


Abstract
This assignment covers the processes used in designing a dry sump system for a Ford Zetec SE engine which is also known as Sigma. Appropriate research has been performed so that a design specification can be made. From here concept models can be constructed to show ides for a sump. These concepts will be analysed so that the next concept can be improved.  
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Introduction 
In this assignment, a dry sump system is to be designed. Before a final design is submitted, multiple designs are to be constructed in accordance to a design specification. This design specification will be drawn up using background research and appropriate methods. 
Once the design specification is made, concepts will be constructed to the design specification. Multiple concepts will be made which will improve on the last until a final design that meets the design specification and functions as intended is constructed. 
[bookmark: _Toc34309973]Methodology
The first step to designing a new dry sump is to perform research into the product that is going to be designed. This research will include looking at the purpose of the product, the existing market for said product and materials. These must be researched to ensure that the product will be a commercial success if it were to be sold into direct competition with other products. Also to do within these stages is to measure an existing sump that is fitted to the engine to ensure the product will fit correctly
To ensure that the product will be successful in its intended role, a design specification will be drawn based on the consumers needs. This will help highlight key areas that the product must perform well in for it to be deemed a success. 
Once this design specification is made, the initial concepts can be made in accordance with the design specification. These initial concepts are meant to be bare bones as then more concepts can be made and therefore more potential solutions are made available. All concepts will have their own FMEA (Failure modes & effects analysis) table to evaluate its abilities to not fail and when it does fail, it fails safely.  
Each concept will be an evolution from the previous one, this development process will continue until a design that functions properly and almost matches the design speciation is made. From here, the final design will be developed to hit the design specification. 
The next stage evaluates the final design after all developments are made to the product. The product is evaluated in terms functionality and how it aligns with the design specification.  This is the last stage of evaluation in terms of design so it is critical that the design passes this first time because it is more expensive and time consuming if a fatal flaw in the design is spotted here. 
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The situation is that a new sump needs to be designed to be fitted to a Ford Zetec engine that is going to be using a dry sump lubrication system. This engine has the intended use of being fitted into a vehicle that is constructed for track applications. Knowing this, some important features can be noted for further use in the design specification. These include:
· The sump must be light weight 
· The sump must be easily serviceable in a pit garage 
· The sump must be strong enough to be able to withstand any debris that is on the track 
· The sump must prevent oil going into the engine in the event of a roll over  
The vehicles that will be using the Ford Zetec engine and this dry sump are:
· Modified Ford vehicles that have this engine as standard (Fiesta and Focus)
· Formula Ford 1800 cars (Ford Motor Company, 2012) 
This gives an idea of the environment that the sump will be in during its operating life, Formula cars tend to have the body work close to the engine to help the aerodynamics of the vehicle. In this instance, the sump may need a reduction in size to fit inside the vehicle and to help make the sump easier to service in a pit garage. 
Upon research into a series that permits the use of a dry sump lubrification system, in this case the Formula Ford 1800 series the following was noted: 
· The dry sump equipment cannot protrude inside the engine cylinder block 
· The minimum weight of car during any time of competition without the driver must not be below 450Kg. The minimum weight with driver is 525Kg 
· The minimum ground clearance allowed is 40mm 
(Ford Motor Company, 2012) 
It is noted that the series no longer uses the Zetec engine in competition but it was used in older vehicles that ran in the series. This gives an indication of the dimensions and weight the sump needs to be.   
To be able to tap into this market and the front wheel drive, transverse mounted engine market, different bell housing mounting holes are required. 
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Many dry sumps on the market are made out of aluminium. Aluminium sumps are of a lighter weight than their steel counterparts. This is backed up by looking at other sumps on the market. The company Canton produces 2 versions of the same dry sump pan. However, one weighs 4.89Kg and the other weighs in at 7.64Kg. the difference between these sumps is the material. The lighter of the two is made out of aluminium while the heavier one is made out of steel. However, looking at the cost of the same sumps, the steel sump is significantly cheaper than the aluminium option.  (Behuniak, 2017)
Although the above sumps are not related to the sump that is going to be constructed, it gives an insight of material costs and material weight. 
Due to the sump receiving hot oil, the sump needs to be able to keep its shape and strength while under temperature. In terms of the coefficient of thermal expansion, steel expands less than aluminium. This means that an aluminium sump will potentially expand more than a steel sump of the same construction. Also in terms of melting points a steel has a higher melting point than aluminium, (Steels melting point = 11460C and aluminium’s melting point = 6600C). This does mean that if the vehicle were to crash and a fire were to start, a steel sump has a higher chance of surviving the blaze than an aluminium sump. (Swan, 2003)
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To help with laying out a design specification, a QFD is used. This will highlight the key areas that our product and competitors products perform when compared to each other. The requirements that will be used to compare competitors is the customer requirements This will display certain features that are essential to incorporate. The QFD is shown in Table 1. 
The design specification is included within the QFD is the design specification that the sump will be constructed to achieve. A successful design will cover all points outlined in the design specification and in certain areas exceed it. 
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[bookmark: _Toc34309990]Figure 1-Dry sump concept 1: Sump
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[bookmark: _Toc34309991]Figure 2-Dry sump concept 1: Sump cover
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[bookmark: _Toc34309992]Figure 3-Dry sump concept 1: Sump assembly

Concept 1 (see figures 1,2 and 3) is a rough base for the dry sump. This is why it lacks essential features such as the mounting holes. To find out any potential failings of this concept, a FMEA is performed. 
As highlighted in the FMEA, concept 1 has several identifiable flaws that critically reduces the effectiveness of the sump. One of these being its overall height. With a height of 135mm, this sump is the size of a standard sump already in use on the engine. This flaw alone defeats the whole point in having a dry sump system. Other problems with this sump are highlighted in the FMEA in appendix 1. Also included are suggested actions that can take place to improve the sump. 
Another flaw with this system is the fact that there are no smooth edges to encourage oil flow towards the pickup. This flaw will cause oil starvation in more serious cases as residue oil is always left in the sump.  
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Following up on the failings of concept 1, concept 2 is designed as an improvement to concept 1, taking into consideration the FMEA table for concept 1. Also incorporated in this design and following designs is the use of one-way valves similar to those incorporated inside of camshafts used in variable valve timing systems. These valves will prevent oil flowing back into the sump and into the engine in the situation of a roll over. All designs from concept 2 onwards will be constructed out of aluminium. Concept 2 is shown below in Fig 4 
[image: ][bookmark: _Toc34309993]Figure 4-Concept 2

This sump has received multiple developments to avoid to failures of concept 1, these include:
· A reduction in overall height 
· Heavier use of curved edges and faces
In terms of height, concept 2 has an overall height of 35mm, this is a 100mm reduction from concept 1 . This will reduce its chances of a projectile hitting the sump, this will also reduce the chances of the sump being punctured. 
The heavier use of curved edges and faces were used to improve oil flow inside the sump, reducing the likelihood of oil sitting in the sump which was a major flaw in concept one. The FMEA for concept 2 is located in appendix 3.  
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From concept 2, the final design shares the same shape and overall concept. However, some changes have been made such as relocating the pickup point to the side of the sump. This was done to protect the pickup from any object that may hit the sump. Because of this, the size of the fillets have been reduced which may affect the ability for the oil to flow into the pickup point. 
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The sump has improved in weight from the previous design as shown in tables 2 and 3. This is important as one of the customers requirements was that the sump was to be light weight. A FMEA table for the final design is shown in appendix 3. 
The construction method for this design is to cast the sump and the drill all the guide holes and the pick up point will be tapped to create the thread. The sump will then be polished to remove any pitting in the sump to improve oil flow. 
To see the final design and it technical drawing, refer to appendix 4 
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If this exercise were to be performed again, more research into alternative materials such as plastics will be made. This is because of the weight savings that plastic provides over other materials. Although there are disadvantages to using plastics for a sump, the additional research will be able to pick these up so a full analysis can be made on its use. 
In addition to this research, flow test on the sumps would bring useful information in terms of design. This will show how the oil flows to the pick up point. These tests will be able to show where the oil flow is not optimal and changes can be made to the design to prevent oil from being trapped in the sump. These tests are important, especially in the designs that have been made as they depend on the oil flowing into the pickup point using gravity alone. 
[bookmark: _Toc34309983]Conclusion 
In conclusion to this design project, a final design has been constructed to fit onto the ford Zetec SE engine. To get to this point, appropriate measure have been taken in researching the design and concepts have constructed and improved on to get to the final design. Recommendations have been made to help improve the design further if this project was to be repeated. 



References
Behuniak, J (2017) The Showdown: Steel vs Aluminum Oil Pans , Available at: http://blog.cantonracingproducts.com/blog/steel-vs-aluminum (Accessed: 5th March 2020).

Ford Motor Company (2012) 2012 Techincal Regulations Formula Ford 1800 Zetec , Available at: http://www.monoposto.co.uk/wp-content/uploads/2010/02/2012-zetec-ff1800-tech-regulations.pdf (Accessed: 5th March 2020).

Swan, C.C (2003) Aluminium as a Structural Material , Available at: http://user.engineering.uiowa.edu/~swan/courses/53086/period7.pdf (Accessed: 5th March 2020 ).



[bookmark: _Toc34309985]Appendix 
	Appendix number and content 
	Page number 

	1: FMEA for concept 1 
	13

	2: FMEA for concept 2 
	14

	3: FMEA for concept 3 
	15

	4: Links to final design 
	16

























	



[bookmark: _Toc34309986]
Appendix 1 












[image: ]

















[bookmark: _Toc34309987]Appendix 2 
[image: ]

[bookmark: _Toc34309988]Appendix 3 

[image: ]

[bookmark: _Toc34309989]Appendix 4 
https://uowtsd-my.sharepoint.com/:f:/g/personal/1901067_student_uwtsd_ac_uk/EuSFP8tuVP1Fpw4bAzC5_70BbGVKpHOjZ1edL6G9YaPeXA?e=zOFnyG

2

image1.png
Hesign Relaiorship scores

e requirements
© s EREREE E =
Pgr— HIEEE! H (o3
® oo Elalg |ifE e -
@ oo [N H o-
S E H
s g g
2 2

[E—

@ v e e poisrn oo

i S Qlo

‘mast important)

Customer rating
least 10

The engine shouldnotbefisoded inthe eventof arolover

] The ot shoudbe vt o

ot s o s it onsee ol 1O

@[ @[T @[ @] e v ey

)

es.
ER— )
ampeina ot (aceine ge 3 sumppan ki) @)

»
1

s
E H
H E
E ES
g
Dimension H
eigh |Heihe |5
Target value B
kg |cioomelysom s |2
Tmportance rating
2 w2l

Fefativos mportance





image2.png




image3.png




image4.png




image5.jpeg




image6.png
[Mass properties of Dry sump no2
‘Configuration: Default
Coordinate system: - default
[Density = 0.00 grams per cubic millimeter
Mass = 2263.16 grams

|Volume = 844463.60 cubic millmeters

ISurface area = 262245.53 square millimeters

|Center of mass:  milimeters )
X=-12580
Y=7.00
z=101





image7.png
[Mass properties of Dry sump no3
‘Configuration: Default
Coordinate system: - default

Density = 0.00 grams per cubic millmeter
Mass = 1938.85 grams.

Volume = 72346272 cubic millmeters
Surtace area = 249107.07 square millmeters

(Center of mass: (millimeters)





image8.png
Potential failures. Effects of failure | Serverity of failure | Potential causes |Occurand Current contral methods Detection| Risk | Recommended actions. Serverity of failure | Ocourand Dectectior] Risk
Punctuing of the sume. e sks cut of sump. Sump i toa ow tathe ground 8[one A B0 Lowerthe sump depth 7 T
Mike the sump walls tisker 5 0

(Add curved edges o the ouside f the suy q |

Engine fallurs due o i starsaton [Engine falre de o Tack of Wbiiostor] Flatsurfaces rside the sump whioh ospiures esiduse. Mone 3 i T3
Flat sufaces onthe sump cover bich capures residue] None 3 fcdsmocth angled edges to he i T4

Ergine floods during arollover | Engine fallare. [Lack of 2 non returm vakve or simular devioe Hone. 3| 80[Add 2 non et valvs or smular device 7] o





image9.png
Potential failures.

Effects of failure

| Serverity of failure [Potential causes | Ocourance | Detection|Risk_|Recommended actions | Serverity of failure | Ocourance | Dectection | Risk

Punctaing o the ump (Ol sks outof mp Sumpis toolow tothe grovnd 2] =20 Lover the sump depth 2] g -
Foke the sump s icker 5 s
i cursed edges o the ursde i the ume 3 T

Frgine Falare g to ol starvation [ Engine falare das v ok o obiioatior] Fiatsurfaces insde the sump whioh capires resduce o 4l R 7 oot angied =gz o the sump. i -





image10.png
Potentialfailures

Effects of failure | Serverity of failure | Potential causes |Occurance |Detection|Risk | Recommended actions. | Serverity of failure | Ocourance | Dectection | Risk

Pnctuing of he sump e sks cut of sump. Sump i toa ow tathe ground 7 ]98] Lowerthe sump depth 7 T
Mike the sump walls tisker 5 0
Add curved edges o the ouside o the sump. 4 |

Engine alre dus o of starvtion| Engine Falure dus o Tack of Lbfisatr] Flatsurfaces rside the sump which aptures esiduse of E 3 Add smoath angled edges tothe sump 3 -
P 2 flow st o sump g -





