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1) Abstract
This year’s group project module is based around using the pre-existing Formula 3 “tub” chassis to generate a preliminary plan for running the vehicle as a purpose-built electric hill climb car. This chassis was the only component that we were given, the rest was completely determined by us, the group. 
The class has been split into multiple groups that focus on different aspects of the car, however all groups are working towards the same shared goal. The groups’ areas of responsibility are; aerodynamics, simulation, chassis and finally powertrain and control. As I am part of the powertrain and control group it is our job to identify a suitable method of propulsion and all of the related parts. As a group we decided that we would meet at a minimum of once a week on a Tuesday on top of the Monday lecture and would meet more than this should circumstances require it for busier weeks. 
Despite this project being group based and smaller sub-groups, each individual person has a specific aspect of the car that they are responsible for in the powertrain group.





















2) List of Members & Responsibilities 
Tim Stanbury: Power storage, Tim is responsible for selecting the appropriate power storage device a long with calculating the estimated values for energy storage.
Reza Shaife Pour Motlagh: Motors, Reza is responsible for finding and selecting the motor or motors that will drive the vehicle and works with person responsible the transmission to decide on ratios and angular motion related calculations. 
Pete Olliffe: Safety and Regulations, Pete is responsible for investigating research rules and safety regulations that the vehicle and the driver will have to abide by in order to compete in an electric hill climb series.
Jeff Elliss: Transmission, works with Reza to decide on possible motor solutions in relation to number of motors and how the drive from these motors will be sent to the wheels of the vehicle. 
Stefan Robinson: Cooling, Steffan is responsible for deciding on the method of cooling for the whole of the powertrain system based off calculations using values that he will be given to by the other members of the groups. 
Dan Wilcox: Duty Cycle, Dan’s research mainly revolves around looking deep into and analysing statistics for potential tracks that we would potentially be competing on, this includes looking into aspects like the amount of time each run takes and the top speed that could potentially be reached this data is then fed back to other members of the group like transmission and motors to make sure that these components are to the correct specifications. 
George Dalton – Brown: Controllers, My area of responsibility is controllers, this includes motor controllers along with all chassis controllers like accelerometers and additionally other features such as launch control and abs. In addition to this there are some parts of the car that could be useful to pull data off for example battery temperatures and tyre temperatures. These temperatures need to be monitored to ensure that the car is always run in its optimal condition for both performance and safety. 
The Belbin’s model questionnaire determined that my personality trait is that of a teamworker, this means that I encourage co-operation within the group which is ideal for choosing controllers as I need information from each member to ensure that the controllers that I choose are compatible with the other components that the other members of the group have chosen and that they conform to the regulations.









3) List of Overall Group Tasks and Associated Timings
	Task Name
	Duration
	Start
	Finish
	Resource Names

	Team Meetings
	126.13 days
	Mon 30/09/19
	Tue 24/03/20
	Dan W,George DB,Jeff E,Peter O,Reza SPM,Steffan R,Tim S

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

	      Team Meetings 2
	1 hr
	Tue 01/10/19
	Tue 01/10/19
	

	      Team Meetings 3
	1 hr
	Mon 07/10/19
	Mon 07/10/19
	

	      Team Meetings 4
	1 hr
	Tue 08/10/19
	Tue 08/10/19
	

	      Team Meetings 5
	1 hr
	Mon 14/10/19
	Mon 14/10/19
	

	      Team Meetings 6
	1 hr
	Tue 15/10/19
	Tue 15/10/19
	

	      Team Meetings 7
	1 hr
	Mon 21/10/19
	Mon 21/10/19
	

	      Team Meetings 8
	1 hr
	Tue 22/10/19
	Tue 22/10/19
	

	      Team Meetings 9
	1 hr
	Mon 28/10/19
	Mon 28/10/19
	

	      Team Meetings 10
	1 hr
	Tue 29/10/19
	Tue 29/10/19
	

	      Team Meetings 11
	1 hr
	Mon 04/11/19
	Mon 04/11/19
	

	      Team Meetings 12
	1 hr
	Tue 05/11/19
	Tue 05/11/19
	

	      Team Meetings 13
	1 hr
	Mon 11/11/19
	Mon 11/11/19
	

	      Team Meetings 14
	1 hr
	Tue 12/11/19
	Tue 12/11/19
	

	      Team Meetings 15
	1 hr
	Mon 18/11/19
	Mon 18/11/19
	

	      Team Meetings 16
	1 hr
	Tue 19/11/19
	Tue 19/11/19
	

	      Team Meetings 17
	1 hr
	Mon 25/11/19
	Mon 25/11/19
	

	      Team Meetings 18
	1 hr
	Tue 26/11/19
	Tue 26/11/19
	

	      Team Meetings 19
	1 hr
	Mon 02/12/19
	Mon 02/12/19
	

	      Team Meetings 20
	1 hr
	Tue 03/12/19
	Tue 03/12/19
	

	      Team Meetings 21
	1 hr
	Mon 09/12/19
	Mon 09/12/19
	

	      Team Meetings 22
	1 hr
	Tue 10/12/19
	Tue 10/12/19
	

	      Team Meetings 23
	1 hr
	Mon 16/12/19
	Mon 16/12/19
	

	      Team Meetings 24
	1 hr
	Tue 17/12/19
	Tue 17/12/19
	

	      Team Meetings 25
	1 hr
	Mon 23/12/19
	Mon 23/12/19
	

	      Team Meetings 26
	1 hr
	Tue 24/12/19
	Tue 24/12/19
	

	      Team Meetings 27
	1 hr
	Mon 30/12/19
	Mon 30/12/19
	

	      Team Meetings 28
	1 hr
	Tue 31/12/19
	Tue 31/12/19
	

	      Team Meetings 29
	1 hr
	Mon 06/01/20
	Mon 06/01/20
	

	      Team Meetings 30
	1 hr
	Tue 07/01/20
	Tue 07/01/20
	

	      Team Meetings 31
	1 hr
	Mon 13/01/20
	Mon 13/01/20
	

	      Team Meetings 32
	1 hr
	Tue 14/01/20
	Tue 14/01/20
	

	      Team Meetings 33
	1 hr
	Mon 20/01/20
	Mon 20/01/20
	

	      Team Meetings 34
	1 hr
	Tue 21/01/20
	Tue 21/01/20
	

	      Team Meetings 35
	1 hr
	Mon 27/01/20
	Mon 27/01/20
	

	      Team Meetings 36
	1 hr
	Tue 28/01/20
	Tue 28/01/20
	

	      Team Meetings 37
	1 hr
	Mon 03/02/20
	Mon 03/02/20
	

	      Team Meetings 38
	1 hr
	Tue 04/02/20
	Tue 04/02/20
	

	      Team Meetings 39
	1 hr
	Mon 10/02/20
	Mon 10/02/20
	

	      Team Meetings 40
	1 hr
	Tue 11/02/20
	Tue 11/02/20
	

	      Team Meetings 41
	1 hr
	Mon 17/02/20
	Mon 17/02/20
	

	      Team Meetings 42
	1 hr
	Tue 18/02/20
	Tue 18/02/20
	

	      Team Meetings 43
	1 hr
	Mon 24/02/20
	Mon 24/02/20
	

	      Team Meetings 44
	1 hr
	Tue 25/02/20
	Tue 25/02/20
	

	      Team Meetings 45
	1 hr
	Mon 02/03/20
	Mon 02/03/20
	

	      Team Meetings 46
	1 hr
	Tue 03/03/20
	Tue 03/03/20
	

	      Team Meetings 47
	1 hr
	Mon 09/03/20
	Mon 09/03/20
	

	      Team Meetings 48
	1 hr
	Tue 10/03/20
	Tue 10/03/20
	

	      Team Meetings 49
	1 hr
	Mon 16/03/20
	Mon 16/03/20
	

	      Team Meetings 50
	1 hr
	Tue 17/03/20
	Tue 17/03/20
	

	      Team Meetings 51
	1 hr
	Mon 23/03/20
	Mon 23/03/20
	

	      Team Meetings 52
	1 hr
	Tue 24/03/20
	Tue 24/03/20
	

	Duty Cycle 
	120.63 days
	Mon 07/10/19
	Mon 23/03/20
	

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

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

	   Research Top Speeds
	3 hrs
	Mon 14/10/19
	Mon 14/10/19
	Dan W

	   Calculate average speed
	2 hrs
	Mon 14/10/19
	Mon 14/10/19
	Dan W

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

	   Calculate wheel speed
	2 hrs
	Mon 04/11/19
	Mon 04/11/19
	Dan W

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

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

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

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

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

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

	Motors
	39.75 days
	Mon 07/10/19
	Fri 29/11/19
	

	   Identify power and torque requirements
	3 hrs
	Mon 07/10/19
	Mon 07/10/19
	Reza SPM

	   Finalize motor choice
	2 hrs
	Mon 14/10/19
	Mon 14/10/19
	Reza SPM

	   work with group on power storage solution
	6 hrs
	Fri 01/11/19
	Fri 01/11/19
	Reza SPM

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

	   meet with chassis group to determine motor and battery positioning
	12 hrs
	Wed 16/10/19
	Thu 17/10/19
	Reza SPM

	   run FEA on rear subframe and motor cage
	22 hrs
	Wed 27/11/19
	Fri 29/11/19
	Reza SPM

	   perform shakedown runs at various circuits and tracks
	20 hrs
	
	
	Reza SPM

	Cooling 
	90.38 days
	Mon 07/10/19
	Mon 10/02/20
	

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

	   High performance systems
	4 hrs
	Mon 14/10/19
	Mon 14/10/19
	Steffan R

	   Emrax motors
	5 hrs
	Mon 21/10/19
	Mon 21/10/19
	Steffan R

	   Heat to lose per run
	6 hrs
	Mon 28/10/19
	Mon 28/10/19
	Steffan R

	   Radiators
	4 hrs
	Mon 04/11/19
	Mon 04/11/19
	Steffan R

	   Basic cooling understanding 
	2 hrs
	Mon 11/11/19
	Mon 11/11/19
	Steffan R

	   Flow rate
	4 hrs
	Mon 18/11/19
	Mon 18/11/19
	Steffan R

	   Finding a pump
	3 hrs
	Mon 25/11/19
	Mon 25/11/19
	Steffan R

	   Calculating amount of water/coolant
	7 hrs
	Mon 02/12/19
	Mon 02/12/19
	Steffan R

	   Mapping the system
	5 hrs
	Mon 06/01/20
	Mon 06/01/20
	Steffan R

	   Piping
	3 hrs
	Mon 20/01/20
	Mon 20/01/20
	Steffan R

	   Testing
	3 hrs
	Mon 10/02/20
	Mon 10/02/20
	Steffan R

	Batteries
	128.75 days
	Mon 09/09/19
	Thu 05/03/20
	

	   Research of energy storage
	10 hrs
	Mon 09/09/19
	Tue 10/09/19
	Tim S

	   Finding the batteries
	5 hrs
	Mon 16/09/19
	Mon 16/09/19
	Tim S

	   Identify quantity and parameters
	6 hrs
	Mon 23/09/19
	Mon 23/09/19
	Tim S

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

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

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

	   fit the battery packs into the car
	30 hrs
	Mon 02/03/20
	Thu 05/03/20
	Tim S

	Transmission
	90.5 days
	Mon 09/09/19
	Mon 13/01/20
	

	   Calculate Gear Ratios
	2 hrs
	Mon 09/09/19
	Mon 09/09/19
	Jeff E

	   Decide whether multiple gears required
	2 hrs
	Mon 16/09/19
	Mon 16/09/19
	Jeff E

	   Choose gearbox type
	2 hrs
	Mon 23/09/19
	Mon 23/09/19
	Jeff E

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

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

	   Model gearbox assembly
	15 hrs
	Mon 16/12/19
	Tue 17/12/19
	Jeff E

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

	   Size driveshafts and joints
	4 hrs
	Mon 13/01/20
	Mon 13/01/20
	Jeff E

	Health, Safety and Regulations
	39 days
	Mon 07/10/19
	Thu 28/11/19
	

	   Investigate Existing Electric Car Technical Regulations for hillclimb
	4 days
	Mon 07/10/19
	Thu 10/10/19
	Peter O

	   Research Battery and electrical safety regulations for road vehicles
	4 days
	Fri 11/10/19
	Wed 16/10/19
	Peter O

	   Model battery packs to fit in cad model
	14 days
	Mon 21/10/19
	Thu 07/11/19
	Peter O

	   Monitor and advise on legality of developments throughout the project
	20 days
	Fri 01/11/19
	Thu 28/11/19
	Peter O

	Controllers
	101 days
	Mon 14/10/19
	Mon 02/03/20
	

	   Enquire about motor choice
	1 hr
	Mon 14/10/19
	Mon 14/10/19
	George DB

	   Research compatible controller solutions
	3 hrs
	Mon 21/10/19
	Mon 21/10/19
	George DB

	   Find additional sensor/feature regulations
	1 hr
	Mon 28/10/19
	Mon 28/10/19
	George DB

	   Find additional sensors and additional features controllers
	8 hrs
	Mon 04/11/19
	Mon 04/11/19
	George DB

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

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

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











4.1) List of Tasks
	Type
	Title
	Start date
	End date
	Duration (in days)

	[bookmark: _Hlk25253473]Task
	Discuss motor choice with Reza
	10/14/2019
	10/14/2019
	1

	Task
	Research motor controllers
	10/15/2019
	10/21/2019
	5

	Milestone
	Finalise motor controller choice
	10/21/2019
	10/21/2019
	-

	Task
	Discuss Regulations with Pete
	10/28/2019
	10/28/2019
	1

	Task
	Find additional sensors and controllers
	10/29/2019
	11/04/2019
	5

	Task
	Group viva preparation
	11/05/2019
	12/04/2019
	22

	Milestone
	Group viva
	12/06/2019
	12/06/2019
	-

	Task
	Setup controllers with software
	01/06/2020
	01/20/2020
	11

	Task
	Install controllers
	01/21/2020
	02/10/2020
	15

	Task
	Test parts while car is stationary
	02/11/2020
	02/24/2020
	10

	Task
	Test parts while car is in use
	02/25/2020
	03/09/2020
	10

	Task
	Group viva and report preparation
	03/10/2020
	03/22/2020
	9

	Milestone
	Group viva and report deadline
	03/23/2020
	03/23/2020
	-



4.2 List of tasks (Detailed)
Discuss motor choice with Reza: In order for me to choose the motor controller I need to have a discussion with Reza about his final choice for the motor and number of motors that will be used to power the hillclimb vehicle. Time taken for this should be approximately two hours.
Research motor controllers: I need to use online resources to learn about motor controllers and then find some preliminary compatible possible motor controllers. Time taken for this should be approximately six hours.
Finalise motor controller choice: After conducting my research I will need to decide on the best motor controller for our vehicle by comparing all possible realistic options. Time taken for this should be approximately three hours.
Discuss Regulations with Pete: I then need to discuss with Pete the regulations that constrain what optional driving aids we can use on the vehicle, this includes things like traction and launch control as well as other features like abs. Time taken for this should be approximately two hours
Find additional sensors and controllers: After choosing aforementioned features I will then need to find components and the controllers that allow these components to do their respective job(s). Time taken for this should be approximately twenty hours 
Group viva preparation: This time will be spent preparing slides and information that I am going to recall during the group viva on the 5th of December Time taken for this should be approximately 8 hours
Group viva: This is the day that the viva will be presented. Time taken for this should be approximately 1 hour.
Setup controllers with software: Controllers and other components that I have chosen will need to be integrated with some software in order for these controllers to know under which parameters they are meant to do their job(s). Time taken for this should be approximately eighteen hours 
Install controllers: The controllers and various sensors now need to be installed in the vehicle including doing all of the wiring and then cable management. Time taken for this should be approximately thirty hours
Test parts while car is stationary: At this point I will then have to test all of the sensors to make sure that they are getting some form of signal or input after they have been installed on the vehicle in preparation for the next task. Time taken for this should be approximately two hours 
Test parts while car is in use: The newly installed controllers then needed to be tested when the vehicle is in motion on some form of test day, but this can only occur if almost all other members of the group have correctly done their job, the date for this task can therefore depend on all other members’ successful contribution to this project. Time taken for this should be approximately nine hours.
Group viva and report preparation: The time allocated here will be used to write and submit my contribution to the group report and prepare my slides and some of the information that I will be recalling during the Viva around the 23rd of march. Time taken for this should be approximately twenty hours
Group viva and report deadline: This is the due date for the group report and viva. Time taken for this should be approximately one hour.



4.3) Bill of materials
Below is a preliminary bill of materials:
	Component 
	Specific Component Model 
	Component Price per unit (£)
	Quantity 
	Total Component Price £

	Motor Contoller 
	PM250DZ
	9,677.50
	2
	19355

	Wheel speed sensor
	KA sensors SP08
	Price Unavailable 
	4
	#VALUE!

	Yaw sensor 
	Race technology DL1 pro
	1149
	1
	1149

	Steering angle senor
	Race technology steering angle sensor
	238.8
	1
	238.8

	Accelerometer
	Bosch Acceleration Sensor MM5.10-R
	497.27
	1
	497.27

	Tyre temperature sensor 
	INFKL 150°C Infrared tyre temperature sensor
	29.12
	4
	116.48

	Battery/Controller Temperature sensor 
	NTC M5-HS
	Price Unavailable 
	1
	#VALUE!

	ABS
	Bosch ABS Motorsport m5 kit 2 
	Price Unavailable 
	1
	#VALUE!

	Total cost:
	
	
	
	21356.55





5) Project Gateway
One of the significant gateways for my area of responsibility within this project would occur at task number 6, just after milestone two.  At this point it would be wise of me to check my progress within this project, if I have not managed to hit all previous objectives by this point now would be a good time to designate some serious time into doing so as the tasks that follow this are not depended on by anyone else until the car is ready to be tested on track. The progress of this gateway can be proven by using a percentage of tasks done chart, each task is worth a set percentage that could be based on either its importance or how long the task will take, once 100% of tasks have been completed the project can continue. 
This gateway occurs at a time like no other up until this point in the project. Previously other members of the powertrain group like cooling and power storage needed me to complete my tasks as information needed to be fed back to them in order to assist them to progress their contribution to this project.  By this point in the project all of my decisions should be made and all discussions with other members of my group regarding these decisions should be finished on top of this all of the assessed content for the research side of the module should be finished. 
This is also an ideal time for my gateway review as my next major milestone is quite far into the future and so gives me quite a lot of time that I can use to catch up complete old tasks or this time could be used to get really far into a particularly time consuming task. If a major problem has occurred to the point where the controllers that I plan on using need to be overhauled, this point in time would be ideal to do so before I begin the process of calibrating the controllers to work within the parameters that I would like them to. This is due to the fact that calibrating, installing and wiring these components will require discussions with the chassis group as heavier components could affect their weight distribution and on top of this the calibration and installation process will take up a huge amount of my time and if it needs to change could be a huge inconvenience and effectively means that all of the installation work will need to be undone meaning that it was a waste of the time that I spent on it. 









6) Areas of Concern 
I have two main areas of concern and the first is controller compatibility issues, I think that I might potentially that the motor controller that I choose will not be compatible with the motor that has been selected by Reza. This could be caused by Reza changing his choice of motor during the first few initial weeks due to an issue regarding energy storage. If he changes his choice on the motor I need to be told to check and ensure that the current motor controller is compatible and if not then I will have to change my decision. This would be a catastrophic failure on a personal level but could also become a health and safety issue if it upsets the electronic circuit. On top of this, the motor controller would be very expensive and so to have one that doesn’t work would be a huge waste of money. I am also concerned about compatibility issues with the controllers as I predict that I will be using a lot of different brands of controller and so they might not communicate well when they are all being used with each other.
My second concern is the fact that this project is largely based around unexplored territory, by this I mean that a lot of the information could be quite difficult to find as there is no majorly mainstream form of electric hill climb series. Often we will probably be referring to pre-existing rules from things like formula E and more recognised hill climb rules, however as we are making assumptions there will still be a metaphorical grey area in our findings. This means that we may include feature like ABS and traction control methods that are banned due to the rules and regulations. The solution to this problem is discuss with Pete about the rules and regulations as it is his main area of responsibility and to look at things like patents and papers for information regarding the engineering behind electric vehicles. 
[bookmark: _GoBack]On top of this a lot of the information regarding electric vehicles is mainly marketing information catered toward trying to sell these vehicles as economical and performance, this means that most internet based searches return results that are opinions/reviews and numbers and statistics placed to try and attract potential customers, rather that the specific technical information regarding the engineering behind the electric vehicles that I need in order to learn and understand the mechanisms that help this vehicles to perform at their optimum level. 








7) Overall Summaries
Group Gantt Chart
[image: ]
[image: ]
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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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