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[bookmark: _Toc33993146]Introduction 
During this academic report I will look at the different types of oil sumps that are found on common engines, including, difference between “wet” and “dry” sumps, what materials they are made of and their advantages and disadvantages between the two. Once that first section is done, I will then talk about my sump design, talking about its characteristics and constructions. Also included will be a FMEA & QFD looking at customer requirements and researching leading competitor designs and how mine compares.
[bookmark: _Toc33993147]Design specification 
[bookmark: _Toc33993148]The requirements for sump design
As part of the criteria for this report an engine Dry dump will be created to be attached to a Ford Zetec engine. The sump will have a connecting hole for the salvage pump to connect to, the pump will not be included in the design, however. Another important feature that this sump will have is a anti-roll over mechanism to stop oil from feeding back into the engine in the event of the vehicle turning over. The sump will need to fit on a Ford Zetec engine there for it will need to fit by the dimensions of that engine. 
[bookmark: _Toc33993149]Sump design customer parameters 
Below is a table looking at the design parameters which the sump will follow. These will consist of different levels of importance that the customer has rated them. 
	Customer performance Requirement.
	Rating of customer importance (1-10) 

	The sump is light weight. 
	8

	The sump is simple for maintenance and easy to install. 
	5

	There is a system in place to prevent the engine from flooding should there be a roll over. 
	9

	Cost should be reasonable and affordable. 
	7

	Sump materials must be strong to withstand the road. 
	7


[bookmark: _Toc33993150]Sump system types 
[bookmark: _Toc33993151]Wet sump 
A “wet sump” is a component of the engine which is bolted to the bottom of the engine and its main purpose is to catch oil which travels down through the engine during operations. What makes the wet sump different from dry sump is that, a wet sump has a sump pan which will store the oil which has travelled from the engine. The oil is then taken from the sump pan and pumped to lubrication points around the engine. 
[bookmark: _Toc33993152]Dry sump 
The “Dry sump” is the other type of sump component that can be attached to the bottom of the engine. It carries the same purpose as the wet sump, but its operation is what differs the two. The dry works by taking oil that travels into the sump and drawing it via a salvage pump which then sends the oil into a separate reservoir. 
Ref: Page 470 (wet) and 498 (dry) of Heisler, H. (1999). Vehicle and engine technology. 2nd ed. Amsterdam: Butterworth-Heinemann.
[bookmark: _Toc33993153]Report Methodology 
Through this next section it will explore the research into different types of materials which are used within sump builds and the current market products that are on sale. It will also look at the (FMEA) Failure modes & effects analyses.  
[bookmark: _Toc33993154]Research 
[bookmark: _Toc33993155]Different types of Materials used in sumps 
Secondary research looking into the different types of materials used shows that there are: 
Aluminium cast alloy: This type of material has a much lower density than a sump made from steel metal. The aluminium design is also less susceptible to corrosion from the elements. The aluminium design is a good choice to use for the sump because it is light weight, it can be easily be changed to suit different applications and engine areas. 
Steel: Steel has a higher density than aluminium, however it is much stronger than aluminium and can be cheaper to manufactured as it is more accessible. The problem with using steel is that it is not as easy to manipulate as aluminium and requires machining to change its design to accommodate different applications, also it more susceptible to corrosion. 
Tin: The third type of material researched is tin and this type of material is very light weight and can also be easily changed up different applications just like the aluminium, however one big draw back to tin is that it is very easy to damage and doesn’t have much structural integrity, therefore it wouldn’t hold well against the road elements.  
[bookmark: _Toc33993156]Current market products 
The current sump products on the market are shown below with 2 images to show what the final design should look close to. 
[image: ]Market sump 1 




[image: MOROSO OIL SUMP PAN STOCK DEPTH WITH DRAINBACKS HONDA B SERIES]Link: https://www.aviaid.com/shopsite_sc/store/html/dryoil-pans4modular-ford.htm
Market sump 2 





https://www.tegiwaimports.com/moroso-oil-sump-pan-honda-b-series-b16a-b18b-b18c.html?gclid=EAIaIQobChMIhPj67p3v5wIVwbTtCh0CJwmjEAYYBCABEgJYWvD_BwE
	Company product 
	Cost of product 
	Material of product 

	Ford race sump
	£924.49
	Aluminium (CNC machined)

	Honda sump 
	£201.34
	Steel (Casted) 


[bookmark: _Toc33993157]Failure Modes & Effects Analysis (FMEA)  
The failure modes & effects analysis will now look at the quality control of the sump design and what issues in the design and manufacturing of the product could have an impact on different areas such as structure and implementation of the product. Below will be a template covering the effects of failures with the product. 
	Process step
	Input
	Potential failures modes
	Potential failure effects 
	Severity
	Potential causes 
	Occurrence 
	Current controls 
	detection
	Risk PN

	Measurements 
	Gather the measurements.
	Record incorrect measurements. 
	The sump design will not fit to the bottom of engine. 
	10
	Lack of attention when gathering measurements. 
	4
	More than one person gathering measurements
	8
	320

	Design concept
	Design a concept of the sump using measurements. 
	Input incorrect measurements. 
	The design will not look correct and will not align with the engine. 
	10
	Using incorrect measurements or lack of attention when inputting. 
	6
	Conferring with colleagues about measurements.
	8
	480

	Anti-roll and scavenge holes. 
	Create anti-roll and scavenger hole. 
	Incorrect placement of holes and incorrect size measurements. 
	The oil would travel back into the engine in the event of a rollover and the scavenger pump wouldn’t be able to pick the oil up for the engine during operation. 
	10
	Incorrect measurements. 
	7
	Research into other types of sumps with these systems to see what measurements are used. 
	6
	420

	Assembly for the anti-roll system.
	Put design into assembly. 
	Not using correct mate functions on Solid works.
	The components will not go together, which will not demonstrate to the customer how the anti-roll system works.
	10
	Incorrect use of mate function or incorrect size of anti-roll plate.
	6
	Following guidance for assembling components, using the Solid Works guides. 
	10
	600

	Technical drawing. 
	Create a A3 engineering technical drawing of design. 
	Not using correct size for technical drawing. 
	Hard for the customer to understand and hard to read when manufacturing. 
	10
	Incorrect use of paper for size scale of design drawings.
	2
	Different size options on the Solid Works program. 
	10
	200







[bookmark: _Toc33993158]Quality function deployment (QFD) 
[image: ]The quality function deployment looks at how the sump’s design parameters and the customer demand both work in terms of importance of different areas, as shown in the photo below the hole locations take top priority on the design, least important on the QFD was correct measurement but this is based of the fact that the measurements would be double checked during the data gathering for the design.
 
[bookmark: _Toc33993159][image: ]Concept design of the sump 
When first designing the sump, a concept was first constructed to see how the sump would look. The photo above shows the first concept, made for Tin material this was decided as tin was very light and would be better for race applications. However major draw back for tin is that it can be broken and bent very easily due to the density of that material. With this design the scavenge and anti-roll hole were both created however the dimensions for the scavenge hole were incorrect and the design for it was impractical due to is size. Finally, the one part that this design didn’t take into consideration is the flywheel guard, this will be added in the final design as most engine types have this already attached. 
[bookmark: _Toc33993160]Final design of the sump 
[image: ]
The final design concept shown above includes the area for the flywheel to be covered and it features bolting points as well. The scavenge hole was reduced to its correct size and placement is situated on the front as it was most convenient, thread was also added to allow for sufficient and secure attachment. For easy removal the bolting points where designed for simple alignment and easy access. The material that was finally chosen was aluminium, this was due to the light weigh but also having more strength than tin, aluminium can also be coated to add extra strength. 
[bookmark: _Toc33993161]Report summary 
[bookmark: _GoBack]In summary the sump has been designed to meet the top priorities of the customer while also allowing for its normal functioning purpose to be maintained. The anti-roll system designed is one of simplicity and efficiency to allow for security of the engine and ease of maintenance. 
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