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[bookmark: _Toc214724876][bookmark: _Toc214821043]1. Introduction
The purpose of this project is to electrify a Formula 750 car by switching its original combustion engine with a full electric powertrain. We aim to show that it is possible to turn a pre-existing chassis into a high-performance electric vehicle, all while maintaining or even improving its performance and keeping competitive within the Formula 750 field.

Before the project started we received a few essential components, including the rolling chassis, body work, motor and controller. Our main focus is to design and install an electric drivetrain, mounting solutions, cooling systems and safety measures that comply with the rules and regulations of MSVR. We hope to create a fully functioning prototype that is able to move under its own power before the end of the project in March

Into this broader project, my individual responsibilities centre on setting up and programming the Sevcon controller to ensure the motor runs safely and effectively.













[bookmark: _Toc214724877][bookmark: _Toc214821044]2. Roles and Responsibilities
[bookmark: _Toc214724878][bookmark: _Toc214821045]2.1 Team Roles
	Name
	Role
	Description

	Goerge
	Group leader
	The team leader oversees the entire project, they make sure that tasks are done on time and that the team is working well together to meet deadlines and finish the project.

	Dan
	Weight + suspension
	This team member makes sure that the suspension is set to the correct settings to support the setup well and configures the vehicle's weight. 

	Jac
	CAD
	The CAD team member is responsible for modelling the chassis and other components that the whole group can then use to help with each of their tasks.

	Alex
	Motor + drivetrain
	The motor roles requires understanding the motors function and how it will supply power to the wheels. They will work closely with the controller member to review cooling and electrical requirements, ensure the motor is used safely. and test the motor with the controller to correct parameters.

	Lily
	Controller
	The controller member looks into the controllers function and making sure everything gets the power it needs. They will work closely with the motor to make sure the wheels are given enough drive to be competitive.

	Tasha
	Batteries
	The battery member studies power storage, component requirements, battery cooling, and energy recovery in braking (KERS).

	Tristan
	Packaging 
	The packaging member must position components in the car, starting with the weight and suspension member. They also look into the, while considering the vehicle's bodywork and wiring harness, and how it will look as a whole.  for overall appearance.

	Ellis
	Driver + safety
	This member ensures driver health, comfort, and safety by investigating firewalls and lap details. They also focus on the car’s drivability, ensuring to keep it is smooth and competitive.


[bookmark: _Toc214724901]Table 1 - Group Roles





[bookmark: _Toc214724879][bookmark: _Toc214821046]2.2 Belbin’s
	
	Implementer
	coordinator
	shaper
	plant
	Resource investigator
	Monitor evaluator
	Team worker
	Complete finisher

	Score
	20
	6
	2
	4
	8
	8
	12
	10

	Best fit
	10
	8.8
	11.6
	7.3
	7.8
	8.2
	10.9
	5.5

	variation
	+10
	-2.8
	-9.6
	-3.3
	+0.2
	-0.2
	+1.1
	+4.5


[bookmark: _Toc214724902]Table 2- Belbin Results
Belbin’s team role theory suggests that teams work best when there is a mixture of individuals playing different roles, such as planners and organisers. My strongest result was the implementer at 20. They tend to be organised and reliable. They take systematic approaches to tasks, which aligns well with the role I have in the group on the controller, as it will require a lot of different components with lots to learn about and do. Being able to break this down into smaller, more manageable parts will really help to keep moving forward with controller understanding. However implementers can be inflexible and prefer to take more orthodox approaches to situations, this may come as a hindrance if the orthodox way to do something isn’t working and we have to go against what we were trying before.

My weakest role is the shaper at 2. They tend to have a forceful personality and will therefore drive the team forward faster so everyone gets their jobs done faster. This means I am unlikely to take a forward striving role in the group and push others forward. This shouldn’t be a problem within my area of the project as a lot of the work is individual research or small focused group within the bigger group. (Parsons, 2025)







[bookmark: _Toc214724880][bookmark: _Toc214821047]3. Tasks, Timings and Milestones (GROUP)
[bookmark: _Toc214724881][bookmark: _Toc214821048]3.1 Tasks and Timings
	Task
	Description
	Date of Completion
	Hours

	Research regulations
	 Research regulations that relate to each member's roles.
	19.10.2025
	4

	Designing a battery box
	The project requires custom-designed aluminium battery casings with a kill switch and cooling.
	30.10.2025
	8

	Manufacturing battery box
	This might need to be done out of house, which will take time beyond our control, but it will need to be CNC-machined.
	25.01.2026
	-

	Purchasing parts
	The group is responsible for ensuring all parts are available for the project.
	31.01.2026
	2

	Fitting the floor
	The floor is essential, as it must be installed before any other part. The group will need to work together to ensure a clean fit.
	28.11.2025
	3

	Installing radiators
	Mounts need to be made to install with cooling lines.
	30.01.2026
	5

	Assemble drivetrain
	Rear custom axles will have to be custom-made to connect to an MX5 differential to the wheels, possibly requiring modifications to the differential.
	06.02.2026
	3

	Installing coolant pumps and lines
	Connecting the pumps and radiators to ensuring proper flow rate and prevent overheating.
	30.01.2026
	4

	Adjustments and modifications to the body
	Due to drastic changes to the car's internals, the body kit will need to be modified to accommodate them.
	20.02.2026
	10

	Testing car
	Testing the car in race scenarios and gathering data for comparison with other championship cars.
	13.03.2026
	-

	Presentation work
	Ahead of the VIVA, the presentation slides need to be prepared.
	22.03.2026
	5


[bookmark: _Toc214724903]Table 3 – Group  Tasks





[bookmark: _Toc214724882][bookmark: _Toc214821049]3.2 Milestones
	Milestone
	Description

	CAD model complete
	CAD model of the chassis available for the whole team to be able to look at and adjust accordingly to what they need to do with it.

	Cooling requirements known
	Manuals study for all components that may be susceptible to overheating, such as the batteries, controller and motor.

	Controller software optimised
	All parameters and testing for the controller are optimised to achieve the best performance from all the components it controls. Making sure it is competitive but safe.

	Floor done
	Aluminium sheet measured, cut and riveted to the chassis to set a base for the other components to sit on

	Presentation 1
	All work before this is documented and ready to present before continuing with the rest of the project.

	All components bought
	All components need to be ordered and in-house, ready to install in the vehicle to continue progressing.

	Battery casing manufactured
	The batter requires a custom-made casing that might have to be made in-house.

	Chassis adjusted
	Chassis adjustments are needed to accommodate all the new components and fully support the bodywork.

	Power train in
	This is essential as it’s the first time the car will be able to produce and transmit power, allowing all other parts to be assembled.

	Cooling installed
	Install a complete cooling system, including radiators, hoses, fittings and mounting hardware.

	Suspension tested and complete.
	Suspension needs to be fully installed and checked for ride height, stability and alignment.

	Peddles and line working
	All driver controls need to be installed and working correctly; this will allow the rest of the testing to proceed.

	Car completed
	This is an important milestone, as it means the car is ready to go out on track to test whether it is competitive and ready for real racing.

	Testing done
	All initial testing has been completed, as well as an on-track test, which will help gather data on competitiveness.	

	Presentation 2
	The final presentation sums up all the work that had taken place during the project.


Table 4 - Project Milestones






[bookmark: _Toc214724883][bookmark: _Toc214821050]4. Controller Tasks and Gateway
These tasks are solely for the controller and cooling; they do not include tasks completed as a whole group. 
[bookmark: _Toc214724884][bookmark: _Toc214821051]Research Controller Requirements and Motor Compatibility 
This task covers the initial research needed to develop the project smoothly. It includes reviewing the EMRAX 268 manual and the Sevcon Gen 4 size 10 specifications. This will help with a basic understanding of how the controller and motor will work together and what to look for when researching further. 
[bookmark: _Toc214724885][bookmark: _Toc214821052]Thermal Analysis and Cooling Requirements 
This will underlie all early thermal work, using the manual specifications for batteries, the motor, and the controller, and comparing them to determine a cooling configuration that works for all components. It also includes determining flow-rate targets for cooling loops and identifying maximum operating temperatures.
[bookmark: _Toc214724886][bookmark: _Toc214821053]Cooling System Components Selection 
This task includes pump sizing, radiator selection, hose diameter decisions, reducer selection and fitting types. The focus is on selecting components that can reliably achieve the required flow rates and heat rejection based on outputs from the initial thermal research.
[bookmark: _Toc214724887][bookmark: _Toc214821054]Controller System Architecture and Signal Definitions 
This focuses on how the controller interacts with the rest of the powertrain. It involves identifying the key signals the Sevcon Gen4 must receive and send, such as torque requests, enable states, motor speed and temperature data. The aim is to outline how the controller behaves with the vehicle system.
[bookmark: _Toc214724888][bookmark: _Toc214821055]CAN Communication Mapping and Torque Control Programming
This task ensures the controller can communicate with the rest of the car via CAN messages. You need to set up what information the controller needs, for example, the driver’s torque requests, and what information it should send back, like the motor speed or temperature. The goal is to ensure the controller communicates properly and delivers the correct amount of power to the proper components. 
[bookmark: _Toc214724889][bookmark: _Toc214821056]Sevcon Controller Parameterisation and Software Setup 
This involves configuring the controller through the Sevcon DVT software. It includes setting parameters such as pole pairs, current limits, field weakening and safety thresholds. The aim is to ensure the controller operates correctly with the EMRAX motor and remains within safe, predictable operating limits. By the end of this task, the controller has a stable initial configuration ready for testing and refinement.
[bookmark: _Toc214724890][bookmark: _Toc214821057]Safety System and Interlocking Logic Developments 
This task defines how the controller should react to safety-related and fault conditions. It includes specifying recharge timing, emergency stop behaviour and responses to faults such as overheating. The aim is to ensure the controller always follows safe logic paths and can appropriately shut down or derate.
[bookmark: _Toc214724891][bookmark: _Toc214821058]Cooling System Integration
This task covers confirming that the controller’s thermal requirements are met. It includes checking the required coolant, flow rate, temperature limits, and general heat load. The goal is to ensure that the controller, along with the other components, maintains a regulated, manageable temperature.
[bookmark: _Toc214724892][bookmark: _Toc214821059]Controller Logic Validation and Bench Simulation
This task involves testing the controller configuration before it is used in the car. It includes running a virtual CAN test, simulating torque commands and injecting fault conditions to check the controller’s response. The aim is to ensure the control logic is functioning correctly and safely before physical integration.
[bookmark: _Toc214724893][bookmark: _Toc214821060]Documentation, Meetings and Final Reporting
This is an ongoing task that includes attending the weekly meetings, updating progress, producing setup documentation for the controller and preparing the final report and presentation. It ensures clear communication with the team and provides the final deliverables required for the assessment.
[bookmark: _Toc214821061]Gateway
Before high-power testing or drivetrain integration begins, the controller must pass a functional readiness gateway. This ensures the Sevcon controller is correctly configured, safe to operate, and can communicate reliably under controlled, low-power conditions. To meet the requirements, the controller must enable through the recharge routine and remain active for at least sixty seconds without faults. Stable CAN communication is necessary, with all essential messages, like torque request, motor speed, and fault codes, accurately transmitted. The torque response must remain within ±5% of the commanded value.

Additionally, safety logic must operate correctly, ensuring the emergency stop initiates shutdown, HVIL interruptions are recognised, and derating activates under temperature or voltage limits. The controller temperature must stay below 50°C to confirm cooling efficiency under light load. Completing this gateway reduces the risk of component damage and builds confidence for advancing to more demanding testing stages.

[bookmark: _Toc214821062]Estimated Bill of Materials
	Item
	Qty
	Approx. Cost (£)
	Lead Time
	Purpose

	Pre-charge resistor
	1
	20–30
	3–5 days
	Charges DC bus safely before contactor closes

	Main HV contactor
	1
	70–100
	1–2 weeks
	Connects HV battery to controller

	Emergency stop switch
	1
	15–25
	2–3 days
	Required safety shutdown

	Throttle pedal sensor
	1
	40–85
	1 week
	Provides torque demand signal

	CAN terminators (120 Ω)
	2
	3–5 each
	In stock
	Ends CAN bus correctly

	Coolant pump (controller loop)
	1
	90–130
	1–2 weeks
	Provides coolant flow to controller

	Silicone hose (14–16 mm ID)
	3 m
	10–12/m
	In stock
	Controller cooling loop hoses

	Hose clamps & fittings
	~20
	15–25 total
	In stock
	Secures coolant hoses

	Small radiator (controller cooling)
	1
	120–160
	1 week
	Removes heat from controller loop

	Coolant (glycol mix)
	5 L
	10/L
	In stock
	Fills controller coolant circuit

	Temperature sensors (coolant in/out)
	2
	15–20 each
	1 week
	Monitors controller coolant temps

	Mounting brackets & fixings
	–
	15–30
	In stock
	Secures controller/cooling parts


Table 5 - Purchasing
These are rough estimates and more items might need to be added during the project.




























[bookmark: _Toc214724894][bookmark: _Toc214821063]5. Concerns
One major concern in my project section is the risk of incorrect parameterization of the Sevcon Controller. It requires various configuration values, such as pole pairs and torque constants. Any mistakes could lead to unpredictable or unsafe behaviour. Since the controller is provided before the project starts, purchasing a new one would cause delays.
For instance, an incorrect pole pair count could mislead motor speed readings, affecting performance and increasing current draw. Similarly, wrong current limits might demand more torque than the powertrain can handle, leading to overheating. The complexity of the Sevcon software makes it easy to misconfigure parameters unnoticed.
To address this, I will follow a structured configuration process, verifying each parameter against the EMRAX 268 motor datasheet, Sevcon manual, and team-approved values. I will also use a version-controlled configuration file for traceability. Before running the full system, bench testing will ensure the controller operates correctly at low speeds and under simulated loads.

A key concern in my role as controller is ensuring the correct scaling and interpretation of torque requests sent to the Sevcon controller. The torque values received over CAN must align with the inverter's data structure. Incorrect scaling, byte order, or data range could lead to unexpected vehicle behaviour or power loss, and potentially excessive current to the motor.
Different systems (dashboard, VCU, throttle sensor translator) output torque requests in various formats, which must match the controller's required numerical range. Mismatches may go unnoticed until testing, risking safety and prolonging debugging. To address this, I will document the torque request message, validate it against the Sevcon communication manual, and perform bench testing to ensure the controller's interpretation of the torque matches the intended input before full-power tests. This will help maintain predictable and safe torque mapping within performance limits.

[bookmark: _Toc214724895][bookmark: _Toc214821064]6. GANTT Charts 
[bookmark: _Toc214724896][bookmark: _Toc214821065]6.1 Group Tasks
[image: A screen shot of a graph
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Figure 1 - Group GANTT Chart (part 1)
[image: ]
Figure 2 - Group GANTT Chart (part 2)
[image: A screen shot of a computer
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Figure 3 - Group GANTT Chart (part 3)
[bookmark: _Toc214724897][bookmark: _Toc214821066]6.2 Controller Tasks
[image: A screenshot of a computer
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Figure 4 - Personal GANTT Chart

[bookmark: _Hlk183859922][bookmark: _Toc183876629][bookmark: _Toc183876583]
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