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[bookmark: _Toc35707451]Introduction
Atmospheric pollutants and various gasses are produced as a result of combustion, however  road vehicle’s engines are normally under the magnifying glass of the European Union Directives because considered the main cause of Earth’s health state (Barlow, et al., 2009). 
Therefore, to reduce the impact over nature of human aids powered by combustion engines, the European Union has established a commission that is entitled to identify, regulate and control that the futures engineering productions are compelled to reach pre-determined features.
In the automotive field there is the distinction between petrol and diesel engines and the latest European emission standards impose a maximum production of 1.0g/km of CO and 0.06g/km of NOx for petrol engines and 0.50g/km of CO and 0.08g/km of NOx for diesel ones (European Commission, 2006). 
This report is intended to present three different vehicles data, acquired along the same route and in similar conditions, to evaluate how they perform. A first section will evaluate the validity of the acquired information to then use it to compare the efficiencies between the vehicles; secondly, it will be chosen one of them and used as a starting point for the development of a new and more efficient proposal. 
Finally, the DC motors Ltd, author’s fictional company, will present a technical proposal to improve vehicle’s performance.   








DISCLAIMER: due to the worldwide pandemic situation, it was not possible to access the university’s student support sessions to improve the quality and grammar correctness of the following report. Therefore, the author apologies if misspellings or unclear sentences are present. 
[bookmark: _Toc35707452]Methodology
[bookmark: _Toc35707453]Task 1
The data was organized similarly for each vehicle, starting by the removal of all the columns identified with “timestamp” in the title: in fact, each of these columns had the same starting value that increased with a constant rate in time and ending with the same value. Likewise, according to the vehicle, the only difference in these specified channels was in the initial and final values it-self, e.g. Triumph data starting with 369 and ending with a value around 2220000, Toyota’s starting with 832 and ending with 1949828. Were then deleted the columns with multiple set of values in the same cell, the columns which values weren’t expressed in SI units and the columns with text data. It was then time for the columns displaying “not applicable” values: it was noticed that, some of these columns would’ve displayed valid information if certain info were inputted in the software as figure 2 shows.
[image: ]
[bookmark: _Toc35707468]Figure 1 Missing information Triumph
Furthermore, it was noticed that some of the calculated channels, even though using constant values as the script in figure 2 highlights, were still not displaying information. It was supposed that fundamental parameters for the calculations were neither read by the OBDII nor by the software it-self, e.g. the lambda or O2 sensor doesn’t display acceptable values throughout the entire recorded journey length, resulting in unacceptable instantaneous fuel consumption figures.

[bookmark: _Toc35707469]Figure 2 Calculated channels scripts

For this reason, the missing information (as the final drive ratio, max rpm, volumetric efficiency percentage and coefficient, fuel tank capacity, wheel circumference, shift rpm points and gear channels) that the acquisition system asks for, didn’t allow a full exploit of the resources which is capable of, i.e. further channels would’ve been displayed . 
Unfortunately, even though some of the missing parameters were known, the SCanXLpro software is not capable of retro-active computation, therefore inputting the parameters after the recordings did not vary the data output.
Other columns as GPS accuracy and direction of travel, frame time (delta), fuel fill up correction percentage and coefficient or fuel price were cancelled due to missing values. 
It must be highlighted that the data is organized in three groups: data collected by the ECUs, recognizable by the channel title, the data acquired by the mobile phone, identified as auxiliary, and the calculated channels. 
The accuracy of the calculated channels has its proof of validity in the vehicle travel speed columns: in fact, it can be noticed that there is only a one kilometre per hour difference between the three velocity data set, i.e. auxiliary, calculated and ECU-read channel.
Another example comes from the overall trip distance: the calculated distance channel is the result of the integration of the vehicle speed sensor. Throughout a max function it is displayed the overall distance of 31.2 kilometres which is the exact value that Google maps gives back if using the GPS longitudinal and latitudinal coordinates acquired by the mobile phone along the journey.[bookmark: _Toc35707470]Figure 3 trip map

[image: ]On the other hand, power and torque channels are displayed as calculated ones but, after a close research within the acquisition software, was not possible identify which channels or parameters are used. However, their values can be considered relatively correct or acceptable: for instance, looking at the Triumph data, precisely at the moment in time when the vehicle is accelerating to enter the highway, the software displays a calculated power figure of 27 horsepower at 4500 rpm. Graph 1 shows an online graph of a dyno run of the 2011 Triumph Tiger 800 XC and it can be noticed the close similarity of the dyno and calculated values at the same regime, once the units are transformed into SI ones.Graph 1 2011 Triumph Tiger 800 XC dyno run

Furthermore, fuel consumption channels exploit different constant values, air-fuel ratio and fuel density, which combined with the engine known displacement and speed, allows the software to calculate fuel consumption. 
[bookmark: _Toc35707454]Task 2
The data set provided shows the same trip between tree different vehicles: two automobiles, a petrol and a diesel, and a motorcycle. The motorcycle is a 2011 Triumph Tiger 800 XC while the cars are a 2016 Toyota Aygo VVT-I and a 2016 diesel Volvo V40 Cross Country. [bookmark: _Toc35707471]Figure 4 Toyota Aygo and Volvo V40 Cross-Country

[image: ]Table 1 highlights some core information of the vehicles. [bookmark: _Toc35707482]Table 1 Vehicle specs

To help the comparison between the three vehicles table 3 below summarize fuel consumption data registered during the drive cycled performed. Immediately can be noticed as in the excel spec sheet, that the Volvo’s fuel data displays unreasonably higher values if compared to the other two vehicles. It seems that the data was registered based on an offset; for this reason, it was assumed that the higher values were due to a non-reset in the ECU, as the definition of the channels explain. 
However, the comparison in this section will be conducted over the Triumph and the Toyota, due to closer similarities between them: engine displacement, number of cylinders, weight, compression ratio and because both petrol-based engines. 
Another difference between the vehicles is also the availability of information provided by their respective industry; in fact, motorcycles spec sheets contrarily to the cars counterpart, rarely provide data regarding fuel consumption and yet ,when provided, is a general figure, an average, whereas the automotive field distinguish each driving cycle. This difference also relies on the different legislations ruling both industry’s sectors, e.g. even though only recently the motorcycle sector has being more affected by European emission standards (European Commission, 2006),  figures on spec-sheets are only compulsory for car manufactures. 
Analysing the vehicles from a static point of view, table 1 highlights a first big difference: dimension. The light Toyota anyhow is almost six times heavier than the Triumph, due to obvious reasons, as for its overall sizes, heavily affecting the power to weight ratio figures. 
	
	Power / weight
	Weight / Power

	Triumph
	0,43
	2,32

	Toyota
	0,06
	18,16


[bookmark: _Toc35707483]Table 2 Triumph & Toyota Power / Weight ratio
The above table highlights the massive difference between the two vehicles. It should be noted that the Triumph engine differs for little less than 200 cc and they both share the same number of cylinders. Intuitively is possible to understand that the motorcycle engine, even though with a smaller capacity, develops higher power values, enhancing a more efficient engine. 
However, the excel data shown in table 3 below highlights how the Triumph had averaged along the 31.2 kilometres route a 17.5 l/100 km compared to the Toyota 10.9 l/100 km over the 30.9 km distance. Accordingly, smaller engine’s displacement is not synonymous of lower fuel consumption: the 38% of fuel burnt more than the Toyota can be related to the higher power output of the engine itself. Nevertheless, the higher amount of fuel needed by the motorcycle is also controlled by the low power to weight figures: hypothetically, the same engine with a lower peak power output might lower the fuel consumption values.

	VEHICLE

	SAE.MAP
 kPa
	CALC.MAF
 g/s
	CALC.FUEL_FLOW 
l/h
	CALC.FUEL_VOLUME 
l
	CALC.FUEL_FLOW_AVG
 l/h
	CALC.Fuel AVG 
l/100km

	
	Intake Manifold Absolute Pressure
	Mass air flow - either ses the specified PID 
	Fuel flow calculated based on a MAF value (estimated or actual)
	Volume of fuel consumed since last fuel consumption reset
	Average fuel flow
	Average fuel economy/consumption since last fuel consumption reset

	Triumph
	98
	38,6
	13,184
	2,6
	4,638
	17,6

	Toyota
	100
	23,61
	8,065
	1,4
	2,955
	10,9

	Volvo
	209
	96,09
	32,818
	4,4
	12,656
	54,1


[bookmark: _Toc35707484]Table 3 Vehicle's fuel consumption data
Another physical difference that might affect the overall performance efficiency, even though on a smaller scale, is given by the aerodynamics. Table 1 also highlights another big difference between the automotive and the motorcycle industry: aerodynamic drag coefficients and frontal area. These values are often provided by car manufactures contrarily to the motorcycle ones, which values are often calculated by the person interested in.
However, it is assumed a  value of 0.7  for the Triumph, due to the absence of aerodynamic fairings and of the upright riding position (Cossalter, 2006), making it almost 20% less aerodynamic efficient than the Toyota. 
Nevertheless, both vehicles had accomplished the journey in the same time, the Triumph in 34.5 minutes and the Toyota in 32 minutes, and with the same average speed of 58/59 km/h.
Therefore, it can be said that the choice on which vehicle would ride/drive at destination in the most efficient way is not driven only by a numerical reason. Furthermore, it must be point out that the test was run during the early hours of the day where an important variable was avoided and that would have played a fundamental difference in results: traffic.
The absence of traffic has its confirmation either in the data set of each vehicle where no unusual velocity variations/values along the route were found, or in the dash cam footage provided. 
Despite the car being more fuel efficient for this specific journey, it must be highlighted that there are daily commuters that doesn’t purchase a new vehicle of choice only based on numbers: riding experience and time (saved) normally are the core reasons that pushes motorcyclist to face bad weather conditions, lack of safety and more money for fuel as just highlighted
[image: ] 






[bookmark: _Toc35707472]Figure 5 Motorcyclist have more fun













[bookmark: _Toc35707455]Task 3
To identify the ideal vehicle for the daily commute over the 60 km trip, also considering technologies applications to optimize the overall efficiency, it was decided to consider only a four-wheeled vehicle. As mentioned in the previous section, according to the usage of the vehicle, the choice of which one to purchase it can either be driven by technical aspects as by its emotional impact while using it. For this reason, the following analysis will only consider automobiles, assuming motorcycles to be used as machines for an emotional and recreational purpose, regardless their advantages within an urban environment. 
[image: ]
[bookmark: _Toc35707473]Figure 6 Daily trip route
The above map is the representation of the 30 km trip which is characterized by different driving cycles. It was assumed that each driving cycle could be identified by the velocity along that section; for this reason, it was decided that up to 50km/h will be considered an urban section, between 50 and 90 km/h an extra urban section and the motorway section was easily identified from the plotted map as for the higher speeds averaged, as the excel data sheet presents.
Table 4 below highlights how each drive cycle was identified throughout the combination of GPS coordinates and speeds, resulting: an urban section of 9.6 km, an extra urban of 9.9 km and a motorway section of 11.5 km.
It can be noticed that, within this daily route, there is no predominance of a type of driving cycle over another.  
[image: ] [bookmark: _Toc35707485]Table 4 Trip sections


Therefore, the following analysis will be conducted to model an ideal vehicle, tailor made for the specific overall daily route. Furthermore, even though it was highlighted in task 1 how some acquired and calculated channels were reading values not entirely correct, for the following analysis the fuel consumption data for instance, will be assumed correct.
The starting model vehicle chosen will be the Toyota Aygo, equipped with various technologies to improve its efficiency throughout its daily commute. 
Table 4 shows how stops or slowing down sections normally occur within an urban area and within short distances between one and another. The acquired fuel consumption data shows how the Toyota Aygo, for instance, uses 8.065 litres per hours and burns 1.4 litres for the daily 30 km trip. Table 4 identifies with the terms “slowing down” those sections, also confirmed by the dash cam footage, in which the driver instead of coming to a full stop as it would do during a busier moment of the day, leaves the vehicle decelerate. For this reason, the table shows only one stop of eleven seconds. Researches shows that drivers spends an average of 120 seconds at traffic lights (Levinson, 2018), not considering the time spent at junctions or “Stop” signals due to the singularity of each situation. It is therefore suggested that an efficient improvement to the vehicle could be the usage of a “Stop-start” feature. 
In fact, along the specific 30km route the fuel consumption is 0.002 litres per seconds therefore the adoption of an idling stopper system would allow to save roughly between 0.5 to 1 litres assuming the slowing down sections to be full stops. Nevertheless, the system can only prove its beneficial effect on busier routes, i.e. with more traffic lights, allowing roughly a save of 0.025 litres per each 10 seconds stop.
This section will not discuss the technical feature or diversities between Stop-Start systems (brushless or magnetic).
Along the same philosophy, another aid is the partial shut-down of the engine, according to situation. Fuel consumption could be maximized during slow traffic scenario were low amount of power is required, allowing a multi-cylinder engine to partially shut down some of the cylinders as proven by some supercars models (i.e. (Ferrari, 2017)). Reasonably, big engines with multi-cylinders would benefit more than smaller displacements ones. Smaller engines might suffer for the lack of engine strength if not all cylinders are running, affecting the fuel save results;  however, a tailor made gear for this driving scenario could be introduced or substituted to the ones already in the transmission to amplify the hypothetical small torque values in small engines with shut down cylinders. For instance, a different first gear can be used only in slow traffic scenario to allow displacements even with the small torque and power values available.

[image: ]The above plot is a representation of the altitude variation along the 30 km route. Very useful parameters missing in the graph are the throttle and break usage. [bookmark: _Toc35707462]Graph 2 Altitude variation along the route

It is highlighted how almost one third of the journey is along a descending slope which could be exploited with a kinetic energy recovery system, KERS. 
The author considers KER system to be used parallel to the combustion engine, allowing the activation of it during the numerous breaking moments within an urban environment or during slopes sections along the way, to then exploit the energy stored according to necessity.
Reasonably, the adoption of the regenerating system to an existing vehicle might come with some compromises, as the added weight and the necessity of space for its elements, but the next section will illustrate a proposal to solve these concerns.



[bookmark: _Toc35707456]Task 4
Race series technical development is a paramount step for the evolution of improved technology relevant to society. Through the years, the technology transfer from race purpose to daily usage has improved the performances and the safety features of everyday vehicles, e.g. anti-lock braking systems, traction control, active aerodynamics.
The “DC motors Ltd” is a newborn company that wants to sit in between the racing and the road sectors and be the direct connecting link between them and therefore become pioneer of technologies’ application at a global level.
Are here presented and discussed two technical improvements for the efficiencies of most vehicles daily used for the house-to-work commute: the idling stop system and the kinetic energy recovery system, KERS.
Both solutions are intended either as factory optional features or as after-purchase upgrades and, to understand how such fit can be possible, it will be explained what a KERS is and how it works.
The kinetic energy recovery system is a device that attempts to capture and convert the otherwise wasted energy, dissipated as heat during deceleration (Akio tv, 2017).
[image: ]This system had its first application onto a road bus in 1980; Torotrak was the company behind this installation and had demonstrated the validity of the system; nevertheless, the rudimental technology available at that time didn’t allow a further development of this system. [bookmark: _Toc35707474]Figure 7 KERS on F1

However, over twenty years later, in 2006, acknowledging the constant cost increase of engine development in the Formula1 championship, the FIA decided to overcome this problem by introducing the usage of hybrid systems for the 2009 season (Formula1, 2019). These hybrid-powered units would comprehend the coupling of an electric generator to the internal combustion engine; the generator would be charged by the kinetic energy dissipated during braking and capable of using the stored energy as extra boost.

It was the beginning of a technological evolution promoted and incentivized by the fact that the technological outcome would have be relevant to society (Hilton, 2015).
There are different kinds of KERS: mechanical, pneumatic and electrical. As it will be highlighted further on, the most efficient is the mechanical one, whilst the cost, the complexity and the not constant performance of the other two makes them unusual. 
Mechanical KERS furthermore, according on the layout and distribution of its components are sub-dividend into two kinds: parallel and integrated solutions.
Either layout is constituted by a rotating flywheel, positioned next to the axel connected throughout a clutch.
[image: ]
[bookmark: _Toc35707475]Figure 8 Mechanical KERS schematic under steady motion
While the vehicle is driving, the flywheel is disconnected and stands still to avoid power losses; on the other hand, when the vehicle is decelerating the clutch engages and the flywheel starts to rotate at high speed, also helping to slow down the car.
[image: ]
[bookmark: _Toc35707476]Figure 9 KERS schematic under braking condition
Once the flywheel has started rotating, the clutch disengages the connection with the axel leaving the flywheel to freely rotate; when that stored energy is required, i.e. extra boost, the flywheel is connected again to the axel, driving it.
[image: ]
[bookmark: _Toc35707477]Figure 10 KERS schematic under working conditions
[image: ]An electrical KERS has in between the axel and the flywheel a generator and a motor.
[bookmark: _Toc35707478]Figure 11 Electric KERS
Under braking, the generator attaches to the axel and starts generating electricity and slows down the wheel. The electricity is then passed to an electric motor that makes the flywheel spin; when the braking action is ended all connections between components are interrupted leaving the flywheel free to spin. When extra boost is required, the previous chain is reversed and the flywheel feeds the electric motor, now acting as a generator producing a current; this current activates the generator, that this time acts as a motor and provides the axel with the extra drive. 
[image: ]A similar kind of KERS system substitutes the motor, the second clutch and the flywheel with a capacitor or a battery pack. 
[bookmark: _Toc35707479]Figure 12 Battery or capacitor KERS
Even though this system has the advantage of weight reduction due to less components involved, a battery is normally preferred to a capacitor to store energy; however there are losses during the conversion of different kind of energies (mechanical to electrical or the conversion between DC and AC and vice versa) (Hilton, 2015).
Throughout the years of development in Formula1, the KER systems are now capable of recover, store and reapply up to 400kJ per lap at a maximum rate of 60kW (this is the amount of boost) (Resebro, 2010).
Likewise, it was identified that an average lap length in the 2019 Formula1 championship was around  5.1 km (Reddit.com Community Forum, 2019)) and, even though the Formula1 units are exploited at their extremes, these values can similarly be used by a road vehicle. Obviously, from a road use point of view, specific drive cycles would benefit lower fuel consumption, i.e. lower emissions.
Formula 1 and road cars have similar requirements for the regenerating braking system: rapid and efficient recovery of inertia energy and efficient dispatch. Their difference lays in the application rate and therefore, the method of usage of the system components: F1 cars have constant cycles of charge and discharge of the energy from the batteries whereas road cars might not have a constant pattern of the usage cycles, therefore affecting the performance of the battery’s life (efficiency, degradation) (Brockbank, 2010).
For this reason DC motors Ltd has decided to optimize efficiency by connecting the KER system close enough to the final drive to reduce the number of mechanical elements required to transmit the drive and therefore reduce loss of power, increase of weight and cost (Hilton, 2015).
[image: ]The optimal solution is to integrate the KERS with the vehicle gearbox or to its layshaft.[bookmark: _Toc35707480]Figure 13 DC motors KERS schematic proposal (photo courtesy of Torotrack group)

This arrangement was intended to maximise the capabilities of the system, exploiting the variety of applications that the system can cover, for instance, act as an idling stopper, throughout the flywheel (Hilton, 2015). Moreover, a KER system can reduce the braking effort at the pedal or even making it a redundant element, allowing the introduction of new brake-by-wire vehicles, consequently leading to improved crash-performances or more user-friendly to people with disabilities. The kinetic energy recovery system is seen by DC motors ltd as a crossroads, which gives the possibility to companies to choose between the research of new improved powertrains or new vehicles layouts and solutions, e.g. throttle-less and brake-less.
[image: ]The KERS system developed by the DC motors Ltd is a 25 kg unit, therefore a very small impact to the overall existent vehicle, constituted by a steel hub of 200 mm diameter and 100 mm length, with a flywheel that can operate between 32000 and 64.000 rpm (Brockbank, 2010). For safety precautions the flywheel is inside a metal housing and efficiency is improved thanks to a low vacuum environment, experiencing  bar (Brockbank, 2010).Figure 14 KERS proposal

[bookmark: _GoBack]
[bookmark: _Toc35707458]Conclusion
It has been appreciated the practical application of the data acquisition system which allows different levels of analysis; it was highlighted the importance of inputting vehicle parameters to fully compute. 
The system in fact, allowed the author to identify which of three vehicles is the more efficient or convenient along the daily route analyzed; however, the differences discovered between the Triumph and the Toyota allow the user to choose according to personal preferences.
Furthermore, any improvements presented to extend the efficiency of the vehicle are not far for practical application.
The recovering energy units used on Formula1 cars and presented in the last section as a viable solution to improve ordinary vehicles efficiency, are the pinnacle of engineering development. Therefore, their complexity, dimensions and performances might be too expensive for road vehicles factories. 
However, it must be kept in mind that every new racing component aid is driven, since the early stages of development, by what will it be its influence over the performance: for this reason, the KERS dimensions previously presented are so compact due to their origins. In fact, key for a maximum performance of a Formula1 car is weight distribution (Resebro, 2010), which led to the development of such small units; on the other hand road cars, due to their layout and end use, allows more freedom over the location and dimension of a KER system, theoretically reducing the cost of development and production of a road-use unit.
In conclusion, the author believes that a KER system, also capable of a stop-start feature, can be developed for the road-use sector, exploiting ten years of technology development at high levels now the available
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https://www.google.com/maps/dir/51.72965,-4.17458/51.65044,%09-3.93046/51.64194%09,-3.93684/51.63734,%09-3.93197/51.62133%09,-3.93356/51.62075,%09-3.93245/@51.6890107,-4.1037879,16601m/data=!3m1!1e3!4m23!4m22!1m0!1m3!2m2!1d-3.93046!2d51.65044!1m3!2m2!1d-3.93684!2d51.64194!1m3!2m2!1d-3.93197!2d51.63734!1m3!2m2!1d-3.93356!2d51.62133!1m3!2m2!1d-3.93245!2d51.62075!3e0?hl=it
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