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[bookmark: _Toc33189022]Introduction
The majority of mass production vehicles employ the use of a wet sump system, this allows for the collection, storage and to some extent the cooling of oil within the sump (Holland,2019).
A wet sump uses a strainer to collect oil from the sump through the employment of a pump operated from the crankshaft. Oil is then distributed throughout the engine via galleries and is then gravity drained back into the sump allowing for a continuous cycle (Sethi, 2013). 
The wet sump system is frequented in mass vehicle manufacturing as it is a simple, cost effective system that is reliable, space saving and within normal driving conditions works very effectively (Holland, 2019).
 A dry sump system offers a plethora of advantages over its predecessor especially when it comes to racing applications and the driving conditions become more severe, the vehicle is subjected to heavy lateral loads during cornering. Principally its main advantage is the system will not run dry when subjected to lateral loads as the scavenging system works far more effectively than the wet sumps oil pickup design which can run dry in heavy cornering due to oil sloshing within the sump and the pickup sucking air into the system (McKenna, 2011).
Another key component of a dry sumps competitive capacity is the potential to lower the vehicles centre of gravity as a dry sumps dimension can be considerably smaller due to the external oil tank. This can in turn allow for a lower engine position. Furthermore, the oil capacity is flexible offering a larger reservoir for racing applications which offers better cooling properties as this prolongs heat saturation. Another advantage of the external oil reservoir is it can be relocated, distributing weight effectively as the driver desires (Holland, 2019).
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Figure 1 working applications of a wet and dry oil sump system (McKenna, 2011). 

[bookmark: _Toc33189024]Problem Statement
The wet sump oil pan system as standard on the Zetec engine does not allow for the lowering of the vehicle due to its dimensions. Within a racing application the goal is to reduce the rolling motion in cornering and improve the transversal stability, this is achieved by reducing the distance between the roll axis and vehicles centre of gravity (Bosh, 2000).
 Another contributing factor to the wet sumps shortcomings is its inability to keep constant oil flow whilst in extreme driving conditions; this is due to oil sloshing within the sump. Even with the employment of baffles and chambers within the design, the wet sump comes up short when exposed to harsher driving conditions (Daniels, 2013).
[bookmark: _Toc33189025]Current products on the market
Looking at the current market and products, there are a wide range of aftermarket dry sumps available.
Burton power offer a dry sump kit for the ford SOHC and Cosworth range. There system boasts to be the most efficient system available offering excellent flow rates with a compact and robust design. There sump is manufactured from cast aluminium and incorporates a twin scavenge pickup system with a baffle assembly, it is currently on the market for £1460 (Burton power, 2019).
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Figure 2 (Burton power, 2019) Dry sump system.
SBD motorsport supply a Titan Duratec dry sump kit compatible with escorts. Their design claims to be lighter than their competitors by 0.3kg, comprising of a cast aluminium twin trough sump pan employing a twin scavenging system. They boast there design is easy to remove, compact and offers excellent scavenging properties due to the Titan sump scraper plate that directs oil towards the scavenging area of the sump reducing drag on the crank. Available for £1224 (Sbdmotorsport, 2019).
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Figure 3 (Sbdmotorsport,2019) Duratec dry sump kit.

The mountune dry sump kit for the ford Duratec is made from heat treated aluminium, claiming superior strength and weight loss qualities. The internal baffling system promotes windage control and directs the oil towards the 2 stage scavenging pump. Mountune offer a compact design claiming a significant ground clearance from the OEM wet sump. The design also comprises of a finned housing engineered to dissipate heat, available from $2500 (Mountuneracing, 2019).
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Figure 4, (mountuneracing,2019) dry sump system
[bookmark: _Toc33189026]Current market concluding analysis
After exploration of the current market, certain features are prominent in the design of a successful dry sump system, the corporate market competitors claiming to have an optimum design all share certain features, these being;
-A compact design 
-Good scavenging properties from the use of strategically placed pickups and sump design shape.
- Strong and robust housing
- Lightweight materials 
 - Effective use of windage or splash tray 
[bookmark: _Toc33189027]Limitations of the Zetec`s standard wet sump
Within the design of the Zetec engine the flywheel is located at the rear of the sump and is housed within the casting shell. This poses a potential issue as although the sump design can be changed it must incorporate the flywheel housing which dictates some parameters of the design, principally the overall height of the sump. An alternative route to be taken would be to redesign the flywheel housing and arrangement, however this will substantially bring up costs and workload making the project unviable. 
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Figure 5, flywheel housing within the Zetec sump.
[bookmark: _Toc33189028]Stock wet sump System
Below are some figures of the existing Zetec wet sump system and dimensions for reference.	
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Figure 6, Zetec wet sump oil system.


Table 1, standard Zetec wet sump system dimensions;
	Height
	123mm

	Width
	211mm

	Length
	422mm

	Weight
	310kg

	Oil capacity
	3.8 litres

	Bolt hole diameter
	10mm

	Crankshaft protrusion
	3mm




[bookmark: _Toc33189029]Manufacturing processes
The two manufacturing processes most applicable to the construction of a dry sump design are casting and CNC machining. Aluminium being the material of choice as it is durable, light, versatile and offers good vibration strength and heat resistance (Bosh, 2001).
Both processes have pros and cons depending on the factors of the intended use. CNC machining aluminium essentially carves the design from a billet offering superior strength properties. This process can be worked to very tight tolerances allowing for intricacies within the design. CNC machining can also be cost effective within low quantities and have short lead times (mrt-castings, 2019).  
Aluminium casting uses a negative mould that is then formed into casting sand, molten aluminium is then poured into the sand cast and the desired shape is formed. This process is extremely effective in large quantities as once the original mould is formed the workload is substantially less than machining billet aluminium. Casting is also effective with large parts as a mould can be made to all requirements except extremely detailed designs. Casting aluminium does however leave the finished product with a rough finish and can be counterproductive with small quantities due to expensive initial costs and longer lead times (cpm-industries, 2019).
[bookmark: _Toc33189030]Design for manufacturing process
Considerations must be taken within the design process to accommodate the method of manufacturing; this is especially crucial when considering casting. Design parameters to aid casting all aim to make the process as efficient as possible and alleviate known impediments such as uniform thicknesses of walls where possible to avoid hot spots and using chamfers and fillets to encourage the flow of the molten metal reducing unwanted build up of material (Reliance foundary, 2019).
[bookmark: _Toc33189031]Customer requirements
Upon being tasked with the design of a dry sump system for a fiesta Zetec engine the customer has certain requirements that need to be met, these requirements are paired with a scale of importance.
[image: ]Table 2, customer requirements;
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Table 3 lists the design specifications determined to create a dry sump oil pan that adheres to customer requirements and optimises performance and manufacturing objectives. 
Table 3, design specification.
	[bookmark: _Toc33189033]Performance requirement
	[bookmark: _Toc33189034]Design requirement
	[bookmark: _Toc33189035]Design specification

	lightweight
	The use of materials that substantially decrease the mass from the OEM part.
	<155kg

	Anti-spillage 
	To prevent running dry in the event of a roll over. 
	Employ the use of chambers, baffles or splash guards.

	Easy to install
	Ease of installation and simplicity of upgraded system
	Bolt directly into the existing bolt pattern.

	Accessible for maintenance
	Allow for quick maintenance in race conditions
	 Access is available without disturbing other vehicle components.

	affordability
	Cheaper than competitors without compromising performance.
	<£1200

	Strong and durable
	Excellent strength properties without compromising weight.
	7075 aluminium

	Compact size
	Keep the unit compact as this allows for the potential to lower the vehicle, enhancing performance.
	Shallow pan, < 15mm deep
Troughs, < 40mm deep 

	Limit Number of components
	For ease of installation and maintenance.
	2

	Lead times for production
	Use appropriate manufacturing process
	Aluminium casting

	Guide oil flow
	troughs and sump shape.
	Sump shaped to encourage flow into scavenging system

	Aid manufacturing process
	To aid the flow of material in the casting process and alleviate impediments.
	The use of chamfers, fillets and uniformity where possible.
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Figure 7, Quality function deployment.
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[bookmark: _Toc33189038]Concept design A
This design features an arc shaped sump to encourage oil flow towards the 2 stage scavenging pump system with outlets located oppositional at the rear of the model. The design features an inlet for the oil feed positioned centrally at the front. 
The system incorporates the bell housing within the sump, taken from the stock sump design; this allows the dry sump to be fitted directly onto the vehicle.
Another design feature is the splash plate engineered to allow oil to travel through but prohibiting excess splash and engine flooding in the event of a roll over.
Figure? Concept A, arc shaped sump design.Fly wheel housing

[image: ]Splash plate
Oil Inlet hose fitting location 
Scavenging pump outlet location

	Figure 8, Concept design A.
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Figure 9 Concept A, hidden lines.











[image: ]Table 4. FMEA for concept design A











[bookmark: _Toc33189039]Concept design B
This design features an angled sump pan that encourages oil flow into the trough located centrally along the length of the sump. 
Similarly, to design “A” the sump features an inlet feed at the front and a twin pump scavenging system, however this design has the outlet fittings located in parallel to one another in the trough. The splash plate is housed centrally above the trough allowing oil to flow via the angled side walls and fall through the slits within the plate. The splash plate also has angled edges to catch oil flung from the crank and directs it towards the scavenging system.
[image: ]Parallel scavenging hose outlets  
Splash plate with bevelled edge 
Angled side walls to encourage flow towards trough.
Trough 

[image: ]Figure10, Concept design B.




Figure 11, concept B hidden lines.
[image: ]Table 5, FMEA for design concept B. 









[bookmark: _Toc33189040]Concept design C
This design features angled side walls similar to that of design “B”, once again using a central trough system to scavenge oil from the pan.  The main design element on this model is the trough separated into two compartments both with scavenging outlets housed within them. The separation equates to less weight without compromising scavenging properties.  Another design feature is the solid housing offering durability to the inlet hose, located on the front of the sump, the housing also directs the hose onto the sidewall where it can route back towards the pump.
[image: ]The splash plate features slits to allow oil to pass through whilst covering the troughs to prevent oil flooding the engine in the event of a roll over.Housing for oil inlet hose fitting
Angled sidewalls encouraging oil flow towards troughs






3 stage scavenging system within two troughs

Figure 12 Design concept C.
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Housing for inlet feed


Figure 13 Design Concept C- Bottom view
[image: ]Table 6 FMEA for Design Concept C
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Table 7, Design Features Ratings
Table 7 evaluates the fundamental aspects of each design concept and generates a total score. It can be seen that design “C” has generated the highest overall score. The weakest points of the design are calculated as “cost” and “layout simplicity”.
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Using the original customer requirements form and product research enabled a design specification to be drawn up highlighting design fundamentals to create a successful model. This accumulated information alongside a quality function deployment model, concept designs are  generated and evaluated on a point system systematically calculating each designs functional efficiency, using these tools has enabled the production of a final design that will perform at the highest efficiency whilst meeting the expected standards of customer requirements.  
[bookmark: _Toc33189043]Final design
After thorough analysis and evaluation of generated ides, design C was chosen and developed, however, with the utilisation of design B’s curved splash plate.
The design features 10mm deep angled sidewalls to guide oil flow towards the centrally positioned troughs that house the outlets for the scavenging pumps. 
The oil inlet is positioned as to attach to the stock system via a hose fitting within the sump. The exterior side of the inlet is internally housed as to make the design more durable against foreign objects this also features a threaded collar for a hose fitment to the oil feed.
The splash plate features a curved design to maximise efficiency in catching oil flung from the crank, the cut outs are positioned to allow maximum oil travel towards the trough whilst offering prevention of engine flooding in the event of a roll over. 
Three scavenging outlets are positioned within two troughs, located proportionally for maximum coverage featuring threaded collars for hose attachment. 
The flywheel housing incorporated within the design allows for direct attachment to the stock system without additional modification.
The design features chamfered edges throughout to aid the proficiency of oil travel, this also accommodates the manufacturing process preventing material build up within the casting procedure.
The design is generated to be made in two pieces, the sump and the splash plate, both of which due to simplicity of design can be built through a casting process. Due to this manufacturing process, larger tolerances are given to design dimensions to accommodate marginal errors. 
The design features uniform material thickness of 3mm with exception of the flywheel housing, this again aids the casting process by promoting uniform cooling and solidification to minimise defects. Minimal material was preferable within the design as to keep weight down and to avoid shrinkage within the casting process. 7075 aluminium is used as this offers superior strength whilst minimising weight. 


[image: ]Incorporated flywheel housing and stock bolt patterns allow for easy installation.
10mm deep contoured sidewalls increase oil flow towards troughs.
Curved splash plate, sits close to the crankshaft to effectively catch flung oil and guide to the troughs.

Figure 14 Final design
[image: ]30mm deep troughs house the 3 way scavenging outlets.  Proportionally positioned to maximise extraction.
The inlet feed is housed as to offer protection from foreign objects.

Figure 15 Final design bottom view
[image: ]Use of fillets throughout the design allow for smooth contoured edges, promoting oil flow and reduces material build up in the casting process.
M60x1.5 threaded collars allow for direct hose attachment.

Figure 16 Final Design Hidden lines
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Figure 17 Final Design CAD drawing
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