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Chapter 1 – The Brief

As a member of the UWTSD Rally team, and one of the figures involved with running the team, it would make sense that my group project tie into that. There are three primary areas of the vehicle (2005 BMW 130i E87) that are being explored for development to improve the cars competitiveness on the stages: the rear suspension is being mapped; rear wing/spoiler for the car; and finally, the group I am a part of will be looking at the engine, trying to squeeze some more performance out of the 3L six-cylinder. 

As there are seven of us working on the engine, we have split ourselves into two groups, one will be looking at the intake side, looking at airflow and how to maximize that into the engine. The other three members, myself included, will be looking at the internals of the top end, and maybe exhaust side as well depending on how limited we are. As this is for a rally car, low-end torque is the highest priority for improving performance, but any additional top-end power generated will also benefit the car and help in keeping up with the competition.
Between the two sub-groups, there will be a lot of data and findings shared across as any changes made to one side of the project will affect the performance of the other side. But for this assignment, I will not be mentioning in great depth what they will be doing outside of talking about the roles and responsibilities of each member of the group as they will have different aims and objectives that they will be striving for.


Chapter 2 – Meet the Team

2.1 – The Lineup
N52 Intake 
	Robbie Sandford
	Isaac Jones
	Wesley Ives
	Snasloy D’Silva

	Project Manager
	Modelling
	Product Testing & Development
	Product Innovation

	- Computational Fluid Dynamics
- Research & Data Collection
	- Computer-Aided Design
- Computational Fluid Dynamics
	- Ricardo Wave Simulation
- Flow Bench Testing
	- Research & Data Collection
- Data Analysis & Evaluation



N52 Valvetrain
	Finlay Kingscott
	Callum Jones
	Odin Robinson

	Vice Project Manager
	Product Testing & Development
	Product Innovation

	- CAD Modelling
- Computational Fluid Dynamics
	- Data Collection & Evaluation
- Initial Designs
	- Research
- Strain & Performance Testing




2.2 – Some Bloke Called Belbin
In order to maximise what we can achieve in this project, it’s good to look at each individual’s strengths and weaknesses as well as personality traits and put them in a role that best suits them. By doing this for all members, we can create a group that is able to work at its optimal efficiency.
In order to achieve all this, we can use Belbin’s model of team roles. Defined by Dr Meredith Belbin as “one of nine clusters of behavioural attributes identified as being effective in order to facilitate team progress” (Belbin, 2025) it is a measurement of a person to see which out of nine types of people a person would fit into best. 


	Team Role
	Explanation

	Resource Investigator
	An individual who is enthusiastic and outgoing, and can use their curiosity to explore opportunities. Can be overly optimistic and may lose interest over time.

	Team Worker
	Helps the team work smoothly by being a cooperative and versatile member of the team. However, they can be indecisive and hesitant with decision making.

	Coordinator
	Focuses on doing what’s best for the team, bringing out other people’s strengths and delegating effectively. Can come off as manipulative, and may offload too high of a percentage of their work to other people

	Plant
	Someone who is highly creative and no stranger at finding imaginative solutions to problems. They tend to struggle with communication when busy and may overlook details or be forgetful.

	Monitor Evaluator
	Offers a clear and logical judgement, evaluating all options and choosing the best path. May come across as overly critical or slow with decision making.

	Specialist
	As the name suggests, they have a very in-depth knowledge of specific areas that will benefit a section of a project. Their nature can make them focus too much on the smaller details and get wrapped up in perfectionism

	Shaper
	Provides the drive to ensure the team stays focused and on-track, they thrive under pressure and are great at overcoming obstacles. This comes with the possibility of being abrasive or somewhat aggressive to others.

	Implementer
	A reliable, practical person who can be very efficient at turning ideas into actions and organising things effectively. Singlemindedness is their main drawback, being slow or reluctant to change ideas.

	Complete Finisher
	Great at reviewing work in the final stages of a project, ensuring a high level of quality is maintained. This can sometimes evolve into over-perfectionism, and they may worry too much about things.


Table 2: (Belbin, 2025)
Upon taking a Belbin ‘Self Perception Inventory’, I have established that I am incredibly average, as in six of the categories I was no more than two points away from the average. This makes me a fairly well-rounded person and able to move between different roles without much resistance. There were two categories my score far exceeded the average in, plant and complete finisher. This will be very important for the project as it will require establishing and designing a solution for a problem no one has gotten themselves into before. A creative mindset will be crucial to finding solutions that will work the best, whilst still being inside any regulations limiting development. Being a complete finisher will also be important as it is essential that any final design/prototype/finished product we create is of the utmost quality and works in the most efficient way.
Unfortunately, there was one category I scored rather poorly in: Team Worker. Whilst this may seem bad for a group project, it may not hinder us very much, if at all. As I will be Vice Project Manager, overseeing the valvetrain side of the engine project, I will be relying more on the other attributes to ensure we can find the best solutions and work coherently. I can use this project to improve my ability to work well in a team to ensure I do not hold back my team’s ability to get everything done.

Chapter 3 – The Job Sheet

Focusing mainly on the valvetrain part of the project as that is the side I will be on, we have little to do regarding taking measurements, a fair bit of research and a lot of development and designing as well as simulating testing. Iterative design will be what takes up the majority of time as we work to find the optimal measurements and values.
	Job
	What we need to
	Who’s on it?

	Measurements
	Camshaft – Measure the height of the lobes for both intake and exhaust cams for every degree of rotation.
	Callum

	
	Valve springs – Measure both spring rates for intake and exhaust valves.
	Callum

	
	3D Scanning head – Fully 3D scan the head of the engine
	Finlay/Callum

	Research
	Maximising what we want – Look at how we should change things to get the most amount of torque from the engine without sacrificing power.
	Odin

	
	What have other people done – Are there any examples of other BMWs used in rallying? What have they done with their valvetrain? Also look into race or drift spec builds to see what they do and what we can take from that.
	Odin

	
	Springs – Look into ideal spring rates. We currently have a dual rate setup; would two separate springs of different rates be better?
	Finlay

	
	Camshaft profiles – What would be the ideal characteristic for our camshaft lobes? Look at how much the valve would open, how long it would be open for and how far into the cycle it would open/close. Also look into asymmetric lobes and the benefits and drawbacks.
	Odin

	Designing
	Initial Designs & Design Iterations – Create a handful of different designs for camshaft lobes as well as spring rates to use in testing
	Callum

	
	Valve spring seats – If we are looking at getting new springs or switching to a dual spring setup, we will need new seats for the springs to sit into.
	Callum

	
	Camshaft profiles – using a CAD modelling software, design a camshaft and lobes to run tests on to see which designs perform the best.
	Finlay/Odin

	Simulation
	Create full 3D models – Using the scanned head and camshaft model, create a fully working model of the head with working valvetrain to use for simulation testing.
	Finlay

	
	Run CFD simulations – Using the research on camshaft profiles to find out what will be the optimal profile using CFD (Computational Fluid Dynamics) sims.
	Finlay

	
	Run motion simulations – Ensure that whatever lobe profile and spring rate we use, there is no valve float or collisions with pistons.
	Odin




Chapter 4 – A Job Within a Job

As previously mentioned, I will be acting as a vice or sub team leader, running the valvetrain portion of the project. As a project manager, it will be my responsibility to ensure that everyone is working efficiently and that things are getting done. It is important that I let my team do their own thing with as little micromanagement from myself as possible as that will create a better working environment. As well as managing the two individuals on that side of the team, I have my own responsibilities and contributions to make in order to benefit the team. 

In order to do any simulation testing, we will need to create a full 3D model of the engine head and all the internals. The head itself will have to be scanned and turned into a model, whilst most other components are able to be modelled from scratch providing we have enough detailed measurements. As it is a software I have used already at university, I will be creating my models in SolidWorks. 
With using scanners to generate models, it is not the scanning itself that takes a lot of time, but the post processing and tweaking of any meshes that didn’t scan properly. Scanning the head may only take a few days, and if the camshafts were to be scanned, that’d add another couple days of work. The post processing stage may take a week or two depending on the quality of the scans produced. As it’s not something I’ve done before, it would be very difficult to give an accurate time scale for how long this section of development will take.

Once the CAD (Computer Aided Design) models have all been created and imported together into an assembly, I will be the one running fluid simulations on them as part of our development in order to find what the optimal setup is in terms of valve lift and timing. 
Much like the 3D scanner, CFD is not something I’ve ever done before. At least with the scanning I have experience in modelling, but as there will be multiple different designs being tested, it would be reasonable to allocate a timeframe of a couple weeks of running simulations and acquiring all the data. As I am unfamiliar with computation fluid dynamics software, it would be beneficial to spend a few days learning how to use it properly so that I am getting the most out of using it when I do.

I want to use this project as an ability to teach myself new things and to learn more about what I already know. Quite a few of the tasks I will be completing for this project will be collaborative with at least one other individual. This will give us the opportunity to bounce ideas and knowledge off of one another, as well as allow me to improve my ability to be a good team worker.

 


Chapter 5 – The Loadout

5.1 – Components 
As the car will be competing during the run of this group project (see chapter 7.2 for details) it would not be a very good idea to pull the engine from the car and disassemble the head and intake units to measure. This is why we will be purchasing a separate head, valvetrain and stock intake manifold to take measurements from. Most of the prices used in the table below will be taken from eBay Motors so the prices may not be the most accurate reflection of what these parts cost. As the rally car is now 20 years old, it can be difficult to find quality parts for reasonable prices. 
	Item
	Cost

	Intake & Exhaust Camshafts
	£299.96 (eBay UK, 2025)

	N52 B30 Head
	£190 - Light Damage (eBay UK, 2025)

	Intake & Exhaust Valves and Springs
	£190 - included with head

	Stock Intake Manifold
	£104.95 (Globalparts.co.uk, 2025)



5.2 – Equipment 
There is a variety of specialist equipment, software or facilities we will need access to in order to complete each step of the project. Whilst the university is fortunate to have access or own a lot of these things, as part of the research for this assignment, I am to find out what the total costs for these things would be if we did not have access and were starting from ground zero. There will be a few equipment or software that will appear multiple times over different sections – PC and Office 365 – which will only be counted once when calculating the total costs to successfully undertake this project to a high standard. With most of these things, there will always be a cheaper alternative, but it is best to rely on the industry standard as it will offer a very reliable service from a reputable place.
Research & Development
	What We Need 
	Hours Required
	Task Duration (Days)
	Costs (Approx)
	Lead Times
	Specialist Equipment

	Academic Papers & Technical Journals
	12
	4
	n.a.
	n.a.
	n.a.

	Online Resources – Webinars, YouTube videos
	30
	10
	n.a.
	n.a.
	n.a.

	Benchmark Data Collection
	24
	8
	n.a.
	n.a.
	n.a.

	Preliminary notes
	24
	8
	£2435 (Pcspecialist.co.uk, 2025)
	14 Days
	PC & Screen

	
	
	
	£8.49 – monthly (Microsoft.com, 2024)
	Immediate
	Office 365



Running Simulations & their Software
	What We Need 
	Hours Required
	Task Duration (Days)
	Costs (Approx)
	Lead Times
	Specialist Equipment

	CAD Data Prep & Import
	8
	2
	£2435 (Pcspecialist.co.uk, 2025)
	14 Days
	PC & Screen

	
	
	
	£3606 (SolidWorks, 2024)
	Immediate
	SolidWorks Software

	CFD Model Setup & Simulation
	20
	5
	£600 – monthly (AutoDesk.com, 2021)
	Immediate
	CFD Software

	
	
	
	£21000 
(Artec 3D, 2024)
	7 Days
	3D Scanner

	Analysis of Airflow & Performance
	8
	2
	£228 – annually (Mathworks.com, 2025)
	Immediate
	Post-processing Software

	Documentation of Simulation Results
	4
	1
	£8.49 – monthly (Microsoft.com, 2024)
	Immediate
	Office 365



Dyno Tests & Comparing Data with Preexisting Results
	What We Need 
	Hours Required
	Task Duration (Days)
	Costs (Approx)
	Lead Times
	Specialist Equipment

	Dyno Setup & Calibration
	4
	1
	£140 + VAT – hourly (Northampton Motorsport, 2025)
	n.a.
	Access to Dyno Facilities

	
	
	
	£672
	n.a.
	Access to Dyno Facilities

	Engine Power Runs & Data Collection
	4
	1
	£91.25 (Vital Equipment, 2018)
	7 Days
	102 Hiperflo 300 Fuel (25L)

	
	
	
	£100
	7 Days
	Vehicle Lubricants

	Comparison of Experimental vs CFD Results
	16
	4
	n.a.
	n.a.
	n.a.

	Reporting & Documentation
	16
	4
	£2435 (Pcspecialist.co.uk, 2025)
	14 Days
	PC & Screen

	
	
	
	£8.49 – monthly (Microsoft.com, 2024)
	Immediate
	Office 365




Chapter 6 – Play–By–Play

The aims of the team
	Aim
	How it can be achieved

	Within a three-week period, we will successfully create accurate digital copies of various camshaft profiles using SolidWorks. We will measure progress by successfully developing multiple 3D models that can be used to determine what the optimal profile will be to gain the most torque and reduce valve float.
	Pre-existing Design: Take accurate measurements of the existing intake and exhaust camshaft lobes to create a baseline design in SolidWorks. Also look at pre-existing aftermarket options and what they claim to offer over stock.
Initial Designs: Create multiple different lobe designs with varying pitch, opening/closing time, and how long the valve will stay open to test using CFD and Ricardo Wave.
Valve Spring Rate: Create a variety of valve springs with different rates, as well as a mix of twin-spring and twin-rate spring setups to use in conjunction with the different lobes in Ricardo Wave.
Integration: Ensure that any models created are compatible with the single cylinder model so that it can be used for Ricardo Wave testing.

	Within a four-week period, we will learn and understand how to utilise Ricardo Wave software. We will measure progress by creating a fully functional engine model of a singular cylinder with complete valvetrain of the N52 B30 engine.
	Understanding: Ricardo Wave is not a software we have used before so we will initially be spending some time with tutorials and online training modules to understand how to utilise it effectively.
Creating the Model: Develop a model of a single cylinder to use in testing various adjustments to the valvetrain.
Increasing Variables: Have multiple models of varying complexities, with some considering more real-world limiting factors.
Validation: Use existing engine data collected by others or from BMW to compare and ensure accuracy.
Documentation: Record all data in an organised fashion and make note of any important or unexpected trends/outliers. 

	Within a five-week period, we will use CFD tools to analyse airflow in and out of the cylinder. We will measure progress by understanding how to operate the software and analyse flow through the head when using variations of the valvetrain design.
	Compatibility: Understand how CFD data can be used alongside Ricardo Wave by using the more intricate flow visualisations offered.
Importing Models: Import all required models, ensuring the meshes and surfaces are of proper quality so as to not affect airflow.
Simulating Quality: Run steady-state and transient flow simulations to study velocity profiles, pressure drops, and turbulence within the intake and exhaust ports.
Result Correlation: Simulate engine performance values – torque, power, volumetric efficiency, mass airflow – using Ricardo Wava and use CFD results as validation.






My specific gateway
The point in this project that will allow us to achieve everything we have set out to is designing variations of lobe profiles to test and subsequently finding the optimal lobe design for the intake and exhaust camshafts. This is not something that has a chance of failing as eventually, the best design will be produced, it just the case of how long that will take to produce. By finding the profiles that best fit the needs of the car, further development can begin to then look at the other components in the valvetrain. As well as being a major turning point for the valvetrain team, the intake team will also greatly benefit from this as it will give them an internal basis to work off of in order to find their ideal intake system and design.
In its current configuration, the engine is pushing around 330-340Nm of torque. At this stage of the project, it would be difficult to give an exact percentage value for the maximum amount of extra torque that will be able to be generated by altering the camshafts. But it would be reasonable to look for at least an 8% increase in low/mid-range torque (so looking to go up to at least 365Nm) with a minor increase in horsepower if possible – looking at around 4%. What may happen is that the design that produces the absolute maximum amount of torque may have significant negative impacts on the top end of the power band. The design that produces the most torque may have a 15% increase in torque, but we could then be losing a large chunk of horsepower as the powerband shifts lower down into the rev range It is crucial that we do not lose performance as the car is already towards the lower end of the field for the class it competes in.   


Chapter 7 – Contingency Plans

Unfortunately, it is unlikely the project will be completely smooth sailing. Initially, there are a couple obstacles we will have to come, and expecting to run into a few more as the project progresses. It is important that we don’t let these things set us back and that we look at things from all angles before making a judgement. Everything has a solution, it’s just a case of finding it, no matter how long it may take or how backwards it may seem.

7.1 – German Engineering
The engine in the BMW rally car is the N52 model, specifically the B30A variant. This engine poses a certain challenge to how we are able to modify and upgrade it, a system called Valvetronic. It is a fairly straightforward system designed to reduce fuel consumption by using a fully variable valvetrain. By changing the amount of max valve lift, it negates the dependence on a throttle body to control air flow, meaning the engine can receive a more precise amount of airflow to maximise its efficiency (Ve L Op M, 2008). It is combined with another system – VANOS (VAriable NOckenwellen Steruerung) – which translates to variable camshaft control. This is the system that physically alters the timing aspect of the valve lift. 
The pair of these systems pose a challenge to us as it limits what we are able to change with the engine, particularly the internals which is the bulk of the side of the project that I am on. There are workarounds and delete kits, but they can range anywhere from cheap bodges to expensive solutions. The Valvetronic system on the car is currently locked at its ‘max flow’ setting which gives us one less variable to worry about, but we still need to be careful about what we change, makings sure the cars Electronic Control Unit (ECU) can still run the vehicle with any changes made.

[image: A blueprint of a car engine
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Figure 1: A conventional valvetrain vs Valvetronic (Ve L Op M, 2008)

7.2 – A Busy Schedule
The championship the car is entered into is the Protyre Circuit Rally Championship. This is a winter championship, so events run from November through to April, tending to be staggered to once a fortnight. With nine events to attend (see below) the car will be spending a lot of time getting prepped and going back and forth between events, which will break up any development time we get with the car. There is also the issue of any mechanical or technical issues arising during stages, which will need to be attended to promptly when the car returns after the weekend. Outside of the cars busy schedule, the workshop itself will be very busy with other students using machinery or tools we may need. 
	Round
	Event
	Date
	Location

	1
	Salford Van Hire Neil Howard Stages
	01.11.25
	Oulton Park

	2
	NMHC Cadwell Stages
	16.11.25
	Cadwell Park

	3
	Tegiwa Donnington Rally Sunday
	30.11.25
	Donnington Park

	4
	MGJ Engineering Brands Hatch Sunday
	17.01.26
	Brands Hatch

	5
	Snetterton Stage Rally
	07.02.26
	Snetterton

	6
	Lee Holland Stages
	01.03.26
	Trac Mon, Anglesey

	7
	Zone Systems Dukeries Rally
	15.03.26
	Donnington Park

	8
	Spark Developments Alan Healy Memorial Rally
	05.04.26
	Cadwell Park

	9
	Altratech SMC Stages
	12.04.26
	Trac Mon, Anglesey



We will be sourcing extra parts for the engine, i.e. another head, camshafts and valves which will allow us to develop off the car as much as possible, but in order to physically test any changes or improvements we will have to work around the car’s busy schedule.



Chapter 8 – Controlled Chaos

It is important to have a plan of action when tackling a large project, especially one that will have workload shared across multiple people as it can act as a guideline for them to follow to prevent them from falling behind, holing up other sectors of the project that may depend on certain aspects already being completed. As a project manager, Gantt charts are a great tool as it can take pressure off me when people are asking about deadlines.
It will be important to remember that this is only supposed to be a rough guide and that we do not need to follow it incredibly strictly. 

8.1 – The Master Plan
[image: A calendar with a pink and white grid
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The three-week period that is the Christmas break has not been drawn into the chart as it would be difficult to know what would be going on during that period. With exams starting up a couple weeks after we return, it would be assumed that people will be focusing on revision or other preparations. Thankfully, research and initial designs shouldn’t require the use of the university as all the CAD software is available for download, and pen & paper exists.
The week starting 08/12 is ‘Viva week’. During this week, each team doing their own group project will have to give a presentation that may take up to 25 minutes (not including time for questions at the end) which will likely take a few weeks to put together and rehearse, taking more time away from when we can work on the project. 


8.2 – An Inside Job
[image: A screenshot of a calendar
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As shown in my personal Gantt chart above, I will consistently have at least one task to do throughout the vast majority of the duration of the project. There is some overlap between a couple sections, but as they tie in to one another, this makes sense. With the modelling and simulation sections, there will be a lot of back and forth of tweaking designs and retesting in order to find our optimal setup. Wanting to work to my strengths as a highly creative poor communicator, modelling and simulation work is something I am fairly experienced in and gives me the opportunity to 
There is a month gap before any of my sectors require me to star working. This is so I can focus on prepping the rally car for the start of the championship as well as writing this assignment. There has also been an issue with getting access to the 3D scanner so there is now a backlog of a lot of people (predominantly third years) who need to use it, meaning it may be a while before I am able to use it. 
Up until mid-November, the Gantt chart shows that I will have at most four separate things going at the same time, but as there is a lot of overlap in what they will accomplish, it isn’t too much of a worry as they will feed into each other really well.
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