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Abstract— The current trend to produce energy in 

automobiles/bikes involves the combustion of air-fuel mixture 

inside a combustion chamber of a reciprocating engine and 

then converting the chemical energy into mechanical energy 

in order to perform work. This mechanical energy is then 

transmitted to the wheel by using power transmission 

elements. Also there are energy losses involved in 

transmission of power like frictional losses and damper losses 

from prime mover to the wheels through different 

transmission elements. This results in decrease in overall 

efficiency and increase in fuel consumption in engine. 

Whereas in maglev wheels, this loss can be lowered to a great 

extent by running the wheel itself as a prime mover. It is an 

attempt to run a bicycle with the use of batteries, permanent 

magnets and electromagnet, so as to develop and manufacture 

a mode of transport with no fuel consumption and as a results 

without pollution and environment friendly. Maglev wheels 

involves the concept of magnetism and use of repulsion 

property of magnets. The entire wheel of the bicycle consists 

of permanent magnets. This magnet is attached between the 

spokes of the bicycle near the wheel rim. These permanent 

magnets are placed at an equal interval of angular distances 

held in bracket like structure. Two electromagnets are used to 

repel this permanent magnet. These electromagnets are placed 

below the seat of bicycle near and around the both sides of the 

wheel rim such that permanent magnets and electromagnets 

are very close to each other with small clearance between 

them. A solid state relay is used to power the electromagnet. 

This relay is again powered by small batteries. In order to 

activate the relay, a proximity sensor is used. This sensor is 

mounted near the hub of wheel in front of steel lug ring. This 

ring has slots like those between the gear teeth. The permanent 

magnets are so arranged that whenever the steel lugs come in 

front of proximity sensor, one permanent magnet comes in 

between the two electromagnets mounted near the rim. In this 

way the output of sensor is transmitted to solid state relay. The 

relay thus gets activated and allows large voltage and current 

to pass through it and transmitted it to the electromagnets. The 

electromagnets having opposite polarity than that of 

permanent magnets cause the permanent magnets to repel 

away from electromagnets and the wheel of bicycle starts 

rotating. This process keeps on repeating as long as steel lug 

comes in front of proximity sensor and relay is activated. 

Key words: Permanent Magnets, Electromagnets, Repulsion, 
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I. MOTIVATION 

According to survey done in 2010, people use motorcycle for 

travelling even small distance. In India 30% public use bike 

for travelling about 10-20km which is not that long, but air 

pollution caused is same if we compare with long distance. 

And India imports oil from other countries. About Rs.78376 

crores are utilized for crude oil usage annually. And major 

portion is utilized by vehicles which cause air pollution. But 

these sources are depleting at faster rate. Also India is 

developing country so it also requires money, the problem 

caused by this pollution can't be recovered but one step 

towards eco-friendly vehicles can weaken it and can also save 

the money to make our country fully developed country. 

II. PROBLEM DEFINITION 

Magnetism has been a part of earth since the beginning 

whether people realize it or not. It is due to the magnetism of 

the earth that the world spins and thus creates gravity. From 

this magnetic field, we see things such as the aurora borealis. 

Not only does magnetism provide us with amazing natural 

display, but it also provides for us amazing application to 

society. One of these application is magnetic levitation. 

Magnetic levitation uses the concept of magnets natural 

repulsion to poles of same kind. It is a method by which an 

object is suspended with no support other than magnetic field. 

Magnetic force is used to counteract the effects of gravitation 

and any other acceleration. Maglev is a system which the 

vehicle runs levitated from guideways by using 

electromagnetic forces between superconducting magnets 

on-board the vehicle and coils on the ground. 

III. INTRODUCTION 

Magnetic levitation is method by which an object is 

suspended with no support other than magnetic field. 

Magnetic force is used to counteract the effects of the 

gravitational and other gravitation forces. Magnetic 

propulsion is process by which motion is imparted to the 

magnet by alternating the polarity of corresponding magnets. 

The theoretical evaluations are carried out by doing 

modification on conventional bicycle. It shows that effort 

required by person while driving conventional bicycle is 

more as compared to maglev e bicycle. It only requires 

peddling at start once it gets motion it will be giving fixed 

speed, until and unless electric supply is cut off it won't stop. 

This result in bicycle runs without human efforts. This can be 

used for daily work. Also it does not have any adverse effect. 

it is ecofriendly. 

IV. METHODOLOGY 

 
Fig. 1: Working 
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A. Working 

Maglev e-bicycle makes use of maglev concept to provide the 

motion to bicycle this is theoretically explained in report to 

achieve that magnets are used so that repulsive force can be 

generated from them, rear wheel will consist of permanent 

magnets attached to it by means of brackets. these magnets 

will be attracted by electromagnets which are attached to 

bicycle frame, as the magnets can also attract the magnets in 

reverse direction, to avoid this steel ring with lugs are used, 

these lugs will be sensed by sensor so that electro magnets 

will be on or off. this electromagnet will activated only when 

permanent magnets  will come in front of them with the help 

of sensors by. As soon as electromagnets activated they will 

repel the permanent magnets that comes in front of them and 

rotation of wheel is achieved. To operate the electro magnets 

battery is used. the speed which is obtained by magnets are 

dependent upon the force generated by magnets, hence 

powerful magnets are used. force which is generated is 

entirely dependent upon electricity supplied to magnets, hall 

effect controller is used so that electricity provided to 

magnets can be adjusted, so when slope is there more amount 

of electricity can be provided by this controller which acts as 

accelerator, at the initial stage it is required to give some 

amount of peddling, once motion is obtained it will be 

running automatically until we turn off the electrical supply 

given to electro magnets. 

B. Components 

 Conventional Bicycle 

 Electromagnets 

 Two Pole Connector Electromagnets 

 Permanent Magnets 

 Neodium Magnets 

 Proximity Sensor 

 Sensing Distance 15 Mm 

 Steel Ring 

 Controller 

 Battery 

 2 Units, 12 V Batteries 

 Accelerator 

 Wiring 

V. THEORETICAL EVALUATION 

Following things are focused while designing the E-Bicycle. 

 Power 

 Torque 

 Battery 

 Spoke 

 Steel Ring with Lugs 

 Sensor 

 Magnets Permanent as well as Electro Magnets 

A. Calculation of Power and Torque 

Diameter of Bicycle rear wheel is 0.66m. 

Required speed of bicycle is 10kmph. 

Total load acting on Bicycle = weight of driver + weight of 

bicycle = 130 kg 

Design involves the calculation of power required to 

run the bicycle at known speed. So that electromagnets and 

permanent magnets can be selected. 

Friction force which is acting on bicycle wheel 

F = µ. RN = 0.3× (130×9.81) =382.59 N 

Torque required to transmit is 

T= F×R = 382.59×0.33 

Speed calculation, 

ὼ = V/r = (10×1000) / (0.33×3600) = 8.41 rad / sec. 

But, Angular velocity =  
2πN

60
 

N = 80.30 RPM 

Hence, power transmitted, P = 
2πNT

60
 

= 
2×π×80.30×126.25

60
 = 1.06 kW 

So we require electromagnets which can generate 

power up to 1.5 kW, it means 2HP required. 

B. Battery Specification 

Power = Voltage × Current 

1500 = 24 × I 

So, current I = 62.5Ah 

Hence, we will require two units of 1.5kw, 60Ah 

battery of 17 kg weight. We will connect two batteries in 

series to achieve 24 V voltages. 

C. Spokes Design 

Material of spokes = stainless steel 

Grade = 304, Stress = 290Mpa 

Now assuming factor of safety is 4 

Hence 

Design stress  σ
y  =  

290

4

 = 72.5 N/mm2 

Spokes will be having compression due to weight 

acting on it, 

𝜎𝑐 =  
force 

area
 = 72.5 =   382.59

π
4× d2

 

d = 1.83 mm 

Hence selecting standard diameter which is 2mm. 

The bicycle wheel be having 36 number of spokes 

each spokes will be having Elasticity and durability hence it 

does not subject to shear failure. 

Due to load acting on spokes there will be some 

deformation in spokes, so will be calculating Deformation of 

spokes. 

1) Elasticity of Spoke 

E = 
A E

L
 

Where 

E = Elasticity of modulus = 2× 105 

L = Length of spoke = 290 mm 

A = Area of spoke, mm2 

Considering spoke as rod, 

Area 

A = 
𝜋

4 
 × 𝑑2 = 3.14 𝑚𝑚2 

Hence 
AE

L
 = 

3.14 ×2 × 105

290
 = 2.1 ×  103 N/mm 

Deformation = 
𝑃

𝐾
 

Where, P = pre tension in spoke 

K = Elasticity 

So, D = 
1000

2.1 × 103 
 = 0.47 mm 

Due to weight acting on spoke, spokes of bicycle 

will have deformed by 0.47 mm. 

D. Buckling in the spokes  

Now, considering both ends of spokes are fixed. 

Hence n = 4 
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F = 
n π2EI

L2  

Where, F = allowable load 

E = modulus of elasticity = 2 × 105 N/ mm2 

I = moment of inertia 

L = Length of spoke 

Now 

I = 
π

64
 ×  d4 =  

π

64
 ×  24 = 0.785 mm4 

So 

F = 
4 × π2 ×0.785 ×2 × 105 

2902  = 73.69 N 

Hence 

Stress = force / area = 
73.69
π

4 
× 22 

Induced Stress = 23.45 N / mm2 

Hence, induced stress is less than the allowable 

stress which is equal to 72.5 N/ mm2 

Hence design is safe. 

E. Selected Electromagnet Specifications 

 Model no - M52175/24VDC 

 Diameter – 50 mm 

 Thickness – 30 mm 

 Holding force – 111.8 kg 

 Current - 240 mAmp 

 Power – 5.7 Watts 

 Connector type – two pole connector 

F. Selected Permanent Magnets Specifications 

 Type – Block 

 Dimensions - 2x1x1 (inch) 

 Material – NdFeB 

 Grade - N42 

G. Steel Ring 

Steel lugs is ring having number of lugs will depend upon 

numbers of permanent magnets’ Since we are using nine 

permanent magnets thus quantity of lugs on ring will be 9 

used to sense by proximity sensor. 

So 

Angle of lugs = 
360

no of permanent magnets
  =  

360

9
  = 40° 

Material used for ring = stainless steel. 

Dimensions of steel lug ring = 15 × 15 × 3 mm 

Where, length = 15 mm, Height = 15 mm, Thickness 

= 3 mm  

 Diameters of steel ring 

Outer diameter = 150 mm 

Inner diameter = 110 mm 

H. Selection of proximity sensor 

1) Schematic Diagram 

 
Fig. 3: 6 Proximity Sensor 

The sensor consists of four basic components: 

 A capacitive probe or plate. 

 An oscillator. 

 A signal level detector. 

 A solid-state output switching device. 

 An adjustment potentiometer. 

2) Selected proximity sensor specifications  

 Sensing distance = 15 mm. 

 Sensor name = M30DC inductive proximity sensor (It 

can sense all the metal objects). 

 Brand name = ADAVNCE TECH. 

 Product dimension = 9.7 × 7 × 3.6 cm. 

VI. RESULTS AND DISCUSSIONS 

Taking into consideration, 10km/hr. as the minimum speed 

requirement of the bike to be achieved, dimension and other 

requirements regarding the Maglev E-bike project are 

finalized: 

 Minimum required power = 1.5kw to generate torque of 

126. 25N.m 

Model no M52175/24VDC 

Holding Force 111.8 kg 

Rated Power Consumed 5.7 W 

Current 240mAmp 

Diameter 50mm 

Thickness 30mm 

Connector type Two pole connector 

Table 1: Electromagnets specifications 

Type Block 

Dimensions 2x1x1 (inch) 

Tolerance 
All dimensions ± 

0.004 inch 

Material NdFeB 

Grade N42 

Br Max 13,200 Gauss 

BH Max 42MGOe 

Max operating 

temperature 
176°F (80°) 

Number of Magnets 9 

Table 2: Neodymium Permanent Magnets specifications 

1) Neodymium magnet test result to determine maximum 

pull force 

Testing was done by using a magnet on a steel plate by 

varying the distance between magnet and steel plate. 

Maximum pull force is obtained when magnet was in contact 

with the steel plate but in the final project distance between 

magnet and steel plate is 0.5mm which will generate pull 

force of 75 lb.  

VII. CONCLUSION 

Thus using the obtained results of design calculations and 

specifications of various required components the bike can be 

successfully manufactured or fabricated with least difficulty.  

The actual work to run the e-bike can be initiated by gathering 

all the components as per design requirement and assembling 

them together. The objective to run the bike with minimum 

possible speed will be achieved satisfactorily. Usage of such 

transport service will be clean for the environment, efficient 

and with minimum cost compared to conventional fossil fuel 

bikes. Thus our project promotes Green Technology. 
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