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1-Introduction (Oliver Beck)
“The main objectives of the suspension system on any car are to control the attitude of the tyre relative to the road surface” (Wright, 2003)As a group, we have been set the task of replacing the current rear suspension of the Loco Blade race car. The current car uses independent front suspension that should remain and the rear uses a De Dion suspension set up. We were given requirements that we had to meet these included making minimal modifications to the existing chassis, compliment the current front suspension geometry, be structurally sound whilst cornering at a maximum lateral acceleration of 1.5G and have a maximum static camber of -2 Degrees. Given these requirements that the client has given as a group we will need to put in a structure to manage our time so that as a group everyone is working effectively and efficiently whilst staging weekly meetings to track the progress. 

 2-Current Suspension (Oliver Beck)
The current suspension on the Loco Blade is the De Dion suspension system, this is a non-independent suspension that works by using a universal joint at each end on both the differential and the wheel hubs. A solid beam is used to keep the wheels in parallel to one and other; this is needed because the wheels are then perpendicular to the road surface no matter what’s happening to the cars body. This was used for so long because there is no camber change when on rebound meaning that you result in a more consistent ride quality. The reasons that it needs replacing from the Loco Blade that the that it is heavier and more complex than alternatives that can be designed and manufactured, there is also alternatives that will give a better un sprung mass and will be able to give the needed qualities given in the brief. (Chris Longhurst. 2017)

2.1 -Current suspension Assessment and brief (Daniel Salathiel)
The suspension system must comply with the £3000 budget. It must connect the chassis to the hub carriers, controlling the wheel behaviour characteristics with minimal adaptation and modification of the existing vehicles chassis. The design must also control motion such as; Noise, vibration, camber angle and toe steer. The unsprung mass of suspension must be limited, to give the car more control and responsiveness for the customer. The weight of the components must be balanced with service life, and its ability to with stand cornering forces. With a Lateral Acceleration of 1.5G and a 55:45 weight distribution at 500kg. It must Satisfy a static camber of -2.0 Degrees complimenting the front geometry of the customers car. The design must have a high enough UTS for application and have a high enough Fatigue FEA/CAE

3-Team Organisation- (Iwan Thomas) 
Figure 1 


[image: ]
As a group, we decided to create a Gantt chart to keep track of how long we spent on each task of our group project. As seen above is our Gantt chart completed as of the 5th of April. We believed this would be the most efficient way to be in control of what tasks get completed. The Gantt chart has worked extremely well to know who has been assigned to which part of the project and has also been great for the group to know who’s completed their part of the task. As seen in the screenshot above, we have column with a very brief explanation of the task provided along with who’s completed the task in the column to the right. The column to the right of the names, we have the total amount of hours that have been spent on that part of the project; with the following columns showing where these hours were distributed. As seen in the following columns, the group project wasn’t active during the start of January, this is due to exams. During this project, we had to learn new skills in cad to be able to complete some of the drawings such as simulation. Jamie, who was assigned the task of creating the WinGeo model, had to revisit work from last year in order to complete his task provided.
We also had a group meeting each week with our project tutor to keep track of progress of everyone’s tasks. We completed and signed a form at each group meeting stating what each of our tasks were during the week. Our tutor, Mark Sanford, helped us greatly to keep on track with the project. He gave us many pointers to think about which spurred a lot of our current ideas. It became difficult to complete aspects of the project and move on to the next part of the project when members of the group took longer to complete their task; especially when their results were needed to complete the work the rest of the group was provided. A few of the tasks have had to be completed without all the required information as members of the group took longer than we expected to complete the assigned task.

4-Independent Rear Suspension (Daniel Salathiel)
Rear independent suspension creates a consistent connection between the contact patch and the road surface. This is achieved through the connection of the wheels to chassis via conforming components. In the case of our project, wishbones connecting the hubs to the design chassis component. IRS allows for absorption of forces such as Bump, Braking, acceleration, lateral and cornering forces. This suspension design also allows driver to feel grip, due to the more predictable characteristics the Independent rear suspension setup has to offer. The design also prevents lateral movement of hubs via the wishbones. For this design to work efficiently for the customer, the design must overcome Road forces- and the acceptable failure tolerances for application.
An IRS system compared to the existing Live axle reduces the un-sprung mass, improving the handling of the car and increasing its responsiveness to the surface changes. An IRS implemented correctly can have considerable improvements on the cornering handling, but sometimes can compromise straight line stability. Due to the nature of the application we have decided this is a compromise that little outweighs the benefits. 
The independent suspension on a vehicle removes the connection between the two wheels. This means the wheels can respond independently to undulations. Thus, keeping the contact patch of the tyre in contact with the surface more efficiently and more of the time. This means it stops the one side of the vehicle affecting the other sides grip, wheel angle and movements. 
The unsprung mass of the rear suspension can be reduced by implementing IRS, using a diff cradle. This means the diff and struts don’t act as sprung mass like the De Dion setup. The relative movement between the wheels and drive shafts can be achieved via universal U joints, with the integration of CV joints. 
An introduction of a rear anti roll bar in the design could help improve the handling characteristics. This would tie the spring rate together, while maintaining independent motion. 
(Slideshare.com, 2018, p1) 

4.1- Suspension Types (Oliver Beck) 
There are many different types of independent suspension systems that can be used these are systems such as:Figure 2


[image: ]Double wishbone suspension works by having two wishbone shaped arms connected to the chassis and the wheel hub whilst sitting parallel to one and other (Dixon, 1996). This system would be good to use on the loco blade because it is reasonably simple in its design and would then not require too much change to the existing chassis, it also allows the user to have the means to adjust the camber by changing the position of the upper and lower arms (J.R.Ellis, 1994). This set up allows for a more consistent ride than Macpherson Strut because it is connected at two points meaning when on rebound the angle of the wheel stays the same instead of folding away like in other suspension set ups (Longhurst, 2017). The shape of the wishbones can be altered to suit what is needed with most wishbones being in an A shape causing the forces to be spread out across further surfaces. Double wishbone suspension is used on a range of different current race cars including every car that is competing in the BTCC as stated by their regulations (BTCC 2017) In road vehicles Audi currently run dual wishbone on a range of their vehicles this includes the R8 and the Q7 with both being very different systems with one being built to be very responsive and the other for strength. Double wishbone suspension will also allow for multiple different arrangement that can give the suspension different geometry depending on what is required from the vehicle. 


[image: ]Macpherson strut has been used in a range of different vehicles including both road and racing. It is a reasonably simple design and is used throughout road cars because of the little space used horizontally meaning that it frees up space for the passengers (J.R.Ellis, 1994). It works by only having a single wishbone on the lower section of the upright with a spring and shock absorber on the top of the upright (J.R.Ellis, 1994). The advantages of the Macpherson strut are that it allows for a low and well controlled roll centre (Bastow, 1993). The disadvantage of this system is that because of the singular control arm when on rebound the wheel angle movement is almost the same as the roll angle meaning that camber changes, this will create uncertainty in the ride meaning that grip can be lost as unwanted camber angles can be achieved at different parts of the circuit. It is also very difficult to fit into low vehicles because of the vertical height is so large compared to other setups (Longhurst, 2017). There also will be difficulty for the upper mounting point because there is currently nothing in the existing chassis that will be able to support this so excessive editing to the chassis will be needed to support Macpherson strut. Macpherson strut is used in mainly road vehicles because of this and is used in both front and rear suspension set ups. Figure 3

Figure 4

[image: ]Multi-Link suspension is using 3 or more connecting lateral arms from the chassis to the upright. Although wishbone can be used in multilink suspension it is often just a singular ball joint at each end (Dixon, 1996). The multiple arms mean that that camber changes can be very precise as well as toe in and out adjustments, this is why it is used in high end racing such as formula 1 (Longhurst, 2017). The multiple different mounting points mean that ride can be predicted very precisely meaning that it is easy to calculate what is going to be happening at different parts of the track.  The disadvantages of this set up is that it is very complex to design and is hard to then achieve what is wanted in the suspension without excessive testing software this then put the price up which is already quite high because of the more complex part. It will also require changes to the chassis as multiple different mounting points will be needed. 
tolerance for application. 
4.2-Comparison of Types of suspension applications (Daniel Salathiel)
	Suspension Layout
	Unsprung Mass
	Change in Toe
	Change in Camber
	Change in Steer
	Adaptation to Chassis
	Total:
(50)

	
De Dion

	
3

	
5
	
5
	
3
	
6
	
22

	
Watts

	
3

	
5
	
5
	
6
	
5
	
24

	
McPherson Strut

	
4

	
7
	
7
	
4
	
4
	
26

	
IRS 

	
8
	
8
	
8
	
6
	
3
	
34


Table ‘’: Suspension design analysis and comparison. 
The table above was utilised to gather information for a comparison of the different options available for the customers application. Through a scoring system the different aspects that the user was looking for were rated from one to ten. The total at the end, out of fifty would give a clearer understanding of what would be the best setup for the vehicle, and give the most benefits to the driver, while complying to the design brief. The analysis highlighted that for our group project, the Independent suspension would offer the most advantages over the other setups, allowing us to be able to control the change in toe and camber of the wheels with more precision, while decreasing the un-sprung mass over the other applications, and the current De Dion rear suspension that’s on the car at present. 


4.3-Materials (Daniel Salathiel)
All materials used must Meet standards of safety. These include Stress Testing, regarding looking at the materials UTS, Yield and Buckling in regard to the maximum forces that can be applied. The materials used for the project must also be resistant to Environmental factors such as; Corrosion, Temperatures (+/-) Tolerances and Humidity. Methods such as treatments and powder coating should be considered to protect the components, ensuring the life cycle of the components are increased and acceptable. The Life span must also consider the Mileage and Life expectancy of the components,  the certain number of races or cars life, but also the Weight of unit regarding its Unsprung mass and Weigh distribution. 

4.4-Construction (Daniel Salathiel)
The construction process for the different components will depend on the materials. Once decided an appropriate tooling can be selected. There are many manufacturing processes that can be used as highlighted by the research. These include, but aren’t limited to; pressed, cast, moulded, or machined. A process will be chosen depending on the component and the tolerances it will need to comply with, governed by the application on the car. This will include the budget for components, the worth of the unit, and the replacement costs if it was needed as a replacement by the customer. Decisions on a one-off production or batch production will need to be looked at. 



4.5 -Similar vehicles to the Locost with Independent suspension (Daniel Salathiel)
Sylva Fury research:
The Sylva Fury is raced in the 750 Motor club RGB series. The RGB series is the Road Going Bike engine car series. This is the class we propose the Locost should be entered. This design was chosen due to the chassis of the vehicle being like the Locost blade, and the chassis was developed into the IRS. The research carried out on this application will provide valuable insight into how we can develop our design. 
The Sylva Phoenix uses independent rear suspension, using donor parts from existing cars. The rear Hub assembly is taken from a Ford Sierra with fabricated hub carriers forming the uprights between the upper and lower wishbones. 
The components stated for the conversion by ‘RobcollingRidge, 2004’ are as followed; 
‘’The adjustable rod on the lower rear wishbone faces towards the front of the car. The upper wishbone is also handed and the offset on the top wishbone must also be towards the front of the car. The hubs are also handed, and their orientation depends on whether you are using disk or drum brakes. For disk brakes the flat side of the hub must face towards the front’’.
The recommended setup from the build manual for the IRS Fury are:
Rear: Toe-in = 1-2mm and no negative camber at normal ride height.
Front: Toe-in = 3-4mm, ¾ to 1º negative camber. This means the wheel is leaning in at the top slightly. 
(RobcollingRidge, 2004).
4.6- Regulations (Iwan Thomas)
[image: ]As a group, we decided to choose the 750 Motor Club Championships as we thought it would best suit the Locost car that we would be using. We chose this club as the regulations are very lenient and they will allow us to make the changes we’d like to do to the car. Our Locost car will be entering Class C in the Bike Sports section of the 750 Motor Club Championships. We will be entering in Class C as the capacity of the motorbike engine used is under 1100cc, 4 stroke engines therefore we wouldn’t be able to enter Class A or B.  The regulations state that the engine must be naturally aspirated and forced induction is not permitted. As the engine in the Locost is primarily stock, no forced induction has been added to the car. The regulations for the transmission are that the gearbox must remain as part of the bike engine and is still within the engine casing arrangement as such when the bike engine was manufactured. Again, the engine is primarily stock therefore no work has been done to relocate the gearbox and we are still able to compete in this championship. There are no regulations on the size or type of tyres and wheels used in this championship. Currently, there are no regulations for the brakes on the Locost car so therefore we have the opportunity to keep the current set up of drum brakes on the rear or upgrade the rear brakes to disk brakes. The regulations regarding suspension are free but active suspension is not permitted. By changing the rear suspension to independent, the fuel tank may have to be moved. The regulations state that the fuel tank may not be located in the cockpit unless a fireproof bulkhead is used. The fuel tank regulations are free if located elsewhere. As we will be changing the rear suspension, the roll cage must be an MSA certified roll cage therefore keeping the same structural integrity of the car. Figure 3 or 4 safety cage from the MSA Blue Book must be used in this championship this will ensure maximum safety to the driver and others around. If the Locost were to enter this championship the cage will have to be redone. The car currently features cage number 6 which would be structurally sound, but it’s not the correct cage for this championship.Figure 5


5- Group Choices (Oliver Beck)
As a group, we came to a conclusion that the most suitable suspension set-up to use is double wishbone. This is because if the correct materials are chosen it should easily be able to withstand the 1.5G of lateral forces stated that will take place on the loco blade, whilst also being able to be setup in a way that its static camber is no more than-2 degrees.  We believe that multi-link and Macpherson strut could also achieve these characteristics but the Macpherson strut gives a too inconsistent ride whilst the multi-link will result in being over complicated and may need further adjustments to the chassis.

There are multiple different components that will need to be designed for our suspension this includes the upper wishbone arm, lower wishbone arm, mounting brackets for the chassis, dampers and spring ratio will also need calculating.  Ideally, we will create a setup that will allow adjustment, changing the spring length this will then give the drive ultimate customization depending on situation and track.

5.1- Pull and Push Rod (Oliver Beck)
Pull rod suspension will work by having a strut from the outer end of the upper wishbone and it will run diagonally to the lower edge of the chassis, this will pull a rocker that will then engage the spring and damper (Brawn, 2017). The advantages of pull rod suspension are that it will have a lower centre of gravity in relation to push rod, this is because the vertical height of the system is much lower (Brawn, 2017), this is not a major factor in the LoCo blade because there is a large amount of vertical space to work with in relation to other vehicles. 

Push rod suspension will work by having a strut running from the lower wishbone to the top of the chassis and will create a push force that will then engage the spring and damper (Wright, 2003). The advantage of push rod suspension is that it will create much less lateral movement on the wheel because of the forces required to push the suspension is far less (Wright, 2003). Push rod suspension is used in modern F1 cars because of the precise geometry characteristics that can be achieved using it allowing for better handling than direct damping. 
Figure 6


[image: ]

As a group we have come to the conclusion that our design will be push rod, this is because it requires much less force for a push rod suspension to be effective than a pull rod, the LoCo blade will not have large forces going through it as the weight is low and lateral G is on 1.5G. Push rod will also help to keep the movement of the wheels down meaning that the tyre is in contact with the road more which will create better handing as the vehicle cannot turn if the vehicle is not in contact with the road, whilst not  being able to put down any power if the tyre is not in contact with the road, so keeping the tyre in contact with the road being the main characteristic of the suspension. Although the car would benefit from the lower centre of gravity that would be given to the vehicle by pull rod it is not a major factor as the car suspension will be covered by panels.

5.2-Wishbone Research- (Iwan Thomas) 
Unequal length double wishbone suspension offers mechanics and engineers more free parameters than other suspension such as MacPherson or equal length wishbones. The kinematics of a double wishbone set up are easily fine-tuned and modified. Whereas a MacPherson strut only allows camber at the beginning of bump then reverses it to positive camber the higher the bump, a double wishbone set up allows negative camber throughout bump. Conversely, a double wishbone set up does consume a lot of space and is slightly more complicated, compared to a MacPherson strut.
[image: ]When cornering, the wheels tend to lean to the outside of the corner. To acquire the best grip whilst cornering, it’s best if the wheels tilt toward the inside of the corner in order for the wheels to ‘want’ to turn in the same direction as the car. As the outer tyres carry the highest load, tilt towards the outside of the corner should be prevented as far as possible. This can be prevented by designing the suspension whereby the wheels go into negative camber during bump and positive camber will occur during rebound; this can be done by having a shorter upper wishbone than the lower. Doing this will cause the outer wheel that’s in bump to have a slight amount of negative camber and the inside wheel will that’s in rebound will be straight or slightly into positive camber; i.e. tilt towards the inside of the corner. The image below demonstrates how camber varies during wheel travel from bump to rebound. As seen the camber is negative in bump and positive during rebound.Figure 7

Most early examples of independent suspension used equal length wishbones which were parallel with each other and parallel with the ground. This arrangement does not allow the camber to change as the spring is compressed. F Arid (2008) states that the only downside to equal length parallel wishbones, is that when the car is cornering the wheels become cambered the wrong way causing less tyre to be in contact with the road surface, compromising traction during braking or accelerating. A solution to the unfavourable camber and traction changes, was to create a shorter upper wishbone; this will cause camber in the correct direction.
According to F Arid (2008), it doesn’t matter whether the wishbone has a wide base or narrow base, the width doesn’t assist when it comes to cornering loads. The forces being exerted on the wishbone get divided by two, assuming the wishbone is symmetrical. A wide base wishbone, deals with longitudinal forces more easily such as braking and acceleration, this way less force is applied to the wishbone and the structure of the car. An asymmetric wishbone permits placing the wheel in the same plane as the leading arm giving the advantage of separate paths for the cornering and braking forces.
The latest evolution in suspension design has been the development of the equal length double wishbone; also knows as the A arm set up. This design has many advantages over any of the other designs. Equal length wishbones allow a further improvement in ride quality and road handling compared to a MacPherson strut. The design and structure of a double wishbone set up is a lot more rigid, preventing deflections during cornering ensuring that the alignment is spot on at all times. The lack of camber adjustment is the only major disadvantage with equal length wishbones. As the wheel moves from rebound to bump, there is no negative camber gain; resulting in the body roll to increase significantly. The body roll will cause the wheels to lose traction just as the MacPherson strut suspension does.
As engineers discovered this problem, unequal length wishbones were designed creating camber during bump. This is due to the upper arm rotating in a smaller arc than the lower arm causing the top of the wheel to tilt inwards as the wheel moves upwards. The advantage of the negative camber created is that as the body rolls against the wheels, the increase in negative camber on the outside wheel helps keep the tyres to generate the maximum cornering force and the maximum grip whilst cornering. Adjusting the arms in respect to the ground, there are many possibilities to change the way the vehicle handles. This flexibility allows for suspension designers to implement the best set up for their vehicle. According to Automotive Articles (2004), “there is no right answer or best geometry, that is why a Honda will have a different geometry than a Corvette”. 


[image: Camber changes and how the different types of suspension layouts work]Figure 8

As seen in this image above, this shows the car with one wheel on a step and the other wheel lower down, this will be the same effect on the car and suspension as turning a corner. The MacPherson strut allows for one wheel to be up on the step whilst the outside wheel gains positive camber which is not ideal for tyre wear and grip. The middle vehicle has equal length wishbones, both wheels remain with the same camber as it would on the flat surface. The quicker the middle car will turn a corner, the more body roll will be applied upon the vehicle. The car on the right has the best suspension set up. As the wheel goes into bump, camber increases on the wheel giving the maximum possible grip. There will be very minimal body roll with this set up and the body roll can be eliminated with the adjustment of both the wishbones simultaneously

5.3- Force Calculations (Oliver Beck)
Calculating the forces is a vital part of the design for the suspension, with the weight of the car given as 500KG(100KG added as a driver weight)  A maximum lateral G of 1.5G including a weight split of 55:45 front to rear. 

Wishbones usually fail in two different ways, this is either buckling or yielding whilst under both compressive and tensile forces. 

Yielding is when a material will start to deform usually in a stretching manor, when either a compressive or tensile force has been applied to the given material (Loughlan, 2012), unless a material reaches its fracture point the material will go back to original length when the load has been removed. The yield point of a material is the point that a material will start to experiences lasting deformation, this will mean there is no longer a linear behaviour between the load and extension (Loughlan, 2012). This will mean that the Wishbones will have to have a higher Yeild point than force applied to them, changes in length to the wishbone will not only change the geometry of the system it will also mean that the material could reach its fracture point meaning that the material could break completely which could cause serious damage to vehicle and user depending on when this occurs.  As shown in Figure 9 once a material reaches its yield point the deformation occurs. 
Figure 9 

[image: ]

Bucking will be the other way that a suspension can fail, this is when a sudden failure will occur under a high compressive load to a strut (Gere, 2001). This will usually happen before the yield point is reached by a material. An increase in load will create instability in a strut which will then mean it is unpredictable in which fail it will fail which can be in a complete failure that will be effectively a snap pf the material (Gere, 2001).  As shown in figure 10 the compressive force will mean that the material could bend in before the snap this could happen in either direction and could cause serious damage depending on the circumstances in which it occurs. Figure 10 


[image: http://upload.wikimedia.org/wikipedia/commons/5/54/Buckled_column.png]



Now these factors are known the Forces on the car can be calculated as these values will not change as there is no changes to the front suspension. 
With the wishbones having a thickness of, 2mm and a diameter of 20mm with a length of 290mm and average grade steel with a yeield strength of 350Mpa and  a yooungs modulus of 140GPa (Matweb, 2018)

F= ma= (0.55x600)x(1.5x9.81)
F=4855.95


Yielding 


=1.13x10-4



F=yA=(350x106)x(1.13x10-4)=39550N=39.55kN	
This will show the force the suspension will fail from yielding is far greater than the maximum force being applied to it, this shows that the material could be made out of a thinner tubing depending on if it can also withstand buckling. 
Buckling




I=m4

=98015N=98.02kN

This shows the maximum force the suspension will fail under from buckling  is far greater than the force that is applied. 
Deflection 
=42.97MPa
=2.39x10-4

Change in length= 0.000239x290=0.069mm
This shows that the change in length is not big enough to have a real effect on the suspension and will not even be seen. 

This will show that the wishbones at this length and thickness will be more than capable to withstand the forces that it will be put under due to vehile movement, the only way of breaking could be due to a crash. 

6- Solidworks (Oliver Beck)
The suspension set up will be modelled in Solidworks with the parts being to the correct size with each person in the group modelling a different piece of the suspension, the model will then come together seamlessly and using the animations in solid works will then show it under different situations. Solidworks also has the ability to do force simulations and will be shown what forces a design can withstand then what material will be needed for the chosen part. 


6.1- Hub design (Oliver Beck) 
The hub will need to be redesigned, this is because the pick-up points will be completely different in the DeDion to a double wishbone. Although the pick-up point will change the wheel size will not change meaning the current stud pattern will stay. The drive shaft will remain the same size meaning that the opening for the drive shaft must stay the same size. 






Figure 11
Figure 12
Figure 13

[image: ][image: ][image: ] 


This shows the current design of the Hub and highlights why it needs to be redesigned, Figure 11 shows that the front face can remain on the new hub because there is nothing that will interfere with the wishbones. Whereas figure 12 shows where the problem lies there is no mounting points, this is means there is the option of either using the existing hub with mounting points attached or a complete redesign. A complete redesign will be done because will be stronger being a complete component whilst also then being perfect for our new design without working round unneeded parts. 
[image: ][image: ][image: ]                 Figure 14                                             Figure 15                                           Figure 16 


[image: ]Figure 17 







The new design of the Hub shows mounting points for the wishbones to be attached, the wishbones will be attached using rose joints, these will allow for camber changes by screwing in further to the wishbone. The existing wheels will fit over the hub with there being no change to the stud pattern whilst ensuring the wheel will clear the brake discs. The wider mounting points will mean that the suspension will not allow for as much wheel travel. 

6.2-Spring Design (Iwan Thomas)
Figure 18- 
[image: ]

I was assigned the task of drawing the current spring that’s on the rear of the LoCost. I had to be taught a few new skills in order to complete this spring as well as watching a few tutorials online to help. This design of spring is more compact and adjustable compared to the spring and shock located separately. This set up allows the spring preload and dampening to be adjusted unlike when the spring and shock are separate where only dampening can be adjusted.
As a group, we decided to try and reuse this strut in our new design. This will keep the costs down and we know the strut works perfectly for the rear of the car. The hub and the wishbones are going to have to be designed around this spring to allow it to all work together. As a group, we did discuss whether a new spring set up would be required and whether this strut will definitely work for our design; we decided the existing strut would be suitable for our new independent suspension.

6.3-Push Rod Pivot Design (Iwan Thomas) 
Figure 19

[image: ]
The task was then assigned by the group to myself to create the chuck fork for the independent push rod rear suspension set up on the LoCost. I used skills already learned in lectures to create this part. It comprises of two outer plates held together by the housing for the pivot pin. The strut and the shaft connected to the lower wishbone will be sandwiched between each end of the two outer plates using a nut and bolt. The connecting shaft can be seen in the picture below. It has one end to connect to the lower wishbone and the other end will connect to the chuck fork.
During our group discussions, we came up with this idea very late in the design process. We believed it would be more beneficial for the LoCost. There was a lot of unused space above the differential for us to use as the fuel tank will be moved elsewhere. We discussed the ease of servicing the rear end of the vehicle and decided that this would be the quickest and simplest way to service or change suspension components as the struts won’t be in a confined space such as the wheel arch. 
Figure 20
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6.4 Rear chassis to hold the IRS System (Daniel Salathiel)
The CAD parts I was assigned with in the team, was that of the rear chassis assembly for the IRS system, along with the differential attachments, the wishbone brackets, and the shock absorber attachment. The information of the geometry and specifications would be given to me by the person in the group in charge of the Wingeo. 
For my design I consulted with the member of the team that was in charge of restrictions for the 750 motor series. This was crucial to ensure the design we will be using, conforms to the legislation. The legislation allowed for modifications of all rear components, but there wasn’t any modification allowed on the Roll cage itself. 
Figure 21
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Technical specification:
The design chosen for the IRS system, was that of a differential cradle box section, that supported the differential internally. The box section has been designed to bolt onto mounting points on the car, that can be welded onto the existing chassis members. The live rear axle is replaced with a lighter, stiffer box section. This box section has been designed to minimise the amount of modification to the existing design. Incorporating all the components onto a bolt on, or weld on unit. This will decrease the assembly time, decrease the cost in labour, but also allow the unit to be removed from the car for servicing. Thus, reducing time in the paddock if the vehicle needs quick repairs or component replacements. 
Figure 22
[image: ]
[image: ]Figure 23

In terms of tolerances for the Differential, the design also allows the differential to be lowered out of the cradle with it still attached to the vehicles main chassis. This allows for the option of either removing the cradle, or just the differential if that’s the only component that needs to be removed from the vehicle. The threaded mounting points can be seen in the solid works model below.
Figure 24
[image: ]

The overall clearances are highlighted in the table below:
	
	Differential 
	Cradle 
	Difference/ Clearance [mm]
	Clearance each side [mm}

	Width [mm]
	235
	250
	15
	7.50

	Length (Depth) [mm]
	240
	350
	110
	55.00

	Height [mm]
	230.60
	240
	9.60
	4.80



Each part of the CAD work I designed, has been made accessible, to allow for the user to be able to carry out any work on the IRS system, easily and efficiently. Therefore, the shocks have been mounted on top of the box section, meaning they are easily accessed. This had to take into consideration the two strengthening tubes that connect the back of the differential cradle, to the top rail of the existing chassis. The angle of the tubing, and the distance from the mid-point of the tubes, to the mid-point of the cradle members, taking into consideration the accessibility of the shock absorbers and connections. As shown in the figures below.
Figure 25 
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[image: ]Shock Mounting point

Figure 26
6.5-Misc Parts (Daniel Salathiel)
For the shock assembly to attach to the differential cradle, as part of my role it was my responsibility to design the bolts and bracket to allow for the attachment of the shock design to my design. 
The design below is measured to fit the dimensions of the attachment eye of the shock and coupling it to the differential cradle platform via welded brackets. 
Figure 27 
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Figure 28 
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The bolt contains a chamfered head, and a shank to allow for the shocks bearing to be seated off the thread. It is a standardised M12 head, allowing for the user to be able to remove without specialist tools. It also has a thick diameter to allow it to withstand the stresses and yield of the application. The bolts thread has a 0.05mm deep standardised pitch. It is designed in mind of the bracket as shown in the figure below. 
Figure 29 
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Figure 30
[image: ]
 
The bracket was designed to allow the shock to be mounted inboard on top of the differential cradle. The bracket has been designed with the measurements and full movement of the shock in mind. The tolerances on this part are much less, as it is part of the moving components of the design. The tolerances for this part regarding the centre bore and threat are within 0.2 of a mm. Meaning a computer-controlled CNC machine can be used to produce the finished tolerances. Also, tolerances have been included to allow for the bearings of the shocks eye lobe as It is a moving part of the application. 

7- Solid works Simulation (Iwan Thomas) 
Figure 31
[image: ]
[image: ]Figure 32

As seen in the two pictures above, I decided to simulate static forces being applied to the piece. In the first screenshot, I applied 5000N to the edge of the piece to see if it would fracture under a very high force. I don’t believe 5000N will pass through this single item at one time. In the full assembly there will be two of these arms to distribute the total force applied. This item is made of 4130 steel, annealed at 865oC. I chose this material because of its properties; it’s got quite a low density meaning the material is rather light weight. This material also has a high yield strength of 360MPa and an ultimate tensile strength of 560MPa according to MatWeb (n.d.).
In the second screenshot, I changed the direction of the force to bend the piece. In this, I applied 3000N which is an excessive force in this direction but this shows how strong this item will be when there’s two of them attached together. This direction of force would be applied during a failure in the suspension system. It would be more beneficial for this part to fracture or bend rather than breaking a lower wishbone or strut. I believe this item will be ample strong enough to withstand the forces applied through the pushrod suspension at the rear of our LoCost. The same material is used in this simulation as the previous test.
	







Push-rod Shaft
Figure 33
[image: ] 
As seen in this simulation, I was testing to see if this bar would buckle under 4000N of force being applied to either end. The bar didn’t buckle but the brackets at either end got crushed. The material I chose was 1010 steel, hot rolled bar at a diameter of 30mm. According to MatWeb (n.d.), the yield strength of this steel is 180MPa and the ultimate tensile strength is 325MPa. This material wasn’t strong enough for this application. Instead, I have decided to use 4130 steel, annealed at 865oC rolled bar to create this piece. This material will be strong enough to withstand the forces applied along with the help from the movement of the Push-rod Pivot and the bolt holding the two together. I believed that this 1010 rolled steel bar would be ample strong enough to withstand the forces applied but I was proven wrong with the Solidworks simulation.

8-Material selection for CAD design (Daniel Salathiel)
The material chosen for the Differential box section, was decided with the consideration of; Cost effectiveness, Strength in terms of shear stress and yield, and the weight of the overall packaging. The application of 4000N meant that the frame needed to be made of a material with strengthening agents, which the material selected 4130 steel alloy contains, making it more than capable of withstanding the forces acting upon it. 
The material selected for the box section differential cradle was that of 4130 Alloy steels, which can be annealed, but for this application it is normalised. This material has been selected due to its strength, allowing the tolerances of over 4000N which is more than enough for the application on this project. It is more responsive to mechanical and heat treatments compared to carbon steels. The alloy can be found in applications such as aircraft engine mounts and welded tubing space frame chassis.  It can easily be welded through all commercial methods. This allows it to be welded into the differential cradle at a preheated condition for the acceptable weld quality for this application.  
The steel alloy is heat treated at 871 degrees Celsius, and then quenched in oil. This means it has strong yield and fatigue factors. This type of metal has been chosen due to it bending, not fracturing, or snapping off from the vehicle when the yield figure is reached. This increases the safety of the component if the vehicle was ever to be involved in an incident. This metal can be powder coated to protect it from corrosive break down, making it more resistant to environmental factors. 
(Azom.com, 2018, P1)

The welding process is stated by (netwelding below, 2018):
‘’Most of the tubing used for race car construction is referred to as normalized.  This refers to the heat treatment and cooling rate the tubing was subjected to in manufacture.  Most normalized tubing will range in tensile strength from 95,000 to 110,000 psi.  This can be welded with the proper filler metals to achieve similar strengths.  Although there are more weldable grades of steel (those with lower carbon content from 0.06 to 0.15)  in the 100,000 to 115,000 psi tensile strength range readily available for plate and sheet, 4130 remains a commonly used grade for tubing.  Just be sure to take the precautions noted when welding’’
 Online resource: 
Net.welding.com, 2018

8.1- Budgeting for CAD Production (Daniel Salathiel)
For the total cost of the rear differential cradle the square tubing was calculated through quotes from different websites. The total cost for the square tubing material 4130, at 0.8mm thick was 252 pound including VAT. This is due to 12ft units only being sold by the cheapest supplier, which mean two units were needed. 
Figure 34
[image: ]
 (aircraftsruce.com, 2018).
For the required welding for MIG, the rods require are that of a 312 stainless steel for the best strength and result for filling. These cost 35.90 for a set of 100, meaning the cost for this welding process is low for the strength and efficiency. 
(Migwelding.com, 2018)
Taking into consideration the labour costs on top of the materials the differential cradle will account for 17 percent of the budget, and up to 20 percent when the fabrication of the misc components are calculated. 

8.2-Component Production (Daniel Salathiel)
Manufacturability: 
This is the ability of the manufacturer to be able to manipulate the material using different methods to achieve the finish or product needed. This will usually consist of Computer aided design, then the use of engineering drawings to help produce the product to specification and tolerance.  
The quality of the welding can depend on the material being used for the automotive and motorsport application. Some material if thicker than 0.6 may need to be preheated to allow for the full penetration of the weld. 
This is clarified by (Formula SAE Report, 2009);
 ‘’Tube notching and welding can become extremely difficult the more complex a structure gets. The more branches a node contains the more difficult it will be to construct. Also, the structure’s ability to adapt to existing pickup points on the chassis and frame will save the integrity of the current space frame design’’.
(Formula SAE Report, 2009).

Push Rod Manufacture:
FPO Manufactures, 2000) States:
‘’A process for manufacturing push rod balls including the steps of introducing a metal ball, having an exterior surface, into contact with a carbon enriched medium for an interval sufficient to diffuse carbon into metal matrix forming the exterior surface region and, then, rapidly cooling the carburized metal balls. After the carburized metal balls are cooled, a central bore is drilled through the body of the metal ball. After drilling, the metal ball is brought into contact with a hardening atmosphere at a suitable temperature for an interval sufficient to harden the metal region proximate to the exterior surface of the metal ball. After contact with the hardening atmosphere, the metal balls are oil quenched. The resulting push rod balls have an exteriorly oriented wear surface surrounding an interior core. The interior core is composed of a steel or steel alloy containing between about 0.1 and about 0.2% by weight carbon. A hardened case layer is of an essentially uniform depth is located between the exterior surface and the inner core. The push rod ball has a cylindrical through-bore transiting its diameter. The push rod ball can be positioned on a suitable push rod shaft to provide a push rod assembly in which the weld region connecting shaft to ball extends through the hardened case region into the central core of the push rod ball’’.

CNC process:
The CNC can be used to achieve very tight tolerances, or a finish on a product that can be achieved through other methods. The CNC process is design to allow the user to set the machine to specific coding and produce a completed product. This manufacturing process can be time consuming and limited production. It can also be costly and expensive for the user and the customer. The process is described by (Astromachineworks.com, 2018) below;

‘’CNC machining is a manufacturing process in which pre-programmed computer software dictates the movement of factory tools and machinery. The process can be used to control a range of complex machinery, from grinders and lathes to mills and routers. With CNC machining, three-dimensional cutting tasks can be accomplished in a single set of prompts.
In CNC programming, the code generator within the numerical system will often assume mechanisms are flawless, despite the possibility of errors, which is greater whenever a machine is directed to cut in more than one direction simultaneously. The placement of a tool in a numerical control system is outlined by a series of inputs known as the part program.
With a numerical control machine, programs are inputted via punch cards. By contrast, the programs for CNC machines are fed to computers though small keyboards. CNC programming is retained in a computer’s memory. The code itself is written and edited by programmers. Therefore, CNC systems offer far more expansive computational capacity. Best of all, CNC systems are by no means static, since newer prompts can be added to pre-existing programs through revised code’’. 
9-Conclusion 
The project has not been finished as only three out of five people have submitted work towards it, this means that there has been no WinGeo work done towards to calculate a suitable Geometry. There has also been no wishbones made meaning that the Cad could not be finished although an assembly has been shown with the spring in the cage and the hub assembled with the wheel attached. 
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