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[bookmark: _Toc33993674]1.1 Aims
The aim of this report is to design a dry sump for a Ford 1.6 Zetec engine to replace a wet sump. In this report the customer intends to use the engine in motorsport competitions so the dry sump is required most importantly to be light weight and safe in an accident scenario. 
[bookmark: _Toc33993675]1.2 Design Specification
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This is what the design will based off for the whole process. 














[bookmark: _Toc33993676]Dry Sump Investigation
[bookmark: _Toc33993677]Function
Dry Sumps function in principle are similar to wet sump, in that oil in the engine is drained down to the bottom due to gravity, and then oil is collected and sent back to the top of the engine galleries and therefore are an important component in lubricating the engine. In high performance engines keeping a good flow of cool oil is important in maintaining reliability and power output in an engine and dry sumps offer more efficient lubrication and therefore are popular in this segment of the automotive industry. The Dry sump uses additional pumps, and an extra tank is provided for holding oil. The oil is stored in the reservoir where it can be pumped around the engine
Benefit of Dry sumps are: 
· Possibility to lower centre of gravity due to the lower profile of the sump and the pumps meaning the engine can be mounted at a lower level. 
· Can increase or decrease oil capacity depending on the needs of the situation 
· Because of an external reservoir which can be mounted in another part of the car it creates the possibility to improve weight distribution
· The dry sump does not suffer from oil movement issues from high cornering forces that would cause oil to move away from the oil pickup on a wet sump starving the oil pump. 
· Oil temps can be adjusted because of more controllable adjustment of oil flow
· Oil is cooled more because it is stored away from hot engine. 
· The bottom end of the engine isn’t being interfered with by the stored oil the bottom of engine
Disadvantages of Dry sumps are:
· Extra weight, even though the total area of dry sump is less than a wet sump, you have a pump and additional piping for the system 
· Dry sumps cost a lot to buy, install and run in a car
· It adds more mechanical features on an engine that can go wrong, also means more of the engine that needs to maintained 

(Torque Cars, 2020) 








[bookmark: _Toc33993678]Materials and Construction
Sumps most commonly are made out of two materials, steel alloy or aluminium alloy. 
Cast aluminium alloy - is classed as a nonferrous alloy is a low-density material, has high thermal conductivity and resistant to corrosion. A disadvantage to aluminium is that it likely to crack if hit with enough force. Construction of cast aluminium is done by the metal being heated until the metal is becomes liquid and is poured into a mould. It is then cooled and refined afterwards 
Pressed Steel – Steel is a cheaper material than alloy and is simpler to make being pressed into a mould rather than cast. Steel can hold much higher temperatures without losing rigidity. Steel has greater structural integrity. However, steel is considerably heavier compared to aluminium. (UKEssays 2018) (Behuniak, 2017) 
[bookmark: _Toc33993679]Market Investigation
Research shows that the market for dry sumps for Ford Zetec engines is relatively empty, however one competitor’s website shows a dry sump for the Ford Zetec engine also with motorsport applications in mind for sale. Burton Power’s “OPi Dry Sump Oil Pump Kit”. The product sells for £1650.00. It is made out of cast aluminium and claims to be compact and robust.
(Burton Power, 2020)
[bookmark: _Toc33993680]Measurements 
The measurements were taken using a Vernier calliper and a meter ruler. The sump was taken off the engine. Then the sump was traced onto paper. Thickness, size of bolt holes, distance to and from bolt holes were taken using the measuring tools. Size of the sump was measured on each side. And angles were measured to ensure the bolt pattern and gearbox housing was sized up correctly. 
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	Summary
	Competitor
	Company

	Design Requirements 
	18
	22

	Customer Requirements
	17
	18

	Total Rating Score
	35
	40
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[bookmark: _Toc33993683]Product Design Specification 
	Performance Requirements 
	Design Requirements 
	Design Specification 

	Low Cost 
	Cheap to manufacture
	<£1000 (purchase price) 

	Easy to Install 
	Minimal amount of modifications to sump flange
	Fits Original Bolt Pattern and sump flange is unchanged 

	Safe in roll over
	System to prevent oil leaking into engine if rolled over
	Oil Catch Tray

	Light Weight 
	Aluminium and compact 
	< 10kg

	Easy Access 
	Compact and simple design
	Size equal to or less than original



[bookmark: _Toc33993684]Detailed Design Specification 
	Market Requirements
	Life in Service Requirements 
	Production Requirements
	Conformance Requirements

	Low Cost
	Access for Maintenance 
	Customer order based, to be manufactured after purchase (small market) 
	Oil catch tray to prevent engine flooding with oil in roll over scenario

	Easy to Install
	Withstand high stress from track racing environment and multiple conditions (reliability)
	Target Price <£600 to manufacture 
£420 per oil pump
£51.20 for 10kg pure aluminium (£5.2 per kg) 
£100 to cast by third party (estimate)
	Fits original bolt pattern 

	Safe in Roll over 
	Target life in service should be >10 years
	<10kg 
	

	Light Weight 
	Replacable pump and catch tray
	<£1000 purchase price
	


For pricing comparison (Burton Power, 2020) (Alibaba.com, 2020) (Kinetic Die Casting, 2017)








[bookmark: _Toc33993685]Concept Designs 
Design A
[image: ]
· Two holes created for scavenger pump and oil pickup point
· Pan created to collect oil from the engine 
· Flange and gearbox housing created to fit original bolts and mounts 
· Oil will sit at bottom of engine away from holes for pickup and pump
· Heavy and uses a lot of space unnecessarily
 










Design B
[image: ]

· Filleted parts created for oil to run down to pump holes
· Very heavy as lots of material used
· Has no system to prevent oil to leak into engine in the event of a rollover














[image: ]Design C
[image: ]
· Oil catch tray/ baffle created to stop oil leaking into engine in event of rollover and cut out sections used to allow oil make its way down into the bottom of the sump and to stop it flooding if rolled over 
· Two end sections for welding points 
· Made thin to ensure weight is kept low












[bookmark: _Toc33993686]Design Isolation 
Design Feature Ratings
	Feature
	Weighting
	Design A
	Design B
	Design C

	Fulfilment of 
function
	3
	10
	10
	10

	Reliability

	1
	3
	5
	9

	Serviceability 

	2
	7
	7
	7

	Life

	1
	7
	7
	7

	Ease of 
maintenance 
	2
	8
	7
	6

	Ease of 
manufacture
	1
	8
	7
	5

	Efficiency of
 operation
	2
	3
	5
	9

	Simplicity of layout

	1
	5
	4
	3

	Cost

	2
	8
	7
	4



Design Feature Rating (Weightings Applied)
	Feature
	Weighting
	Design A
	Design B
	Design C

	Fulfilment of 
function
	3
	30
	30
	30

	Reliability

	1
	3
	5
	9

	Serviceability 

	2
	14
	14
	14

	Life

	1
	7
	7
	7

	Ease of 
maintenance 
	2
	16
	14
	12

	Ease of 
manufacture
	1
	8
	7
	5

	Efficiency of
 operation
	3
	9
	15
	27

	Simplicity of layout

	1
	5
	4
	3

	Cost

	2
	16
	14
	8

	Total 
	
	108
	110
	115




[bookmark: _Toc33993687]Design Development 
Design C was the highest rated product according to the design isolation. The design needs to be improved by reducing the weight by cutting out unnecessary metal and refining the design to make a sellable product. 
[image: ]Weight Reduction 
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Adding lip for oil catch tray to be welded onto
[image: ][image: ]

[bookmark: _Toc33993688]Final design
[bookmark: _Toc33993689]Technical Drawings
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[bookmark: _Toc33993690]CAD Render
[image: ]Final details 
The material that was chosen was Aluminium Alloy 6063-T6 as it is the most readily available aluminium alloy. It is mainly made out of magnesium and silicon grades. Specifically, 6063 is a medium strength alloy. And T6 is the most common temper. This means that it will need to be casted as mentioned in the research section. The total weight was 5496.53 grams with the dry sump being 5293.65 grams and the oil catch tray being 202.88 grams. 
(1st Choice Metals, 2020) 
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Looking at the customer requirements and comparing the final design. The product had to meet specified requirements, in order from most important to least important;
Safe in a roll over – the sump has a specifically designed part to meet this requirement, the oil catch tray, that prevents oil flooding the engine in a roll over. 
Lightweight – the sump was designed with weight in mind making sure unnecessary metal was not used and a material was chosen that was lightweight over a higher strength material. 
Low cost – the sump was made as cost efficient as possible using as little material as possible, however by nature dry sumps are expensive systems compared to wet sumps and compared to a wet sump it fails this requirement due to the complicated external oil system, however compared to other dry sumps on the market this is a cheaper option. 
Easy/ fast access – this can be met by the low profile of the sump that is compact and easy to access in the engine. 
Overall the product meets the criteria to a certain standard, however to the design could be further improved into a better design that is lighter and cheaper. 



CAD FILES 
https://uowtsd-my.sharepoint.com/:f:/g/personal/1900412_student_uwtsd_ac_uk/Em-7RGGYJ_5Lhr5SraCqXTQBkCFkpoLpa7PGsxfeKSmwZw?e=5Op9km 
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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





image2.png
Relationship scores

Stong postive s

Wesknegative

o
@)
O wesksone
.
[ J

Fis orginal mounting

®® |®| ®/oiummmonin

o e | @)
Fl ol esoinma
.1
gf 7 low cost [ ]
2
H oy sccese

least, 10

o

Key:

(Company's aun product r

Weeisciiaicon





image3.png




