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Introduction
“Inspiring young people around the world to excel in Science, Technology, Engineering and Maths through a unique challenge: to design, build and race an electric car.” (Greenpower Education Trust, 2018)
The ever-increasing advances in technology create an acute need for engineers. In answer to this demand, the Greenpower Education Trust programme challenges students aged 9 – 25 from across the world to design, build and race electric-powered, single-seater cars in motorsport conditions. Since the first race that was initially held at Goodwood back in 1999, the challenge has expanded internationally to India, Poland, China, South Africa, Malaysia, Singapore and the USA.
“The increasing new registrations of battery electric cars (ULEVs) in the UK growing to 37,850 in 2019, showing an increase of 144% in comparison to 2018 when 15,510 cars were registered, signifies an increasing need for more engineers.”  (Dept of Trans. Gov.UK Dec 2019).
Based on the four STEM principles whilst also developing teamwork, problem solving and financial management skills, the programme delivers a ‘hands on’ competitive racing challenge to over 700 teams based at schools, colleges and universities. Running at four levels of competition from Formula Goblin (age 9 to 11), Formula 24 (age 11 to 16) to F24+ (age 16 to 25) with more than 10,000 students participating. 
Teams registered in the F24 category have the option whether to purchase a Greenpower ‘Kit’ Car for self-assembly excluding the bodywork, or to design and construct their own car from scratch whilst adhering to the regulations set by the organisation. 
The thirty-five races are competitive all-day regional events held in venues varying from simple ‘coned off’ courses to the famous ‘Top Gear’ track at Dunsfold. Having previously been held at both the Goodwood and Silverstone Race Circuits, the prestigious annual International Finals currently take place at the Rockingham Motor Speedway, located in Northamptonshire.
The Greenpower program plays an increasingly important role in providing a service that engages a young and aspiriational generation by getting them involved in engineering and science; assisting various companies to seek tomorrow’s engineers. 
After analysing the relevant engineering guidance provided, the challenge is to assemble a race car suitable for the F24 class, whilst analysing and identifying possible alterations to improve overall vehicle performance and efficiency. 
 
(Daniel Davies, 1801345) (Alex Wright, 1701086)


 





Research
Battery’s
Power Unit supplied by green power is a Yuasa REC36-12I Industrial VRLA and two of them is sued in a green power vehicle, here is some of the battery’s specifications. 
Specifications
· Nominal Voltage (v) – 12
· 20-hr rate capacity to 10.5v at 20c (Ah) – 36
· 10-hr rate capacity to 10.8v at 20c (Ah) – 32
· Mass (kg) – 11.2
Operating temperature range:
· Operating temperature - -15c to +50c
Discharge Rate:
· Capacity loss per month (% approx.) – 3
Cyclic Life Data: 
· 100% DOD down to 80% capacity - 300
· 25% DOD down to 80% capacity – 1400
This shows that cycling the battery from 
Dimensions:
· Length (mm) – 196 (+2)
· Width (mm) – 130 (+2)
· Height (mm) – 158 (+3)
Height over terminals (mm) – 169 (+3)











Battery Care
The new batteries supplied by green power require care and attention to ensure that they get the best performance possible out of them. There are different ways of ensuring that the batteries are in the best possible condition, this is the green powers process:
Battery Care/Prep
· Allow them to reach normal room temperature.
· Charge until your charger says they are fully charged. 
· Partially discharge the battery for 5 minutes at 20A - 25A.
· Charge again until complete.
· Cycle it three times on the bench before using in a race as a battery's capacity seems to increase over the first few cycles. Make sure that they do not discharge to below 10.5V, we stop the tests at 11V. Allow the battery to recover for an hour after charging and discharging. By "cycling", I mean charge the battery, then discharge (down to 11V under load), then recharge fully.
It’s important that the batteries are charged immediately if they are partially discharged or fully charged. This will help to maintain the batteries capacity and avoid a permanent reduction in the battery’s capacity. After a couple weeks if the batteries are left dormant its worth giving them a cycle if they show a 5%-10% reduction in capacity. 
The reasonable figure from the Yuasa REC36 is about 17-18A over the course of 90 minutes. As Stated by: Smith. G (2018). 


Why Lead Acid? 
Advantages:
· They can provide a large amount of current. 
· Reliable, can store its energy for a long period of time. 
· Indefinite shelf life without electrolyte. 
· The resources for the manufacturing process are virtually unlimited.
· Every industrial country as a well organised system for recycling lead acid batteries.
· Tolerant to overcharging.
· Wide range of capacities & sizes.
· Low internal independence. 
· Low cost.

Disadvantages:
· Can be heavily dependent on the type of lead acid battery.
· Charge efficiency of only 70% but can be as high as 90% for special designs. 
· Danger of overheating during charging.
· Not suitable for fast charging.
· Typical life expectancy of 300-500 Cycles. 
· Must be stored in a charged state once the electrolyte has been introduced into the battery to avoid deterioration.
As stated by: Electropaedia (NA)


A possible alternative? 
An alternate power source than a lead acid battery is lithium-ion. But in order to manufacture lithium-ion, cobalt must be obtained from natural resources in order to manufacture the power source making it unsustainable as there is only a limited supply. 
Advantages:
· High Energy Density.
· Lower self-discharge rate.
· Low maintenance.
· No requirement from priming.
· Variety of types available ranging from mobile phones to motor vehicles.
Disadvantages: 
· Protection required to avoid being overcharged and discharged too far.  Such as protection circuitry to ensure that the batteries are kept within a safe operating temperature. 
· Ageing – One of the main disadvantages of Lithium-ion batteries is there ageing. Only being able to withstand 500-1000 discharge cycles, which can be a problem if the battery is imbedded within the equipment. 
· Transportation restriction – As many airlines & ships limit how many lithium-ion batteries they can transport.
· A major disadvantage of lithium-ion is their cost to manufacture being greater than other batteries.
· A developing technology, meaning that the materials and chemicals used are ever changing as the technology develops. 
As Stated by: Electronic notes (NA)
Methodology
The methods used in order to complete this assignment required being split up in teams. Then as a group we elected a team leader and decided on who would take up the following sectors for areas of improvement on the green power vehicle. The following sectors for improvement on the green power vehicle were Chassis which involved the development and design of the frame and suspension including the wheels and tyres according to the regulations which was undertaken by our Team Leader, Alex. 
Another sector for improvements was Aerodynamics which involved the design of the bodywork again adhering to the regulations set out by green power which was undertaken by Daniel.
A fellow colleague called William undertook the powertrain sector for the green power vehicle which required research into the specifications and capabilities of the motor which is arguably the most important part of the system and the control system to devise how the power is applied in the vehicle according to the Greenpower regulations. Unfortunately, William took leave early in the year after the first presentation and that sector has been left vacant. 
My sector as a fellow colleague was to investigate the power supply e.g. the batteries. Also, to research the capabilities and the limitations of the batteries, again also adhering to the regulations set out by green power.
After we each had chosen a sector we had a team meeting with our supervisor Mark Sandford so that he could outline what each of us should be looking at and researching for our chosen sectors to give us an insight on what we should be doing. 
We were then introduced to the green power vehicle and had to book to inspect the vehicle. When inspecting the vehicle we also took measurements of the entire green power vehicle including the dimensions of the frame, suspension components, the track, rim diameter, material width, the motor, the batteries literally anything that would be helpful when it came to developing any improvements on the vehicle for each of our chosen sectors using CAD.
Another session was also made to put the green power vehicle on the rolling road so that we can get an estimated that both batteries would fully discharge. We took a measurement every minute to measure the voltage decline of the batteries. 
After we had the relevant data on the green power vehicle, we started to develop some CAD examples and research to see how we could make the green power vehicle more efficient. 
As a group we created a group chat on messenger in order to communicate any relevant information and help us to plan out and schedule any teem meetings with our supervisor to go over our findings and help us progress our work further. As a group we met up regularly usually once every two weeks or sometimes once a week. 
We then continued and repeated this process making further improvements on each other’s chosen sectors until we reached a satisfied conclusion with each of our sectors on improving the green power vehicle in order to make it more efficient. 




Analysis
Following the regulations and using the (CAD) Computer Aided Design. I made an exact copy using the dimension provided by Yuasa’s Technical Data Sheet to construct a CAD Model of the battery. After constructing the battery and using measurements to help guide me, I produced a sturdy design to help keep the battery situated, by having a lip surround the batteries so once they are secured, they have nowhere to go. I will also be using the standard quick release mechanism for the batteries as per the regulations to allow easy and quick removable of the battery. 
[image: ]






Further testing was meant to be exacted on the batteries by bench cycling the batteries by wiring four or five 12V 50W halogen bulbs in parallel make a suitable load of about 17A or 21A, respectively. This will help imitate the load that the motor has on the battery. When carrying out this test you must be careful to ensure that the voltage does not drop too low because it can permanently damage the batteries. But due to unforeseen circumstances with the corona virus pandemic I was unable to fulfill the further testing to get furthermore results on the batteries discharge rate. 
But from the rolling road data it was found that the batteries really started to discharge at around 21.5v and about 25 minutes of full throttle operation of the vehicle which can be seen from the graph below.

We ran the test of the green power vehicle on the rolling road until the batteries reached a voltage reading of 15v which took approximately 30 minutes. The reason we shut the green power vehicle off as if we proceeded anymore it would have resulted in permanent damage to the vehicles batteries. 
After we ran the rolling road tests, we checked the temperature of both the power supply and the motor. The batteries were warm, and the motor was higher in temperature than the batteries. As a group we assumed as the motor runs for a long period of time at full throttle the efficiency becomes less, and it starts to work harder demanding more power from the batteries. There fore keeping the motor cool is critical to vehicle performance. Another rolling road test with taking temperature measurements of both the power supply and battery every minute alongside the voltage measurements and then perhaps another test with a blower directly pointed at the motor and again taking both voltage and temperature measurements with and without the blower and comparing the results may have provided evidence to our assumption. 






















Conclusion
The main objective of this whole project was to make various improvements to the given vehicle within the regulations stated. Any developments or performance improvements would be made using a range of research, testing, and design techniques. Throughout the term, many ideas were brought forward by individual members to enhance various aspects of the vehicle performance. The key design areas were chosen and allocated to individual members, who then set about conducting the appropriate research and testing.
Ultimately, while there is no chance to physically test the effect that any changes on vehicle would have competing in the series, research, development, and testing provided a good base to optimise any changes that were felt necessary. 
Due to the current circumstances regarding the global Covid-19 pandemic, any plans for further testing or development of ideas were put on hold and could not be carried out for all areas of the project. Because of this, the final conclusions drawn from testing were not achieved, and therefore any design changes could not be implemented onto the vehicle or evaluated to analyse any possible performance advantages that were aimed for.
(Alex Wright, 1701086)
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Graph Showing Voltage of Green Power Batteries over Time
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