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Since VW’s scam of cheating a drive cycle test, the country has depended on emissions test and ‘green’ labelled car companies to choose their vehicle of use. The following report investigates a drive cycle test from start to finish, starting with the raw data right through to the technical director’s decision making at the other side.
Initially, the raw data will be gathered and will be analysed to assess the validity of what has been provided for the investigation.
Following this the data will be analysed and manipulated to find more information about the vehicles when carrying out the drive cycle. The data will need to be made more realistic, therefor real-life factors will need to be taken into place.
Penultimately, energy saving technology will need to be considered such as kinetic energy recovery systems (KERS), stop/start technology, biofuels, and electric motors, with considerations to powering chargers. 
Finally, a decision for what technology will be used when undertaking a drive cycle in 2028 will be carried out, considering political points of view, technical research and judgement for the Drive Cycle.
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[bookmark: _Toc35820838]Figure 1 - Drive Cycle Route

The Data being used has been gathered on a commute journey using 3 vehicles, one being the Volvo V40, the other a Toyota Aygo, and finally a Triumph Tiger 800. The Drive cycle route (shown in the above figure) follows a path through B-roads, motorways, Unclassified, city driving and extra urban roads. The Drive cycle is 60km in total from start to finish and back.
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The data acquired is compiled using a Palmer Performance Engineering ‘plug-in’ device that reads data from the vehicles (ECU). The data is then downloaded and exported into a CSV file that can be read and saved as a Microsoft Excel Worksheet. From this, the data can be analysed and manipulated by either importing it into a Matlab document or continuing in Excel. 
The data does however possess some problems that need to be overcome before beginning calculations. The first error in the data is found in the column titled ‘Frame Time (delta)’ as this represents the change in time throughout the drive cycle. The problem lies in the data where the figures show a negative value, this is illogical as that would represent the time going backwords. This, however, can be rectified using Matlab by deleting all the rows of data bellow 0 to clean the data following this error.
Another flaw in the data is that the acceleration channel only provides forward acceleration, this is useless as there is no representation of the decrease in velocity and the only negative values are shown when the vehicle is reversing. To rectify this problem, it is necessary to calculate acceleration using the velocity channel and time step. 



This equation then provides the positive and negative acceleration throughout the trip. 
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[bookmark: _Toc35820839]Figure 2 – Acceleration

The above graph shows the accelerations through the drive cycle of all 3 vehicles. As can be seen from the graph there is a large amount of fluctuation and ‘spiking’ throughout the course of the drive cycle. This fluctuation is potentially caused by bumps in the road or interruptions in the logging of the data and will be disregarded if unreasonable. Although the data does look very noisy, it is acquired over a large amount of time and distance, therefore, it is reasonable to see large amounts of variation.
It can also be seen that the data is not imported into SI units, the data is shown in such units as ‘G’, ‘KPH’ and ‘MPH’. as a result of this, it is necessary to convert the figures before using them.
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The above figure shows the velocity of all 3 vehicles through the drive cycle. The graph shows, with some differences as to when they started, similar speeds through the drive cycle. But how hard is the engine working?
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[bookmark: _Toc35820841]Figure 4 - Engine Speed
The above graph shows all three vehicle engine speeds through the drive cycle. The Triumph is revving the most throughout the cycle, the Aygo second and, as expected, the diesel Volvo is revving the lowest. 
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Once the data has been cleaned and sorted through it is essential to find a maximum power that is needed for each vehicle through the cycle. This involves considering ‘real life’ factors to calculate a realistic figure of power.
Using the following equations, it is possible to calculate the extra force needed at each section of the drive cycle.



Where ‘’ is the rolling resistance, ‘’ is the mass of the given vehicle, g is gravity, ‘’ is the air density, ‘’ is the coefficient of drag, ‘’ is the frontal area and ‘’ is the velocity.



The above equation gives the mass including the equivalent mass (or reduced mass) of the vehicle. 



The equivalent mass gives a mass of all the rotating parts within the engine. Using the inertia of the wheel, prop-shaft, engine, and gearbox input and outputs, including the ratio of the final drive and the radius of the wheel.



The above equation gives the driving force in relation to the mass of the vehicle and the acceleration previously calculated. 




 gives the resultant driving force for the drive cycle. With this it is possible to calculate the power needed for the vehicle.



Where ‘’ is the velocity in m/s.
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[bookmark: _Toc35820842]Figure 5 - Power Drive Cycle

The above graph shows the power needed at each point of the drive cycle for all three vehicles. Realistically, the trend shows a max power of 14.5kW for the Triumph Tiger 800, as a standard 125 Honda will put out anywhere between 7kW and 10kW and reach similar velocity and with a factor of mass considered as the triumph will be a lot heavier, this seems like a logical answer given that gradients have not been considered.
The Volvo shows a peak power of 34kW which would mean it is around the mid-range of a small hatchback. Seeing as most small hatchbacks will do similar speeds to this of the data shown, this doesn’t seem like an unrealistic figure.
The Toyota Aygo shows power figures of around 23kW, which in relation to the Triumph and the Volvo, given the weight is 700kg lighter than the V40, is a realistic figure. 
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To accurately determine how much power is needed for the drive cycle it is crucial to sum up all the positive figures of the energy required. Seeing as energy is measured in ‘J’ and the power collected is in J/s using the bellow equation it is possible to find the energy required throughout the drive cycle.



Where ‘’ is the power calculated and ‘’ is the time delta through the course of the drive cycle. Using this it is now possible to find the energy required for the drive cycle. 
Due to an operation error, a hand-calculation of the energy required has been calculated for the sake of the experiment. This has been done by taking an average of four sections being of the drive cycle. The vehicle of choice for the drive cycle is the Volvo V40. 
Furthermore, diesel produces 45.5MJ/kg, and the Volvo produces 50 miles/gallon which is equal to 13.3 miles/litre, being 9.975 miles/kg and seeing as the trip, one way, is roughly 20 miles meaning 2kg of fuel is needed meaning the Volvo will need 90MJ to complete the trip one way.
Seeing as the gradients have not been considered, and the vehicles spend 50% of the time climbing, the needed power for the Volvo calculated is 45.85MJ, then multiplied by two for the return Journey of a total of 91.7MJ is found.
Moreover, adaptations will be made to the Volvo to consider different power units and alternative energy sources.
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The invention of the electric vehicle (EV) is said to make a great contribution to a low-carbon city. With that said electric vehicles have little problem passing a drive cycle test. Alongside this such technology as hybrid electric, kinetic energy recovery systems and stop/start technology must be considered before perusing a full EV (Palermo et al., 2018).





[bookmark: _Toc35820829]Kinetic Energy Recovery system (KERS)

Recovery of braking systems or rotating systems during driving cycles is a very effective way to improve fuel economy and reduce harmful emissions. Recent hybrid vehicles make use of kinetic energy recovery systems. Through the drive cycle, the electric feed contributes from accelerating from static state through to hard accelerations and assistance up hills. 
The most part of the fuel saving in a hybrid electric vehicle, running KERS, comes from the recharging of the battery during braking and off throttle downhill, and utilising the electric motor to replace the internal combustion engine supply. This can also be done when static and proportions of heavy acceleration. 
The energy can be stored mechanically and then transmitted through to the battery as a way of charging it. From this the energy gathered can either assist in large hills, high amounts of acceleration, or to re power the electric motor when using utilising a hybrid system.


Where.
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[bookmark: _Toc35820843]Figure 6 - Kinetic Energy Recovery downhill on drive cycle
The above graph shows the energy stored in the fly wheel (F/W energy) in comparison to the energy produced by the vehicle and the gradients throughout the journey, one way. The energy produced by the flywheel assumes 100% efficiency, which is unrealistic. However, the graph does give an appropriate representation to how the KERS operate.
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[bookmark: _Toc35820844]Figure 7 - KERS Test Results (Boretti, 2010)
The above figure shows a test undertaken showing the flow rate of fuel through section of a cycle when implementing a kinetic energy recovery system, in the case of this test stop/start technology has also been used. It can be seen from the graph that the KERS is implemented slightly to assist the fuel powered engine.  
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From a drive cycle point of view, stop/start technology is an easy way of producing less emissions, after all, if the engine is off it can’t produce any emissions. That said, there are several sub sequential problems that follow implementing stop start technology, such as large fluctuations in temperature and changes in lubrication volumes that put unnecessary wear and tear on the vehicles combustion system (Kannan, Kabza and Scholta, 2015). 
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[bookmark: _Toc35820845]Figure 8 - Emissions test using stop start (Casanova, 2011)

The above figure shows a test undertaken using two, Land Rover Freelanders2’s, one, a conventional 2009-year model (9MY) and the other one a 2010-year model (10YM) which has taken the test with the stop/start function turned on and off. As can be seen from the diagram, there is a small difference between the models a year apart without the function being utilised, however, when the start/stop function is enabled there is a large decrease in  at the varied average velocity’s (Shepelev, Almetova and Geraskina, 2018).

[bookmark: _Toc35820831]Technical Director – Improvement of Drive Cycle

As a technical director in a major company, any decision made is going to be frowned upon by someone, that said, a reasoned decision with valid explanation can be justified if the correct evidence is portrayed.
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For Arguments sake, it is assumed that the Volvo has a BMW i3 motor implemented, producing 125kW with a 42.2kWh 352 V lithium-ion battery. From a Drive Cycle point of view this is ideal as it produces zero emissions, from the car that is. To run a fully electric vehicle it is necessary to have a charging station, of sorts, at home running to mains electric, subsequently resulting in the grid taking on the load, but that will be considered further into the report. But what if it didn’t have to be charged by the grid?
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Consider a Norvento nED-100, 100kW wind turbine. The Norvento will produce 2MJh given the correct wind speeds meaning the motor can be charged with any charger if applicable.

[bookmark: _Toc35820846]Table 1 - Charging times
	Charger Type
	Time to Charge BMW i3 Motor

	Slow 3.7kW
	12hrs

	Fast 7kW
	7hrs

	Fast 22kW
	2hrs

	Rapid 43kW
	1hrs



The above table shows the charging times of the BMW i3 motor when charged off the different variations of charger ranging from the at-home slow and fast chargers to the services and specialty chargers. Although the at-home figures are reasonable, it is also dependant on wind speed, whereas a power station can run all year round every day, the wind turbine must be stopped if the wind speed is too fast and will not generate enough energy if the wind speed is too low. It is also fair to say that for the average household it is far too expensive to be paying higher than £70,000 for a turbine that can’t fit just anywhere (Anastasiadis et al., 2017). But what about mains electric, and running off power stations? 
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There are two schools of thought when considering charging EV’s. The first includes instantaneous charging from the point of plugging in the charger, thus resulting in a huge spike in required energy between 5:30pm and 7pm every weekday evening. The other is a strategic method of charging, by considering how much the car is already charged, how much is used daily and whether the car is being utilised soon after or not.
Moreover, another technology known as ‘Vehicle to Grid’ (V2G) allows the EV owner to sell their energy back to the grid. In the case of not utilising the car in the distant future, it is possible to plug the car in to give energy back to the grid, which could potentially solve peaking problems (Tomić and Kempton, 2007).

[bookmark: _Toc35820835]Biofuels

Biofuels are fuel produced from organic matter or biomass such as corn vegetable oils, or even waste feedstock. Biodiesel is produced from vegetable oils, greases or fats and is blended with diesel. Hydrotreated vegetable oil (HVO) differs from biodiesel as the finished product is somewhat differed, HVO is produced by hydro processing oils and fats (Sidibe et al., 2020). However, biofuels are not all good as there are a lot of man hours involved to process and collect the biomass alongside the fuels ‘clean’ emissions not always being the outcome. 

In the case determining a vehicle specification for 2028, it would be somewhat dismissive to ignore electric vehicles, however, with 100’s of years of development put into the internal combustion engine it seems mindless to suddenly ignore the fact that it exists and turn to something that is not fully developed just yet. 
Furthermore, in the sense of being politically accepted from an industrial and public point of view, continuing with a standard internal combustion engine on diesel or petrol would be unacceptable, this said, for the sake of the drive cycle and to be deemed eco-friendly in the eyes of the consumers, it would be beneficial to downsize the engine of the Volvo V40 to something more realistic such as a modern 1.5l turbo, Corsa engine, producing only 75kW. Alongside this a push towards using only biofuels such as biodiesel in the internal combustion engine to appear as a ‘green’ company. 
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To conclude, the raw data showed variable problems that needed addressing, however, what with it being affordable software that could be purchased by anyone, was suitable and provided enough data for the investigation.
As expected, all three vehicles possessed different driving characteristics, whereas the triumph was high revving and producing small amounts of power, the Volvo was much higher in power and kept a low engine speed.
The different forms of energy saving technology and alternative fuel proved to have many positives, however, do have several problems with each, such as the cons following the stop/start technology. 
Finally, the decision to maintain the use of the internal combustion engine means the factory lines, designers and combustion modelling staff will not need to be replaced, thus preventing financial problems towards changing the infrastructure of a factory.
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