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Overview

My role within the chassis group is Suspension Geometry and Design Engineer. My duties include but are not limited to measurement of pre-existing suspension components and mounting points and the modelling of said components using CAD. Investigatory work was also completed into the function of the parts and whether the components would suit the projects needs. As well as measurement and design, I also played an advisory roll to me teammates where possible, getting involved in brake selection/calculation and shock absorber selection. Table 1 displays each team member and a summary of roles.

	TEAM MEMBERS
	TEAM ROLES
	DESCRIPTION OF ROLES

	Sam Williams
	Suspension Geometry and Design Engineer
	· Measurement of front suspension and steering components, mounting brackets and mounting points on the body
· CAD models of components and pick up points with full CAD assembly of components and tub
· Research into brake component mounting
· Research and input into brake and tyre selections

	Michael Heys
	Chassis Engineer
	· CAD of rear chassis frame
· Research into single seat open wheel chassis
· Tyre and wheel research and selection
· Material selection of rear chassis frame

	Joshua Lewis
	Brake and Cockpit Engineer
	· Research and selection of brake setup
· Interior spec – steering wheel, seat, harnesses
· Pedal box research and selection

	Richard Osborne
	Project Manager and Co-Chassis Engineer
	· CAD design of powertrain cradle and battery packaging
· Suspension mounting points for rear
· Damper mounting on rear

	Elis Hopkins
	Damper Engineer
	· Research and selection of rear suspension components
· Completion of damper dyno test on front dampers with damper curve data
· CAD model of wheels and tyres

	Zihao Liu
	Safety and Regulations Engineer
	· Research into applicable regulations
· Research and selection of fire extinguishers
· Research into power supply isolators


Table 1 






Research

[image: VW's record-breaking electric car takes on world's scariest ...]Initially, I spent a considerable amount of time in the university workshop measuring and weighing potentially reusable components such as upper and lower front wishbones, front uprights and steer arms to name a few. As groups and individuals, students carried out research into pre-existing, single seater hill climb race cars. While the Volkswagen ID – R is something to strive towards, it is the absolute pinnacle of electric hill climb cars or even hill climb cars in general, and something not easily replicated. However, there are some similarities. Firstly, the vehicle is fully electrically driven, with no internal combustion engine. Also, the Volkswagen is based around a carbon-fibre monocoque chassis, much like the TOM’s F3 chassis students were to use. In addition to this, the suspension consists of a double wishbone configuration which is the same concept as the TOM’s chassis (Wikipedia, 2020). Additional reading material was obtained and studied to give a greater understanding of the components and their functions. Through discussion with lecturers and technicians, it was believed that the upper and lower wishbones, front uprights and steer arms were fabricated from T45 steel, which is a carbon based steel that is commonly utilized in motorsport and aerospace production due to its strength and ability to withstand high G force reliably without yield (Smiths, 2016). It was assumed that the steel has a Youngs modulus, E, of 200GPa due to its high carbon content, compared with stainless steel which has a Youngs modulus of approximately 180GPa.
[image: TOM'S 033F Toyota Formula 3, EX H . MITSUSADA 1993 - YouTube]During the early stages of the project, students could take inspiration from a Dallara F3 race car being stored at the university. This staged as a guide for all students in estimating many geometric parameters of the TOM’s race car, including potential wheelbase and track figures, tyre and suspension choice and braking. Once wheelbase and track range values had been decided, it was confirmed that the front wishbones and upright setups could probably be reconditioned and reused for purpose. One began creating an accurate schematic along x, y and z axis of body to suspension pick up points and brackets. Using the flat bed in the workshop and utilizing similar measurement techniques from the first year Formula Ford measurement assignment, one could accurately input pick up points to the provided Solidworks model of the monocoque chassis. This task was easier said than done due to the complex curvature of the chassis model both in reality and computer aided design. Using measurement tools like micrometres, Vernier gauges, digital height gauges and engineers steel rule, I managed to create an accurate digital schematic that would prove useful in CAD and influencing decisions such as aerodynamic sidepods and wheel width. Once complete, one could begin to measure components accurately using the same measurement tools. Starting with basic items like pickup brackets to boost Solidworks ability and confidence, I began creating realistic models to be inputted into a CAD assembly of the vehicle.
In the first viva, it was confirmed that in order for outboard brake discs to be mounted to the original uprights, a PCD adapter would need to be implemented to fit the discs. Along with the adapter plate, the use of top hat bush washers would also be required to locate the mounting bolts and dissipate the forces that would act on the bolts during use. There are several options available including machined metal pieces, but we decided to use polyurethane top hat bushes. Polyurethane is commonly used by enthusiasts and motorsport teams alike as a replacement for standard rubber bushes commonly found on roadgoing vehicles. The increased stiffness provides strength and decreases body roll. Its use in the automotive industry already means it is a material proven to withstand very high forces acting upon it. Powerflex is a company that mass produces polyurethane bushes of all types and when contacted, were able to confirm that the bushes we require could me manufactured and ordered at a price of under £60 for a complete set. A table of group tasks and timings along with a group Gantt chart is displayed below.

	GROUP TASKS
	TIMINGS

	· Research existing electric hill climb vehicles, events and regulations
	30/9/19 – 4/11/19

	· Weigh existing chassis and parts
	7/10/19

	· Measurement and CAD modelling of suspension components
	3/10/19 - 31/10/19

	· Three specific tyre choices
	21/10/19 - 6/11/19

	· Wheel choice
	23/10/19 - 6/11/19

	· Brakes (discs, callipers, lines, servos, master/slave cylinders etc)
	21/10/19 – 27/11/19

	· Rear wishbones and uprights
	20/11/19 – 24/1/20

	· Design powertrain cradle
	11/10/19 – 4/11/19

	· Material choice for chassis
	25/11/19 – 7/2/20

	· Track width and wheelbase
	23/10/19 – 14/2/20

	· Measure distances between mounting studs on rear bulkhead
	09/10/19

	· Driver controls and interior
	28/10/19 – 21/2/20

	· Safety devices and power isolation switches
	28/10/19 – 28/2/20

	· Measurement of from suspension coordinates for input in WinGeo software
	21/11/19 – 22/11/19

	· Group Project Vivas
	4/12/19

	· Group Project Report and Vivas
	23/3/20 – 26/3/20






Computer Aided Design

[image: ]Mounting Brackets
[image: ]




[image: ]
These renders show the final CAD design of the mounting brackets. They are geometrically accurate to the ones on the car and coupled with the schematic reference points, can be mated to the tub. They provide a solid base to create the rest of the assembly parts. Note the recess in centre of the bracket to allow the head of the rose joint to fit.

Rose Joints

[image: ]For the wishbones to be attached to the mounting points, rose joints are implemented, true to the real chassis. The rose joints allow pivoting movement around the ball and a small adjustment in length for the wishbone mounts. The threads are not visible on the renders because the same effect can be created using mates in Solidworks.
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Upper Front Wishbone
[image: ]
[image: ]The front wishbone displayed is bolts to the top of the uprights through the use of a ball joint, in similar principle to the rose joints, providing enough movement to cope with suspension movement and cornering. Note the extra bracing shown in the below picture to increase strength at the weakest point of the wishbone. This is the point at which the two arms meet and are welded together with an annulus housing for the ball joint mount.

Lower Front Wishbone
[image: ]
[image: ]
The images shown above compare the likeness of the real wishbone to the modelled versions. Slightly visible in the left image show a scribed line parallel to each wishbone arm. This is an indication of how the component was measured and subsequently created in Solidworks. The straight lines intersect at a point. By measuring the distances of the lines and the point of intersect, one can accurately recreate the items using CAD. Once measured, a profile of the arm had to be measured and designed, an image of which is displayed below, along with a more detailed view of the steer arm bracket, allowing the upright to be steered pivoted by a bell crank.
[image: ][image: ]The dimensions for the profile were measured using the micrometre and Vernier gauge tools. The models have been created as though they were solid and not hollow. However, this is unlikely to be the case in reality. I investigated using ultrasound equipment possessed by the university so confirm this and create a more detailed model using the more precise images, but unfortunately was informed that the university does not have the necessary equipment. This would have provided a key insight to the existing components, especially as the uprights are hand fabricated from sheet T45 steel. It should that the overall profile, ball joint mount and bracing is thicker than the upper wishbone as it needs to withstand more forces with gravity having more of an effect as the upper wishbone acts as a hanger for the upright, and the lower wishbone supporting.

Uprights
[image: ]
The uprights are perhaps the most difficult components to model accurately. Being hand fabricated and really a decent piece of engineering, the overall shape was hard to master and a variety of different Solidworks techniques including lofts and sweeps were used in the effort to create accurate models. The bolts holes acted as locating coordinates in initial measuring and modelling of the shape. Although the upright is modelled relatively accurately, it fails to replicate the inner workings of the upright along with brake disc and stubs to mount a wheel. These could have been modelled in Solidworks and like the wishbones before, one could have benefitted from the awareness of the ultrasound visuals.


[image: Image][image: ]

Lower Wishbone Front Mounting Bracket and Bell Crank

The mounting bracket (pictured left) is located at the flat at the front of the car, behind the nosecone. It mounts directly to the front of the tub and connects to both lower wishbones. The bracket is completely symettrical and is a single piece that has been machined to spec. The bellcrank (pictured right) is the pivot between the inboard shock absorbers of the vehicle and the suspension push rods. The pivotting motion it provides helps to transmit the wheel forces through a different axis to the shock absorbers
[image: ][image: ]
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[image: ][image: ]Front Assembly






[image: ]I am satisfied with the assembly created for the front of the vehicle, although it would be more complete if paired with assemblies of the rear chassis and motor cage. It is clearly visible that the upper wishbone mounting bracket at the front is not true to life and has been modelled for the sake of assembly. The actual mounting bracket is an intricate piece that affects other steering and suspension components than the included components. Unfortunately, I was unable to complete the full modelling and assembly and I would have liked to incorporate steering arms and components made by other members of my own team and as a project collectively. The rose jointed components, along with use of limit distance mates allow the components to move and be adjusted in a realistic manor. 










Analysis

To summarize the project, it should be considered a success due to the increased knowledge and understanding gained from completing the project, and the processes involved in the workload. Although the project as a whole has not developed as we had initially planned, the progress made for me individually shows promising signs as I become more capable with Solidworks. With increased practice and understanding, I would like to be able to run topology reports within the software and perform finite element analysis (FEA) on the modelled components. However, more accurate modelling of the hollowness of components would be required to produced valid results.
I believe that time management has been a key breakdown in this project, both individually and collectively. We met as a team every Tuesday and met as groups between these times to complete research and workload. However, there was not much organisation between us and a definite day to meet as an individual group became difficult to organise due to students living in different areas of South Wales and having different travel needs. In addition, the chassis and suspension group lost its team leader shortly after the first viva. While this increased workload among the team, this should not be used as the basis for an excuse for the project not being completed fully. I believe that contrary to the reasons mentioned, a collective malfunction in time management and communication was the reason the project was not finished. Unfortunately, towards the end of the academic year, I suffered from illness which caused me to be absent for many lectures and group meetings. Coupled with the Covid-19 pandemic and the need to self-isolate, I was unable to hand the assignment in on time or complete as much work as I would have liked. I plan to use this project as a learning curve so that in future studies, my time and workload is manage much more efficiently.
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