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The task of designing and producing a dry sump system has been tasked to the design team. A dry sump is a replacement for a wet sump, where the difference is that the oil is no longer stored in the sump (Wet), instead it is ”scavenged” from beneath the engine and pumped to an external oil resivour hence the term “Dry Sump”. No longer requiring the space underneath the engine to Store Oil, this space can be removed, less space needed for a sump allows for the engine be set lower to the ground in circuit cars, and given more ground clearance for rally cars. 
There are certain requirements that must be met, and targets to be achieved. This report will outline the design process from first concept to final design

3.The Design Process
[image: ]

The above image is the structure of a comprehensive design process for a product, this structure is what the design process for the current Dry Sump is based from. There are three main sections; The Problem Definition section, Problem Solving and Solution Validation. These three areas represent three stages of completion; Thought, Design and Building. All three of these areas have been achieved and thoroughly reviewed for the new product.


4.Customer Requirements/Problem Identification
A market team has carried out extensive market research to identify customer needs.
	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 with lubricant
	9

	The product should be low cost
	7

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



This table shows the target audience’s requirements for a dry sump. These requirements have been given a rating out of ten for importance. 
	Additional requirement
	Requirement importance rating (out of 10)

	Strength
	4

	Reliability
	8

	Ease of Manufacture
	8



These additional parameters have been implemented to exceed current market competition.


5. Research
Market Research
The current competitors are currently RACELINE, they have been selected as the company’s main rival to design against.
-Rival Product analysis
The RACELINE sump appears to be cast metal that has been machined from aluminium with several attachments included. The product description from the company outlines the following details about their sump:
“Sand cast aluminum dry sump pan, integral dry sump pump and fitting kit, windage tray kit, finger filter and cap set, -12 inlet and outlet fittings, complete O-ring seal set and fittings.”
RACELINE. (2020). Duratec Dry Sump Kits.
[image: IMG_256]
Fig2: RACELINE dry sump kit
The competitor includes fitting kits, and O-Ring sets. These fields are not within the companies design capability therefore an alternative solution to O-rings and fitting kits must be created. 










-Manufacturing capabilities
To drive down production costs, the sump will employ a sheet metal design. Research has been focused on the already available gauges of metal thickness.
[image: ]


Fig3: Selected Sheet Metal Thickness Gauges
The optimal thickness sizes for the Outer Sump Shell and Inner Rollover Pan were 3mm and 1mm respectively. Those sizes were not available, close gauge alternatives were selected; 9 Gauge(2.906mm) for the Outer Sump Shell and 19 Gauge for the Inner Rollover Pan. The sump can now be constructed from pre-existing sheet metal reserves.
-Manufacturing Methods
Keeping costs down is paramount, different machining methods have been researched. There are two options for fabricating the part; CNC or Sheet Metal. 
Blackstone Advanced technologies states that:
“CNC manufacturing and sheet metal fabrication can largely use the same types of metal (stainless steel, steel, copper, aluminum, and zinc) … material preference shouldn’t play a large role in choosing a fabrication method.”
Blackstone Advanced Technologies. (2017). CNC Machining Vs. Sheet Metal Fabrication: Cost & Quality.

Both methods have advantages, so they will both be used in the sump construction. Although the decision has been taken to use sheet metal for the bulk of the sump, and CNC machining for parts that need to be more precise. 
Blackstone Advanced technologies also states that:
“A cost of a typical sheet metal fabrication project usually falls between $1,000 and $4,000. The same project could cost hundreds more when you get computers and programming involved.”
Blackstone Advanced Technologies. (2017). CNC Machining Vs. Sheet Metal Fabrication: Cost & Quality.
The above statement also shows how using sheet metal can be far cheaper than complete CNC machining. The use of both methods in tandem will drive manufacturing costs down and therefore increase profit margins.


6. Design Specification
The company has conducted a QFD(Quality Function Deployment) to asses how well the product performs against customer requirements, and design requirements. The QFD toolkit uses a grid pattern to give design elements a positive or negative effect on customer needs. This score is then totalled to give a final rating out of 5. The QFD also compares the companies own product to the competitors. This creates a forecast of the product performance in the markets.
[image: ]
Fig4: QFD Analysis Chart
Presented above is the QFD chart that has been drafted for the companies product, the left side lists the customer requirements, the top lists actions the design team can take to achieve those requirements. The shapes in between represent the effect each design alteration has on the final product, and shows any conflicting results of changing a certain parameter. The line graph on the right represents how satisfied the customer should be with each requirement, in the company’s case, the customer satisfaction rates are between 4&5 out of 5. The line graph below shows the manufacturing capabilities and priorities generated, from this graph the main focus of design will be on simplicity, using existing bolt locations and thin aluminium materials. Although there is an anomaly in the importance rating, the Customer requirement for an oil catch tray is a 9, however the importance rating is only a 4, this will be manually changed to a high priority in the design phase.
7. Concept Designs
This section now outlines some of the concept designs for the sump rollover mechanism. Three concept designs for this mechanism have been created and theorized.
Concept A: Reverse Sump
UprightMOUNTING SURFACE
MOUNTING SURFACE
ROLLOVER PAN
OIL
ENGINE

CROSS SECTION




Roller-over
CROSS SECTIONOIL INTERCEPTED





Fig5: Rollover Pan Concept A
This design works like two cups one inside the other, when the sump is rotated 180Deg the oil simply falls into the inner sump bolted to the oil tray bolts on the engine. 
Pros:
-Simple design therefore cheap production cost
-Satisfactory prevention of oil back-flow
-Uses existing bolt locations for the sump pan
-Major manufacturing ease
Cons:
-Not 100% effective
-Comprises of two separate parts- harder to install







Concept B: Inner walled drain-off holes
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Fig6: Rollover Pan Concept B
When the sump is polar to its normal position, the oil falls into troughs created by raised walls around the drain-off holes thus denying the passage of oil back to the engine.
Pros:
- Single piece- easier to install
- Satisfactory prevention of oil back-flow
- Relative manufacturing ease
Cons:
-Possible Manufacturing Difficulties
-Not 100% effective











Concept C: One-way ball bearing valve
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Fig7: Rollover Pan Concept C
There is a ball bearing placed inside an casing that rests on a spring. When the engine is 180Deg from normal, the ball bearing falls into the gap for the oil, and oil flow is blocked.
Pros:
-Almost complete oil back-flow prevention
Cons:
-Complex design: expensive manufacturing costs
-Susceptible to malfunction/blockage

8. Design Isolation
[image: ]	The optimum design must be chosen via the process of design isolation. The design isolation process allows proposed designs to be visually compared against each other.

Fig8: Design Isolation of Concepts A,B,C
	The design isolation process has concluded that design A is superior to the other designs for the requirements set 

9.Failure Modes & Effects Analysis (FMEA)
The concept designs have been processed through an FMEA. The FMEA assess how certain risks can be avoided.
[image: ]
Fig9: FMEA of concepts A,B,C
Again, Concept A has out performed the other concepts in its field.



10.Solidworks Final Designs
The design team has carefully made a final design of the sump with the design program Solidworks.
[image: ]The design is built from Aluminium, machined for the mounting plate and sheet metal fabricated for the pan. These following images show the technical dimensions for the sump.
Fig10: View of complete sump


[image: ]
[image: ]Fig11: View of Mounting Plate
Fig12: View of Sump Pan



[image: ]
Fig12: View of Rollover Pan
11.Product Evaluation
The product has surpassed all expectations
Weaknesses: sump can prevent large oil quantities from entering the engine, but between the angles of 90 and 110 Degrees from upright, the mechanism is partially ineffective, however the oil would collect on the side of the crank housing rather than on any moving parts. The likely hood of a car resting at this angle is low enough to not be a concern to design. Also, the gap has been reduced between the sump wall and the catch tray to prevent this.
[bookmark: _GoBack]The sump has performed well in the risk assessments and design isolations, showing that is is fit for purpose. From a cost stand point, the use of sheet metal has reduced manufacturing costs significantly, without compromising on quality.
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