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1. [bookmark: _Toc35836587]Introduction
The purpose of this work is to, using real world data and current research/technological development; analyse current powertrain solutions used by the average consumer and to project and approximate changes to a more sustainable method for future use. 
The Vehicles Studied for this work were: 
2016 Toyota Aygo 1.0 VVT-I X-Pression 5dr Hatchback (Microcar)
2016 Volvo V40 Cross-Country D2 (Crossover Estate)
2011 Triumph Tiger 800 XC (Adventure/Dual-Sport Motorcycle)
The specific tasks covered in this paper (and the accompanying Microsoft Excel workbook) will cover:
Organisation and analysis of recorded data found by reading the standardised on-board diagnostics (OBD-II) through a read-out mobile application (ScanXL software Palmer Performance Engineering). 
Commentary on each vehicle’s performance over the “drive-cycle” and a contrasting comparison between the different solutions/characteristics seen across each platform.
Discussion of technologies to create the “Ideal” vehicle for the drive cycle.
Projection of possible, viable future vehicle specifications based on current industry trends, political direction and economic direction.

[bookmark: _Toc35836588]Raw Data and Organisational Work
[bookmark: _Toc35836589]Initial read data provided by ScanXL 
The format of data received for this task was an exported .csv file format containing a multitude of values which was then imported to Excel for processing, of these many values a great deal had to be disregarded for various reasons explained below.
[bookmark: _Toc35836590]Reasons for omission of data
There were several reasons that data had to be omitted, firstly and most simply, a great deal of data was missing in the Excel that was present in the ScanXL programme, this is due to the fact that during setup of the data recording session for each vehicle input values used to calculate a variety of output channels was omitted, therefore the programme did not have the adequate data to assume or generate these channels. Essentially, if no values were shown during the drive cycle the channel was omitted.
Secondly, any calculated channels that were considered suspect due to irregular input data or unrealistic output data seen were omitted to reduce the possible error created by relying on these channels. Essentially, if the data looked strange or the inputs found driving the channel in ScanXL were in any way doubted the channel was omitted.
Finally, all channels labelled “timestamp” in the raw data were omitted as channels of this type are generated  by the ScanXL programme to drive the visual GUI seen in the application and the computer programme for the live “dashboard” readouts and are therefore arbitrary values that have no meaning outside the context of creating a “picture” for the user.
[bookmark: _Toc35836591]Retained Data
The selection of data to retain for further analysis was based on several parameters explained below.
Firstly, “Time Values” were retained to allow creation of graphs and calculation of further analytical parameters such as distance travelled and fuel consumption. These “Time Values” consisted of; Frame Number, Frame Time (in various configurations) and the change in time between frames. 
Secondly, a collection of “Vehicle Attitude” parameters were retained, these parameters describe the position of the recording unit in space using accelerometer data to provide the following values; Forward/Lateral Acceleration and Vehicle Pitch/Roll. Whilst not used for the analysis of the drive cycle as such, these values have been retained as they are of a reasonable quality (considering orientation of the recording device etc) and could provide useful information if further work is done to develop the cycle and analyse the provided data.
 Next were a series of GPS Reported values, these channels describe the recording devices position on the earths surface and was used primarily to define the route of the vehicle across the drive cycle and the altitude of the vehicle along the vehicle’s path, due to the latency seen in the velocity channel from the GPS reading this channel was disregarded in favour of the SAE reported value.  
  A series of engine related channels were retained also to provide an insight into the behaviour of the power unit during the drive cycle, as these values were reported by the standardised SAE channels from the ECU, they were considered trustworthy. 
The final retained channels were the vehicle speed channels reported through the SAE pathway, these channels again were considered trustworthy as they were reported via the processing units in the vehicle itself rather than calculated. 
[bookmark: _Toc35836592]Calculated data from selected channels
From the above channels a series of basic datasets were calculated:
Firstly, simple conversions were made for Time (ms to sec), Altitude (ft to m to provide finer measurement than the reported m channel) and Velocity (km/h to kms and m/s).  
Additionally, change in both time and altitude per frame were calculated, angle of incline per frame, acceleration per frame and finally distance covered were calculated. 
With these simple calculations undertaken the values used to define the overall usage/performance seen during the drive cycle were calculated, firstly fuel usage (using the provided value of 50mpg) throughout the cycle was calculated simply by dividing the average fuel usage by the distance per frame. Next the overall force required to translate the vehicle per frame step was calculated by applying the algebraic substitution of Newtowns Second Law of Motion:

Alongside this “Driving Force” the forces resisting motion were then calculated to demonstrate the losses seen due to; aerodynamic drag, road plane gradient and rolling resistance seen at the tyres, using the following equations (Cossalter, 2006) (Engineering Toolbox, 2008)[footnoteRef:1]: [1:  Air density taken as 1.225kg/m3, vehicle masses taken from factory quoted Kerb Weights, frontal areas calculated as 80% of Width × Height, coefficients of drag taken from provided values or in the case of the Triumph from generalised values found in Cossalters book on Motorcycle Dynamics, road plane angle calculated using trigonometry based off the change in altitude per frame by the distance change per frame and gravitational acceleration taken as 9.81m/s2 .] 






Finally, Work Done, Stored Fuel energy to Work energy and Power were all calculated using the following method (IOR Energy, 2010):




[bookmark: _Toc35836593]Comparison
For this section of this paper the format will be the brief scrutiny of a series of graphs detailing areas the author thought pertinent, complete sets of values and greater detail for each area of study can be found in the attached Excel workbook.

[bookmark: _Toc35836483]Figure 1: Drive Cycle Route
[bookmark: _Toc35836594]Altitude and Velocity change over Drive Cycle

[bookmark: _Toc35836484]Figure 2: Graph of Altitude change throughout the drive cycle
As can be seen above the GPS latency and slight disparity in route between each vehicle displays as a compounded deviation as the cycle progresses. There are clear areas of travel here seen by an initial “Rural” section with a large altitude change, descending to almost sea level before a gentle climb during a “Highway” section between approx. 12000m – 22000m, followed by further smaller descent to an “Urban” section of the cycle to finish the drive cycle. This is further demonstrated in the Velocity trace shown below, as can be seen, the velocities of the three vehicles are reasonably similar, the “Rural” section can be seen as the low velocity section between 0m and approx. 12000m, the “Highway” stint can be seen as the sustained high velocity section in the centre of the graph followed by the final “Urban” phase where multiple stops can be seen and a great deal of velocity change as the vehicle move through the traffic systems of a minor city. 

[bookmark: _Toc35836485]Figure 3: Velocity against Distance Travelled
[bookmark: _Toc35836595]Engine Speed and Work Done 

[bookmark: _Toc35836486]Figure 4: Work Done throughout the cycle

[bookmark: _Toc35836487]Figure 5: Engine Speed over the cycle
As can be seen in Figures 4 & 5 above the Volvo exhibits the greatest efficiency with regard to work done per engine revolution, as shown by the greatest Work Done for the lowest Engine Speed this is majority due to the Volvo being the largest displacement vehicle of the three (and being a diesel/compression ignition powerplant) but if the Percentage of Energy in Fuel Used converted to Work Energy Output (5.2% Aygo, 2.17% Triumph, 10.68% Volvo)[footnoteRef:2] is considered it can be seen that the Volvo is the most efficient complete vehicle driveline system of the three. [2:  Found in the accompanying Excel Workbook.] 

As mentioned previously, the “Highway” stint of the journey can be clearly seen here with all three vehicles seeing a period of sustained high engine speed and areas of more varied engine speed in the “Rural” and “Urban” sectors at either end of the cycle. 
*Note the only instance of “stop-start”, displayed on the Volvo Engine Speed trace at approx. 23500m.

[bookmark: _Toc35836596]Aerodynamic Drag Force

[bookmark: _Toc35836488]Figure 6: Aerodynamic Drag seen during the cycle

[bookmark: _Toc35836489]Figure 7: Fuel Usage in relation to Aero Drag
 As can be seen above the, Volvo once again outperforms both the Aygo and the Triumph, whilst the Volvo has the greatest frontal area owing to the high drag values seen above it does not show a drastically worsened fuel usage when compared to the Aygo and is better than the Triumph in the same range despite being over three times the weight. 
[bookmark: _Toc35836597]Results of Comparison
Despite the brief snapshot shown here it is conclusive that the Volvo is by far the most efficient system, followed by the Aygo and the least efficient being the Triumph. The performance of all three is relatively similar with regard to velocity but differs greatly with regard to engine speed, fuel usage in relation to aerodynamic drag and driveability with the high revving Triumph and the relaxed Volvo providing entirely different driving experiences throughout the drive cycle.
 

[bookmark: _Toc35836598]“Ideal” vehicle 
With regards to the drive cycle seen above, if considered as a round commute (doubled up with the exact reverse of the drive cycle with an 8-hour workday between forward and reverse runs) based off the values found from the Volvo cycle the overall figure seen are as follows:
Table 1: Table of overall values seen during the Volvo "Drive Cycle"
	
	Average
	Total

	Work Done
	0.0178 MJ
	14.2972 MJ

	Power
	0.0579 kW
	46.4534 kW

	Fuel Used
	0.1457 ml
	3.467 litres



[bookmark: _Toc35836599]Electrification
If the carbon offset and infrastructure concerns are put aside, current electric powered vehicles could quite capably undertake this commute, Tesla’s Model 3 for instance with a 240Wh/mi, 135mi range and a 4.5 hour charge time on 11Kw AC power could be feasibly used to replace the Volvo for this 60km commute with a commonly found EV charging station. Alternatively, BMWs i3 offering with its 125mile range at 260 Wh/mi provides another option using current technology.   
[bookmark: _Toc35836600]Stop Start
During the drive cycle the Volvo comes to a complete stop twice, only activating its in-built stop-start function once. It can be reasonably assumed that on a particularly busy commute in this could be as many as 5 stops in each direction for approx. 30 seconds each meaning that during the “round trip” the vehicle could be stopped for a total of 5 mins, this represents 12% of the entire drive cycle (considering the journey as approximately 30mins each way) where emissions and fuel usage could be reduced by stopping the engine. A caveat to this is the increased wear on engine components caused by constant stopping and restarting of the engine and start system, so while it will be an environmental gain, it could cause more wastage with regards to repairs and part wear.     
[bookmark: _Toc35836601]KERS 
The gravitational potential energy from maximum to minimum altitude along the drive cycle path is as follows:


If even a 25% of this energy can be recouped through KERS systems during descent phases it would represent a 59% energy saving on the total expended energy during the drive cycle. If this were then stored in a “boost” system to then assist on the return run it could represent a significant increase in the overall efficiency of the system as a whole.

[bookmark: _Toc35836602]Future Vehicle
[bookmark: _Toc35836603]Basic Specification – Technical Direction Volvo “Chronos”
Powerplant: 1000cm3 , Two-Stroke electro-pneumatically controlled valvetrain, multi-stage Forced Induction, Jet Ignition, Bio-Methanol/Synthetic Methanol, Partially Stabilised Zirconia Coated Combustion Chamber, Direct Injection, Directly Oiled Crankshaft. (MAHLE, 2020) (Poola R B, n.d.) (The Royal Society, 2019) (Freevalve, 2020)
Driveline: Rear wheels driven, CVT Transmission, composite driveline components 
Chassis: Aerodynamic Carbon Kevlar Composite Monocoque, Tandem seating (x3), Mid/Rear Engine Positioning.
Control: AI assisted Self-Drive, Manual override for leisure/emergency
Options: External Luggage Compartment Attachment (Reduction in Aerodynamic efficiency, temporary)  
The proposed specification for an economically and politically viable vehicle for 2028 release is shown above. The “Chronos” (so named after Father Time, as this vehicle will provide “clean” development/infrastructure and research time for future electrification) is based off several basic principles; firstly the idea that synthetically produced fuels utilising “carbon-scrubbing” technologies could create a “pause” atmospheric carbon pollution as the pollutants released by vehicles are being recaptured and recycled, while not a fix it provides a way to slow pollution. Methanol has been chosen as it allows for much higher compression due to its naturally high “Octane” rating, the common issue with Methanol acid attack on alloys found in engine internals can be alleviated through the use of ceramics which in-turn will aid in the increase in the thermal efficiency of the engine (in line with current Formula 1 thermal efficiencies of around 50-55% (AMG Petronas Formula One Team, 2020)).
The next principle is the use of currently emerging technologies that have the potential to become cheap and widely available in coming years, Jet Ignition in replacement for Spark Ignition is steadily gaining traction in the automotive world through companies like Mercedes and Mahle and could very rapidly become a feature in common road cars, Freevalve technology through Koenigsegg allows for extremely accurate valve control, helping to eliminate a key area of issue with a two stroke powertrain. The use of a two-stroke powertrain is favoured due to the increased energy density of having a power stroke every cycle. Additionally, a Continuously Variable Transmission would allow for engine operation much closer to its peak performance allowing reduced emissions and increased vehicle performance.
Finally, Carbon composites are rapidly becoming the material of choice for modern road vehicles and such through the interests of reducing weight (driveline components) and strength (crash cell) the tandem cockpit of the Chronos (much like Volkswagens XL1 offering) will be a carbon Kevlar composite in a teardrop shape to recue front area and aerodynamic drag (with the aim of +150mpg with lean burn technology, extreme streamlining and AI controlled “hypermiling” techniques ). 
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Longitude (deg)




Altitude against Distance Travelled 
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Altitude (m asl)




Velocity 
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Velocity (M/s)




Work Done against Distance Travelled 
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WOrk Done (J)




Engine Speed 
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Aerodynamic Drag Resistning Motion (N)




Fuel Usage Against Aero Drag 
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