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ABSTRACT

Traditionalbrakingsystemsintheautomotiveindustryrelyonmechanicalmechanisms,
which can cause skidding and excessive wear on cars. And at highspeeds, these
brakes might not stop you at all. This study provides a novel approachto overcoming
these problems by introducing the "Eddy Current Braking System." Byleveraging the
opposing effects of eddy currents, this technology provides a non-
abrasivetypeofbrakingthatmaybeusedwithawiderangeofvehicles,frombicyclestotrains.
Energyislostasaresultofeddycurrents,whicharewhirlingcurrentsinducedwithina
conductorby avarying magneticfield.

The Eddy Current Brake consists of an electromagnet placed next to a
conductive,non-ferromagnetic metal disc (rotor) attached to the back axle of the
bicycle wheel.The disc is set up in such a way that the electromagnet's magnetic field
may easilypermeate it. It is possible to overcome the shortcomings of conventional

brakingsystemsby regulatingthe electromagnet'sbraking force.

Inaddition,aregenerativeparthasbeenbuiltintothebiketomakeitmoreEco-friendlyand
efficient. A dynamo is attached to the bicycle wheel and uses the kinetic energycreated
by the wheel's rotation to generate electricity. This electricity is then stored ina battery
for later use, whether to power additional devices. This innovative devicedoes more
than  just revolutionise  brake technology; it also helps make
transportationmoresustainableandefficient. Topromotegreatersafety,performance,and
environmentalresponsibilityinthefieldofbicycletransportation,thisprojectinvestigatesthe

designandproductionofsuchacomprehensivesystem.
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CHAPTER1
INTRODUCTION

1.1 GENERALBACKGROUND

Thereisaconstantefforttomakevehiclessafer,moreefficient,andlessharmfultotheenviron
ment in the dynamic field of transportation. At the heart of this effort is theresearch and
development of improved braking systems to address the drawbacks oftraditional
methods, such as mechanical blockage that can cause skidding,
excessivewearandtear,andalackofefficiencyathighspeeds.Asmoreandmorepeoplerequi

rebetterstoppingmethods,it'sclearthatcutting-edgeinnovationsarerequired.

Thisworkintroducesanovelconcepttotackletheseissues:the"EddyCurrentBrakingSyste
m"combinedwithregenerativeabilities.It'saradicaldeparturefromconventionalbraking
systems, with the potential to revolutionise not just bicycles but also
largervehiclesliketrainsbybeingnon-abrasive,energy-efficient,andflexible.

The Eddy Current Braking System relies on eddy currents, which are whirling
currentscreated within a conductor when it comes into contact with a changing
magnetic field,as its primary mechanism. These currents dissipate energy because
they are at oddswith the magnetic field that generates them. Using this principle, the
Eddy CurrentBrake provides an alternative method of slowing down that avoids the

problemsassociatedwith conventionalmechanicalbrakes.

Thiscutting-edgedeviceisbuiltaroundaconductive,non-

ferromagneticmetaldisc(therotor)thatisfastenedtothebicycle'srearaxle.Anelectromagnet
isplacednearby,butnotintouch,withthedisc. Thediscispermeabletothegeneratedmagneti
cfieldinthissetup, resulting in a brake force that can be precisely adjusted. The Eddy
CurrentBrakingSystemallowsuserstoadjustthebrakingforceaccordingtotheirownprefere

nces,improvingboththe safetyandcomfort ofthe ride.

But that's not the end of the creative thinking. This design includes a
regenerativemechanismtofurtherimprovethebicycle'senergyefficiencyandenvironment
alfriendliness.Thekineticenergycreatedbythewheel'srevolutionwhentheriderappliesbrak
esiscaptured bya dynamocleverly placedwithinthewheel.



Thismechanicalenergyisefficientlyconvertedintoelectricalpowerandstoredinabattery,makin

g it available for use in a wide range of contexts, from running on-board electronicsto
boosting the vehicle's thrust. Incorporating regenerative qualities into Eddy CurrentBraking
not only promises a step forward in safety and performance, but also fits in nicelywith the
worldwide push for greener forms of transportation. By pursuing this project, weset out on
a path to investigate the design and construction of this entire system, whichwill push the
limits of braking technology and help <create a more environmentally

friendlyandsustainabletransportationsysteminthefuture.

1.2 MOTIVATIONFORTHESELECTIONOFPROBLEM
Themotivationforselectingthedesignandfabricationofaneddycurrentbrakingsyste
mwithregenerativechargingstemsfromthepressingneedforsustainabletransportationsolution
s.Withtheescalatingconcernssurroundingenvironmentaldegradationandthedepletionoffossil
fuels,there'sanurgentcallforinnovativetechnologies that reduce carbon emissions and
promote energy efficiency. Eddy
currentbrakingsystemsofferapromisingavenueforenhancingvehiclesafetyandenergyconser
vationbyutilizingelectromagneticprinciplestoslowdownvehicleswhilesimultaneously
harnessing kinetic energy through regenerative charging. By addressingthese dual
challenges of safety and sustainability, this project aims to contribute to
theongoingeffortstowardsgreenertransportationalternatives,therebyfosteringacleanerandm
oresustainablefuture for generationsto come.
1.3 OVERVIEW
DesignandFabricationofeddycurrentbrakingsystemwithregenerativechargingforbicycleProvid
es a comprehensive examination of the design and fabrication process for an eddycurrent
braking system with regenerative charging. It outlines the motivation behind
theproject,theobjectivespursued,themethodologyemployed,andtheresultsachieved.Additiona
lly,keycomponentsofthesystemdesign,suchasmaterialsselection,electromagneticprinciples,a
ndintegrationofregenerativechargingtechnology,arediscussed in detail. Furthermore, the
report delves into the testing procedures conducted toevaluate the performance and
efficiency of the braking system. Through this overview,readers will gain insight into the scope
and significance of the project, as well as
thesubsequentsectionsthatdelveintospecificaspectsofthedesignandfabricationprocess.



CHAPTER2

LITERATURESURVEYAND PROBLEMIDENTIFICATION

2.1 LITERATURESURVEY

Sirumalla Gnana Prakash et.al(2022),"DESIGN AND FABRICATION
OFEDDY CURRENT BRAKING SYSTEM FOR BICYCLE", International
ResearchJournalofEngineeringandTechnology(IRJET)e-ISSN:2395-
0056Volume:09Issue: 10| Oct2022 www.irjet.netp-ISSN:2395-0072.

In Automotive Industry many traditional brakings which are used now a days by
theconceptofmechanicalblocking.ltresultsinskiddingandwearandtearonthevehicle.And
if the vehicle's speed is very high, the brake can't deliver that high braking
forceanditwillcauseproblems.Thesedisadvantagesofordinarybrakescanbeovercomeb
y a simple and effective braking mechanism called 'Eddy Current Brake'. It is amethod
without abrasion for braking vehicles, including trains. It makes use of
theoppositetendencyofeddycurrent.Eddycurrentistheswirlingcurrentproducedwithina
conductor, which is subject to a change of magnetic field. Due to the tendency ofeddy
currents to be oppositional, eddy currents lose energy. Eddy current
brakeconsistsofaconductivenon-
ferromagneticmetaldisc(rotor)attachedtotherearaxleof the bicycle wheel, with an
electromagnet located with its poles on the disk
withoutcontact,sothemagneticfieldbyelectromagnetspassesthroughthedisk. Theelectro
-magnetmakes itpossible tovary the brakingforce.

Hashimlgbal;ByungJuYi(2018),"ANewDesignofSphericalElectro-
MagneticBrakeSystem",Publishedin:201815thInternationalConferenceonUbiquitousRobot
s(UR)DateofConference:26-30June2018DateAddedtolEEEXplore:23August2018.

Magnetic brakes are the popular means to provide efficient damping to the motion
ofmanipulators to avoid any damages. Commercially available magnetic brakes

areeithersingledegreeoffreedomelectro-magneticbrakesorsphericalbrakesbeing



operated by permanent magnet. Fully controlled braking in multi-DOF has only
beenexplored using MR fluid but the risk of fluid leakage limits its application in
humansensitiveoperations.Thispaper proposesanewdesign ofa sphericalelectro-

magnetic brake (SEMB) system that utilizes the solid friction surfaces to
providecontrolled braking torque in 3 DOF. The mathematical model of the SEMB has
beenderived. The design of SEMB is then optimized for maximizing the magnetic
forces.The experimental results are compared with FEM simulation results and

analyticalmodel.

BenzhenGuoet.al(2022),"AnalysisonaNovelEddycurrent-magnettrackcompositebrake
for high-speed train",Published in: 2022 IEEE 5th International Electrical andEnergy
Conference (CIEEC) Date of Conference: 27-29 May 2022 Date Added tolEEEXplore:
11August2022.

Anoveleddycurrent-magnetictrackcompositebrake(EC-MTB)forhigh-
speedtrainsisfirstproposedinthispaper.Asanon-
adhesivebrakingdevice,thebrakecaneffectivelymakeupforbrakingforceshortageresulte
dbyadhesioncoefficientdecreaseofahigh-
speedtrain.Thebrake,consistingofalternatingpermanentmagnet(PM) braking sections
and electromagnetic braking sections, can work under eddycurrent braking and
magnetic track braking modes. The function of excitation can beturned on and off by
rotating the upper PM in the PM brake. Alternating or isotropicmagnetic fields can be
generated on the raill by changing the current direction in
theelectromagneticbrake. Thepaperfirstlyintroducesthestructureandworkingprincipleof
the composite brake and then investigates characteristics of static and
transientmagnetic fields as well as braking performance through 3D finite element
simulation(3D-FEM), which proves that the brake can lead to a deceleration of not less
than0.1m/s 2 for a 60T carriage in the magnetic track mode and generate around

IOOONDbrakingforce under the eddycurrent mode.

Hashim Igbal; Byung Ju Yi (2017), "An optimal design of a two-layered
magneticbrake",Published in: 2017 14th International Conference on Ubiquitous
Robots andAmbient Intelligence (URAI) Date of Conference: 28 June 2017 - 01 July
2017 DateAdded to IEEE Xplore: 27 July 2017. Magnetic brakes are the popular
means

toprovideefficientdampingtoseizethemotionofmanipulatorstoavoidanydamages.

4



Commercially available magnetic brakes being used in an on-off fashion consumemost
of their power to overcome the restoring force of plate springs during engagingthe
brake. Thus, the range of the available braking force is very limited. This
paperproposes a new design of a two-layered magnetic brake (TLMB) system that
canprovide large range of available braking force. The mathematical model of the
TLMBhas been derived. The design of TLMB is then optimized for maximizing the
brakingforces at the expense of minimum input power dissipation while limiting the

corevolumetocertainbounds.

IgorV.Bochkarevet.al(2022),"ResearchingDynamicProcessesinElectromechanicalBra
king Devices with Massive Magnetic System", Published in: 2022
InternationalConference on Industrial Engineering, Applications and Manufacturing
(ICIEAM) DateofConference:16-20May2022 DateAddedto IEEE Xplore:09June2022

The authors review the key specifics of electromagnetic wave penetration in
asolidferromagneticcoreofthebrake-
releasesolenoidwhenitscoilispoweredbytheDCcurrent. Theobtainedexperimentaltime-
dependenciesforthemagneticinductanceinvariouspartsofthecoreinthetransientmodesh
owedthateddycurrentexcitationcanberepresentedasaresultofthecrossingofcorelayers
withamagneticfield moving at a certain speed from the internal border towards the
center line. Thefield movement in the core is characterized by a significant unevenness
of
magneticinductancewithrespecttocoordinaterTheanalysisofexperimentaldatahelpedob
tainsimplified formulae allowing to calculate the eddy current value induced in the
coreduring transient operation modes. The formulae are based on a number of
commonassumptions.Theauthorsdemonstratethatwhencoefficientodependingontheco
rematerialisinsertedinthecalculationformulae,wecanachieveasatisfactoryalignment of
the mean inductance curve with the experimental dependence Bm(t) .The authors also
describe the practical calculation of o using the experimental data.The obtained
analytical dependencies help calculate the coil data for the brake-
releasesolenoidandthebrakeresponseparameterstakingintoaccountthedemagnetizing
actionoftheeddycurrentbysummingitsvaluewiththemagnetomotiveforceofthecoildeter

minedwhilecalculatingthemagneticcircuit.



UUbaidillahet.al(2020),"Magneticfluxdistributionandbrakingtorqueofagroovededdycurre
ntbrake",Publishedin:20202ndInternationalConferenceonComputerand Information
Sciences (ICCIS) Date of Conference: 13-15 October 2020 DateAddedto IEEE
Xplore:24 November 2020

Motorcycles generally require an optimal braking system, eddy current
brake(ECB) can be used as an alternative to conventional braking systems. Design
unipolaraxial ECB with an electromagnet used in this research. ECB performance can
beinfluenced by some factor, one of them is changing the form of the surface of
aconductor. On this research will discuss the performances of the ECB when the form
ofthe surface of a conductor be varied. Methods used are finite element method (FEM)
toviewthebrakingtorqueandchangingmagneticflux,thedesignandthesizeoftheECB based
on a conventional hydraulic braking system. A flat plate (uniform) will be areference for
comparison to see the braking characteristics of the ECB if the surface isgiven a
groove. Groove variations include half-circle, square, triangular, and sawtooth,which
will run at speeds of 150 to 750 rpm. The result on the half-circle variation has
adifferent trend from the others, sawtooth has the highest average braking torque,

whilethetriangular is lowest.

Cunxiang Liu et.al(2022), "Design and performance test of motor braking and
frictionbrakingintegratedsystem",Publishedin:2022IEEE6thAdvancedinformationTech
nology,ElectronicandAutomationControlConference(IAEAC)DateofConference:03-
050ctober2022DateAddedtolEEEXplore:09November2022

Intermsofvehiclebrakingandenergysaving,thetraditionalmechanicalfrictionbrake
relies on frequent or long-term mechanical friction. In the process of frictionbraking, it
will not only produce a large amount of toxic dust, but also cause theoverheating of
brake drum (disc) and friction plate (brake lining), resulting in
thedeclineofbrakingefficiencyandevenbrakingfailure. Therefore,anintegratedsystemof
motor braking and friction braking and its control method are proposed. When
thevehicle is braked, the friction braking device works independently, while the
motorbraking device further realizes the braking of the vehicle according to the slip
rate ofthe wheel;, When the motor braking device works, it uses the kinetic energy of
thevehicle to drive the brake disc and the permanent magnet firmly connected with it
torotate, so as to generate alternating magnetic field on the coil around the

permanentmagnetandgenerateelectricity,andstoreitselectricenergyinthebattery. Thete
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shows that the motor braking and friction braking integrated system can
effectivelyintegrate the two braking devices, and combined with the wheel slip rate,

can reliablyensurethevehiclebraking effectandachievethepurposeofenergystorage.

Shivam Pandey et.al(2018), "Design, Fabrication and Parametric Analysis
ofElectromagneticBrakingSystem",Publishedin:20184thiInternationalConferenceforCon
vergenceinTechnology(12CT)DateofConference:27-280ctober2018DateAddedto IEEE
Xplore:09April2020

Theaimofthispracticalstudywastestingaswellasanalysisofparametricdependency  on
braking torque. The experimentation was done by fabrication of eddycurrent braking
system in optimized way in terms of size of braking system, weight ofmaterial used for
fabrication, shape of the complete braking system for
appropriateapplicationandoverallcost. Themethodologyusedwaspracticalstudyofvariati
onofelectrical as well as mechanical parameters on braking without losses, wear &
tear inaddition to noise due to the friction The eddy current barking is caused by
theinfluencesofmagneticfluxonnon-
magneticmaterialswhichhavecertainconductivityandareinmotion.Inthisstudymagneticfl
uxisproducedbytheelectromagnetswhichare interfaced to the rotating discs via air gap.
The rotating discs are mounted on ashaft, which is driven through a prime mover or
any other rotating device, the brakingof which needs to be done. The complete
assembly is mounted on a mild steel framein order to increase the stability as well as
to reduce the system vibrations. Afterenergization of electromagnets, the production
of eddy currents on the disc
elementswasrealized,whereinthefluxproducedbyeddycurrentsinteractswiththestatorsfl
uxwhichcausesbrakingoftherotatingelement. Thevariationsinthebrakingtorqueduetoch
angeofvariouselectricalandmechanicalparameterhasbeenpracticallystudiedthroughla
bexperimentation. Theresultsofthisinvestigationprovethattheelectromagneticbrakingis
moreappropriateascomparedtomechanicalbraking.Theprobable applications of the
result of the study are in electrical vehicles in automotivesector,braking
ofelectricalmotorsinmanufacturing sectors.

BowenChenet.al(2018),"DesignOptimizationofFrctionDisc-
BasedElectromagneticBrakes for Higher Braking Torque",Published in: 2018 21st
International Conferenceon Electrical Machines and Systems (ICEMS) Date of
Conference: 07-10 October2018DateAddedto IEEE Xplore:29 November2018



This paper proposes an optimization scheme for friction disc-based
electromagnetic(EM)brakes,whichcanachievehigherbrakingtorqueatconstantvolumeb
ymaximizing the magnetic circuit utilization. Firstly, the magnetic equivalent circuit
iscalculated, then the initial dimensions are designed for the EM brakes according
tothetorquerequirement.Secondly,theEMfieldresultsareanalyzedinthetwodimensional
(2-D)andthree-dimensional(3-D)finiteelementmethod(FEM)environment,respectively.
Thirdly, to generate higher braking torque for the EM brakes, the arearatio of inner
suction annulus and the outer suction annulus is optimized to make
fulluseofthemagneticcircuitcharacteristics.Inordertovalidatetheeffectivenessoftheprop
osed braking torque increasing scheme, FEA simulations are carried out
iNANSY S/Maxwell.

Christoph Holtmann (2021), "Eddy Current- and Friction Brake Fusion by a Disc-
Spring to a Hybrid- Brake", Published in: 2021 24th International Conference
onMechatronicsTechnology(ICMT)DateofConference: 18-
22December2021DateAddedto IEEE Xplore:01 February2022

This paper shows the concept and design method of a hybrid brake.
Themagnetic attraction force between rotor and stator of an eddy current brake can
beused to generate an additional mechanical friction torque. By using a disc
springbetween rotor and stator, the eddy current brake is extended to a so-called
hybridbrake.Inparticular,thedesignmethodofthediscspringisthefocusofthiswork.Usinga
system model that includes the electromagnetic and mechanical domains, the
wearreductioncomparedtoaconventionalfrictionbrakeandthedynamicbehaviourdepend
ingonthespringparametersareinvestigated.Finally,adiscspringisdesignedinFEM  with

the desired force-displacementcurve.

2.2 PROBLEMIDENTIFICATION

Traditional mechanical braking systems provide significant problems and
constraintsfor cyclist safety and environmental sustainability, making them an
unacceptablechoiceformodernbicycletransportation.Onemajorissueisthatregularbrake
softencause sliding, which is especially dangerous for bikers in slippery circumstances
orwhen stopping suddenly. In addition, at higher speeds, the effectiveness of

thesemechanicalbrakesdecreases,increasingtheriskofaccidentsanddecreasingthe



enjoymentoftheride.Furthermore,typicalbrakingsystemswastevitalenergyresources by
convertingg momentum into heat. Brake pads and discs, for
example,wearoutovertime,resultinginroutinemaintenancethatisbothtime-

consumingandinconvenient for bicycle owners. Last but not least, relying solely on
mechanicalbrakingsystemsresultsinincreasedcarbonemissionsandenergyconsumptio
n,bothof which are harmful to the environment. In response to these critical issues,
thisproject seeks to design and fabricate a transformative solution in the shape of
abicycle-specificEddyCurrentBrakingSystemequippedwithregenerativecapabilities. To
make a greener and more sustainable means of transportation, this system
aimstorevolutionisebicyclebraketechnologybyprovidingabrakingexperiencethatislessa

brasive,moreadjustable, anduses lessenergy.

2.3 DISADVANTAGESOFEXISTINGSYSTEM

Cost: Implementing eddy current braking systems can be expensive due to the needfor
specialized materials and components. This cost factor can limit their

adoption,especiallyinapplicationswherecost-effectivenessisapriority.

Complexity: Thesesystemscanbecomplextodesignandintegrate,requiringpreciseengine
ering to ensure optimal performance. This complexity can lead to
challengesduringinstallation, maintenance,and troubleshooting

Limited Application Range: Eddy current brakes are most effective at high
speeds,making them less suitable for low-speed applications. Additionally, their
effectivenessmay be limited in certain conditions such as wet or oily surfaces, which

can reduce thegenerationofeddycurrents and compromisebrakingperformance

Power Consumption: Eddy current braking systems typically require electrical powerto
operate. While they can provide precise control over braking force, this reliance
onpower means they are not suitable for use in environments where power availability

islimitedor whereenergy efficiencyisasignificant concern.

10



2.4 IEEESTANDARDSFOLLOWED

IEEE (Institute of Electrical and Electronics Engineers) Standards are a set of guidelines
andprotocols that help ensure the safety, reliability, and interoperability of technologies used
invariousindustries.Inthecaseofeddycurrentbrakingsystems,thefollowinglEEEstandardsmayberel

evant:

1. IEEE1596.1-
1996EddybrakingcanberelevantforthecommunicationprotocolbetweenDiscandtheeddy

currentbrake withothercomponentsoftheprototype

2. IEEE 1068-1998 - Standard for Portable Electric Tools: This standard
providesguidelines for the safe use of portable electric tools, which may also be

applicable to aprototypeusinga motorand conductor.

3. IEEE1652-2018-StandardfortheTesting,Design,Installation,andMaintenance of
Electrical Resistance Trace Heating for Commercial Applications: Thisstandard
provides guidelines for the design, installation, and maintenance of electricalresistance
trace heating systems, which may be useful for designing and testing theconductorused
in theeddy currentbrakingsystemprototype.

4. IEEE117-
1974:Thisstandardspecifiesthemethodsandequipmenttobeusedfortestingtheelectricalp
erformance ofelectromagnetic brakes.

5. IEEE1415-
2006:Thisstandardspecifiesthemethodsfortestingandevaluatingtheperformance of eddy

currentbrakesusedin aviation.

These standards provide guidelines for the design, testing, and operation of eddycurrent
braking systems, ensuring that they meet certain performance, safety, andreliability
standards. Adhering to these standards helps to ensure that eddy

currentbrakingsystemsaresafe, efficient,andeffectiveintheirintendedapplications.
2.5 CONSTRAINTSEco
nomicConstraints

Budgetary Limitations: The project budget imposed constraints on the procurement
ofmaterials,equipment,andlaborcosts.Costconsiderationsinfluenceddecisionsregarding

the selection of components and manufacturing processes to optimize theuseof
11



resources whilemeetingprojectobjectives.
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Cost-Effectiveness: Achieving a balance between performance and cost was
essentialtoensuretheprojectremainedeconomicallyviable.Cost-
effectivedesignandfabrication approaches were pursued to maximize the value

proposition of the brakingsystemwith regenerative charging.
PerformanceConstraints:

PerformanceRequirements:Constraintsimposedbythedesiredperformancecharacteristi
cs of the braking system, including braking force, efficiency, and
energyregenerationefficiency,guidedthedesignandfabricationprocess.Meetingperforma
nce requirements was paramount to achieving the desired functionality
andeffectivenessof the system.

ReliabilityandDurability: Constraintsrelatedtothereliability,durability,andservicelifeof the
braking system influenced design decisions to enhance robustness and
mitigatepotential failure modes. Emphasis was placed on ensuring the system's

reliability anddurabilityunder operationalconditions.
2.6 TRADEOFF

Braking Efficiency vs. Regenerative Charging Efficiency: Increasing the
brakingefficiency may reduce the efficiency of regenerative charging and vice versa. A
systemoptimized for higher braking force may generate less electricity during braking,

while asystemoptimizedforregenerativechargingmaycompromisebrakingperformance.

Size and Weight vs. Portability: Designing a compact and lightweight system
mayenhance portability and ease of installation but could potentially sacrifice braking
forceorregenerativechargingcapacity.Conversely,prioritizinglargerandheaviercompone
nts may improve system performance but could limit its applicability in

certaincontextswherespaceand weightare criticalfactors.

Environmentallmpactvs.Performance:Incorporatingeco-

friendlymaterialsormanufacturing processes may align with sustainability goals but
could come at theexpenseofsystemperformanceorcost-
effectiveness.Balancingenvironmentalconsiderationswithperformancerequirementsiscr

ucialinachievingasustainableandefficientbrakingsystemwith regenerativecharging.

13



MaintenanceRequirementsvs.Longevity:Designingasystemwithlowmaintenancerequ
irementsmaysimplifyoperationandreducedowntimebutcouldpotentiallycompromise

long-term durability or lifespan. Conversely, implementing more robustcomponents and
maintenance protocols may extend the system's longevity but couldrequiremore

frequentmaintenanceandupkeep.
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CHAPTER3
AIMANDSCOPEOFTHEPRESENTINVESTIGATION

3.1 AIMOFTHEPROJECT

The aim of this project is to design and fabricate an eddy current braking system
withregenerativechargingcapabilities.Ourgoalistocreateaninnovativesolutionforbrakinga
pplications that not only enhances safety but also promotes energy efficiency
andsustainability. This involves developing a novel design concept that optimizes
brakingefficiency while integrating regenerative charging to capture and store kinetic
energyduringbrakingevents.Thesystemwillbedesignedtomaximizeperformance,reliability
,and durability while ensuring cost-effectiveness. Through comprehensive testing
andvalidation, we aim to demonstrate the effectiveness of our solution in contributing to
amore sustainable transportation future. Additionally, we aim to explore new avenues
insustainabletransportationbyintegratingcutting-edgetechnologiesintothebrakingsystem.
Our project seeks to address the growing demand for energy-efficient
solutionsintheautomotivesectorwhilealigningwithglobaleffortstoreducecarbonemissionsa

ndpromoteenvironmentallyfriendlypractices.

3.2 SCOPEOFTHEPROJECT

Conducting a comprehensive literature review and research on eddy current
brakingsystems and regenerative braking technologies. Analyzing the specific
requirementsand challenges associated with implementing these technologies in
bicycle brakingsystem. Developing conceptual designs and prototypes for the eddy
current brakingsystem with regenerative capabilities tailored specifically for bicycles.
Consideringfactors such as system size, weight, power requirements, efficiency, and

compatibilitywith existingbicycle components.

Creatingdetailedengineeringdesigns,schematics,andspecificationsforeachcomponen
tofthebrakingsystem,includingmagnets,conductivematerials,sensors,controllers,and
energystorageunits.Performingsimulationsandanalysestooptimizethedesignforperfor

mance,safety,andreliability.Procuringor

15



manufacturingthenecessarycomponentsbasedonthedetailedengineeringdesigns.
Assembling the components into functional prototypes of the eddy current
brakingsystem with regenerative capabilities. Conducting initial testing and validation
of theprototypes toassess functionality andperformance.
Conductingcomprehensivetesting of the braking system prototypes under various
conditions, including differentspeeds, loads, and environmental factors. Collecting
data on braking
performance,energyefficiency,heatdissipation,durability,anduserexperience.lterativel
yoptimizingthedesignbasedontestresultsandfeedbacktoimproveoverallperformancea
ndreliability.Ensuringseamlessintegrationofthebrakingsystemwithstandardbicycleco
mponentssuchaswheels,frames, brakes,
anddrivetrains.Addressingcompatibilityissuesandmakingnecessaryadjustmentstoens
ureproperfunctionality and safety during operation. Adhering to relevant industry
standards,regulations, and safety requirements for bicycle braking systems,
electromagneticdevices, and electrical systems. Obtaining necessary certifications or

approvals todemonstrate compliance withregulatory standards.

Documenting the design process, fabrication procedures, test results,
optimizations,and lessons learned throughout the project. Generating comprehensive
technicaldocumentation, user manuals, maintenance guides, and performance
reports

forstakeholders.ldentifyingopportunitiesforfutureenhancements,upgrades,ormodifica
tions to the braking system design. Exploring potential applications of
thetechnologybeyondbicyclesandassessingscalabilityformassproductionorcommerci

alization.

3.3 OBJECTIVE

DevelopadetaileddesignoftheEddyCurrentBrakingSystem,includingtheselecti
onofmaterials,dimensions,andpositioningofkeycomponentssuchastherotor,electromagn
et, and control unit. Fabricate the designed Eddy Current Braking
System,ensuringprecisionandreliabilityintheassemblyofcomponentsandintegrationwitht
hebicycle'swheelandframe.Integrateadynamointothebicycle'swheeltocapturekineticener
gy during pedalling, rectify the generated electricity, and efficiently store it in abattery for

future use. Conduct comprehensive testing and evaluation of the
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EddyCurrentBrakingSystemundervariousconditions,includingdifferentspeeds,loads,and
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terrain types, to assess its safety, efficiency, and effectiveness. Optimize the
brakingsystem and regenerative component based on testing results to maximize

brakingefficiencyandenergy recovery.

3.4 METHODOLOGY
Eddycurrentbrakingtechnologywithregenerativecapabilitiesisafirstofitskind
solution to bicycle braking systems, and this complete methodology aids
theunderstanding and implementation of this technology. First, a thorough
understandingof the fundamentals is required, specifically that electromagnetic
induction is
moreeffectivethanconventionalfrictionandkineticenergyincausingacontrolledslowdown.
RecognisingLenz'sLaw,whichdescribeshoweddycurrentsproduceopposingmagnetic
fields and thus the system's electromagnetic reaction, is fundamental to thisapproach.
It is essential to recognise the benefits of eddy current brakes over theirmechanical
counterparts, such as their low cost, ease of use, and innovative ability toregenerate
energy as they are applied. Its physical, monetary, and environmentalbenefits have led
to its widespread adoption in industrial and manufacturing contexts.As we delve deeper
into the system, we see that the non-ferromagnetic,
electricallyconductingdiscthatrotatesverticallywithinatoroidalmagneticfieldplaysacrucialr
olein this setup. By catching kinetic energy during braking and converting it into
electricityfor storage, a dynamo connected with the bicycle wheel adds a novel
dimension to
theprocessofenergyregeneration.Brakingefficiencyandenergycaptureduringregenerativ
e braking are both affected by the system's magnetic fields, which may beadjusted
thanks to electromagnets. Even while eddy current brakes are quite effective,they may
be missing a crucial safety feature—the holding torque. They are used
inconjunctionwithstandardmechanicalbrakestocombat thisissue.

Thisapproachsummarisesthecomplexrelationshipbetweentheideas,benefits,and
parts of eddy current braking technology that can be used to generate energy.
Ithighlightsthesystem'scomplexfunctioninenablingaccuratedecelerationandharvesting
kinetic energy, leading to improvements in performance, sustainability, andsafetyin the

field ofbicyclebrakesystems.
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3.5 PROPOSEDBLOCKDIAGRAMANDEXPLANATION

BICYCLE . |

BRAKE dynamo
Battery (charging) . <

!

Electromagnets

l

| Stops the motion of

| the Bicycle

Figure3.1: proposedsystemblockdiagram

WORKINGPRINCIPLE

Figure 3.1 shows the Eddy Current Braking System with regenerative
capabilitiesleverageselectromagneticinduction,asexplainedbyFaraday'slaw,toslowdo
wnandhalt a bicycle without relying on traditional friction-based mechanisms. As the
bicycleis in motion, a conductive metal disc (known as the rotor) attached to the rear
axlepasses through a changing magnetic field generated by an adjacent
electromagnet.This interaction induces the formation of eddy currents within the rotor,
leading to thecreation of magnetic fields that oppose the original magnetic field,
following
Lenz'slaw.Theseopposingmagneticfieldsgeneratearesistanceforcethatactsasabrake,p
rogressively reducing the bicycle's speed in a controlled manner. Concurrently,
thesystemincorporatesadynamo,cleverlycoupledwiththebicyclewheel,whichcapturest
hekineticenergyproducedwhilepedalling. Thedynamoefficientlyconvertsthis

mechanical energy into electrical power, which is then rectified into direct

19



current(DC)andstoredinabatteryforfutureuse.Thisinnovativesystemrevolutionizes
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brakingtechnologybyofferingprecisecontrol,reducingwearandtear,andenhancingsafet
y while also promoting energy regeneration and environmental sustainability,making

itan idealsolutionformodernbicycletransportation.

3.6 ADVANTAGES
EnergyEfficiency:Theregenerativechargingfeatureallowsthesystemtocaptureandstore
kinetic energy during braking, which can be used to power other vehicle systemsor
stored for future use. This enhances overall energy efficiency and reduces
relianceontraditionalfuelsources.

Environmental Sustainability: By harnessing kinetic energy that would otherwise
bedissipatedasheat,thesystemreducesenergywastageandcontributestolowercarbonem
issions. This aligns with efforts to mitigate climate change and promote
sustainabletransportationsoluteons.

Extended Battery Life: The regenerative charging function helps to prolong the life
ofbatteries by reducing the frequency of charging cycles. This can result in cost
savingsforvehicleownersandreducetheenvironmentalimpactassociatedwithbatterydisp
osal.

Improved Braking Performance: Eddy current braking systems offer smooth
andprecise braking control, resulting in enhanced vehicle safety and driver comfort.
Thesystem'sabilitytogeneratebrakingforcewithoutmechanicalcontactreduceswearandte

ar on brake components, leading to longer service life and reduced maintenancecosts.

3.7 APPLICATIONS

Someofthemajorapplicationsofeddycurrentbrakingsystemsare
1. Gymequipment

Riderandrollercoasters

Highspeedtrains

Industrialequipment

o Db

Recreationequipment
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3.8 PROPOSEDSYSTEMVSEXISTINGSYSTEM
Theintegrationofeddycurrentbrakingwithregenerativechargingrepresentsapromisingav
enueforadvancingenergy-efficientbrakingsystemsacrossvarioussectors. Ongoing
research and development efforts continue to refine these

systemsforenhancedperformance andbroaderadoption.
ExistingSystems

In traditional eddy current braking systems, a conductive material (usually a metal
discordrum)rotateswithinamagneticfieldgeneratedbyanelectromagnet.

Astheconductormovesthroughthemagneticfield,eddycurrentsareinducedintheconducto
r, generating resistive force and causing deceleration. Regenerative brakingis a method
of slowing down a vehicle by converting its kinetic energy into a form thatcan be stored
or reused later. In electric and hybrid vehicles, regenerative brakingsystems capture
the kinetic energy during braking and convert it into electrical

energy,whichisthenstoredinthe vehicle's batteryfor lateruse.

ProposedSystems

IntegrationofEddyCurrentandRegenerativeBraking: Theproposedsystemintegratesthepr
inciplesofbotheddycurrentbrakingandregenerativebrakingtomaximizeenergyefficiency

and braking performance. This integration involves using the eddy currentbraking
mechanism to generate resistive force for deceleration while
simultaneouslycapturingthekineticenergyandconvertingitintoelectricalenergythroughreg

enerativebraking.

DesignOptimization:Engineersandresearchersareconstantlyworkingonoptimizingthed
esignofthesystemcomponentssuchastheconductivematerial,electromagnets,control
algorithms, and energy storage systems to improve efficiency, reliability,

andperformance.

AdvancedControlAlgorithms:Proposedsystemsoftenincorporateadvancedcontrolalgo
rithmstopreciselymanagethetransitionbetweeneddycurrentbrakingandregenerativebrak
ingmodesbasedonfactorssuchasvehiclespeed,decelerationrate,batterystate

ofcharge,androadconditions.
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Material Selection and Efficiency Improvement:Research focuses on selectinghigh-
performancematerialsfortheconductiveelementstominimizeenergylossduetoheatdissip
ationandmaximizetheefficiencyofenergyconversionduringbraking.

Applications: Eddy current braking with regenerative charging is particularly
relevantinelectricvehicles,whereithelpsimproveoverallenergyefficiencyandextenddrivin

grangeby recoveringandreusing energyduring braking.

This technology is also applicable in trains and mass transit systems, where it
canenhance braking performance, reduce wear on braking components, and contribute
tooverall energy savings. In industrial applications, such as cranes and elevators,
eddycurrent braking with regenerative charging can offer precise control over

deceleration,energyefficiency,andmaintenancecost reduction.
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CHAPTER4

HARDWAREANDPROJECTDESCRIPTION
4.1 EDDYCURRENT

In the realm of electromagnetism, eddy currents, also known as Foucault's
currents,are loops of electric current that are induced within conductors either by a
changingmagnetic field in the conductor according to Faraday's law of induction or by
therelativemotionofaconductorwhileitisinamagneticfieldwhichcanbeseeninFigure

4.1. Eddy currents can also be caused by the motion of a conductor while it is in
amagnetic field. Within conductors, eddy currents move in closed circuits along
planesthat are perpendicular to the direction of the surrounding magnetic field. They
can beinduced inside neighbouring stationary conductors by a time-varying magnetic
fieldprovided, for example, by an AC electromagnet or transformer, or by the
relativemotion of a magnet and a nearby conductor. Another way they can be induced
is byrelative motion between a magnet and a nearby conductor. The size of the
currentflowing through a particular loop is proportional to the intensity of the magnetic
field,theareaoftheloop,andtherateatwhichthefluxischanging.Ontheotherhand,themagn
itude of the current is inversely related to the resistivity of the material. Thesecircular
currents within a piece of metal have a graph that looks a little bit like eddiesor
whirlpools in a liquid when viewed from above Eddy current brake. The
Northmagneticpolepiece(top)inthisdrawingisshownfurtherawayfromthediskthantheSo

uth; this is just to leave room to show the currents. In an actual eddy current
brakethepolepiecesarepositionedasclosetothediskaspossible.Eddycurrentscauseare

action on the part of the source of the magnetic field because, according to Lenz'slaw,
they produce a magnetic field that is in opposition to the change in the

magneticfieldthat caused themto forminthefirstplace.
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Figure4.1EddyCurrent

Becauseamovingmagneticfieldcauseseddycurrentstoflowinanearbyconducting

surface, for instance, a nearby conductive surface will impose a dragforce on a
moving magnet that is in opposition to the motion of the magnet. Thisphenomenon
is utilized in eddy current brakes, which are utilized to quickly bring toa stop the
rotation of rotating power tools when the tools are turned off. The flow
ofcurrentthroughtheresistanceoftheconductorcausesthematerialtogenerateheat,whi
ch is another form of energy loss. As a result, alternating current (AC)
inductors,transformers, electric motors and generators, and other AC gear all suffer
from theeffects of eddy currents, which necessitate the adoption of specialized
constructiontechniques,suchaslaminatedmagneticcoresorferritecores,toreducetheiri
mpact.Eddy currents have a number of applications, including the heating of things
ininduction heating furnaces and equipment, as well as the detection of cracks

andotherfaultsin metalcomponentsusingeddy-currenttestingtools.

4.2 ELECTROMAGNETICBRAKING

To slow down or stop a moving item, eddy current brakes utilises the drag
forcecaused by eddy currents. There is no mechanical wear because the brake shoe
ordrum never makes contact. Eddy current brakes can be used in tandem
withmechanical brakes, such as on overhead cranes, because they cannot produce
a"holding" torque. Some roller coasters use this principle to move the car, which
ismadeofsteel,bymovingheavycopperplatesbetweenpairsofverystrongpermanent

magnets. The kinetic energy of the car is lost due to the dragging effectcaused by
the electrical resistance within the plates, which is similar to friction.
Thisisthesameprinciplebehindelectromagneticbrakesontrainsandtherapidstoppingof

sawbladesand other powertoolblades.
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Electromagnets,incontrasttopermanentmagnets,allowthemagneticfieldintensitytobe

modified,allowingforamoreorlessdramaticshiftinthebrakingaction.

WorkingPrinciple

Electromagnetic force, as opposed to friction and kinetic energy, is whattypical
mechanical brakes rely on to slow down the movement of an object. Eddycurrent
brakes, on the other hand, use electromagnetic force. Eddy currents areformed when
a conductor is moved through a magnetic field while simultaneouslyproducing an
opposing force that causes the conductor to spin internally. Accordingto Lenz's Law,
eddy currents are the inverse reaction to a magnetic field. This
isbecauseeddycurrentsgenerateamagneticfieldthatisperpendiculartothemagnetic
field that is causing them to occur. Because of this electromagnetic forceresponse, it
is feasible to decelerate in an environmentally friendly manner. Thecutting-edge
technology of eddy current braking offers various advantages over themore
conventional method of stopping through mechanical means. Eddy
currentbrakesareanexcellentchoiceforawidevarietyofapplicationsbecausetheydonoti
nclude any moving components and require very no maintenance.
Manufacturersfrequently make use of eddy current braking because to the numerous
economicaland physical benefits that it offers. As a means of producing an eddy
current brake,adiscthatisnon-
ferromagneticandelectricallyconductiveismadetorotateverticallywithinatoroidalmagn
eticfield.Whenthediscspins,itcausestheconductortobecomesubjecttoeddycurrents. T
heforceisthendistributedthroughoutthedisc,whichresultsinthegenerationofabrakingto
rque.Electromagnets are frequently used in place of permanent magnets in eddy
currentbraking applications. This is due to the fact that the intensity of the magnetic
field(and, consequently, the braking effect) may be modified with electromagnets.
Theprimary issue with eddy current brakes is that they do not have sufficient
holdingtorque,whichisanessentialsafetyelement.Duetothefactthatthisisthecase,they
are typically deployed in conjunction with standard mechanical brakes. In order
tocalculatetheamountofpowerthatislostperunitofmassforathinsheetorwireasaresultof
eddycurrentsunderspecificconditions(suchasuniformmaterial,uniformmagneticfield,a

bsenceofskineffect,etc.),thefollowingequationcanbeutilized.
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4.3 MATERIALSREQUIREDFORTHISPROJECT

+ Bicycle

+ Dynamo12v

+ Battery12v7A

* Electromagnets12v
*  Press-Switch12v7A
+  MS-disc

*  Wires

+ SquareRod

+ BoltsandNuts

BICYCLE

Figure4.2:Bicycle

Figure 4.2 shows that the Bicycles are two-wheeled, human-powered vehicles
thatservemultiplepurposes.It'sastraightforwardandeffectivemeansoftransportation.Bi
cycleshavealightweightAluminium,steel,orcarbonfiberframe,whichservesasthe main
structural component. It holds everything else together like a framework.Bicycles
have two rubber-tired wheels that are roughly the same size. The bike'ssteadiness,
velocity, and maneuverability are all affected by the wheels' size
andmaterial. Tiresforbicyclescanbefoundinawidevarietyofshapesandsizes,eachone

optimized for a specific task like commuting, racing, or mountain biking. Theygive
you traction and comfort, and you can change the pressure to fit the
roadconditions.Thebrakesofabicycleservetoslowdownorstoptherider.Discbrakes,whi
ch employ a rotor and caliper system, are more common than rim brakes,

whichsimplygrabtherimsofthewheels.Agearshifterallowstheridertochangebetween
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differentratiosonbicycleswithseveralgears.Abicyclewithgearscanberiddenwithless

effort up hills and at a faster pace on flat ground or when traveling downhill.
Acyclist'sfeetrestonpedals,whicharefastenedtothebike'scrankset.Differenttypesexist,
such as flat pedals, clipless pedals (which require specialized cycling

shoes),andcagepedals.

The bike's rider directs and controls the bike via the handlebars. Drop bars,flat
bars, and mountain bike bars all provide unique riding postures and degrees
ofcontrol,buteachservesadifferentpurpose.Theridersitsonthesaddle,oftenknownas
the bike's seat. There is a wide variety of saddles available to meet the needs ofriders
of all sizes and preferences. Pedal power is transferred from the crankset tothe rear
wheel via the chain and drivetrain. The chain connects the pedals to theback wheel,
allowing the rider to generate forward motion simply by pedaling.Derailleurs and
other gearshifting mechanisms could be a part of the drivetrain.Fenders (to deflect
water and mud), lights (to be seen), racks (to transport

items),andwaterbottleholdersarejustfewofthemanyaccessoriesavailableforbicycles.

DYNAMO12V

Figure4.3:Dynamo
As shown in figure 4.3 brief for 12V dynamo, this type of electrical generator
isfrequently installed in bicycles, motorbikes, small vehicles, and portable
powersystems.Whenthedynamoisrotated,mechanicalenergyistransferredintoelectric
al energy using the principle of electromagnetic induction. Because of theirability to
transform  mechanical energy into electrical power, dynamos (also
knownaselectricalgenerators)haveplayedacrucialroleinthedevelopmentofthemodern
world. This abstract delves into the background and relevance of dynamos as
theyrelate to the creation of electrical power. Electromagnetic induction is the basis

ofdynamos,whichgenerateelectricitywhenamagneticfieldinteractswitharevolving
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conductor. The magnetic field is created by stationary magnets (stators), and
theelectron flow in the wire coils is induced by a spinning magnet (rotor or
armature)that cuts across the magnetic lines of flux. Through the use of commutators

or sliprings,dynamoscanproduceeitherdirectcurrent(DC)oralternatingcurrent(AC).

Earlyinthe19thcentury,MichaelFaradayandJosephHenrydiscoveredelectromagnetic
induction, which paved the way for the development of dynamos.Pioneers like
Charles F. Brush and Zenobe Gramme helped pave the way formodern,high-
qualitydynamos. AlthoughThomasEdison'sdirectcurrent(DC)system gained initial
traction, alternating current (AC) systems developed in
Europeandultimatelytriumphedduetotheirsuperiorityinlong-

distancepowertransmission.Further progress was made in the realm of electrical
power generation through thecreation of polyphase AC generators and the
theoretical contributions of scientistslike Charles Steinmetz. Three-phase alternating
current (AC) power became
thenorm,whichwasawatershedmomentinthehistoryofelectrification.Tocommercialize
electricityandenableitsbroaduseforlighting,industry,andtransportation, dynamos and
generators were crucial components. They were thebackbone of the modern
electrical grid and are now vital parts of many moderntechnologies,fromstationary

powerplants toportable ones.
KeyfeaturesandcomponentsofaDynamo12Vinclude:

Housing:Thedynamoisprotectedfromtheelementsbyastronghousing.Theinterna

| components are shielded from the elements and any damage by thishousing.

Coils: Inside the dynamo, there are coils of wire wound around a core.
Thesecoilsplayacrucialroleingeneratingelectricitythroughelectromagneticinduct
ion.
Magnet:Apermanentmagnetislocatedclosetothedynamo'scoilsandrotatesintand
emwiththerotor.Anelectriccurrentisinducedinthecoilsasthemagnettravelsrelative
tothem.
Shaft:Thedynamoisoftenattachedtotheshaftofamovingobjectlikeawheelor  an
engine. This part, when in motion, spins the shaft of the dynamo, whichinturn

spins thegenerator.
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« Voltage Output: An intended result of the construction of a Dynamo 12V is

aconstant electrical output of 12 V. Batteries can be charged, lights can

bepowered,andother12Velectricalappliancescanbeusedatthisvoltage.

« Regulation: To maintain a constant voltage regardless of changes in

rotatingspeed,severalDynamo12Vversionsincorporatevoltageregulatingsystem

S.

«  Mounting: These dynamos typically include mounting brackets or methods

forsturdily attaching them to the intended application, be it a bicycle frame or

avehicle'sengine.

BATTERY12V7A

In isolated systems away from the grid, figure 4.4 shows the diagram of

batterieswhich are used for storage of excess solar energy converted into electrical

energy.The only exceptions are isolated sunshine load such as irrigation pumps or

drinkingwater supplies for storage. In fact for small units with output less than one

kilowatt.Batteriesseemtobetheonlytechnicallyandeconomicallyavailablestoragemea

ns.Since both the photo-voltaic system and batteries are high in capital costs. It

isnecessarythattheoverallsystembeoptimizedwithrespecttoavailableenergyandlocal

demandpattern.
LEAD-ACIDWETCELL:

LEAD ACID BATTERY

ELECTROLYTE LEWEL
POSITIVE FLATE

MOULDED CASE

MEGATIVE PLATE

SEPARATORS

SUFFORT

Figure4.4:Leadacidbatterydiagram

To be economically attractive the storage of solar electricity requires a battery

withaparticular combination ofproperties:



* Lowcost

+ Longlife

+ Highreliability

+ Highoverallefficiency

* Lowdischarge

*  Minimummaintenance
(a) Amperehourefficiency
(b) Watthourefficiency

We use lead acid battery for storing the electrical energy from the solar panel
forlighting the street and so about the lead acid cells are explained below.Where
highvalues of load current are necessary, the lead-acid cell is the type most
commonlyused. The electrolyte is a dilute solution of sulfuric acid (H,SO,). In the
applicationof battery power to start the engine in an auto mobile, for example, the

load currentto the starter motor istypically200to400A.

One cell has a nominal output of 2.1V, but lead-acid cells are often used in a
seriescombination of three for a 6-V battery and six for a 12-V battery.The lead acid
celltype is a secondary cell or storage cell, which can be recharged. The charge
anddischarge cycle can be repeated many times to restore the output voltage, as
longas the cell is in good physical condition. However, heat with excessive charge
anddischarge currents shortends the useful life to about 3 to 5 years for an
automobilebattery. Of the different types of secondary cells, the lead-acid type has

the highestoutputvoltage,whichallowsfewercellsforaspecifiedbattery voltage.

CONSTRUCTION:

Inside a lead-acid battery, the positive and negative electrodes consist of a group
ofplates welded to a connecting strap. The plates are immersed in the
electrolyte,consistingof8partsofwaterto3partsofconcentratedsulfuricacid.Eachplateis
agrid or framework, made of a lead-antimony alloy. This construction enables
theactivematerial,whichisleadoxide,tobepastedintothegrid.Inmanufactureofthecell, a
forming charge produces the positive and negative electrodes. In the
formingprocess, the active material in the positive plate is changed to lead peroxide
(pbo,).Thenegativeelectrodeisspongylead(pb).Automobilebatteriesareusuallyshippe

ddryfromthemanufacturer.Theelectrolyteisputinatthetimeofinstallation,and
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then the battery is charged to from the plates. With maintenance-free batteries,
littleor no water need be added in normal service. Some types are sealed, except for

apressurevent,withoutprovision foraddingwater.

ELECTROMAGNETS12V

Electromagnetsusuallyconsistofwirewoundintoacoil. Acurrentthroughthewirecreatesa

magnetic field which is concentrated in the hole, denoting the center of the coil.
Themagnetic field disappears when the current is turned off. The wire turns are often
woundaroundamagneticcoremadefromaferromagneticorferrimagneticmaterialsuchasiron;t
he magnetic core concentrates the magnetic flux and makes a more powerful magnet.The
main advantage of an electromagnet over a permanent magnet is that the magneticfield
can be quickly changed by controlling the amount of electric current in the
winding.However, unlike a permanent magnet that needs no power, an electromagnet

requires acontinuoussupplyof currentto maintain themagneticfield.

SPECIFICATIONS

Voltage 12V
Noofturns 500tons
Force 8kgf
Power 40A

ElectromagnetsareDCtypethatcanbepoweredbybattery.Electromagnetsareselectedinstea
d of permanent magnet as electrical actuation is faster than mechanical actuationwith
lower losses. Also magnetic field can be created at the time when it is needed onlyunlike
permanent magnet. The strength of magnetic field can be increased by increasingthe
current flowing through the coil or increasing the number of turns of winding. For
highmagneticfield,permanentmagnetisverybulkyandinstallationisverydifficult.Electromagn

et is light and can be installed anywhere and does not interfere with othermethods.
PRESSSWITCH12V/7A

A push-button switch is a fundamental mechanical device used for controlling
electricalcircuits.ltoperatesthroughmanualactuation,whereanoperatorappliesphysicalforce

toabuttonoractuator.Thisactiontriggersaninternalswitchingmechanism,resultingintheopeni

ngorclosingofanelectricalcircuit. Push-buttonswitchescomeinvarioustypes,
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includingmomentary,toggle,andlatchingswitches,eachwithspecificfunctionalities. Theycanh
avedifferentconfigurations,suchassingle-pole,single-throw(SPST)ordouble-pole,double-

throw(DPDT),tosuitvariousswitchingrequirements.Theseswitchesareemployedindiverseap
plications,rangingfromcontrolpanelsandmachinerytoautomotive systems and industrial
equipment. They are often designed for safety
andconvenience,withoptionsforilluminationtoindicatetheiroperationalstatus,makingthemes

sentialcomponents in electrical.

MSDISC

The building, manufacturing, and industrial industries make extensive use of mild
steelplates because of their strength and versatility (not because of their aesthetic
appeal).These plates are made from flat steel. When referring to the depth of mild steel,

the unitofmeasurementthatisconsideredtobe standardis the inch.

SQUARERODS

I[ronandcarbonarethetwoprimaryelementsthatmakeupstructuralsteel,whichisatypeof ferrous
metal. It's a material that can be used in a wide variety of standard technicalapplications,
and it doesn't cost very much. The low carbon content in mild steel belies
theremarkablemagneticcharacteristicsofthematerial. Becauseofthisproperty,thesubstancein

question isknownasa"ferromagnetic"material.

Ironandcarbonarethetwoprimaryelementsthatmakeupstructuralsteel,whichisatypeof ferrous
metal. It's a material that can be used in a wide variety of standard technicalapplications,
and it doesnt cost very much. The low carbon content in mild steel belies
theremarkablemagneticcharacteristicsofthematerial.Becauseofthisproperty,thesubstancein

question isknownasa"ferromagnetic"material.
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4.4 PROJECTPROTOTYPE
3-DDesignofEddyCurrentBrakingSystem

Top View

Front View Isometric View Isometric View

Figure4.5:overviewofelectromagnets

Figure 4.5 shows the, Design and Fabrication of Eddy Current Braking System for
Bicycleproject involved the use of 3D design to create a detailed and accurate
representation ofthe braking system. The 3D design helped the team to visualize and
optimize the design,ensuring that the final product met the required standards. Here are

some of the differentviewsof the3Ddesignof thebraking system:

Front view: The front view of the 3D design shows the eddy current braking
systemattachedtothefrontwheelofthebicycle. Thedesignincludesadisc-
shapedrotorattachedto the wheel, which rotates inside the stator, creating eddy currents
that generate brakingforce. The front view also shows the mounting bracket, which attaches
the braking systemto the fork ofthebicycle.

Sideview:Thesideviewofthe3Ddesignshowstheeddycurrentbrakingsysteminrelationtothebic
ycle'sframeandcomponents. Thedesignincludesadetailedviewoftherotorandstator,

highlighting the position of the magnets and coils that generate the braking force.The side
view also shows the placement of the mounting bracket and the wiring thatconnectsthe

systemtothepowersource.
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Top view: The top view of the 3D design shows a bird's eye view of the eddy
currentbrakingsystem,providingadetailedviewoftherotor,stator,andmountingbracket. Thetop
view also shows the position of the power source and the wiring that connects the systemto

the bicycle'selectricalsystem.

4.5 DESIGNVIEWOFPROTOTYPE

The prototype design integrates eddy current braking with regenerative capabilities
forefficientenergyconversionincycling.

Apushbuttonactivatestheelectromagnets,strategicallypositionedatthedisc'scenterwithinthe
wheel,enablingeddycurrentbrakingConcurrently, a dynamo is affixed to the cycle wheel,
harnessing kinetic energy duringbraking to generate electricity. This energy is then
channeled to a battery,
discreetlylocatedatthecycle'srear,facilitatingregenerativebrakingandsubsequentpowerstor

age.

SideView:

Figure4.6:Sideview

From the figure 4.6 of side view, the integrated motor, comprising electromagnets, isclearly
depicted. These electromagnets are strategically positioned adjacent to the disc,located
at the center of the wheel. When activated, the electromagnets induce eddycurrents within
the rotating disc, generating a braking force that slows down the wheel'srotation.
Additionally, the setup includes a dynamo attached to the wheel, responsible

forharnessingkineticenergy duringbrakingforsubsequentregeneration.
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TopView:

Figure4.7Topview

Figure4.7showsthetopviewprovidesacomprehensivelayoutofthesystem,illustratingthe
arrangement of components such as the electromagnets, disc, and dynamo.
Thisperspectiveoffersinsightintothespatialrelationshipbetweentheseelements,facilitatinga

betterunderstandingofthe system'sdesignandfunctionality.

IsometricView:

Figure4.8: Isometricview

Figure 4.8 shows that the isometric view, the three-dimensional structure of the
eddycurrentbrakingsystemisrevealed. Thisperspectiveshowcaseshowtheelectromagn
ets, disc, and dynamo are interconnected to form a cohesive unit. Itallows for a holistic
examination of the system's configuration and highlights

itsintegrationintotheoveralldesignof thevehicle ormachine.
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HARDWARESETUP
Figure4.9showstheimplementedprototypedesignseamlesslyintegratesaneddycurrentbraki

ng system with regenerative capabilities, showcasing innovative engineering forenhanced
energy efficiency. The design features electromagnets strategically positionedadjacent to
a centrally located disc within the wheel assembly. When activated by a pushbutton control
mechanism, the electromagnets induce eddy currents within the
rotatingdisc,generatingabrakingforcethatefficientlyslowsdownthewheel'srotation. Additiona
lly,adynamoisseamlesslyintegratedintothewheelassembly,leveragingkineticenergy during
braking to generate electricity. This regenerated energy is then stored in abattery located

at the rear of the cycle, providing a sustainable power source for variousapplications.

Figure4.9Prototypemodel

&=

Dynamoview:
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Figure4.10showsthatA12Vdynamoisanelectricalgeneratorthatproducesdirectcurrent(DC)el
ectricityusingacommutator.ltoperatesontheprincipleofelectromagneticinduction,wherearot
atingcoilofwirewithinamagneticfieldgenerateselectricity. The12Vratingindicatesthevoltageo
utputofthedynamo,suitableforpoweringvariouslow-
voltageapplications.Dynamosarecommonlyusedinsmall-
scalepowergenerationsystems,suchasbicycles,hand-
crankedchargers,andportableelectronics.The12Vdynamo'scompactsizeandefficiencymak
eitidealforapplicationswherespaceandpowerrequirementsarelimited.Ittypicallyconsistsofac
oilofwirewrappedaroundanironcore,mountedwithinamagnetic field produced by permanent
magnets or electromagnets. As the coll rotates,
itcutsthroughmagneticlinesofforce,inducinganelectromotiveforce(EMF)thatgenerateselectr
icity. The commutator ensures that the output current remains direct by
periodicallyreversingthe directionof thecurrentflow.

Dynamos are versatile and can be used in various environments, including off-grid
powergeneration, emergency lighting systems, and hobby projects.The 12V dynamo's
reliabilityandsimplicitymakeitapopularchoiceforapplicationsrequiringcontinuousorintermitte
ntelectricalpower.

ElectromagnetsView:

igure4.11:Electromagets

Figure 4.11 shows the electromagnets are pivotal components, with two
electromagnetsutilized, each comprising 500 turns. These electromagnets play a

multifaceted role in thesystem's functionality. Firstly, they generate magnetic fields when
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electric current

flowsthroughthem,inducingeddycurrentswithintheconductivematerialofthebicyclewheel.
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These induced currents create a resistive force, effectively slowing down the rotation
ofthe wheel and providing the necessary braking action. Through precise control of
thecurrent flowing through the electromagnets, the strength of the magnetic field—
andconsequently, the braking force—can be finely adjusted, ensuring optimal
brakingperformance and rider safety. Additionally, the electromagnets facilitate the
regenerativeaspect of the braking system. During braking, kinetic energy from the
bicycle's motion
isefficientlyconvertedintoelectricalenergythroughelectromagneticinductionprinciples.

This harvested energy can then be stored for future use, enhancing the overall
efficiencyand sustainability of the braking system. Moreover, the utilization of two
electromagnetsallows for a balanced distribution of braking force and ensures uniform
brakingperformance across the wheel. Careful design and calibration of these
electromagnets areessential to achieving smooth and responsive braking action, providing
cyclists with areliable and intuitive braking experience. In conclusion, electromagnets
serve as integralcomponents in realizing the objectives of the project, contributing to both

effective brakingfunctionalityandenergy regenerationinbicyclesystems.
4.6 EDDYCURRENTLOSSESPERUNITMASS
2 2 12 p2
By d* f
6kpD

Equation: Eddy current losses per unit

massWhere,

Pisthepowerlostperunitmass (W/kg),
Bpisthepeakmagneticfield(T),
disthethicknessofthesheetordiameterofthewire(m),
fisthefrequency(Hz),

kisa constantequalto1 forathinsheetand2forathinwire,
pistheresistivityofthematerial(QQm),and

Disthedensityofthematerial(kg/m3).
Thisequationisonlycorrectwhenappliedintheso-calledquasi-staticconditions,whichare
those in which the frequency of magnetisation does not result in the skin effect;

inotherwords,whentheelectromagneticwavefullypenetratesthematerial.
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CHAPTERS
REALTIMEIMPLEMENTATION
5.1 RESULTS

To stop a moving vehicle or to prevent it from moving while stopped, braking is
used.Brakes work by generating friction between a stationary component and a disc or
drumthatspinsintandemwiththewheels.Frictiongeneratesthestoppingforcebytransformingt
he kinetic energy of the moving vehicle into heat, which is then dissipated into
thesurroundingair.Frictionalforcesareaffectedbythekindofcontactingsurfaces,theforcesacti
ng on those surfaces, and the speed at which the surfaces are moving past
oneanother.Theamountofeffortrequiredtoslowdownisdirectlyrelatedtothefrictionalforcebet
weentheliningandthedrumandtheamountofpressureappliedbythebandorshoe.Incontrast,ift
heforceexertedexceedsaparticularthreshold.Moreforceiswastedwhenthebrakeslockupand
thewheelsslideoverthepavement.So,theadhesionbetweenthetyre and the road determines
the greatest braking effect that can be achieved, which inturn is determined by the load on
the wheel upon which the brake operates and thecoefficient of friction between the tyre
and the road. A comprehensive overview of theoutcomes obtained from the design and
fabrication of the eddy current braking
systemwithregenerativechargingisessential. Theresultshighlightbothquantitativeandqualit
ative findings, providing a clear understanding of the system's performance

andfunctionality.

Quantitatively,dataregardingtheefficiencyofenergyconversionfromkinetictoelectricalenerg
y, as well as the charging rate of the regenerative system, are presented. Thisincludes
measurements of energy output under various braking conditions and
chargingratesachievedduringdifferenttestingscenarios.Additionally,quantitativeassessmen

tsofsystemreliabilityandstabilityover extendedoperationperiodsareprovided.

Qualitatively, observations regarding the system's responsiveness, noise levels,
andoverall user experience are detailed. Any unexpected behaviors or operational
issuesencounteredduringtestingandevaluationarealsodocumented.Furthermore,photogra
phs or diagrams illustrating the physical construction and components of
thesystemmaycomplementthetextualresults,offeringavisualrepresentationoftheproject'so

utcomes.
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Overall, the results section serves to objectively present the findings of the design
andfabrication process, providing valuable insights into the performance, functionality,

andpracticalityofthedevelopededdycurrentbrakingsystemwithregenerativecharging.

5.2 DISCUSSION
Designandfabricationofeddycurrentbrakingsystemwithregenerativechargingdemonstrates
notableefficiencyinconvertingkineticenergyintoelectricalenergy,therebyoffering  potential
for significant energy savings and reduced environmental impact. Theregenerative
charging feature enables the storage or immediate utilization of generatedelectricity,
enhancing overall system effectiveness. Despite these advantages, certainlimitations
were encountered during the design and fabrication process. Challenges suchas
optimizing the system's efficiency under varying operating conditions and
ensuringcompatibilitywithdifferentvehicletypeswarrantfurtherinvestigation.Additionally,add
ressingsafetyconcernsandoptimizingthesystem'sintegrationwithinexistinginfrastructureare
crucialforwidespreadadoption.Comparativeanalysiswithconventionalbraking systems
highlights the potential benefits of our innovation, including
improvedenergyefficiencyandreducedbrakewear.Furthermore,discussionsonthescalability
andadaptability of the system across diverse industries underscore its versatility and
marketpotential. while our eddy current braking system with regenerative charging
represents asignificant advancement in braking technology, further research and
development

arenecessarytoaddressexistingchallengesandmaximizeitspracticalityandimpact.
5.3 PERFORMANCEANALYSIS

Eddy current braking systems offer various advantages that make them a
compellingchoice for applications such as bicycles. They operate by generating a
magnetic fieldaroundaconductive,non-
ferromagneticmetaldisc(rotor)attachedtotherearaxleofthebicyclewheel.Astherotorspinsthr
oughthemagneticfield,eddycurrentsareinducedinthe rotor, which creates a magnetic field
opposing the original field. This

interactiongeneratesabrakingforcethatslowsdowntherotorandconsequentlythebicycle.

Amajorbenefitofeddycurrentbrakesistheirnon-contactoperation,whichreduceswearand
tear on the brake components. This results in a more durable and long-
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lastingbrakingsystemwithlowermaintenancerequirements.Additionally,thesmooth,consist

entbrakingprovidedbyeddycurrentbrakesenhancesridersafetyandcomfort.
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Intermsofperformance,eddycurrentbrakingsystemscanofferprecisecontroloverthebraking
force, which can be adjusted by varying the strength of the magnetic field. Thesystem's
ability to provide strong braking without direct contact with the disc also

helpsreducetheriskof skiddingand improvesoverallbraking performance.

One potential drawback of eddy current brakes is heat generation, which needs to
bemanaged effectively to maintain performance and reliability. However, with proper

heatdissipation,thesesystemscanperformreliablyacrossarangeofoperatingconditions.
Overall, eddy current brakes provide excellent performance with high reliability,

makingthemanattractivechoiceforvariousapplications,particularlyinsituationswheredurabili

tyandsafety areparamount.
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CHAPTERG
SUMMARYANDCONCLUSION
6.1 SUMMARY
An eddy current braking system with regenerative capabilities for bicycles is
asophisticated braking technology that harnesses the principles of
electromagneticinductiontoslowdownandstopthebicyclewhilealsorecoveringenergyt

hatwouldotherwisebelostduringbraking.Here'sasummaryofhowthissystemworks.

When the rider applies the brakes, instead of using friction pads like
traditionalbrakingsystems,theeddycurrentbrakingsystemgeneratesamagneticfieldar
oundametaldiscorwheelrim.Asthemetaldiscpassesthroughthismagneticfield,eddycur
rents(localizedcirculatingcurrents)areinducedinthemetal,creatingresistanceand

slowing down the rotation of the wheel. In addition to slowing down the bicycle,the
eddy current braking system is designed to capture some of the kinetic
energythatwouldbedissipatedasheatintraditionalbrakingsystems.Thiscapturedenerg
yisconvertedintoelectricalenergythroughageneratorordynamointegratedintothebraki
ng system. The electrical energy generated during braking is then stored in abattery
or capacitor system onboard the bicycle. This stored energy can be used
topowervariouselectricalcomponentsofthebicycle,suchaslights,electronicshiftingsyst
ems, or even assistive electric motors for propulsion, depending on the designof the
bike. By recovering and reusing energy that would otherwise be lost as
heatduringbraking,eddycurrentbrakingsystemswithregenerativecapabilitiescontribut
e to increased energy efficiency and sustainability in electric bicycles. Theyalso offer

smoother and more controlled braking compared to traditional friction-basedsystems.

Overall,eddycurrentbrakingsystemswithregenerativefeaturesrepresentacutting-
edgetechnologythatcombinesefficientbrakingperformancewithenergyconservation,
making them a promising option for eco-friendly and

technologicallyadvancedbicycles.

6.2 CONCLUSION

Thediscoveryanddevelopmentofnewtechnologiesplayacrucialroleinthesearchfortran

sportationsolutionsthataresafer,moreefficient,andmoreenvironmentally
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friendly. This project set out to create a regenerative Eddy Current brakes
System,whichwouldbeamajortechnologicaladvanceintheworldofbicyclebrakes.

Electromagneticconcepts,inparticularthecreationofeddycurrentswithinaconductor as
it flows  through a magnetic  field, have been used to
completelyreimaginebicyclebraking,withsignificantadvantagesabovetheirmechanical

predecessors.

The non-abrasive and adjustable deceleration provided by eddy current
brakingtechnologyhasthepotentialtosignificantlyimprovebicyclesecurityandcomfort.It
sregenerative qualities help the environment by turning the energy lost into
usableelectricityviatheingeniousincorporationofadynamowithinthebicyclewheel. This
eddycurrentbrakingtechnologyhasthefunctioningsolvestheproblemsofskidding,maint

enance,andenergywastethatplague conventionalbrakes.

Understanding electromagnetic fundamentals, Lenz's Law, and the benefits of
eddycurrent brakes over mechanical systems were crucial to the approach taken on
thisproject. It outlined the crucial parts of the system and stressed the importance
ofsafety concerns, which typically call for the use of conventional mechanical

brakesto supplement eddy current ones.

As we wrap up this project, we hope for a future in which bicycles are not only
morepracticalandlessdangerous,butalsohelpmaketheworldabetter,moresustainable
place. With its regenerative qualities, the Eddy Current Braking Systemhas the
potential to improve not only the riding experience but also to fit in with
thegrowingtrendtowardsgreenermodesoftransportationworldwide.Byexpandingitsus
e beyond bicycles, this technology has the potential to revolutionise the field

ofenvironmentallyfriendlycity transportation.
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