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For my second-year group project we were given the task of using the Formula 3 car (owned by the university) and to transform it into a highly competitive electrified hill climb car. We were then asked to join one of 4 groups focusing upon the group we were individually most interested in.  The 4 available groups consisting of Aerodynamics, Powertrain, Simulation & Chassis and Suspension. I selected the Chassis and Suspension group as I felt that I am best able to use my experience to improve the handling of the car. Within this group we were required to consider all aspects of the car including types of suspension, best size and equip the braking system capable of keeping the car stable and in control. We also need to design a rear subframe to house the motors, batteries and any of the ABS/electrical controllers that will be needed. Also included in this group we had the responsibility to consider the interior of the ‘tub’ 
. 
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	Name 
	Roles & responsibilities 

	Josh Lewis 
Brake and driver comfort engineer
	 Brakes (complete setup disks to pedal box).
 Steering wheel and harnesses 
 custom made seat
 Pedal box (shared with Liu) 
 Price all of the above including special tools and materials.


	Ellis Hopkins 
Damper technician
	 Damper dyno data from the existing suspension. 
 selecting the correct suspension for the rear
 Wheels and tyre selection 

	Sam Williams 
Chassis design engineer 
	 CAD front wishbones including wishbones
  Measure pick up points 
 CAD front hubs 
 brakes (forces on the hubs)

	Richard Osborne 
Chassis design engineer 
	 Motor packaging
 Battery packaging 
 Suspension pick up points rear
 Damper mounting rear 
 Material selection of rear subframe 

	Lui zihao
Safety and regulations engineer.
	 fire extinguishers 
 electrical cut off (isolator)
 rules and regulations about formula E & (f3)

	Michael Heys
Chassis engineer
	Research single seater race car chassis.
 draw rear chassis on CAD 
 Tyre selection & Wheel selection 
 choose the Chassis materials 
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My role as the ‘brake and driver comfort’ researcher means that I am tasked with research and recommendation of providing an adequate braking capability that can keep the driver safe and get them to the top of the hill climb and then be able to stop! This is a significant responsibility as the electric car is expected to have a power train of in excess of 600Kw and a provisional ‘working weight;’ of 650Kgs. Thus, the previous braking capabilities needed to be enhanced as the previous power train was x3 less power.  

As part of my duties I was also responsible for the ‘tub’ interior which included driver safety and therefore what driver safety belts should be used to protect the driver with these increased forces.  I also focused my limited time on other driver safety aspects such as the seat and steering wheel. . Therefore as part of my role I needed to ensure that all research I gathered is from reputable and accredited sources, the parts were available within programme timescales (i.e. approved for racing), and that recommendations I made were within the overall programme budgets. 

As part of this assignment & during our motorsport management lectures, we were given Belbin’s self-perception inventory which has been designed to highlight personality traits regard my typical behaviour whilst working within groups.   I have considered my results compared to the average scores in (table 1). Reviewing these results you can interpret that my strengths are in the areas of teamwork.  I believe that my team mates would agree with this analysis as I always happy to try and share my knowledge in areas that others aren’t so confident in. I try my best to share the load equally between the whole team to ensure everyone is happy and produces a high quality of work. 

From Belbin’s model analysis I see that an area I need to improve in is monitoring evaluation,” Fair-minded and proficient at critical thinking, they are adept at weighing up the pros and cons of a situation, reaching decisions using logic, rather than being swayed by enthusiasm or personal and emotional considerations.” (Belbin) (2019)
I usually will be swayed by teammates as I don’t like to cause conflict between team mates however, I need to be more confident if I feel that my logical solution will have a better outcome for the final result. (do more). Further building on this I can see that the group I am in needs to have strong leadership / co-ordination within and across the groups to ensure the ‘gives and gets’ are understood and as other groups firm up their designs / solutions then the information is shared at the earliest opportunity. 

	
	IMPLEMENTOR
	CO-ORDINATOR
	SHAPER
	PLANT
	RESOURCE INVESTIGATOR
	MONITOR 
EVALUATOR
	TEAM WORKER
	COMPLETE 
FINISHER

	Average
	10
	8.8
	11.6
	7.3
	7.8
	8.2
	10.9
	5.5

	My score
	9
	7
	10
	8
	6
	5
	15
	4


Table 1 (Belbin’s results table)
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	task
	Dates start to finish

	Design rear chassis- to house the powertrain. And rear suspension.

	Start 1/11/19
Finish 2/12/19

	Front suspension including hubs & wishbones.
	Start 1/11/19
Finish 31/10/19

	Material selection for the components.
	Start 1/11/19
Finish 10/1/20

	Set a wheelbase and track width. 
	Start 1/11/19
Finish 14/02/20


	Brakes disks, pads, callipers, lines, servos.
	Start 1/11/19
Finish 27/11/19


	Steering rack and steering wheel selection.
	Start 25/1/19
Finish 21/02/20



	Seat- how to buy/make one what material are needed? What safety harnesses?
	Start 1/1/20
Finish 28/11/19


	Driver controls – pedals, emergency kill switch, fire extinguisher.
	Start 10/1/20
Finish 28/02/20
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My primary task within this grouo was to specify the brakes so that they are sufficient to STOP the enhanced electrified F3 hill climb car. The main factors I need to consider were 
· The weight of the car (assumed to be 650kg)
·  The power train output (assumed to be 700HP)

[image: ]These critical inputs are the most important factors that must be consider when considering the brake setup.  If the brakes aren’t to the correct spec it could have a fatal impact to the drivability of the hill climb car. To ensure the brakes will stop the car I used the provided (name source of excel spreadsheet) calculations table that provides the basic calculations  on power/weight braking capabilities.  Using this sources I was able to determine the minimum specification braking requirements. to work out what braking force I would need to slow the car when needed. I spoke to Tim Tudor to gain further knowledge on how you spec brakes for a car he was able to provide me with an excel model (figure 1). that allows you to set the parameters of the car to gain the deceleration force and deacceleration in m/s. I am aiming to get around 3.5gs worth of braking force as formula one cars can brake up to 5.5g  but this is using bigger more powerful carbon ceramic brakes, Figure 1

And they wouldn’t be needed as the car will only be getting to around 130mph to work out how much g force the car can produce you use the formula.                                                                                
with g being Newton's gravitational constant, m being the vehicles mass divided by the radios squared. Thus giving the figures we need. 
[image: Schroth formula student harness](schroth,2019) 

Also as part of my responsibility I was required to consider   driver comfort & safety and also to make sure that the car has a FIA approved steering wheel and safety harness. 

To support this research I did some considered the Formula E class requirements which I felt to be analogous, to see what kind of safety harness they used in their cockpits.  I found that depending on the manufacturer the brands vary however they are all commonly using a 3inch 6-point harness style.  I furthered my research to find a supplier  called race parts as they have a wide variety of FIA approved safety equipment the harnesses I also found that these are designed for single seater race cars inspired by F1. These are ultra-light weight coming in at 2.11kg, retail at £195.00 Plus shipping costs. (Time 2hrs)

[image: ]For the steering wheel I took some physical measurements from the Formula 3 ‘tub’ in the workshop and worked out that the steering wheel had to be a maximum of 250mm wide to fit comfortably inside the tub. After looking at the delara that was in the workshop I also decided to go for a flat bottom wheel to allow some extra leg room in the somewhat cramped tub. The wheel I chose is an OMP Formula Quadro which is specifically engineered for single seater race cars and is reasonably priced at only £145, With a lead time of 5 working day. (Time 1hr)
Figure 3 (tweeks, 2019)

My next task was to design and engineer a custom seat for the single seater F3 car as nearly every tub is a one-off design which you cannot commercially buy a seat for this type of car.   Therefore, I went discussed  with our university technicians options from which  we decided we could custom build in the workshop a seat built from carbon fibre.  To so this we developed a simple milestone plan that included the following activities :- 
1) Using a polyurethane sheet we would line the F3 tub and then using expanding foam to coat the area the driver will be next laying another sheet down and get the driver to climb in and let the foam harden i.e. create a driver mould.  
2) Using the foam seat mould we would create a fibre-glass or carbon fibre custom seat. 
I am currently waiting on a rough estimate for costings from our composite’s technician. this way I can see whether its cost effective to use carbon fibre compared to fiberglass using a simple £/kg equation. (Time 2hrs)



Finally the pedal box was a shared task between myself and Liu. Between us we had a look through the parts that we had and managed to find an accelerator pedal which Liu took on the task to draw in CAD. 

[image: ]We now need to have a look at designing a brake pedal to work with the braking setup things we need to consider are making it light yet provide good feedback and offer a large amount of grip. As we only have one pedal from the parts box, we are going to need to fabricate a custom pedal box in house using lightweight aluminium to keep the weight as low as possible Time. (4hrs).
(CAD pedal) 1
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	part
	quantity
	 Total price

	Forged AP racing 4 pot calliper
	4 (20% student discount)
	£1760

	Brake pads 
	Front & rears
	£161.20

	Brake lines (inc fittings)
	All four lines + fittings.
	£132.46

	Harnesses (fia approved)
	1
	£195

	Steering wheel 
	1
	£145

	Expanding foam 
	5 x 750ml
	£24.90

	Polyurethane sheet
	1
	£14.29

	Grand total
	
	£2432.85
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	Milestone 
	Expected date of completion 

	-select a brake setup including servos brake lines, callipers and disks. 

	17/11/19

	Select suitable steering wheel and harnesses
	11/11/19

	Weighing components that we have in house 
	7/10/19

	All suspension components measured and drawn up in CAD
	31/10/19

	First viva
	2/12/19 to 6/12/19

	Complete rear chassis design 
	4/11/19

	Motor housing design complete 
	6/11/19

	Complete seat design
	25/10/19

	Complete pedal box CAD drawings
	25/1/20

	Run win geo model of front suspension setup. Gain useable data 
	2/2/20

	Written report 
	27/3/20

	Final viva 
	1/4/20

	Complete chassis design 
	27/3/20
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My gateway first gateway is to have a brake setup that will meet the specification of the hill climb car (assuming no weight / power changes), this meaning that it can slow/stop the car safely for the hill climb. 

By 17/11/19 this will require me to do some mathematical equations & hand the data over to the simulation group so that they can run simulations and have some theoretical brake data proving that they can provide adequate braking force. 

I have considered cooling however because hill climbs are over a short distance the car is usually only running for 2 minutes at a time meaning my main issue will be the pad choice as you want brakes that require minimum heat to gain full braking power. 

To overcome this, I will do extensive research to find the most suitable brake pad compound. This gateway is detrimental to the hill climb success and driver safety if there are any braking performance issues it could cause a serious accident and potentially cause the failure of this project.

The brakes I choose will need to be at least 100% more powerful than the previous brake setup due to the fact the original brakes were stopping a car with around 250bhp, the expected power output with the electric motors installed is 700hp and 2000nm of torque for this reason I have chosen to do the calculations using a 4-piston billet AP racing calliper once
I have the data from the simulation team I will be able to finalise the choice for

Due to not having all of the mass for the rear chassis as if its aluminium it will be lighter than steel box section. But I will run the calculation using 3 different vehicle masses 550kg,600kg and 650kg, this way I can see how the added mass effects the braking power. This also creates an ideal mass to aim towards.                 
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1) Calculations for the braking system are significantly impacted by the power train and weight of the F3 ‘tub’.  Should any changes happen between these inputs then the braking calculations need to be re-confirmed.  Assuming these dependencies are not varied then the next concern would be the accuracy of the braking spreadsheet and its practical applicability. 

2) The current teams are working in ‘silos’ as teams we need to ensure that as we develop out individual areas within the group and across the programme, we need strong co-ordination to ensure we understand the minor / major changes in design and build so that the overall programme goals can be met.



[bookmark: _Toc25526307]Group Gantt chart 

Gantt chart 1
[image: ]
Gantt chart 2

[image: ]
Gantt chart 3( my Gantt chart)
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