








[bookmark: _Toc35813205]Abstract
The aim of this project is to analyse some real-world powertrain data, after determining the validity of the channels provided, a 60Km ideal drive cycle was developed for an endothermic Triumph.
The drive cycle was updated simulating the electric with an extra potential energy recovery system analysing energy and power peculiarities of the two powertrain systems. A complete analysis on costs and emissions was done on both powertrain systems highlighting differences.
On the base on the current European regulations set for the future a technical proposal was done explaining why electric energy will be used by most of the vehicle of the future.
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[bookmark: _Toc35813206] TASK 1- PROCESSING THE RAW DATA AND VALIDITY OF THE CHANNELS  
[bookmark: _Toc35813207]THE SMARTPHONE APP AND WHAT DOES IT ASK FOR
When it comes to analyse any sort of engineering data is necessary determine its accuracy and validity.
The data provided for this project came from an OBDII system, managed by vehicles parameters “feed” into the Power commander app by Palmer Engineering.
 In order to determine accuracy and validity of the data a first research was done on OBDII systems and on the “Power commander app”. The “Dash command” application was downloaded on the phone and it was looked to what the app asks for  setting up a new vehicle.
The following pictures show the vehicle parameter parameters which the app asks for.
[image: ]
Figure 1 Palmer engineering app
[image: ]Figure 2 App fuel parameters
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Figure 3 App engine displacement
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Figure 4 Vehicle advantage settings

[bookmark: _Toc35813208]HOW DOES AN OBDII WORK?
The OBDII is a standard diagnostic system used in the industry to find and diagnostic problems in vehicles and also for datalogging and performance duties.
In order to understand how it works, a research was done on how all the parameters are calculated. Being the OBD a global system all the parameters are standardized, specifically the SAE standard J/1979 defines how is calculated each parameter. The parameters are called PID which are specific logic codes used to request data from the vehicles and are used to show diagnostic data and readable data for datalogging like the data given for this project.
Some of the data given by the OBD system are quite accurate as few of the parameters in the data provided are calculated by fixed formulas, the following formula shows how the RPM data of an OBD are calculated.
[image: ]
Figure 5 Engine RPM formula used by OBD (SAE International, 2017)

[bookmark: _Toc35813209]EXCEL DATA ANALYSIS TO DETERMINE DATA ACCURACY AND VALIDITY.
Looking to the app it was possible to determine which vehicle parameters the app askes but it wasn’t possible to understand how the channels data were calculate by the app and OBD, thus the official Dash Command calculation table and PID reference was downloaded and analysed accurately.
[image: ]
Figure 6 Dash command calc and constants table 
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[bookmark: _Ref34830650]Figure 7 Dash command calc and constants table legend (Palmer Performance Engineering, 2013)
 
As visible from Figure 7 each channel is calculated by formulas and by feeding the vehicle parameters into the app by the setting section, thus an investigation on the Excel output file was done to see which parameters were added correctly by the User.
[bookmark: _Toc35813210]USEFUL AND NON-USEFUL CHANNELS
Triumph data were the first channels data analysed as it was the first vehicle tested and defined in the App.
It was noticed that a fair amount of data was not usable as they were N/A (not available) and then cancelled, here some examples:
· CONST.MIN_RPM rpm (Minimum engine speed validated from the 'Minimum engine speed' vehicle setting)
· Final drive ratios validated and converted from 'Final drive ratios' vehicle setting
· CONST.MAX_RPM rpm (Maximum engine speed validated from the 'Maximum engine speed' vehicle setting)
· CONST.VOLUMETRIC_EFFICIENCY % 
· CONST.FUEL_TANK_CAPACITY gal (US) | gal (UK)
Moreover, some of the channels were in an unusable format, thus were cancelled:
[image: ]
Figure 8 Example of unusable data
To determine the validity of some of the data it was tried to plot some trends of the channels using the FRAME TIME given in (millisecond), data were transposed into seconds for the plot.  However, it wasn’t the most indicated way eventually.
[image: ]
Figure 9 Column in seconds
 Plotting the data against “timestamp” was the best way to represents the data.  “Timestamp” represents the exact moment when the parameter is occurring.
INVARIATED DATA WITH NO VALIDITY:
· STOICHIOMETRIC AIR/FUEL RATIO CONST.STOICHIOMETRIC_AIR_FUEL_RATIO :1:
Analysing the data, it was seen that several dates were not updated in the app, for example the air/fuel ratio is always 14.64, staying constant even in the Volvo, which supposed to be Diesel with the correct value of 14.5. The wheel circumference is another not updated data, which remains constant at the three vehicles.
Using the official Palmer Engineering document, it was then easy to find which channels were valid and  not valid. The following picture is a clear example, CAL AFR COMMANDED channel cannot be correct if the fuel type insert by the user is wrong. The CALC.TRIP Co2 could be reasonably correct if user enters correct fuel type.
[image: ]
Figure CALC.AFR COMMANDED channel diagram (Palmer Performance Engineering, 2013)
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Figure 10 CALC.ENGINE POWER channel diagram (Palmer Performance Engineering, 2013)
[bookmark: _Toc35813211]CHANNELS PLOT

Figure 11 Distance travelled
 Looking at Figure 11 and Figure 12 is visible that there is a small offset between the Triumph and the other two vehicles, this is due to the fact that the motorcycle is held by the driver in a different location in the house.


Figure 12 Altitude trend


Figure 13 GPS speed




[bookmark: _Toc35813212]TRUSTABLE DATA
LATITUDE VALIDATION
In order to determine the validity of “Latitude” and “Longitude data, the first line of data was copied and pasted in Google Maps to show and check the location of the start of the course, confirmation of the correct start location was asked to the driver, then the whole travelled distance was drawn in Google maps as follows.

[image: ]
Figure 14 Start of the drive cycle location
[image: ]
Figure 15 Start of the drive cycle location
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Figure 16 Map from latitude and longitude inputted in google maps

[image: ]
Figure 17 Distance travelled validation check

GPS
Gps data were considere quite accurate as they come directly to the phone GPS system.
RPM
In order to determine the validity of the data given a research regarding compering OBDII data to actual physical (technical) measured data was found.
The following paper shows the accuracy of the data recorded by an OBD comparing to “camera data”.
[image: ]
[bookmark: _Ref34310855]Figure 18 RPM data OBD and camera data (Nugroho, 2018)
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Figure 19 Vehicle speed OBD and camera
  
Analysing Figure 14 and figure 3 , is visible that both RPM and vehicle data from the real measurement follow  the same pattern to the OBDII data overall.

[bookmark: _Toc35813213]TASK 2-CALCULATION OF DATA FROM THE VEICHLE SPECS
Once data were validated it was possible to carry on calculations of different parameter to determine the behaviours of the three vehicles.
ENGINE LOAD (RPM AVG)
From the data acquired the RPM of each vehicle was calculated, then the average was calculated, and the data were compered as follows:

Figure 20 RPM data plot of the three vehicles
[image: ]
Figure 21 RPM average
Analysing the data is clearly visible that the Triumph has the highest RPM average, as expected being the engine with the smallest displacement. Looking more in depth the Aygo and the Volvo average are 27% and 48% less than the Triumph respectively.
 


RUNNING ORDER WEIGHT COMPARATION
[image: ]
Figure 22 Running order weight
Analysing the running order weight of the three vehicles, it’s interesting to see that the Aygo weights almost half of the Volvo’s weight, 45.8% less, and the Triumph weights 86.64% less than the Volvo.
FORWARD ACCELERATION
[image: ]
Figure 23 Vehicles average forward acceleration


Figure 24Vehicles forward acceleration (Gs)


The average forward acceleration analysis shows the Triumph as the vehicle with the highest value which is way higher that Aygo and Volvo which are very close together with 2.5 and 2.4 m/s^2.
ROLL AND PITCH ANGLES
An interesting analysis was carried out on the roll and pitch angle of the vehicles in order to compere dynamic and handling behaviours of the vehicles.

[bookmark: _Ref35102405]Figure 25 Roll angle plot
Despite all three vehicles have the same number of degrees of freedom, looking at Figure 21 it’s clearly visible the difference between the Triumph and the two cars, Aygo and Volvo follows a very similar trend while the bike has stays on its own trend with a completely different angle range. 
This phenomena was expected as the cars chassis lays on 4 wheels, centre of gravity is lower ,plus the turning motion of a car is purely given by the wheels direction by the steering wheel, while steering a bike is mainly done by body weight transfer of  the rider and by the torque applied to the handlebar fighting the gyroscopic effect of the wheels.

Figure 26 Pitch angle plot
Regarding pitch angle, is still visible that the bike has bigger pitch angle value of the cars, analysing the data more in depth is noticeable a possible measuring issue which occurs at the start and at the end of the journeys.











[bookmark: _Toc35813214]TASK3 "IDEAL DRIVE CYCLE” ALTERNATIVE POWER TRAIN
[bookmark: _Toc35813215]METHODOLOGY
Using the provided already analysed data an ideal drive cycle was developed.
Firstly, the altitude and distance data were copied in a new Excel sheet and mirrored in order to create the 60 Km journey.

Figure 27 Altitude drive cycle trend

Figure 28 Distance travelled

Figure 29 Altitude and distance travelled
For calculation reasons it was decided to create a new distance travelled column in decimal format, dividing the 60 Km by the same number of rows of the GPS data from the OBD.
The ideal drive cycle was built using the same time data of the Triumph data in order to have a real and correct reference of the time taken by the standard vehicle which was then compared with the simulation results of the upgraded vehicle.

Figure 30 Altitude over ideal distance


[bookmark: _Toc35813216] MODEL STRUCTURE
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Figure 31  Triumph standard drive cycle model structure
[bookmark: _Toc35813217]PARAMETERS CALCULATED
Using the forward acceleration data and knowing the running order weight of the vehicle the forward driving force required to move the vehicle onwards was calculate by the following

Where 
Fd: driving vehicle force [N]
mr: running order mass (vehicle and rider) [Kg]
af: forward vehicle acceleration [m/s^2]
With the distance data it was then possible to calculate the energy used to move the vehicle, which is also equal to the work done by the standard vehicle.

Where:
S2-S1: difference of distance of the vehicle [m]


Figure 32 Work done by the vehicle at each kilometre from the house to Swansea
[bookmark: _Toc35813218]ENERGY CONSUMPTION OVER DISTANCE AND FUEL USED
Knowing that the standard Triumph consumes 50 mpg, which corresponds to 17.7 Km/l the amount of fuel used and the £ spent for half the commute was calculated.
Moreover, the energy consumption over unit distance was calculated, this a parameter allowed to see the accuracy of the assumptions made checking value of real vehicles.
 [J/m]

[image: ]
Figure 33 Energy efficiency and Consumption (Wikipedia, n.d.)
Looking to the table above is visible that a Volkswagen Polo consumes 13000 J/m and an electric car like Nissan leaf 671 j/m it’s possible to consider the value calculate acceptable.
Having just the forward acceleration data of the journey from the house to Swansea the work done was calculated just on this journey, however it would be possible to mirror even the acceleration data, and assume the same data of forward acceleration on the way back, which would also assume the same amount of work, neglecting difference of altitude and time taken.
[image: ]
Figure 34 Triumph standard ideal drive cycle results

[bookmark: _Toc35813219]ELECTRIC TRIUMPH WITH POTENTIAL ENERGY RECOVERY SYSTEM
It’s been decided to simulate the Triumph Tiger 800 XC in electric configuration to do the same drive cycle, a research was done to find a similar already existing adventure/ Rally bike. The Tacita Rally PRO was used as a reference vehicle considering it’s a Enduro/Rally bike designed for long distance off road and also for the everyday usage as the Triumph 800 XC.
Imagining a possible costumer who is deciding to buy an adventure bike and he’s wondering about purchasing a new bike the TACITA would be a would be a very strong competitor.
Tacita Rally PRO specifications:
[image: ]
Figure 35 TACITA RALLY PRO

[image: ]

Figure 36 Tacita RALLY PRO













[bookmark: _Toc35813220]ELECTRIC TRIUMPH SIMULATION
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Figure 37 Tacita and triumph specification (Tacita srl, 2019)
Looking at the bike specifications it’s noticeable that despite the Triumph is more powerful (93 hp) the values of torque are quite close, geometry wise Tacita is slightly shorter and with bigger wheels travel, and it weighs 46 Kg less than the Triumph.
Tacita and the Triumph have two different  torque and power curves and in order to do precise comparation the acceleration data of the Tacita would be required, it’s been decided to do see how the weight difference, due to the electric power train system would affect the work done and power needed to complete the whole 60 Km cycle by the vehicle. Simulating then presence of batteries and electric motor instead of fuel tank and engine. 
The new forward driving force and work done were calculate, acquiring the following results.
[bookmark: _Toc35813221]PARAMETERS CALCULATION PRINCIPLES







Where:
AVG fuel consumption: 50 mpg= 17 Km/litre
 [£]
AVG petrol cost: 1.24 £/l (Bailey, 2019)

 [KWh]
Where:
Full battery power: 18 KWh (Tacita srl, 2019)
Maximum bike range: 220 Km (Tacita srl, 2019)

 [Km]

 [£]

Where:
AVG electricity power UK price: 0.1237 £ pound per KWh (vat excluded) (UK Power, 2019)

Figure 38 Work done TRIUMPH VS TRIUMPH-E
[image: ]
Figure 39 Triumph petrol and Triumph-E comparation
Analysing the results acquired from the simulation is clearly visible that the ideal electric Triumph powered by the Tacita power train consumes less energy of the petrol version, interesting to see that even if some assumptions were made the Energy consumption per unit distance of the electric Triumph is very close to the tabulated values of electric vehicles.
[image: ]
[image: ]
Figure 40 Energy efficiency and Consumption (Wikipedia, n.d.)

[bookmark: _Toc35813222]ECONOMICAL ANALYSIS BETWEEN PETROL AND ELECTRIC
The economic analysis is definitely one of the factors that a costumer looks before buying a vehicle it’s been decided to analyse the following situation.
Assuming a costumer who commutes 5 days a week to work travelling 60 Km a day for one year, he would travel a total of 15600 kilometres if he decides to purchase the electric   Triumph he would technically save almost 1000£ per year (935£).
Considering that the Triumph-E would have a higher price, the Tacita RALLY PRO price was used as a reference.
TACITA RALLY PRO: 19100 EUR= 17646£
TRIUMPH TIGER XC: 9200 £ 
So, in order gain back the 8444£ difference nine years would be required (considering just the ideal drive cycle distance).



[image: ][image: ][image: ]
Figure 41 Petrol price vs electricity price over one-year commute

[bookmark: _Toc35813223]P.E.R.S POTENTIAL ENERGY RECOVERY SYTEM
Analysing the altitude throughout the drive cycle it was realized that being the starting point on hill and the finish point on the sea, there are few meters of difference. Knowing that any particle at a certain height is source of potential energy it was then tried to apply a potential energy recovery to the drive cycle.



Figure 42 Altitude of ideal drive cycle over distance
From the maximum altitude point it was possible to calculate the maximum theoretical potential energy of the vehicle and the rider.
The theoretical amount of potential energy was calculated by the following:


Where:
m: mass of vehicle and rider [Kg]
g: 9.81 [m/s^2]
h: max altitude point [m]
[image: ]
[image: ]
Imagining designing a system 40-50% efficient the energy saved would be around 280 KJ. The following table shows the effect of a potential energy recovery system 45% efficient on  the stock Triumph Tiger, seeing a decreases of the energy consumption per unit distance.
[image: ]
Figure 43 Potential energy recovery effects on energy consumption










[bookmark: _Toc35813224]VEICHLE SPECIFICATION FOR 2028
The ideal drive cycle parameters calculated in the previous section allowed to have a better and more clear vision of the differences and peculiarities of petrol vehicles and electric ones. The following diagram contains a series of the parameters that a Technical Director of a company should look when it comes to decide a future vehicle specification.
[image: ]
Figure 44 Best decision factors
[bookmark: _Toc35813225]PREDICTION OF FUTURE REGULATIONS
The first and inevitable factors that has to be analysed and predicted are the future laws and regulations, analysing the current situation, car and bike are responsible of around 12% of the total EU emissions of CO2. (European Commission, 2019)
Between 2015 and 2019 the emissions targets of CO2 were of 130 g per Kilometre, while from the decided 2021 target will be 95 g/km.
[image: ]
Figure 45 Historical emission graph 2015 to 2030 (INTERNATIONAL COUNCIL ON CLEAN TRANSPORTATION, 2019)
With the help of the graph above is clearly visible that the standard targets will always get smaller as the years passes. With the technical data provided with the assignment data it was able to create a CO2 emission calculator comparing petrol Triumph and the Triumph-E (Tacita engine powered). Using the average of 98 g/Km (Aygo data) and 0.281 Kg/KWh data which is the average CO2 emission due to electricity generation in the UK (The European Environment Agency, 2016) the amount of CO2 over the drive cycle was calculated.
It’s clearly visible that the petrol Triumph would produce way more CO2, so this fact is definitely a downside of the internal combustion engine. Another factor to consider is the commute cost and as showed previously electric is the best one.
[image: ]
Figure 46 CO2 emission data calculated












PRICECES AND BATTEY DEMAND
As seen previously a downside of the electric technology is the high cost, which is strictly due to the number of bike/cars sold, a research was done to see what’s the trend of electric cars looks like for 2028.

[image: ]
Figure 47 Prediction of number of electric vehicles sold (Bloomerg New Energy Finance, 2018)
[image: ]
Figure 48 Battery costs and demand predictions (Bloomerg New Energy Finance, 2018)
Looking at the above graphs is visible that number of vehicles sold, and battery demand is very likely to increase so electric vehicles price will decrease.

[bookmark: _GoBack]COSTUMER DESIRE AND RIDER FEELINGS
Costumer desire is another parameter that will determine a good and growing or a negative trend of the production of the vehicle.
The majority for not saying every motorcycle lover is looking for a machine with a good sound, purchasing an electric would be boring for the missing of sound.
However, it has been recently invented by a factory called “EMULA” the first prototype which is able to produce motorcycle sound and vibration for electric motorbikes. The system is able to simulate gears change sound also emulating real engine bike performances.
This system would definitely be part of the electric bike specification for 2028 increasing the number of customers who loves the classic given bike classic motorcycle
[image: ]
Figure 49 Emula bike sound emulator  
https://emula.one/
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ALTITUDE
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ROLL ANGLE
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WORK DONE 
TRIUMPH  VS TRIUMPH ELECTRIC
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M Projected annual sales W Cumulative sales

500 million vehicles. Electric vehicles would
account for 35% of all
new vehicle sales.
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