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Abstract - This preliminary report outlines the research conducted in alignment with the project specifications and the specific focus of the research and design project. Discussion on the methods employed for research and calculations, providing a comprehensive overview of the project's primary objectives, literature review, as well as the schedule and timeline.

1. INTRODUCTION
Morgan, a renowned British automotive manufacturer renowned for crafting modern classic vehicles, caters to gentlemen drivers seeking a blend of classic British charm with contemporary performance and safety features. Their latest endeavour, the Morgan Plus 6, represents a pinnacle in this tradition.
To bolster the launch of the Morgan Plus 6, the company has set its sights on creating a homologation build of the vehicle, engineered to meet the standards of SRO GT4 specifications. This strategic move would enable the Morgan Plus 6 to compete in top level motorsport categories such as the British GT and GT4 Europe series.
To ascertain the competitive edge of the Morgan Plus 6 GT4 in its class, Morgan has tasked its team with conducting initial vehicle simulations. These simulations aim to provide crucial insights into the vehicle's performance potential, ensuring it meets the demands of the fiercely competitive GT4 circuit racing.

2. MAIN PROJECT AIM
The aim of this project is to develop a simulation model for the Morgan 6 Plus GT4 homologation, using existing telemetry and data to build vehicle models and validate simulations, to provide an accurate lap time simulation, that is competitive against the current SRO GT4 grid. 
To allow this project to be successful the following objectives are defined in table 1. 
	Objective
	What is Measured 
	How is it measured?

What is the target?

	Create an accurate vehicle model of the Morgan 6 Plus within VI Grade 
	Geometric coordinates, damper velocities, aero dynamic performance, and engine performance. 
	Coordinates: 3D scan file of front and rear suspension design. Aerodynamics: CFD Studies of the vehicle. Dampers: Damper Dyno from current morgan dampers. 

Engine: Performance from BMW 340 I engine. 

	Analyse available data from morgan and select optimal lap from physical testing against the simulation results
	Vehicle cornering capabilities: lateral force, Speed, and steering input

Acceleration and top speed. 
	Via in car datalogger. Target will be based on difference within the lap times. 

	Create a vehicle model of the morgan 6 plus GT4 spec within VI Grade
	Geometric coordinates, damper velocities, aero dynamic performance, and engine performance.
	Coordinates: 3D scan file of front and rear suspension. Aerodynamics: Base line CFD with added front splitter and rear wing. Damper: Damper Dyno from current GT4 suppliers. Engine: Performance Values from BMW M4 GT4.

	Apply design of experiments approach to optimise the vehicle lap time. 
	Overall reduction in vehicle lap time and vehicle response. 
	Ranking of Importance Setup features and the impact they have on vehicle performance based on the change 

	Analyse the vehicle performance against current SRO GT4 grid. 
	Overall lap time. With use of Balance of Performance (BOP) 
	TSL Live timing contains qualifying lap times, speed trap values and sector times. Comparing these values against the simulation. 


Table 1 : Objectives and their Measurements
2.1 Research Aims 
For the research in this project to yield success, the following objectives have been established.
· Identification of Performance Sensitivities: Investigate the sensitivity of vehicle performance to key input parameters such as suspension settings, aerodynamic configurations, and powertrain characteristics through systematic variation and analysis using design of experiments techniques.

· Optimization of Vehicle Setup: Develop and implement optimization algorithms to systematically explore the design space and identify optimal configurations for maximizing performance metrics such as lap time, cornering speed, and tire wear, while considering constraints such as regulatory requirements and driver preferences.

· Assessment of Performance Trade-offs: Evaluate the trade-offs between different performance objectives, such as achieving faster lap times versus preserving tire life or improving straight-line speed versus enhancing cornering agility, to inform decision-making in the optimization process.
3. INITIAL RESEARCH
In the initial research phase, valuable background information and details have been compiled. These insights and background knowledge prove beneficial for laying the foundation of the project during its initial stages.
Many important variables that are crucial to the project are listed within the Morgan Plus 6 owner’s manual. These values will provide a good base line to start building the model off. However, the accuracy of these measurements provided will be checked against physical measurements later in the project.
Ginetta is a British manufacture that specialise in high performance road cars and race car conversions for different categories including GT4. Reading the G56 GT4 user’s manual provided great Insite into the running and design principles behind their work. This knowledge can be adapted and transferred to the suit the Morgan. 

4. VEHICLE SIMULATIONS IN MOTORSPORT
This literature review focuses on ongoing research currently being conducted in the automotive and motorsports industries regarding simulation and performance optimisation both trackside and within manufacturing facilities. 
Patil et al. (2017), Bhosale et al. (2019), and similar researchers opt for comprehensive vehicle models utilizing ADAMS Car, while Chindamo et al. (2021) prefer simpler mathematical models, although less precise, yet still relevant within their research domains. Additionally, certain studies leverage specific software tools such as VI Grade vehicle simulation.
4.1 MATLAB SIMULATIONS
The use of tools like MATLAB and Simulink can be used to construct multiple degree of freedom mass spring damper models. This approach was utilised Mitra et al (2013) analysing the ride comfort of passenger vehicles. The report clearly demonstrates that these tools too can be used to analysis ride comfort. However, in motorsport where there are rapid transient loads and ride comfort is not targeted it is difficult to gauge performance characteristics with no driver feedback.  

This paper presented by Marzbanrad et al (2013) investigated the ideal spring and damper configurations to maximize vehicle ride comfort across various speeds, employing the design of experiment method (DOE). It explores how the optimal suspension settings for ride comfort may differ depending on road roughness and speeds and investigates the achievable levels of ride comfort. This paper is particularly useful as a DOE model is created and successfully integrated into the MATLAB model.  

In his study, Warne (2016) utilizes Simulink mathematical blocks to construct a vehicle simulation. This simulation integrates a compact three-degree-of-freedom model focusing on a single corner of the vehicle. The tire data utilized in the simulation is derived from physical testing. During the validation process, the model exhibited minimal deviation from the expected results, indicating a high level of accuracy.
For this project due to the large quantity of variables and the accuracy of the simulation needing to be of the highest quality the software used will be VI-Grade Multibody. Further sources gathered within this literature review will focus on papers using simulation tools rather than basic calculations. 

4.2 VEHICLE SIMULATION TOOLS

The paper presented by Akos Jasper et al. (2021) utilizes VI Grade driver in the loop techniques later in the design process when the vehicle is being finalised. This allows the driver to drive the vehicle model on a purpose-built simulator.  They can provide the design team with valuable data in areas such as yaw moment. Not only vehicle development can be altered at this stage but driver development improving their technique and skill without the costs of physical testing. 

Alessandro Giraudo (2019) offers insight into enhancing the design phase of a Formula SAE electric racing car. Initially, a model of the vehicle is constructed in the early stages of design. This model is subsequently incorporated into VI Grade car real-time simulations utilizing closed-loop simulation techniques. Conducting this research during the initial design phase enabled the optimization of vehicle parameters that would otherwise be challenging to adjust later. For instance, modifying the vehicle's centre of gravity height resulted in significant performance improvements, a parameter that would be cumbersome to alter in the later stages of the construction process.
Wang et al (2018) employed ADAMS car simulation software to investigate the handling stability of hydraulic hybrid vehicles. Their study explored various handling configurations, including T-type, postposition, and parallel layouts, subjecting them to diverse handling procedures and analysing the responses. Their findings concluded that the parallel configuration exhibited superior handling stability. While this study does not directly pertain to motorsport, it underscores the significance of simulation in the automotive industry.
A full vehicle dynamics model of a formula SAE race car is built by Mueller (2005). Although a model of the vehicle is constructed. The paper fails accurately to model the vehicle due to limited physical testing. This is due to the vehicle being manufactured before the simulation. Therefore, discrepancies came down to small errors within the measurement phase. Small errors within the early stages of the model will lead to larger discrepancies when trying to validate the model. Due to the paper being written in 2005 and the development of simulations coming further in recent times the model could be improved upon. The tth
While most of the current literature review focuses on road vehicles or Formula SAE, a lower-level motorsport championship, noteworthy insights can still be gleaned from higher-tier competitions such as Formula 4. Fernandez (2023) develops a vehicle simulation for BRDC Formula 4 and utilizes this model to optimize their vehicle setup. The study effectively constructs the model and delivers commendable setup outcomes, subsequently tested on track to yield enhanced performance and reduced lap times.
The literature review revealed numerous examples of simulation applications in motorsports, particularly for Formula SAE vehicles. However, there is a scarcity of sources focusing on GT4 homologated vehicles. This gap can be attributed partly to the competitive nature of motorsports, where major manufacturers like Mercedes and McLaren invest significantly in proprietary research and development, leading to limited sharing of gathered data.
4.3 DESIGN OF EXPERIMENTS OVERVIEW
The Design of Experiments (DOE) method originated in the 1920s and 1930s through the work of Sir Ronald A. Fisher, a prominent mathematician and geneticist (Antony, 2003). DOE comprises a set of techniques and statistical tools utilized for planning experiments and analysing their outcomes. Researchers across various disciplines employ experiments to gain insights into specific processes or systems. Experimentation involves deliberate alterations to input variables, aiming to observe and understand the resulting changes in output responses (Montgomery, 2001).


For this project, a fractional factorial design experiment will be implemented, with the DOE statistics conducted using Design Expert 13 by Statease.

4.4 UNDERLYING CALCULATIONS
The underlying equations that will be used within these simulations are gathered from Milliken’s work (1995). The positioning and angular disparity between the lower and upper wishbones play a significant role in determining the location of the instant centre, which, in turn, influences the placement of the roll centre. Arnold-Kennedy’s theorem can be employed to precisely determine the roll centre based on this instant centre. The instant centre of rotation denotes the pivotal point around which the suspension pivots relative to the vehicle body.
Utilizing the calculations outlined in Milliken's work (1995), the centre of gravity can be pinpointed. The centre of gravity's position holds paramount importance in dictating a vehicle's handling performance, as emphasized by Milliken (1995, p.666): "The location of the centre-of-gravity (CG) of a race car is one of the most fundamental determinants of performance."
Both the roll centre and the centre of gravity serve as critical parameters for calculating the distribution of geometric and elastic weight transfer within the vehicle.
Manipulating the angles between the wishbones will adjust the camber gain, directly influencing the generation of bump and rebound. These effects will be modelled within the simulation as both the front and rear suspensions are modelled. 

5.SCOPE OF THE PROJECT
The project will entail creation of two vehicle simulations at multiple UK race circuits within VI Grade. One simulation will be on the Morgan Plus 6 to which there is data being provided from Morgan of Physical testing. After running this simulation, the lap times and data will be analysed against the Physical testing to validate the accuracy of the simulation. 
Having validated the simulations accuracy a GT4 homologation model of the Morgan Plus 6 will be created. This model will have adjustable anti roll bars, springs, and two-way adjustable dampers. Having run the simulation a fractional factorial design of experiments approach will be used to optimise the vehicles setup for multiple SRO tracks. The results of this simulation will be compared against the current GT4 grid lap times to see if the vehicle can be competitive. 

6. METHODOLOGY
Different Methodologies have been studied to complete this project and the project will proceed according to the defined steps outlined below. The methodology may be adjusted if unexpected circumstances arise or if there are changes in the criteria. Any modifications will be noted and detailed in subsequent reports.
1. It is first necessary to create a base model of the morgan 6 plus vehicle. Detailing all factors such as suspension point locations, engine power and torque curves, springs and damper behaviour as well as tyre characteristics.

2. Having developed an accurate vehicle model, the vehicle can be simulated around a known circuit and data gathered.

3. Using this data the lap can be validated from the physical testing Morgan have provided. 

4. From this the GT4 model can be produced and designed within the SRO specifications. Alterations being made to the engine performance, Springs and Dampers, tyre Characteristics and chassis torsional stiffness.

5. Once the model is built a design of experiments approach is used to define the optimal vehicle setup of any circuit, leading to improved vehicle performance over baseline setup configurations.

6. Evaluate the performance of the optimised vehicle configurations through comprehensive analysis of the simulation results and compare lap times against the current SRO GT4 grid. 
7. REVIEW OF SRO SPECIFICATIONS
Due to the vehicle targeting competing in both British GT and GT4 Europe, the Morgan Plus 6 GT4 will need to be compliant with the SRO Motorsport Group technical regulations and pass vehicle scrutineering. At this stage of the design and simulation process only the performance regulations will be investigated. 
All bodywork dimensions and shape must be original as specified from the road going vehicle and homologated by the manufacture. Meaning the final product of the GT4 car will have similar aerodynamic characteristics as the road doing car but aided with the benefit of the front splitter and rear wing. 
The front splitter and rear wing that are allowed to be fitter to the vehicle must not exceed the original length of the vehicle. The hight of the rear wing and the attack angle can be tuned to benefit performance of the vehicle. However, SRO have the right to adjust these parameters to adjust the Balance of Performance of the vehicle. 
The SRO GT4 Bureau retains the authority to modify the minimum weight requirement for any vehicle to uphold balance of performance across the field. It is imperative that the minimum weight limit is adhered to throughout the entirety of the event, especially as the vehicle completes each lap and crosses the finish line.
Refuelling during a race is only permitted in two- and three-hour races. This mean a high endurance tank is needed to complete a stint. Most commonly vehicles within this class will use tank capacities between 100 and 120 Liters. SRO also reserve the right to change the capacity of the tank for balance of performance.
The transmission can have 6 or more forward gear ratios with a fully equipped reverse gear. On the current GT4 grid all homologated vehicles have 6 gears. 
The vehicle minimum ride hight will be set by SRO before the event in compensate Balance of performance of the vehicle. For the simulation this target will be unknown as it has not been set for the vehicle. When implementing the design of experiments approach a varied range of ride hights will be tested to evaluate the effect on performance.  
It’s stated within the regulations that all suspension components and mounting locations unless specified must stay original. This means that the kinematics of the vehicle are standard from the factory. The addition of anti-roll bars is permitted and can be fully adjustable. Anti roll bar strengths will be simulated and experimented with to find the optimal strengths. It is also possible to fit the vehicle with fully adjustable anti roll bars. This will tune setup for not only specific tracks but also weather conditions. Two-way (Bump and Rebound) adjustable shock absorbers may also be fitted to the vehicle and can be tuned for setup as well. the vehicle may also have three different spring sets for front and rear. This will also be investigated to find the 3 most optimal settings for setup.
The use of ABS (Antilock Braking System) and TC (Traction Control) is permitted by the regulations. These control systems may also be tuned to optimise performance. Only a single flexible pipe is permitted to convey air to the brakes of each wheel, with the caveat that its internal cross-section must accommodate a circle of 10 cm in diameter.
The wheels and tyres are fix for each championship. These tyres are slick tyres and a full wet weather condition tyre. With limited data from championship the use of old slick tyres will be used to best model how a slick tyre performs using Pacejka tyre modelling. 

The vehicle must have a full welded in cage. The addition of a cage will change the vehicles centre of gravity as well as increasing the chassis torsional stiffness. 

8. CALCULATIONS AND MEASRUEMENTS NEEDED
This section Details all the measurements and calculations that will be needed to make successful model of both the Road going Morgan Plus 6 and the homologated GT4 package. 
The centre of gravity of the vehicle is crucial to vehicle response and cornering capabilities. Most manufactures will calculate the value in their car models as the vehicle is in production. When forces act upon a vehicle they act on the centre of gravity. The distance between either the pitch centre or the roll centre to the centre of gravity will create a moment on the force. 
The movement of the sprung mass is a reaction to that of the unsprung mass. Therefore, the interaction between these two masses is critical to accurately simulate the model.


To develop subassembly models of the front and rear suspensions, CAD models of these components must be supplied by Morgan. Once these suspension locations are provided, a comprehensive kinematic study can be conducted to analyse how the suspension interacts with the tires.
Tyre models for both the road going vehicle and the GT4 package will be unknow. However, estimate on how they behave can be made and modelled. Road tyres and slicks can both be modelled using Pacejka (1992) tyre models. Determining the peak longitudinal and lateral grip is crucial to the success of the project.

The Morgan Plus 6 handbooks provide information on spring rates, while damper coefficients will be estimated using dampers from the Morgan Plus 4 available on-site, which can be adjusted to optimize performance.
BMW currently supplies engines for Morgan. The engine in the current Morgan Plus 6 is a 3.0L twin turbocharged engine to which dyno results and engine maps can be found online. BMWs M4 GT4 also makes use of the same 3.0L twin turbocharged engine with a slight tune. In the homologation of the GT4 Morgan, the same engine will be used, and the power map adjusted in accordance with the balance of performance from SRO to find the optimal lap time. 

8. PROJECT SCHEDULE AND TIMELINE
The initial report timeline is detailed in the table below. During this project updates to the schedule will be made due to unforeseen circumstances that may occur. Potential updates to the project criteria may also affect the timeline. The last two weeks of the project have been left blank to allow for slack within the system in case of any delays.
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Table 2: Project Schedule and Timeline
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