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Abstract:
The aim of the group project is to produce a theoretical design for an electrically powered single seater hill climb car to compete within the new hill climb regulations for the 2019 season. The project is based from an old formula 3 tub used my Jacques Villeneuve, this is the only physical part of the car we have to work around, everything else will be designed to fit within the constraints of the tub. The main objective of the project is to create a fully functioning car that will be competitive not only its own class but overall as well. Success will be measured on the base performance simulator package by creating an in-depth model of the car and testing it on various circuits and hill climb tracks.


General Team Roles:

There are a total 4 independent teams within the whole group, they are as follows; aerodynamics, chassis and suspension, powertrain, and finally simulation. I am part of the simulation group along with Christian Parry. As there are only 2 members of the simulation group it was fairly easy to split tasks and assign roles.





The specific roles are split as follows: 
	Owain Phillips
	Christian Parry

	Running the ‘driver out the loop’ simulations using Optimum G lap Simulator
	Running and modifying the model in Base performance Simulator software

	Researching all required inputs to create a fully functioning model in Base Performance Simulator software
	Test driving the model in ‘driver in the loop testing’

	To overlook and check all calculations involved in creating the simulation model
	Leading the overall direction of the simulation and communicating between other groups








My personal role is based on the finer details of the simulations, which requires a good eye for detail and to be competent using various equations and calculations to produce and check data points within the simulation model. So, for example when first running the simulations in the Optimum G lap simulator I had to alter various inputs to create a more reasonable model compared to Formula 1 the model was based from. Using the results from the Beblin model self-assessment, the areas where I was above average were Plant, monitor evaluator and complete finisher. These traits are useful for the role and tasks I am undertaking in the project, as plants tend to creative and good at solving difficult problems in unconventional ways, so I will be able to take a step back a look and the project from a different perspective and make a change accordingly. A monitor evaluator is good at making logical, impartial decisions that may not be liked but will improve the project. So this trait could be useful when looking at the required inputs for the model and prioritising which areas need to be changed first to create a good base for the rest of the model. I also scored highly on the complete finisher trait, which will be used at the end of the project to look for any mistakes and scrutinise the work done so far. 










	
	Tasks
	Time and dates
	Description 

	Creating Optimum G lap sim sweeps
	20hrs
9/10/19 – 21/10/19
	To start the ‘driver out the loop’ simulation, I chose to first use a model of a formula 1 car to create a benchmark and learn to use the software effectively. The F1 was the best option as it had a similar power and weight to the targets set for our electric hill climb car. I then started doing sweep runs on the Pembrey race circuit as this is local and well known track to set some benchmark times. Once I had the base times from the f1 car I began doing the sweep runs where o would change 1 variable up and down in 5% increments. First I did the mass sweeps where the mass went up to 15% over the original mass and 15% below the original mass. I did the same process for the power scale factor, grip scale factor, aero scale factor and drag coefficient.

	Learn to use Base Performance Simulator software 
	20 hrs
22/10/19 – 28/10/19
	To begin trialling the ‘driver out the loop’ testing, we had to become competent at using the BPS software to be able to creat a fully functioning model that we could then test on circuits. This was done by going down to the simulator room and being shown where we could find information within the software and how to create and edit our own data collected from testing a car on track.

	Initial testing and motor progression
	20 hrs
29/10/19 – 11/11/19
	Once I had become comfortable using the BPS software a formula E model was downloaded from the internet and used as a baseline fro all future modifications. The base car had very little power compared to the target set for our project, so we got some Information from the powertrain group as to which motor they had selected to use. The data from that motor was then inputted into the formula E model on BPS and a lap time was set on the Pembrey race circuit. I was required to make a calculation to change the clutch characteristics as the power was not being transmitted through the driveline properly with the big increase in power.

	Implementation of 1st aero package
	20hrs
11/11/19 – 21/11/19
	The aerodynamics of the car must be changed next, the targets set were by the aero group. They have given the coefficient of drag and coefficient of lift. Calculations had to be made to get those figures into the BPS software and give the right outcome. Once the data was inputted into the model, we did various sweep runs around the Pembrey race circuit and a few step down tests where we could calculate the aero loads on each individual wheel though motec software.

	Gear ratios
	5/12/19 – 12/13/19
20hrs
	The gear ratios will need to be calculated in order to maximise acceleration and efficiency. We are not set on how many gears or any of the ratios yet. There is potential for just one forward gear and the ratio will be chosen alongside the differential ratio.

	Brakes
	6/1/20 – 15/1/20
20hrs
	After the christmas break work on the brakes will commence, by then the chassis and suspension group should have chosen what size and type of brakes the electric hill climb car will be using. We will use the existing template for the brake power formulae and just change certain values to replicate the choses brake package.

	Tyre model
	16/1/20 – 29/1/20
20hrs
	The tyre choice will be chosen by the chassis and suspension group. The most likely way to create a realistic tyre model will be to use an existing one such as a GP3 tyre and just modify the values to give a different coefficient of grip.

	2nd motor progression
	30/1/20 – 8/2/19
20hrs
	A 2nd iteration of the motor is expected as there may be flaws to the current motor in terms of drivability. 

	2nd aero package
	9/2/20 – 16/2/20
20hrs
	The aero progression should be relatively simple to input as the only changes will be the existing data to different figures.

	Suspension
	17/2/20 – 3/3/20
20hrs
	The final thing to do on the model is the suspension. The calculations and inputting of data is something we have not tried before so some problems could arise. The required data will come from the chassis group.

	Final testing
	4/3/20 – 10/3/20
10hrs
	The final testing will be to look closely over the model to find any potential flaws or mistakes and ensure the data from the car matches the predicted data.




Costing:
There is no costing in the simulation as nothing needs to be purchased in theory. All of the required software and information is either supplied by the university or is free to download from the internet.

Significant milestones:
· The 1st milestone will be working out how to use the Optimum G lap simulation software. This is an important benchmark to work from for all future ‘driver out the loop’ testing. It also gives a good indication of which area of the car should be prioritised for development such as the total sprung mass versus something that has less of an impact on performance like coefficient of drag.
· The second significant milestone will be 1st aero package as this will have a massive impact on all other aspects of the car. The motor location and size will be dependent on how the aerodynamics of the car are packaged. Also the performance of the vehicle is very much dependent on how efficient and effective the aerodynamics are.
· Another milestone will be modelling in the correct tyre data and ensuring they act as predicted. Tyres are the only contact patch between the car and ground so are arguably the most important piece of a car in terms of both performance and drivability.
· The implementation of a suspension package into the model will be another milestone as this links all areas of the car together and will give an accurate representation of how each individual part of the car is working together.






Gateway objective:
The gateway objective for my personal tasks will be to have a simulation of a sub 35 second time set on the shelsley walsh hill climb. This I think is a realistic goal as the current electric car record for Shelsley Walsh was set by a generation 2 Formula E car with a time of 30.46 * seconds. The goals for the aerodynamics and power set for the project are higher than what the Formula E car has so should be able to beat the time set quite easily in theory. But of course it may be unrealistic to predict the time will be beaten straight away as many things could go wrong. A 35 second time would be mean the car is approximately 15% slower than the formula E car, which is a lot in terms of competitiveness but for a student led project it would be very good I think. I believe using ‘driver out the loop’ testing we could go under the 30.46 seconds but when somebody has to drive the model human error is introduced and without a professional racing driver you would always expect to be slower. There will be progression to this gateway objective as we could target to be with 15%  of the target time, then as the model progresses work down to 10%, then 5% over then finally try to achieve the target of sub 35 second time.












Areas of concern:
· The first area of concern for my personal tasks would be achieving the first 5 objectives for the simulation model before the Christmas break. This is because the time period between the start of tern after christmas and the final viva of the project is quite slim. If the objectives are not met properly the workload will carry over into christmas and potentially January which will then back up the objectives set for later in the project. One simple way to mitigate this problem will be to manage the workload effectively and stick to this plan set. 
· Another area of concern is being able to complete the implementation the 1st aero package into the model without over running the time schedule. This is probably the technically hardest part if setting up the simulation model as so many factors have to be calculated and inputted into the correct areas of the model. A way to mitigate this risk as by constantly updating the models data and quickly solving problems as they arise as opposed to forgetting to update the model snd spending too much time figuring out a problem when somebody could be asked to help.












	Electric Hillclimb Car Simulation
	DURATION (days)

	START DATE
	END DATE
	DESCRIPTION
	

	10/9/19
	10/21/19
	Optimum G Lap Sim
	12

	10/22/19
	10/28/19
	Learning BPS software
	6

	10/29/19
	11/11/19
	Motor progression
	12

	11/11/19
	11/21/19
	1st Aero package
	10

	12/5/19
	12/13/19
	Gear ratios
	8

	1/6/20
	1/15/20
	Brakes
	9

	1/16/20
	1/29/20
	Tyre Model
	13

	1/30/20
	2/8/20
	2nd motor progression
	8

	2/8/20
	2/16/20
	2nd aero package
	8

	2/16/20
	3/3/20
	Suspension
	15

	3/3/20
	3/10/20
	Final testing
	7






Research and references:

*
https://driveev.net/2018/08/19/jaguar-formula-e-racer-breaks-shelsley-walsh-electric-car-record/#.XdsFXiWnyEc
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