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A Review on Regenerative Braking Methodology
In Electric Vehicle

J. Manikandan and M. Arun

Abstract--- Electric cars will be an interest in the market soon. Today, existing braking technologies are used.
This braking technology consumes a lot of energy during braking in the form of heat. Therefore, regenerative
braking is the most important method of focusing because it is an energy saving method. Increase the efficiency of
electric vehicles by reducing waste of energy. In electric vehicle regenerative braking mode, the kinetic energy of
the wheels is converted into electricity and stored in the battery or capacitor. This method has been improved using
flywheels, DC-DC converters, supercapacitors. In this paper, various kinds of controllers have been studied to

improve the energy saving of electric vehicles.

Index Terms--- Regenerative Braking, Generator, Brake Controller, Energy Conservation, Flywheel, Ultra-

Capacitor.

I. INTRODUCTION
Nowadays, electric cars are popular because they know that they are eco-friendly vehicles that emit zero air that

causes depletion of the ozone layer. Toxic gases are emitted from the vehicle and do not pollute the atmosphere. In
recent years, electric vehicle population starts to increase with market demand. In addition, the government is more
serious about electric vehicle production. All humanities are working to save natural and natural resources such as
oil and gas on the planet. In the 20th century, vehicle technologies such as control technology and integrated
technology have developed aggressively. Anyway, the limits of mileage are still obstacles to the development of

electric cars.

This problem has been solved using regenerative braking. This method is one of the ways to improve the mileage
because it can increase the mileage of the EV by 8-25%. This technology has replaced traditional vehicle braking
systems because most conventional braking systems use a mechanical friction method to always dissipate kinetic
energy into heat energy to achieve a stopping effect. Studies show that in urban operation, 1/3 to 1/2 of the energy
required to operate a vehicle is consumed during braking. From an energy point of view, Kkinetic energy is surplus
energy when the electric motor is in a braking state, which dissipates energy into heat and loses total energy. This
wasted energy can actually be converted into useful energy for hybrid and electric vehicles. Therefore, regenerative
braking has been implemented in the automotive braking system to regain wasted energy. Total energy savings also
depend on driving conditions and are generally more effective at speeds than at high speeds, but braking rarely

occurs.
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There are several advantages of regenerative braking taken over the traditional braking system such as:

e  More control over braking

e More efficient and effective in stop-and-go driving conditions

e Prevents wear on mechanical brake systems

e Better fuel economy in this work, the working principle and some braking controller for the regenerative

braking has been reviewed.

Il. LITERATURE REVIEW

The literature search focused mainly on topics related to electric vehicles (EV), hybrid electric vehicles (HEV)
and fuel cell powered hybrid electric vehicles (FCHEV). We reviewed the books related to simulation, critical
analysis, and empirical research in detail using available software. In addition, a system based on alternative energy
sources has been attempted to some extent. However, more emphasis is placed on literature related to fuel savings
objectives rather than on environmental savings on global warming and studies undertaken to reduce the
components of harmful emissions. The most important documents to mention here, this paper details the
requirements and potential benefits of infrastructure development, challenges and opportunities for the design and
deployment of emerging infrastructures associated with plug-in electric vehicles (PEVS). From battery
manufacturing to communication and control between the vehicle and the grid, the authors have been able to
maximize the benefits of the opportunity to reduce fuel consumption, which is crucial to providing safe, clean
electricity.

Holms et al (2010) described the operation of an electric vehicle and compared it with existing internal
combustion engines and hybrid electric vehicles. The report provided details of the advantages and disadvantages of

electric vehicles, along with future technological prospects.

Eberhard et al. (2005) tested a Tesla Roadster EV with a lithium-ion battery for energy-efficient from well to
wheel and emissions from the well to the wheel in a paper on the "21st century electric vehicle". Compared to
natural gas engines, hydrogen fuel cells, diesel engines, gasoline engines and hybrid gas / electric vehicles, the
energy efficiency from the well to the wheel is high and the Tollla Roadster EV has very low emissions from the
well to the wheel.

Santos et al (2006) studied power converters and controls for electric traction, and discussed solutions in this
paper during development. Focus was on strategy and configuration issues of the power converter (controller),
protection and control of the power train. The study vehicle used 11 KW - 48 VV DC motor. Because this motor
requires a high current value of about 200A, it was important to consider stability issues in the proposed
architecture. DC-DC power converters have been discussed in detail to achieve energy conservation and low power
consumption according to motor operation requirements in forward and reverse operation of the vehicle. This paper
describes the reason for the need / importance of the variable output current control of the converter rather than the

voltage control under the intuitive correlation of throttle control and torque.
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ICE guarantees the protection and safety of motors, controllers, and several electrical and mechanical

components. The current control method, especially the sliding mode control, was discussed.

Chetan Kumaar Maini (2005) pointed out in his paper the potential need for the design and development of a
globally competitive compact electric concept vehicle for India and concluded that EVs are the best solution to
reduce urban pollution and a significant social and economic benefit and will result in the implementation of EVs
and HEVs. The report also describes the role of governments and communities around the world in promoting and

accelerating EV programs.

Marinescu et al., (2010) FISITA F 2010 A-089 presented aspects of a diesel electric hybrid concept car. The
diesel powertrain is mounted in a classical position on the front side and the powertrain is mounted on the rear side.
Performance tests of prototype vehicles with electric power units and diesel powertrain, a four-wheel drive concept,

have not yet been performed in the laboratory.

The proposed model-based integrated power transfer control for energy management and emission management
for reduced hazardous tailpipe emissions and reduced operational emissions of hybrid electric vehicles is presented
in this paper. Kessels et al. (2010) FISITA SF 2010 A-096 the cost of the vehicle was considered important. This
case study is presented for a heavy-duty hybrid electric vehicle equipped with SCR-deNOx, and until the time
temperature of the system after treatment is low, the proposed control system focuses on emissions management and
the subsequent treatment system is hot enough Energy management will take the place of control. The results
demonstrate a trade-off between operating costs and emissions derived from the proposed integrated powertrain

control.

Carlson et al (2008) conducted dependence studies by evaluating differences in fuel averages for two models of
hybrid electric vehicles at previously defined urban driving routes at wide ambient temperatures (-14 ° C to 31 ° C)
At ambient temperature. Given the fuel mileage provided by HEV, performance changes for low and high
temperature effects on HEV operational efficiency have been investigated for roads in pre-defined cities on the road
compared to existing vehicle technology. The results showed that battery power control limits and engine operation

vary dramatically with temperature.

Chau et al. (2002) dealt with various aspects of the vehicle in order to derive maximum fuel economy, minimum
emissions, minimum system cost and excellent driving performance. In this paper author focused on power

management strategies for drive trains. Power flow control for various HEVS is also elaborated.

Uzunoglu et al. (2007) in his paper describe the design and modeling of fuel cell / ultra-capacitor (FC / UC)
based hybrid vehicle power systems, as well as the development of power flow control strategies, simulation
models. FC supplied basic power and UC supplied additional power during peak power demand or load switching.
To develop a fairly accurate model to overcome the FC-related difficulties, we have explored large, very complex
and costly FC technology systems to improve system efficiency for vehicle applications using proton exchange
membrane fuel cells (PEMFCs). Attempts have been made to develop model / executable options that can supply

power under transient operating conditions such as start-up, sudden load change and acceleration.
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Ahluwalia et al. (2005) noted that the standard US drive cycle used for fuel consumption works at 20% of the
rated output of the engine. He said the fuel cell is more efficient at partial load than rated load. The authors have
been working to evaluate the feasibility of FCEV fuel economy improvement by direct hydrogen compression FC
system as an energy conversion device and Hybridization of energy storage system (ESS) of lithium ion battery pack

and sedan vehicle in other drive Hybridization degree DOH).

This work was done by keeping the combined power rating of the FC system and the ESS constant. As a result,
the FC system has been reduced in size as the degree of hybridization (DOH) increases by increasing the ESS. Fuel

economy of hydrogen fuel cell vehicles was found based on mileage per gallon equivalent (mpgge).

Ogburn et al. (2000) described the design and construction of a fuel cell hybrid electric vehicle conversion. The
model was developed using an adviser on a small fuel cell stack and the model verification was completed with
Virginia Tech - FCHEV in EPA (US Environmental Protection Agency) city and highway driving cycle. Compared
to the model v / s test data of the total fuel cell system energy production, the total energy consumption of the
vehicle energy storage system and the total vehicle electric energy usage within 10%, the accuracy of the overall

vehicle fuel efficiency is within 1% | have noticed driving cycles and within 6% on the highway.

Assanis et al. (2001) described a method for integrating vehicle and engine simulations in this article. The feed-
forward model of engine simulation has been modified to allow connection with vehicle models, and an engine
component adjustment routine has been added to facilitate engine sizing studies. Within the proposed performance
criteria, a design optimization framework was used to find the optimal overall engine size, battery pack and motor

combination for minimum fuel consumption. The researchers completely skipped the emission model.

Hofmman et al (2004) pointed out that the influence of design specifications on secondary power sources (with
an understanding of motors considered as secondary power sources) could improve fuel economy, emissions,
comfort, driving and safety (Eg, rated power, storage capacity, and energy conversion efficiency), including the

efficiency of brake energy recovery.

This paper describes problem statements and realized output drive functions (relationships related to drive train
topology, technology, or control) to determine optimal hybrid drive train topology and component technologies
aimed at improving specific drive functions. The paper also focuses on the sensitivity analysis of design input
variables. They concluded that fuel economy increases significantly with increasing secondary power rating, battery

size and energy conversion efficiency.

Burke, (2007) described the application of batteries and Ultracapacitors to electric energy storage devices for
electric vehicles and charge-hold hybrid electric vehicles. The study focused on lithium-ion batteries and carbon /

carbon ultra-capacitors.

This describes the energy density and power density characteristics of battery and ultra-capacitor technologies.
Comparing simulation results for energy consumption, fuel economy, and grid power usage in federal and highway
driving cycles, EVs using lithium-ion batteries can be engineered to accelerate to 240 km with accelerations

comparable to conventional ICE vehicles.
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111.OVERALL CONCLUSIONS

Regenerative braking is one of the most important systems in electric vehicles because it can save up to 8% to
5% of waste energy. Regenerative braking systems have been enhanced with advanced power electronic components
such as ultra-capacitors, DC-DC converters (Buck-Boost) and flywheels. Ultracapacitors, which help improve the
transient state of the car during startup, provide a smoother charging characteristic of the battery and improve the
overall performance of the electric vehicle system. Buck-boost converters help maintain power management in
regenerative braking systems, such as boosting acceleration. Finally, flywheels are used to improve the power
recovery process through automotive wheels.

In conclusion, regenerative braking is a tremendous concept developed by engineers. In the near future,
regenerative braking techniques may be further developed by using other methods by the fuzzy controller or the PID

controller.

REFERENCES

[11  Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Virtual instrumentation based process of
agriculture by automation. Middle-East Journal of Scientific Research, 20(12): 2604-2612.

[2] Udayakumar, R., Kaliyamurthie, K.P., & Khanaa, T.K. (2014). Data mining a boon: Predictive system for
university topper women in academia. World Applied Sciences Journal, 29(14): 86-90.

[3] Anbuselvi, S., Rebecca, L.J., Kumar, M.S., & Senthilvelan, T. (2012). GC-MS study of phytochemicals in
black gram using two different organic manures. J Chem Pharm Res., 4, 1246-1250.

[4] Subramanian, A.P., Jaganathan, S.K., Manikandan, A., Pandiaraj, K.N., Gomathi, N., & Supriyanto, E.
(2016). Recent trends in nano-based drug delivery systems for efficient delivery of phytochemicals in
chemotherapy. RSC Advances, 6(54), 48294-48314.

[5] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Partial encryption and partial inference control
based disclosure in effective cost cloud. Middle-East Journal of Scientific Research, 20(12), 2456-2459.

[6] Lingeswaran, K., Prasad Karamcheti, S.S., Gopikrishnan, M., & Ramu, G. (2014). Preparation and
characterization of chemical bath deposited cds thin film for solar cell. Middle-East Journal of Scientific
Research, 20(7), 812-814.

[7] Maruthamani, D., Vadivel, S., Kumaravel, M., Saravanakumar, B., Paul, B., Dhar, S.S., Manikandan, A., &
Ramadoss, G. (2017). Fine cutting edge shaped Bi203rods/reduced graphene oxide (RGO) composite for
supercapacitor and visible-light photocatalytic applications. Journal of colloid and interface science, 498,
449-459,

[8] Gopalakrishnan, K., Sundeep Aanand, J., & Udayakumar, R. (2014). Electrical properties of doped
azopolyester. Middle-East Journal of Scientific Research, 20(11). 1402-1412.

[9] Subhashree, A.R., Parameaswari, P.J., Shanthi, B., Revathy, C., & Parijatham, B.O. (2012). The reference
intervals for the haematological parameters in healthy adult population of chennai, southern India. Journal
of Clinical and Diagnostic Research: JCDR, 6(10), 1675-1680.

[10] Niranjan, U., Subramanyam, R.B.V., & Khanaa, V. (2010, September). Developing a web recommendation
system based on closed sequential patterns. In International Conference on Advances in Information and
Communication Technologies, 101, 171-179. Springer, Berlin, Heidelberg.

[11]  Slimani, Y., Baykal, A., & Manikandan, A. (2018). Effect of Cr3+ substitution on AC susceptibility of Ba
hexaferrite nanoparticles. Journal of Magnetism and Magnetic Materials, 458, 204-212.

[12] Premkumar, S., Ramu, G., Gunasekaran, S., & Baskar, D. (2014). Solar industrial process heating associated
with thermal energy storage for feed water heating. Middle East Journal of Scientific Research, 20(11),
1686-1688.

[13] Kumar, S.S., Karrunakaran, C.M., Rao, M.R.K., & Balasubramanian, M.P. (2011). Inhibitory effects of
Indigofera aspalathoides on 20-methylcholanthrene-induced chemical carcinogenesis in rats. Journal of
carcinogenesis, 10.

Received: 07 Apr 2019 | Revised: 06 May 2019 | Accepted: 04 June 2019 224



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[14]

[15]

[16]

[17]
(18]
[19]
[20]
[21]
[22]

[23]

[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]
[32]
[33]
[34]

[35]

Beula Devamalar, P.M., Thulasi Bai, V., & Srivatsa, S.K. (2009). Design and architecture of real time web-
centric tele health diabetes diagnosis expert system. International Journal of Medical Engineering and
Informatics, 1(3), 307-317.

Ravichandran, A.T., Srinivas, J., Karthick, R., Manikandan, A., & Baykal, A. (2018). Facile combustion
synthesis, structural, morphological, optical and antibacterial studies of Bil— xAlxFeO3 (0.0< x< 0.15)
nanoparticles. Ceramics International, 44(11), 13247-13252.

Thovhogi, N., Park, E., Manikandan, E., Maaza, M., & Gurib-Fakim, A. (2016). Physical properties of CdO
nanoparticles synthesized by green chemistry via Hibiscus Sabdariffa flower extract. Journal of Alloys and
Compounds, 655, 314-320.

Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Wide area wireless networks-IETF. Middle-East
Journal of Scientific Research, 20(12), 2042-2046.

Sundar Raj, M., Saravanan, T., & Srinivasan, V. (2014). Design of silicon-carbide based cascaded
multilevel inverter. Middle-East Journal of Scientific Research, 20(12), 1785- 1791.

Achudhan, M., Jayakumar M.P. (2014). Mathematical modeling and control of an electrically-heated
catalyst. International Journal of Applied Engineering Research, 9(23), 23013.

Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2013). Application of pattern recognition for farsi
license plate recognition. Middle-East Journal of Scientific Research, 18(12), 1768-1774.

Jebaraj, S., Iniyan S. (2006). Renewable energy programmes in India. International Journal of Global
Energy Issues, 26(43528), 232-257.

Sharmila, S., & Jeyanthi Rebecca, L. (2013). Md Saduzzaman., Biodegradation of domestic effluent using
different solvent extracts of Murraya koenigii. J Chem and Pharm Res, 5(2), 279-282.

Asiri, S., Sertkol, M., Guner, S., Gungunes, H., Batoo, K.M., Saleh, T.A., Manikandan A., & Baykal, A.
(2018).  Hydrothermal  synthesis of  CoyZnyMnl-2yFe204  nanoferrites:  magneto-optical
investigation. Ceramics International, 44(5), 5751-5759.

Rani, A.J., & Mythili, S.V. (2014). Study on total antioxidant status in relation to oxidative stress in type 2
diabetes mellitus. Journal of clinical and diagnostic research: JCDR, 8(3), 108-110.

Karthik, B. (2014). Arulselvi, Noise removal using mixtures of projected gaussian scale mixtures. Middle-
East Journal of Scientific Research, 20(12), 2335-2340.

Karthik, B., Arulselvi, & Selvaraj, A. (2014). Test data compression architecture for low power VLSI
testing. Middle - East Journal of Scientific Research, 20(12), 2331-2334.

Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). Privacy conscious screening framework
for frequently moving objects. Middle-East Journal of Scientific Research, 20(8), 1000-1005.
Kaliyamurthie, K.P., Parameswari, D., & Udayakumar, R. (2013). QOS aware privacy preserving location
monitoring in wireless sensor network. Indian Journal of Science and Technology, 6(5), 4648-4652.
Silambarasu, A., Manikandan, A., & Balakrishnan, K. (2017). Room-temperature superparamagnetism and
enhanced photocatalytic activity of magnetically reusable spinel ZnFe 2 O 4 nanocatalysts. Journal of
Superconductivity and Novel Magnetism, 30(9), 2631-2640.

Jasmin, M., Vigneshwaran, T., & Beulah Hemalatha, S. (2015). Design of power aware on chip embedded
memory based FSM encoding in FPGA. International Journal of Applied Engineering Research, 10(2),
4487-4496.

Philomina, S., & Karthik, B. (2014). Wi-Fi energy meter implementation using embedded linux in ARM
9. Middle-East Journal of Scientific Research, 20, 2434-2438.

Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). A DFIG based wind generation system
with unbalanced stator and grid condition. Middle-East Journal of Scientific Research, 20(8), 913-917.
Rajakumari, S.B., & Nalini, C. (2014). An efficient data mining dataset preparation using aggregation in
relational database. Indian Journal of Science and Technology, 7, 44-46.

Karthik, B., Kiran Kumar, T.V.U., Vijayaragavan, P., & Bharath Kumaran, E. (2013). Design of a digital
PLL using 0.35 T¥am CMOS technology. Middle-East Journal of Scientific Research, 18(12), 1803-1806.
Sudhakara, P., Jagadeesh, D., Wang, Y., Prasad, C.V., Devi, A.K., Balakrishnan, G., Kim B.S., & Song, J.I.
(2013). Fabrication of Borassus fruit lignocellulose fiber/PP composites and comparison with jute, sisal and
coir fibers. Carbohydrate polymers, 98(1), 1002-1010.

Received: 07 Apr 2019 | Revised: 06 May 2019 | Accepted: 04 June 2019 225



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019
ISSN: 1475-7192

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

Kanniga, E., & Sundararajan, M. (2011). Modelling and characterization of DCO using pass transistors.
In Future Intelligent Information Systems, 86(1), 451-457. Springer, Berlin, Heidelberg.

Sachithanandam, P., Meikandaan, T.P., & Srividya, T. Steel framed multi storey residential building
analysis and design. International Journal of Applied Engineering Research, 9(22), 5527-5529.
Kaliyamurthie, K.P., Udayakumar, R., Parameswari, D., & Mugunthan, S.N. (2013). Highly secured online
voting system over network. Indian Journal of Science and Technology, 6(S6), 4831-4836.

Sathyaseelan, B., Manikandan, E., Lakshmanan, V., Baskaran, I., Sivakumar, K., Ladchumananandasivam,
R., Kennedy, J., & Maaza, M. (2016). Structural, optical and morphological properties of post-growth
calcined TiO2 nanopowder for opto-electronic device application: Ex-situ studies. Journal of Alloys and
Compounds, 671, 486-492.

Saravanan, T., Sundar Raj M., & Gopalakrishnan K. (2014). SMES technology, SMES and facts system,
applications, advantages and technical limitations. Middle - East Journal of Scientific Research, 20(11),
1353-1358.

Gupta, T., & Sharma, A. (2014). Search Accuracy in Web information Retrieval. International Journal of
Communication and Computer Technologies, 2(2), 98-105.

Kakavand, Z.M., & Chalechale, A. (2015). Comparison of Two Different Distance Functions of Image
Retrieval for Detecting Species of Microscopic Fungi in Medical Mycology Laboratory. International
Academic Journal of Science and Engineering, 2(4), 39-44.

Ramya, V., Ranjitha, S., Sathya Sofia, A., & Ganesh Kumar, P. (2014). Load Balancing of Tasks in Cloud
Computing Environment Using Honey Bee Behavior. International Journal of System Design and
Information Processing, 2(2), 25-53.

Brindha, M.S. (2017). A Survey on Cross Layer Distributed Topology Control in Mobile Adhoc Network.
Bonfring International Journal of Networking Technologies and Applications, 4(1), 1-3.

Kumar, P. (2014). Load Characteristics of Electric System for Distributing Power on Locality Based
Criterion. Bonfring International Journal of Power Systems and Integrated Circuits, 4(4), 39-43.

Rama Rao, G., Purna Prakash, J., & Rama Raju, M. (2014). Designing High to Low Cost Solution for Crash
Recovery of Servers through Virtualization using Cloud Computing. International Scientific Journal on
Science Engineering & Technology, 17(5), 549-555.

Arul Jothy, K., Sivakumar, K., & Delsey, M.J. (2018). Distributed System Framework for Mobile Cloud
Computing. Bonfring International Journal of Research in Communication Engineering, 8(1), 5-9.

Kabeer, V., & Zainul Abid, T.P. (2013). Automated Face Recognition using Artificial Light Receptor Model
and SVM Classifier. The SI1J Transactions on Computer Science Engineering & its Applications, 1(3), 36-
41.

Yasvanthkumaar, V., Sabitha, S., & NithyaKalyani, S. (2018). Parallel and Multiple E-Data Distributed
Process with Progressive Duplicate Detection Model. Bonfring International Journal of Software
Engineering and Soft Computing, 8(1), 23-25.

Kanaga Sundar, R., Joe Paul, J., Krishna Kumar, M., & Laser, L. (2014).Secured POR for Flooding Attack
Prevention in Extremely Dynamic Ad Hoc Networks. The SIJ Transactions on Computer Networks &
Communication Engineering (CNCE), 2(2), 5-9.

Received: 07 Apr 2019 | Revised: 06 May 2019 | Accepted: 04 June 2019 226



