



Abstract

The current project is a multi-departmental effort to convert an ex-formula 3 race car into a fully electric hill-climb car abiding by FIA regulations. Students have been divided into four groups; Powertrain, aerodynamics, chassis and simulation respectively. These groups will work closely with each other as well as with their team leaders to produce a good end product.
The final design should be competitive yet cost-effective. Electric powered race cars are still in their infancy and converting existing chassis to accommodate electric power is still largely unexplored. As a result, the project will produce several unforeseen problems and will require ingenuity and swift problem solving. 
The base vehicle is a Toyota-Toms 033f that competed in F3. Little is known about how competitive the car was when it raced but it is apparent that former F1 champion Jacques Villeneuve once piloted it. It isn’t a complete car and any parts that are missing will have to be designed and bespoke new parts manufactured. With its original power output being around the 300bhp mark, some 400 or so shy than the project target, special considerations will have to be made for durability and safety. Despite not having to design the car totally from scratch, there is still a great deal to be re-designed. The rear chassis and powertrain will be totally new and adjustments will have to be made to the existing aero and front chassis in order to be suitable for the new race-discipline. 
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Chassis Group

	Name
	Responsibilities
	Time

	Michael Heys
	CAD rear frame modelling
Tyre/wheel Selection
Frame material selection
Suspension measurements
	23/03/20 deadline

1hour/day

	John Hopkins
	Front damper data
Suspension measurement
WinGeo modelling
CAD damper/wheels modelling
	23/03/20 deadline

1hour/day

	Josh Lewis
	Brakes
Interior Controls
Interior CAD modelling
	23/03/20 deadline

1hour/day

	Richard Osborne
	CAD motor housing
Battery Packaging
Suspension measurement 
WinGeo Modelling
	23/03/20 deadline

1hour/day

	Sam Williams
	CAD wishbones, uprights, hubs
Braking
Suspension measurements.
	23/03/20 deadline

1hour/day

	Liu Zihao
	Regulations
Interior controls
Health and safety
	23/03/20 deadline

1hour/day



Each member of the group will have shared and specific roles. All CAD work will be done and the SOLIDWORKS software and will be shared between group members with individuals focusing their modelling on the parts that they are researching directly. The majority of the early CAD modelling will be done during ‘project week’. Measuring the chassis will also be a team effort with the group being booked in to measure on 18/11/19.
There are also sub-teams with Sam Williams and John Hopkins covering the majority of the research and modelling of un-sprung components. Richard and Michael are focusing on frame design and packaging with Josh and Liu concentrating on interior controls and safety features. These sub-teams will have regular contact with the fellow team members to ensure good cooperation and desirable results. 
Each member will also have individual focuses with Michael selecting frame materials, John looking at suspension, Josh researching brakes, Richard looking at packaging, Sam covering wishbones and uprights and Liu ensuring that the car is consistent with the FIA regulations. Despite each member having unique responsibilities as well as shared ones, they are encouraged to share their ideas and seek advice from others within the group.  

	Task
	Time Required
	Task Duration
	Materials/
Apparatus
	Notes
	Cost

	Initial research
	1 week
	-
	Internet research
	
	Free

	Wheelbase 
	1 week
	-
	Internet research
	
	Free

	Unsprung component choices
	1 week
	Completed 01/11/19
	
	Image wheels and Avon tyres chosen
	£366-wheel

	CAD models of front suspension components
	40 Hours
CAD week
	1 week
Project week
04-08/11/19
	Solidworks


	
	Free

	Preliminary Rear frame design
	10 hours
	Completed
10/11/19
	
	
	Free

	Rear end final decision
	6 weeks
	-
	
	
	

	Final CAD models
	1 week
	-
	
	
	

	Product Testing
	6 weeks
	-
	
	
	


Group Tasks


The group will meet every Monday for a chance to discuss developments with fellow team members and other groups. This is a timetabled meeting that is mandatory. This will be supplemented by regular meetings outside of the timetabled ones to assist peers or to share information. Work on this project is expected to average around 1 hour  per day for each member. 

	Task
	Time Required
	Task Duration
	Materials/
Apparatus
	Cost

	CAD wheels/tyres
	8 hours
	1 week
Project week
04/11/19
	Solidworks


	Student download:
free

	Obtain Damper Data
	1 hour
	30 mins
18/11/19
	Damper dyno
Existing dampers
	£25+vat per damper

	Front suspension measurements
	10 hours
21-22/11/19
	6 hours
21-22/11/19
	Flatbed
Set square
Measuring stick
Vernier callipers
Plum line
	Free

	WinGeo- front end
	2 hours
	2 hours
22/11/19
	Suspension data
WinGeo software
	Free download

	WinGeo- rear end
	8 hours
Beginning 01/12/19
	-
	WinGeo
	Free download

	Final CAD modelling
	1 week
	-
	solidworks
	

	Suspesion parts selection
	1 week
	-
	-
	pending

	Product testing
	6 weeks
	-
	
	pending


 My Tasks
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John Hopkins Gantt chart

My Tasks

 
All of my tasks for this project, unless stated otherwise, will be completed on a weekly basis between team meetings on Mondays. I have created a Gantt chart to visualise these targets and help keep track of them. 
My specific role within the group is concerned primarily with the springs and dampers. Research and testing of existing and new dampers is my responsibilty as is analyzing any data I gather to ensure that the most competitive setup is configured. This work entails regular use of the damper dyno, research into spring/damper relationships and regular discussions with the similation group. 
I am also tasked with producing 3D models of the wheels, tyres and dampers using SOLIDWORKS. This is part of a joint effort by all members who are each modelling specific parts of the chassis and interior of the car. This will help us visualise our designs and create assemblies and eventually build the entire car. It also gives us a platform to demonstrate our work to peers and managers.
Additionally, I will be working with other members on measuring the existing chassis and inputting the data in to WinGeo in order to gain a better understanding of the front end of the car and to help us design and simulate a new rear end. This will be done on the flat bed in the workshop in order to ensure precise measurements. The WinGeo software also allows us to toy with alternative front suspension setups, allowing us to see if the existing one fits our needs or if it can be improved on.
 

 Belbin’s method
Belbin’s inventory helps to define one’s behaviours and contributions to group work.  It can used to assign team roles by identifying key strengths relevant to areas such as leadership and coordination and other roles such as research and innovation.
My results show that I am better suited to more analytical roles and as a result I am working on areas concerning suspension geometry and handling characteristics. Changes made in these areas produce instant results easily seen simulation software and in laptimes.  These reflect my ability to problem solve logically. It is also clear that while I am strong in the afore mentioned areas I am considerably lacking in the team worker and complete finisher categories; this suggests that while I can work towards team objecives I require the corrrect environment and motivation to fully excel. This project will provide an opportunity to develop teamwork and leadership skills.
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	Section
	A
	B
	C
	D
	E
	F
	G
	H

	1
	2
	2
	
	
	
	
	4
	2

	2
	
	2
	
	3
	3
	
	
	2

	3
	2
	
	2
	1
	2
	
	3
	

	4
	1
	2
	2
	2
	
	
	2
	1

	5
	
	3	
	2
	1
	1
	1
	
	2

	6
	
	1
	2
	
	3
	3
	1
	

	7
	2
	
	
	3
	3
	
	2
	



	Section
	IM
	CO
	SH
	PL
	RI
	ME
	TW
	CF

	Number
	15
	10
	11
	3
	8
	13
	8
	2


 
My Results

Milestones
Working front WinGeo model- Producing a WinGeo model for the front end of the car allows the group to begin thinking about the rear geometry. By using the data found, the group will then be able to start working closely with the simulation team on a design that is consistent with the geometry of the fastest model on the simulation software. Preliminary rear frame designs can be altered to provide the necessary pickup points required for the ideal track and wheelbase. Focus may also then be turned to achieving the desired weight distribution and eventually fine tuning the suspension to manipulate the handling.  Completing this will represent another significant milestone that will then allow the group to focus on fixings for the body and auxiliary parts.

Tyre selection- Choosing the ideal tyres is a vital process for designing any race car. They have a significant impact on a vehicle’s handling characteristics, capacity to deliver power and its safety. Selecting tyres early on allows all groups involved to progress. They give the powertrain group an idea of potential launch grip, the aerodynamicists can explore levels of downforce required and the simulation group is able to begin inputting data and create a clearer picture of the car’s potential competitiveness. For any given race season it is important to consider varying environmental conditions; for this reason the group will research both slick and wet weather tyres. Tyres must also be within the regulations. For this area the group decided on 10” fronts and 12” rear. They will be Pirelli P Zero for dry outings and Avon cut wet tyres for wet days. The wheels chosen are Image Billet 93s.

Material selection- While the powertrain group is largely unable to select materials due to their reliance on aftermarket parts and the aerodynamics team will likely opt for carbon fibre for the majority of their designs, the chassis group is able to explore more ideas. The front end will be largely left original but there is capacity to modify and update as seen fit. Existing front hubs are large and heavy but lighter alternatives can be explored. The rear will be a bespoke design. Yield strength to weight ratios will be a major factor in decision making as will material stiffness. A stiff rear end will improve handling and drivability. Finalised selection will provide more invaluable data to the simulation group who will be able to better understand the weight distribution of the car and will also be able to feedback provide feedback so that packaging items such as batteries can be done in the optimal locations for even weigh distribution. 










Areas of concern

Safety of vehicle- Several factors concerning safety are immediately obvious. The base car is over 20 years old and carbon-fibre manufacturing was still a relatively new concept at the time. The project not only relies on the existing tub to have aged well and to be damage free from several seasons of racing but also for it to be able to safely manage with over twice the power of its designed capability. 
Carbon fibre can theoretically last forever; this however relies on it having a stress-free life as any sharp impacts can compromise its structural integrity. Rigorous inspection of the tub for structural defects must be carried out and the mounting points must be assessed to determine whether they can sufficiently cope with the proposed power increase.
As well as the chassis having to cope with the substantial power increase, the group must also consider stopping power. A high-power road car’s typically larger wheels allow for large brakes to be fitted but the 13” wheels usually found on this vehicle create constraints. The group must therefore consider uprated brakes, or alternative brake configurations such as inboard brakes. 
Inter-departmental cohesion- It can often be difficult to achieve a common goal when individual parties, aiming for the same results, are working independently from each other. In the case of this project, there are four departments, namely powertrain, chassis, aerodynamics and simulation working on their own objectives while aiming to satisfy the requirements of the groups that rely on them. Without total cooperation, the end product could not only be sub-par but could fail to function altogether. In the case of the chassis group, packaging the new power-plant determines our rear suspension setup, mounting points and braking system. The mandatory meetings on Mondays will provide some opportunity for communication but regular discussions outside of meetings can provide extra clarity and allow for the encouragement, or dismissal, of new ideas at their conception without having to wait up to another week for feedback.





Gateway objective

My primary area of research concerns the suspension and as a result dictates the car’s cornering and handling abilities. My objective therefore is to help the team create a stable, drivable and most importantly competitive chassis. It will require good mechanical handling capabilities for slow corners and power delivery and a stable platform for the aerodynamicists to build on for higher speeds. To ensure a successful end product, several areas must be researched and considered.
Having been given a target ride height of 40mm, we are able to begin considering suspension travel, required spring rates and damper properties. These will effect the weight transfer of the car through corners as well as potential ground effect. A setup that is too soft will cause undesirable weight transfer, instability and coupled with high downforce could also cause effects such as porpoising at high speeds if not properly managed. A stiff setup is more desirable on perfectly flat surfaces, but any disturbance can cause skating and poor ride quality. This will increase theoretical times and reduce drivability in the real world.  Striking a balance between desired spring rates and damper stiffness will be done alongside the simulation group. By utilising the damper dyno and the training sessions we had on its operation we are able to establish whether the existing shocks are in working condition and are suitable for their intended application. They are required to be adjustable so that they can be adapted to the various tracks encountered during a race season. This dyno session is booked in for 18/11/19.
It is also important to consider suspension and steering geometry. With adjustable setups and by using the WinGeo software we are able to plot our suspension and send the setup around a track and view in real time how the roll centres, camber and scrub radius are all effected. During the product testing stage we can then experiment with various levels of toe and camber through adjustment.


Bibliogrpahy

(motorsport, n.d.)
blinkmotorsport.com/blink-motorsport/damper-dyno-testing
Solidworks Products. (n.d.). Retrieved from Solidaworks: https://www.solidworks.com/sw/products/solidworks-products-adwords.htm?mktid=7769&utm_campaign=EURONORTH-UK-REQUEST-BRAND-GOOGLE-ADWORDS&utm_medium=Search&utm_source=Google&gclid=CjwKCAiArK_fBRABEiwA0gOOcwBLNTQGGrazPIRrQJKcy7ds9h8W1sbt2_44dqxV_4saH7JiAJUJ
What is project management? (n.d.). Retrieved from PMI: https://www.pmi.org/about/learn-about-pmi/what-is-project-management
(motrsport.com, n.d.)
https://www.motorsport.com/f1/news/ground-effect-era-revolution-history/4497765/
(Gillespie, 1992)
(Schofield, 2008)
(Deakin, et al., 2000)
(Kellar, et al., 1999)
(Trächtler, 2004)



Start Date	Research hill climb events and vehicles	Weigh existing components	Measuring the mounting points for chassis frame	Design a chassis structure	Design Motor housing	Front Suspension wishbones and uprights	Rear wishbones and uprights	Material Selection for chassis and suspension	Wheelbase and track width	Weight distribution	Brakes – Disks, callipers, lines, servos	Steering	Tyres	Wheels	Controls	Safety devices	Measuring front suspension coordinates for WinGeo	Group Project VIVA	Group Project Report and VIVA	43738	43745	43747	43749	43749	43747	43789	43794	43761	43774	43759	43857	43759	43761	43766	43766	43790	43801	43913	Duration	Research hill climb events and vehicles	Weigh existing components	Measuring the mounting points for chassis frame	Design a chassis structure	Design Motor housing	Front Suspension wishbones and uprights	Rear wishbones and uprights	Material Selection for chassis and suspension	Wheelbase and track width	Weight distribution	Brakes – Disks, callipers, lines, servos	Steering	Tyres	Wheels	Controls	Safety devices	Measuring front suspension coordinates for WinGeo	Group Project VIVA	Group Project Report and VIVA	35	1	1	24	26	22	65	74	114	94	37	14	16	14	116	123	1	4	3	Group Tasks


Duration



 pg. 2
image3.png
John Hopkins Gantt chart

14 Oct - 22 Ot General research

210ct- 29 OctJAED, Wheelbase decision

28 Oct - 5 Nov JETID, Wheelsltyres selection

4Nov- 12 Nov I, CAD wheels tyres

11 Nov - 19 NovEEEID, Front End suspension measurements

18 Nov - 26 Nov AT, Damper Dyno
25 Nov -5 Jan

Rear End suspension geometry decisions
6 Jan - 12 Jar Finalise aftermarket suspension components

13 Jan - 21 JanJEEEND Final CAD models.
20 Jan - 1 Mar ST D Product testing
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