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1. Introduction
In the second half of the Powertrain and Sustainability module the second and final piece of coursework required the analysis of three different vehicles using supplied data from each vehicle. The three vehicles involved were a 2016 1.0 Litre Toyota Aygo, a 2016 2.0 Litre Volvo V40 and an 800cc Triumph Tiger XC from 2011. Each vehicle completed the same journey of distance around 30km over a series of different roads with different speed limits such as motorways, A-roads and city roads in order to create an example drive cycle. The data from this route was then recorded and supplied in the form of a CSV file, all three vehicles could then be compared using this data as it took place over the exact same journey. 
[bookmark: _GoBack]Log files, which can be used with the ScanXL app created by Palmer Performance Engineering, are also supplied in accompaniment with the data (exported from the same app) in order to use the information provided by the different dashboards on the app for each vehicle such as power, torque and fuel economy. However, not much of this information in the app is useful as detailed later in the report. Further knowledge was then used in order to determine the upgrades that could be used on an ‘ideal’ vehicle based around this specific journey looking at implementations such as start-stop technology, before creating a proposal as in the position of a CEO of a vehicle manufacturer as to what the best route would be to take the company in terms of the vehicle’s powertrain moving forwards.
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Figure 1 – Example Dashboard from ScanXL app for Volvo V40
2. Organising & Validating Data
The CSV data outputted from the Scan XL application is very detailed once opened in Excel and contains hundreds of columns and thousands of rows - a small portion of this is shown in figure 2. This means it required some organisation in order to make it easier to understand as a lot of columns were similar either showing values in different units, data which wasn’t relevant (the timestamp columns) or simply just defunct columns that showed no data and just ‘N/A’ values. Some columns were then hidden in order to reduce the number of parameters in the data as not all the data is either correct or needed. Most of the ‘calculated’ data coming from the application is void, this is because the application uses a ‘vehicle settings’ tab which may not be completely filled in as most details are unavailable online and so you would need the physical vehicle in order to take the measurements required. This would then mean the data will be inaccurate for each vehicle due to the wrong values being used in the calculations, hence rendering them unusable. The other main drawback to these calculated channels is that the calculations aren’t actually shown anywhere in the application and so the formulas used may well be wrong or altered in some way based on the vehicle details given, in order to give a somewhat accurate answer.
Some channels however are useful such as the ones which come direct from the GPS system (positioning & altitude) or from sensors on the vehicle (speed, RPM & pressure) as there are no unknowns used in gathering that data. This means that these parameters form the basis for the newly restructured data (as displayed in figure 3 & 4) going forward to be used in analysis of the three previously mentioned vehicles. There are some columns in the two car data sets however which are not as useful within the Triumph’s data such as the pitch and roll. This is because the model in the application is based on a four-wheel vehicle as opposed to the two-wheel one, causing these parameters to be void as they give highly inaccurate values such as extremely high degrees of roll (also known as lean angle) as shown in figure 5. Two distance columns were added in order to calculate the distance travelled on the journey by each vehicle too using the distance travelled per frame to give a cumulative distance covered, the formula for determining the distance travelled per frame from the latitude and longitude given by the GPS is shown below in equation 1. Two graphs were also created showing the altitude vs time (figure 6) and vs distance (figure 7) with all three vehicles overlaid, the Triumph line however is slightly offset in fig 6 due to a different start position.



Equation 1
Where, LAT1 = current frame latitude point, LAT2 = next frame latitude point, LON1 = current frame longitude point, LON2 = next frame longitude point, R = earth’s radius in km. Note – all latitude and longitude points are converted to radians as opposed to degrees.






[image: ]














Figure 2 – Original Unorganised Data for Toyota Aygo
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Figure 3 – Restructured Data for Toyota Aygo
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Figure 4 – More Restructured Data for Toyota Aygo
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Figure 5 – Defunct Pitch (Right Column) and Roll (Left Column) Parameters in Triumph Data 
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Figure 6 – Graph of Altitude vs Time for All Three Vehicles
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Figure 7 – Graph of Altitude vs Distance for All Three Vehicles



3. Comparison of Vehicles
All three of the vehicles used in this data are very different in terms of weight, engine size and general dimensions, however over the course of the journey that will be analysed they all have a fuel usage of close to 50 MPG meaning the comparisons drawn between the three are fair and accurate. This also means that even though the vehicles are very different the same volume of fuel must be being used as the distance all three vehicles travel on this identical journey is obviously the same. Due to the MPG being taken at a value of 50 for this journey of 30 kilometres (roughly 18.64 miles) the volume of fuel used would be around 0.37 gallons (or 1.68 Litres). There are multiple reasons these vehicles use the same amount of fuel even though they are so different from each other in the ways previously described, one main reason is down to which roads these vehicles were designed to be used for – hence usually performing the best on these specific road types efficiency wise. For example, the Volvo is a much larger car designed for comfort and safety driving on much bigger, faster roads which is why it has a larger engine and is more comfortable with higher speeds. This is the opposite to the Aygo which has an engine half the size of the one found in the Volvo and was built for city driving at low speed, and is much more efficient in this environment compared to the high speed motorways where the engine will strain to around 3000 RPM trying to reach the 70 mph speed limit and so due to the higher RPM the engine will use more fuel at this point.
As seen in figure 8 the Volvo rarely reaches RPM above 2000 unlike the naturally higher revving Triumph and the previously mentioned Aygo which has to rev harder on the higher speed roads. The Volvo also has an advantage in terms of efficiency over the other two vehicles in this test due to the fact it is Diesel as opposed to Petrol. Diesels are 20-35% more efficient per gallon than petrol engines (Diesel Vehicles, n.d.) and have much more torque at lower RPMs, explaining partly why the RPM is so low for the Volvo in comparison to the other 2 vehicles – it doesn’t need to rev as hard in order to accelerate up to the required speeds. The comparison in efficiency can be seen in the graph in figure 9 displaying the differences in air intake manifold pressure over the course of the journey between the three vehicles. The Volvo has a much higher intake manifold pressure over the whole course of the journey compared to both the Triumph and the Toyota. A higher intake pressure in the engine allows for an increase in air density when the fuel is drawn into the cylinder, hence giving a better combustion process which provides improvements to fuel economy and a better power output from the two Litre diesel engine. The only drawback to the Volvo is its size and weight as previously mentioned as the larger engine means a higher fuel consumption and so this is why the fuel usage is equal to that of the Toyota and Triumph, the techniques such as making it a diesel engine are to try to balance out the large engine size which will decrease the efficiency due to the larger power output required to move the car. 
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Figure 8 – Graph of Engine RPM vs Time for All Three Vehicles
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Figure 9 – Graph of Intake Manifold Pressure vs Time for All Three Vehicles
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Figure 10 – Weights of All Three Vehicles

4. The Future of Powertrain
4.1 Ideas and Implementations for the Perfect Drive Cycle
There are many areas for improvement when it comes to looking at how to make a vehicle as efficient as physically possible with new technologies being developed every single day in order to battle global issues such as climate change. Everything previously detailed in this report has been based around the subject of all three vehicles, however in this section the Triumph (and motorcycle in general) will be the sole subject in order to analyse the technologies that could improve the performance of this one vehicle type alone over the course of the 60km daily commute - or in this case the drive cycle. There are many different technologies that can be used to make cars more environmentally friendly however not all of these would be practical when used on a motorcycle, simply due to the lack of space available and the safety aspect of some introductions. 
One of the most popular ideas in modern cars is the introduction of an electric motor which is used in conjunction with a combustion engine which is known as a hybrid powertrain. The benefits to this are obviously that you use less fuel as the engine is smaller (essentially acting as a range extender in most cases for the electric aspect) and power is coming from the electric motor meaning that there are less emissions being produced directly by the car too. However, the obvious disadvantage to this idea especially in a motorcycle sense is that on top of needing the fuel tank and engine packaged in the bike (albeit smaller in size now) there would also need to be space for an electric motor and batteries to work alongside those two areas. It would need to be safely packaged in a way that you could not touch it accidentally electrocuting yourself while riding the bike. However, this issue is being combatted in different ways by some manufacturers such as Kawasaki, BMW and Honda who have designed their own Hybrid motorcycles. Kawasaki are tackling the issue by packaging the battery on top of the engine where the fuel tank would originally sit and that is then moved onto the side of the bike balanced by cooling on the opposite side, although this is still just design ideas it does prove the idea could be plausible. It also seems potentially practical as the batteries do not need to be plugged in and charged as in a fully electric vehicle, something which can be difficult especially due to the lack of charging points and the current huge disadvantages to having a fully electric vehicle. Another downside to having an electric motor and batteries on a motorcycle is the added weight to what is a relatively light vehicle, and this would become an even bigger issue should the vehicle go fully electric due to the larger amount of batteries used to replicate a more powerful engine – however in this case it is not needed. To complete just a 60km round trip journey (as in this model drive cycle) the electric motor in question would not have to be that large in comparison to some electric cars, meaning the bike could remain fairly light. As some motorway driving is required the bike would also have to reach a relatively high speed and maintain it without this draining the power. One of the larger advantages to electric vehicles however are their efficiency over petrol powered engines, petrol engines tend to only be around 20% efficient in transferring the power created to the wheels while electric motors will transfer are around three times more efficient in this sense (Hanley, 2018). If this was indeed the case, then to complete this journey the electric bike would have an efficiency equivalent to 150 MPG - 3 times more efficient than the regular Triumph’s 50 MPG. This is equivalent to the rate of 22.5 kWh per 100 miles and as the 60km round trip is equivalent to 37.3 miles, this would mean exactly 8.39kWh of power would be needed to complete both legs of the trip before a recharge. That’s equivalent to 30204 kJ of energy being held in the battery (1kWh is equivalent to 3600000 Joules) and so if for example it used a 32V battery then the amount of charge needed for this trip would be 943875 Coulombs. However in practice the amount of kWh would likely be increased just to be on the safe side to ensure the bike doesn’t run out of power on the second leg of the journey should the rider be stuck in large amounts of traffic for example leaving the motor running for longer than expected.
Something interesting that could be used in addition to just a standard powertrain (although also extremely popular in hybrid powertrains) would be start-stop technology. This is something that has become very popular over recent years especially in cars where you may be stopped for a considerable time for example at traffic lights during city centre driving. The idea behind the technology is that instead of sitting with the engine idling the engine instead switches off (once the vehicle is put into neutral), reducing the excess fuel use and outpouring of emissions that continue while the vehicle is sat stationary for 30 seconds or more. The time the vehicle is sat there may not sound like much however when this is added up sat in traffic or at traffic lights if the vehicle is used a lot in busy city environments it can save quite a lot. However, in this specific drive cycle it may not be worth the extra expense due to the small amount of city driving involved only at the end of the first trip and start of the second.
As previously mentioned the electric power in a standard hybrid does not come from a charging unit like in a fully electric vehicle, instead it comes from regenerated energy from the internal combustion engine or from energy recovered from different situations such as braking – also known as RBS (Regenerative Braking System). This obviously increases the efficiency of the vehicle as it reduces the amount of energy lost. There’s also great scope for this to be introduced on this vehicle due to the fact that there is a large altitude difference between the starting and finishing points, meaning there is a lot of potential energy to be gained due to the change in height over the journey as shown in equation 2. Taking the Triumph as an example the potential energy to be gained for the original 30km trip (using the average mass of a man of 70kg added to the bike mass from figure 10 and the altitude difference in figure 11) would be 597262 Joules. The total amount of time spent decelerating during the Triumph’s first 30 km of the journey is calculated to be 52.748 seconds, however the real number is likely to be much higher than this. This error is due to the fact that the change in speed is not a gradual increase in the data provided and so the acceleration is calculated instantly per frame compared to a gradual change.

Equation 2
Where, m is the mass of the object moving (in kg), g is the force of gravity (in m/s2) and delta h is the change in height (in metres). 

Aside from the electric based powertrain, another viable option would be the introduction of Hydrogen power. Harnessing the power of the world’s most abundant element is another seriously interesting prospect which is being looked into by multiple manufacturers in order to make their vehicles greener. There are two possible ways used to turn the potential power in Hydrogen, either using directly as a fuel in a petrol-based engine or removing the internal combustion engine and replacing it with a Hydrogen fuel cell. However, the first option is not favoured due to the fact that the engine will only run at about 25% efficiency as much energy is lost as both heat and sound, meaning Hydrogen fuel cells will be the preferred method of the two with an efficiency of around 60%. Two huge advantages when it comes down to using Hydrogen as a fuel are that firstly the emissions produced are H2O and secondly it is very power dense. Hydrogen is just over 3 times as power dense as petrol producing 142 megajoules per kilogram (equivalent to 53 hp/hr) compared to petrol’s 46 megajoules per kilogram (equivalent to 17hp/hr). Unfortunately, one of the big downsides to Hydrogen, which is limiting its use in current vehicles, is how it can be stored in the vehicle. Due to Hydrogen being so light it needs to be stored in a strong, high pressured fuel tank, meaning that there is not that much space for the actual Hydrogen itself and so even though it is more efficient the range of the fuel cell is in fact no more than a regular small car. For this journey though, that would not be an issue due to the fact that it is only 60 km that need to be completed and it would also beat the regular Triumph in the idea that it produces no harmful emissions. However, like the current electric problems with charging there are not enough facilities that could offer Hydrogen filling pumps to make this viable and so until the infrastructure becomes available perhaps this is not the viable solution, even if in terms of consumption and emissions it is nigh-on perfect. The idea still carries some weight in the motorcycle market however with manufacturers such as Suzuki and Honda investigating this area, proving it may become a prominent player in the future market.
Aside from the mainstream ideas, multiple other powertrain ideas are in use or could be in use such as harnessing nuclear power, hydro power or wind power in the same way these areas generate electricity. Unfortunately, many of them are not currently viable, however some of these are not recent ideas with Ford designing a nuclear-powered car back in 1957. The Ford Nucleon used a Uranium fission reactor in the rear of the car to power a steam generator, this would then convert stored water into high-pressured steam, which would then power turbines in a similar way to a nuclear submarine. One of the turbines would then provide the torque to turn the wheels while the other would power an electrical generator, the steam would then be condensed back into water and sent back to the steam generator in a continuous loop and the engine would continue to run so long as there was matter in the reactor. The engineers also predicted that the car could have a range of up to 5000 miles, meaning it could do the journey in question more than 130 times. Obviously, the huge drawback to this revolutionary idea was the safety factor of having a nuclear reactor in the back of the car, especially if something went wrong with it or there was a crash in which the reactor took an impact where a radioactive disaster may occur. Even though issues like this arose back in 1957 the idea of nuclear power has the potential to be a force for good if the safety of the process could be increased.
[image: ]




Figure 11 – Altitude Change and Potential Energy for RBS on Triumph

4.2 The Best Way Forward
When it comes to making a choice based on which powertrain system would be most beneficial for a vehicle manufacturer to invest in over the course of the next decade, there’s no doubt that remaining with the standard internal combustion engine would be the correct call to make. Although Hydrogen power is proving to be an interesting route for new vehicles to investigate, as the technology nor the infrastructure is currently there it would be of no use designing a Hydrogen powered car to be used across the next decade. In the UK a new announcement was revealed by the Conservative government at the UN climate change talks which states that a ban on the sale of all petrol and diesel-based cars will be in place by the year 2035. This also includes hybrid vehicles. However, while these words are all well and good it has to be considered how exactly is this going to be executed by that time. It should also be noted that the statement uses the word ‘car’ not vehicle and so that all other vehicles may well be exempt from this ban, however that was not made clear. It is also quite evident that the UK has absolutely no chance of being able to handle the surge of electricity that every car owner in the country needing to charge their vehicle overnight would bring. As previously mentioned in this report, infrastructure when it comes to electric vehicles is a huge issue and, according to the BBC and energy firm Scottish Power, it has been estimated that the UK would need 25 million charging points for electric vehicles should the country wish to be carbon neutral by 2050. This would mean that, from November 2019, nearly 4000 charging units per day would need to be installed at the cost of around 300 billion pounds (How will the petrol and diesel car ban work?, 2020). These numbers are clearly not possible to reach considering we are now 5 months further down the line and no progress has been made toward this target. This further proves the idea that infrastructure for electric cars is just not there at the moment in the UK and so it is more proof that remaining with the standard internal combustion engine is the best way forward. The chart in figure 12 shows the amount of electric vehicle charging points across the UK per 100,000 people. The points to note from this graph are that there are a lot of areas on the map where there are very few charging stations, and most of the areas (besides London) where there are more charging points is where there are less people living – such as mid Wales and the north of Scotland. This means that that there are more charging points per person than in higher populated areas, showing even in the areas where it may look better it is in fact no better than the other less shaded areas of the map in terms of how many charge points are there. This again proves there is no way this current infrastructure can support the ban being introduced so early and the current internal combustion engine is the way to go.
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Figure 12 – Chart Showing Electric Car Charging Points Across the UK
There are also schemes being introduced that are trying to move companies toward going greener regarding their emissions (matching the current Euro5 and Euro6 emissions rules) and this is what is making the electric vehicle route so favourable for companies who need to bring in the economic rewards that these schemes bring. However, while the governments are rewarding manufacturers for their ‘green’ vehicles they aren’t actually that green at all, the emissions just are not shown directly via the car’s exhaust pipe. Multiple sources have proven that electric cars are in fact causing more pollution to produce than a standard vehicle with an internal combustion engine is producing on the road. One of these sources is the Joanneum Research thinktank in Austria, which proved an electric car must drive nearly 220,000 km before it begins to outperform a diesel-based car. This statistic is made even worse by the fact that passenger cars across Europe only last for around 180,000km on average, meaning this will clearly never occur often enough to be of any effect (Sinn, 2019). The European Environment Agency also recently published research proving that the general trend was that electric vehicle production also caused more pollution than combustion engine vehicle production (Are electric cars really better for the environment, 2020). Another study coming from the International Conference on Applied Energy also shows that the CO2 emissions coming from the production of lithium ion batteries for electric vehicles in China are nearly 60% higher than from regular combustion engine vehicle production (Qiao et al., 2017). This proves that globally the world is not yet ready for mass electric vehicle production and the global market is a huge part of income for most if not all vehicle manufacturers, so if the world is not yet ready then this surely is not the best step to take in designing a new car due to the financial losses which could be caused. The cost for the consumers are also high when it comes to electric cars with the Nissan Leaf sitting at a pricey £26,000 which is putting a large amount of road users off electric vehicles for the time being (as does range anxiety), another reason why the high costs in designing and producing an electric vehicle could result in hefty losses.
In order to meet the stricter CO2 emissions regulations while using a regular internal combustion engine vehicle, ideas previously mentioned in this report could be useful if well implemented. For example, designing a diesel car which incorporates start-stop technology could be of large benefits when it comes to reducing emissions. A study conducted by the Society of Automotive Engineers showed that on average, the implementation of start stop technology would result in a fuel economy increase by just under 10% in heavy traffic (Silvestro, 2018), which is a huge improvement for something so small. Diesel engines produce less unburnt fuel on a cold start compared to petrol engines which results in lower carbon monoxide emissions (Vehicle Emissions | Air Pollution, n.d.), diesel engines also have a much higher compression ratio than a petrol engine and as previously explained in section 2 of this report are 20-35% more efficient than petrol engines. This proves that the combination of these two technologies are the best way forward for the production of a new vehicle in the relative short term as even though they may not reach the future regulations that are set out, most current vehicles will not either and so it is fairly certain that the regulations are likely to be altered to help manufacturers.
With only approximately 280,000 plug-in electric vehicles on the road in the UK compared to the total 33 million total cars on UK roads (0.8%) (Lilly, 2020), most successful companies seem to be heading in the same direction. All of the evidence that has been outlined in this report proves that the best way forward for a vehicle manufacturer over the course of the next decade is to head the direction that most companies are currently maintaining - the continuous design and production of internal combustion vehicles.
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0 56 56 s6 015 s6 002 56 2 56 10
1 55 165 015 165 .01 165 1 165 1
225 2 m o1 m oo m E1 m
262 77 m o1 m oo m E1 m
383 21 8 o 8 om 383 3 383
387 a 43 013 43 003 483 2 483
514 127 43 013 43 003 483 2 483
592 7 s2 o013 52 003 592 2 592
611 19 701 om 701 005 701 3 701
77 136 80 012 80 005 810 -4 810
864 17 520  om 520 005 920 -4 920
1005 141 520  om 520 005 920 -4 920
1029 24 1029 011 1029 007 1029 s 1029
131 02 1138 o011 1138 008 1138 s ms
1247 16 1247 012 147 008 1247 s 17
1278 31 1247 012 1247 008 1247 s 17
1357 79 1357 01 1357 003 1357 7 1357
P o1l 1aerl na1al aacrl nnrl | are| Y™

262 5172968 262 -4.17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
262 5172968 17454 262 282 116 262 16
1262 51.72968 17454 1262 281 16 1262 16
1262 51.72968 17454 1262 281 16 1262 16
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