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1. [bookmark: _Toc33637429]Introduction

This report is the investigation and explanation into the process of designing a dry sump oil pan for a Ford Zetec Engine to customer specifications.  Initially the report will outline the role of an oil sump and describe the two main systems produced for modern vehicles.  Also, it will investigate the materials used and manufacturing process for either large scale production or one-off customer order, and the positives and negatives associated.  The report will investigate some of the design tools implemented by companies in order to increase chances of profitability.  With the information provided by the design tools, concept ideas are created and evaluated to enable a conception of a final design.  Once finalised a prototype can be produced and evaluated before moving to the production phase.















2. [bookmark: _Toc33637430]Research and Literature Review 

An oil sump is situated on the underside of an engine which forms the bottom half of the crankcase and collects the oil after it passes though and lubricates the engine.  The two main types of sump systems utilised are ‘wet sump’ or ‘dry sump’ systems. 
Apart from high end companies such as Ferrari, most manufactures utilise the wet sump oil systems for their production vehicles as they do not require many components to operate, which helps to minimise the expense of large-scale manufacture.  
West sump systems allow the containment, cooling and distribution of the engines required oil. The oil is scavenged from the bottom of the pan using a pickup, connected to an oil pump, that feeds the engines oil channels.  The oil then passes through the channels to enable lubrication of the various internal engine components and eventually returns to the pan where it is cooled by the flow of air meeting the pans outer surface and re used.   Wet sump systems also incorporate a splash guard on the bottom of the crank to prevent excess oil ingress that can cause the crank to slip resulting in a loss of power.  Also, wet sump systems feature a sump plug, situated at the pans lowest point and in accessible position, which is used to drain the oil upon servicing. (Gupta, 2014, P.472)
Although this system is fully capable of lubricating an engine under normal driving conditions, in a motorsport scenario where high cornering speeds are reached, it is likely that the engine will experience oil starvation if the oil has been displaced away from the pickup point, thus, momentarily loosing oil pressure and lubrication.  This issue can be mitigated by use of a fully baffled oil pan which prevents pooling and allows oil to vent into a container around the pickup point.  This system ensures that the pickup is immersed while experiencing large cornering forces.  
Some manufactures incorporate a slight baffle on the inner walls of the pan that helps in discouraging the oil from pooling heavily, but not to the extent of a fully baffled unit. 
A dry sump pan system collects potentially aerated oil used in the lubrication process and channels it to an outlet whereby it is pumped into an auxiliary oil tank.  Once collected the oil is cooled, however, tanks can be adapted to house a preheater to retain the oils viscosity if ambient temperatures are low.  The tank also incorporates a breather to allow the trapped air to escape before it is pumped back into the pan through to the oil pickup point at the bottom of the block.  Some systems feed the engines oil channels directly to enable the removal of the standard oil pump in order to save weight as dry sump systems require a crank driven auxiliary pump to pass the oil around the system. (Sully, 1988, p.116)
The main drawbacks of the dry sump system are the weight and cost of the extra components required for its operation.  Despite this, there are many benefits in implementing this system, such as,  increased oil pressure from the use of the auxiliary pump, the ability to reduce the vehicles centre of gravity by allowing the engine to be mounted lower in the chassis and the removal of the oils ability to pool around the pan which prevents oil starvation.  
Many dry sump systems also utilise an oil retention or splash plate over the oil channel to prevent the engine flooding if overturned in motorsport, which, dependant on the damaged caused by the crash, enables the engine to be restarted quickly once upright.
For maintenance the oil can be drained from the system by removing the oil outlet pipe from the pan and by removing the sump plug located at the bottom of the auxiliary tank.  Upon renewal of the oil, it is vital to pour .5 to 1 litre into the top of the engine to prefill the collection point.  This prevents oil starvation and therefore premature wear of both oil pump and internal engine components.
There are several materials used in the manufacturing of oil sump pans including aluminium alloys, billet with sheet aluminium and low carbon steel.  Each material must go through a different manufacturing process in order to create the part which vary greatly in cost.  Also, each of these processes has limitations which must be considered upon designing.
 The most common material and method used in manufacture vehicles currently is the casting of aluminium alloys due to ease of reproduction and therefore profitability.  
The casting begins by creating a plug which is the exact shape and dimensions of the part required.  The plug is then used to make a mould to which the molten aluminium alloy can be poured and left to cure.  Once fully set the component is freed from the mould and refined to remove any imperfections caused by the process.  Once complete this process can be repeated up to twenty times, dependant on cast material, until the mould has worn, then another is created from the plug. This helps to keep the costs of largescale production at a minimum.  Aluminium castings other advantage for the use of oil sump pans is its inherent light weight which helps to keep the vehicles overall mass to a minimum and aids in the components ease of removal.  The casting process also enables the creation of complex shapes although smooth radiuses must be incorporated to allow the molten material to flow into all extrusions. J Behuniak / Canton Racing Products (2017)
The disadvantages of using aluminium are that the material itself is costly, however, for components such as the sump which experiences minimal forces, recycled aluminium is utilised to help reduce this cost without inhibiting performance.  Another drawback of cast aluminium is the potential for perforation if the component comes into contact any debris such as rocks on the roads surface.
Low carbon steel is also utilized for the manufacture of sumps due to its strength, relative light weight and ability to be produced on a large scale through stamp forming whereby a sheet of material is pressed over a former to create the general shape and finished by cleaning up the rough edges and positioning fixing holes.  The main disadvantage to this process is its inability to produce complex internal shapes required, for example to help the reduction of oil pooling.
Oil sumps can also be manufactured by welding sheet and billet aluminium for one off productions.  Sheet material is cut, folded and welded to create the body and any internal features and machined billet pieces are attached to the rim to enable a positive seal.  This process is used for one off or small-scale production due to the cost of the material and the time required to produce such.

















3. [bookmark: _Toc33637431]Methodology

The brief states that a customer has commissioned the design and manufacture of a dry sump pan and oil pickup adaption for a Ford Zetec engine to be used in motorsport.  
A specification has been supplied in order to give a greater understanding of customer’s requirements:
-	The product should be light weight.
-	The product should be easy to install.
-	In the event of a roll=-over, the engine should not be flooded with lubricant.
-	The product should be low cost.
-	The product should allow easy/ fast access for servicing and maintenance.

Primary Research 
To begin, primary research can be carried out to obtain necessary data and limitations by measuring an existing Ford Zetec engine and sump pan. 
First, clean the oil sump of any oil residue or silicone and place flat down on a large piece of paper and draw around the part using a sharp pencil to mark the shape, then draw in the fixing holes using the same method, check dimensions of holes against the edge of the component using a rule and note them on the drawing.  After which, measure and note the wall thickness in multiple areas using a Vernier calliper. 
[image: ]Then measure how far the crank protrudes from the bottom of the engine using either two steel rules perpendicular to one another or a digital height gauge and finally note the oil scavenge location on the block to enable the designs easy connection to the auxiliary oil inlet pipe.
Figure 2 – Gearbox to oil pan bolt pattern


[image: ]Figure 1 – Engine to oil pan bolt pattern

This information taken provides the basis and tolerances to enable the design of the dry sump system.   
Once the measurements have been taken a Quality Function Deployment (QFD) can be carried out to assess competitors and score their products to analyse the features and attributes that can be utilised when designing a product.  For the purpose of this report the QFD will include a score for the final concept design presented in this paper.
To begin input the ‘Customer Specifications’ and importance rating provided in the columns to the left of the grid and any ‘Design Requirements’ in the columns above.  Then using the key assign each part of the grid with the key rating that best suits both the customer requirement and design requirement.  Each of these ratings have a value which are used to calculate a score.  The scores are calculated by multiplying the value of the key rating and the importance rating for each section of the grid.   Add the grid ratings for the columns which will give total scores.  
This task can be repeated for competitor’s products to allow comparison in each area and subsequently changes can be made to the design where necessary to obtain an advantage in the market.
[image: ]Figure 3 – Oil pan QFD




Product Design Specification
A ‘Product Design Specification’ table is utilised in order to outline the performance / design requirements and specification to ensure designs will meet customer expectations.  This is a necessary tool for design direction to help in maximising saleability and profitability.Table 1 – Product Design Specification table



	Performance Requirement
	Design Requirement 
	Design Specification

	Simple installation 
	Must be lightweight
	< 3.1 kg
Aluminium  

	Easy maintenance access
	Must provide simple access to bolt holes and auxiliary oil lines
	Correct bolt alignment with tool access and Auxiliary oil pipe pathways clear of other components

	Prevent oil pooling 
	Correct design of oil gallery
	Must channel oil into small reservoir or provide baffling 

	Prevent excess crankshaft contamination
	Protection of oil splashback
	Shallow design with oil containing ability

	Prevent oil flooding if overturned
	Non-sealed oil container 
	Oil reservoir cover plate with ability to allow oil past and small reservoir volume 

	Affordability   
	Must be cost effective 
	< £450

	Ability to scavenge oil
	Allow for oil outlet 
	Must be at lowest point in pan with a constant feed of used oil

	Ability to feed oil
	Allow for oil inlet connection
	Must have a sealed and correct fitment to the blocks scavenge location to enable constant oil pressure 

	Ability to reproduce at reduced internal costs
	Correct manufacturing technique to enable easy and cost-effective future production
	A mould must be created in order to enable casting and therefore reproduction

	Casting ability
	Ability for material to flow through cast
	Where possible edges must be chamfered to allow easy flow of aluminium 

	Long life despite constant removal  
	Must easily reseal and not crack
	Connecting face must be large enough to apply sealant and thick wall around bolts

	Withstand small impacts
	Must provide good clearance and be offer good protection
	Must be shallow


4. [bookmark: _Toc33637432]Results 

In order to produce a working solution to the customer requirement, it is crucial that concept designs are created using the ‘Design Specification’ as guidance.  With this market and technical information, the designer will have a greater chance of conceiving a saleable product.

Concept 1



Reduced capacity 

Threaded auxiliary oil intake
Sealing surface 


[image: ]
Threaded oil outlet at lowest point


Oil channel 

Flywheel Housing 

Figure 4 – Concept design 1




This initial concept meets many of the expectations specified, however, the attributes it lacks creates the need for further innovation.  The cast aluminium design meets the need for simple instillation as item will weigh significantly less than the original due to its reduced size and capacity.  Also, a channel has been created at the lowest point which connects to the oil outlet to allow a constant feed of used oil to the auxiliary pump.  The negative aspects include many square edges which inhibits the flow of aluminium around the cast which leads to manufacturing defects.  The oil reservoir has a medium capacity without baffles or splash plate, and therefore, has no protection from pooling oil, crank slip cause by excessive oil ingress to the bottom of the engine block, or flooding if overturned.

Concept 2
Splash plate 




Oil reservoir 
R 
Flywheel Housing 


[image: ]


Threaded oil inlet 


Flat sealing surface 



Threaded oil outlet at lowest point
Internal chamfered edges

Figure 5 – Concept design 2



This secondary design meets many more of the attributes required of a dry sump system.  This is due to the evaluation of the previous concept which greatly aids in design progression.  The above design includes a small capacity oil reservoir covered by a splash plate, secured with four M6 x 1mm threaded bolts.  The plate allows oil pass while preventing splashback.  Also, the oil inlet and outlet are positioned clear of one another to enable correct fitment and accessibility for removal of auxiliary oil pipes.  Despite the clear improvements of this design, there are flaws such as the many unchamfered edges and large, flat outer faces which could be vulnerable to possible impacts.  Also, the design fails to include flood protection in case of overturning which inhibits the quick restart of a vehicle in an event.  Finally, the flat sealing surface is minimal which could lead to incorrect sealing and possibly oil leaks that could lead to oil starvation.

Concept 3



Flywheel Housing 
Splash plate 

Threaded oil inlet 


[image: ]Oil containment channel
R 


Chamfered edges


Threaded oil outlet at lowest point

Figure 6 – Concept design 3




Design concept three resolves many of the issues found upon design and analysis of concepts one and two.  This design includes an oil containment reservoir that will slow the flow of oil running back and flooding the engine if overturned, allowing a possible restart in motorsport event conditions.  Also included, are many chamfered edges to help the flow of material in a cast, however, sealing surfaces have minimal chamfers to increase sealing area used to attach the engine block.  The disadvantages associated with this design is the large capacity and therefore increase in weight.  Also, the flat low faces that create the oil channel pose a risk to damage in the event of impact which could cause puncture and subsequently oil starvation.
5. [bookmark: _Toc33637433]Analysis  

To analyse the three concepts attributes and drawbacks a ‘Decision Matrix’ also known as a ‘Pugh Matrix’ can be utilised.  This tool enables the analysis of alternate designs by ranking their attributes against a set of criteria, enabling a clear and structured decision-making process. 
Table 2 – Decision Matrix table
3


	Expectation
	Importance Rating (1-5) 
	Datum - Concept 3
	Concept 1
	Concept 2

	Lightweight construction
	1
	-1
	0.5
	-1

	Easy maintenance access 
	1
	1
	-1
	0.5

	Oil pooling prevention
	2
	1
	-1
	0.5

	Crank contamination prevention 
	2
	1
	-1
	0.5

	Flood prevention
	4
	1
	-1
	-1

	Affordability 
	3
	-1
	1
	0.5

	Oil scavenge ability 
	1
	1
	-1
	0.5

	Oil feed ability 
	1
	1
	-1
	0.5

	Casting ability
	2
	1
	-1
	-1

	Long life despite continual removal 
	2
	1
	0.5
	0.5

	Damage prevention 
	3
	-1
	1
	-1

	Sealing ability 
	1
	-1
	0.5
	0.5

	Flywheel protection 
	1
	1
	0.5
	0.5

	Road surface clearance 
	4
	-1
	1
	0.5

	Sum of 'Same' (.5)
	1 High
	N/A
	2
	5

	Sum of 'Positive' (1)
	5 Low
	9
	2
	0

	Sum of Negative (-1)
	
	-5
	-7
	-4

	
	TOTAL
	4
	-3
	1




Once complete, the ‘Pugh Matrix’ clearly shows the positive and negative features of each concept.  This permits the designer to create a final design which meets all the necessary criteria in order to maximise saleability
The above matrix rates concept three above all others and outlines the areas requiring improvement, including; clearance, sealing ability, damage prevention, affordability and weight.
 

6. [bookmark: _Toc33637434]Conclusion 

Final Design
Using the information from the design process, a final design can be created to suit all customer needs and component criteria.  The results established by the design tools and concept evaluation help the designer to generate a working solution.  Once complete, a prototype can be manufactured to enable full analysis before entering the production phase.  This will allow the production team to attempt to create the part for further evaluation.
Oil containment splash plate



 
Flywheel Housing 

Large flat sealing surface (unchamfered) 

Threaded oil feed inlet
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Small capacity 
Splash plate retention bolts



Threaded oil outlet 
Chamfered edges

Figure 7 – Final design
3



This final design developed though the evaluation of previous iterations meets all criteria discussed upon in the ‘Pugh Matrix’.  Features include ability to feed engine with oil while utilising internal and auxiliary oil pumps increasing oil pressure while providing a channelled oil outlet at the lowest point, both threaded to allow 25 x 1.5mm axillary oil line fitting.  A splash plate, secured with retaining bolts (m6 x 1mm  (10mm shaft)) covers the oil channel to prevent crank from contamination and helps to contain oil in case the vehicle overturns, however the small capacity provides much of the flood protection by reducing the quantity of oil situated in the pan at any given time.  The pan’s small capacity also provides great clearance, reduces the components weight and in turn material costs.  Increased width sealing areas help with the ability of removal and refitment ensuring no leaks occur.  Finally, many of the design’s edges include chamfers to help the material to flow when cast, except sealing faces to help maintain size.  

Oil Pan Technical Drawing 	(Limits and tolerances included)

[image: ]Figure 8 – Oil pan technical drawing
3



Technical drawings of each component are made from the deign using three-dimensional modelling to specify the dimensions, limits and tolerances where applicable.  Using this information, technicians can create a plug of the sump pan to enable the casting process.  Before beginning the plugs production, it is strongly advised that the securing bolt locations are measured against the engine to ensure minimal time, material wastage.  	
Sand casting is the manufacturing process best suited to this design using a recycled aluminium material.  This material is used for cost effectiveness and will not detriment the strength as the component is a casing and not a structural component, therefore, is not subjected to constant internal or external forces.  Sand casing is a good option due to the ability to produce reproductions at very little cost thus increasing chance for greater profitability taking design costs into consideration.

Splash Plate Technical Drawing 		(Limits and tolerances included)

[image: ]Figure 9 – Splash plate technical drawing
3



The splash plate will be manufactured form a sheet of 1.2mm thick mild steel and covered with an anticorrosive coating to reduce chances of oil contamination and increase longevity. 


7. [bookmark: _Toc33637435]Evaluation 
Table 3 – FMEA table
3


To evaluate the final design and assess any potential failures, a ‘Failure Modes and Effects Analysis’ (FMEA) table can be utilised.  This tool allows a design team to brainstorm any issues that the product may face in its service life.  These issues are rated from 1 - 10 in issue severity and ability to detect which are multiplied together to give a ‘Risk Priority Number’ (RPN). This score relates the necessity of a resolution or prevention for each issue to prevent product failures.  
[image: ]All tools in the design process are used to decrease chances of product failure and increase saleability.  A design team should carry out each task to ensure that all criteria, issues and preventions are discussed and understood by every member involved in each process.
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