[image: A picture containing text

Description automatically generated]     











University of Wales Trinity Saint David
School of Engineering

Research Methods and Professional Development
Research Proposal (ACFA 7004)

Taylor Winter
Automotive Engineering
1901843

09/03/2023


















     










Table of Contents
Table of Figures	3
1 Morgan Plus 6: Ride and Handling Optimisation	4
2 Introduction	6
3 Literature Review	7
3.1 Ride and Handling Optimisation	7
3.1.1 Practical Testing	7
3.2 Camber Optimisation	8
3.2.1 Practical Testing	8
3.3 Suspension Hardpoints Optimisation	9
3.3.1 Practical Testing	10
3.4 Centre of Gravity Optimisation	10
3.4.1 Practical Testing	10
3.5 Damper Optimisation	11
3.5.1 Practical Testing	11
3.6 Tyre Optimisation	12
3.6.1 Practical Testing	13
4 Methods and Results	14
4.1 Wingeo	14
4.2 VI-Grade	14
4.3 SIMULINK	15
5 Project Plan	16
6 Evaluation	18
Bibliography	19



[bookmark: _Toc131180818]
Table of Figures 
Figure 1: Morgan Plus 6 Prototype (Side).	5
Figure 2: Morgan Plus 6 Prototype (Front).	5
Figure 3: Gannt Chart Part 1.	17
Figure 4: Gannt Chart Part 2.	17




























[bookmark: _Toc131180819]1 Morgan Plus 6: Ride and Handling Optimisation 
The Morgan Plus 6 is a classic British sports car that has been in production since 2019. With its sleek design and powerful engine, it has become a popular choice for car enthusiasts and collectors alike. One important aspect of any sports car is its ride and handling performance. In recent years, there has been a growing interest in optimising the ride and handling of the Morgan Plus 6, both for racing purposes and for enhancing the overall driving experience. 

This literature review aims to explore the current state of research on ride and handling optimisation. It will examine the various approaches, techniques, and technologies that will be used to improve the car's suspension. By analysing existing literature, this review aims to provide a comprehensive overview of the current knowledge in this field, identify gaps in the current literature and suggest avenues for future research. 

The primary goal of the ride and handling optimisation investigation is to improve the overall ride comfort of the car. This can be achieved by identifying and analysing the independent variables that affect the car's suspension, steering, and other key components. Changes in weight distribution, tyre characteristics, and aerodynamics can have a significant impact on the car's ride comfort, as well as its handling and stability. To optimise ride comfort, subjective evaluations such as passenger comfort, noise and vibration levels, and driver fatigue will be considered in the research. 

The dependent variables for ride and handling optimisation may include measures such as seat vibration, body motion, and noise levels. By examining the relationships between these dependent variables and the various independent variables, the most effective approaches, techniques, and technologies for optimising ride and handling can be identified. Ultimately, this can lead to a more enjoyable and comfortable driving experience for car enthusiasts and collectors who appreciate the classic style and performance of this iconic British sports car. Figures 1 and 2 below shows the current prototype for the new plus 6. 
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[bookmark: _Toc131180841]Figure 1: Morgan Plus 6 Prototype (Side).
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[bookmark: _Toc131180842]Figure 2: Morgan Plus 6 Prototype (Front).








[bookmark: _Toc131180820]2 Introduction 
The main research question is: What are the most effective techniques for optimising ride and handling performance in the Morgan Plus 6, with the goal of improving the overall ride comfort of the car and enhancing the driving experience? 

In order to provide context for the research question, ride and handling optimisation will be discussed. Following this, the broader context of further optimisation will be examined, with a focus on highlighting the key features that will be explored with the Morgan Plus 6. 

The proposed study is worth doing for several reasons. First, the Morgan Plus 6 represents a significant milestone in the history of sports car design, and understanding its evolution can provide insights into the broader trends and influences that have shaped this field. Second, the Morgan Plus 6 has a devoted following among car enthusiasts, and this research can help to shed light on the benefits of optimisation.  

In terms of major issues and sub-problems, the focus will be on several key areas, including the design and materials used in the Morgan Plus 6, its performance characteristics, and its historical and cultural significance. We will also examine the role that the Morgan Plus 6 plays in the broader landscape of sports car design and manufacturing.

The primary focus of this study will be to optimise ride and handling. To ensure clarity of research objectives, other key areas that will be covered include camber, suspension hardpoints, centre of gravity, damper, and tyre optimisation.








[bookmark: _Toc131180821]3 Literature Review 
This literature review focuses on the optimisation of ride and handling, as well as camber optimisation in a car's suspension system. The review covers various techniques and methods available to achieve optimal ride quality and handling performance. It also explores practical testing approaches used to optimise suspension systems. Finally, the review delves into the concept of negative camber, its significance in enhancing lateral grip, and the impact of dynamic negative camber on a performance road car.

[bookmark: _Toc131180822]3.1 Ride and Handling Optimisation 
The process of enhancing a vehicle's comfort and stability while driving is known as ride and handling optimisation. This involves an examination and modification of various factors, including shock absorbers, suspension parameters, and hydraulic systems, to achieve the desired ride quality and handling performance. To achieve the optimal ride and handling, there are numerous techniques and methods available, such as time-domain and frequency-domain analysis, damper optimisation, and multi-body dynamic modelling (Dixon, 2007) (SAE International, 2015) (Silva, et al., 2021). The aim of optimising ride and handling is to strike a balance between ride comfort and handling stability, which can be accomplished by analysing and fine-tuning diverse vehicle components (Technical Bulletin, 2013) (Technical Bulletin, 2018).

[bookmark: _Toc131180823]3.1.1 Practical Testing 
A study was carried out by Totu and Alexandru from the University of Transylvania to optimise and test a novel suspension system for race cars. The study adopted a comprehensive methodology that involved conceptual design, modelling, simulation, optimisation, and development of an experimental model of the suspension system. To optimise the system, multi-objective optimal design techniques were employed, based on design of experiments (DOE) investigation strategies and regression models. A synthesis method, utilising the least squares approach, was created and incorporated into the optimal design algorithm. The suspension system was virtually designed using ADAMS, a multi-body systems (MBS) software package, specifically ADAMS/View for modelling and simulation, and ADAMS/Insight for multi-objective optimisation. The physical prototype of the suspension system was then implemented and tested on the Transylvania University of Brașov's Formula Student race car, Blue Streamline.
Specific experimental tests were conducted to evaluate the dynamic behaviour of the prototype, similar to those required in competitions. The virtual and experimental results demonstrated the performance of the proposed suspension system, as well as the usefulness of the design algorithm. The study shows that a comprehensive approach utilising both virtual and experimental methods can effectively design and optimise suspension systems for race cars (Totu & Alexandru, 2021).

SAE International's paper on developing a lateral interconnected air suspension system for heavy commercial vehicles establishes a ten-degree-of-freedom vehicle dynamics model and analyses the influence of interconnected pipeline parameters on the air suspension system's characteristics. The stiffness of air suspension decreases with the increase of interconnected pipeline diameter, which was verified by experiments. Simulation results on vehicle dynamics models show that selecting a suitable inner diameter of the orifice can effectively improve ride comfort and road friendliness. The paper also uses a multi-objective particle swarm optimisation algorithm and the Legendre uncertainty analysis method to optimise the parameters of the interconnected air spring. The comprehensive approach of combining vehicle dynamics modelling, simulations, experiments, and optimisation techniques is significant for developing and improving air suspension systems for heavy commercial vehicles (SAE, 2021).

[bookmark: _Toc131180824]3.2 Camber Optimisation
What is the reason for implementing negative camber in a car's suspension system? A key objective of the suspension system is to maximize lateral grip, which is determined by the coefficient of friction. This is calculated by dividing the lateral load capacity of the tyre (Fy) by the vertical load on the tyre (Fz), without causing it to slide sideways. Studies have demonstrated that tilting the top of the outside tyre (right tyre for left-hand turn) towards the centre of the car can increase the lateral load the tyre can bear without slipping, for a given vertical load. This can be achieved by incorporating negative camber into the suspension system. (Sanat Fe Garage, 2013).

[bookmark: _Toc131180825]3.2.1 Practical Testing
A study by SAE International suggests that at around 5 degrees with radial tyres, the effect reaches its peak. However, it should be noted that this is a general statement and there are several other variables to consider, such as tyre width and type of tyre construction. Furthermore, the test only measured the impact of dynamic camber, meaning the tyre was loaded and executing a turn of approximately 6 to 7 degrees. Therefore, for a performance road car, it is recommended to incorporate some dynamic negative camber (Milliken & Milliken, 1994). 

Another paper written by Mitra, Soni and Kiranchand, aims to address health issues caused by whole body vibrations induced by automobiles and presents a method for optimising suspension performance to enhance ride comfort. The study utilises factorial methods of Design of Experiments and adheres to ISO 2631-1:1997 standards. A quarter car test rig integrated with a LabVIEW based data acquisition system was developed to understand the real-time behaviour of a vehicle. The pilot experiment focused on three primary suspension parameters, spring-stiffness, damping, and sprung mass, and the full factorial method was implemented for optimisation. 

However, the regression analysis indicated that other parameters were likely to influence the response. The study subsequently included steering geometry angles, camber and toe, and tyre pressure in the design, and a fractional factorial method with six factors was implemented to optimise ride comfort. The optimal combination was then verified on the test rig, showing high correlation. The results highlight the effectiveness of the proposed method in enhancing suspension performance and reducing health issues caused by whole-body vibrations (Mitra , et al., 2016).

[bookmark: _Toc131180826]3.3 Suspension Hardpoints Optimisation
Suspension hardpoint optimisation is a process used in suspension design to improve ride comfort and handling. Design of Experiments (DOE) can be used to find the ideal combination of suspension and steering geometry parameters, including tyre pressure, damping coefficient, spring stiffness, sprung mass, camber, toe, and wheel speed (Mitra, et al., 2015). Design of Experiments is a statistical tool used to determine the individual and interactive effects of various factors that can influence the output results of a system, process, or product. 

[bookmark: _Toc131180827]3.3.1 Practical Testing
Mitra conducted a study on optimising ride comfort in race cars using design of experiments (DOE). The study focused on finding the ideal combination of spring, damper, tyre pressure, and steering geometry angles at different speeds, in accordance with ISO 2631-1:1997 standards. To conduct the experimentation, a quarter car test rig was developed and integrated with a data acquisition system based on NI LabVIEW. Six influential parameters were varied within a predetermined range, and the DOE methodology was implemented to find the optimum settings for each parameter. The fractional factorial method was used to conduct runs and analyse them in Minitab. The resulting model had a high R2 of 96.21%, adjusted R2 of 94.6%, and predicted R2 of 91.98%. The study determined that sprung mass and damping coefficient were the most influential parameters in determining optimal ride comfort. The results demonstrate the effectiveness of DOE in suspension design and highlight the importance of considering multiple influential parameters (Mitra, et al., 2015).

[bookmark: _Toc131180828]3.4 Centre of Gravity Optimisation
The optimisation of the centre of gravity is a procedure that enhances a vehicle's stability and manoeuvrability by evenly distributing its weight. This process involves adjusting the weight distribution of the vehicle to improve its balance and handling (Britannica, 2022). The implementation of DOE can assist in determining the optimal suspension and steering geometry parameters such as tyre pressure, damping coefficient, spring stiffness, sprung mass, camber, toe, and wheel speed. This methodology aims to enhance ride comfort and handling while preserving an optimal centre of gravity, as indicated in a study conducted by Mitra and colleagues in 2016 (Mitra, et al., 2016). 

[bookmark: _Toc131180829]3.4.1 Practical Testing
A study by Winkler, Campbell, and Mink evaluated current practices of measuring the vertical position of the centre of gravity (CG) of light truck-type vehicles. The round-robin experiment involved multiple laboratories and aimed to determine differences in measured CG height and their causes. Results showed significant differences between laboratories, but good repeatability within laboratories. The study suggests the need for standardisation in measurement procedures to minimize variability in CG height measurements (Winkler, et al., 1991). This is a key area of interest as the Morgan Plus 6 currently has issues with the movement of CG height. 

[bookmark: _Toc131180830]3.5 Damper Optimisation 
The process of damper optimisation is utilised in suspension design to enhance ride comfort and handling. One approach to finding the optimal combination of suspension and steering geometry parameters, such as damping coefficient, tyre pressure, spring stiffness, sprung mass, camber, toe, and wheel speed, is by utilising design of experiments. This can improve ride comfort and handling, while still maintaining an optimal centre of gravity (Mitra, et al., 2016). Hyper Mesh OptiStruct is a top-of-the-line optimisation tool that can optimise the front axle beam to improve the strength to weight ratio of the vehicle without modifying any assembly parameters (Ruban & Sivaganesan, 2016). Additionally, multi-objective optimisation frameworks can be used to optimise mass dampers in controlling vortex-induced vibration in long-span bridges (Xu, et al., 2023). Basic damper tuning can be used to optimise suspension and car setup.

[bookmark: _Toc131180831]3.5.1 Practical Testing
A study by Mangal and Kumar, from the Mechanical Engineering Department at PEC University of Technology, shows magneto-rheological (MR) dampers are a type of semi-active device that have been gaining attention in the field of suspension systems. These dampers provide the reliability of a passive system while maintaining the versatility and adaptability of a fully active control device. In recent years, there has been a growing interest in optimising the geometrical parameters of MR dampers in order to enhance their performance.

Focusing on a study that proposes an optimisation process for the geometrical parameters of an MR damper using finite element method (FEM) coupled with the Taguchi approach, which is rarely reported in the literature. The objective function is selected as the damping force of the MR damper. The study involves developing 18 FEM models, based on Taguchi orthogonal array, using ANSYS platform.

The results obtained from the FEM models were analysed using the DOE methodology, and an optimised solution is obtained. The optimal solution is validated experimentally and through FEM for a 95% confidence level, and the results are found to be in good agreement with each other.

The study concludes that numerical techniques, such as FEM, can be used over real experimental results for the geometric parameter optimisation of MR dampers. The proposed methodology can save time and resources for designing an optimised MR damper for various applications, including automotive suspension systems. The study also highlights the effectiveness of using the Taguchi approach in optimising the geometrical parameters of MR dampers (Mangal & Kumar, 2015).

[bookmark: _Toc131180832]3.6 Tyre Optimisation 
Tyre optimisation is a crucial aspect of vehicle dynamics, particularly in improving ride comfort and handling. It involves finding the ideal combination of suspension and steering geometry parameters that work best with the tyres to achieve the desired performance. This process typically involves adjusting parameters such as tyre pressure, damping coefficient, spring stiffness, sprung mass, camber, toe, and wheel speed.

The main goal of tyre optimisation is to ensure that the vehicle maintains an optimal centre of gravity throughout its motion. This is crucial in achieving good handling, as it helps to keep the vehicle stable and in control during cornering and other manoeuvres.

One of the key factors that affect tyre performance is the tyre pressure. The correct tyre pressure ensures that the tyre maintains optimal contact with the road surface, which is essential for good handling and braking performance. Adjusting the tyre pressure can also help to achieve a better ride comfort, as it affects the amount of impact and vibration transmitted from the road surface to the vehicle.

Other parameters such as damping coefficient, spring stiffness, and sprung mass also play an important role in tyre optimisation. These parameters affect the suspension system's ability to absorb impacts and vibrations, which can affect both ride comfort and handling. Adjusting these parameters can help to achieve a better balance between ride comfort and handling, depending on the desired performance characteristics (Mitra, et al., 2016). 

[bookmark: _Toc131180833]3.6.1 Practical Testing
FEA can be used to analyse and optimise tyre design parameters by varying the constructional details of the tyre and using an iterative process to find the ideal combination of parameters. This method involves dividing the tyre into a finite number of small elements, and then calculating the deformation and stress of each element under different loading conditions.

By varying the parameters such as tyre pressure, damping coefficient, spring stiffness, sprung mass, camber, toe, and wheel speed, FEA can be used to identify the optimal combination that will provide the best ride comfort and handling while maintaining an optimal centre of gravity.

Several case studies have used FEA to optimise tyre design parameters. For example, the SAE International conducted a study in 2007 where FEA was used to analyse the tyre constructional details to optimise the design parameters. This study found that by optimising the tyre parameters, the tyre performance can be significantly improved, resulting in better handling and ride comfort (SAE International , 2007).

Mitra conducted another study that utilised DOE to identify the optimal combination of suspension and steering geometry parameters, such as tyre pressure, damping coefficient, spring stiffness, sprung mass, camber, toe, and wheel speed. The study aimed to enhance the ride comfort and handling while maintaining the optimal centre of gravity (Mitra, et al., 2016).









[bookmark: _Toc131180834]4 Methods and Results 
This section outlines the methodology that will be used in the project to improve the ride and handling performance of the Morgan Plus 6. The project will use a combination of software tools including Wingeo, VI-Grade, and SIMULINK to conduct the analysis. Wingeo will primarily be used as a visual aid to supplement the main analysis conducted using VI-Grade results. SIMULINK will be used to validate the results obtained from VI-Grade simulations using a 7 degree of freedom model to investigate the performance of the suspension system before and after the optimisation process. 

[bookmark: _Toc131180835]4.1 Wingeo 
In this project, Wingeo will primarily be used as a visual aid to supplement the main analysis which will be conducted using VI-Grade results. Wingeo is a software tool that allows for the visualisation of suspension geometry and other related factors. By displaying the suspension geometry in Wingeo, a better understanding of the current state of the suspension system and how it might be modified or optimized to achieve the desired ride and handling performance can be shown.

The original setup of the suspension geometry will be imported into Wingeo to serve as a starting point for the analysis. Then, throughout each stage of the optimisation process, the Wingeo model will be updated to reflect the changes that have been made to the suspension geometry. This will allow for a more visual representation of the progress being made throughout the project, which can be useful for communicating results to Morgan Motor.

While Wingeo will not be the primary tool used for analysis in this project, it will play an important role in visualising the suspension geometry and tracking progress as the optimisation process unfolds. By using Wingeo alongside VI-Grade, the project will show a more comprehensive understanding of the suspension system and how it can be improved to achieve the desired ride and handling performance.

[bookmark: _Toc131180836]4.2 VI-Grade
VI-Grade is a highly sophisticated and effective software tool that will be utilised in this project to analyse the performance and handling of the Morgan Plus 6. One of the primary advantages of using VI-Grade is its ability to simulate drive cycles, which will allow for a detailed analysis of the vehicle's handling characteristics and performance under different driving conditions.

The Morgan Motor Company has provided the necessary parameters for the Plus 6 model to be inputted into VI-Grade. This will enable the simulation of a wide range of drive cycles, which can help to identify any areas where the vehicle's ride and handling performance could be improved. By analysing the results generated by VI-Grade, it will be possible to develop optimisation strategies that will enhance the car's overall ride comfort and driving experience.

In addition to its drive cycle simulation capabilities, VI-Grade is also equipped with a range of other features and tools that make it an ideal software solution for this project. These include advanced modelling and simulation capabilities, which will enable the creation of highly accurate virtual representations of the car's suspension and other components.

[bookmark: _Toc131180837]4.3 SIMULINK 
SIMULINK will be used as a tool to validate the results obtained from VI-Grade simulations. A 7 degree of freedom (DOF) model will be employed in the analysis to investigate the performance of the suspension system before and after the optimisation process.

SIMULINK is a widely used software for simulating and modelling dynamic systems. It is particularly useful for analysing the behaviour of complex systems, such as automotive suspension systems, by allowing for the creation of mathematical models and simulations.

By using a 7 DOF model, the suspension system will be analysed in a more detailed manner, taking into account various factors such as roll, pitch, and vertical and lateral movements of the vehicle. The model will also provide a more accurate representation of the vehicle's behaviour under different driving conditions.

Through this process, the results obtained from the VI-Grade simulations will be validated and further refined to ensure their accuracy and reliability. By using a combination of tools such as Wingeo, VI-Grade, and SIMULINK, the research project aims to provide a comprehensive analysis of the Morgan Plus 6's ride and handling performance, with the ultimate goal of improving its overall ride comfort and enhancing the driving experience.
[bookmark: _Toc131180838]5 Project Plan
The Gantt chart is an important tool for project management as it provides a visual representation of the timeline for a project. The Gantt chart for this project can be seen below in figures 3 and 4.

Figure 3 shows the initial planning phase of the project, which includes activities such as researching the current state of the suspension system, determining project requirements, and identifying potential improvements. This phase is critical to the success of the project as it lays the foundation for the subsequent phases.

Figure 4, on the other hand, shows the implementation phase of the project, where the actual work of optimising the suspension system will take place. This phase involves activities such as conducting simulations using VI-Grade, analysing results, and validating the simulations using SIMULINK. This phase is crucial in achieving the desired improvement in the ride and handling performance of the Morgan Plus 6.

It is important to note that the Gantt chart is not a static document and will likely evolve as the project progresses. The chart may be updated as tasks are completed ahead of schedule or delayed, and new tasks are added or removed as needed. This ensures that the project remains on track and is completed within the expected timeline.
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[bookmark: _Toc131180843]Figure 3: Gannt Chart Part 1.
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[bookmark: _Toc131180844]Figure 4: Gannt Chart Part 2.

[bookmark: _Toc131180839]6 Evaluation 
The literature review provides a comprehensive overview of the optimisation of ride and handling, as well as camber optimisation in a car's suspension system. The review covers various techniques and methods available to achieve optimal ride quality and handling performance and explores practical testing approaches used to optimise suspension systems. 

The paper also delves into the concept of negative camber, its significance in enhancing lateral grip, and the impact of dynamic negative camber on a performance road car. The review identifies various limitations and weaknesses of the proposed research, which may be justified by time and financial constraints as well as the early developmental stage of the research area. The study shows that a comprehensive approach utilising both virtual and experimental methods can effectively design and optimise suspension systems for race cars and road cars.

Additionally, the comprehensive approach of combining vehicle dynamics modelling, simulations, experiments, and optimization techniques is significant for developing and improving suspension systems. Overall, the literature review provides an overview of the current state of research in the field of car suspension optimisation, its potential impact, and limitations.
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