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[bookmark: _Toc35787781]Introduction
This report will outline a series of simulated test runs carried out on three real world vehicles undergoing the same daily commute, a Toyota Aygo, Volvo V40 and a Triumph Tiger. The Data provided was taken from the ECU and OBDII port of each vehicle and ran through ScanXL software to generate multiple calculated channels. This Data was then compiled, processed, analysed and verified via personal calculations, and a Real World ‘ideal’ drive cycle was obtained.
[bookmark: _Toc35787782]Aims
To compile the data into a reasonable format using excel software, and then remove any unnecessary or invalid data channels. Analyse the remaining channels and comment on the validity and accuracy of the generate streams.
Compare and Contrast the three vehicles in consideration and select the vehicle most appropriate for the commuter drive cycle.
Generate an ‘ideal’ drive cycle, including the addition of new technologies including KERS and hybridisation, designed specifically for the commute.
Produce a specification for the 2028 release of a vehicle, best suited to the outlined 60KM daily commute.

[bookmark: _Toc35787783]Methodology
Data Processing
The First task required was the processing of the raw data files, including the validation of the calculated channels within the software. Equations and research, taken from (Meseguer, et al., 2015), the values for IMAP, MAF, Fuel Flow, Fuel Consumption and Total Fuel Usage could be calculated, and therefore, validated against the respective software channels. Further validation of channels could be made by comparison to Sensor and GPS data recorded by the vehicle. 
Firstly, for the Triumph, the IMAP was calculated using the equation,

From here, The MAF was calculated,

Where M.M.Air is the molecular mass of air and R is 8.314 J/oK/Mole. As the Aygo data did not contain the sensor for Inlet Air Temp, the equation used for MAF was,

As the Volvo contained MAF and MAP sensors, and the calculated channels ran from the sensor values, it was unnecessary to validate those streams. The equation used to calculate fuel flow across all vehicles was,

Fuel consumption, expressed in l/100km, was calculated using,

And Overall fuel usage was calculated over a time step of 10 cells, using the equation

Values for a comparison of torque and power to their respective maximums for each vehicle were calculated as,

As this would allow for clear comparison between each vehicle in question.




Creating the Ideal Drive Cycle
The decision was made to use the Toyota Aygo as a baseline model for the 60KM daily commute, due to lower emissions output, as well as lower use of the full torque and rpm bands throughout the cycles, increasing engine durability and longevity.
For the Ideal cycle, the addition of several features to improve the overall vehicle performance have been accounted for. Firstly, a KERS based system, for recovering and storing some of the kinetic energy lost under braking, was added, followed by a secondary flywheel style generator for storing Kinetic energy generated by the petrol engine. The last addition was to add a full hybrid system to the vehicle, based on the current hybrid specifications published by Toyota and used in their current-gen vehicles.
The First Step in creating the drive cycle, was to average the speed into ‘zones’ and to gain an average time step. To average the Speed, the original data was plotted, and zones were drawn. Within these zones, the speed was averaged to find a constant speed. From there, the average linear  acceleration was found between each ‘zone’ to complete the graph. The Total time (in ms) was found from the original data, and converted into seconds, then this value was divided by the total number of rows of data, to provide a regular reoccurring increase in time across the whole run.

Figure 3‑1: Live Data Vs 'Ideal' Cycle
From here, using the available spec sheets for the vehicle, the gear ratios, tire circumference and Final Drive could be used to generate theoretical speed values every 100RPM between 1000 and 6500, for each gear.
 

From the graph, it was decided that 3000RPM would be the theoretical shift up speed, and 1400RPM would be the shift down speed. From the theoretical RPM calculations, the theoretical engine speeds, and gears were calculated from speed and acceleration data, via use of the lookup and IF functions within Excel.
The Kinetic Energy of the vehicle was calculated using the equation , with the mass being taken as the curb weight of the vehicle, plus on passenger averaging 80kg (980kg) and the velocity being the speed taken at each point.
From this column, the change in kinetic energy whilst under braking at each time interval (0.08s) was calculated, and in turn, the energy recovered by a KERS system calculated. A value of 30% conversion of total kinetic energy was used as an energy recovered guideline as the generators only run on 1 axle, plus considering the losses to due friction, heat and mechanical parts and in the conversion process of the generators.
By calculating the second moment of inertia of the flywheel, using a weight of 7kg, an outer radius of 0.095m and an inner diameter of 0.0105m, taken from the size of the pilot bearing of the vehicle. Using the calculated RPM, the angular velocity of the flywheel can be found using , and thus, the kinetic energy of the flywheel can be calculated. 
From here, using sets of IF statements, a rough ECU mock-up was made that flags up if the vehicle is hard accelerating (over 0.75m/s/s), braking, at low speed (under 24KMh) or the battery is at low power as outlined below:
	ECU FLAG
	RANGE
	OUTCOME

	HARD ACCELERATION
	Forward acceleration rises above 0.75m/s/s
	Battery and motor contribute 10% energy toward kinetic energy generation

	BRAKE
	Acceleration drops below 0, signalling braking
	Energy flow reverse from kinetic back into battery at 30% efficiency

	LOW SPEED
	Speed is under 24KMh
	Battery and Motor generate all kinetic energy at 92% efficiency (EV West, 2020)

	LOW BATTERY
	Energy Storage drops below 2.5%
	Battery and Motor shut off; all energy is generated from Engine.


Table 3‑1: Mock-Up ECU map
Using the ECU Flags, it can be predicted throughout the run weather the vehicle is running via motor input, Engine input, both, and if It’s using Regenerative Braking. Alongside this, when the vehicle is running solely on engine power alone, the flywheel charging system becomes active to help recharge the battery packs alongside the KERS charging during braking allows the battery to stay sufficiently charged throughout its journey.

[bookmark: _Toc35787784]Results & Analysis
Comparison of Raw and Calculated Data
As the data across all three runs show similarities towards accuracy of calculated channels towards that of the sensor and GPS data, only the data from the Toyota Aygo will be graphed and displayed.
[image: ]
Figure 4‑1:Google Maps Drive Route (Google, 2020)

Figure 4‑2:GPS coordinates route plan
The GPS coordinates can be said to be accurate, as plotting the Lat/Long coordinates obtained by the OBDII gives the exact route followed by google maps.
Speed/distance

Figure 4‑3: Speed/distance graph (AYGO)
From the graph above, the various channels show clear correspondence, the sensor, GPS and calculated streams all match up near perfectly, and can be said to show good accuracy and reliability of data. This would give good assumption that channels based from speed, such as acceleration and distance are also going to show accurate and reliable information. This can also be verified by taking the maximum distance at the end of the data (30.9km) and comparing it to the distance displayed from live map data using the start and finish coordinates (31.2km).
Manifold Absolute Pressure/Distance

Figure 4‑4:MAP/Distance graph (AYGO)
Once again, the data shared between the calculated steams and the sensor data from the vehicle show strong correlation and can therefore be considered accurate and reliable. Both results plot very similar trends, with only minor discrepancies potentially caused sensor error combined with the state of a ‘near perfect condition’ calculations. 

Manifold Air Flow/Distance

Figure 4‑5:MAF/Distance graph (AYGO)
Due to a lack of MAF sensor, to verify the calculated steam, the calculations in chapter 2 were utilised to provide a comparison value. Again, it can be said that the data show strong comparison between the calculated channel and the personal calculations undertaken, therefore further increasing the validity and accuracy of the calculated channels.
Fuel Flow/Distance

Figure 4‑6:Fuel Flow/Distance (AYGO)
The software calculated channels match near perfectly with the hand calculated channels, giving precedence to the fact that the data is valid and accurate. With very low discrepancies, the two calculations can be said to correlate well with one another and provide an accurate source of valid data.
Fuel Consumption/Distance

Figure 4‑7:Consumption/Distance graph (AYGO)
The data for fuel consumption can be said to be accurate and reliable, as the data perfectly matches that of hand calculations done using the above methods. This further proves the data to be valid and to be of high accuracy.
Fuel Usage/Distance

Figure 4‑8:Fuel Usage/Distance graph (AYGO)
The data for fuel usage is a clear outlier to the data sets. However, the data presented by the calculated streams is only accurate to one decimal place, and therefore brings in a margin of error due to the rounding of numbers. However, it can be seen by the graph that at fairly regular intervals, the calculated software data does match the data provided via hand calculations, however it does not increase with such a linear behaviour.




 
Comparison of Vehicles

Figure 4‑9:Comparison of Accelerations
From the Acceleration graph, we can see that the Aygo has the smoothest acceleration, followed by the Volvo and then the Triumph. Therefore, it can be said that the Aygo has the improved driveability over the use of the other two vehicles, as it is able to smoothly accelerate to the same speed more effectively.

Figure 4‑10:% of maximum RPM available
The graph above shows the RPM of the engine of each vehicle, in respect to its maximum rated RPM. For the majority of the test, the Aygo uses less of its maximum RPM band, except however, when being used during the high-speed portion of the text, at which point it shows a 10% increase over the Volvo. Overall, it can be said that the Aygo has the lowest Engine Load used throughout the whole run, thus increasing the durability and longevity of the engine.


Figure 4‑11: % of maximum Power and Torque
The graphs above show the percentage towards maximum rated torque and power outputs for each vehicle. From the data, the Aygo has the least efficiency and performance when utilising the available power and torque. The Volvo clearly has the greater performance and Power, which is mostly likely due to the use of a turbocharger, however the torque stream goes over 100% efficiency, and therefore cannot be fully accurate.








Ideal Cycle and Hybridisation

Figure 4‑12:Energy recovered by systems
The graph above shows how energy is generated to recharge the battery through the flywheel and KERS systems. Within the outlined 60km drive cycle, it is clear the flywheel system produces a much larger output across the whole run, however it can be seen that during a drive that would require much more breaking, that the KERS systems provides a larger boost in a short space of time.
 
Figure 4‑13:Battery Charge
Across the whole run, the graph shows how much charge is available in the battery pack for running the motors. The Total value only hits minimum charge once throughout the run, when the motors are required to run during hard acceleration, after a period of low speed drain. However, the final readout at the end of the run, is that the battery now contains 78% of its initial fully charged capacity, making the system fully functional as a stand-alone hybrid, without the need for plug-in charging.

[bookmark: _Toc35787785]2028 Vehicle specification
Legislation currently in place for the years 2020/2022, state a phase in of CO2 emissions regulations equating to that of 95g/km, a reduction of roughly 27% over the targets set for the 2015-2019 period (EUROPEAN PARLIAMENT, 2009). With stricter controls and limitations over the production of emissions from passenger vehicles, it is becoming clearer that by 2028 most, if not all new vehicles will require some form of hybridisation to comply.
With the Promotion of smaller vehicles (downsizing) and advancements into technology and powertrain, the average CO2 output from cars has been reduced in by 22g/km between 1998 and 2007, and reduced a further 28 g/km by the 2015-19 period (Fontaras & Samaras, 2010), and with most companies looking to hit the 2021 target, it is not unreasonable to think, that with the addition of hybrid motors to downsized vehicles, that the next generation of vehicles produced should continue to hit this target.
There are 4 mains costs to be considered by a consumer when purchasing a vehicle, as stated by (Silva, et al., 2009), with the three largest being initial payment, maintenance and running costs (£/km). With Hybrid vehicles slowly reducing in price to start falling in line with petrol vehicles, and the price per km being a lot lower than the average gasoline engine, the problem falls upon essential maintenance. The cost of new batteries, quoted to be between £1000 and £2000 by (Toyota, 2020) averages out the price per km, therefore leaving no incentives use hybrid vehicles, other than the environmental impacts.
 Advancements within technology could lend to the adoption of a novel or cheaper power storage and supply, and thus heavily influence the price of a new vehicle, as well as decrease the maintenance costs and in turn the running costs associated with hybrid vehicles.

Conclusions
The Data obtained from the OBDII sensors and GPS data were found to be accurate and reliable sources of information generated by the vehicle’s onboard processor. However, within the ScanXL software, a series of constants are required to be input via user control, and thus the results obtained from the calculated channels could be obscured due to user error. On top of this, the software requires the input of several constants, that within the real world, are variables. However, the data selected and extracted proved to be quite accurate, with a good deal of reliability throughout each run.
From the three vehicles ran, the Aygo was found to be the most suitable for the drive due to its increased driveability and better engine durability due to decreased engine load. However, it was found that the Aygo was less efficient at providing peak performance, however down to the nature of the drive cycle assessed, this was deemed to be less of a necessity in comparison to the other points made.
An Ideal drive cycle was created successfully, and a hybrid motor set-up was retrofitted within the vehicle. These would help the Aygo to boost its performance, as well as further reduce any emissions generated by the vehicle. The inclusion of KERS and flywheel charging systems allowed the hybrid to become self-sufficient in term of battery charging, meaning the vehicle has no need to be plugged in at any point.
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Vehicle Speed (KMh)




Vehicle speed/RPM/Gear

1st	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	2.4076759570114623	2.6484435527126089	2.8892111484137546	3.1299787441149012	3.3707463398160478	3.6115139355171939	3.85228153121834	4.0930491269194862	4.3338167226206314	4.5745843183217785	4.8153519140229246	5.0561195097240725	5.2968871054252178	5.537654701126363	5.7784222968275092	6.0191898925286562	6.2599574882298024	6.5007250839309476	6.7414926796320955	6.9822602753332408	7.2230278710343878	7.4637954667355322	7.7045630624366801	7.9453306581378262	8.1860982538389724	8.4268658495401176	8.6676334452412629	8.9084010409424099	9.149168636643557	9.389936232344704	9.6307038280458492	9.8714714237469945	10.112239019448145	10.353006615149289	10.593774210850436	10.834541806551579	11.075309402252726	11.316076997953873	11.556844593655018	11.797612189356167	12.038379785057312	12.279147380758459	12.519914976459605	12.76068257216075	13.001450167861895	13.242217763563042	13.482985359264191	13.723752954965336	13.964520550666482	14.205288146367627	14.446055742068776	14.686823337769919	14.927590933471064	15.168358529172213	15.40912612487336	15.649893720574505	2nd	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	4.461689110091811	4.9078580211009921	5.3540269321101723	5.8001958431193534	6.2463647541285354	6.6925336651377165	7.1387025761468967	7.5848714871560778	8.0310403981652598	8.4772093091744392	8.923378220183622	9.3695471311928049	9.8157160422019842	10.261884953211165	10.708053864220345	11.154222775229529	11.600391686238707	12.046560597247888	12.492729508257071	12.93889841926625	13.385067330275433	13.831236241284612	14.277405152293793	14.723574063302978	15.169742974312156	15.615911885321337	16.06208079633052	16.508249707339701	16.954418618348878	17.400587529358063	17.846756440367244	18.292925351376425	18.73909426238561	19.18526317339478	19.631432084403968	20.07760099541315	20.523769906422331	20.969938817431508	21.416107728440689	21.86227663944987	22.308445550459059	22.754614461468236	23.200783372477414	23.646952283486595	24.093121194495776	24.539290105504961	24.985459016514142	25.431627927523323	25.8777968385325	26.323965749541681	26.770134660550866	27.216303571560047	27.662472482569225	28.108641393578402	28.554810304587587	29.000979215596772	3rd	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6.5154284485539193	7.1669712934093104	7.8185141382647032	8.4700569831200951	9.1215998279754871	9.773142672830879	10.424685517686271	11.076228362541663	11.727771207397053	12.379314052252447	13.030856897107839	13.682399741963231	14.333942586818621	14.985485431674013	15.637028276529406	16.288571121384798	16.94011396624019	17.591656811095582	18.243199655950974	18.894742500806363	19.546285345661758	20.197828190517154	20.849371035372542	21.500913880227934	22.152456725083326	22.803999569938718	23.455542414794106	24.107085259649498	24.758628104504893	25.410170949360285	26.061713794215677	26.713256639071069	27.364799483926461	28.016342328781853	28.667885173637242	29.319428018492633	29.970970863348025	30.622513708203421	31.274056553058813	31.925599397914201	32.577142242769597	33.228685087624982	33.880227932480381	34.531770777335765	35.183313622191164	35.834856467046549	36.486399311901948	37.137942156757333	37.789485001612725	38.441027846468124	39.092570691323516	39.744113536178901	40.395656381034307	41.047199225889685	41.698742070745084	42.350284915600469	4th	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	8.3108191505410289	9.14190106559513	9.9729829806492329	10.804064895703336	11.635146810757439	12.466228725811542	13.297310640865645	14.128392555919749	14.95947447097385	15.790556386027955	16.621638301082058	17.452720216136157	18.28380213119026	19.114884046244363	19.945965961298466	20.777047876352569	21.608129791406672	22.439211706460778	23.270293621514877	24.101375536568984	24.932457451623083	25.76353936667719	26.594621281731289	27.425703196785392	28.256785111839498	29.087867026893598	29.918948941947701	30.7500308570018	31.58111277205591	32.412194687110002	33.243276602164116	34.074358517218215	34.905440432272314	35.736522347326414	36.56760426238052	37.39868617743462	38.229768092488726	39.060850007542832	39.891931922596932	40.723013837651038	41.554095752705138	42.385177667759244	43.216259582813343	44.047341497867443	44.878423412921556	45.709505327975656	46.540587243029755	47.371669158083854	48.202751073137968	49.033832988192067	49.864914903246166	50.695996818300273	51.527078733354379	52.358160648408472	53.189242563462578	54.020324478516677	5th	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	10.041425020712511	11.045567522783765	12.049710024855013	13.053852526926267	14.057995028997517	15.062137531068768	16.066280033140021	17.070422535211272	18.074565037282522	19.078707539353772	20.082850041425022	21.086992543496276	22.09113504556753	23.095277547638776	24.099420049710027	25.10356255178128	26.107705053852534	27.111847555923781	28.115990057995035	29.120132560066281	30.124275062137535	31.128417564208785	32.132560066280043	33.136702568351289	34.140845070422543	35.144987572493797	36.149130074565043	37.153272576636297	38.157415078707544	39.161557580778791	40.165700082850044	41.169842584921298	42.173985086992552	43.178127589063799	44.182270091135059	45.186412593206299	46.190555095277553	47.194697597348799	48.198840099420053	49.202982601491314	50.207125103562561	51.2112676056338	52.215410107705068	53.219552609776308	54.223695111847562	55.227837613918808	56.231980115990069	57.236122618061323	58.240265120132563	59.244407622203816	60.24855012427507	61.252692626346324	62.256835128417571	63.260977630488838	64.265120132560085	65.269262634631318	RPM


Vehicle Speed (m/s)




Route
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Fuel Flow (l/h)




FUEL CONSUMPTION/DISTANCE
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Fuel Consumption (l/100km)




FUEL USAGE/DISTANCE
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Torque (%)




Energy Recovery Systems
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Energy Generated (J)




Energy Stored By Battery
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