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[bookmark: _Toc1012324624][bookmark: _Toc159182689]Abstract 
The purpose of this report is to highlight the key differences between a dry oil sump and a wet oil sump and highlight the customer requirement for a dry oil sump through a QFD (quality function deployment) analysis.  Using an isolation exercise evaluate the developed concept to establish the optimum solution to the design requirements. Develop a design specification to use this definition of what is required in the design phase. Develop a framework of how the part would be validated/tested. Finally, document the full design and produce a technical drawing to BS8888 standard.  
[bookmark: _Toc1383495130][bookmark: _Toc159182690]Dry Sump vs Wet Sump
Dry sump and wet sump are the common phases to describe the different types of oil systems within a car engine. Lubricating Oil for a car system is the most vital part of an engine and thus it’s imperative to an engine operation that it does not starve of oil. Sumps are the pan sections typically at the bottom of an engine block where all of the lubricating oil returns to within the engine. There are two distinct types as mentioned previously wet and dry while both serve the same purpose both have their distinct differences (Neophytou, 2013).
Wet sumps are the most common of those seen in modern cars, this is due to their relatively simple design, a large ‘wet sump’ which acts as a store for all of the collected oil within the engine and a pickup pump which pumps the from the sump back into the working parts of the engine (Neil Brown Engineering , 2022). However, there are a series of drawbacks to using such a simple design that it’s often vulnerable to damage the oil pan is located directly at the bottom of the engine which is at the bottom of the car if something hits or impacts the oil can they are prone to cracking and due to their design nearly all of the engines oil will immediately spill out causing the engine to starve of the lubricating oil it needs. Additionally, they can restrict the power of an engine as the engine can only ‘pick up’ whatever oil has been pushed through the engine and tend to have a lower pick-up rate of oil if a car is required to rev at high speed for an extended period this can mean the wet sump system struggles to keep up. Finally, their largest flaw is they are very susceptible to cornering and or gravitational force, meaning if a car were to corner too sharply or worse roll over the oil within the pan would shift and move out of reach of the oil pick-up pump and starve the engine (Neil Brown Engineering , 2022). 
Dry sump systems are a much more advanced solution. They involve a separate external oil reservoir paired that is used in conjunction with a high-pressure oil pump this pump is designed to ‘scavenge’ all of the oil from the sump in doing so it leaves the sump dry of virtually dry of any oil this allows a sump to be a lot shallower in design as it’s not required to store as much oil, additionally high lateral G forces or centrifugal force are no longer an issue as there is no chance for the oil to slosh about like that seen in a wet sump system, the use of an external reservoir means there are much better options for oil cooling as the system is no longer governed by the location of a position on the engine, the shallow pan also means the centre of gravity can be improved as the engine can sit lower in the chassis and the reservoir was be move rearward for better front to rear weight distribution (Borowski , 2015). 
[bookmark: _Toc1191211567][bookmark: _Toc159182691]QFD / Customer Requirements & Design Specification 
To Understand the VOC or Voice of the Customer a Quality Function Deployment Analysis must be undertaken. [image: A close-up of a graph
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[bookmark: _Toc159182703]Figure 1 - QFD Analysis Understaken By Document Author.
From the recommendations found through the QFD seen in Figure 1 an evaluation of the design concepts should now be undertaken. There are 6 distinct concepts or ‘targets’ for this design that form the basis of the design specification however these concepts have been developed to create a detailed specification seen in Table 1 below:
[bookmark: _Toc159182712]Table 1 - Design specification
	Design Area
	Prompt

	Material
	Lightweight materials Aluminium Alloy 5052 commonly used in automotive parts manufacture to be used.

	Design / Installation
	A small shallow pan design is to be used to reduce footprint weight. Additionally, allow for the sump to be transportable by the technician to allow ease of installation / initial set-up.

	Design
	Baffle plate to stop engine flooding with lubricating oil in the event of a rollover.

	Design
	The sump should be designed to have a high drain rate to avoid the risk of flooding the engine with lubrication oil in the event of rollover, to enable these multiple drain points to be used. Additionally, drain points are to be installed at the side rather than at the bottom to keep the design compact and allow the oil pickup pipe to be directed down and away from the block.

	Manufacture / Assembly 
	Design should be made with commonly used manufacturing processes in mind as they are to be implemented to reduce cost and avoid specific tooling being needed. Mainly CNC machining, welding, and grinding are to be used. 

	Installation / Maintenance 
	Design should incorporate common mating methods such as the use of bolts and the use of standard bolt sizes to allow easy assembly and maintenance.



[bookmark: _Toc1451397995][bookmark: _Toc159182692]Design analysis 
Now that the design specification has been developed a design concept can be created. Figure 2 is the technical drawing for the fully developed design concept. [image: A blueprint of a metal structure
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[bookmark: _Toc159182704]Figure 2 - Dry Oil Sump Drawing Created By Document Owner
Three different designs have been used in the final dry sump assembly the first of which is the dry oil sump pan seen in Figure 3 below. The sump is made of a simple construction rectangle shape which has been shelled out with a 3mm wall thickness around the edge this was done with the idea the pan would be machined out of a single block of aluminium alloy 5052 this way the most solid and rigid construction could be assured as there would be no reliance on seams or rivets to hold the design together. As one singular piece the simplest and lightest manufacturing methods could be employed to save weight which was one of the customer and design specification requirements seen in table 1. The idea that the sump should be as low profile as possible was another weight-saving idea because of this the pan has been designed very shallow with grooves along the bottom to allow the lubricating oil to pool for easy extraction. It was designed with the philosophy of getting as much of the oil drained from the pan as possible, these grooves feed directly into the oil pickup pipes mounted on the side. The negative pressure created from the scavenger pump will suck the oil from the sump, additionally by creating the holes in direct line of the grooves in the pan means that they can be machined in one action this can be seen in the hole callout on the final design seen in figure 2 as the holes are to be drilled 227mm even though the wall thickness of the pan is only a couple of mm.
[image: A grey rectangular object with holes
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[bookmark: _Toc159182705]Figure 3 - Model Shot of Dry Oil Sump Pan

The next part of the design process for the Sump Pan was the mounting brackets for the baffle plate these were designed incredibly small with the idea that the plate could be made as light as possible as the oil pan was designed to have a limited oil within the sump the brackets or the baffle plate wouldn’t experience high weight loads in the event of a rollover as it would not have to hold back much lubricating oil. Additionally, by creating small low-profile mounting brackets it allowed the baffle plate to sit half into the shallow oil pan this allowed the keep the low-profile design. They were also threaded to accepted standard M5 size bolts these would be used to hold the baffle plate and pan together, as they are a standard size, they are cheap and commonly available thus saving on cost.
The next design used in the final assembly is the baffle plate referenced in above. Figure 4 shows this baffle plate which is a single piece of metal planned to be made from aluminium that was chamfered on the edges to fit within the pan. The aluminium plate would only have a thickness of one millimetre which will allow for the lightest possible construction and save on weight. The baffles have been placed in the middle of the plate and drilled at a 45-degree angle to allow for the greatest volume of lubricating oil to flow into the pan they are purposely placed away from where the grooves are in the pan to ensure there is a restriction of flow in the event of a rollover and stop flooding the engine with lubricating oil. 
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[bookmark: _Toc159182706]Figure 4 - Model Shot of the baffle plate.

The holes drilled on the edges of the plate are there to be used to attach the plate to the pan they are drilled overlong purposely to give tolerance when installing the plate and allow ease of installation and maintenance.  
The final design used in the final assembly for the dry oil sump is the oil pick-up pipe seen here in Figure 5 below. This design differs from a typical pick-up pipe that you might see in a wet oil sump as they typically sit within the sump itself, however, these come out the side of the sump, this was done again to keep the design compact and as low profile as possible. For that reason one side is shorter than the other as this shorter side will be the one that mates with the sump the longer one will be one used to direct the flow up and away from the block. The idea is that often the oil sump is put reward within race cars to allow for better weight distribution. This design allows this as the flow can be directed back towards the firewall
[image: A grey pipe with a white background
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[bookmark: _Toc159182707]Figure 5 - Model Shot of Oil Pickup Pipe


The pipe is designed to be made from a 10mm aluminium pipe that can be bent into the desired shape or direction.
[bookmark: _Toc159182693]Evaluation Framework
To be sure that the product has the desired characteristics stated in the design specification the following tests should be done to validate the design concept, firstly a wooden mock-up should be made of the design to test if the baffle and mounting brackets can both take the weight and if it sufficiently restricts the flow of lubrication oil to the engine block. Once that can be established a full-size prototype should be made and used on a dyno engine to monitor if the concept can handle high revving for sustained periods and maintain performance. Finally, this will provide valuable insight if the engine experiences dips in power, engine temps spike or higher than usual engine wear all symptoms of lack of sufficient lubricating oil getting to the engine. If none are discovered the concept can said to be sufficient for the required applications. 
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