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[bookmark: _Toc159174387]Problem Identification / Understanding the Need
[bookmark: _Toc159174388]Purpose
The dry sump system is made to provide reliable and constant engine lubrication even in the extreme circumstances. In contrast to a conventional wet sump system, which stores oil in a pan underneath the engine, a dry sump system stores oil externally and circulates it using a number of pumps (NBE, 2022).  In a wet sump system, lateral forces can cause oil to pool on one side of the pan during high-speed cornering, acceleration, and deceleration. This prevents oil starvation during these situations.  A dry sump system makes it possible to mount the engine lower, which lowers the centre of gravity of the car and improves handling (SBD Motorsport, 2020).

[bookmark: _Toc159174389]Customer Requirements
The customer has provided a list of specific requirements of which the final product should achieve, along side each requirement is an importance rating scaled between 1 and 10. By using a QFD (Quality Function and deployment), a design solution for the dry sump which meets the customer requirements will be achieved.

[bookmark: _Toc159174403]Table 1 - Customer Requirements
	Customer Requirements
	Importance Rating (1-10)

	The product should be lightweight
	8

	The product should be easy to install (initial set-up)
	5

	In the event of a rollover, the engine should not be flooded with lubricant
	9

	The product should be low cost
	7

	The product should allow for easy/fast access for servicing/maintenance
	7





[bookmark: _Toc159174404]Table 2 - Quality Function Deployment (QFD)
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In the QFD it is seen that three of the functional requirements have direct correlations, lightweight, easy installation, and easy/fast serviceability, this is due to the weight factor. Having a lighter dry sump will allow for easier handling whilst installing and servicing and allow a single mechanic to fit. Preventing engine flooding is shown as a negative correlation between the other factors within the QFD, this is because an extra component such as a one-way valve will need to be fitted, hence affecting the price, service and installation time, and the weight of the dry-sump assembly. 










[bookmark: _Toc159174390]Design Specification
[bookmark: _Toc159174391]Weight:
To produce a lightweight dry-sump oil pan, factors such as material, shape and design are essential:
[bookmark: _Toc159174392]Material selection
Materials such as aluminium and steel are ideal for the motorsport conditions, but both have their benefits and drawbacks. According to Thyssenkrupp Materials (2014), Aluminium has a density that is about one-third lower than that of steel. Because of this characteristic, it's perfect for uses where strength is needed without adding a lot of weight, although aluminium's strength is inferior to that of steel, it therefore restricts its appropriateness for high-strength applications. Aluminium demonstrates exceptional performance in terms of its lightweight construction but, it may not be optimal for extreme conditions (Sahana, 2022). Acosta (2017), States that steel possesses a greater weight in comparison to aluminium. However, this heaviness is accompanied by enhanced durability, resistance to severe impacts, and the ability to endure heavy loads rendering it appropriate for challenging and extreme conditions.

[bookmark: _Toc159174393]Design 
The oil pan's design should be optimised to reduce material usage without compromising its required strength. This requires a thorough evaluation of features including curvature, ribbing, and flange design to ensure even stress distribution and avoid excessive material. By Integrating internal voids or hollow portions in the oil pan structure can effectively decrease weight without sacrificing its ability to endure working stress. It is crucial to manage potential weaknesses, such as those caused by stone impacts or road debris. This can be accomplished by incorporating sacrificial ribs or protective features in susceptible places to absorb impact energy and reduce the likelihood of structural failure. By taking these considerations into account and employing innovative design processes, the oil pan produced will be both lighter and durable enough to endure the demands of vehicle use (Jessberger, et al., 2008). 


[bookmark: _Toc159174394]Easy installation
To allow for easy installation, 4 bolt holes located at the base could be used to fasten the dry sump to the vehicle, this would allow for quick and efficient installation. As the bolt holes would be mounted to the bottom of the dry sump, additional securing methods would be required to support the top end of the sump as the vehicle will take sharp turns and corners. To support the top, a ratchet strap system could be implemented as this would result in quicker installation than using fastening bolts. If the 4 bolt holes and ratchet strap is used as the securing method, the dry sump is not limited to which vehicle it may be fitted to. An essential factor to allow for easy installation is the weight of the dry sump as the weight determines how many people are required to fit it to the vehicle, reducing labour costs for the customer. By adhering to the previous section of this report (2.1), the dry sump should be a lightweight component when empty of oil.

[bookmark: _Toc159174395]Preventing engine flooding in rollover 
Valves and baffles can be utilised to prevent engine flooding in the case of a rollover. An option is to incorporate a one-way check valve into the pressure pump output to prevent oil from flowing back into the engine. A rollover vent valve could be added to the reservoir to allow air to escape without causing oil spills. The reservoir should be built with baffles or barriers to reduce oil agitation and air entrapment. Furthermore, using numerous scavenge pumps and stages greatly improves oil scavenging effectiveness, leading to a decrease in the engine's oil level and minimising the risk of oil flooding the engine (Lambda Geeks, 2024).

[bookmark: _Toc159174396]Low cost
Aluminium and steel will be the sole materials chosen for the cost-effective production of a dry sump oil pan due to their affordability and strength. Bury (2020) suggests that a simple design can minimise manufacturing costs by utilising cost-effective technologies like die casting, which generates minimum waste compared to CNC machining, resulting in reduced costs for customers.
[bookmark: _Toc159174397]
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