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[bookmark: _Toc33975732]2.1 Aim
The aim of this assignment is to gain the experience of the processes of carrying out a project design. In order to achieve these parameters will need to be changed and calculated to see how they affect the design solution.
Research will be done to find out the different operating conditions that automotive companies consider in order to develop the best products. Every product that is made must be fit for its purpose before it is mass produced.
Different materials will be analysed for positive qualities and basic concepts will be drawn. Once this is complete a final design will be created using the CAD software Solidworks.                The dry sump that is being developed is for a customer that has specific demands based on a Ford Zetec Sigma engine. 
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[bookmark: _Toc33975734]3.1 Background Research
The Ford Zetec Sigma engine was created in 1995 to replace the Ford CVH engine.          Ford wanted an all alloy engine to meet market requirements of a light-weight inline four cylinder performance engine, together with a team from Yamaha dubbed “Sigma” the Zetec SE engine series was born with capacities in 1.25L, 1.4L, 1.6L and a performance based 1.7L engine with variable cam timing.
A wet sump system is found on this engine as standard, this is when the crankshaft operates an oil pump that sucks oil from a large pan or sump at the bottom of the engine and pushes oil through galleries to the main moving components, gravity makes the oil drop back down through the engine to collect in the large pan or sump. 
Some problems that occur with a wet sump system are that the oil can be influenced by the wave effect. this is when during extreme yaw angles and turning oil in the sump can flow away from the oil pick up pipe starving the engine of oil, the oil can also connect with the crankshaft reducing RPM. In a motorsport environment then engine is under more stress than it would be than under normal operating conditions, so the effect is felt at a greater amount.
A Dry sump is a system used when no oil is stored at the bottom of the engine, the oil falls into the sump pan and is scavenged by a pump into a reservoir external to the engine. These systems then pump that oil back from the reservoir to the lubrication points that are found throughout the engine, this eliminates the wave effect and the size of the sump pan which means we can lower the engine to increase the centre of gravity which will reduce body roll.
(Drysump, 2020)

[bookmark: _Toc33975735]3.2 Competitor research
Researched was carried out into a wholesaler “Burton” that sells many dry sump systems from various manufacturers specialising in Ford engines and aimed at a large range of consumers from amateur to professional. The dry sump that they sell which seems to be the most purchased product that is being sold retails at £420 for the bare sump. The sumps that this company (Pace products) have created are "suitable for engines from clubman to serious” and are made of cast aluminium. This company would market its products at midrange as the prices are affordable to the average enthusiast.
(Anonymous, Burton - The POWER to Perform, 2020)
(Team, 2020)
Another competitor is Turbo sport, their dry sump system is priced at £1,375 and is machined from billet aluminium and comes with a three-stage pump, a mounting plate a few other parts. This manufacturers target market is track cars and performance vehicles which is the reason the price is so high.
(Engineering, 2020)
[bookmark: _Toc33975736]4.0 Detailed Design Specification
One problem with the wet sump system is that during a roll the oil that has been collected in the sump would flood the engine due to gravity. 
Research will be done about previous dry sump modifications so that the common problems can be understood as to avoid them. The brief that the customer has chosen will be considered as well as necessary qualities will be worked into a table so that concepts of the dry sump can be created. Understanding requirement characteristics of materials and dimensions needed for this part will be key before hand as to design what needs to be made.
Once research has been completed the software Solidworks will be used to start making a basic concept and an outline as to the customer’s needs. This is to be made and developed after each point so that it can be improved. The sump will be angled so that the oil will gravitate towards the pickup which will be modified in order to allow the sump to be shallower.
Whilst researching, the customer's needs and expectations will need to be kept in consideration, the product that will be created must be lightweight because of their track times and the lighter the vehicle the faster it will perform. 
In case of an accident in which the vehicle is flipped on its roof the oil in a wet sump system could flood the engine bay increasing the risk of  a fire causing damage to it and harm to the driver, whereas in a dry sump system the oil is scavenged into a contained storage reservoir so the oil is unable to flood the engine. The designing of this system is that oil must not gravitate back into the engine or bay once flipped.
The product must be made with cost efficiency, but it must not lower the quality of the product. This means that research must be completed into what material would be best for this product for price and for weight. 
The product must be easy to install, even though the customer has not asked for this to be a high priority it will be easy to replace quickly if required if the depth remains small. Whilst designing the location of the unions for the scavenge pipes they must be in an accessible location and close together.
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The QFD (Quality Function Deployment) report is used to define the requirements of the customer effectively so that they can be converted into the plans in order to create a product that will fulfil all of the requirements. This shows there are many large priorities such as the material as it must consider that the type used will affect the final cost.
In this QFD report the sump that has been created shows multiple possible problems due to the cost and the need of a lightweight sump, this will be watched closely whilst making the product to keep it as low as possible. Keeping the product design as simple as possible however shows large positives outcomes across the board so that will be followed closely.
Looking at competing products, the product made is shown by a blue circle, this shows average number over the entire board and good scores for the inner tray and the location of the scavenge pipes. The second competing product marked by a black circle is the Pace products sump which is the larger of the three and the cheapest, this shows an influence as it is heavier and not as easy to install because of its size.
The final competing product is the Turbo Sport sump marked with a white circle; this product is much more expensive which is a large priority for the customer so this would be unfit. It does however have the smallest and lightest of all products, which would also make it easy to access and install.
[image: ]
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[image: ]The first design was created with the customer’s requirements in mind. The design shown In the image below is to be lightweight, not a large amount of material is used so it is also cheap however the base is flat therefore the oil would drop to the bottom and not reach the scavenge efficiently enough this is a point that can be developed.





[bookmark: _Toc33974884]Figure 2. Design Concept 1
[image: ]The second concept was made with more thought about the size of the product, trying to make it as shallow as possible which would ensure the price and weight will be kept as low as possible so that an antiflooding plate could be installed with the leftover material. The problem with this design is that much like the first design the intake and outtake of the scavenge pipe fittings are not in a desirable location for ease of access.
[bookmark: _Toc33974885]Figure 3. Design Concept 2
[image: ]The final product that was developed has adequate thickness but not too thick as to affect the weight. The products size has been condensed with enough room to fit the antiflood plate and has also included a gradient so the oil will gravitate towards the scavenge pump unions. It also incorporates cones on the underside of the gravity plate to reduce oil feedback to the engine if flipped and an additional side to mate to the transmission this will improve its structural integrity.
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