowing down the wheel—lowering dependency on a frictional brake.

From a overall performance attitude, the analog signs replied in real-time, showing energy drift all through the braking occasion. LED signs and voltage
meters visually verified the electricity restoration, which makes the machine instructional and sensible for demonstration functions. Furthermore, the
gadget confirmed durability and consistency in results even after repeated use, suggesting its ability for integration into larger and greater complex
systems.

Overall, the results showed that the regenerative braking gadget can successfully convert and keep energy that might otherwise be wasted. It no longer
best aids in electricity conservation however additionally contributes to extending the lifestyles of mechanical braking parts. The simplicity of the setup
mixed with the reliability of the results highlights its fee in both educational fashions and real-international sustainable mobility solutions.
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Figure 1: Block Diagram of Regenerative Braking System

Overview:

The first diagram visually represents the operational go with the flow and most important components worried in a regenerative braking gadget the
usage of a Brushed DC Motor. This setup is designed to seize and reuse kinetic power during braking, thereby improving strength performance in
electric powered vehicles or take a look at rigs.

 Power Supply and Motor Drive

The system begins with a Battery, which substances electrical power to the Brushed DC Motor. The connection is classified as “electricity connection,”
indicating that this course supplies energy for normal driving operation.

 Energy Recovery During Braking

When the brake is applied or the vehicle decelerates, the rotational electricity from the Driven Motor—which is automatically connected to the Single
Wheel—is redirected to the Brushed DC Motor. In this reversed mode, the motor acts as a generator, converting mechanical power into electric
electricity. This regenerated electricity is then despatched returned to the Battery, developing a comments loop that conserves strength.

 Brake Integration

A Brake Connection is also shown, which immediately interacts with the motor. This represents the ability to mix mechanical braking with regenerative
braking for more suitable control and overall performance. The regenerative system does now not replace traditional braking absolutely but dietary
supplements it.
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Figure 2: Physical Model of Regenerative Braking System

 System Frame and Wheel

The bodily setup consists of a inflexible metal body helping a single wheel at the middle. This wheel simulates a actual-world car tire and is the number
one element used to demonstrate rotational motion and braking.

 Brushed DC Motor and Chain Drive

On the right facet of the wheel, a Brushed DC Motor is hooked up and connected to the wheel the usage of a sequence power machine. This lets in
torque transmission from the motor to the wheel at some stage in acceleration and vice versa throughout braking.

 Battery, Switch, and Indicator Module

A wooden manage panel is constant on the facet of the frame, housing a battery, a virtual voltmeter, and an on/off transfer. The voltmeter monitors
voltage for the duration of regeneration, and LED indicators visualize strength transfer. The switch initiates or halts the strength supply to the motor.

 Braking System

On the left aspect of the wheel, a mechanical braking mechanism is connected. This brake permits guide utility of resistance, which increases the
regenerative effect by forcing the motor to paintings more difficult throughout deceleration. It helps simulate actual braking situations in a controlled
lab surroundings.

 Functionality and Integration

This experimental setup reflects the theoretical concepts shown within the block diagram. It efficiently demonstrates how kinetic power from the wheel
is converted into electric energy and back to the battery. The system integrates primary electronics and mechanical additives to illustrate the
effectiveness of regenerative braking the usage of less costly and handy hardware.

Conclusion

The regenerative braking system is a huge innovation in the discipline of power-efficient transportation. Unlike conventional braking systems that
waste kinetic power as warmness, this system captures that power and converts it into useful electric energy. This recovered energy is stored in a
battery or capacitor and reused to energy the car, thereby decreasing overall strength intake. The concept now not only improves the performance of
electric and hybrid motors however additionally helps the global push toward cleanser and greener technologies.

This assignment has demonstrated how a primary regenerative braking setup the usage of a brushed DC motor can efficaciously convert mechanical
motion into electrical energy. By simulating actual-global braking situations, the model helped in know-how the conversion system, power go with the
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flow, and system conduct under exceptional situations. The use of an Analogs approach and numerical evaluation supplied clear insight into the
working and efficiency of the device. Additionally, trends and styles have been observed to investigate how always electricity might be recovered
through the years.

One of the important thing benefits of the gadget is its contribution to decreased wear on mechanical brake components, main to decrease maintenance
prices and stepped forward automobile lifespan. It also allows enlarge the riding range of electrical automobiles, that's a chief subject in battery-
powered transportation. Beyond cars, the regenerative braking concept can also be carried out in electric trains, elevators, and different movement-
primarily based systems to improve ordinary energy utilization.

In end, regenerative braking isn't always only a technical feature however a necessary step toward a extra sustainable destiny. It displays how
engineering may be used to get better assets that could in any other case be misplaced, contributing to both monetary and environmental benefits. As
the call for clean power and green systems grows, regenerative braking will hold to play a important function in the improvement of smart mobility
and strength-saving technologies.
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2. Lead-acid Battery (12V) – Served as the energy storage unit for storing regenerated power.

3. Chain Drive Mechanism – Used to transfer motion from the wheel to the motor.

4. Single Wheel Assembly – Simulated the vehicle movement and braking scenario.
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6. Mechanical Frame – Provided structural support for all mounted components.

7. Resistors and Wires – Enabled the circuit connection for energy dissipation and control.
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