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[bookmark: _Toc33999555]Introduction:

The aim of this report is to highlight the full operation of a design project as it is in the automotive industry. 
It will look at the design of a dry sump system for a Ford Zetec 1.6L engine. To go through the design process, a section of research and development is carried out. It will look at the use of a wet sump and a description of the manufacturing process. It will then investigate the use of a dry sump; its application compares to a wet sump and will finally go through the complete design process of a dry sump system. 
A series of design parameters and customer requirements are given in this design project:
[image: ][bookmark: _Toc33998805]Figure 1 Customer Requirements
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[bookmark: _Toc33999557]Definitions:

An engine oil sump (or oil pan) is a frequently separated component bolted on the bottom end of the engine. Its two purposes are to collect and stock engine oil in a specific area. It collects the oil used in the lubrication process from the engine galleries and stocks it in a certain area as does a reservoir. That oil reserve is used to feed up the oil pump pick up pipe. Engine oil is scavenged through the oil pump and is then sent back to the engine galleries to complete the cycle of lubrication.
In an I.C.E application, it exists two types of oil sumps: the conventional wet sump system and the dry sump system. 
Wet sump system is the most common application on commercial vehicles. On wet sump application, the sump does the oil collecting and is the actual oil reservoir in the same time. Oil is stocked in the lower part and the pump pick up pipe goes in this reserve to feed the pump.
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[bookmark: _Toc33998806]Figure 2 Wet sump system







Dry sumps are used in high performances cars such as rallying, drifting, time attack.
In a dry sump application, the sump does the oil collection and feed the oil pump. The major difference from a wet sump comes from the oil pumping and the storage. On a conventional dry sump system, there is an external oil pump with 4 compartments (more commonly called a 4-stage pump). Three of the stages scavenges the oil from the bottom of the sump and sends it to an external oil tank. The fourth stage takes the oil from the same oil tank and sends it to the engine galleries. Oil is used in the lubrication system and then falls back into the bottom of the sump where it completes the cycle. Waynne Smith (2020). 
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[bookmark: _Toc33998807]Figure 3 Dry sump system diagram
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[image: ]Burton Power is a performance parts supplier, specialised in rally and racing car range. They are also well known for supplying parts and spares for classic Ford cars. As suspected, the company supplies a Dry sump kit conversion which suits the Ford Zetec 1.6l engine targeted in this report.[bookmark: _Toc33998808]Figure 4 Dry sump kit

The dry sump kit from Burton Power is very compact and is made out of a smoothed Cast Aluminium. The sump pan is design with a full baffle assembly method and has 2 scavenge pick-ups with filters fitted to it. It is then compatible with a 3-stage external pump. It also has extra flanges in case of turbo version engines. The Dry sump kit is £1650 with taxes which includes the oil pump and the pump driving components that could be sold separately for £780. In deduction, the sump pan by itself is £870.
This product is a good comparison for further work carried in this report.

[bookmark: _Toc33999559]Materials: 

There are many types of manufacturing process when it comes to engine sumps. Engine oil sumps are usually made out of steel alloy or aluminium alloy. Newer methods involve an aluminium alloy with silicone or nylon or even oil sumps made out of strong plastics.
Due to the conditions a Dry sump is exposed to, it has to meet important physical characteristics. A Dry sump has to have a good corrosion resistance to not eventually contaminate the oil, and a good ductility to resist impacts. If possible, it should also be made out of low-density material for overall weight reasons and the material should most importantly be able to sustain the engine oil temperature (which in this case most of metal are). Engine oil pan and functions (UKEssays , 2017). 
As a reference, pure aluminium is $2.83/kg USD and is readily available on the market.





[bookmark: _Toc33999560]Manufacturing process:

In terms of production and assembly of oil sumps, the most common methods are the following: 
· Pressed steel: Consist of a thin sheet of metal shaped by a hydraulic press in a specific mould. The sump is then refined to specifications afterwards.

· Cast aluminium: consists of liquid Aluminium poured into a mould of a precise shape. The part solidifies when cooling in the mould. The sump is refined to meet specification afterwards. Casting (The Aluminium Association, 2020).
· Precision machined: Consists of a manual or automated machine sculpting a desired shape from a block of material using different cutting methods and tools. Die Casting vs. Machining (Premier die casting Company, 2020)
· Welding: Consists of precision cutting the structural components of the sump and assemble them together by welding them in a specific way like a puzzle. It is mainly a handmade job.

[bookmark: _Toc33999561]Safety:

Regarding TCR championship rules, there is no specific regulations concerning dry sump systems. TCR Technical regulations (2019)
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[image: ][bookmark: _Toc33998809]Figure 5 QFD Template
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In order to design a dry sump that fits factory mounting, measurements need to be taken from the factory oil sump. The tools used for this procedure are the following:
· A Vernier calliper: Fairly accurate tool used in many cases such as oil sump’s wall thickness, hole inner diameter or sump deepness.
· Steel rule: used to measure greater distances such as overall sump length and width.
· Digital scale: Used to measure the mass of the original oil sump. 
· Pencil and paper: Ultra-precise drawing devices used to represent shapes, faces and edges of the actual sump.
Factory oil sump is taken off the engine. Deposits such as oil, grease or sump gasket sealant are scrubbed and removed. The sump is carefully placed on the piece of paper in order to draw its contours with the pencil. The outer of the sump face is now represented on the paper. Using the Vernier calliper, take measurements of the gasket thickness at multiple points on the sump. Note down on the drawing paper the measures for each point measured


[bookmark: _Toc33999564]Production Design Specification:
[image: ][bookmark: _Toc33998810]Figure 6 Production design specification





[image: ][bookmark: _Toc33998811]Figure 7 Detailed production design specification
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The first concept design is the very base of the final Dry sump design. It is composed of the sump hole pattern, and an advanced shape of the factory oil sump upper face. This first concept design is missing most of the characteristics needed such as oil scavenging holes, the return pipe hole or even the gearbox bell housing. As such, the part is not finish and is not capable to meet customer requirements. However, it is a good base for further work.
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[bookmark: _Toc33998812]Figure 8 Concept design 1









The second concept design is more elaborate than the previous concept. It now includes, same as concept 1, the hole pattern and the face shape but also includes a gearbox bell housing mount and a shape that will take the oil from the engine to a low point where it will be scavenged. It does not include scavenging holes, oil tank return pipe hole, anti-splash plate yet. As it is, the design is 5.8kg which is out of the weight limit authorised. At this stage, the dry sump could possibly be mounted on the engine but will not meet the customer characteristics and its main purpose.

[image: ][bookmark: _Toc33998813]Figure 9 Concept design 2











The 3rd Concept design is more elaborate than the previous one. In fact, it now includes threaded scavenging and return pipes. Structure has also been trimmed down from 3.4mm to 1.5mm. It made the overall weight considerably lighter passing from 5.8kg to 3.6kg. However, it still misses an anti-splash-plate. As it is, the dry sump could be mounted on the engine and will be operational but still does not fully meet customer requirements yet. 
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Detailed Grading structure for concept designs:
On a scale from 1 to 10:
[image: ][bookmark: _Toc33998815]Figure 11 PDS



Grading structure with weight of each sections:
[image: ][bookmark: _Toc33998816]Figure 12 Weighted PDS


[bookmark: _Toc33999567][image: ]Design Development & Final Design:[bookmark: _Toc33998817]Figure 13 Final design Technical drawing


In the final design of the dry sump, all physical requirements are met on this design which includes a compact design of the sump, all scavenging and return pipes, an anti-splash plate, a gasket face that fits factoring mountings. Technical drawings show the different dimensions of the design. The sump is 3.9kg at its final design.

[bookmark: _Toc33999568]Conclusion: 
The dry sump at its final design, meets all customer specific requirements. As seen in the material research part, the dry sump will be Cast aluminium alloy 1060. It is the suitable and cheaper approach for this application in terms of material and manufacturing process.
As it is, the dry sump design meets all customer requirements. It is made to prevent the engine to be flooded of oil for an even of roll over (it has a specific design anti-splash plate).
The sump is lightweight. Using aluminium alloy and thin walls design make the overall part lighter but however resistant to shocks and Tensile stress that bring its environment
The design is low cost as it follows a minimum material design and aluminium is the cheaper option. Also casting is the cheaper option in that case as it only uses the material necessary to create the part.
The compact design of the dry sump makes it easy to install and easy access for servicing.
The final design meets all requirements but it could have been better in the design to make it even lighter and suitable for a cheaper manufacturing process such as welding.
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Initial market research has established the following customer requirements:

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 9

with lubricant

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

The standard Zetec unit (with original sump) will be available for inspection in the Engine (Heat) Lab. If you
require access to the engine, please pre-arrange this with a member of the Technical Support Team.
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