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[bookmark: _Toc161607240]Introduction - SR
The group consists of four people: Badrakh, Sophie, Munty and Evan. This group are completing the IMechE Design Challenge 2024. The purpose of this competition ‘is to simulate the requirements of a professional engineer’ (IMechE, 2023). The event takes place in three different stages, internal, regional finals, and National finals. The design challenge that the group is taking a part in is the Repeatable Vehicle Design challenge. This challenge consists of designing, building and testing a device that simulates an autonomous vehicle, this is specified by IMechE (2023). The vehicle needs to be able to complete a repeatable task in a straight line on a track. There are limits within this competition, these are mostly based on cost and size. The success within the competition is judged on the vehicle being totally self-contained and how accurately it performs the mission. The lane the vehicle will run on is 1m wide and the ranges from 1.4m – 4m long, this is split into three different ranges, each one will be completed. There is a target at one end and a wall at another, the vehicle needs to start on the target, go to the other end of the track and return to the centre of the target, the more accurately it does this the better the result. The contribution to the different sections can be seen by either a name or an initial. 






















[bookmark: _Toc161607241]Project organisation - SR
At the beginning of the project the group met and discussed what roles would be most suitable for them, this meant that when allocation came around the roles could be allocated fairly. This ensures that everyone is enthusiastic about their role and is motivated to complete the project to a higher standard. The allocations were split into sections, this was done to be able to focus on smaller tasks that may have been forgotten when giving more broad jobs. This then allows for a better final product. For each role there was a member of the group allocated to it and a description of the task they were being asked to complete, this allows for minimal confusion and for the task to be completed correctly. This table can be seen below (figure 1). 
[image: ] Figure 1 (Reed. S, 2023)


This table clearly shows the work that needs to be done and by which member. The description was added so there wasn’t any confusion with the task that needed to be carried out. The tasks were handed out as evenly as possible, peoples’ strengths and weaknesses were fully considered when this was completed. For the project around 200 hours were needed to be completed by the group, therefore a Gantt chart was made to show when things needed to be completed by and how long was allocated to this. This ensured that work was completed at the correct times to allow for a smooth transition from beginning to end. This can be seen below, the most time-consuming factor of the project was the research, this is because there are many different components that can be used so it is beneficial to investigate which ones are most appropriate for the project with regards to budget and weight. 
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The easiest way to lay the Gantt chart out was by splitting it into weeks, this allowed for mini deadlines throughout the project. There was a meeting every Monday regarding the project, so it was helpful to know where the group was at the beginning of each week regarding the project and if there was any delay in a section being completed the group were aware and could work together to get back on track. Minutes for each of these meetings were taken, this helped to keep track of progress, who is showing up and who is contributing the most. This worked well especially with regards to sickness, any meetings missed could be easily caught up on stopping the group from falling behind. 













[bookmark: _Toc161607242]Summary of work - Sophie
[bookmark: _Toc161607243]Work content 
At the beginning of the project module, we had a lecture explaining all the different projects that were available to us. I chose the IMeche design challenge as I thought this would test my weaknesses the most. It is something I have been wanting to improve on, hence this is the route I chose to take. The next meeting, we met as a group for the first time, we did some basic research into what the project was and what was needed to be done to complete it to a high standard. We were designated our roles and mine were mostly based around the coding and wiring side of the project, this can be seen in figure 1. This meant that my main target was to find a way to get the car to go from point A to B autonomously and accurately. 
[bookmark: _Toc161607244]Research and development 
[image: Switch Poles | carlingtech.com]The first point of research was to look at the restrictions that applied to my area of the project. To start with I looked at the size it could be, this would help when it comes to how big the circuit could be on the vehicle. I then decided to investigate previous projects that had already been completed, this was to get some inspiration into what needed to be done and to see how others had done it. The first project I found they had created a pulley system using an old cassette tape, I liked this idea however it wasn’t possible within this project. After researching many old projects, I found the similarities within them. These were mainly; a DPDT switch (double push double throw), gears and working with the distance rather than measuring the colour. I then completed full research into these things to see if this is right for our project as the spec is slightly different to previous years. I started with types of switches because as a group we had decided that the vehicle could hit the wall and then return. So, we needed a switch that could change the direction of the circuit when it did this. After doing the research into this I knew that a single throw switch wouldn’t work, this is because it is a basic on and off switch, for this project that is not what we were after. So, I did some further research into double throw switches, from this I learnt that ‘a double pole double throw (DPDT) switch consists of six terminals, two of which are independent input terminals. Each of the poles can complete two different circuits’ (ARROW, 2023). From this I decided that this switch was the most suitable for the final design. Figure 3 shows the difference between a single and double throw in a very basic circuit. Figure 3 (carling technologies, 2022)
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Description automatically generated]Due to my lack of experience with electronics I needed to do some research into how best to complete this project and learn the basics first. I decided to do this by using a MicroBit. A MicroBit is a tiny computer/circuit board that can sense many different things including light, temperature, sound and movement. It is used a lot in schools to teach the basics of coding. I used this to gain an understanding of how to code in different ways. There are three different ways of coding a MicroBit, the first and most simple is using the block method, this can be seen in figure 4. To start with I used this method to see what needed to be done, this can then be transferred into JavaScript of Python. I decided to focus my progress on Python as it is the more commonly used code so would help me further on in the project. The code shown in figure 4 and 5 are the code needed to make the MicroBit to make the vehicle follow a line. At the time we thought we would be able to make the final design do this, we later realised that this wasn’t possible. I also created the light chaser as this allowed me to explore different code and the way it works. Following this I used an Arduino kit; this is something that could be used within the final project and is a development from the MicroBit. To start with I used the tutorial book to create a circuit that when the switch is pressed the green light comes on and when pressed again the red light comes on. This is more accurate research to what the final vehicle was going to be. However, instead of lights it would be motors going in different directions. The code used on this circuit can be seen in figure 6. Doing this allowed me to communicate with the design team an estimated size for the circuit and therefore how big a space on the vehicle I would need. Figure 5 (Reed. S, 2023)
Figure 4 (Reed. S, 2023)

[image: Micro bit Lesson — Using the Ultrasonic Module « osoyoo.com]After speaking to other members of the group we decided to use a HC-SR04 ultrasonic sensor, this is because it is good in terms of budget and the idea we had in terms of getting the vehicle to work. It senses distance by using sound waves, this allows for higher accuracy to flat surfaces, it reads both imperial and metric. However, the minimum distance it can measure is 2 cm, this we found would be beneficial as it stops it hitting the wall and potentially causing damage to the vehicle. The motor speed can also be controlled by the distance to stop this happening, the smaller the distance the slower the vehicle moves. This sensor is also compliant with the Arduino circuit board I will be using for the final vehicle circuit. To get to terms with the sensor and support our decision in choosing it, I created a circuit with it, this allowed the group to see it working and decide if it was correct. We discussed that it wasn’t the most accurate however the wall on the track will be large and flat which it was fine with. Only the small targets it often struggled to read correctly but this isn’t an issue for our project. Figure 7 shows the waves the sensor transmits and how it uses that to read distance from an object. Figure 7 (osoyoo, 2018)

Further research showed that we needed to find a way to find the centre of the target, this wouldn’t be able to be done using the sensor as it is flat on the floor. So, I investigated different ways to complete this. Firstly, I used old IMeche projects to see how they had managed to achieve this, this again led to a variety of ideas. One group had used a laser however, this wouldn’t work within our budget. And another had used a sensor to sense when they got to the target. There are many ways this can be done but with the budget we have, we were limited. The main two ways I found this could be done was with either a phototransistor or a RGB colour sensor. To start with I did research into the phototransistor, this is a sensor that detects light and changes the flow within the circuit based on the amount of light it senses. The basic maths of this is; 
Low light = 100 
High light = 1 M (these amounts are purely to show the equation)
Vout =  Vcc
High light =  = 0.99 Vcc
Low light =  = 0.01 Vcc
From these equations you can see the big difference it would make, hence the use of big numbers to make this more evident. After learning about these sensors there was a lot of questions to whether this could work and if it would work well. The main problem with this sensor is it is difficult to know how light the room will be that the vehicle will be competing in, this could alter the way the vehicle behaves entirely, also the colour of the track is unknown too. So, if it was coded to sense a certain light and then the track was that brightness that would be another issue. However, the RGB sensor looked like the more realistic option for this project as the target has these definitive colours. For this sensor it works with a voltage of between 2.7 and 5.5 volts, so I had to speak to Munty to ensure he had selected an appropriate motor. This was the case. The idea was to code the vehicle so when it registers a certain colour it stops, this allows for full accuracy. To be able to do this to the highest potential I found the RGB codes of the target, these were in the IMeche handbook, ‘the RGB colour codes are, from outer to inner: Black 0, 0, 0; Blue 0, 0, 255; Red 255, 0, 0; Yellow 255, 255, 0; White 255, 255, 255’ (IMechE, 2023). So, when the sensor senses the correct colour it will stop the motor, I managed to complete this, the code can be seen in figure 8. 

[bookmark: _Toc161607245]Experiments and testing carried out
Throughout my research I did many experiments to see if it was suitable for the final vehicle. For example, the experiments with the different sensors. The main experiment we completed was when we built the first vehicle, this was a very basic vehicle. It consisted of a motor and a very basic model for the vehicle, we did this to show that the battery and motor we chose would work and that the materials we were using were also correct. We discovered when we built this prototype there were certain aspects that wouldn’t work so these were taken into consideration when finishing the final model. Testing has also been carried out for each aspect that has been researched, this has been done as I have progressed through the project to ensure that each part is correct for the vehicle and will work alongside the other components being used. 
One of the main experiments I carried out was on the phototransistor, I did this by attaching a motor to the wheel and applying some black electrical tape. I coded the phototransistor so that when the light above was covered (dark) it would time in milliseconds how long it was dark for. This allowed me to look at the rpm of the motor to see how consistent it is, it also allowed me to look at the consistency of the phototransistor. Appendix 1 shows the code in which I achieved this. Figure 8 shows a graph created to show this consistency, it shows rpm and ms. To convert ms to rpm I used the equations;
ms to s = ms * 0.001
[image: ]rpm = seconds * 9.549297
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Figure 8 (Reed. S 2024)


This graph shows each amount of time the phototransistor sensed that it was dark, from the graph you can see that it is relatively consistent, this can be seen clearly in the ms part of the graph. However, when you look at the rpm section of the graph you can see a few anomalies. There are many reasons this could be the case I was holding the wheel above the light myself, so there is the possibility of human error by slightly moving. But the main take from the graph is that it is consistent, meaning this would be good for the project. But the main question was, would it work for what we need it to? My research proved it wrong. 
This led me to doing an experiment with an RGB sensor, for this experiment I used a TCS34725 RGB colour sensor. I built the circuit and code so it would accurately read the RGB code of the colour it is sat over. With this test I realised that the sensor needs to be very close to the floor to be able to accurately read the target colours and therefore stop in the correct place. This is something that needs to be further discussed with the design team as it will change the appearance of the vehicle if the component is used. Appendix 2 shows the code I used to create this, this was a very simplistic code and therefore not the final code that will be used for the vehicle. However, it allows the group to see the way the component works and discuss whether this would be suitable for the final design. 
[image: A circuit board with wires

Description automatically generated]A test on the RGB sensor was also carried out, I used a TCS34725 RGB sensor. This sensor is very similar to the one I had originally researched, the main difference between these is the price. The TCS34725 is about 30-50% more expensive but it is slightly more accurate too. For this test I set up the circuit to be able to read the RGB codes of the target circle, the sensor started from the outside of the target and went to the sensor. It is very clear from the codes given it can clearly differentiate between the colours. The only part it struggled with slightly is the centre of the target, the white part is very small so the accuracy of the sensor isn’t as strong as it could be, the sensor needs to be close to the colours to get an accurate reading. I learnt this because I tried the sensor at different distances and this showed a variation in the results, however I learnt that at 25mm away it was accurate to an appropriate level, so this information was passed on to the design team. Also, getting the sensor to stop at the yellow rather than the white part of the target so that when IMechE add the screw to the end, it stops at the centre of the target. A photo of this circuit can be seen in figure 9. Figure 9 (Reed. S, 2023)


[bookmark: _Toc161607246]Builds carried out
There have been many small builds throughout the project, the circuits etc. However, bar the prototype and the final project nothing else has been built. We decided this was the best way to do this so we could focus on the research and development side of the project. Testing things by moving them etc was done but it was done by moving it by human force not with a battery, this also allowed us to the learn exactly how the circuit and vehicle behaved. It also allowed for more control over how fast it moved so when we built the final vehicle, we knew exactly the restrictions it needed in terms of the speed it could go. 
[bookmark: _Toc161607247]Summary of Motor & Transmission Work Completed -Evan
[bookmark: _Toc161607248]Work Content
Below is a brief description of the completed work content relating to the motor and transmission of the vehicle. 
· Researching the rules & regulations – This stage involves a thorough investigation into the requirements that govern the design and operation of the vehicle this is crucial for compliance in the competition.

· Researching motors and gearboxes – The abundance of potential motors and gearboxes must be narrowed down to identify the most suitable option for the vehicle.

· Selecting & ordering a suitable motor system – With the research completed suitable motor and gearbox systems can be compared against each other with the best system being ordered 

· Testing & mounting the motor to the prototype – Once the motor and gearbox system is acquired it can be tested and mounted to the chassis of the prototype.

· Analysing & evaluating the prototype – Following the initial testing stage the performance of the motor and gearbox system can be evaluated to improve any shortcomings.

· Deciding on a new, more suitable motor – Based on the evaluation of the performance of the prototype a decision will be made to either retain or replace the motor and gearbox system.

· Choosing the motor for the final model of the vehicle – This is a crucial step as the motor chosen at this step will be integrated into the final vehicle. 

· Testing the motor placement on the final model – Before the final assembly of the vehicle a placement for the motor system had to be selected to ensure optimal stability and performance.

· Getting each of the motors to communicate with each other – Integration of the motors with the Arduino will be essential for controlling the movement and steering of the vehicle.

· Building the vehicle – Once all the components are selected and tested the assembly of the final vehicle can commence with careful attention paid to ensure a functional vehicle is created.

· Testing the vehicle – With the vehicle fully assembled a comprehensive set of tests must be conducted to validate the performance and reliability of the vehicle. 



[bookmark: _Toc161607249]Research Carried Out
In regards to the motor and transmission of the vehicle, there was a lot of research required to find the best possible components for the vehicle. The initial research involved reviewing the rules & regulations to find out important information, such as the type of motor that could be used, the budget for the whole project and the overall size of the vehicle. 
With this information, it was possible to research different types of motors and evaluate their different characteristics to determine which motor would best meet the specified requirements of the vehicle. Considering factors such as size, weight, and desired outcomes, the options were narrowed down to five different types of motors which when put into a decision-matrix could be used to make an informed decision on the motor selection.
Table 1 - A Table to Show the First Decision Matrix
	Number​​
	Motor​​
	Durability​​
	Cost​​
	Efficiency​​
	Delivery Time
	Ease of Assembly​​
	Weighted Total​​

	Weight
	
	x5
	x3
	x4
	x1
	x3
	

	1​​
	RS Pro Brushed 5v DC Motor​​
	5
	4​​
	4​​
	4​​
	5​​
	72​​

	2​​
	Micro Metal Geared 5v Motor​​
	4
	4​​
	4​​
	5​​
	5​​
	68

	3​​
	RVFM Dual Output Brushless Motor​​
	5​​
	3​​
	5​​
	4​​
	4​​
	70

	4​​
	MG995 Servo Motor​​
	5​​
	4​​
	2​​
	3​​
	3​​
	57

	5​​
	5V 4-Phase Stepper Motor​​
	5​​
	5​​
	3​​
	4​​
	2​​
	66


[image: ]
The highest scoring component in the first decision matrix, as shown in, figure 1, represents the motor and reduction gearbox system from RS Pro. 

This will be the system used on the prototype vehicle and then the prototype can be analysed to see if a future system upgrade is needed for the final design of the vehicle.

Figure 1 - A Figure to Show the Prototype Motor (RS, 2024)


Once the prototype and analysis had been completed, a new motor system was needed. Reviewing the decision matrix used to choose the motor for the prototype it was clear the type of motor needed for the vehicle would be a brushed motor. Another decision matrix could be made this time to compare different types of brushed DC motors. This allowed the correct speed of motor to be selected with 300 RPM being identified as the optimal choice for the vehicle, despite the known torque losses associated with increasing RPM in DC motors.
	Number​​
	Motor​​
	Durability​​
	Load
	Efficiency​​
	Torque to Wheel
	Compatibility
	Weighted Total​​

	Weight
	
	x1
	x3
	x2
	x5
	x5
	

	1​​
	Brushed 6v 60 RPM
	5
	2
	​​4
	2
	2
	39

	2​​
	Brushed 6v 100 RPM
	5
	4
	4
	5
	4
	70

	3​​
	Brushed 6v 300 RPM ​​
	4
	5
	​​5
	4
	5
	74


Table 2 - A Table to Show the Second Decision Matrix

All three motors in this table were already acquired meaning comparisons in the decision matrix could be changed so that a more suitable range of comparison could be made.

[bookmark: _Toc161607250]Experiments Carried Out
An experiment carried out during the building of the prototype was the investigation into the best gear ratio possible for the test. There was a range from 4:1 to 4096:1. With only a 3v motor at 4:1 you would get 3700 Rpm, the ratio used in the experiment was 4:1 and 16:1, with the 4:1 gear ratio chosen to be used in the prototype.
Once the prototype analysis was completed a second experiment could be completed to see what speed the new motors should be. There were three different speeds for the same style of motor as you can see in Table 2. The RPMs were 60, 100 and 300 with all 3 motors being the same voltage of 6v. With the motor mounts printed and a location for them chosen, it was possible to compare how the 60,100 and 300 RPM motors would perform. This was done by changing the motors meaning there were 3 different tests. The 60 RPM test was irrelevant as it was not possible to move the vehicle at a sufficient speed. The 100 RPM motor was useful even with double the torque of the 300 RPM motor however, the extra speed of the 300 RPM motor performed the best.   
The final experiment would be on the two-motor system as it differs from the original path of thinking. With two independent motors, it is possible to utilize the motors to steer the vehicle. This would allow the vehicle to meet all the criteria under the autonomous driving section of the challenge. With the Arduino and the breadboard connected to a motor controller, it’s possible to train the vehicle to autonomously complete the course seen below in Figure 2. 
[image: ]











Figure 2 - A Figure of the Test Track Used in Competition

The vehicle must go from the left side of the track and stop as close as possible to the target, then it must turn around and go back to the start, with the Arduino and motor controller the vehicle would be able to do this on its own. 

[bookmark: _Toc161607251]Designs Carried Out
[image: ]
The first design for the motor and transmission mounting was simple yet not effective. By hot glueing wooden blocks with holes in them, the axle was mounted to the vehicle, for the motor and transmission the kit, seen in Figure 1, was also just hot glued to the chassis. At the time this was the best solution as it allowed for quick removal in case anything was in the wrong place.

Figure 3 - A CAD Motor Mount (Osvaldo, 2019)

The final design for the motor mounts is completely different. As you can see in Figure 3. The mount is only slightly bigger than the actual motor. This results in more area being left on the top of the chassis as it’s possible to mount it directly to the bottom of the chassis. 
With the new mount, the weight of the overall system is decreased as you can compare Figure 1 to Figure 3 to see how much space is going to be saved and also the potential weight savings which is discussed later on. 

[bookmark: _Toc161607252]Development Carried Out
[image: ]The development stages involving the motor and transmission would begin with initial research and the acquirement of the first motor. In learning how the motor system would act with the chassis and axle system on the prototype vehicle it was clear there needed to be development. This allowed for further research that resulted in a completely different design to the prototype.
[image: ] 

Figure 5 - A Figure of the Bottom of the Final Vehicle Design
Figure 4 - A Figure of the Prototype Vehicle

 

Looking at the above figures the development path can be seen more clearly with the two vehicle designs next to each other. The overall space that the motor and gearbox system took up has decreased massively with this space now occupied by other components. The development also led to an increase in simplicity and efficiency by reducing the amount of components and moving parts, which is evident when comparing the figures.

[bookmark: _Toc161607253]Testing carried out
During the building of the prototype, there was some testing carried out to see if the vehicle could propel itself under its weight. The table below shows all the different gear ratios possible with the prototype setup.
Table 3 - A Table to Show Possible Gear Ratios (RS Pro, 2023)

[image: ]
For the test, two different gear ratios were tested 16:1 and 4:1, Due to the lower gear ratios susceptibility of not having enough speed.
During this testing session, it was discovered that the motor and transmission system had an efficiency problem which was analysed and replaced with a better solution. 


Once analysis was carried out on the prototype and a new decision matrix of motors was created a second motor test was carried out to see how fast each motor from this decision matrix could spin the wheel being used in the final design. Connecting each motor to the power source it would be connected to on the vehicle it was clear that 60rpm would be too slow and that 100rpm may also have the same fate of being too slow. However, the 300rpm motor looked best suited for the vehicle


[bookmark: _Toc161607254]Build carried out
The first building of the motor system was very basic and it was just hot glued onto the chassis as it would need to be removed and repositioned during the testing of the gear ratios. Both of the axles were mounted to the chassis by two pieces of wood which were also hot glued to the chassis. With rear axle also possesses a pulley and rubber band to transfer the power from the final gear to the wheels.
On the final design of the vehicle the motors each had their own 3D printed mount which could be attached directly to the chassis using hot glue, which allows for quick changes if any are needed before the final test. The choice to glue the mounts and not bolt them down is for simplicity and efficiency.

[bookmark: _Toc161607255]Analysis carried out
After seeing the initial results from the prototype some calculations were made to see what linear speed the motor and pulley system should realistically be able to achieve. By using the equation for linear speed which is; 

Where v is linear speed, r is the wheel radius and  is the angular velocity. (Park & Ellis, 2021)
Using this formula it’s possible to calculate the potential speed of the prototype. By taking the motor speed of 3700rpm at a reduction ratio of 4:1 it should result in 
 = 925 RPM

Now to convert the RPM to Radians per second you use; RPM * 0.10472, therefore 925 RPM = 96.865773 rad/s (Sexton, n.d.)
With a wheel radius of 20mm or 0.02 meters, it is now possible to calculate the linear speed of the prototype with the equation; 



This would result in a linear speed of 1.94 m/s which converts to 4.64MPH a speed that was not obtainable with the prototype. 
Once this was calculated further analysis was carried out on the motor and transmission system of the prototype as there was a big loss seen in it during testing. The problem would cover the whole system, with the gear system seen in Figure 1, being too large to position it optimally, with a pulley system being used which was introducing more losses, then the axle for the wheels was getting jammed.  These were all solvable problems but analysing the vehicle allowed for a different solution to be found for the application of the motor.
Once it was clear that a new motor system would be used in the final design it was possible to analyse the 100rpm motor against the 300rpm motor. When you increase the speed of a dc motor the torque decreases. This is due to the fundamental characteristics of motors which can be seen in the equation;



The motor torque (T) is directly proportional to the current.
When the armature rotates within the external magnetic the magnetic flux passing through the coil changes thus causing the coil to experience induced electromotive force known as EMF according to Faraday’s Law. (Science Ready, 2024) 
This electromagnetic force that opposes the applied voltage in a motor is known as back EMF, this is a display of Lenz’s law. As the current is increased resulting in a higher RPM a proportional increase in back EMF occurs. The back EMF creates a magnetic field that opposes the external magnetic field its generation regulates the motor speed and contributes to the system’s ability and efficiency.  (Kraftmakher, 2010)
[image: ] 









Figure 6 - A Graph to Show DC Motor Speed-Torque Characteristics (Gupta, Varshney, 2020)


This means DC motors follow a specific graph as the one seen above in the figure. As the applied current or speed is increased the torque is diminished up until the point of maximum speed. However, by viewing the graph there is a clear RPM at which the motor could run without dropping below the rated torque. For example, the 100rpm motor has a rated torque of 0.4kg/cm (Greartisan, n.d.) whereas the 300rpm motor has a rated torque of 0.2kg/cm. (HALJIA, n.d.)
The final analysis done was to compare how much space and weight is being saved with the new system. In the table below a comparison of the two systems' weights can be seen;

Table 4 - A Table to Show a Comparison Between the Old & New System Weights
	Old Components
	Weight (g)
	New Components
	Weight (g)

	Motor & Gearbox Pulley System
	202.59
	Motors
	18.8

	Wooden Mounts 
	44.6
	Motor Mounts
	2.56

	Axles 
	38
	Axle 
	19

	
	
	
	

	Old Total Weight 
	285.19
	New Total Weight
	40.36



The new components weigh over 240 grams less than the older components resulting in an 85.85% decrease in the system weight. Therefore, the newer system would be able to perform better even with the lower RPM motor due to the weight savings.











[bookmark: _Toc161607256]Research on Battery and sensor selection work - Munty

[bookmark: _Toc161607257]Work content:
To have the best possible outcome regarding the battery and sensor a lot of research was required, to pick out the most suitable and reliable parts to complete our ImechE design challenge, below are most parts that needed to be looked at and researched. 
Rules and regulations – Understanding the rules and regulations is very important as without understanding them there are many ways you can get disqualified from the challenge, for example the size of the vehicle may be too large to compete. Adhering to rules and regulations extends beyond mere compliance, it serves as a cornerstone of conscientious engineering conduct, fostering safety, quality, ethical standards, and overall success of the project. (Challenge, I)

Battery and sensors- Conducting research on batteries and sensors is vital for the IMechE Design Challenge as it allows for the creation of innovative and effective solutions. Batteries serve as a crucial component in automotive systems, influencing both performance and sustainability. Familiarity with battery technology aids in identifying appropriate power sources, thereby enhancing energy efficiency and vehicle performance. Additionally, sensors are essential for monitoring diverse parameters like motion, delivering real-time data essential for system control and safety. Comprehensive research ensures well-informed decision-making, ultimately leading to the development of advanced designs that successfully meet the challenge's objectives.

Battery selection- After conduction research and carrying out a few tests and calculations the group was able to pick out the most suitable battery pack.

Sensor selection- Selecting the most suitable sensor is important as there are various options that can be picked from, the ultrasound sensor was most suitable, as the group gathered. 

Building and testing the prototype- Once the vehicle parts are chosen, we can put them all to use and have a test run to see how it all works together.

Analysing the prototype- After conducting a test run with all the car parts, we are able to see where the is room for improvement, to have the best outcome possible. 

Designing the second prototype- Once all information is gathered the group can decide if some parts of the vehicle are suitable or may need to be changed. Also, after testing various makes of each part.

Part selection- This is a crucial part of the project and once we pick out the most suitable parts we will need to go ahead with them for the rest of the project. 

Building the vehicle- Once all parts are looked at and the group are happy to proceed, building the vehicle and ensuring all parts are functioning together for the final project.
Testing the build- After the assembly of the vehicle is complete, we can start our test runs, testing the vehicle functions are all correct and we have a functioning vehicle for the real run, this allows us to see if the vehicle will do well in the challenge or not.

[bookmark: _Toc161607258]Research carried out
When it came to researching the battery and sensors, many aspects needed to be looked at to ensure that we have the best functioning vehicle for the challenge, looking at the size of the parts needed to build the vehicle, the budget given to spend and the rules and regulations of this challenge. With the information gathered, we are able to research different batteries and sensors that we may be able to use for this design project. 
After conducting all the research and comparing different batteries we are able to create a decision matrix to help us pick out he most suitable batteries for our project. 
 
[image: ]
Table 1- showing the batteries researched and how compatible they are to our vehicle design project.

Although the AA batteries came out last in our decision matrix, we decided to go for them as it was the most suitable for our budget and the difference compared to the more expensive ones are not much. 
Some pros of the AA batteries are: 
· 4x single AA rechargeable batteries, producing 6V in total to power the 5V DC motor.
· Low cost
· Easily accessible
· Despite their small size, AA batteries especially in alkaline, offer reasonable energy density, making it suitable for many types of applications for e.g. small electronic devices, or kid's toys.
· Modern day AA batteries have a low self-discharge rate, meaning minimal energy is lost when the batteries are not in use.
· Environmentally friendly, rechargeable, meaning reducing impact of disposable batteries. (Raemon, no date) 
· Can be reused multiple times, contributing to sustainability.
· The batteries are lightweight, reducing load on the car.
· rechargeable batteries can be charged using various methods for example, wall chargers, USB chargers, solar chargers, this provides flexibility and convenience when it comes to charging options.

Pricing- 
2200 4x AA 1.5V Batteries £4 -battery holder £1.80 = £5.80
1600mAh 6v nimh battery £14
2600mAh 6v battery £15

We have decided to go for the Cheap Batteries and to also purchase a battery holder as going for this option as it is suitable for our £80 budget, leaving us with more money to spend on the vehicle. Although the price is a lot lower than the other branded batteries there is not much difference in performance.     

When it came to sensors choosing the appropriate sensors for the IMechE Design Challenge holds significant weight, as it profoundly influences the prototype vehicle's performance and capabilities. In opting for ultrasonic sensors over alternatives such as infrared distance sensors or light detection and ranging (LiDAR) sensors, several pivotal factors guided your group's decision-making process.

Firstly, ultrasonic sensors present distinctive advantages in terms of their adaptability and dependability. These sensors rely on sound waves for object detection, rendering them highly efficient in diverse environmental conditions, including low light or adverse weather situations. Unlike infrared sensors susceptible to external factors like ambient light and temperature variations, ultrasonic sensors consistently provide precise distance measurements. This reliability is paramount for ensuring the prototype vehicle's safety and efficacy, especially during dynamic driving scenarios.

Moreover, ultrasonic sensors feature a broad detection range and exceptional precision, facilitating accurate obstacle detection and avoidance. This capability is crucial for enhancing the vehicle's autonomous functions and collision avoidance systems, thus enhancing overall safety and performance. Conversely, infrared sensors may encounter limitations in detecting specific materials or objects, potentially resulting in blind spots or inaccuracies in distance measurements, this is an advantage as for the challenge we are required to allow the car to drive to a wall then drive back to the target location and then back to the initial start point, trying to be as accurate as possible.

Additionally, the ease of integration and compatibility with existing hardware and software systems likely influenced your group's preference for ultrasonic sensors. Widely available, cost-effective, and compatible with most microcontrollers and development platforms commonly employed in engineering projects, these sensors streamline the integration process. They also facilitate seamless communication between sensors and other vehicle components, thereby simplifying the overall design and implementation process.

Ultimately, the decision to employ ultrasonic sensors for the IMechE Design Challenge underscores a strategic choice to prioritize functionality, reliability, and compatibility. By leveraging the unique advantages of ultrasonic technology, the group endeavours to craft a prototype vehicle that not only fulfils the challenge's objectives but also showcases innovation and engineering excellence.
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Description automatically generated]Figure 1- showing the ultrasound sensor.

To ensure that the correct battery pack can power the car and is durable for the whole length of the challenge, calculations must be made;

Current (I) x Time (s) = Electric Charge ( C)
Therefore, 2200Mah x 3.6 x10^3 (3600 seconds in a hour) = 7920C
As the vehicle is required to drive to a opposite wall stop at the target halfway and make the way back to the original start location the total electric charge that will be used it 15840C
To calculate the electrical energy we use the formula; Voltage (v) x Q Electric Charge ( C) = Electrical energy 
6x15840= 95040J or 95.520kJ
We can now multiply current x voltage x time, to understand how much the total electrical energy used;
15840C x 6v x 120s = 1140.4kJ

To determine if 4 AA batteries can power 1140.4 kJ of energy, we need to calculate the total energy capacity of the batteries and compare it to the required energy.
First, let's find the energy capacity of one AA battery. A typical AA alkaline battery has a capacity of around 2,400-3,000 mAh (milliampere-hours) and operates at a nominal voltage of 1.5 volts. We'll use the average capacity of 2,700 mAh for our calculation.
To convert mAh to Ah (ampere-hours), we divide by 1000:
2700 mAh / 1000 = 2.7 Ah
Now, to find the energy capacity in watt-hours (Wh), we multiply the voltage (1.5 volts) by the capacity in ampere-hours:
1.5 volts * 2.7 Ah = 4.05 Wh
To convert watt-hours to kilojoules (kJ), we use the conversion factor:
1 Wh = 3600 kJ
So, 4.05 Wh * 3600 kJ/Wh = 14580 kJ
Now, we multiply the energy capacity of one AA battery by the number of batteries (4):
14580 kJ * 4 = 58320 kJ
So, 4 AA batteries have a total energy capacity of 58,320 kJ.
Since 1140.4 kJ is significantly less than the total energy capacity of the 4 AA batteries, yes, 4 AA batteries can indeed power 1140.4 kJ of energy.

[bookmark: _Toc161607259]Experiments carried out                                                                    
From the initial stages of conceptualization to the final assembly, every phase of the project was characterized by extensive teamwork and problem-solving. Coordinating the assembly of the vehicle's components, spanning from the chassis to the engine and electrical systems, demanded meticulous attention and coordination. Countless hours were devoted to researching, designing, and testing various components to ensure seamless compatibility and optimal functionality.

Despite encountering various challenges, your group's perseverance yielded rewarding results when the prototype vehicle successfully came to life. Witnessing the culmination of your collaborative efforts, with the engine igniting and the wheels set in motion, evoked a profound sense of pride and fulfillment. This achievement underscored your team's unwavering dedication, resolve, and technical acumen.
Nevertheless, as is typical with prototypes, there remained areas necessitating further refinement and enhancement. While the vehicle demonstrated functionality, there were nuances and inefficiencies that warranted attention. Potential issues might have included subpar engine performance, opportunities for improved vehicle handling, or adjustments required in the electrical systems.

Acknowledging these areas for improvement, your group remained steadfastly committed to achieving project success. Through rigorous testing and meticulous analysis, specific shortcomings were identified, and targeted strategies were devised to address them. Whether through fine-tuning the design, refining mechanical components, or recalibrating electrical systems, your team approached each obstacle with unwavering determination and creative problem-solving.

Ultimately, the prototype vehicle stood as a tangible testament to your team's collaborative spirit, ingenuity, and resilience. While further refinement was necessary to unlock its full potential, the journey itself was immensely valuable. It served as a profound learning experience, fostering closer bonds within your group, sharpening technical skills, and instilling a lasting sense of accomplishment that transcends the project's completion. 

After the completion of the prototype vehicle, the results showed that the vehicle parts that were covered by the battery and sensor selection did not need to be changed therefore we had to look and areas such as motor and transmission. 

[bookmark: _Toc161607260]Designs and development of the vehicle:
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Description automatically generated]  Figure 2- showing the group’s first design. 
(Badrakh Nyamsuren 2011093) 

This was our initial design, this helped us understand a basic factor of how our final design will also look like, this design had disadvantages however, for example high centre of gravity, short wheelbase, big wheels therefore need more power. 
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Description automatically generated]  Figure 3- showing the groups second design. 
(Badrakh Nyamsuren 2011093) 

This design proved to be better than the initial design as it has low centre of gravity, long wheelbase which is good as we will need to add more parts, small wheels for faster acceleration.
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Description automatically generated] Figure 4- Showing the build of the groups second design.

Once the second design was complete the group was able to see where there is room for any improvement, this pushed the team for one last design which would be our final product. After valuating all aspects of the design, we are able to see how we can improve it. 
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Description automatically generated] Figure 5- Showing the final group design. 
(Badrakh Nyamsuren 2011093) 

After inspecting all factors of our prototype on figure 4, the team were able to come together and design a new the final product, including all parts needed from the sensors to the Arduino kit installed, the group decided to increase the size of the wheels and shorten the length of the vehicle.


[bookmark: _Toc161604118]Summary of the work completed/contribution to project - Bradrakh
My role as a team leader during the project included ensuring the smooth progress of the team, keeping the project goals in line, and meeting the schedules
[bookmark: _Toc161604119]1. Work contents 
The content below is my contribution to various aspects of the project
Rules and regulations - Building a vehicle that complies with the competition rules is essential, as any mistake can disqualify it from competition. It is important to follow the rules from the beginning to avoid problems during the competition.
CAD design - After learning about the rules and regulations, I started to create a preliminary concept to reproduce the vehicle design in SolidWorks. The second iteration required more time and precision to improve its quality compared to the first concept. I redesigned and refined the CAD parts to better suit our vehicle requirements.
Material selection – For materials selection, I created a decision matrix diagram to select the right material for the vehicle frame and wheels while staying within the budget of £80 for the project.
Track build - To facilitate the testing of our replicable vehicle, the team and I replicated the racetrack in our workshop. Ensuring accurate dimensions and placement accuracy were essential to accurately assess our vehicle's performance
Prototype - After design iterations, I oversaw the development of the prototype vehicle and ensured compatibility with electrical components during forward and reverse motion testing. At this stage, we were able to validate design concepts and identify areas for improvement.
Coding - I focused on understanding the basics of Arduino programming. To achieve this, I started by practicing with the Microbit. After I felt comfortable with it, I learned from the Arduino Starter Kit book. I then tested and patched the code to make sure it worked.
Sensor selection - After careful consideration, I chose ultrasonic sensors to detect obstacles, especially walls close to the target. This choice was made to ensure accurate navigation.
General wiring/wiring diagram - As part of my Arduino learning process, I created detailed wiring diagrams that guide the integration of electrical components into the vehicle design. These diagrams serve as invaluable reference tools during assembly, ensuring accurate wiring setup and optimal operation.
Assembly - After coding and electrical testing, I assembled the 3D-printed and laser-cut parts to build the final vehicle. Assembly has been carefully done to ensure that all parts fit well and that the vehicle functions perfectly.
Testing - Vehicle testing is a critical step in the project to ensure that our fully assembled vehicle meets the required performance and reliability standards. This extensive testing process includes a series of rigorous tests designed to evaluate various aspects of the vehicle's functionality, such as target detection and re-entry accuracy after hitting a wall
Each of these contributions played an important role, especially in moving the project forward. to the development of a competitive and reliable repeatable vehicle. Thanks to careful planning, execution, and attention to detail, I managed to build a vehicle according to my plans and tasks..

[bookmark: _Toc161604120]2. Research carried out
Material Research - Research different materials that are suitable for building the chassis and wheels of the vehicle within the given budget. A decision matrix table was created to compare materials such as plywood, plastic and sheet metal. The first concept used 2mm plastic sheet but was found to be too flexible for our needs. So we realized the need for thicker and lighter material. After careful consideration and research, we chose 5mm acrylic sheet because of its greater rigidity and durability. According to Thomas from Plastic sheets shop, the advantages of acrylic sheet are its light nature, high strength-to-weight ratio, ease of use and cheaper price.
	
	Chassis
	Durability
	Cost
	Efficiency
	Time (delivery)
	Ease of assembly
	Total

	1
	Metal sheet
	5
	3
	4
	4
	4
	20

	2
	Plywood
	4
	5
	5
	5
	4
	23

	3
	Plastic
	5
	4
	5
	4
	4
	22



Next, I thoroughly studied the Arduino starter kit book to learn coding principles. Additionally, I watched many video tutorials on YouTube for practical guidance. This combination helped me understand Arduino programming effectively, allowing me to develop functional code for controlling our vehicle's operations.
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Arduino Starter Kit for Beginners.
I then focused on extensive research to effectively integrate the various electronic components needed to power our repeatable vehicle. For inspiration and insight, I delved into previous IMechE challenges and analyzed the design and components of competing models in detail. Knowing the critical importance of certain components such as the battery, motor, Arduino and sensors, I made sure that these key elements could work harmoniously together. Creating a comprehensive electrical schematic played a key role in mapping the connections between these components, providing a clear road map for the integration of our electrical system. After selecting a suitable power source, I carefully compared the pros and cons of using one rechargeable 9v PP3 battery versus using four 1.5v AA batteries. After careful consideration, I chose the last option because it can provide a larger power supply and the convenience of changing the battery. To improve the future, we can consider an even more efficient battery at a high price. In terms of motor options, our initial concept had a 5V brushed DC motor with a gearbox, which showed satisfactory performance. But because of the single engine on the rear axle, we were faced with steering. To solve this problem, I decided to add two brushed 6v 300rpm motors, each running the rear wheel. This configuration was chosen to improve rudder control, allowing for more precise maneuverability and targeting. We chose the HC-SR04 ultrasonic distance sensor to detect obstacles. Its impressive range of 2 cm to 4 meters is sufficient for our 4-meter race track. By accurately detecting obstacles, the HC-SR04 sensor helps you accurately aim the pole vault, which has a significant point value in the competition. A double pole double throw (DPDT) switch was integrated into our circuit to facilitate reverse movement in the wall ring. Capable of controlling two different circuits with the same actuator, this versatile switch allows smooth motor direction changes to control the vehicle in reverse. The image below shows the first wiring diagram of my player vehicle. Pictured is a 9v PP3 battery with a single 6v 300rpm battery but this has now been replaced with 6v four AA batteries and twin motors. A DPDT switch is added to this circuit for override.
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Wiring diagram concept

[bookmark: _Toc161604121]3. Design carried out
· Chassis plate – The regulation for the chassis is 400x400x400mm. The new chassis plate is shorter than the previous chassis and now it is 230mm long and 110mm wide. The thickness of the chassis is improved to 5mm. After experimenting the layout of the chassis, the holes of the components are marked on the CAD design. Once the layout is finalised, the chassis plate solid part is now saved as a DXF in order to laser cut it. The chassis plate drawing is shown below.
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Description automatically generated]
Solid drawing of chassis plate.

· Wheels - The previous wheels had a wide contact surface with the ground and a small diameter of 4.5cm. In contrast, the new wheels boast a larger diameter of 8.5cm and are 5mm thick.
[image: ]
N20 motors attached on rear wheels

· Hub – The hub will be inserted into the front axle, secured to the chassis with two bolts. Both the axle and the hub's hole have a diameter of 3.5mm, ensuring a snug fit. Below is an image depicting the 3D printed hub, showcasing its design and dimensions for assembly clarity.
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Description automatically generated]
3D printed parts

· N20 motor housing – The N20 brushed motor housing is designed to be firmly attached to the lower rear end of the frame, providing a stable base for the two motors. These motors are connected directly to the wheels, facilitating smooth forward motion. The attached image shows the DC motor attached to the body, ready for integration into the vehicle assembly.
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Description automatically generated with medium confidence]
N20 motor housing.

• Arduino Case - The Arduino acts as the central unit of the vehicle, controlling various functions and connected components. For neat, organized placement and protection, I designed a case that consists of two parts: top and bottom. There are holes in the bottom of the case to help dissipate heat, while holes in the top and sides allow easy access to wiring with other components, so you don't have to remove the case multiple times. Below are pictures showing the Arduino snug in the case.
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Description automatically generated]
Arduino housing
· Ultrasonic sensor housing – I've created and 3D printed a housing specifically for the ultrasonic sensor, intended to be mounted atop the micro servo. In an effort to enhance the vehicle's aesthetics, I drew inspiration from a video on robot build. The resulting ultrasonic sensor housing resembles a cat's face when the sensor is installed. Below is an image displaying the components after they've been 3D printed.
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Description automatically generated]
Ultrasonic sensor housing.
· Micro servo housing – I've developed a straightforward housing for the micro servo, allowing it to be securely bolted and positioned at the front of the chassis. This placement facilitates its connection to the sensor for detecting objects ahead. The micro servo is designed to pivot, enabling it to scan like a radar detector, covering a wider range beyond just the forward direction. Below is an image illustrating the finalized layout of the sensor and servo combination.
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Micro servo and ultrasonic sensor combo.
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Description automatically generated]
Servo housing.
Upon completion of the assembly process, the repeatable vehicle is expected to resemble the following design. Battery pack will be strapped by velcro tape and servo housing, breadboard and arduino housing will be hot glued on the chassis.
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Description automatically generated]
Motor with housing bolted to the chassis.
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Description automatically generated]
Rear view of the concept.
[bookmark: _Toc161604122]4. Development carried out
The chassis underwent a significant evolution, moving from a single 5V brushed DC motor to a dual setup with two 6V 300rpm motors capable of propelling the vehicle. This upgrade improved the handling and handling of the vehicle. In addition, the base plate has been improved and is now made of a stiffer and thicker 5mm acrylic plate. Unlike the original concept, which used a 2mm plate, this upgrade adds durability and stability. The acrylic sheet is precisely laser-cut to match the vehicles, ensuring a perfect fit. The vehicle also now has 3 mm thin rims, a departure from the 1 cm thick small-diameter tires previously used. This change brought many benefits. First, rolling resistance has been significantly reduced, improving efficiency and performance. In addition, the rubber bands on the wheels improve grip, prevent slipping, and ensure better traction. In the past, the vehicle had problems with skidding and deceleration due to hard plastic wheels and small diameters. The new wheels not only solve these problems but also improve the aesthetic appearance and increase the speed.







[bookmark: _Toc161604123]5. Experiments & testing carried out
Wheels - In the original concept, the wheels were made of thin, hard plastic that tended to slide when the vehicle began to move forward or backward. That slip caused errors in the alignment. To solve this problem in the second concept, I chose bigger and heavier wheels. The first wheels were considered too light and had uneven surfaces, exacerbated by the high-speed engine, which led to slipping. In the second concept, I experimented with larger and heavier wheels that weighed 24g, 14g more than the original wheels. Equipped with N20 300rpm brushed DC motors, the new wheels showed smoother performance and better grip. To improve accuracy, flat rubber strips were added to the wheels, resulting in exceptional performance and slippage. 
Chassis - The original concept chassis had a thin sheet of plastic that proved too flexible after the electronic components. was added. In response, I chose a 5mm thick laser-cut acrylic sheet instead of a thin sheet of plastic. The previous chassis weighed around 90g, while the new chassis weighed 134g, a significant change. The revised chassis is now stiffer, wider, and with a shorter wheelbase, resulting in a more balanced layout. In future enhancements, depending on the application, excess body parts may be laser-cut to reduce weight.
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First concept
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Second concept:
[bookmark: _Toc161604124]6. Build carried out
First Concept - The initial build of the vehicle was characterized by spontaneous efforts without prior testing or planning. Despite the lack of preparation, we were able to complete the assembly, albeit with challenges and inefficiencies.
Second Concept - On the other hand, the construction of the second vehicle greatly benefited from early planning and strategic foresight. Armed with the knowledge gained from the first iteration, I approached the assembly process with a clear roadmap and a refined strategy. This proactive approach resulted in a smoother and more efficient build process, fewer failures and better overall quality.
Part integration - I integrated 3D printed and laser cut parts to ensure a smooth fit and optimal function. Every component was carefully aligned and secured to create a durable and unified vehicle structure.
Electrical wiring - The wiring process was carried out precisely following detailed schematics to ensure accurate connection and optimal performance. Attention was paid to organizing and securing the wiring to minimize confusion and potential disruptions.
Quality control - During the construction process, we performed regular quality checks to quickly identify and correct any problems or anomalies. This proactive approach helped maintain a high level of craftsmanship and ensure the reliability of the final product.
Testing and Calibration - After assembly, extensive testing and calibration was performed to ensure vehicle function and performance. This included a thorough evaluation of motion, sensor responsiveness, and overall system integration to ensure compliance with project requirements and goals.
The construction phase of the project was an important milestone in taking our repeatable vehicle from concept to reality. Careful planning and attention to detail allowed us to complete assembly efficiently.

[bookmark: _Toc161604125]7. Analysis carried out
Analysis of the wheels showed room for improvement. Larger, heavier wheels solved the sliding problems of the original, but future iterations could explore alternative materials or designs for better grip and performance. Flat rubber bands have increased grip, which shows the importance of innovative solutions. Laser cutting of redundant parts to reduce weight can improve overall performance without compromising structural integrity. This fulfills our commitment to innovation and ensures adaptability to changing challenges. Evaluation of the vehicle's overall performance shows significant improvements in handling, stability and functionality. Systematic integration of components, extensive wiring and rigorous testing have increased reliability and efficiency to meet competitive demands. But continuous improvement is the key to continuous development. Continuous innovations and improvements are crucial to driving a repeatable design vehicle in the future. Research into improved materials, techniques and design methods can optimize performance, efficiency and reliability. Continuous testing and iteration drive improvements that align with evolving competitive standards and goals. Using this knowledge ensures continuous improvement of the performance and competitiveness of our vehicle.




[bookmark: _Toc161607261]Achievement and progress compared to time chart – SR
The progress compared to the time chart for the first part of the project was good, the group managed to stay on top of the work and the research that was needed. However, due to workload in the second half of the project some organisation levels slipped and weren’t where they needed to be. As a result of this parts of the project began to fall behind. However, before it was too late, the group managed to get on top of this. Managing to catch up and get the work that needed to be done, done. Collectively managing to complete the target hours that needed to be put into the project too, this really helped with knowing how good the progress was within the project as everyone knew how much was needed to put into it. Following the Gantt Chart was crucial independently, to monitor the workload as if team members fell behind it would really affect the outcome of the project. Looking at figure 1 you can see that all the roles that needed to be completed, were completed which helped massively when it came to the overall quality of the final vehicle. Some roles were covered by other members of the group, this is due to them falling behind and affecting the progress of other aspects of the project. This meant that some members had more workload, but this was all completed so there were no parts left behind. If more of the group had stuck to the role table and Gantt Chart this wouldn’t have been as big an issue however the best was done under the circumstances that were presented. 
[bookmark: _Toc161607262]Review of successes and failures - SR
Overall, there were a lot of positives and negatives within the entire group project. As previously mentioned, there was some struggles with people fulfilling their sections, because of this the project wasn’t finished to its entirety. However, the work that was completed was completed to a high standard and was leading to a vehicle of high standard. The group communicated well with what was completed and what still needed to be done, some of the group managed to cover some other roles to try to stop the group from falling too far behind. Attendance at meetings was also good, there were meetings outside of the lectures too, this also helped with the progress of the project as it allowed the group to see exactly what needed to be done. When attendance wasn’t fulfilled, there was a group chat which allowed the team to communicate whenever needed and catch up on any work they may have missed. This was very beneficial to the team as it allowed them to have the ideas written down so nothing could be forgotten. Teamwork is very evident when looking at the work that was completed as it is to a high quality and a variety of inputs have been applied to different aspects of the project. Badrakh and Sophie were very good at communicating their ideas and having conversations about the project and what needed to be done, this is evident when looking at the work that has been completed. The group is disappointed not to have a finished product but is proud of the work that has been completed. 
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int switchState = O;
void setup() {
pinmode(3, OUTPUT);
  pinmode(4, OUTOUT);
  pinmode(5, OUTPUT);
  pinmode(2, INPUT);
}
void loop() {
  switchState = digitalRead(2);
}
if (switchState == LOW){

  digitalwrite(3, HIGH); // green LED
  digitalWrite(4, LOW);  //red LED
  digitalWrite(5, LOW);  //red LED
}
else { // the button is pressed
digitalWrite(3, LOW);
digitalWrite(4, LOW);
digitalWrite(5, HIGH);
delay(250); //Wait for a quarter second
//toggle the LEDs
digitalWrite(4, High);
digitalWrite(5, LOW);
delay(250); // wait for a quarter second 
}
} // go back to the beginning of the loop


[bookmark: _Toc161607266]Appendix 2
int switchState = O;
void setup() {
pinmode(3, OUTPUT);
  pinmode(4, OUTOUT);
  pinmode(5, OUTPUT);
  pinmode(2, INPUT);
}
void loop() {
  switchState = digitalRead(2);
}
if (switchState == LOW){

  digitalwrite(3, HIGH); // green LED
  digitalWrite(4, LOW);  //red LED
  digitalWrite(5, LOW);  //red LED
}
else { // the button is pressed
digitalWrite(3, LOW);
digitalWrite(4, LOW);
digitalWrite(5, HIGH);
delay(250); //Wait for a quarter second
//toggle the LEDs
digitalWrite(4, High);
digitalWrite(5, LOW);
delay(250); // wait for a quarter second 
}
} // go back to the beginning of the loop
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int switchState = 0;

void setup() {

pinmode(3, OUTPUT);
pinmode(4, OUTOUT);
pinmode(5, OUTPUT);
pinmode(2, INPUT);

}

void loop() {
switchState = digitalRead(2);

}

if (switchState == LOW){

digitalwrite(3, HIGH); // green LED
digitalWrite(4, LOW); //red LED
digitalWrite(5, LOW); //red LED

}

else { // the button is pressed

digitalWrite(3, LOW);

digitalWrite(4, LOW);

digitalWrite(5, HIGH);

delay(250); //Wait for a quarter second

//toggle the LEDs

digitalWrite(4, High);

digitalWrite(5, LOW);

delay(250); // wait for a quarter second

}

} // go back to the beginning of the loop
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Fig2: Speed-Torque characteristics
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Task What it involves Group members working on…
Prototype assembly and testing Buliding the prototype from the parts provided Everyone
Coding intial basic designs Building code that does the job in a basic way Soph
Coding autonomous basics Building code for the autonomous part of the vehicle Soph
Environment sensor selection Finding/selecting a sensor that can sense its environment in an appropriate way Munty
CAD Designing all the cad for the vehicle, outside appearance and internal Badrakh 
Transmission and motor selection Finding/Selecting a transmission and motor that is appropriate for the project Evan
Battery selection Finding/selecting a battery that gives the power but is the correct size for the build Munty
Green power Looking at how we can incorporate environmantally friendly aspects into the project within budget. Soph
PID work on speed control Look at ways to control the speed of the motor Evan
General wiring To do the general wiring for the vehicle, making sure it runs correctly. Soph
Track Design Build the track following the spec Everyone
Final assembly and testing Put all of the final parts together and ensure it works fully Everyone
Coding final design Write all the code for the final design ensuring all parts correctly Soph
Report Write a report about the work that has been done to complete this project Everyone
Presentation 1 Create a presentation displaying the work that has been done Everyone
Presentation 2 Create a presentation displaying all the work that has been done from the beginning to end of the project Everyone
Materials selection Choose the appropriate materials to use whilst considering the budget Badrakh
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