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[bookmark: _Toc158706114]Introduction
This report will illustrate the design process during the design of a dry sump pan and oil pickup adaptor for an engine that will be fit into a vehicle used in motorsport competitions.

[bookmark: _Toc158706115]Aims
The aim of this report is to provide a design solution for the dry sump pan and a suitable oil pickup adaptor.  

[bookmark: _Toc158706116]Objectives
To reach a design solution, this report will initially research wet and dry oil sump systems, before using existing design methodologies and tools to aid in decision making throughout the design process. A quality function deployment (QFD), design specification, design isolation, and an evaluation framework, will all be used to aid/guide the design process to achieve a suitable design solution.


[bookmark: _Toc158706117]Research: Wet and Dry Sump Systems
[bookmark: _Toc158706118]What is a Wet Sump System?
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Figure 1 Wet sump system diagram (Mody, 2019)
A wet sump system is a lubrication system that is commonly used in internal combustion engines, and the name “wet” sump comes from the oil reservoir located at the bottom of the engine, known as the sump. (Lambda Geeks, 2023) The oil runs off the pistons and is collected in the sump, then pump through the oil filter and back into the system to lubricate various piston bearings, before running back down into the sump and the process is repeated (Karl Kustoms, no date).

[bookmark: _Toc158706119]Advantages of a Wet Sump System
A wet sump is the most common lubrication system in cars because it is a much cheaper system, it is less complex than a dry sump system, has greater ease of maintenance, it has a lower weight, less oil is used due to heating up quicker, and it is less prone to failure, such as leakage, due to having fewer components. (Vanderhorst, 2017) 

[bookmark: _Toc158706120]Disadvantages of a Wet Sump System
At high speeds, like when racing, when cornering or braking, the oil sloshes to one side of the sump leaving the oil pickup exposed, which leads to aeration of the oil and starves the engine of its much-needed lubrication. (Iger, 2021) Although this can be partially remedied with internal baffling and windage trays (Sethi, 2012), this increases the cost and weight of the system but still cannot guarantee no oil aeration. There is also a limited capacity within the oil pan in a wet sump, which may result in frequent maintenance and oil changes (Attard, et al., 2006).

[image: ]Wet Sump
Oil Pickup Pipe
Figure 2 Example of a wet sump CAD model (provided by Mark Thomas of UWTSD)


[bookmark: _Toc158706121]What is a Dry Sump System?
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Figure 3 Dry sump system diagram (donkiespeed, 2017)
First appearing in boat racing motors in 1955, dry sump lubrications systems have since become commonplace in high-performance and motorsports vehicles (Engine Basics, no date). In a typical dry sump, the pan itself – or ‘sump’ in figure 2, above – contains very little oil, functioning more like a drip pan. A mixture of oil and air is scavenged from the oil pan through a pickup hose, then pumped into an external oil tank via a scavenger pump. The scavenged oil then trickles down the supply tank, where internal baffles separate the air from the oil, before the oil pump draws oil from an outlet at the bottom of the supply tank, and the pressurised oil is then pumped back into the engine block. Unlike a wet sump lubrication system, this system has a dual pump system drawing the oil from the oil pan/sump and then pumping pressurised oil back into the engine block’s oil galleys. (Kim, 2011)

[bookmark: _Toc158706122]Advantages of a Dry Sump System
Under high G-forces from cornering, rapid acceleration and strong braking, oil in wet sump systems sloshes around the sump causing the oil pump pickup tube to be uncovered, which starves the engine of oil. (Papadakis & Hyatt, 2019) This does not happen in dry sump systems as the multiple oil pickups in the sump, each containing individual pumps, all feed into the oil tank that supplies oil to the engine under pressure, so the engine cannot be starved of oil unless the tank is empty (Armstrong, 2017). An external oil reservoir (oil tank) also allows for a larger oil capacity, which reduces the frequency of maintenance and oil changes. Pressure buildup and oil leaks within the crankcase are also reduced, due to better crankcase ventilation in a dry sump system (Lambda Geeks, 2023). Finally, a shallower oil pan allows for lower engine placement, which improves vehicle handling because of the lower centre of gravity. (Farkhondeh, 2006)

[bookmark: _Toc158706123]Disadvantages of a Dry Sump System
A dry sump system is far more expensive, heavy, and complex than a wet sump system. (NBE, 2022) Due to the complexity and additional components, the maintenance costs and complexity increase, as well as the daily oil consumption of the engine (Goran, 2021).


1. [bookmark: _Toc158706124]Problem Identification
[bookmark: _Toc158706125]Customer Requirements
[image: ]Figure 4 Customer requirements for the dry sump and oil pickup adaptor


[bookmark: _Toc158706126]Quality Function Deployment (QFD)Table 1partial House of Quality (HOQ) of the Dry Sump and oil Pickup Adaptor (see Appendices for full HOQ) by author
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	Aspect
	Specification for component

	Purpose
	The system must keep the engine lubricated with scavenged motor oil, even in the event of a roll-over.

	Function
	A dry sump oil pan to contain scavenged motor oil and recycle the oil back into the engine through the oil pickup adaptor.

	Ergonomics
	Must be readily and easily accessible for servicing and/or maintenance.

	User Needs
	Lightweight, easy to install, shallow pan depth (in case of roll-over), low cost, and easily accessed.

	Materials
	High strength-to-weight ratio, as well as cheap.

	Weight and Size
	Suitable for manual handling and large enough to hold a few hundred ml of oil.

	Cost
	Cost to be kept to a minimum without detriment to quality or durability.

	Safety
	Designed to British Standard; BS 8888


Figure 5 Design Specification by author


[bookmark: _Toc158706128]Concept Designs
All of the following concept designs are drawn with bolt hole sizes and locations matching the bolt hole layout from the ‘Wet Sump.sldprt’ SolidWorks CAD model provided with this assignment.
[bookmark: _Toc158706129][image: ]Dry Sump Concept 1

Figure 6 Concept 1 SolidWorks CAD model.
[bookmark: _Toc158706130]
[image: ]Dry Sump Concept 2Figure 7 Concept 2 SolidWorks CAD model.
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Figure 8 Concept 3 SolidWorks CAD model.

[bookmark: _Toc158706132][image: A close-up of a rectangular object]Dry Sump Concept 4Figure 9 Concept 4 SolidWorks CAD model.
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Figure 10 Concept 5 SolidWorks CAD model.
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Figure 11 Oil pickup adaptor SolidWorks CAD model.


This oil pickup adaptor is designed to fit screw onto the scavenge outlets on the dry sump. An interior gauze will strain the oil as it is drawn through the adaptor before it is pumped through the oil filter. This is done to increase the reliability of the system because this will act as a pre-filter, removing the largest particles/junk in the oil and increase the longevity of the oil filter. The gauze will need replacing periodically to ensure that it does not clog the system up.



Design Isolation
	Feature
	Weighting
	
Concept 1

	Concept 2
	Concept 3
	Concept 4
	Concept 5

	
Fulfilment of function

	3
	10
	10
	10
	10
	10

	
Reliability

	3
	8
	6
	7
	8
	7

	
Serviceability

	3
	7
	6
	7
	7
	7

	
Life

	2
	8
	6
	8
	6
	7

	
Ease of maintenance

	2
	7
	5
	7
	8
	7

	
Ease of manufacture

	1
	8
	5
	3
	7
	5

	
Efficiency of operation

	1
	6
	6
	7
	9
	8

	
Simplicity of layout

	2
	6
	5
	3
	7
	6

	
Cost

	2
	8
	6
	3
	7
	6


Table 2 Design Feature Ratings by author

Table 3 Weighted Design Feature Ratings by author
	Feature
	Weighting
	
Concept 1

	Concept 2
	Concept 3
	Concept 4
	Concept 5

	
Fulfilment of function

	3
	30
	30
	30
	30
	30

	
Reliability

	3
	24
	18
	21
	24
	21

	
Serviceability

	3
	21
	18
	21
	21
	21

	
Life

	2
	16
	12
	12
	16
	14

	
Ease of maintenance

	2
	14
	10
	14
	16
	14

	
Ease of manufacture

	1
	8
	5
	3
	7
	5

	
Efficiency of operation

	2
	12
	12
	14
	18
	16

	
Simplicity of layout

	2
	12
	10
	6
	14
	12

	
Cost

	2
	16
	12
	6
	14
	12

	
Design total weighted ratings

	
	153
	127
	127
	160
	145




[bookmark: _Toc158706135]Final Design
Final Design: Concept 4Scavenge
Outlets 1 & 2
Scavenge
Outlet 3


[image: ]Figure 12 Final Design Isometric View (SolidWorks CAD model by author)

From the weighted design feature, see Table 3 on previous page, Concept 4 had the highest rating. This design consists of a latitudinal slope across the majority of the dry sump, along with a longitudinal slope along the scavenge outlets. This encourages the oil to flow toward the outlets, so that it can be drawn out of the sump quickly. The oil will flow to two small sumps (scavenge outlets 1 & 2) where it will be drawn back into the system. If the oil fills sump 1, it will flow into sump 2, and if that is filled, then there is a single oil pickup (scavenge outlet 1 in fig. 12, above) that will act as a backup to the other outlets. Similarly, the chamfered edges along the inside of the bolt holes direct the oil away from the seal and into the sump. The aim of a dry sump is not to store oil but to guide it through the system, but if the sump is suddenly flooded with oil, the multiple scavenge outlets work together to empty the sump and get the oil back to the oil tank. 
     Although research had concluded that internal baffling may be required to aid with oil flow, the increased difficulty of manufacture, cost, difficulty of layout, and decreased life cycle meant that the concepts without baffling scored highest, which is why they are not present in the final design.
     All of the concepts had a lowered serviceability and ease of maintenance rating because they lacked an oil drain. On reflection this has been realised so if this design were to be taken forward, then oil drains (with plugs) would be inserted in the small sumps of scavenge outlets 1 and 2. This would allow operators to drain the oil into a vessel before removing the sump during a service, whereas the design currently does not allow for that.

Final Design: SolidWorks CAD Model
[image: ]
Figure 13 Final Design SolidWorks CAD model by author

[image: ]Final Design: Technical DrawingFigure 14 Final Design Technical Drawing by author (see Appendices for SolidWorks and PDF format)

[bookmark: _Toc158706136]Evaluation Framework
Design Evaluation
To evaluate this design, further design evaluation methods must be implanted. One method is to apply another valuation method, like a SWOT analysis. SWOT is an acronym for the strengths, weaknesses, opportunities and threats of the design as projected into the marketplace (Elmansy, 2015). 
     After analysis using the SWOT method, applying another more specified design evaluation matrix will aid in finding any issues with the design.design 

Design Testing
The first part of the testing process would be to run a finite element analysis (FEA) simulation of the final CAD model of the design. An FEA is a numerical method that simulates the behaviour of a part or assembly under given conditions, which can then be assessed using the finite element method (FEM) (TWI, no date). This method is used by engineers to reduce the number of physical prototypes and experiments, as well as optimizing components in the design phase. This reduces the time taken for testing and is also a far more cost-effective method (SimScale, 2023). Any issues with the structure of the design are highlighted and can then be remedied.
     At the point in which the FEA has proven that the design is structurally sound and will be fit for purpose, a physical prototype will then be produced, via sintering or another process suited for low-level production, so that it can be tested in the assembled engine block and so that the operators can simulate a service, and give feedback as to how it performs in anger.
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