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			-Figure 1: Greenpower Vehicle
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Abstract

This Group Project, Greenpower report will investigate and analyse the current vehicle set-up as it stands in the University of Wales Trinity Saint David’s automotive workshop. Research around the racing series and the regulations have been provided to help analyse the chassis design of the vehicle. Simulation testing of the 3D computer aided model and literature reviews have been stated alongside explanations for modifications to be made to the vehicle. This is done as a group, working together dividing the work load equally to increase the efficiency, strength and use of every aspect of the vehicle.























1. Introduction
(Tom Lynn P148408, James Smith 1801879, Leighton Coughlin 1802971)

This shared introduction outlines an investigation into the possible modifications to the Greenpower vehicle owned by the University. Specifically, this report details the investigation into lowering the rolling resistance of the vehicle, Chassis design, battery capacity and gearing efficiency. Chassis design is an important and key factor that is going to be analysed, to assess if a more suitable design can be produced. Research around the regulations for the racing event will be stated, to then further discuss new improved modifications that can be made to the vehicle. These will include possible material selection modifications that can be applied to increase the strength or safety of the vehicle. The focus on rolling resistance was chosen as the tyres are the only contact the vehicle has with the ground so it should be a main area of concern on any vehicle competing in racing competitions. As the Greenpower vehicle has very limited physical power, this energy needs to be applied as efficiently as possible. The battery and gearing will also be discussed together as they must both work in tandem with the electric motor in order to achieve as much power to the wheels as possible. This will be done by researching typical setups and why they are used in order to bring the current driveline up to scratch.

The report details the background of the project discussing the purpose of the project itself and outlining the rules and regulations of the competition the vehicle would theoretically be racing in. Details of the group management and planning are detailed with insights into the forms of communications used and software utilized in order to help manage the group. Details of the group’s overall aims, and the job roles assigned to each member are discussed along with a brief discussion on the loss of a group member and how it was managed.

A full methodology is given into all the tests performed for each individual subject area. The rolling resistance methodology consists of a contact patch investigation and a rolling resistance test in order to determine the scope of modifications that are possible and finally a deflection test was carried out on the tyres in order to help simulate the wheel in Solid Works to help determine possible replacement wheels without the need to purchase them.

In order to determine the strength of the current battery and driveline setup, a steady state battery discharge test was first carried out to determine the performance of the battery in terms of capacity. A power run was then performed on the setup in order to determine the motor’s capacity as well has how well the gearing is set up. By performing simulation testing on the chassis design, by simulating different materials, will allow for an in-depth analysis of material selection, alongside literature reviews to support these findings.

An in depth analysis is given on each subject area. Analysis is given on the data gathered from the rolling resistance tests along with possible improvements. However, due to the outbreak of COVID-19 it was not possible to finish the analysis and any theoretical improvements, as access to the University workshops and PC’s which had specialist software was off limits. In these cases, the analysis is substituted with an outlook on what would have been investigated or improved and will use as much secondary research to validate these claims as possible.

Once the research into chassis design is completed, a 3D computer aided design model will be created, using the programme Solid Works. By obtaining the current parameters of the Greenpower kit car, as it stands in the University of Wales Trinity Saint David’s automotive workshop, will allow an accurate and precise model of the chassis design to be created. A brief material selection analysis would have already been stated in the research, to then allow for materials to be applied to the Solid Works model created, to carry out simulation testing.

This testing will include stress, strain and displacement of the chassis. By performing simulation and real life testing, will prove if a modification is necessary to the design. Along with the physical testing for the gearing setup a CAD model was created along with a few calculations in order to verify data produced by an online simulator. The simulator was then used to predict how the current vehicle would perform as is but also after any potential modifications. The purpose of the physical testing was then to also verify the data produced by the simulator. This however didn’t come to fruition both due to resources available as well as the previously mentioned COVID-19 outbreak.



2. Research

The Greenpower vehicle that this project is based around is from the racing series IET Formula 24+, which has 9 events throughout the UK and is geared towards students from sixth forms, colleges, universities and apprenticeships. The aim of the racing series is to boost career and educational opportunities, helping CV applications and to gain experience. The winner of each event is the vehicle that can reach the furthest distance within the 60-minute race time. This causes teams to have to think about material selection and chassis design extensively (Greenpower Educational Trust, 2019).

2.1. Greenpower Regulations

The regulations present within the racing series are going to be defined where necessary, but within the thought process of re-designing the chassis and within the material selection process, these regulations may not be followed to allow for an innovative design or selection to be chosen to increase performance, strength or safety of the vehicle.

2.1.1. Chassis Regulations: T5 – Dimensions

· “T5.1.  The vehicle must not exceed 2800 mm in length, 1200 mm in width, and 1200 mm in height”
· “T5.2.  Ground clearance must not be less than 30 mm”
· “T5.3.  No part of the vehicle may extend more than 800 mm behind the centre point of the rear wheels”
 (Greenpower Education Trust, 2019)

The regulations above show the maximum dimensions allowed for the chassis of the Greenpower 2019 IET Formula 24+ Championship. All these regulations set by Greenpower Educational Trust, have been followed when modelling the original design of the chassis and are viewed as the most important regulations that are needed to follow, to make sure the vehicle is legally allowed to compete in the races and is safe for other competitors racing.

2.1.2. Chassis Regulations: T6 – Driver and Seating

· “T6.1.  The vehicle will have one seat for the driver firmly fixed to the vehicle chassis”
· “T6.2.  The driver must be seated in a feet forward, reclined position. Drivers may not kneel, sit astride a seat, or lie down in anyway such that their chests and head are forward of their waist”
· “T6.4.  There must be a solid floor under the whole of the driver, to prevent ingress of debris”
(Greenpower Education Trust, 2019)

2.1.3. Chassis Regulations: T10 – Roll Bars

· ‘’T10.1.  The vehicle must have front and rear roll bars offering protection in accordance with the diagrams shown”
· “T10.2.  Roll bars must be firmly secured to the chassis of the vehicle using mechanical fixings or welding. 
· T10.3.  One central triangulated brace or two side triangulated braces must connect the rear roll bar to the chassis” 
· “T10.4.  All rear roll bars & braces must be produced from circular section steel, with minimum outside diameter of, main hoop - 25 mm, braces - 19 mm and minimum wall thickness of 1.5 mm”
 (Greenpower Education Trust, 2019)

Stated points above, shows the regulations for the driver positioning, seating and roll bars that must be followed when competing in the Championship. These chosen regulations have been included because they are important regulations to follow, to make sure the driver of the vehicle is safe whilst racing.




2.2. Chassis Material: Research and Comparison

A material comparison will be show, weighting up the benefits of each possible material modification that could be made to the vehicle. This will be done to then allow for material testing to be done throughout simulation and real life testing to determine the ideal material for each section of the Greenpower vehicle.
	
	Magnesium
	Aluminium
	Steel
	Glass Fibre
	Carbon Fibre

	Cost
	High
	Low
	Very Low
	Medium
	Very High

	Strength
	High
	Medium
	High
	Medium
	High

	Weight
	Very Low
	Low
	High
	Medium
	Very Low

	Specialist Tooling
	High
	Low
	Medium
	Medium
	High

	Ease of Manufacturing
	Medium
	Medium
	Medium
	Difficult
	Very Difficult


-Figure 2: Material Comparison Table
 (Nayyeri, 2015) (Greenpower Education Trust, 2017)

The table above has been created to show an insight into the main benefits of materials for the chassis. This designing tool has been helpful to gain an idea into possible materials, before material testing and simulating can be carried out. Nayyeri’s work, ‘Materials for Automotive Body and Chassis Structure’ has been reviewed to help create the table, along with the Greenpower Educational Trust, ‘Materials’ section. From observing the table created, shows that either Aluminium, Steel or Carbon Fibre are the most effective materials to add to the chassis design increase the strength and reduce weight.

The chassis flooring of the vehicle is already fitted with aluminium, after using the material comparison table, it is viewed the most suitable material. It enables not only a significant weight reduction, but also reduces overall cost and specialist tooling needed when manufacturing (European Aluminium Association, 2013).

Using the comparisons table in ‘2.2’, aluminium roll bars are the most ideal material because with its different product forms, sheets, extrusions, castings, etc, aluminium offers a variety of design options and is an appropriate and suitable substitution for the standard, heavy steel roll bars (European Aluminium Association, 2013). Stress testing within Solid Works is planned to be carried out to further determine and validate the suitability of aluminium.

3. Methodology

Before any testing or measuring could be carried out, to design the vehicle within Solid Works, firstly the team had to repair the vehicle within the Universities workshop, making sure testing would be accurate and safe. By then using the CAD model created within Solid Works, will allow for simulation testing to be carried out for the original materials and then the modified versions, to allow for a comparison and conclusion to be made.

To be able to simulate stress, strain and displacement of the chassis design, studies will be created within Solid Works, changing the material of the vehicle. The materials to be tested are 1045 Cold Drawn Steel, Aluminium 404 and Carbon Fibre. Testing the original 1045 cold drawn steel for the whole chassis will be undertaken, by then changing the roll bars to aluminium will allow for the suitability of this material to be validated. Further simulation testing will be undertaken, including changing the seating section to carbon fibre and by removing sections of the chassis design to hopefully reduce the overall weight.

The studies will be using the forces present at intervals of 10 mph, up to 20mph to satisfy the maximum calculated speed determined for the Greenpower vehicle as 19.88 mph. By already performing a cornering weighing exercise of the vehicle, the total weight is 79.5 kg and 175 kg with a driver on-board. This exercise carried out in the workshop has allowed for a bench mark for the maximum weight of the vehicle, then allowing the weight of the modified vehicle to be determined within solid Works to be compared.

It is then planned to then use real life testing, bending a similar steel box section to determine the deflection as a force is applied. This will be done in the Universities automotive workshop, to further validate the modifications to be made.


4. Results / Analysis

4.1. Chassis Computer Aided Design Model

[image: ][image: ]The F24 Greenpower chassis has been designed in two parts within the Solid Works programme, both parts have been mated together in an assembly drawing as shown in figures 3 and 4 below, to show a true representation of the Greenpower vehicle as it stands in the workshop. This way of designing has been chosen, as the two-piece chassis was introduced into the sport at the beginning of 2017, to make storage and transportation much easier for teams.
	-Figure 3: Chassis Assembly Front View			-Figure 4: Chassis Assembly Rear View

The chassis model has been designed by measuring all the dimensions of the front and rear chassis features.  The appropriate tools within Solid Works have then been used to produce an accurate and precise model of the vehicle, using the exact measurements obtained and the regulations set by Greenpower Educational Trust, 2019.

A lot of time was spent creating the initial model of the vehicle within Solid works and it was then hoped that an improved re-designed version of the model making modifications to the design, to create a light weight chassis could be designed. This was thought to be done by creating cut outs of the material and designing new positioning for the roll bars to make the most effective improvements to the vehicle. This was not able to be achieved due to COVID-19, limiting the access to computers that can run the software, so material selection and has been the focus.
4.2. Solid Works Simulation Study Testing

Simulation studies were first hoped to be achieved within the Solid Works programme to efficiently test all the materials selected to be beneficial to the chassis weight, strength and safety. Due to COVID-19 only one simulation test for the standard steel material could be carried out, but within the discussion section included will be a selection of technical papers to bring an informed decision on what materials will perform better under stresses to conclude the material modifications that should be made to the vehicle.
[image: ]		-Figure 5: Front End Chassis Stress Testing

Figure 5 above shows the stress testing study carried out for the front end of the chassis fitted with the standard material. This study showed a few areas of weakness, mainly where the half circle and circular bar connects to the main chassis. If testing for the rear could have been carried out, it is believed that similar areas of weakness would have been found.

Further simulation testing for 1045 cold drawn Steel, Aluminium 404 and Carbon Fibre were hoped to be tested as well, determining forces present at speed intervals of 10 mph and 20 mph. Real life stress testing was then hoped to be performed using a similar steel box section as already fitted to the vehicle to then validate the areas of weakness within the original design of the chassis. As previously stated, technical papers in the discussion section will be used to bring an informed decision on modifications to be made, due to lack of access to the workshop and computer programmes.
5. Discussion

Even though simulation testing is unable to be fulfilled due to COVID-19, literature reviews are going to be viewed to make some informed decisions on modifications. The vehicle can be traveling between theoretical speeds of 25 - 40 mph in the F24+ Championship. An added nose cone is viewed to be vital, as it adds important frontal crash protection, as it can absorb the cars kinetic energy by compressing around 75% of its length (Barnaby, 2015).  The material selected for the nose cone is IMPAXX™ 700 Energy Absorbing Foam, which is a high performing and low-cost alternative to other energy absorbing materials such as polyurethane (Dow, 2006). This modification is believed to increase the safety of the vehicle massively and will be very beneficial.

Material modification to be made to the vehicle will now be stated, but it is known that even by changing material and weight distribution of the vehicle, it is not possible to change the corner weighing. This is down to there being no suspension attached to the vehicle, this means coil springs can’t be pre-loaded, so weight distribution isn’t a key factor to analyse.
[image: ][image: ]








-Figure 6: Front End Chassis Model			-Figure 7: Rear End Chassis Model

The separate front and rear chassis models created are shown above in figures 6 and 7, to make any explanations of material modifications much easier. Material selection for the main chassis as viewed in section “2.2” and the initial stress study in section “4.2”, shows that the original 1045 cold drawn steel is the ideal material for the main chassis box section of the vehicle. Aluminium is then believed to be the most suitable material for all circular roll bars on the front and rear parts of the chassis. Aluminium has been chosen for the roll bars due to the many forms it can be produced in, and down to its weight density which is one third of steel. This causes the material to be extremely light and a real competitor to the use of steel. Aluminium is known to be more expensive on a tonnage basis than steel, but becomes less expensive compared to other metals based on area or volume (De Matteis, Brando, Mazzolani, 2012, p.678).

Due to the weak point found within the first simulation study carried out, adhesive bonding has been chosen to connect the aluminium bars to the steel box section frame. Adhesive bonding offers much improved joint stiffness, compared to mechanical fasteners or spot welding which is used on the vehicle at the moment. The smooth joints reduce stress concentrations and absorb energy very well (Barnes and Pashby, 2000, p.73). This joining process will allow for the vehicle to withstand any impacts much better, whilst protecting the driver.

After reviewing the previously carried out material analysis in the research, carbon fibre would be a very beneficial material to incorporate into the design, to increase strength and reduce the overall weight. The use of carbon fibre sheet moulding, for the seating section of the vehicle, would result in an advantage of stiffness, once adhesive bonding is used to connect the seat to the chassis. This would then intern have an impact of weight saving, from modifying the material from the 1045 cold drawn steel, to the weight saving carbon fibre (Brookbank, Savage, Evans, 2015, p.438). It is believed that by producing the seating section out of carbon fibre and designing it as a separate piece that secures to the chassis, would be a valuable modification to the overall design of the vehicle.
 






6. Conclusion
(Tom Lynn P148408, James Smith 1801879, Leighton Coughlin 1802971)

A shared conclusion is given on the outcomes of the research and analysis along with an evaluation on how the group performed. To conclude the rolling resistance investigation, the outbreak of COVID-19 undoubtedly hindered the completion of this project. However, conclusions can still be made from the work done before the outbreak. The initial testing on the vehicle proved that with a higher tyre pressure the rolling resistance is lowered which was validated 3 times via, tyre deflection, rolling road test and a contact patch test. All of these tests indicate that a narrower tyre at a higher pressure would aid in lowering the rolling resistance of the car which in turn would allow it to travel further on the same power. This is backed up via secondary research referenced throughout the paper.

If the facilities were available further analysis would have been done on simulating various other wheel and tyre combinations in order to prove or disprove that a narrower tyre would reduce the rolling resistance, however this was not possible. The majority of the time spent on the project was creating a 3D model of the car in order to run it through various simulations which in the end were not possible. As such the report is lacking a definitive conclusion. Ideally a real world test would have been performed on the vehicle with a different tyre and wheel setup. The same three baseline tests would have been performed on the new setup which would allow for a direct comparison to be made.

To conclude the chassis investigation, by using the results and observations obtained from research and testing, the original material applied to the chassis can be improved by changing sections of the chassis to light weight and stronger materials. These materials as stated previously in the analysis and discussion sections include aluminium and carbon fibre sections, including changing the roll bar material to aluminium and the seating section to carbon fibre as stated. To conclude the battery and gearing investigation, insight into how the motor, gearing and battery operate was gained however no exact conclusions into the benefit of any modifications can be made. This is both due to the incompletion of tasks due to the COVID-19 outbreak but also due to the lack of resources available.

It was concluded that the battery currently in the vehicle was completely worn out due to its age but also due to the condition that is was stored in. Any further modifications if undertaken would have relied heavily upon replacing the throttle with a potentiometer instead of a switch. This would have greatly increased the range, as the efficiency gained by having more than two throttle positions is paramount. Replacing the lead acid batteries with lithium ion variants would also highly increase the discharge efficiency but a major improvement would also have been made by repairing and or replacing the current batteries while also taking reasonable care.

Overall, working in a team for this project has increased all team skills, allowing everyone to distribute areas of the vehicle to focus attention on. This has allowed our group to produce a stronger, more effective and overall more professional Greenpower vehicle design. But due to the circumstance present at the moment, the actual chassis design could not be changed due to access to the software needed. Although by using a selection of literature reviews, it has allowed for material selection to be sufficiently carried out without performing all the simulation work that was hoped to be performed and first set out to achieve.
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