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[bookmark: _Toc159176147]Abstract
[bookmark: _Toc159176148]This report embarks on the ambitious task of engineering a dry sump pan and oil pickup adaptor tailored explicitly for high-performance motorsport engines. With a keen focus on addressing the unique demands of motorsport, including lightweight design, ease of installation, robust roll-over protection, cost-effectiveness, and accessibility for servicing and maintenance, the project delves into a comprehensive design process.
Utilizing methodologies such as Quality Function Deployment (QFD) and the Kano Model, customer requirements are meticulously analysed and prioritized, guiding the formulation of quality characteristics and design decisions. The report intricately compares wet and dry sump systems, highlighting the superior performance of dry sump setups in terms of oil control, weight reduction, ground clearance, design flexibility, and consistent oil pressure.
Moreover, a detailed product design specification outlines the performance criteria, appearance considerations, environmental resilience, installation ease, cost-effectiveness, maintenance accessibility, material selection, quality standards, testing protocols, legal considerations, documentation, and disposal considerations. Through rigorous testing and adherence to industry standards, the report aims to deliver a high-quality dry sump system that meets the demanding needs of the motorsport industry, ensuring reliability, durability, and performance excellence.
Introduction
The fundamental aim of this design project is to engineer a dry sump pan and oil pickup adaptor tailored for an engine specifically intended for high-performance motorsport applications. The focal points of the project include addressing the unique demands of motorsport through the achievement of a lightweight design, ease of installation, robust roll-over protection, cost-effectiveness, and facilitating easy and rapid access for servicing and maintenance. The customer has identified these specifications as well as priority ratings. We will then run a quality functional development plan to decide the best ways to meet these and assess how they will affect each other. Finally we will compose a product design specification. Going into detail what we will be considering for the designing of the dry sump and oil adapter. 
[bookmark: _Toc159176149]Wet vs Dry Sump
[bookmark: _Toc159176150]Common Wet Sump System
  In a standard wet sump system, engine oil is housed in the oil pan's base, circulated by an internal pump. Enhancements like high-capacity pans, extended pickups, and racing pumps optimize oil control and increase engine power. These upgrades, including windage trays and racing filters, benefit high-performance street and racing applications. Moroso Wet Sump Oiling System components, proven in racing, guarantee a reliable oil supply in demanding conditions. In specific racing instances, external oil pumps can be used with extended windage trays.
 (WET SUMP VS DRY SUMP OILING SYSTEMS, n.d.)
[bookmark: _Toc159176151]Common Dry Sump System
  The Dry Sump Oiling System differs from wet sump systems by storing oil separately, keeping the pan dry. An external pump scavenges oil, minimizing weight burden on the rotating assembly, enhancing power. Without an internal pump, the full-length windage tray promotes free assembly rotation. The system creates crankcase vacuum for improved ring seal, increasing power. Additional benefits include enhanced oil capacity, consistent pressure, easy cooler integration, and adjustable pressure. Shallow pan depth, due to no oil storage, enables lower engine placement for improved weight distribution. Moroso offers a comprehensive component range, ensuring compatibility and empowering engine builders to optimize combinations, avoiding issues with mixing components from various manufacturers.
(www.carthrottle.com, 2016)

[bookmark: _Toc159176152]Comparison 
Oil Control in High G-Forces:
Dry Sump: The dry sump system excels in preventing oil starvation during extreme manoeuvres, ensuring a consistent and uninterrupted supply of lubrication to critical engine components. This is crucial in motorsport scenarios where high G-forces can lead to oil movement and potential starvation.
Wet Sump: In contrast, wet sump systems are more prone to oil starvation under high G-forces, risking engine damage due to inadequate lubrication during aggressive manoeuvres.
•  Reduced Weight and Windage:
Dry Sump: The dry sump system minimizes the amount of stored oil, contributing to reduced overall weight. This not only enhances the power-to-weight ratio but also reduces windage losses, improving engine efficiency by minimizing drag caused by the spinning crankshaft moving through the oil.
Wet Sump: Wet sump systems, characterized by deeper oil pans, add weight to the vehicle and contribute to increased windage losses, potentially compromising overall engine efficiency.
•  Improved Ground Clearance:
Dry Sump: The shallow design of the dry sump pan significantly enhances ground clearance, a critical factor in dynamic motorsport conditions where uneven surfaces and aggressive manoeuvres are common.
Wet Sump: The deeper pan in wet sump systems may compromise ground clearance, making it less suitable for motorsport applications where avoiding contact with the track or obstacles is essential.
•  Flexibility in Design and Component Placement:
Dry Sump: External components of the dry sump system provide greater design flexibility and optimal placement of components, allowing for improved aerodynamics and overall vehicle performance.
Wet Sump: Internal components of wet sump systems limit design options, potentially constraining the placement of critical engine components.
•  Consistent Oil Pressure:
Dry Sump: The external pump in a dry sump system ensures precise and consistent oil pressure, a critical factor for reliable engine performance, especially in motorsport where variations in oil pressure can lead to engine wear or damage.
Wet Sump: Wet sump systems may experience pressure fluctuations, particularly during extreme driving conditions, posing a risk to engine health and longevity.
In summary, a dry sump system excels in providing consistent oil supply, preventing oil starvation, reducing weight, improving ground clearance, offering design flexibility, and enhancing overall engine performance in motorsport applications. 
(UAE’s leading autos blog | dubizzle Cars, 2021)
(Competition Engines, Racing Engines, BTCC Engines - NBE, 2022)
[bookmark: _Toc159176153]Dry Sump Design Process
[bookmark: _Toc159176154]Quality Function Development (QFD) – Problem Identification 
[image: ]
Link To QFD
As Seen In in the above QFD, the customer demands are stated in the ‘Demanded Quality’ section. From these demands the specifications of the dry sump we ae manufacturing have been determined. From these demands we then decided on quality characteristics that would aid us in achieving them. For example the use of light weight materials in the construction of the sump such as aluminium is of top priority as the importance to the customer is rated 8.0. We then assessed how each of the quality characteristics would affect each other. This was done firstly by giving each a relationship rating to one and other. Going from strong relationship to moderate and finally weak. This gives us a better understanding of how each characteristic could initially effect another. Then the impact of these relationships was determined in the ‘roof’ section (the triangle section on top). In this section we then decided if the relationships would have a positive or negative correlation. These correlations would then come into our decision making on the extend to maximise each characteristic. For example we determined that the costs of the material would have an effect the efficiency of the engine not being flooded with lubricant in the event of a roll over. Due to the customer seeing the later as more important. We decided that we should not optimise finding the cheapest materials so that the ability to cope with a rollover would not be compromised. 
We also considered the ‘Kano Model’ this is a theory developed by Professor Noriaki Kano that categorizes customer preferences into five distinct categories, helping businesses prioritize features and attributes in their products or services. This model aided us in the decision making process as it helped us ‘walk in the costumers shoes’ and really consider what they want from our product.

[bookmark: _Toc158833216][bookmark: _Toc159176155]Product design specification – Dry sump pan and oil pickup adaptor Design

[bookmark: _Toc159176156]Customer Requirements 
Based on initial market research and customer feedback, the following requirements have been identified:
Importance Rating (1-10)
· Lightweight design: 8
·  Easy installation (initial set-up): 5
·  Prevention of engine flooding during roll-over: 9
·  Low cost: 7
· [bookmark: _Toc158833218]Easy/fast access for servicing/maintenance: 7

[bookmark: _Toc159176157]Performance
The dry sump system and oil adaptor should meet the following performance criteria:
· The system needs to have efficient scavenging of oil from the sump pan. This is to prevent oil starvation when it is exposed to high speed cornering and acceleration.
· Oil scavenging and delivery to a remote reservoir/ tank is needed, therefore compatibility with the external oil pump is needed 
· Sufficient oil flow is required to ensure all engine components are lubricated under intense racing conditions 
· Needs to be durable enough to withstand the intense mechanical stress and high temperatures under racing conditions.
· Compatibility with a wide range of engine configurations typically used across the motorsport industry
[bookmark: _Toc158833219][bookmark: _Toc159176158]Appearance
  While the main focus lies with the performance of the sump. The appearance of the engine should also be factored in. Importance of appearance in motorsport is a continuously growing aspect. The sump will need to sleep and compact to complement the engines aesthetic.
[bookmark: _Toc158833220][bookmark: _Toc159176159]Environment
  The system needs to be able to operate under the harsh and intense environment it will be put under on a regular basis, such as:
	• High temperatures
	• Vibration and mechanical shock
	• Exposure to corrosive fluids (e.g., fuel, coolant)
	•Dust and debris
[bookmark: _Toc158833221][bookmark: _Toc159176160]Installation 
  Although the ease of installation was the lowest priority for the customer, it is still a aspect we must focus on. The system should be a modular structure which will make the installation a lot easier. Coming with clear and thorough step by step instructions.
[bookmark: _Toc158833222][bookmark: _Toc159176161]Product Cost
  The cost of the system is an essential part of the design process. Ensuring that the system remains affordable to enthusiasts as well as maintaining the high quality to appeal to the racing teams. Affordable materials and components should be prioritised where the risk of compromising the performance or reliability is not a concern.
[bookmark: _Toc158833223][bookmark: _Toc159176162]Maintenance
  The customer also wanted the system to be readily accessible when servicing or maintenance is required. This is important as the need for these are far greater and on a much more regular basis due to the intense environment the system will be under on a regular basis. Designing quick release fasteners was the most efficient and light weight method we decided on to allow ease of access 
[bookmark: _Toc158833224][bookmark: _Toc159176163]Materials
  High quality materials should selected with light weight and durability being at the forefront of the decision making forefront. There must be a balance however between light weight and structural integrity. 
[bookmark: _Toc158833225][bookmark: _Toc159176164]Quality and Reliability
  The system will be required to adhere to strict quality standards, while also preforming consistently under harsh and challenging racing conditions. There must be quality control measure implemented and carried out right thoroughly throughout the manufacturing process to ensure any defects are found and rectified 
[bookmark: _Toc158833226][bookmark: _Toc159176165]Standards and Specifications
[bookmark: _Toc158833227]  Ensuring that the system complies with the relevant industry standards and specifications essential in the design process to ensure the end product is safe and of a high standard. This is done through rigorous testing throughout and also quality checks.
[bookmark: _Toc159176166]Testing
  As stated above, rigorous testing is essential in our design process. These tests allows us to validate key aspects of the sump such as the reliability, durability or the performance of the system. Testing will be carried out using various methods such as mechanical testing such as tensile, surface roughness and hardness, as well as on track testing at the final stages of development.
[bookmark: _Toc158833228][bookmark: _Toc159176167]Legal Considerations
  When designing our sump we must take in several legal considerations. For example product liability. These need to be considered to ensure we comply with laws and regulations.
[bookmark: _Toc158833229][bookmark: _Toc159176168]Documentation
  Thorough and good quality manuals and documentation needs to be provided to aid the customers with the installation, maintenance and operation of our system. Clear and easy to follow instructions to ensure a reliable and safe product.
[bookmark: _Toc158833230][bookmark: _Toc159176169]Disposal
  Eventually our product will reach the end of its life cycle. Therefore we need to account for this when designing our product. Recyclable materials such as aluminium will be used to keep our system as environmentally friendly as possible.
[bookmark: _Toc159176170]Conclusion
  Designing a high quality and successful dry sump and oil adapter will take careful and well thought out considerations of the customer requirements and priorities we have been provided. These are at the forefront of every stage of our design process. Weighing up how thy effect each other and what needs to be sacrificed for another aspect to thrive. Our system will meet the harsh demands of the motorsport industry and our end goal is to deliver a product customers can rely on and succeed with.
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