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This report aims to discuss our groups project plan. This report will discuss each member’s roles and responsibilities, my personal tasks within the project, and milestones and a gateway. Our group project is to design a fully electric single seat Hillclimb race car using a 1990s Formula 3 carbon fibre tub. The year group was split up into 4 groups; Chassis and Suspension, Powertrain, Aerodynamics and Simulation. We had to research current race cars involved in Hillclimb's such as the VW ID R Pikes Peak, and other single seat race car designs for inspiration. The project aim is to have a finished design ready to start production and enter races by the final VIVA. We will measure our success by setting goals to achieve from one meeting to another (typically 7 days apart), and by referring to ‘The Triple Constraint’ (Westland, 2018) to ensure consistency and to keep the project on track. Where in our case ‘Scope’ is Performance.
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(Westland, 2018)
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	Team Members 
	Roles 
	Responsibilities 

	Sam Williams 
	Suspension Geometry Engineer 
	· CAD for Suspension (wishbones, uprights, hubs) 
· Measuring suspension pickup points 
· Brakes 

	Richard Osborne 
	Team Leader & Co Chassis Engineer 
	· CAD for motor housing/packaging 
· Battery Packaging 
· Suspension pick up points for the rear 
· Rear Damper mounting 
· Subframe Material Selection 

	Josh Lewis 
	Brake & Driver Comfort Engineer 
	· Brakes (from disks to pedals) 
· Steering wheel and harnesses 
· Custom made seat 
· Pedal box 
· Prices of all the above including specialist tools and materials 

	John Hopkins 
	Damper Technician 
	· CAD for wheels and tyres 
· CAD for Dampers 
· Damper dyno for existing dampers 

	Lui Zihao 
	Safety & Regulations Engineer 
	· Regulations for F3 and Formula E 
· Pedal box 
· Fire Extinguisher 
· Electrical cut off (isolator switch) 

	Michael Heys 
	Chassis Engineer 
	· Research into single seat race car chassis 
· CAD for rear chassis frame 
· Tyre selection 
· Wheel selection 
· Chassis Material Selection 
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My role as a ‘chassis engineer’ requires certain skills and personality traits; such as researching, problem solving, and ingenuity. My role also requires creativity, a logical and analytical thought process and an ability to work as part of a team. According to ‘Belbin’s’ model, I rank above average for a few personality traits. They are ‘Implementer’ (13), ‘Plant’ (10), ‘Resource Investigator’ (14), and ‘Monitor Evaluator’ (9). According to the Belbin description of these behaviours, an Implementer is someone who is practical, reliable and efficient. However, they can be inflexible and slow to new options. ‘Plant’ is when an individual is creative, imaginative, generates ideas and solves difficult problems. However, these individuals can be known for being absent minded and too preoccupied to communicate effectively. A ‘Research Investigator’ uses their inquisitive nature to find ideas to bring back for the team, they are outgoing and enthusiastic but can lose interest once enthusiasm has been lost. Finally, a ‘Monitor Evaluator’ provides a logical viewpoint and judgement. These individuals can however be over critical and slow to come to decisions. I also scored just under average for ‘Team Worker’ (0.9 under) showing that whilst it may not be my strongest trait it is still well matched to the project and respective tasks. It is my opinion that my personality traits and skills from past experiences suit my role in the group because my strengths and weaknesses are aptly matched with those suggested by the Belbin’s model (The Nine Belbin Team Roles, 2019). 
	
	Implementer
	Coordinator
	Shaper
	Plant
	Resource Investigator
	Monitor Evaluator
	Team Worker
	Complete Finisher

	Low        0-33%
	0-6
	0-6
	0-8
	0-4

	0-6
	0-5
	0-8
	0-3

	Average 33-66%
	7-11
	7-10
	9-13
	5-8
	7-9
	6-9
	9-12
	4-6

	High     66-85%
	12-16
	11-13
	14-17
	9-12
	10-11
	10-12
	13-16
	7-9

	Very High 85-100%
	17-23
	14-18
	18-36
	13-29
	12-21
	13-19
	17-25
	10-17

	Average Score
	10.0
	8.8
	11.6
	7.3
	7.8
	8.2
	10.9
	5.5


	My Scores
	13
	5
	7
	10
	14
	9
	10
	2
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	Group Tasks
	Start Date
	End date

	Research hillclimb events and vehicles
	30/09/2019
	04/11/2019

	Weigh existing components
	07/10/2019
	08/10/2019

	Measuring the mounting points for chassis frame
	09/10/2019
	10/10/2019

	Design a chassis structure
	11/10/2019
	04/11/2019

	Design Motor housing
	11/10/2019
	06/11/2019

	Front Suspension wishbones and uprights
	09/10/2019
	31/10/2019

	Rear wishbones and uprights
	20/11/2019
	24/01/2020

	Material Selection for chassis and suspension
	25/11/2019
	07/02/2020

	Wheelbase and track width
	23/10/2019
	14/02/2020

	Weight distribution
	05/11/2019
	07/02/2020

	Brakes – Disks, callipers, lines, servos
	21/10/2019
	27/11/2019

	Steering
	27/01/2020
	10/02/2020

	Tyres
	21/10/2019
	06/11/2019

	Wheels
	23/10/2019
	06/11/2019

	Controls
	28/10/2019
	21/02/2020

	Safety devices
	28/10/2019
	28/02/2020

	Measuring front suspension coordinates for WinGeo3
	21/11/2019
	22/11/2019

	Group Project VIVA
	02/12/2019
	06/12/2019

	Group Project Report and VIVA
	23/03/2020
	26/03/2020
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· 7/10/19 for 1 hour
· 17/10/19 for 1 hour
· 21/10/19 for 1 hour
· 28/10/19 for 1 hour
· 4/11/19 for 1 hour
· 7/11/19 for 4 hours
· 11/11/19 for 1 hour
· 18/11/19 for 1 hour
· 25/11/19 for 1 hour

· 
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My tasks included researching other single seat race car chassis’ and designing the initial chassis frame that connects the tub and the motor housing, researching what tyres other cars are running and selecting the tyres and researching and choosing wheels. I also drew up on CAD the bell crank for the front inboard dampers. 

Research - I looked into a variety of rear chassis setups trying to determine the most suitable for our application, this took several hours spread out over a few days. A lot of examples used the rear mounted engine and gearbox as a stress member or part of the chassis, similar to a lot of superbikes. This wasn’t going to be possible for us, so we decided to design a cradle/subframe to mount the motors in and have that mount to a larger frame. The chassis frame from the tub to the cradle/subframe had to have enough space to mount batteries and enough room for maintenance to take place should it be required. This meant that a space frame chassis was ideal as we can add supports where needed to provide additional strength and have a lightweight structure which would not impede performance or be too expensive. 

CAD – After researching various chassis designs, I had the task of creating a drawing on SolidWorks. This was not the simplest of tasks as my knowledge of SolidWorks at this point in time was not the best. It took several attempts but eventually came up with a functioning model which mounted to the tub and the motor cradle. I also created a bell crank and a bracket for the steering arm in SolidWorks to help Sam out as the workload was increasing and there was increased pressure from our supervisor to meet a deadline.

Tyres - I researched what tyres other hillclimb racing cars were running with a comparable power output. There were several examples running Pirelli P Zeros, an article discussing someone's success and a Dallara Formula 3 car setup for Hillclimb's that was in the university workshop. The Dallara was very useful as it gave us an idea of what size tyres and wheels to use as both our tub and this vehicle are of the same ilk. We decided to find three tyre choices; one dry slick, one cut wet and an intermediate tyre. We ended up choosing Pirelli P Zeros Ultra Soft, Avon Radial cut wet, and Pirelli Cinturato. These tyres provide us with a tyre choice for all weathers. We chose Ultra Soft for our dry tyres as the hillclimb is only a short sprint so there won’t be a lot of time to warm up the tyres, and with two powerful electric motors we will need the tyres to grip instantly. The chosen tyres are on average £200 a corner (£800 a set) 

Wheels – After using the Dallara as a reference for size and width, I researched what styles and types of wheels which are on the market. I found some 3-piece billet alloys which are designed for motorsport applications, with a starting mass of 3.4kg for a 13inch by 6inch wheel. We will go for 13-inch wheels front and back, but the front wheels will be 10 inches wide (£295 each) and the rears will be 12 inches wide (£366 each). The same company also sell a set of four centre bolt nuts for £30. The wheels are totally custom and made to order so we can pick and choose our offset to satisfy our track width needs. This adds up to £1322 for a single set of wheels. 

Material selection – We will be selecting the material for the rear chassis frame based on several contributing factors; weight, price, and strength. The material needs to be strong enough to cope with approximately 3000Nm of torque from the motors and roughly 200kg of Motors and Batteries, but also be light enough to minimise stress and excessive force on the 6 mounting studs on the back of the tub. The chosen material must also be affordable and generally feasible. Having an entire rear chassis frame made of carbon fibre with customisable weave patterns would be the ideal choice however this would be far too expensive as we are on a conservative budget. The clear choice is Aluminium, but we haven’t decided on this as we still need to do some calculations to work out how much material we will need.
The Preliminary Bill of Materials is currently at £2122. This is for just one set of wheels and tyres with a set of centre bolt nuts. The total will change once we have selected a material and the amount of said material and received a quote for the welding. 

	Personal Tasks
	Details of task
	Task outcomes
	Time
	Completion

	Research
	Research other hillclimb races and vehicles for chassis design inspiration and layout
	A variety of single seat race cars with spaceframe tubular chassis’
	5 hours
	100%

	CAD
	Create a chassis frame that joins the tub to the motor housing
	A chassis that joins up to the tub and motor housing with ample space for batteries etc
	8 hours
	100%

	Tyres
	Research what other teams are using and what is available
	Three firm choices; one Ultra soft dry slick, one intermediate, and one cut wet.
	6 hours
	100%

	Wheels
	Research what size other teams are using and what is available
	13-inch diameter, 10-inch wide (front) and 12-inch wide (rear)
	6 hours
	100%

	Material selection
	Research what materials provide the characteristics that we need a select a material
	A material choice to use for chassis and motor housing
	
	0%

	
	
	
	25 Hours So Far
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· Weighing the existing components and the tub:	7-10-19
· Measuring the mounting points for the rear chassis frame: 9-10-19
· Rear chassis design complete: 4-11-19
· Motor housing design complete: 6-11-19
· Suspension components measured and drawn up in CAD: 31-10-19
· Wheel size selected: 6-11-19 
· Tyre types and sizes selected: 6-11-19 
· First VIVA: 2-12-19 to 6-12-19
· Second VIVA: 23-3-20 to 26-3-20
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An important gateway for my areas of the project was the selection of wheels and tyres. This is an important milestone and gateway because without these we could not have progressed to the next step as the Powertrain group required the rolling radius of the wheels and tyres to start work on final drive gear ratios. The Simulation group also needed the mew values (µ) of the tyres so that they could create a simulation model that would be as accurate as possible to reduce the risk of a final product that is under specification. We needed to select a wheel size as a group so that we could all have an understanding of the space available for the outboard brakes, but as none of us had any experience in this field of racing and the regulations are incredibly ambiguous for electric vehicle there was little in the way of ‘guidance’. At this point in time there was a Dallara Formula 3 race car that had been set up for hillclimb sprints in one of the university’s workshop; this was extremely fortunate as it is very similar to our car only newer and a different make. I used the Dallara for inspiration as I wasn’t sure whether to go for different sizes on the front and rear or the same size for both. The Dallara had 13-inch wheels front and back but the rear set were two inches wider than the front for better power application, meaning different size tyres. This meant that the Dallara helped for both the wheels and tyre choices. Using the tyre sizes on the side walls of the tyres gave us an insight into what is available for wheels that size and what is used in the motorsport industry/application. The Dallara’s front tyres were 250/575 – 13 and the rears were 300/590 – 13. Picking three sets of tyres means that we have adequate traction for all weather types; Ultra soft slicks for the dry, radial cut wet for wet weather and an intermediate set for damp conditions. I chose the ultra-soft compound because the track won’t be long enough to get enough heat into a firmer compound as the race is only a sprint and we need maximum grip from the start line. The wheels I chose are specifically designed for lightweight sports, race and hillclimb cars meaning that they are ideal for our vehicle. They are also lightweight, with a 13x6 inch wheel weighing only 3.4 kg (Image, n.d.). This was an important gateway because it allowed three of the four groups to continue making progress; the powertrain group could decide how much step down gearing is needed, the chassis group could start looking for appropriate brake setups, and the simulation group could update their simulations with the major change. Without this decision the entire project would be delayed, creating tension between groups and increased pressure near to the completion date.
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There are a few areas which I am concerned about, these are the tubs strength and the overall mass of the vehicle. I am concerned about the tubs strength because it is not a brand-new tub designed to handle modern electric motor outputs and torque which is virtually instantaneous. This is a risk to our project because if both electric motors are engaged at launch with 100% force, they will produce approximately 3000Nm of torque which is a lot more than the original two litre engine produced. This could put excessive strain on the 6 studs on the back of the tub, which has a section cut out within the studs to allow access to the fuel tank from its previous use. The studs are secured in 30-year-old carbon fibre. Given the current state of the tub, it has clearly not been looked after and there is evidence of some knocks and sections cut out, general neglect. This means that the carbon fibre may be a lot weaker than originally intended and not up to par. This potential weakness could cause the studs to be ripped out of or break the carbon fibre, potentially causing the entire car to split in two. This would be a catastrophic failure for the whole Team. We could mitigate this risk by designing and building some additional supports that run under the rear chassis frame and the tub securing the two together with additional anchor points, removing some of the weakness from the middle of the car. However, if we add material under the car it either has to be quite thin or we compensate by making the car sit higher otherwise we risk non-compliance with the 40mm ride height minimum. We could also over engineer the rear frame with more support structures, but this would increase the vehicles mass and put even more strain on the 6 studs. It would also have a negative impact on the cars performance which would mean that our finished product wouldn’t be the best it could be, although this may be a necessary compromise to ensure the vehicle is functional.
I am also concerned about the overall mass of the vehicle. This is a risk to the project because excessive mass would impede the vehicles performance resulting in it being slower and less agile than theorised. The original car was approximately 550kg and our proposed mass is between 600-700 kgs. This is a significant risk because the 30 year old tub was not originally designed to deal with the forces associated with the proposed mass and performance specifications. This extra weight could cause more loads to go through the suspension pickup points than they were designed and made to take, resulting in them breaking and potentially causing an injury to the driver and damage to the car. To mitigate this risk, we could do several things. We could use a lightweight and strong material such as carbon fibre to cut down on weight, however this would be not be cost effective because of the level of expertise required and materials needed are very expensive. A more feasible way to mitigate this risk is to reinforce the mounting points to add more strength and rigidity, we can also add supports or cross braces between the pickup points in the rear like a strut brace in sports cars. This could be made from a lightweight material like carbon fibre with a customised weave pattern to ensure maximum strength with minimal material. This solution would not be as expensive as making most of the rear end out of carbon fibre. If we save weight where we can it will eventually add up.
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