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Abstract 

Global demand on electric vehicles increased in the last few years to replace fossil fuels 

consumption where most companies in the automotive industry depends on efficient and 

low cost energy. Nowadays, companies like, Tesla and others in the automotive industry 

seek for an alternative to reduce petroleum consumption by increasing dependence on 

renewable energy. Automobile is the most widely used transportation mode because of 

that the need of electric motors currently is essential to reduce level of environmental 

pollution, noise with high efficiency, and multiple energy sources. Electrical vehicles is 

driven by specific  hub motor system that provide high torque and performance. In fact, 

the hub motors have a good driving stability, easy intelligent control and many other 

advantages. Electric motor have extensive advantages over the internal combustion engine 

and best alternative solution to non-renewable fossil fuels. The objective of this project is 

to study advantages and disadvantages of hub motor for electric vehicle application. In 

addition, to study efficiency, power and torque required, parts and function of two 

independent rear wheel hub motors in electric vehicles with moderated speed the range 

(30 – 80)km/h. and power required around 13kw for 400kg of the electric vehicle total 

weight 
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Symbol Definition  

𝑉  Flow velocity 

𝜂 Transmission Efficiency 

𝐹𝑇𝑜𝑡𝑎𝑙 

 

Total force 

         P power 

   𝐹𝑁𝑜𝑟𝑚𝑎𝑙  Normal Force  

 

   𝐹𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 Friction force  

𝐹𝑇𝑜𝑡𝑎𝑙 Total force 

        𝜇 Friction Coefficient 

𝐴 

 

Characteristic Frontal Area of Body 

 

𝜌 Density of Fluid 

𝐶𝑑  

 

Drag Coefficient 
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1 Chapter 1: Introduction 

1.1 Project definition 

This project is indented to design the hub motor system to use two motors for the 

two wheels of the solar car. The stationary windings of the motor are supplied by the 

electromagnetic field by the Hub motor. Wheel is attached to the outer part of the motor. 

When that outer part of the motor tends to follow the magnetic field by the hub motors the 

attached wheel results in turning. The motor used is brushed one, which means that energy 

is transferred by the brushes which are connecting with the rotating shaft of the motor. 

Brushless motor is also an option in which energy is transferred through the electronic 

means without any physical contact in between the moving and stationary parts of the 

system. The choice is more dependent upon the total cost benchmark available because 

despite of their good performance, brushless motors are expensive. 

The design of hub motor for the solar car is the basic target. The solar car is 

expected to have two seats with the expected speed of less than 80km/h. The hub motor 

system has different designs and configurations. We are going to select the radial design 

for the hub motor because it is more practical according to present day market. Both 

configurations can be considered according to need. In our design the motor magnets are 

bonded to the rotor, the inner rotation motor, and the rotor sits inside the stator. Another 

configuration can also be considered in which the rotor sits outside the stator and rotates 

about it as behaving the outer rotation motor.   

So our basic target is to design the hub motors for the both of the front wheels of 

the solar car. Both the motors are intended to be attached at the corners of the shaft and 

both will be rotated separately by their motors. Therefore both the hub motors systems are 

expected to be created using any one of the configurations depending upon the other parts 

and the material used. As wheel hub motors are increasingly common on electrical bikes 

and scoters in many parts of the world, we expect to target the market by using the same 

thing for electrical cars. As the source of energy is solar energy, therefore, the necessary 

torque can be expected to achieve using motor hub system.  
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1.2 Objectives 

The main objectives that we are looking for in this project are to: 

1. Design and manufacture motor hub systems for the two wheels to be connected at 

the ends of the shaft. 

2. Both the wheels are rotated by separate shafts but controlled by single speed 

regulator. 

3. The system will then be planted into the solar car with particular specifications.  

1.3 Project specifications 

The project consists of different components in order to make this motor hub 

system work properly. These components are motor, shaft, vehicle suspension, stator disc, 

wheel bearing, rotor, conventional alloy wheel and the other electronics components. The 

motor will be incorporated in the hub of the wheel and will rotate it directly. Same will be 

the case for the second motor at the other of the shaft. The components will be discussed 

in section 3.1. 

1.4 Applications 

There are many applications of the motor hub system which include its better use 

as the reduction of weight and the usage of renewable source of energy like Solar energy. 

The weight of all the traditional components used in automobiles like differential 

mechanical transmissions, gearbox, drive shafts and axles etc. can be avoided and hence 

a vehicle with less weight and free from carbon emissions can be generated.  As a matter 

of fact, it should be considered that weight of motor hub system will increase the unsprung 

weight of the vehicle but this can be overcome by using  coreless design for the motors 

with Litz wire coil windings. This would also reduce the losses due to eddy current.  
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2 Chapter 2: Literature Review 

 

This section describes the project background. Initially the meteorological conditions 

in Saudi Arabia are discussed, showing the practicality of this project. Then, the types of 

dehumidifiers and silica are discussed. The used experimental methods used in this work 

are reviewed. Finally, previous work is presented and a comparative study with the 

literature is performed. 

2.1 Project Background 

       . The biggest challenge faced by the transport sector is, no doubt, the carbon 

emissions, today, the whole world is conscious about the polluted environment and is 

willing to take actions in this regard due to rapid changes in the climatic conditions around 

the globe. 23% of the Carbon dioxide emissions are directly from the transportation 

industry and the 72% of these emissions are due to the road traffic. This is not an ordinary 

but an alarming situation. Where the world is headed? Are we going to pollute the future 

of our coming generations in the similar way? This is the question spreading around the 

globe in the minds of policy makers and in the debates of the stake holders. 

So the best available solution for this problem is already available within us, the 

electric vehicle. However, the primary energy source is the key thing in that case as well.  

Because the pollution causing emissions co7uld be cope up with the emissions generating 

from the energy sector like power plants. Also, another consideration is that the 

centralized power source will certainly provide less energy and 3effciency due to huge 

amount of the line losses during transmission. Hence we get to a simple point that the 

deployment of the electrical vehicle will only be favorable when it will be powered by 

some renewable source of the energy. Also, when we look the whole scenario from the 

point of view of power supply, we cannot accommodate high levels f Renewable sources 

under specific conditions of load demand at peak and peak off times.  

Hence, we can select the solar energy as the source of the power for our electrical 

vehicle while using the motor hub system.  
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2.2 Previous work 

There is a lot of study available on electrical vehicles using multiple sources of 

renewable energy.  

According to a research conducted by (Ahmed, 2015),the main objective of 

constructing the solar powered electric vehicle is to develop a21stcentury vehicle which 

is environment friendly with low maintaining cost. Along with the high fuel price for cars 

which are mostly used by the office commuters of not only Dhaka city but also the whole 

world, the new threatening topic of climate change should also be taken into account. By 

considering all these facts using a solar powered vehicle is the best option, which provides 

energy at low cost and also does not pollute the environment like the CNG or petroleum 

run vehicles.  

The Solar Electric Vehicle is developed so that it can travel a round trip distance 

from Hazrat Shahjalal International Airport to Motijheel of Dhaka city which is the 

maximum distance covered by city commuters (around 32km). The Solar Electric Vehicle 

must cover this distance to be considered a feasible alternative to existing fossil fuel 

powered vehicles, at the same time, minimizing the cost by using the best found renewable 

energy which would drastically improve the air in Dhaka city.  

 

Figure 1 System Architecture of the Solar Electric Vehicle 
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Looking at the 21st century and recent development in electric cars and solar cars, 

the most obvious name in current market for electric car is Tesla. Tesla is one of the major 

Lithiumion battery energy storage manufacturers in USA. They started by building 

efficient /rechargeable batteries, and now they are manufacturing completely electric cars 

which emit zero carbon emission. Tesla cars were a huge motivation for our project as 

they represent everything we are looking for in our car and more (antonymous driving 

was never a part of our project). Tesla Motors started working on its first electric car ‘Tesla 

Roadster’ in 2004, the model was later unveiled at the San Francisco Auto Show in 2006 

as a prototype, this was not only a major step in history but it also made a lot of car 

manufacturers to jump for the electric car market. Roadster was the 1st electric car to use 

lithium-ion batteries. The specifications of Tesla Roadster are(Twisted Sifter, 2017): 
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Figure 2 Tesla Roadster Specifications 

 

2.3 Comparative Study 

 

2.3.1 Electrical Solar vehicle – Ray Racer 
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The Electric Solar Vehicle (Pachal, 2016)mentioned in this project is the single-

seated vehicle which is powered by 750 W BLDC hub motor. Undergraduate students of 

KIIT UNIVERSITY from multiple academic fields collaborated to design and fabricate a 

safe, high performance, cost-efficient electric solar vehicle. In present days, he biggest 

challenge faced by the transport sector is, no doubt, the carbon emissions, today, the whole 

world is conscious about the polluted environment and is willing to take actions in this 

regard due to rapid changes in the climatic conditions around the globe.Therefore, solar 

energy is considered to be such a source of energy which is implemented in multiple days 

and is still in its developing period. Solar energy is being used to produce electricity 

through sunlight. With the help of this technology we aim to make solar energy powered 

car in our project.  

The main component used by this project to build a solar car is the solar panel. 

The solar cells used by them get a direct exposure to a portion of the sun‘s energy and 

they storethe energy extracted into the batteries of the solar car. Before that happens, 

power trackers converts the energy collected from the solar array to the proper system 

voltage, so that the batteries and the motor can use it. After the energy is stored in the 

batteries, it is available for use by the motor & motor controller to drive the car. We are 

going to use two set of batteries; one of which will get the electrical energy from the panel 

to drive the motor and another will be used as auxiliary power source which will provide 

required power to other electrical devices being used in the vehicle. A microcontroller can 

be used in this purpose which can switch to the fully recharged battery when it senses that 

another battery is empty or not providing enough power to drive the motor.However, after 

all these being proceeded, the motor controller adjusts the amount of energy that flows to the 

motor to correspond to the throttle. The motor uses that energy to drive the wheels. 
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Figure 3 Modeling of Solar vehicle (Isometric view) (Pachal, 2016) 

 

2.3.2 GMR Institute of Technology 

There is another worth noting research done by GMR institute of technology (Manoharan, 

2018). The main target of this vehicle is to charge the battery of the vehicle through the 

solar energy. This battery will then be used to drive the solar car. This project also includes 

an interface in between the battery and the solar cells to get the constant voltages that are 

required. This interface is basically the simple DC-DC converterand it will get the 

maximum values of power from the Photo voltaic panel. This project uses BLDC motor 

because of its many attributes like efficient and compact design, good efficiency, less 

weight, less maintenance required and lasting life. That is why BLDC motors are most of 

the times given preference. This paper focuses on the design of solar PV, selection of 

battery and basic boost converter, mechanical structure and braking system for the solar 

vehicle driven by BLDC motor.  

The chassis for this system is made and then tested on various values of applied pressures 

and stresses. The diagram for the chassis is given as:   
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Figure 4 Design of Chassis for the solar vehicle](Manoharan, 2018) 
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3 Chapter 3: System Design 

This section describes the system design and its components.Initially the design 

constraints are discussed followed by design methodology.Then, Engineering design 

standards are discussed for our system. Then, Theoretical calculations which are required 

in this project are discussed. In short, this chapter talks about product subsystem target 

specification and standards, subsystem design and theoretical calculations.    

 

3.1 Design Constraints 

 
The in-hub motor design must be designed to work within the kinematic constraints of the 

vehicle to ensure the optimal dynamic behavior of the vehicle. Following are the design 

constraint in this project: 

 Motor must fit between wheel and suspension arm, not interfere with other 

components 

 Motor cannot draw more power than controller can supply 

 Torque must notsurpass limit ofsuspension arm bolthole 

 Motor weight less than 30 kg 

 Solar/Battery power must be used 

 Constant Torque with speed variation 

3.2 Design Methodology 

Following design parameters are selected in our design: 

 2 Seats Car 

 Length = 5m, Width = 2m, Height = 1.5m 

 Mass = 400 kg, assuming we have enough solar cells energy to move this weight 

 Max speed < 80 km/h 

 Min Speed > 30 km/h 

 Frontal Area = 4m2 
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 Battery Size = 16 kWh 

3.3 Theory and Theoretical Calculations 

Some preliminary theoretical calculations are done to select components for our Hub 

motor system. We calculated the power required for different weight (varying from 

300 kg to 1000 kg) considering maximum speed (80 km/h) and minimum speed (30 

km/h). Following equations are used in this calculation: 

𝐹𝐷𝑟𝑎𝑔 = 𝐶𝑑 ∗ (
1

2
𝜌𝑉2) 𝐴 

Where, 𝐹𝐷: Drag Force (N) 

𝐶𝑑: Drag Coefficient = 0.2 

𝜌: Density of Fluid = 1.2 kg/m3 for air at NTP 

𝑉: Flow Velocity 

𝐴: Characteristic Frontal Area of Body 

Friction force is calculated as: 

𝐹𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 𝜇 𝐹𝑁𝑜𝑟𝑚𝑎𝑙 

Where, 𝜇: Friction Coefficient = 0.2 

 𝐹𝑁𝑜𝑟𝑚𝑎𝑙: Normal Force  

By balancing force in vertical direction: 

𝐹𝑁𝑜𝑟𝑚𝑎𝑙 = 𝑚𝑔 

Total Force is calculated as: 

𝐹𝑇𝑜𝑡𝑎𝑙 = 𝐹𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 + 𝐹𝐷𝑟𝑎𝑔 

Table 3.1 and 3.2 shows the total force values and total power values calculated for 

maximum speed and minimum speed. 
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Table 1: Total force value for 80 km/h and 30 km/h. 

WEIGHT  SPEED  
80KM/HR 

(m/s)  

SPEED  
30 KM/H 

(m/s)  

NORMAL  
FORCE  

DRAG 
FORCE 

(80 KM/h) 

DRAG 
FORCE 

(30 KM/h) 

FRICTION  
FORCE  

TOTAL 
FORCE   

FOR 
80KM/HR 

TOTAL 
FORCE  
FOR 30 
KM/HR  

2943 22.2 8.33 2943 591.408 83.267 588.6 1180.008 671.867 

3924 22.2 8.33 3924 591.408 83.267 784.8 1376.208 868.067 

4905 22.2 8.33 4905 591.408 83.267 981 1572.408 1064.267 

5886 22.2 8.33 5886 591.408 83.267 1177.2 1768.608 1260.467 

6867 22.2 8.33 6867 591.408 83.267 1373.4 1964.808 1456.667 

7848 22.2 8.33 7848 591.408 83.267 1569.6 2161.008 1652.867 

8829 22.2 8.33 8829 591.408 83.267 1765.8 2357.208 1849.067 

9810 22.2 8.3 9810 591.408 83.267 1849.07 2440.475 1932.333 

 

Power required can be calculated as: 

𝑃 = 𝐹𝑇𝑜𝑡𝑎𝑙 ∗
𝑉

𝜂
 

𝐹𝑇𝑜𝑡𝑎𝑙: Total force 

𝜂: Transmission Efficiency = 0.85=85% 

Table 2 :Total power value for 80 km/h and 30 km/h. 

WEIGHT  TOTAL 
FORCE   

FOR 
80KM/HR 

TOTAL 
FORCE  
FOR 30 
KM/HR  

POWER  
80 KM/H 

POWER   
30 KM/HR  

2943 1180.008 671.867 30819.03247 6584.293464 

3924 1376.208 868.067 35943.31482 8507.053464 

4905 1572.408 1064.267 41067.59718 10429.81346 

5886 1768.608 1260.467 46191.87953 12352.57346 

6867 1964.808 1456.667 51316.16188 14275.33346 

7848 2161.008 1652.867 56440.44424 16198.09346 



20 | P a g e  
 

8829 2357.208 1849.067 61564.72659 18120.85346 

9810 2440.475 1932.333 63739.45635 18936.86693 

 

Figure 4 shows the power vs weight graph for Hub motor selection system 

. 

 

Figure 5: Power Vs weight graph for Hub Motor Selection. 

3.4 Product Subsystems and selection of Components 

The architecture for this system is selected to minimize mass, maximize the transmission 

ratio, achieve a safety factor of 1.5, achieve a maximum operating life and be as reliable 

as high as possible. The vehicle will be powered with solar PV panel through MPPT 

charge controller to extract more power from the solar PV module and battery source.  

Following components are selected for this design: 
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1. BLDC Hub Motor: This system is designed with BLDC motor (brushless DC) with 

permanents magnets. BLDC motor is a type of synchronous motor,where magnetic 

fields generated by both stator and rotor have the same frequency. The BLDC motor 

has a longer lifebecause no brushes are needed. Apart from that, it has a high starting 

torque, high no-load speed and small energy losses.Out of many configurations, three 

phase motors are the most popular and are widely used in e-bikes. The system 

isselected with hub motor because the motor replaces the hub of wheel. Coupling loss 

is reduced and mounting can be madeeasy without the use of chains or belts, and that 

reduces size and weight of the car. 

 

Figure 6: BLDC Hub Motor 

. 

 

Table 3 : Specification of Hub Motor.. 

Specification of motor 

Motor Design 260 Single Shaft out 

Bolts Pattern 4 X 100mm 
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Magnet 45H Curved Magnets with SH  

(340 Degree) Lever 

Pole Pairs  16 Pairs 

Rated Power 5000 W 

Peak Power 10000 W 

Rated Voltage 72 V (60V – 96V can be optional) 

Max No load RPM 1320 RPM 

Max. Torque 230 N.m 

Max. Efficiency 90% 

Brake Type  Disk Brake 

Winding Core Material  Aluminum 

Cross Section of Phase Wire 16 mm2 

Hall Sensor Phasing Angle 120 Degree 

Max. Working Temperature  70oC   

N.W./G.W. 18kg/20kg 

Package Size 44*43*41 cm 

 

2. Electronic Speed Control Unit of Hub Motor: A motor controller is a device that serves 

to govern, in some predetermined manner, the performance of an electric motor. A 

motor controller might include a manual or automatic means of starting and 

stoppingthe motor, selecting forward or reverse rotation, selecting and regulating the 

speed, regulating the speed, regulating orlimiting the torque, and protecting against 

overloads and faults. It is the brain of the vehicle and it is a multi-functioningdevice. 
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On receiving battery voltage, it activates. It provides signal voltage to all major 

electronic components likeaccelerator, brake, motor, etc. and it uses Hall Effect 

sensors to direct the rotor’s position. The specification is shownin table 3.4. 

Programmable sine wave controller of Kelly KLS7275H with brake regenerative 

function is used in this project. It is used because easy to connect and it can match 

with all brushless DC motor. 

 

Figure 7KLS7275H Programmable sine wave controller 

. 

Table 4 : Specification of Electronic Speed Controller. 

10 Seconds Current 500A 

Continuous Curent 200A 

Regen Yes 

Voltage 24-72V 

 



24 | P a g e  
 

3. 0-5 V Electric Car Throttle Pedal: Hall type throttle pedal is used which match with 

our motor model and controller. Specifications are given in table 3.5. 

 

Figure 8: 0-5 V Electric Car Throttle Pedal. 

Table 5 : Specification of Electronic Speed Controller. 

Type JKH Model 

Input Voltage 5V 

Output Voltage 1-4.2V 

Voltage 24-72V 

 

4. 48-100V Programmable Electric car Speedometer:  Speedometer is used with 

following specifications. 
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Figure 9: 48-100V Programmable Electric car Speedometer 

. 

 

Table 6 :Specification of Programmable Electric car Speedometer. 

Rated Voltage 48-144V 

Programmable Show time, driving distance, speed, voltage, electricity 

quantity  

Test speed type Hall Sensor 

 

5. Disc Brake Assembly for Electric car 1 tow 2: Disk brake assembly is used of 

following specification. 

Table 7 : Specification of Disc Brake Assembly. 

Left caliper and a right caliper 

Hoses 240cm + 2 X 80 cm 

Parking Brake cable 42cm + 2 X 140 cm 
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3.5 Solidwork Assembly 

 

Figure 10 exploded view 

 

Figure 11 collapse view 
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4 Chapter 4: Conclusion and Future Recommendation 

 

4.1 Conclusion 

This project concluded the importance of solar car and its design requirements. Solar Car 

is making the shift to the source of energy which is cost effective. Solar car can travel 

without any noise and without any toxic gas emission, and an environment friendly.  

In conclusion of this project work, literature review is done on the best candidate for an 

electric motor for traction application. In this project, distinct importance has been 

strained to PV solar energy as main power source. Also, the main features of the proposed 

hub motor design of solar vehicle is it can run on PV energy. The objective of selecting 

the suitable components for hub motor design is studied and analyzed. We selected two 

BLDC hub motor for each wheel connected by shaft to motor. Speed controller is selected 

to control the speed of each motor. We selected these components based on the load 

requirements for two-seater at maximum speed of 80 km/h. The various components for 

the same is selected based on analysis and literature review done. We selected BLDC Hub 

motor because it has a longer life because no brushes are needed, and it has a high starting 

torque, high no-load speed, and small energy losses also. The Hub motor power 

requirements is analyzed to achieve maximum speed of 80 km/h with two human loads. 

The hub motor component should be able to balance fatigue life, strength, weight, and 

space within the vehicle also. After the selection of the motor type, SolidWorks design of 

wheel assembly of motor and shaft is constructed. 

Our responsibilities were in design conception, generating and optimizing the final design 

parameters, and creating the final CAD model. This report is the documentation of the 

design, analysis and selected components that can be used to produce the actual parts. 



28 | P a g e  
 

4.2 Future Recommendation 

This research is mainly focused on selection of an electric hub motor type and constructing 

its wheel assembly on SolidWorks. Due to time constraints, many researches and 

experiment tests have been left in our project for the future. Prototype can also be made 

and tested in future. Also, future work encompasses a deeper analysis of the selected hub 

motor type, study on stator and rotor geometries for the design of the inner sections of the 

motor. Also, FEA analysis can be done after design of motor. Conceivable enhancements 

for the solar car can also be planned in future work, considering the zero emission and the 

incorporating the new technologies as the main strategies. 
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