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[bookmark: _Toc159308958]Introduction
As the demand grows for high-performance automotive solutions in motorsport competitions, critical engineering challenges must be addressed. This report explores the adaptation of a standard 'wet sump' lubrication system to a 'dry sump' configuration. The goes for designing a dry sump pan and oil pump pickup adaptor for an engine intended for motorsport use, is to enhance lubrication efficiency and overall engine performance. The limitations faced with the conventional 'wet sump' system, encountered as a result of the dynamic conditions of motorsport, present a clear need for a new solution. Through a structured design process, this report aims to outline each stage, from problem identification and understanding the need, to the development of concept designs, design isolation exercises, and the documentation of the final design. With a focus on meeting customer requirements such as manufacturing a lightweight product, straight-forward installation, roll-over protection, cost-effectiveness, and serviceability, the report investigates the methodologies and tools utilised to arrive at an optimum solution for the 'dry sump' system.


[bookmark: _Toc159308959]Problem identification

In this report, a design adaption will be formed to modify an automotive engine by implementing a 'dry sump' system in the place of a 'wet sump' lubrication system, for the purpose of high-performance motorsport applications. In the standard 'wet sump' design, the engine relies on a sump pan to store and circulate oil, however this becomes inadequate when exposed to the demanding conditions that are present in motorsport.
In motorsport scenarios, an engine experiences extreme acceleration, deceleration, lateral forces, and abrupt changes in orientation, leading to oiling challenges in the conventional system. The need arises to redesign the lubrication system, focusing on developing a suitable dry sump pan and oil pump pickup adaptor. This modification is essential to accommodate the addition of an external oil pump that will scavenge oil from the sump pan and redirect it to a remote reservoir/tank. The primary problem involves optimizing the design to ensure efficient oil scavenging, lightweight construction, easy installation, and prevention of lubricant flooding in the event of a roll-over, all while considering cost limitations. 

[bookmark: _Toc159308960]QFD analysis
 
[bookmark: _Toc159305538]Table 1 - Customer Requirements Prioritized
	Customer requirement 
	 Importance rating (1-10) 

	The product should be lightweight 
	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





[bookmark: _Toc159305539]Table 2 - Engineering Characteristics
	Engineering Characteristics
	Weight (Importance/10)
	How it addresses CRs (1-5)

	Material Selection
	7
	2

	Ease of Installation
	6
	3

	Roll-over Protection Mechanism
	9
	5

	Cost-effective Manufacturing/ Material
	7
	2

	Accessibility for Servicing/Maintenance
	8
	5



QFD matrix clearly displays the relationship between the customer requirements and the engineering characteristics.
· A positive correlation indicates that as one variable increases, the other tends to increase as well.
· A negative correlation, on the other hand, suggests that as one variable increases, the other tends to decrease.

[bookmark: _Toc159305540]Table 3 - Table displaying positive and negative relationships between customer requirements and engineering characteristics
	Relationships  
	Material Selection
	Ease of Installation
	Roll-over Protection Mechanism
	Cost-effective Manufacturing
	Accessibility 
(for Servicing/
Maintenance)

	The product should be lightweight 
	Negative
	Positive
	Negative
	Positive
	N/A

	The product should be easy to install (initial set-up) 
	N/A
	Positive
	N/A
	N/A
	Positive

	In the event of a roll-over, the engine should not be flooded with lubricant 
	N/A
	N/A
	Positive
	Negative
	N/A

	The product should be low cost 
	Negative
	Negative
	Negative
	Positive
	N/A

	The product should allow easy/fast access for servicing/maintenance 
	N/A
	Positive
	Positive
	N/A
	Positive
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[bookmark: _Toc119667596][bookmark: _Toc159308978]Figure 1- QFD analysis
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A PDS clearly outlines targets for a design. It serves as a document to clearly define specific engineering characteristics and customer requirements for a product. It provides a structured framework for the design process, ensuring alignment with the customers’ needs and facilitating the development of a successful solution.

[bookmark: _Toc159308962]PDS

[bookmark: _Toc159308963]Lightweight (Importance Rating: 8):

· Engineering Characteristic: Utilize lightweight materials such as aluminium to manufacture the dry sump pan and oil pump pickup adaptor.
· Achieve a weight reduction of at least 20% compared to the standard 'wet sump' system. 
· Target Weight: >9kg

[bookmark: _Toc159308964]Easy to Install (Initial Set-up) (Importance Rating: 5):

· Engineering Characteristic: Design modular components with clear assembly instructions, minimal tooling needs and minimal parts to facilitate easy and quick installation during the initial setup.
· Target Installation Time: Reduce installation time by 30% compared to traditional 'dry sump' systems.
· Target number of tools required: >5
· Target number of steps needed: >10


[bookmark: _Toc159308965]Roll-Over Prevention (Importance Rating: 9):

· Engineering Characteristic: Implement a robust anti-roll mechanism in the design of the dry sump pan and oil pump pickup adaptor to prevent lubricant spillage during a roll-over.
· Target: Achieve a 99%+ effectiveness in preventing lubricant spillage during simulated roll-over conditions.

[bookmark: _Toc159308966]Low Cost (Importance Rating: 7):

· Engineering Characteristic: Optimize the manufacturing process, select cost-effective materials, and design for efficient production to minimize overall production costs.
· Cost Target: Achieve a 15% cost reduction compared to other available motorsport dry sump systems.
· Target manufacturing cost for one unit: >£1000

[bookmark: _Toc159308967]Easy/Fast Access for Servicing/Maintenance (Importance Rating: 7):

· Engineering Characteristic: Design the dry sump pan and oil pump pickup adaptor with easily accessible components, quick-release mechanisms, and well-documented service points for efficient servicing and maintenance.
· Target Maintenance Time: Reduce maintenance time by 25% compared to conventional dry sump systems.
· Target: Have tool less access. Utilise removeable panels.
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[bookmark: _Toc159308969]Dry sump pan 

To begin, I used a design of a wet sump and modified it. 
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[bookmark: _Toc159308979]Figure 2 - Wet sump design used for modification

Firstly, I researched the depth of a dry sump which ranged between 4 – 6 inches. I then reduced the depth of the wet sump accordingly to ensure all radii were removed.
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[bookmark: _Toc159308980]Figure 3 - Cut extrude executed on wet sump design
I then sketched the bottom of the shape and extruded the sketch, to make it an appropriate depth of five inches. 
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[bookmark: _Toc159308981]Figure 4 - Sketch and extrude carried out on wet sump design

Following, I sketched the shape on the inside of the sump pan to ensure the shape had depth as well as a thick, stable bottom. 
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[bookmark: _Toc159308982]Figure 5 - Sketch and cut extrude to achieve depth for dry sump

Additionally, I extruded a central hole on the bottom of the sump pan to allow for the oil pump to be inserted.
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[bookmark: _Toc159308983]Figure 6 - Threaded hole cut extrude for oil pump pickup adaptor

Furthermore, I added four holes at the base of the sump to use to later attach the oil pump pickup,
[image: A drawing of a machine part
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[bookmark: _Toc159308984]Figure 7 - Cut extrude holes to attach to oil pump pickup
I then did the fine details of the shape and filleted the holes to make it a sleeker design. 
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[bookmark: _Toc159308985]Figure 8 - Filled added on large holes
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[bookmark: _Toc159308986]Figure 9 - Fillet added on the four corner holes

Displayed below is the final part.
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[bookmark: _Toc159308987]Figure 10 - Final design of dry sump pan
[bookmark: _Toc159308970]Oil Pump Pickup Adaptor
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Description automatically generated]
[bookmark: _Toc159308988]Figure 11 – Oil pump pickup adaptor 1 used as design inspiration (Carid, 2024)
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[bookmark: _Toc159308989]Figure 12 - Oil pump pickup adaptor 2 used as design inspiration (Amazon, 2005)

To create the oil pump pickup adaptor. I firstly started by sketching a rectangle and extruding it. I then sketched on top a row of circles of 0.5mm diameter and patterned it to cover the surface. I then filleted the edges of the shape to create a smooth finished look.
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[bookmark: _Toc159308990]Figure 13 - Base of oil pump pickup adaptor

Following this, I extruded a cylinder from the side of the base and sketched and extruded on to it a curved pipe. I extruded a hole through the pipe to allow for it to pump pickup oil efficiently.
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[bookmark: _Toc159308991]Figure 14 – Oil pump pickup adaptor connection
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[bookmark: _Toc159308992]Figure 15 - Side of oil pump pickup adaptor

Lastly, I just needed to make the sides of the shape. I did this by sketching, using cut extrude, and filleting the sides of the shape. I also added two threaded holes to each side to screw it to the dry sump pan.
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[bookmark: _Toc159308993]Figure 16 - Birds eye view of oil pump pickup adaptor
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[bookmark: _Toc159308994]Figure 17 - Final design of oil pump pickup adaptor

[bookmark: _Toc159308971]Evaluation

In the design process, it is crucial to objectively evaluate various concept ideas to identify the most optimal solution for the dry sump pan and oil pump pickup adaptor. This design isolation exercise involves a systematic comparison of different design concepts based on key criteria derived from customer requirements and engineering characteristics.
Concept Ideas:
Concept A: Aluminium dry sump pan with integrated roll-over protection features and an internal baffle system for efficient oil scavenging. Oil pump pickup adaptor with a simple cylindrical design.
Concept B: Composite stainless-steel dry sump pan with external fins for improved heat dissipation. Oil pump pickup adaptor with a modular and easily replaceable filter system.
Concept C: Stainless steel dry sump pan with integrated roll-over protection features. Oil pump pickup adaptor with a compact, streamlined design.
Evaluation Criteria:
Weight (Importance Rating: 8):
· Concept A: 8/10
· Concept B: 6/10
· Concept C: 6/10
Ease of Installation (Importance Rating: 5):
· Concept A: 6/10
· Concept B: 7/10
· Concept C: 5/10
Roll-Over Protection (Importance Rating: 9):
· Concept A: 9/10
· Concept B: 6/10
· Concept C: 8/10
Cost-effectiveness (Importance Rating: 7):
· Concept A: 6/10
· Concept B: 6/10
· Concept C: 7/10
Accessibility for Servicing/Maintenance (Importance Rating: 7):
· Concept A: 7/10
· Concept B: 8/10
· Concept C: 6/10
Analysis and Justification:
· Weight: Concept A scores highest in weight, aligning with the importance placed on lightweight design. The use of aluminium compared to stainless steel is the key factor here.
· Ease of Installation: Concept B stands out as the most user-friendly option due to its modular design and easily replaceable filter system, reducing installation time.
· Roll-Over Protection: Concept A excels in roll-over protection features, prioritizing safety, and earning the highest score in this category.
· Cost-effectiveness: Concept C is the most cost-effective, utilizing aluminium for durability and streamlined design for efficient manufacturing.
· Accessibility for Servicing/Maintenance: Concept B provides the easiest access for servicing and maintenance, earning a high score in this category.
Preferred Solution:
Considering the comprehensive evaluation, Concept A emerges as the preferable solution. Its lightweight composite construction, roll over protection align well with customer requirements and engineering characteristics. Where it is rated below one of the other concepts it is always closely in second place.
This concept strikes a balance between weight, ease of installation, and cost-effectiveness while ensuring roll-over protection and accessibility for servicing/maintenance are adequately addressed.
Documentation of the Final Design
The final design will incorporate the features and elements identified in the preferred solution ensuring a cohesive and optimized solution for the dry sump pan and oil pump pickup adaptor. 
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[bookmark: _Toc159308973]Dry sump pan

In the final design of the oil sump pan, we can see it is an appropriate depth. It has a centrally located hole for the oil pump pickup as well as four holes to attach the oil pickup pump to the part also. Using the original design of a wet sump allowed the top half of the design to already be appropriate for its application.
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[bookmark: _Toc159308995]Figure 18 - Image showing the final design solution of the dry sump pan
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[bookmark: _Toc159308996]Figure 19 - Different views and drawings displaying the final design solution of the dry sump pan
[bookmark: _Toc159308974]Oil pickup pump 

The final design solution of the pickup pump clearly displays where the part would be attached to the dry sump pan, using four threaded holes. It also shows where the oil would be transported and moved too.
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[bookmark: _Toc159308997]Figure 20 - Image showing the final design solution of the oil pump pickup adaptor
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[bookmark: _Toc159308998]Figure 21 - Different views and drawings displaying the final design solution of the oil pump pickup adaptor
[bookmark: _Toc159308975]Evaluation Framework

Evaluation of customer requirements:
To know if it met customer requirements I would collect volunteers of focus groups both experienced in motorsport and not. 
1. I would have group discussions and conduct a survey covering various questions such as: what price point they would expect from a product such as this, what weight they would expect etc.
2. I would give them the instruction manual and the few tools required and see if they are able/ how easily they find it to install.
3. I would also simulate real maintenance problems the dry sump could encounter and ask them to carry out maintenance. I would then ask them questions on how simple they felt maintaining the part was.

In order to truly know the efficiency of my product, I need to test it in real life scenarios. I would implement my system into motorsport cars and have them driven to simulate a real race. 
1. I would ensure there was no lubricant currently in the dry sump pan 
2. I would instruct the driver to undergo many moves (one at a time) including drifting, harsh turns, spinning and a roll over whilst doing laps of a track. 
3. After the test race is completed I would measure how effectively the dry sump worked: was any lubricant collected? Were any problems encountered whilst driving etc?
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In conclusion, a wet sump has been successfully modified to create an appropriate design for a dry sump system applicable in motorsport that addresses dynamic challenges. The design process, guided by customer requirements, QFD analysis, and evaluation, contributed to the final design solution. The final design of the dry sump pan and oil pump pickup adaptor reflects a balanced integration of innovation and functionality. The proposed evaluation framework ensures real-world testing and user feedback, crucial for assessing the product's performance and satisfaction. This custom 'dry sump' design is the answer to the rising need for top-notch performance in motorsport.
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