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[bookmark: _Toc225113641]Suspension group
Suspension systems play a critical role in determining a vehicle’s performance and suitability for different motorsport environments. Circuit racing vehicles are typically designed for smooth, high-grip surfaces and therefore prioritise stiff suspension setups with limited wheel travel. In contrast, rally vehicles must operate over uneven and low-grip surfaces, where increased suspension travel, compliance, and durability are essential to maintain traction and control.
This project examines a BMW 1 Series that was originally developed for circuit racing and has been converted for rally use. While the vehicle platform provides a strong foundation, the existing suspension configuration presents limitations under rally conditions, particularly in terms of suspension travel and low-speed traction.
The aim of the project is to analyse the current suspension system and develop realistic improvement strategies to better suit mixed-surface rally stages. The work focuses on increasing suspension travel, improving traction and handling, and enhancing overall reliability, with particular attention given to the vehicle’s poor traction during standing starts.
[bookmark: _Toc225113642]Project objectives 
The objectives of the project are to:
· Analyse the existing suspension system and identify limitations affecting rally performance
· Investigate the effect of suspension travel and compliance on traction and handling
· Develop feasible suspension improvement concepts for mixed-surface rally stages
· Consider durability, practicality, and implementation constraints
· Demonstrate effective project organisation and teamwork



[bookmark: _Toc225113643]Project Organisation 
[bookmark: _Toc225113644]Team organisation and Role Allocation

· Iestyn Jones – Project leader 
Responsible for overall planning, time management, meeting coordination, and ensuring deliverables aligned with module requirements.
· Suphakit Pratt – CAD and Digital Modelling 
Responsible for suspension measurement, coordinate extraction, WinGeo modelling attempts, 3D scanning, digital clean-up and CAD reconstruction.

[bookmark: _Toc225113645]Project planning and management

· Iestyn Jones - as project leader, tasks were handed out to the 3 members involved in the suspension project, the first task handed out to all members was to research and analyse the current suspension system, overlook how the suspension was mounted to the car and give basic ideas on how the system could be improved. - IJ
· Time management was also key for this project for the group to be able to manage each task set out and be able to analyse every method to hand a report in at the end of the year. - IJ
· Meetings were held throughout the year in order for the group to understand each other’s progress, these were held every 2 weeks and worked well as each member was able to keep track on each other's progress and help out where needed. - IJ
· Assignment deliveries were also managed throughout the year with a mid – term presentation being handed in and an end of year report and second presentation also being handed in. - IJ
[bookmark: _Toc225113646]Summary of work completed 
Throughout the year, the group completed a lot of analytical and research work which included, measuring, 3D scanning, CAD models, and implementation of new and better models. - IJ
[bookmark: _Toc225113647]Iestyn Jones
[bookmark: _Toc225113648]research
·  the first part of work completed was research, from looking at the suspension arms and speaking to Mike Penny, the head technician in the workshop, the suspension arms were found to be from an BMW M3. The system is a HA-5 multi - link system. Paired with ‘Intrax’ coil over dampers, these dampers are 4 – way adjustable which are able to adjust, low speed compression, high speed compression, rebound and height. - IJ
· Further research – after discovering the current suspension system, further research was carried out to discover what other rally teams with the same car did with their suspension systems. There was also a drift car setup found which used fully adjustable control arms, these were also lighter and stronger than the current control arms implemented in the current system. - IJ
[image: ]
Figure 1 – wisefab rear suspension system (image source, wisefab)
https://racesystems.no/produkt/bmw/wisefab-bmw-e9x-m-rear-suspension-kit/
[bookmark: _Toc225113649]Measuring
· After researching the system, the team moved forward  as a whole to start measuring the co-ordinates of the suspension control arms. This would then be used to create a WinGeo. The team used laser pointers to find the centreline of the suspension and then used a plumb bob to go from each point of the suspension arms, inboard and outboard in order to calculate every co-ordinate needed. - IJ
[bookmark: _Toc225113650]Extended research
· The next step of research involved ways to improve low speed traction. The idea and design of traction bars was carefully thought of. These would be mounted from the centre of the differential housing forwards towards the chassis legs of the car, these would stop the rear axle from rotating forwards with the wheels as the car takes off, which increases traction, vital for rally starts since rallying uses a standstill start. Traction bars are typically mounted closer to the wheel but since the current system uses CV driveshafts this would be impossible. Although in order for traction bars to be implemented on the rally car, the fuel tank would need to be relocated into the boot, which is a major change and would take time we did not have since the rally car was being used often to compete on events. - IJ
	[image: ]

Figure 2 – traction bar design on fully floating rear axle (image source, tmrcustoms)
https://www.tmrcustoms.com/en-gb/products/universal-diy-traction-bar-kit?currency=GBP 
[bookmark: _Toc225113651]3D scanning
· After trying to make a WinGeo model of the rear suspension. The group realised that the suspension system was too modern for the software given, therefore the group had to approach the digital analysis in a different way, this resulted in the group having to 3D scan the rear system of the car. The software used to carry out the 3D scan was Peel3D. after carefully scanning a whole rear corner the group was then able to convert the scan into a CAD model. - IJ
[bookmark: _Toc225113652]Bump analysis
· To accumulate extra data the group went and did a physical bump analysis calculating the camber and bump steer difference going from full droop to full bump, the group did this by taking the spring out of the damper and increasing the rear corner by 10mm measuring the camber angle and toe angle. - IJ
[image: ]
Figure 3 – camber graph (graph screenshotted from student)
[image: ]
Figure 4 – bump graph (graph screenshotted from student)





[bookmark: _Toc225113653]3.0 Individual contributions- Suphakit Pratt 
[bookmark: _Toc225113654] Research into Suspension System and Aftermarket solutions  
The initial stage of the work focused on developing an understanding of the BMW 1 Series rear suspension system and assessing its suitability for rally applications. This involved analysing how the suspension operates under normal conditions and identifying its limitations when subjected to more demanding environments. 
[image: ][image: ] 
 
 
 
 
 
 
 
 
 
[image: Text Box 1, Textbox][image: Text Box 1, Textbox] 
 
 
 
The BMW 1 series uses a HA5 multi-link rear suspension system, which consists of five independent control arms. Each arm is responsible for controlling a specific aspect of wheel movement, such as camber, toe, and longitudinal forces. This design provides a balance between ride comfort and handling performance. As a result, the system performs well under normal road conditions, offering predictable behaviour and consistent tyre contact. 
However, when considered for rally use, several limitations become apparent. Rally driving introduces significantly larger suspension displacements, frequent impacts, and highly uneven terrain. The stock geometry restricts the available suspension travel, and the complexity of the multi-link design increases the likelihood of component stress or failure under harsh conditions. 
 
[bookmark: _Toc225113655] Aftermarket solutions 
To explore potential improvements, existing aftermarket solutions were investigated. One example is the Wisefab drop-knuckle kit, which modifies suspension geometry by increasing adjustability and altering parameters such as roll centre height and camber gain. This demonstrates how suspension performance can be improved through geometric changes. 
However, these solutions are primarily designed for drifting applications. Drifting setups focus on maximising steering angle and lateral control, whereas rally setups require increased vertical compliance, durability, and the ability to absorb impacts. As a result, although aftermarket components provide useful insight into possible modifications, they are not directly suitable for rally use without further redesign.  
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[bookmark: _Toc225113656] Measurement of Pickup Points and WinGeo Modelling Attempt 
Following the research stage, the next step involved collecting real-world data from the vehicle. This was achieved by measuring the suspension pickup points to obtain coordinate data that could be used for digital modelling. 
To ensure consistency, a datum system was defined prior to measurement: 
· Floor defined as Z = 0  
· Vehicle centreline defined as Y = 0  
· Axle centreline defined as X = 0  
This coordinate system was essential for maintaining alignment across all recorded data. 
Measurements were taken for both inboard and outboard pickup points using tape measures and straight edges. These included mounting locations on the rear subframe as well as connection points on the wheel hub assembly. While this approach allowed for data collection without specialised equipment, it introduced several practical challenges. 
Access to certain pickup points was limited due to surrounding components, making it difficult to obtain accurate measurements. Maintaining a consistent datum reference throughout the process was also challenging, particularly when working around complex geometries. Additionally, some joints were partially obscured, leading to potential estimation errors. 
 
 
 
 
 
 
 
 
 
 
 
 
[bookmark: _Toc225113657] WinGeo Modelling Attempt		 
WinGeo was selected as it is commonly used to analyse suspension kinematics, including camber change, toe variation, and roll centre position. However, the modelling process was unsuccessful. The BMW HA5 system is a true multi-link configuration, whereas WinGeo relies on simplified suspension templates that assume more conventional geometries. 
As a result, several issues occurred: 
· Suspension links could not be correctly defined  
· The model produced invalid or conflicting geometry  
· Camber and toe curves could not be generated  
· Roll centre calculations failed  
This limitation was later confirmed through discussion with a lecturer, indicating that WinGeo is not suitable for accurately modelling this type of suspension system.  
[image: ]Although this stage did not produce usable analytical results, it was still valuable in demonstrating the limitations of simplified modelling tools and reinforcing the need for a more accurate method of geometry capture. 
 
Figure 4 Failed WinGeo model showing inability to define the BMW multi-link suspension geometry (screenshot taken by student). 
 
 
 
[bookmark: _Toc225113658] 3D Scanning and Digital Reconstruction 
Due to the limitations encountered with manual measurement and analytical modelling, a 3D scanning approach was adopted to improve the accuracy of the suspension geometry representation. 
[image: ][image: Text Box 1, Textbox]The rear suspension assembly was scanned using a Peel 3D scanner. This process generated a detailed digital mesh of the components, capturing their geometry more accurately than manual measurement methods. 
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[image: ]During scanning, several issues were encountered. The reflective nature of the suspension components caused interference with the scanning process, leading to noise and inconsistencies in the mesh. To mitigate this, a dulling spray was applied to reduce surface reflections. Reference markers were also used to assist the scanner in tracking position and maintaining alignment throughout the process. 
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Two separate scans were captured with the intention of merging them into a complete model. However, both scans were highly detailed, resulting in large file sizes. Attempts to merge the scans required significant computational power and frequently caused software instability, including freezing and crashes. Additionally, the processing time required to merge the scans was not practical within the project timeframe. 
[image: Text Box 1, Textbox][image: Text Box 1, Textbox][image: ][image: ] 
 
As a result, one scan was selected as the primary reference model, specifically the scan that included the hub assembly. This provided a more reliable datum and clearer geometry for extracting pickup point locations. The second scan was used only as a visual reference where necessary. 
The scan data was processed using Peel3D, Meshmixer, and Fusion 360. This involved removing noise, repairing mesh defects, and simplifying the geometry. A key observation during this stage was the trade-off between scan resolution and usability. While higher resolution scans provide more detail, they also increase file size and computational demand, making them more difficult to work with in CAD software. 
Another limitation encountered was that Peel3D is proprietary software only available on university computers. This restricted workflow and reduced efficiency, as work could not be completed outside of university access hours. 
Despite these challenges, 3D scanning provided a significantly more accurate and reliable representation of the suspension geometry compared to manual measurement. 
 
 
[bookmark: _Toc225113659] CAD Modelling in SolidWorks 
Following the acquisition and processing of scan data, a simplified CAD model of the suspension system was developed in SolidWorks. The objective of this stage was to create a kinematic model that could be used for motion analysis, rather than a fully detailed or manufacturable design. 
The modelling process began with the creation of reference geometry based on the established datum system. Pickup point coordinates obtained from the scan were used to generate reference points within the CAD environment. These points formed the foundation for constructing the suspension layout. 
Suspension links were modelled as simplified components, focusing on maintaining correct spatial relationships rather than replicating exact geometry. This approach reduced complexity while still allowing for meaningful kinematic behaviour. 
The assembly process involved applying mates to define the relationships between components. Several types of mates were used, including coincident mates to align points and surfaces, and concentric mates to represent pivot joints. 
Table 1 Extracted suspension pickup point coordinates used for CAD modelling.(Author’s own work) 
	Part  
	Inboard (MM) 
	Outboard (MM) 

	Control Arm 
	X= -102.012, Y= -27.952, 
Z= 138.46 
	X= -373.655, Y= 57.624, 
Z=182.611 

	Traction Strut 
	X=-124.231, Y=40.669, 
Z= 80.722 
	X=-337.311, Y=159.952, Z=155.148 

	Semi-trailing arm 
	X=-130, Y=60, Z=-140 
	X=-360, Y= 220, Z=25 

	Track link 
	X=-119.885,Y=-116.5, 
Z=-56.175 
	X=-499.192, Y=-228.353, Z=9.612 

	Rollover Strut 
	X=-130.21, Y=-73.774, 
Z=-110.921 
	X=-517.479, Y=-194.051, 
 Z=-80.273 
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However, significant challenges were encountered during assembly. The most prominent issue was over-constraining. Each rigid body in a CAD assembly has six degrees of freedom (three translational and three rotational). Mates are used to restrict these degrees of freedom, but when too many constraints are applied, the system becomes over-defined. 
In this case, the multi-link suspension introduced a high number of interconnected constraints. Adding mates that appeared correct individually often resulted in conflicts when considered as part of the overall system. This caused components to either lock in place or behave unpredictably. 
Additionally, small inaccuracies in pickup point positioning led to alignment issues. Even minor errors in coordinate placement resulted in difficulties when applying mates, as SolidWorks requires precise geometric relationships to solve assemblies correctly. 
Attempts were made to adjust and simplify the mate structure, but due to time constraints, the model could not be fully resolved. As a result, the suspension did not move correctly, preventing further analysis. 
Despite this, the modelling process provided valuable insight into the challenges of representing complex real-world systems in CAD. 


[bookmark: _Toc225113660]2. Baseline Rear Suspension Architecture of the BMW 130i – Dan Morris
[bookmark: _Toc225113661] Mechanical Layout and Link Configuration 
The BMW 130i features a five link independent rear suspension system attached to a subframe. This system aims to isolate the management of longitudinal, lateral, and vertical forces into distinct links which will enhance kinematic control. 
The structure is made up of several limbs, each serving a specific purpose. The upper control arms mainly regulate camber dynamics, whereas the lower control arm bears vertical loads and aids in lateral rigidity. A trailing arm handles longitudinal forces produced during acceleration and braking, maintaining stability while under load. A committed toe control connection manages toe angle and is essential in establishing the stability traits of the rear axle. 
This multi-link setup provides notable benefits compared to less complex suspension designs, like torsion beam or semi-trailing arm systems. This allows for adjustments to essential parameters like camber gain, toe traits, and compliance behaviour, making it ideal for motorsport use. 
 
[bookmark: _Toc225113662] Suspension Kinematics and Geometry Behaviour 
The kinematic layout of the BMW five-link system offers advantageous features for performance driving. When cornering, the rear outer wheel compresses which will lead to negative camber gain. This aids in preserving an ideal contact patch enhancing lateral traction and boosting the overall stability. 
Toe function is another crucial element of the system. In its typical setup, the suspension produces a level of toe-in when compressed. This improves straight-line stability and decreases the chances of oversteer. In a motorsport scenario, this trait may restrict the vehicle’s capability to turn into corners, especially during the turn-in and mid-corner stages. 
In a tarmac rally car minimizing unintended compliance effects is crucial for enhancing responsiveness and predictability. This enables the advantages of the suspension layout to be completely leveraged. 
 
[bookmark: _Toc225113663] Compliance and Structural Characteristics 
The typical suspension system includes rubber bushings at crucial mounting locations to enhance ride comfort and minimize noise and vibrations. These bushings can be found in the control arms, subframe mounts, and trailing arms. 
When subjected to high loads, these bushings can undergo deformation which will add compliance to the system. This leads to changes in alignment that are not directly influenced by the suspension design. A major impact is compliance steer, where distortion leads to unintended toe alterations when cornering or braking. 
From an engineering standpoint, compliance can be divided into subframe compliance and joint compliance. Subframe compliance impacts the whole suspension system, whereas joint compliance influences the behaviour of individual links. Both lead to a decrease in accuracy and an escalation in response time. 
In a motorsport setting, minimizing compliance is essential. Nevertheless, fully removing compliance may result in a decrease of mechanical grip on irregular surfaces. Consequently, a balanced strategy is necessary. Essential elements like toe links and subframe mounts must be reinforced considerably, whereas some flexibility can be preserved in non-critical zones to ensure traction is maintained. 
 
[bookmark: _Toc225113664] Regulation Framework and Engineering Constraints 
 Motorsport UK Suspension Regulations 
The CRC functions according to the regulations set by Motorsport UK, which enforce stringent restrictions on suspension design. These rules mandate that the initial operating principle of the suspension is preserved and that the mounting points remain unchanged. Although upgrades to parts like springs, dampers, and anti roll bars are allowed, the use of active or electronically controlled systems is not permitted. 
These regulations create an equal opportunity and restrict the use of costly or complicated technologies that others may not have access to. They also limit the range of engineering changes which will allow teams to concentrate on optimization instead of redesign. 
 
 Engineering Interpretation of Constraints 
The regulatory limitations determine the essential geometry of the suspension system, encompassing roll centre height and anti squat properties. Consequently, engineers are unable to realize performance enhancements by modifying suspension geometry. 
Rather, enhancements need to be achieved by: 
• Enhancing rigidity to lessen flexibility 
• Improving damping efficiency 
• Adjusting rates for springs and anti-roll bars 
• Implementing customization for precise adjustments 
This redirects attention from conceptual design to precise enhancement. Success relies on the capacity to accurately manage suspension behaviour within a defined geometric structure. 
 
[bookmark: _Toc225113665] Vehicle Dynamics Considerations for Tarmac Rally 
 Lateral Weight Transfer and Roll Stiffness  
Weight distribution is an important element in vehicle dynamics and can be estimated by: 
ΔW = (m · ay · h) / t 
Even though the overall load transfer is constant the way it's distributed between the front and rear axles can is affected by roll stiffness. Increasing rear roll stiffness can redirect the load transfer to the rear axle which will aid in decreasing understeer and help with rotation. 
However, too much stiffness at the rear can compromises grip on the rear tires which can lead to an increase of oversteer. This is especially important in a rear-wheel-drive vehicle, where the rear axle needs to deliver traction as well. 
 
 Roll Centre Height and Load Transfer 
The height of the roll centre influences how lateral forces are conveyed through the suspension system. An elevated roll centre lessens body roll but amplifies geometric load transfer, potentially diminishing tyre grip. 
As mounting points can't be changed, the roll centre location is essentially set. Engineers need to manage body roll and load transfer distribution by adjusting spring and anti roll bar settings. 
 
 Camber Control and Tyre Contact 
Camber is very important for preserving the tyres traction. Negative camber enables the tyre to preserve a bigger contact patch while cornering. 
Alternatively, too much negative camber can lead to a decrease in traction during acceleration. Consequently, camber needs to be carefully optimized according to tyre information, such as temperature variations and wear characteristics. 
 Longitudinal Dynamics: Pitch, Squat and Traction 
During acceleration, the transfer of weight to the rear axle enhances traction but may also lead to excessive squat. This may decrease front grip and influence vehicle stability. 
Managing squat necessitates precise choice of spring rates and damping features. Rear rebound damping is crucial because it affects the speed at which the suspension extends and how well the tyre stays in touch with the road. 
 
 Damping Theory and Thermal Performance 
Dampers regulate suspension movement by transforming kinetic energy into heat. On tarmac stages, continuous loading creates considerable thermal strain, potentially resulting in damping fade. 
Premium dampers with external reservoirs boost thermal stability by augmenting oil volume and improving cooling efficiency. Dampers with three way adjustment facilitate separate management of various elements of suspension performance, permitting exact calibration. 
 
[bookmark: _Toc225113666] Analysis of Existing BMW 1 Series Motorsport Applications 
Examination of current BMW 1 Series race and rally vehicles reveals a uniform strategy in suspension evolution. Effective builds maintain the initial suspension geometry while enhancing components to boost stiffness, damping, and adjustability. 
[bookmark: _Toc225113667] Rear Suspension Development Options 
 Low Budget Compliant Configuration 
This setup emphasizes budget-friendly enhancements, featuring polyurethane bushings, and upgraded anti roll bars. It provides better performance than the standard system but has restricted adjustability 
 
 High Budget Compliant Configuration 
This setup features rigid bushings, and alignment components that can be adjusted. 
It offers exceptional performance, reliability, and tuning capability 
 
 Theoretical System 
A non-compliant setup might involve active suspension and pushrod configurations. Nonetheless, these options are prohibited and provide decreasing benefits in relation to expense and intricacy 

[bookmark: _Toc225113668]Analysis 
[bookmark: _Toc225113669]Analysis – Iestyn Jones
The research into the suspension system provided the group with a comprehensive understanding of both its functional performance and its geometric design. By discovering the type of suspension, it became possible to evaluate the intended use of the system and understand it’s strengths and weaknesses. The current system optimises stability and consistency but lacks in areas of integrity and strength where it is very much needed in rallying. Considering the system is also built for comfort, the amount of flex under load that the whole rear of the car carries destroys performance when the car most needs it. - IJ
The process of measuring each control arm and gathering each one’s co-ordinates to generate a 3D model highlighted the limitations of manual data collection. Due to the team not being able to meet the tolerances needed the struggle to create an accurate representation of the system was difficult. Luckily the use of the 3D scanner helped gather each co-ordinate extremely accurately increasing the group’s chance of engineering a CAD model of the system. - IJ
The exploration of fitting traction bars onto the car provided insight into the limitations of the current chassis system and minimised chances of making great upgrades with little work and cost. Unfortunately, due to the interference with the fuel tank this system can’t yet be designed and fitted. The inability to implement this design shows how important it is to not only be wary of the structural design and spaciousness of the car but also consider if these modifications are worth doing to re-design certain systems. This difficulty also proves the need for alternative solutions that would be able to achieve similar performance gains without compromising how the car has been built. - IJ
Further analysis regarding the bump versus camber gain and toe steer enables a deeper understanding on the characteristics of the vehicle in motion and the suspensions dynamic response to certain forces. The camber gain through compression shows a moderate camber gain that proves quite consistent throughout the full travel of the damper, suggesting that the current system focuses on longevity of tyre wear instead of solely focusing on performance and grip. In scenarios where the car is under heavy load this could result in a dramatic loss of grip due to a decreased contact patch as the car rolls. The toe steer analysis shows that the car only toe’s out very slightly throughout the full suspension travel, although this is good for consistent response, it proves to be a disadvantage through tight areas of rally stage, especially when the car could rely on the toe change to act more responsively if the system offered greater toe steer as the suspension  compressed. - IJ
Overall, the combination of physical measurement, 3D scanning, design implementation and graphical analysis enabled a great evaluation of the suspension system, discovering where the car mostly needed upgrading and what the group could do to make the most out of the suspension system we have. - IJ

[bookmark: _Toc225113670] Analysis and Reflection  - Sky Pratt
Although a complete motion analysis was not achieved, the work still provided important insights into both the suspension system and the modelling process. One key observation was the sensitivity of the system to small geometric inaccuracies. The suspension relies on precise spatial relationships between pickup points, and even minor deviations can result in unrealistic behaviour within the model. This explains why both manual measurements and scanned data introduced challenges when applied in CAD. 
From a kinematic perspective, the suspension can be considered as a system of rigid bodies connected by joints, each with limited degrees of freedom. In SolidWorks, these are controlled through mates; however, when too many mates are applied or when conflicts occur, the system becomes over-constrained. This was a recurring issue throughout the modelling process. The complexity is further increased by the multi-link design, where each additional link introduces further constraints and interactions. Compared to simpler systems such as double wishbone or MacPherson strut suspensions, the HA5 multi-link configuration requires careful coordination between all components to maintain realistic motion, making it more difficult to model accurately using standard CAD techniques. 
Another important factor is the difference between idealised models and real-world geometry. CAD tools typically assume perfect alignment and simplified joint behaviour, whereas the scanned suspension includes imperfections, tolerances, and irregularities. This makes it more difficult to achieve a stable and fully constrained model, highlighting the gap between theoretical analysis and practical implementation, particularly in complex multi-link systems. 
Time constraints also affected the outcome of this stage. Resolving the assembly issues would have required a structured debugging process, including analysing each mate individually and checking remaining degrees of freedom. Due to project deadlines, this level of refinement was not possible. 
Despite the lack of final simulation results, this stage remains valuable as it highlights the limitations of the current approach and reinforces the importance of method selection, data accuracy, and modelling strategy when dealing with complex engineering systems. These findings provide a clear direction for future work and identify key areas for improvement to achieve more reliable and accurate results. 
[bookmark: _Toc225113671]Analysis – Dan Morris
[bookmark: _Toc225113672] Technical Evaluation 
A comparison of the suggested suspension setups reveals the balance between cost, effectiveness, and flexibility. Though every choice enhances the typical vehicle, their efficiency varies considerably in a competitive road setting. 
The cost-effective CRC compliant setup offers a noticeable advancement compared to the OEM configuration. Boosted spring rates, upgraded anti roll bars, and two way adjustable dampers improve body control and minimize excessive flex. Nonetheless, its restricted damping adjustability limits the ability for precise tuning. The lack of independent control over low speed and high speed compression results in the need for compromises between platform management and curb adherence. Moreover, residual compliance in bushings still impacts alignment consistency. Consequently, although appropriate for beginners, this setup does not possess the accuracy needed for advanced performance. 
The costly CRC compliant setup provides notably enhanced functionality. Three way adjustable dampers facilitate separate adjustments of rebound, low speed compression, and high speed compression, allowing for accurate tuning for various circuits and conditions. This enables engineers to enhance both transient response and steady state performance. 
Theoretically, a non compliant system that includes technologies like pushrod suspension or active damping provides only slight performance improvements compared to a well developed passive system. This demonstrates diminishing returns, where added complexity and expense yield only marginal increased advantages. 
In general, the high-budget CRC compliant setup offers the optimal mix of performance, flexibility, and adherence to regulations. 
 
[bookmark: _Toc225113673] Setup and Tuning  
The performance of suspension relies greatly on its setup, and even sophisticated systems need precise adjustments to attain the best outcomes. 
Ride height is essential for managing the centre of gravity and total stability. Lowering the back decreases body roll, but too much lowering can restrict suspension travel and lessen compliance over bumps. Ride height impacts rake, which affects weight distribution and turn in reaction. 
Corner weighting guarantees that weight is evenly allocated throughout the vehicle, enhancing stability and optimizing traction. An irregular distribution may result in erratic handling, especially in transient situations. 
Tyre temperature data should be used to optimise camber and toe settings. Rear camber ought to guarantee uniform temperature spread throughout the tyre, whereas toe adjustments affect stability and turning. A slight amount of toe in is generally maintained for stability, but decreasing toe in can enhance rotation. 
Adjusting the anti-roll bar is an essential technique for fine tuning handling balance. Enhancing rear stiffness encourages rotation but may decrease traction on uneven terrain. Consequently, modifications should be executed thoughtfully according to surface conditions and driver input. 
Damping modifications offer precise regulation of suspension performance. Low speed compression impacts body movement and weight distribution, high speed compression controls curb feedback, and rebound damping affects grip and stability. Successful tuning involves gradual adjustments guided by data and feedback from the driver. 
[bookmark: _Toc225113674] Ideal Configuration  
The best rear suspension setup for a BMW 130i in CRC competition is a top notch passive system that enhances the advantages of the original five link design. 
This must feature four way adjustable dampers with remote reservoirs for accurate control and thermal stability. Spring rates should be chosen to maintain body control while ensuring enough compliance for traction. A customizable anti roll bar offers adaptability in adjusting handling balance under varying conditions. 
Adjustable camber and toe arms are essential for accurate alignment management. 
This setup provides the optimal efficiency, flexibility, and adherence to regulations. 







[bookmark: _Toc225113675]Conclusion – iestyn jones
The aim of this project was to analyse the suspension system on the university’s rally car, this was achieved successfully through identification, measuring, modelling and kinematic evaluation. The group managed these tasks through a combination of research, physically measuring, 3D scanning and CAD based modelling. The suspension system was identified and the group established the systems intended use which is for comfort, stability and consistency, traits which disagree with every aspect of rallying.
The creation of a 3D model, built from physical measurement, later improved by 3D scanning enabled an accurate CAD model of the suspension system. This allowed for further analysis on the system and allowed the group to further understand the behaviour of the system as it would travel from droop to bump. 
The physical analysis on the rear suspension which was used to plot the camber and  toe steer graphs proved that the system exhibits limited camber gain and hardly any bump steer. This confirms that the system is far from optimal to be used on a rally circuit or stage. 
Furthermore, the research into traction bars demonstrated a promising improvement to the cars performance but the group was unfortunately stuck on time to fully implement this design on to the car considering the present situation of the driveshafts and placement of the fuel tank. This highlighted the importance of recognising and implementing other parts apart from the systems that the group were solely focused on.
Overall, the project met most of it’s objectives by fully recognising the system, designing CAD models, researching alternative models and designs and gathering data from the current system.
[bookmark: _Toc225113676] Conclusion – Dan Morris
The rear suspension system of the BMW 130i is ideal for tarmac motorsport because of the five link design. 
This report shows that performance will be more effectively realized through optimization opposed to a structural redesign. Lowering compliance and fine tuning the setup will greatly improve vehicle performance. 
Although the cheaper options has advantages they don’t have the precision and flexibility needed for ultimate success. High quality passive systems offer the best solution ensuring reliable performance and enabling precise adjustments. 
The analysis further shows that more intricate and non compliant systems provide minimal advantages highlighting the importance of optimizing within regulatory limits. 
In the end achieving success in tarmac rallying relies on the quality of engineering and the execution of the setup. A finely tuned suspension system offers the driver the reassurance and reliability for competitive performance. 


[bookmark: _Toc225113677]Evaluation 
The project was successful in applying a range of engineering methods to analyse the suspension system. Especially through creating a CAD model and the use of physical measuring and graphical analysis. The use of 3D scanning was proven to be a great success in accuracy, although the group had some issues with turning the scan into a CAD model, the usage of the 3D scanner helped the group immensely removing any errors associated with physical measuring. This resulted in far more accurate data. However, the problems encountered with the 3D scanning limited the full effect of digitally measuring the system since meshing 2 scans could easily have displayed inaccuracies in the measurements.


[bookmark: _Toc225113678]Further work 
[bookmark: _Toc225113679] Further Work – Sky Pratt
Based on the challenges encountered, several areas for further work have been identified. The primary task is to complete and refine the SolidWorks model. This will involve reducing unnecessary constraints, improving alignment of components, and ensuring that the system retains the correct degrees of freedom to allow realistic motion. 
Once the model is functioning correctly, motion analysis can be performed. This will enable the extraction of key suspension characteristics, including: 
· Camber change during suspension travel  
· Toe variation (bump steer)  
· Roll centre movement  
These results will provide a clearer understanding of the suspension behaviour and support the identification of potential improvements for rally applications. 
Additional work may also include refining the CAD model and exploring design modifications based on the analysis results. Furthermore, during the process of writing this report, an alternative software tool (SusProg3D) was identified, which is specifically designed for suspension geometry analysis and supports complex multi-link configurations. This suggests that it may be more suitable than WinGeo or standard CAD tools for modelling the BMW HA5 suspension system. 
As part of further work, this software could be explored to develop a more accurate kinematic model and generate reliable suspension data. This would provide a stronger basis for evaluating and optimising the suspension design. 
[bookmark: _Toc225113680]Further work – iestyn jones
Further work could involve the group part taking in dynamic testing, showing how much effect the soft bushings and stress on the control arms has on camber gain and bump steer. A different CAD software could also be used, showing a more advanced motion analysis of the system which would increase the accuracy and range of the data available to collect. This would better represent how the car truly acts under load.
Further design remodelling could also become a key factor of work in the future, discovering more ways to gain traction and wheel travel through the suspension would prove to be key on the rally car, improving its handling and longevity and would also broaden the range of the car enabling it to be used on gravel events as well as tarmac rallies.
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Figure 1 Rear suspension assembly of the
BMW E87 showing the mult-ink
configuration used for measurement and

analysis (photo taken by student).
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Figure 2: Rear suspension assembly of
the BMW E87 showing the mutti-link
configuration used for measurement and

analysis (photo taken by student).
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Figure 3 Aftermarket Wisefab drop-knuckle kit illustrating
modified suspension geometry and increased adjustability
(image source: Wissfab).
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Figure 5 Peel3D scanner used for capturing suspension geometry
(image source: Peel3D).
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image16.png
Figure 6 3D scanning setup showing use of reference
markers foraccurate geometry capture (photo taken by
student).
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Figure 7 Rear suspension with reference markers
applied to improve scan tracking and accuracy (photo
taken by student).
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Figure 8 Processed 3D scan ofthe rear suspension showing
captured geometry used for modelling.
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Figure 9 Processed 3D scan of the rear suspension
showing captured geometry usedfor modeliing.
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Figure 10 SolidWorks model showing extracted
suspension pickup point coordinates used to
define link positions n the assembly (scroenshot
taken by student).
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Figure 12 Top view of the SolidWorks rear suspension
model showing simplified ink representation and
assembly structure (screenshot taken by student).
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Figure 11 SolidWorks model of the rear suspension showing
simplified i representation and assembly.
structure.(Screenshot taken by student)
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