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List of figures: 
Figure 1 – Page 4 - A diagram of an engine with wet sump type lubrication system
Figure 2 – Page 4 - A diagram of an engine with a dry sump type lubrication system
Introduction:
The aim of this assignment is to research, conceptualise and design a suitable dry sump and oil pickup adaptor for a Ford Zetec engine. The first task will be to research different aspects of the dry/wet sump system such as the function and material. This will be done to enhance my knowledge of the system and to better understand what to consider when working on concepts/design.
The next task will be to clearly define the problem that I have been tasked with. In this case the customer seeks to fit the engine into a vehicle intended for use on a track. Once the key aspects of the sump have been discovered, a design specification will be made to clearly demonstrate what needs to be done.
Once this is complete the concept design process will begin with a basic model of the system with the minimum requirements needed. Once this is done an evaluation of the concept will be done to isolate key areas that the design could be improved upon in preparation for the final design.
Then a final design will be created with adequate documentation of why I chose what I chose over previous concept ideas. To include a full description of the system, a solid model and technical drawing.
Some design parameters are already determined:
· An external oil pump will be added to take oil straight from the sump and transport it to a separate oil reservoir
· Design parameters for the bottom of the engine block will be pre-determined by the ford engine
· The gearbox mounting points will also be pre-determined



[image: Diagram of car engine showing oil location]Research: 
Function
According to an anonymous author (UKessays, 2018) the function of an engine sump is to provide a place to store oil and subsequently provide a place for the oil to be reused. In the case of a wet sump, as well as being used for storage the sump will also collect residue within the engine through a oil strainer/filter before being pumped back into the system. 
Above – Anonymous Author – 2016 – figure 1                                  Below - AASA – No Date – figure 2

[image: Dry Sump Oil System]A dry sump is similar in construction however the oil is pumped to an external reservoir directly after use. And is then pumped into the system from this external reservoir. The filtering process is also done via in-line filters.
According to the Automotive Aftermarket Suppliers Association  ‘’The primary advantage of a dry sump system is that it makes more power by creating extra crankcase vacuum with the dry sump pump, which improves ring seal, and by keeping the rotating assembly free of windage allowing it to spin freely.’’ (AASA, No Date). By mounting the reservoir away from the bottom of the engine you also allow for smaller dimensions allowing for better weight distribution. You may also choose to increase oil capacity and add remote oil coolers further improving the system.
Materials
There are two main materials that dry sumps are usually constructed from. Either a low carbon steel or aluminium alloy. One main factor to consider is strength. According to an anonymous author (UKessays, 2018) although aluminium has a lower tensile strength compared to steel, aluminium has a higher strength to weight ratio. This Means that although an aluminium sump will have thicker walls it will be lighter and stronger. Another key characteristic of aluminium is that it has excellent thermal conductivity meaning it can dissipate heat much better than steel. One advantage that steel has over aluminium is that it has a higher ductility meaning it will deform more easily before breaking. This means steel generally is cheaper to manufacture over aluminium. ‘’The price of steel and aluminium is continually fluctuating based on global supply and demand, fuel costs and the price and availability of iron and bauxite ore; however steel is generally cheaper (per pound) than aluminium.’’(Hornbacher, No Date) However once again aluminium betters steel by also not oxidising when in contact with air meaning it is corrosion resistant.
A new material is now being considered and that’s hard plastic. Not just any plastic however polyamide resin also known as nylon. One of the first commercial applications of this material for an oil sump can be seen in the Peugeot 508. According to Plastics Today the Peugeot employs a P6 grade polyimide material and is 60% lighter than the previous material. ‘’The Peugeot 508 is the first vehicle to benefit from the new DSM solution, and more models will reportedly follow. Not only is the sump lighter: it also costs less to make and helps to lower fuel consumption and carbon dioxide emissions during the lifetime of the vehicle.” (Plastics Today, 2013).
Analysis:
Design Specification
To first understand what the problem is we must first identify what the customers’ needs are. Before our task some market research was done.

	Customer requirement
	Requirement importance rating (out of 10)

	The product should be light weight
	8

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

	In the event of a roll-over, the engine should not be flooded with lubricant
	9

	The product should be low cost
	7

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



By looking at the information provided by the client and the independent research  conducted the material of choice will be polyamide. This material was chosen due to the customer ranking the weight of component and cost as an issue. Again quoting plastics today ‘’ Not only is the sump lighter: it also costs less to make’’ (plastics today, 2013) Both concepts and final design will be made to support the use of this material.
To better understand how these needs can be applied to the design I will use two methods of analysis. A QFD and a FMEA. A FMEA or failure modes and effects analysis is used because it improves the overall quality, reliability and safety of a design or process by working out any possible issues before the design is completed. QFD or quality function development is used to for similar reasons to the FMEA however it also helps facilitate customer needs while working in the parameters the design requires. A QFD and a FMEA
will be done for the initial concept then the following concept will feature just an FMEA.
[image: ]Same as the final design.
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The two competitors designs were the titan dry sump kit (link in references) and the race line dry sump kit. Both for the 1.6l Ford Zetec engine.
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Concept Designs
[image: ]in my initial design the main priority was translating the dimensions of the gearbox and engine bolt holes to my design. I also tried my design ideas from the QFD and FMEA of adding a beam between the gearbox and engine mounts.
[image: ]
	Step 
	Design Idea
	Possible Failure or disadvantage
	Severity
	potential causes
	occurrence
	current controls
	detectability
	Risk Priority
	preventative actions taken

	
	
	
	
	
	
	
	
	
	

	1
	Thick walls
	Slight amount of Unnecessary increased weight
	2
	Increased amount of material used
	10
	Will be made of polyamide instead of aluminium/steel
	1
	20
	Will be made of polyamide instead of aluminium/steel

	2
	Stepped design
	Breaking or cracking
	7
	Long flat surfaces causing weak points
	2
	Revised sump design for the next concept
	3
	42
	Revised sump design for the next concept

	3
	Solid strengthening beam between gearbox mounts and sump chamber
	Large amount of Unnecessary
increased weight
	4
	Increased amount of material used
	10
	Revised sump design for next concept + made of polyamide for light weight
	1
	40
	Revised sump design for next concept + made of polyamide for light weight

	4
	Oil return hole mounted in-between gearbox mounts and sump chamber
	Poor accessibility
	3
	Oil return hole mounted so that space for oil return lines is restricted
	5
	Mock up models of design to evaluate accessibility or relocate oil return hole
	1
	15
	Relocated oil return hole


Screenshots taken inside solid works

	Step 
	Design Idea
	Possible Failure or disadvantage
	Severity
	potential causes
	occurrence
	current controls
	detectability
	Risk Priority
	preventative actions taken

	
	
	
	
	
	
	
	
	
	

	1
	Thick walls 
	 Slight amount of Unnecessary increased weight
	 2
	 Increased amount of material used
	 10
	 Will be made of polyamide instead of aluminium/steel
	 1
	20
	 Will be made of polyamide instead of aluminium/steel 

	2
	Wedge design
	 Breaking or cracking
	 5
	 Long flat surfaces causing weak points
	 2
	Thick walls 
	 3
	25
	 Revised sump design for the next concept

	3
	Multiple lighter beams between gearbox mounts and sump chamber
	Breaking or cracking

	 5
	 Not as much material used
	 2
	Their design makes them much less susceptible to breaking/cracking 
	 3
	25
	 Increase amount of beams and thickness

	4
	Oil return hole mounted to the side
	Poor accessibility
	 1
	 Oil return hole mounted so that space for oil return lines is restricted
	 10
	relocate oil return hole
	 1
	
	 relocate oil return hole



[image: ]Second Concept
After completion of the initial concept and reference to the initial FMEA, it has been decided that the secondary concept will feature a slanted design or wedge shape while also decreasing the amount of material used in the strengthening beam by separating it into smaller beams. The oil return hole will also be mounted to the side to increase its accessibility. Apart from the changes mentioned the only other features to be altered were a few of the edges were filleted. Now the secondary design is complete a final FMEA will be done for the final design.
	Step 
	Design Idea
	Possible Failure or disadvantage
	Severity
	potential causes
	occurrence
	current controls
	detectability
	Risk Priority
	preventative actions taken

	
	
	
	
	
	
	
	
	
	

	1
	Thick walls 
	 Slight amount of Unnecessary increased weight
	 2
	 Increased amount of material used
	 10
	 Will be made of polyamide instead of aluminium/steel
	 1
	20
	 Will be made of polyamide instead of aluminium/steel 

	2
	Wedge design
	 Breaking or cracking
	 3
	 Long flat surfaces causing weak points
	 2
	Strengthening beams along entire surface
	 3
	18
	Strengthening beams along entire surface

	3
	Lots of lighter beams between gearbox mounts and sump chamber
	Breaking or cracking

	 3
	 Not as much material used
	 2
	Their design makes them much less susceptible to breaking/cracking 
	 3
	18
	 Their design makes them much less susceptible to breaking/cracking

	4
	Strengthening beams along entire surface
	Increased weight
	 1
	 Increased amount of material used
	 10
	Will be made of polyamide instead of aluminium/steel
	 1
	
	 Will be made of polyamide instead of aluminium/steel

	5
	Improve accessibility around bolt holes
	Reduced strength
	1
	Not as much material used
	2
	none
	
	
	Holes extruded to allow extra room for torque wrench 



[image: ][image: ][image: ][image: ]Final Design
The final design features beams along the entire surface of the sump to increase its rigidity. It is also constructed into a wedge type design with a step at the end. The bolt holes have larger circles cut around the thread hole for the bolts to sit in flush. The area around these holes have also been extruded to improve accessibility. 


Evaluation
To evaluate my final design I believe the final design achieved the requirements of the customer. Accessibility was an issue so choosing a good oil pick up point as well as allowing space for tools around the bolt holes was very important. Another key factor was for the design to be light weight as well as low cost. This was achieved through using the material polymide. The use of polyimide is a key factor in the performance of this part as it keeps it lightweight and also low cost. So much so that many other automakers are deciding to do so is well. When on the topic of a new sump being designed for the Porche 911 Carrera Mr Jorge Soares explains “The component fully satisfies the specific requirements for functional integration, lightweight construction and cost-effective production that the new generation of engines has to meet” (Soares, 2016)  Technical drawing can be found in the appendices.


References: 
Anonymous author. January 2016 . What are the benefits of a dry sump?. Available from.
https://mechanics.stackexchange.com/questions/24956/what-are-the-benefits-of-a-dry-sump [Accessed 5th February 2019].
AASA. No date. Oil System Differences: Wet vs. Dry Sump. [online] available from. https://www.knowyourparts.com/technical-resources/engine/oil-system-differences/ [Accessed 5 February 2019].
UKEssays. November 2018. Engine Oil Pan And Functions. [online]. Available from: https://www.ukessays.com/essays/engineering/the-engine-oil-pan-and-functions-engineering-essay.php?vref=1 [Accessed 5 February 2019].
Adam Hornbacher. Wenzel Metal Spinning. No date "Steel versus Aluminum Weight, Strength, Cost, Malleability Comparison" Available from: https://www.wenzelmetalspinning.com/steel-vs-aluminum.html. [Accessed March 6, 2019.]
Jorge Soares. June 2016. LANXESS. polyamide 6 for the engine oil pan of a six-cylinder boxer engine. Available From:
https://lanxess.com/en/corporate/media/press-releases/2016-00057e/ [Accessed March 6, 2019]

competitors dry sump kit
https://www.burtonpower.com/dry-sump-kit-2xscavenge-1-6-ecoboost-dse085k.html
https://www.raceline.co.uk/products/part_section.asp?categoryID=2%20&SectionID=42
Appendices: 
link to one drive
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