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Hillclimb Car Development
Abstract
The aim of the project is to design and develop a zero emission hill climb car based on the carbon tub of a Toms 033F Formula 3 carbon fibre tub. The completed car would be targeted at the British hill climb championship electric vehicle category and therefore needs to comply to all FIA and MSUK regulations for those events. My team is designing the powertrain system for the vehicle including, energy storage system, electric motors, gearbox/differential options and the motor controllers. The reason for choosing this project is that electric and alternative fuel motorsport is rapidly growing due to concerns for the emissions generated by traditional combustion engine powered vehicles. To become a class leader in the electric vehicle hill climb class would provide valuable experience for all students involved to develop knowledge and skills in what is likely to become the future of motorsport and greatly improve job opportunities and personal skills in the field.
If the project development is successful the aim is to acquire sponsorship and budget in order to purchase components, manufacture the vehicle and compete in the following year British hill climb championship if testing is successful.




Team Roles
Pete Olliffe – My job is to research the technical regulations for the British hill limb championship. Then it is my job to check on the designs and product choices of the other team members to ensure that all designs they make are suitable to pass an inspection by the scrutineers. Also, I will be researching electric vehicle safety precautions from road and race cars to ensure that the Hill Climb car is compliant with regulations but also safe for the driver and mechanics to use. My Belbin self-evaluation suggested that I have skills as an implementer which means I should easily be able to apply what I learn about the regulations into guiding the rest of the team to a legal and competitive car. The Belbin model suggested my team worker trait was weak which may hold me back in development however may also help me cast a critical judgement over the work of others and help me notice even minor mistakes in the development.
Reza Shafie-Pour – Reza Is in charge of selecting appropriate electric motor(s). This includes finding something with appropriate power capacity and however will also be able to be packaged into a small area in the relatively compact formula 3 chassis. 
George Dalton Brown – Must Collaborate with Reza to pick a suitable controller that will be able to manage current supply to the motor. Also, if the regulations allow it will be his responsibility to research sensors and systems to enable the implementation of traction control and abs systems. He will be required to discuss fitting of sensors for wheel speed and similar with the chassis team.
Tim Stanbury – Tim needs to research the battery styles used by electric cars and race cars. Then it is his responsibility to select or design battery to satisfy the power and energy requests from George and Reza. He must also talk with the chassis team about where the batteries can be packaged in the car.
Steffan Robinson – It is Steffan’s job to use the power and efficiency figures from the power system to calculate how much energy will need to be dissipated on any give hillclimb course to retain safe operating temperatures specified by George Tim and Reza for their respective component choices. He will then need to choose a cooling system if he finds that active cooling will be required to maintain safe temperatures.
Dan Wilcox – Dans job is to investigate current hill climb timings and performance from monitoring hill climb videos and tracking data. Using run times and speeds he can assist with the choices of motors, controllers and batteries with suggestions as to what power levels and speed requirements there would be in order to compete with similar cars that have run up courses before.
Jeff Elliss – Jeff is in charge of the development of the gearbox, differential and driveshaft design for the project. He will need to refer to Dan for speed requirements for competitive running at various tracks and select ratios to match peak power RPM with wheel speeds for optimum performance. Also he will need to discuss with the chassis group to design the driveshafts to transfer drive to the hub.

My Tasks
My task is to investigate the regulations that an electric car faces in the British hill climb championship. I will need to work out what category the car will fall under and then reference the overall and specific regulations. To do this I will Accumulate the requirements specific to our project into one document for easy referencing by all team members. I will need to make reference to the FIA regulations for safety and hill climb specific regulations for our vehicle class. Also, our car must comply with any notes in the MSUK yearbook as all UK events have to run from MSUK permits. Th FIA also released a separate documentation for regulations for alternative fuel vehicles which covers hybrid and electric specific regulations such as ours (FIA Alternative fuel regulations, 2019).
	Time
	Task

	40 Hours
	Research existing regulations for hill climb and EV motorsport

	30 hours
	Assist Component choice and assembly methods to comply with regulation

	30 Hours
	Investigate next year regulation at time of release and assist changes to prototype

	100 Hours
	Oversee final design and assembly of vehicle
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The only materials required to carry out my tasks are computers and regular interaction with team members to ensure everything complies with regulation. As a computer and internet are standard in any modern workplace this would not be at any additional cost to the project and needs no specialist equipment. The regulations are all available for free on the motorsport UK websites.
I will also be assisting other members with tasks once the regulation research is complete. I will assist with CAD modelling of battery packs and powertrain packaging in the chassis. Materials required for this would be the solidworks package for 3d modelling which is available from the university. It may also be beneficial to have Some of the batteries present to construct some real models in order to assist with understanding how the cooling may flow and how to wire the packs safely and effectively.
Risk Management
The main risk that is being taken by investigating the regulations at this time is that each year they are subject to change. The vehicle would not be ready to complete the hill climb season for 2020 and therefore would be targeted at 2021 season. The regulations that I have access to are for the current 2019 season or the 2020 season and are subject to change for 2021. In this case the car may be completed fully legal for the 2020 season and then once the 2021 regulations are revealed there may be infringements in the powertrain systems such as restrictions on the traction control systems in order to reduce technical advantages between teams. In order to reduce any issues with this risk I would need to check the new regulations as soon as they are released and any adjustments would need to be discussed with team members in order to make the needed changes and test the car before the new season began. If this was not done, then the car could be disqualified from any events entered in the new season and therefore have a negative impact on any possibility of a good championship standing. 
Another risk is that if I am too cautious with the regulations it might handicap the car against competitors who are more willing to push the limits of what is legal in the race series. This would make it much harder to achieve the desired results at the hill climb and cause bad morale and reduce chance of sponsorship for the next season.

Project Milestones
1. At the start of the project we must consider the performance of existing hill climb champion cars. Using the data from their runs and statistic of the car from reputable sources we will then be able to create a plan for targets of power, top speed, cornering forces and weights for it to run competitive speeds against similar combustion engine cars and vehicles in the electric class. This data can be acquired from GPS tracking or from monitoring video recordings for timings and corner speeds if available. 
2. Thorough inspections of the regulations and notes made of regulations that would affect the powertrain group such as any power or weight limitations. Also any restriction on traction and stability management systems would need to be considered because if these are not allowed an extremely high power vehicle might not be beneficial on a short tight course like a UK hill climb.
3. Market research on powertrains currently used in electric and hybrid road and race cars. Using a standard system would greatly reduce the amount of development to do with regards to making the controllers, energy source and motors all cooperate. Although after investigating standard parts we may find that developing a standard system would prove to be more beneficial to our project as it can be better tuned to the hill climb application.
4. After researching the available options the team will need to regroup with the chassis and aero teams with a selection of motor, battery and controller options and come to an agreement on what combinations will suit the packaging and aerodynamic needs while still meeting all the specification that the powertrain team needs.
5. Design of custom parts such as driveshafts and gearbox casings that will integrate into corresponding parts developed by the chassis team. The gearbox will be structurally mounted to the rear chassis area and so must the motor. These parts may be structural to the car if an agreement is made between the chassis and powertrain team so would have to mount in a stress tested mounting system to ensure that is suitable for that placement. CAD modelling of the parts then an assembly will allow both teams to check that there is no interference and then allow the aero team to use the cad model to design the aero package for the car.
6. Prototyping and testing. After provisional designs are made individual components must be prototyped and tested for function and durability. Material choices can be revised and this is the last stage where large revisions to the design can be made. Likely to be the most costly part of the design and build however vital in the process of designing a suitable hill climb car.
7. Once all the prototypes have been revised, the team must regroup and submit final designs for the manufacturing stage to begin. All cad files and specification to be updated with the most suitable version found during testing in order for the manufacturing team to construct.
8. Final manufacturing and assembly. Once all individual parts have been designed the whole car can be assembled for the first time. The traction and stability programmes can be configured, and the car can go for its first test after assembly.
9. Testing and tuning is where the mechanical system as a whole can be stress tested an various courses to confirm that all components are suited to the job. The stability and traction systems can be tuned to allow predictable handling characteristics and suitable corner speed.
10. Continuous revision and improvement. Throughout the season all components and sensors will be monitored for unexpected behaviour and any then be modified within regulation allowance to try and reduce the chance of mechanical failure of loss of control through difficult torque delivery.
Significant Gateway
A significant milestone for my aspect of the project will be when a concept design of the complete vehicle is complete and I will be able to investigate the legality of the electric powertrain in the chosen racing series. When we have a complete legal vehicle is most important of all because if the car does not comply with the regulations its performance becomes irrelevant as it will not be allowed to complete. To verify that at this stage the car complies I will have to check all components and assembly against an extensive list of requirements and verify that all of them are met. If this is bit the case then the gateway has not been achieved. It will require a complete model assembled by all groups and then I will need to examine it as a whole along with those in charge of regulations of the chassis and aerodynamics group.
Gannt Chart
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ID Task 

Mode

Task Name Duration Start Finish Resource Names

1 Team Meetings 126.13 daysMon 30/09/19 Tue 24/03/20

2 Team Meetings 1 1 hr Mon 30/09/19 Mon 30/09/19

54 Duty Cycle 120.63 daysMon 07/10/19 Mon 23/03/20Dan W

55 Track research 5 hrs Mon 07/10/19 Mon 07/10/19Dan W

56 Record runs 2 hrs Mon 07/10/19 Mon 07/10/19Dan W

57 Research Top Speeds 3 hrs Mon 14/10/19 Mon 

14/10/19

Dan W

58 Calculate average 

speed

2 hrs Mon 14/10/19 Mon 

14/10/19

Dan W

59 Time on Throttle 4 hrs Mon 28/10/19 Mon 28/10/19Dan W

60 Calculate wheel speed 2 hrs Mon 04/11/19 Mon 

04/11/19

Dan W

61 Heat loss 6 hrs Mon 04/11/19 Mon 04/11/19Dan W

62 Group Project week  20 hrs Mon 04/11/19 Wed 06/11/19Dan W

63 Viva preparation 5 hrs Mon 25/11/19 Mon 25/11/19Dan W

64 Testing 30 hrs Mon 03/02/20 Thu 06/02/20 Dan W

65 Report 5 hrs Mon 02/03/20 Mon 02/03/20Dan W

66 Final viva 5 hrs Mon 23/03/20 Mon 23/03/20Dan W

67 Motors 39.75 days Mon 07/10/19 Fri 29/11/19 Reza SPM

68 Identify power and 

torque requirments

3 hrs Mon 07/10/19 Mon 

07/10/19

Reza SPM

69 Finalize motor choice 2 hrs Mon 14/10/19 Mon 

14/10/19

Reza SPM

70 work with group on 

power storage solution

6 hrs Fri 01/11/19 Fri 01/11/19 Reza SPM

71 cost motors 6 hrs Mon 07/10/19 Mon 07/10/19Reza SPM

72 meet with chassis 

group to determine 

motor and battery 

positioning

12 hrs Wed 16/10/19 Thu 17/10/19 Reza SPM

73 run FEA on rear 

subfram and motor 

cage

22 hrs Wed 27/11/19 Fri 29/11/19 Reza SPM

74 perform shakedown 

runs at various circuits 

and tracks

20 hrs Reza SPM

75 Cooling  96 days Mon 07/10/19 Mon 17/02/20Steffan R

76 Cooling in EV's 4 hrs Mon 07/10/19 Mon 07/10/19Steffan R

77 High performance EV's 4 hrs Mon 14/10/19 Mon 14/10/19Steffan R

78 Emrax Motors 5 hrs Mon 21/10/19 Mon 21/10/19Steffan R

79 Radiators 5 hrs Mon 18/11/19 Mon 18/11/19Steffan R

80 Cooling for battery 5 hrs Mon 02/12/19 Mon 02/12/19Steffan R

81 Basic cooling understanding 2 hrs Mon 09/12/19 Mon 09/12/19Steffan R

82 Finding a pump 3 hrs Mon 06/01/20 Mon 06/01/20Steffan R

83 Calculating amount of 

water/coolant

5 hrs Mon 13/01/20 Mon 

13/01/20

Steffan R

84 Mapping the system 50 hrs Mon 20/01/20 Tue 28/01/20 Steffan R

85 Piping 8 hrs Mon 17/02/20 Mon 17/02/20Steffan R

86 Batteries 128.75 daysMon 09/09/19 Thu 05/03/20 Tim S

87 Research of energy 

storage

10 hrs Mon 09/09/19 Tue 10/09/19 Tim S

88 Finding the batteries 5 hrs Mon 16/09/19 Mon 

16/09/19

Tim S

89 Identify quantity and 

parameters

6 hrs Mon 23/09/19 Mon 

23/09/19

Tim S

90 Create CAD model 15 hrs Mon 30/09/19 Tue 01/10/19 Tim S

91 Buy the batteries 2 hrs Mon 02/12/19 Mon 02/12/19Tim S

92 Test the batteries 20 hrs Mon 13/01/20 Wed 15/01/20Tim S

93 fit the battery packs 

into the car

30 hrs Mon 02/03/20 Thu 05/03/20 Tim S

94 Transmission 90.5 days Mon 09/09/19 Mon 13/01/20Jeff E

95 Calculate Gear Ratios 2 hrs Mon 09/09/19 Mon 

09/09/19

Jeff E

96 Decide whetehr 

multiple gears 

required

2 hrs Mon 16/09/19 Mon 

16/09/19

Jeff E

97 Choose gearbox type 2 hrs Mon 23/09/19 Mon 

23/09/19

Jeff E

98 Select gear sizes 6 hrs Mon 25/11/19 Mon 25/11/19Jeff E

99 Select shaft sizes 4 hrs Mon 09/12/19 Mon 09/12/19Jeff E

100 Model gearbox 

assembly

15 hrs Mon 16/12/19 Tue 17/12/19 Jeff E

101 Analyse Model 15 hrs Mon 06/01/20 Tue 07/01/20 Jeff E

102 Size driveshafts and 

joints

4 hrs Mon 13/01/20 Mon 

13/01/20

Jeff E

103 Health, Safety and 

Regulations

39 days Mon 07/10/19 Thu 28/11/19 Peter O

104 Investigate Existing 

Electric Car Technical 

Regulations for 

hillclimb

4 days Mon 07/10/19 Thu 10/10/19 Peter O

105 Research Battery and 

electrical safety 

regulations for road 

vehicles

4 days Fri 11/10/19 Wed 

16/10/19

Peter O

106 Model battery packs to 

fit in cad model

14 days Mon 21/10/19 Thu 07/11/19 Peter O

107 Monitor and advise on 

legality of 

developments 

throughout the project

20 days Fri 01/11/19 Thu 28/11/19 Peter O

108 Controllers 101 days Mon 14/10/19 Mon 02/03/20George DB

109 Enquire aboout motor choice1 hr Mon 14/10/19 Mon 14/10/19George DB

110 Research compatible 

controller solutions

3 hrs Mon 21/10/19 Mon 

21/10/19

George DB

111 Find additional 

sensor/feature 

regualtions

1 hr Mon 28/10/19 Mon 

28/10/19

George DB

112 Find additional sensors

and additional features

controllers

8 hrs Mon 04/11/19 Mon 

04/11/19

George DB

113 Install all parts 30 hrs Mon 13/01/20 Thu 16/01/20 George DB

114 Test parts 4 hrs Mon 03/02/20 Mon 03/02/20George DB

115 Test car as a whole  8 hrs Mon 02/03/20 Mon 02/03/20George DB
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