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[bookmark: _Toc33802052]Design specifications 
An automotive manufacturer has requested a new dry sump and oil pick up system to be designed, this system must be able to fit on to a Ford Zetec engine. The dry sump system must replace the wet sump system that comes fitted to the standard production vehicle, and must be able to with stand the strain of being used in a motorsport application.
With further research into customer requirements the following was established
[bookmark: _Toc33802031]Table 1:Customer Requirements
	Requirements of the customer 
	Importance of requirement out of 10

	Light weight
	8/10

	Easy installation of product
	5/10

	Prevention of flooding when engine is rolled
	9/10

	Low cost
	7/10

	Fast and easy access for maintenance 
	7/10






Harrison, A. (2020, p.2)
[image: ] Using these points, a design specification was made to allow for a better end product.
[bookmark: _Toc33802032]Table 2:Final design specification



[bookmark: _Toc33802053]QFC (Quality Function Deployment) 
The QFC helps put the customer’s requirements for the product into characteristics that the design must have.  
Morgan, R. Design Toolkit Quality Function Deployment (QFD). 
[image: ]Callister.W. D, JR. (2007) ALUMINIUM ALLOYS - YIELD STRENGTH AND TENSILE STRENGTH.[bookmark: _Toc33802037]Figure 1:QFC


[bookmark: _Toc33802054][image: ] FMEA (Failure modes and effects analysis)
[bookmark: _Toc33802033]Table 3:FMEA 
Morgan, R. Failure Modes & Effects Analysis
[bookmark: _Toc33802055]Wet and dry sump 
There are two variations of sump, wet sump and dry sump. where a wet sump stores oil and acts as an oil drain, the dry sump only acts as an oil drain, storing oil in a separate tank located within the vehicle. Both sumps are located at the bottom of the crank housing. The wet sump system uses an oil pick up line which is ran by a pressured oil pump powered by the engine to distribute oil threw the engine, the dry sump uses the same oil distribution system but also uses a secondary pump to move oil between the collection pan and the oil tank. [bookmark: _Toc33802056]Advantages
· ran cheaply with little parts and maintenance
· Light weight 
 
[bookmark: _Toc33802057]Disadvantages
· oil cannot be cooled efficiently; cooling is reliant on the sump’s material radiating the heat.
· oil is affected by inclinations of the vehicle; this can course the oil pick up to become unsubmerged and start running dry.
· Engine must be fitted higher up in the vehicle 
 
[bookmark: _Toc33802058]Wet sump 
[bookmark: _Toc33802059]Advantages
· Better cooling of oil
· Engine can be fitted lower in the vehicle 
· Oil is not affected by inclination.
[bookmark: _Toc33802060]Disadvantages
· Expensive to run and maintain 
· Adds wait to the vehicle 
 
[bookmark: _Toc33802061]Dry sump 

Newton, Steeds and Garrett. (1989, p.415), Heisler (1999, p.470, 498).

[bookmark: _Toc33802062]anti flood system 
Anti flood systems are fitted to sumps to prevent the engine from being flooded with oil when rolled, if this system was not in place the engine would become flooded coursing damage to the engine.
[bookmark: _Toc33802063]Research 

[bookmark: _Toc33802064]Materials
Two materials have been researched for this product; the following materials are widely used with in the automotive industry.
[bookmark: _Toc33802065]Aluminium
Aluminium is used commonly with higher end sumps and sump pumps.
Advantages 
· high strength to wait ratio 
· resistance to corrosion 
· high thermal and electrical conductivity 
· very durable 
· accepts surface finishing
· recyclable 
disadvantages 
· expensive
· hard to machine and weld  
THE PROS AND CONS OF ALUMINUM IN ENGINEERING (July 23, 2018). 
[bookmark: _Toc33802066]Low Carbon steel 
Carbon steel is used within construction and is used in the manufacture of vehicle body structure.
Advantages 
· strong  
· cheap
disadvantages  
· difficult to work with
· Easley deformed 
· Affected by corrosion 
Pros and Cons of Carbon Steel: What You Should Know (October 10, 2018) 
Out of the two materials aluminium will be used for the manufacture of the sump, this is due to its strength, resistance to corrosion and its ability to be recycled. The cost of the aluminium will have an effect on the end price of the product.
[bookmark: _Toc33802067]existing products 
[image: ][image: vauxhall-pan-with-new-logo-copy][image: ][image: ]Looking at the following dry sump designs and prices an idea can be formed for what the final product must achieve.[bookmark: _Toc33802038]Figure 4: Opel/Vauxhall (https://www.turbosport.net/product/opelvauxhall-dry-sump-pan-c20xe-c20let-copy/
[bookmark: _Toc33802039]Figure 3:Ford Duratec (https://www.turbosport.net/product/ford-duratec-yb-dry-sump-pan/)
[bookmark: _Toc33802040]Figure 2: Ford Pinto/Cosworth (https://www.turbosport.net/product/ford-pintocosworth-yb-dry-sump-pan-copy/)

[bookmark: _Toc33802034]Table 4:Analysis of existing products

[bookmark: _Toc33802068]construction 
[bookmark: _Toc33802069] Cold chamber Die casting 
This process forces molten metal in to a die cast, producing the product.
Advantages
· High levels of efficiency in mass production 
· Good quality of surface finishes 
· high levels of dimensional accuracy achieved 
· Reusable die
Disadvantages  
· Metals with high melting points cannot be used 
· Large products cannot be casted 
· High price of the die cast
Dr. Dmitri Kopeliovich, Die casting, 
[bookmark: _Toc33802070]press forming
press forming is placing a chosen material under a large amount of forcing till it takes the shape of a die (the product).
Advantages
· Suitable for bulk production
· High quality products can be made quickly 
· Produces large quantities cheaply 
Disadvantages  
· Cost of manufacturing the die 
· Longer lead times needed 
· Inflexibility in product design due to die
When to Stamp Metal and When to Fabricate (October 30, 2014) 
[bookmark: _Toc33802071]CNC machined 
CNC machining is when a chunk of material is machined using computer guided tools to manufacture the product.
Advantages
· The ability to reproduce product after product whilst being able to maintain a level of quality 
· Extended running periods without human input 
· Machine complex designs with ease 
Disadvantages  
· Expensive to run 
· Cost of machinery 
· Training of employs 
Ricardo & Barbosa (January 24, 2019) The Pros and Cons of CNC Machining 
[bookmark: _Toc33802072]Concept ideas 
[bookmark: _Toc33802073] [bookmark: _Toc33802041]Figure 5:Concept one
[bookmark: _Toc33802042]Figure 6: Concept two
Concept two 
Concept one 

[bookmark: _Toc33802043]Figure 7:Concept three
Concept three 

[bookmark: _Toc33802035][image: ]Table 5:Concept ideas analysis


The following table compares and ranks each concept design on how well it performs within a specified category, this category relates back to the design specification. The ranking is shown by a number, 2 being the highest and 8 being the lowest. Once all scores have been added up, an overall total is produced; this total is than compared to the other designs. out of all the concepts, concept three has the lowest total score making it a more suited design for the final product. this means that concept three will be expanded upon till the final design is reached.
[image: ] Morgan, R. Design Toolkit Systematic Idea Isolation Decision/Pugh Matrix[bookmark: _Toc33802044]Figure 8: Comparison of concept designees

This is the first concept for the sump. Measurements were taken of the existing wet sump system, and material has been removed to reduce wait and cost of the final product. The design will be made from cold chamber die casted aluminium.Sump design 
[bookmark: _Toc33802045]Figure 9: Sump concept design




[bookmark: _Toc33802074]Final design

[bookmark: _Toc33802075]Description 
 
[bookmark: _Toc33802046]Figure 10: Final sump design
[bookmark: _Toc33802047]Figure 11: Assembled product
C
Assembled product 
B
Sump design 

[image: ] [bookmark: _Toc33802048]Figure 12:Final anti flood system
Anti flood system
A

[bookmark: _Toc33802036]Table 6: Analysis of Final design


[bookmark: _Toc33802076]Solid model and Technical drawings 
[image: ][bookmark: _Toc33802049]Figure 13:Final assembly schematic

[image: ]
[bookmark: _Toc33802050]Figure 14:Sump schematic

[image: ]
[bookmark: _Toc33802051]Figure 15:Anti flooding schematic

For further information on the final design use the following link:
https://uowtsd-my.sharepoint.com/:f:/g/personal/1902452_student_uwtsd_ac_uk/Emy2dlwWqw5JksQdasEF_qwBrpfsbS6I5MigM1I6PXPzrw?e=W3e4gD
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