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Summary  

• Abstract: This project aims to apply everything the student has learned in engineering 

about mechanics, machine elements, programming, and electronics to build a Mecanum 

Wheels Tesla Roadster to research the possibility of flexible movement in developing a 

smart vehicle network.  

• Keywords: Mecanum, Robot, Wheel, Tesla, smart car, innovative vehicle, network 
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1. List of figures and list of tables 

Materials and dimensions 

The material for this project will be the PLA used in the 3D printer since most of the parts of the 

project will be 3D printed. In addition, a small portion will use stainless steel, such as wheel 

axles, universal mounting hubs, and bolts. The roller can be improved with rubber or TPU to 

increase the friction for gripping. 

 Length 

(mm) 

Width 

(mm) 

Height 

(mm) 

Diameter 

(mm) 

Weight 

(g) 

Quantity  

Mega Arduino 110 55 15 N/A  2 

DC Motor 42 42 40 5 218 4 

Li-Po Battery  140 45 40 N/A 412 1 

Wheel case N/A 45 N/A 75 82 4 

Roller 50 N/A N/A 10 8 40 

Chassis (final) 300  200 80 N/A 560 1 

Body 300 200 100 N/A 1470 1 

Universal mounting hub N/A N/A 13 33  4 

Wheel axle 55 N/A N/A 3  3 

M4 bolts and nuts 50 N/A N/A 4  50 

M3 bolts and nuts 10 N/A N/A 3  50 

Radio communication NRF24L01 module      2 

Ultrasonic sensor HC-SR04 module      4 

H-Bridge      2 
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Pre-built mecanum wheel      4 

10000mAh power bank      2 

 

2. Introduction 

Throughout my life, I have seen many times that countries are fighting for oil and fossil fuels, 

which are finite and cause pollution and greenhouse gases. In my senior year, the energy crisis 

escalated between Russia and Ukraine, which made me think, what if I can find a solution to 

replace fossil fuels with environment-friendly electric vehicles to save the environment and 

people will no longer depend on fossil fuels? Therefore, in the Spring of 2022, I began my 

research with Dr. Scott Boskovich about researching and building a prototype of a Tesla 

Roadster with full functions, then implementing the mecanum wheels (omnidirectional wheels) 

on it to examine the potential of replacing the current wheel to push the potential of electric cars 

into smart cars. What if, in the future, humans use a system of intelligent vehicles that can 

communicate with each other and run-on autopilot? Then the mecanum wheel has a huge 

advantage in this system for using less space for rotating, changing lanes, and saving space. And 

when it comes to developing smart cars, my top choice is Tesla electric cars since they are 

optimized for this case. I designed my project based on the Tesla car’s structure so everyone can 

have a realistic look at this project in practice. 

“Mecanum wheel is an omnidirectional wheel design for a land-based vehicle to move in any 

direction” (Wikipedia, 2021). The mecanum wheel was invented by Bengt Ilon, a Swedish 

company Mecanum AB engineer, in 1973. The mecanum wheels are designed to achieve a 180-

degree turn without taking much space, while the regular wheel with a driving wheel would take 

more time and space. This is useful in small areas such as industrial factories with loads of 
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merchandise and a minor pathway for the forklift to move around and pick up the merchandise. 

However, the current mecanum wheel design can only operate on flat hard surfaces and perform 

poorly on rough terrains.  

The requirement for the wheels:  

1. Based on its current purpose, the mecanum wheel should be designed to support daily 

support. Each pack of conventional wheels weighs an average of 60 lbs, which is a total 

of 240 lbs. On average, an everyday sedan can support 3000 lbs. Therefore, in our project 

scale, the vehicle should be able to handle a load of (3000-240)/240 = 11.5 times more 

significant than the wheels’ weight.  

2. For primary purposes such as working indoors, the speed of the wheels is optional to be 

high. However, if we want to implement it on a daily vehicle, the rate needs to be much 

higher for local and highway travel. 

3. For advanced purposes, the project must implement autonomous functions such as object-

avoiding and self-parking systems on the vehicle. This application is also helpful for 

daily cars.   

Risk assessment: 

1. Motor: may not be strong enough or may burn during operating 

o Backup plan: using a more robust motor or regulating the current and voltage 

through the motor with capacitors. 

2. Material: may not be strong enough to support the required weight 

o Backup plan: redesign the vehicle or use a different material  

3. Design Process 

a. Analysis (software) simulation, theory 
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The Mecanum wheel is designed based on the principle of how an object moves when we take 

the resultant force from the diagonal wheels. The most important thing to remember when 

designing a mecanum wheel vehicle is that all the surface-touching roller axes must point toward 

the vehicle's center. 

 

Figure 1. The Mecanum principle (Wikipedia) 

To accomplish this, the Mecanum wheels have a unique design concept, with the actual wheel 

being a group of multiple smaller rollers at a specific angle, typically 45 degrees.  

 

Figure 2. The Mecanum wheel design 
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b. Building the product:  

The process is implemented efficiently to save building costs and time and to reduce mistakes to 

a minimum.  

1. Using Solidworks, design the mecanum wheels, including the wheel cover and roller. 

For the basic design, I followed the video 

named “Tutorial Mecanum Wheel 

SolidWorks PFA ULT 2020-2021” on 

YouTube, and then I modified some 

dimensions to fit the case of the project. I 

designed the wheel cover and the shaft 

coupler separately since I wanted to switch 

sides with the same wheel model to save time 

in the design process.  

Figure 3. Mecanum wheel design using SolidWorks. 

2. 3D print the wheel cover and rollers, cut the rod for the rollers’ axles, and assemble the 

wheels. 
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Figure 4. Manufacturing mecanum wheel process 

This work needs to be done carefully due to its danger from tools and the precision of the axle 

length. 

A few axles needed to be shortened, but 

overall, the first attempt at the model worked 

well.  

However, this first design had many problems: 

- The shaft coupler's first design was not good 

for the bolt to go through since the shaft holder 

and the bolt hole was in the same line, so they 

crossed each other, so I had to rotate the shaft 

45 degrees compared to the holder.  

- There is so much space between the two 

covers, and much of the rod material is 

revealed. Due to that, the wheel width is 

unnecessarily bigger, so I shortened the 

extrude inside by 5mm. 

- The initial diameter of the rollers was too 

big, which made their clearance between each 
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other negative. Moreover, the roller's hole diameter was too big, giving them too much 

space to wiggle around; sometimes, they scratched each other and did not roll. It also 

created a clearance problem between the roller and the cover. Therefore, I reduced the 

roller's diameter and the hole's diameter. 

- The shaft couple printed by PLA is not strong enough to hold the motor shaft, so I chose 

the universal mounting hub, which is made of steel and can hold the shaft using a better 

tighten screw. 

- However, the hub can only hold the wheel on one axis. The wheel could wiggle around if 

the hole of the wheel cover had space, so I reduced the body's gap to fit the motor shaft 

by nearly 100%.  

I adjusted the dimensions for bolts, motor shaft, 

and rollers’ diameter and repeated until the result 

satisfied the requirement for good operation. 

Repeating the same procedure, I manufactured 

three more wheels, ready for testing. 

 

Figure 5. Proper mecanum wheel  
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Figure 6. The whole mecanum wheel system 

3. Using Solidworks, design the chassis. 

The first idea when I designed the chassis was to create a platform with motor holders so that I 

could assemble the chassis and the wheels to test the fit and dimensions. It was a simple design 

with a small thickness to reduce the 3D print time. However, that thickness causes the chassis to 

be unstable and malfunction for testing.  
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Figure 7. First chassis version 

The second chassis was like the first one, with a minor update in the thickness. I also 

designed a chamber for Arduino Mega and the Li-Po battery beneath it because I planned to 

hide the power source beneath the furniture the same way a real Tesla car does.  

 



Do 13 
 

Figure 8. Second chassis version 

However, I needed more time to finish other decorative features because I started focusing on 

the autonomous functions. Therefore, I modified the chassis to focus on the autonomous 

features, removing the chamber and increasing the thickness for stability. I designed the head 

and the tail more extensively to get more weight to balance with the inside body since the 

chassis body was acting as a rigid body and kept bending inward due to a load of electronic 

components. The spacing between the wheels is also increased to fit the simple design of the 

Tesla Roadster car. I also designed some attachment parts on the edge of the chassis for later 

assembly. The previous versions of the chassis were designed to hold stepper motors. 

However, stepper motors were unsuitable for this project and were changed to DC motors 

during the testing process. Therefore, this final version has different holders for stepper 

motors.  

 

Figure 9. Final chassis version 
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4. 3D print and assemble the chassis. 

I had to split and print my chassis 

as multiple parts because my 

printer was too small. 

 

Figure 10. 3D print the chassis as 

parts. 
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Figure 11-14. The first chassis 
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Figure 15-16. The second chassis 
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Figure 17. Prototype of final chassis 

5. Using Solidworks, design the Tesla Roadster body based on the diagram from Google. 

Since the Tesla Roadster has yet to be released, I must design it on SolidWorks from an old 

diagram found on Google.  

 

Figure 18. The Tesla Roadster’s diagram from Google 
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I tried to model the Tesla Roadster using the Loft Surface feature in SolidWorks. The result 

looks magnificent, but I could not get it enclosed to save as a .stl file for 3D printing. There 

must have been some incompatible errors between the Loft Surface and the 3D sketch model.  

 

Figure 19. The first attempt to model the Tesla Roadster 

Therefore, I must do the simple way of extruding and cutting since I would not have enough 

time to troubleshoot the problem with the first attempt. I made the result look the most like 

the diagram and enough for testing.  

 

Figure 20. Result of modeling Tesla Roadster  
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6. 3D print and assemble the Tesla Roadster body. 

Having the same problem with the small printer’s bed size, I had to split the vehicle’s body into 

multiple parts again and used glue to assemble it.  

 

 

Figure 21-22. Assemble the Tesla Roadster from 3D-printed parts. 
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7. Assemble the final mechanical design. 

The final mechanical design added four ultrasonic sensors to do object avoidance and self-

parking in parallel. Due to the requirements for results, I asked Dr. Boskovich for permission to 

use the better quality mecanum wheels instead of the 3D printed ones with PLA material. 

 

Figure 23. Comparison of final assemble with a photo of Tesla Roadster 
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Figure 24-26. Final mechanical design with ultrasonic sensors 

8. Connect all wheels, DC motors, H-bridges, and other electronic components to the 

Arduino board. 
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Figure 27-28. Inside view with electronic components 

9. Test to ensure all wheels operate as expected together from the Arduino board. 

I must ensure the DC motors are powered enough to run and support the body's load and chassis.  
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Figure 29. Testing 

10. Build a handheld controller to control the wheel using a transceiver and receiver. 

I made a controller with a potentiometer to switch between modes, including static (when the 

vehicle is not moving), manual control (the controller can control the vehicle), and autonomous 

functions (the car will automatically operate on its own). The manual control uses the 

NRF24L01 radio communication module to communicate with the same one on the vehicle. The 

range is about 160 ft and can be extended further using the antenna.  

 

Figure 30. Controller for manual control 
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11. Program and test to ensure the following features: 

o The vehicle can be remote controlled using the controller 

The code for the controller (transmitter):  
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The code for vehicle in manual control (receiver):  
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o The car can run autonomously and implement activities like object avoidance and 

self-parking in parallel. 

 

Figure 31. Prototype for autonomous functions 

Object avoidance:  
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Self-parking:  
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12. Validating the performance. 

c. Experimental testing and results and data 

Calculation: 

The chassis weight = 560g  

The motors weight = 218*4 = 872g 

Tesla Roadster body weight = 1470g  

Total amount of load on the wheels = 560 + 872 + 1470 = 2902g  

Total wheels weight = (wheel case + 10*roller weight)*4 = (82+10*8)*4 = 648g 

 The expected weight that the wheels can carry: 648*11.5 = 7452g  

Table of mecanum wheel performance 

Materials of mecanum wheel Terrain 

TPU case PLA case TPU roller PLA roller Carpet floor Flat surface 
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yes  yes  Not working Not working 

yes   yes Not working Not working 

 yes yes  Not working Not working 

 yes  yes Working  Working  

 

4. Discussion 

a. Detail of the build-up of the artifact 

Architecture:  

1. Processor: Arduino Mega boards, 2 H-bridges 

2. Sensor: NRF24L01 Transceiver Module, ultrasonic sensors HC-SR4 

3. Motor: 4 DC motors 

4. AWD or FWD: AWD 

5. Driving transmission: directly from motor shafts 

6. Terrain: flat surface, trying to do it on outdoor surfaces 

7. Battery: 11.1V, 50C, 5200 mAh, LiPo battery 

8. Capacitor: 47~100uF 

9. LEDs 

b. Equipment used 

1. Rotary tools, clamp, vise, screwdrivers, plyers, driller, solder, wire stripper, electronic 

tape 

2. Ipad for sketching ideas. 

3. Computer with 3D CAD and 3D print software (SolidWorks, Ultimaker Cura) for 

designing and modeling 
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4. 3D printer for printing 

5. Voltmeter for checking voltage and current values. 

6. Computer with Arduino IDE for programming 

c. Setup procedures and final results 

I had many troubles with keeping everything together during the setup and assembly. When I 

designed the mecanum wheels, it took time to understand the mechanism of how these wheels 

work and how they are designed so the roller can touch the ground and roll ideally. When I 

created the Tesla Roadster, I had to base it on the online diagram since the vehicle has yet to be 

released, and there was no pre-model I could find on a website such as Thingiverse. And the 

chassis was also a problem since it is the most important besides the wheels. With a good 

chassis, the wheel can run properly. And my chassis did not have any suspension, which, when it 

bends inward, will cause the wheels to be lifted from the ground. However, I fixed it by flipping 

the DC motor holder upside down and using the Tesla Roadster body weight distribution load to 

keep the wheel on the ground. The PLA mecanum wheels were good, but not for an actual 

experiment. I tried to make the roller from TPU material, which is soft like rubber, to get more 

friction. Still, it did not work since the roller was initially distorted, causing it to fail to run from 

the beginning and making the whole wheel unable even to rotate. Therefore, I had to switch to 

actual mecanum wheels. This showed how precisely the manufacturing process  needs to be for 

this specific type of wheel. 

At the beginning of this project, I planned to use stepper motors. They worked but were too slow 

and noisy. My stepper motor drivers keep heating up and draw too much power and heat my 

Arduino board. Therefore, I had to switch to DC motors with two H-bridge. The wheel could 

handle about 3000g of load for the electrical side. However, it was with the 11.1V battery, while 
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the H-bridge can handle up to 36V, and I believe 24V is enough to handle 7500g as expected. 

The reason that I could not experiment with the 24V battery was that the limit voltage of my DC 

motors was 12V. The wheel could go at a high enough speed with the remote control. The rate of 

the wheels depends on how much PWM we give to it and the voltage applied. However, if we 

want to implement autonomous functions, the wheel should go reasonably fast to sense the 

environment and keep everything safe.  

The wheel can do object avoidance and self-parking features. If I have more time to learn and 

use more powerful resources such as Nucleo board and Raspberry Pi, I can make it follow the 

lead, stay in lane, and do lane changing. 

However, there are many drawbacks to this type of wheel. The sideways movement is not 

practical for cars and trucks, which mostly move forward. I used the sideways movement 

sparingly for my project, even for object avoidance. The only time this sideways movement is 

helpful is doing parallel parking; anything else would cause an accident in real life. 

The mecanum wheel durability is much lower than the conventional wheels, especially at high 

speed, which means higher maintenance costs and will only be suitable for highway performance 

if we have better material for roller manufacture. The mecanum wheel also has much inertia in 

movement; without a standardized manufacturing process, it may not meet the standard quality 

for daily use and cause many more problems with actuation. 

Moreover, the mecanum wheel performance is not good on other terrains besides the smooth 

concrete ground. The lack of friction makes ensuring that every roller touches the land more 

challenging. And working with the mecanum wheel also means losing half of the power from 

each wheel when moving since they cancel half of each in other directions. 
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Figure 32-33. Self-parking in parallel 
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5. Conclusions 

In conclusion, my project did not yield the best result because of the lack of suitable materials 

and a proper manufacturing process. However, it proved that developing smart cars from electric 

cars is possible, and we can even create a network to connect smart cars when the algorithms are 

completed. Still, the algorithm should be developed based on the conventional wheels and their 

work mechanism since it is standardized and optimized for daily use. The mecanum wheels are 

suitable for omnidirectional functions, but their disadvantages outweigh the advantages unless 

we can optimize the mecanum wheels better. 
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