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[bookmark: _Toc33982070]Introduction.

The aim of this report is to design a dry sump system for a ford sigma 1.6 engine. There will be multiple aspects looked at to achieve the best end product for the customers’ requirements. Research will be conducted into dry sump systems that are currently available and the specification that they meet. 

[bookmark: _Toc33982071]What is a dry sump system?

A dry sump system is an alternative to the conventional sump system where the sump is used to gather the oil that has been used to lubricate the engine and also store it. In a conventional system there would normally be one oil pump that is used to pump the oil around the system, in a dry sump system the sole purpose of the sump is to collect the oil being used in the engine. Scavenging pumps are then used to transfer this oil to a remote reservoir where the oil is stored.

	“In a dry sump system the oil pan does not store the oil. The dry oil pan merely seals the bottom of the crankcase. The oil reservoir is a remote container set apart from the engine”
 (Erjavec, 2010)

[bookmark: _Toc33982072]When a dry sump system is required.

A dry sump system is usually used in performance applications due to having many solutions to problems caused in performance applications. Some of the problems associated with performance lubrication systems are discussed below.

Engine mounting Height – in many performance applications it is desirable to have a lower center of gravity to achieve this the engine needs to be mounted as low as possible. Having a conventional sump system storing the engines oil can result in having a large sump to hold the capacity of oil needed for a performance engine, this can prevent the engine being fitted lower. It is also common in some applications such as rallying or off road vehicles to have objects such as rocks hitting the underside of the vehicle, with a wet sump system this can cause loss of oil if a sump is damaged resulting in engine damage.

Oil Starvation – in performance applications it is common to have oil starvation with a wet sump system under certain conditions, in high G – force corners oil can move away from the pickup causing a temporary loss of oil pressure. This can also be caused at high engine RPM when the crank shaft is rotating so quickly that it can cause air cavitation in the oil being picked up from the sump. Both of these issues can be rectified with a dry sump system resulting in a more consistent oil supply, this ultimately will cause better engine longevity. 

	“the oil is subjected to extreme cornering forces in racing, and the oil simply "crawls" up the sides of the pan and away from the pick-up. Although there are many good designs, with trap doors, etc., racing cars generate lateral and acceleration/deceleration forces that overcome the best wet sump designs. Aside from the obvious pressure loss, this also results in a reduction in horsepower as well as oil aeration.”

 (Dry Sump, 2020)

Oil Cooling – one of the main purposes of the oil in an engine lubrication system is cooling as well as lubricating. Two ways of keeping the oil cool are having more of it, and using an oil cooler. To have more oil in a wet sump system the sump must be bigger, this can cause issues with packaging the bigger sump. Using an oil cooler where it is possible with a wet sump system is a lot more efficient when used in a dry sump system as the oil is cooled on the way to the reservoir then stored remotely to prevent any further heat from the engine.
[bookmark: _Toc33982073]Primary Research.

Primary research was conducted by measuring the existing engine and sump, a template was made of the existing sump for future reference. The main aspects of the current system that will need to remain on the new system such as the oil feed location were measured to allow for accuracy. The clearance of components that will need to remain were measured to ensure correct fitment. 
[bookmark: _Toc33982074]Secondary Research

The majority of dry sump systems that are available for this engine are constructed from aluminum and are suitable for the range of sigma engines. Due to the wide range of applications that the current market accommodates for all of the sumps allow for a range of fitments. Both sumps available offer the function of “Multi directional scavenge turrets” to allow for easier routing of pipes when applied to different vehicles. 

The cost of the other sump kits available range from £900 - £1650 however the cheaper option is for the sump only, not the full kit. 
[bookmark: _Toc33982075]Quality Function Deployment
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[bookmark: _Toc33982076]Product Design Specification.

	Performance Requirement
	Design Requirement
	Design Specification

	The product should be light weight
	Light weight material to be used.
	Less than 5 kg 

	The product should be easy to install (initial set-up)
	Multiple direction pick up pipes.
	Pick up pipes to allow for them to be fitted in multiple directions to ensure pipe fitment is easy.

	In the event of a roll-over, the engine should not be flooded with lubricant
	Non return valve fitted at the reservoir.
	One way valve to be fitted in the return line to avoid any oil flowing back to the sump.

	The product should be low cost
	Must be affordable.
	Less than £1000.

	The product should allow easy/fast access for servicing/maintenance
	Quick connectors on pipes and fittings.
	Scavenge ports and feed pipe to have quick release couplings.





















[bookmark: _Toc33982077]Existing Products

Two products have been researched that offer similar features required by the customer.
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https://www.atpower.com/products/ford-sigma-intake-34-belt

https://www.vividracing.com/power-billet-machined-dry-sump-pan-ford-sigma-engines-p-151655776.html 

This product is produced by a company called Vivid Racing it has a key feature that allows for the scavenge ports to be rotated to allow for different fitment of pipes.
A Manufacturer produces this dry sump system as a complete kit, this does however come with a high price at £1650 + VAT. The sump is constructed of aluminum to maintain a compromise between weight and durability.

[bookmark: _Toc33982078]Concept Designs
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Return to the oil scavenge pump
Input into the engine oil pump






The first concept designed was a basic dry sump with one input to the factory oil pump for the engine and one output to the scavenge pump to transfer the engine oil to the reservoir. There were no quick couplings fitted which does not meet requirement five of the customer, the customer requires easy and fast access for maintenance. 
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Threaded feed pipe 




Concept 2 has had a thread added to the feed pipe to allow for quick fitting and removal of the sump for maintenance and repairs















[bookmark: _Toc33982081]Concept 3
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Square mounting points to allow for rotation of the pickup points.

[image: ]

When looking at alternative dry sump systems that are available it showed that they had the ability for multiple directions for the scavenge pipe fittings. I have incorporated this into my design to meet the customer requirement of easy initial installation. The pickups can now be fitted in four different directions. All fittings have also been fitted with screw threads for easy removal and installation. 

	Design feature
	Weighting
	Concept 1
	Concept 2
	Concept 3

	The product should be light weight
	8
	Medium - 2
	Medium - 2
	Medium - 2

	The product should be easy to install (initial set-up)
	
5
	
Low - 1

	
Medium - 2
	
High – 3

	In the event of a roll-over, the engine should not be flooded with lubricant
	
9
	
Medium - 2
	
Medium - 2
	
Medium - 2

	The product should be low cost
	7
	Medium - 2
	Medium - 2
	Low - 1

	The product should allow easy/fast access for servicing/maintenance
	
7
	
Low - 1
	
Medium - 2
	
High - 3

	Score 
	
	60
	72
	77


[bookmark: _Toc33982082]Design Isolation 



Feature Rating - 	High – 3	Medium – 2 	Low – 1 


As demonstrated in the above table the extra features on concept 3 outscore the extra costs incurred by the production of the extra parts. Due to this result the design that would best suit the customers’ demands is concept 3.
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To produce the dry sump, the most suitable material to use would be aluminum. Properties such as lightweight, strong and cheap in comparison to other materials are all positive properties. 

When producing the sump there are multiple options for processes. The sump could be laser cut out of multiple pieces and then welded together, however this process will involve more labour time in production and the potential for error and distortion during the welding process. 

The best process to produce this sump would be machining it out of one piece of aluminum; this will reduce labour time and would increase accuracy. However, there will be more waste material produced during this process.
[bookmark: _GoBack]

Solidworks Files - https://uowtsd-my.sharepoint.com/:f:/g/personal/1806186_student_uwtsd_ac_uk/Es-mQ4ZAPfZAhARp0X0Gf2MBjHNsxzqnNBG9_202uD06Rw?e=MlssdC
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