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[bookmark: _Toc35878489]Introduction
This report consists of a drive cycle investigation for 3 different vehicles being the Volvo V40 Cross Country, Toyota Aygo and the Triumph Tiger 800 XC.  
Drive cycles are set out routes/journeys which the government have imposed on to vehicle manufacturers in order to check if their vehicles adhere to the emissions laws and political agendas such as the Euro emissions ranking system.
The objectives of this report include the following:
· Compile the raw vehicle data and process this into a usable and user-friendly format. Once this is done, explore the validity of the calculated channels from the data provided by the ScanXL software.
· Carry out a comparison of the 3 vehicles and state how they perform differently in 3 areas:
· Engine Load and Driveability
· Efficiency
· Engine Performance
· Using results from the initial study of comparisons of the 3 vehicles, model the ideal vehicle for the daily commute which is the drive cycle. This will include the implementation of:
· Stop/start
· KERS
· Electric motor powered by KERS
· Cylinder De-activation
· 

[bookmark: _Toc35878490]Compiling and Processing of Raw Data Methodology
To process the raw data, which is information before given context, Microsoft Excel has been utilised as it is user friendly and allows for the mass manipulation and summary information to be produced which is necessary in order to establish an overall vehicle with optimum efficiency for the drive cycle in question.
[bookmark: _Toc35878491]Deleting Irrelevant Data
It has been deemed that the GPS data recorded by the Apple iPhone is accurate to a reasonable level so can be used as a base for the drive cycle route using the GPS latitude and longitude co-ordinates. Any of the data which has a heading (TIMESTAMP) has been removed from the log data as this is simply referring to a value which is not required to produce the final drive cycle complied data set. 
Data with the heading (AUX)/(SAE) has been kept as this is from the vehicle’s onboard computer and sensors, these are deemed as industry standard and can be trusted. 
Datum kept for final data set:
· Frame Number
· Frame Time (mm:ss:ms)
· [bookmark: _GoBack]GPS Latitude, Longitude and Altitude (Co-ordinates and meters)
· Distance Travelled (km)
· GPS Velocity (km/h)
· Forward Acceleration (G’s)
· Lateral Acceleration (G’s)
· Sensor Velocity (km/h)
· Vehicle Roll (Degree)
· Vehicle Pitch (Degree)
· Intake Mass Air Flow (g/sec) and Intake Manifold Pressure (PSI)
· Engine RPM, Power and Torque (kW and Nm)


[bookmark: _Toc35878492]Validity of Calculated Channels
In order to establish if the calculated data which is provided by the application software Palmer provide ScanXL, the source of these data channels has been verified. Within ScanXL there is an option to input specific parameters which will be used as the source of variables included within the calculated channels. For all vehicles, the same assortment of settings are made available to the user prior ot using the software to enable the calculation of many different channels, however, without this information added into the settings section as can be seen in Figure 1, the software will not produce any calculated channels, therefore the provided channels in the excel output files are irrelevant and invalid to be able to use for comparison. 
[bookmark: _Ref35778014]Figure 1 Vehicle Settings









As a given value by Dr Owen Williams prior to opening the software, 50mpg has been established as the real-world fuel consumption given to all 3 vehicles, therefore the values output by the software for calculated volume of fuel consumed since last trip is invalid. These would give a good indication of which vehicle is most efficient over the journey in a simple comparison, however this is not the case, therefore further investigations into the power used by each vehicle and the efficiency must be measured in different forms which is what the Drive Cycle is going to show.
For the fact that the vehicle settings have not been input, the calculated channels are deemed to be irrelevant and give misleading information. Aside from this, the data which is produced by the OBDII port is all valid and can be used in the investigation further. 
To further the author’s reasoning behind the calculated data being invalid, a channel this can be demonstrated for is the Air/Fuel ratio produced in the output excel file. This has been calculated by the software depending on what the initial air/fuel ratio has been set to and thus dependant on the SAE mass air flow sensor the amount of fuel used is found from this, by not having the correct air/fuel ratio input to the settings, this is verifying its invalidity.
Figure 2 Unit Settings






[bookmark: _Toc35878493]Channels Calculated Post Processing
The user has defined their own calculated channels to aid the comparison of the 3 vehicles. These calculated channels consist of: 
[bookmark: _Toc35878494]Time in Seconds
The time is given from the software in the format of (mm:ss:ms) which excel is unable to process into simple formulas in order to validate the distance covered by the vehicles. The formula used in order to convert the format into simple decimals consist of:
Equation 1 Simplified time format

[bookmark: _Toc35878495]Road Gradient Slope (2 Methods)
With vehicle pitch and roll provided, the road’s gradient slope can be determined. This has been done using simple trigonometry, however due to the nature of the motorcycle being modelled using a different method, this data is not valid for the motorcycle. 
Method 1
Equation 2 Simplified approach to road slope according to Euler's Theorem

Method 2
Equation 3  Trigonometry method for road slope

[bookmark: _Toc35878496]Kinetic Energy
This has been calculated in order for the user determine which vehicle has the greatest amount of kinetic energy to be transferred into potential energy for an electric motor. Kinetic energy is dictated by the mass and the speed of the vehicle; therefore, it can be assumed that the heaviest vehicle will have the largest benefit from this type of energy capture however, it is proportional to the vehicle that is in question of propulsion, such as if the vehicle is small and light like a motorcycle there is less power required, this is explained further in the comparison section.
Equation 4 Kinetic Energy

[bookmark: _Toc35878497]Potential Energy
According to the law of energy conservation, energy is converted between kinetic and potential depending on the state or motion of a body of mass. This referring to any of the 3 vehicles has been found to show where the vehicle possesses stored energy from its mass due to the rising in altitude in preparation to descend down to the final part of the drive cycle.
Equation 5 Potential Energy

[bookmark: _Toc35878498]Tyre Friction Co-efficient
This is to give a varying co-efficient dependant on vehicle speed and tyre pressure, the equation used can be seen below:
Equation 6 Tyre Friction Co-efficient

[bookmark: _Toc35878499]Rolling Resistance
This is directly affected by the mass of the vehicle and the determined tyre co-efficient which has been calculated using a formula which applies a different co-efficient when the vehicle reaches speeds in excess of 100km/h. 
Equation 7 Rolling Resistance



[bookmark: _Toc35878500]The Drive Cycle
A 30km route has been allocated as the Drive Cycle for this investigation, the route has been found using GPS longitude and latitude values from the GPS device within the vehicle or on the person in the case of the motorcycle. This is route includes a change in altitude and also different types of roads ranging from country lanes and steep climbs to motorway and city commuting. A map of the route has been created with all 3 vehicles to validate the route they all take is the same. 
 Figure 3 Map of Route Validation











The route map above is showing the Volvo, Triumph and Toyota all have taken the same route, this is validating the drive cycle as it would not be a fair investigation if any of the 3 vehicles took a slightly different route which could enable this manufacturer or vehicle in particular to cheat the drive cycle.
Altitude data has been provided from the GPS device along with the GPS co-ordinates. This has allowed the author to create a further 2 maps of the route which show the altitude over time. The issue with this is the fact that the data trace is completely out of sync as the vehicles will not be completing the drive cycle at the same speed so time will differ. To solve this issue, the altitude has been normalised against distance (m) as would be similarly done in many other forms of comparison of data traces, for example in racing. These 2 maps of altitude can be seen on the following page of this report.
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Figure 4 Altitude against distance
Figure 5 Altitude against time

[bookmark: _Toc35878501]Vehicle Contrasts and Comparisons
There are 3 vital areas which have been identified by the author as comparison factors. These consist of:
· Engine Load and Driveability
· Efficiency
· Engine Performance
[bookmark: _Toc35878502]Engine Load and Driveability
To determine engine load, it has been established by using the Air Flow Rate from the MAF Sensor which is from the OBDII port. The data has been manipulated to mimic a throttle position sensor. This is not an ‘ideal’ solution however, it is determined that the air flow sensor will have a higher flow rate of air when the engine is under higher load. With this in mind, the comparison becomes simple and can be shown as engine load % over time average as seen below in Table 2.[bookmark: _Ref35795949]Table 1 Engine Load Average
[bookmark: _Ref35795773]Table 2 Engine Load Comparisons


Table 1 above gives quantifiable reasoning to show that the Volvo V40 is under less of a load over the 30km drive cycle as opposed to the Triumph Tiger or the Toyota Aygo. This is predominantly caused by the small displacement of the Triumph and Toyota and lower power output, therefore require a greater load to produce the power to overcome the drag force, rolling resistance and move the vehicles mass from a stand still. The Triumph is under less of a load than the Toyota regardless of its engine having 100cc less, this is down to the mass difference of the vehicle and the efficiency of the engine itself, the Triumph Tiger in its nature being a motorcycle has higher maintenance intervals suggesting the internal components are lighter thus it delivers power in a different way more towards a performance engine opposed to the Toyota.


[image: ]Driveability has been measured using the Engine load and Altitude to show where the user of the vehicle is having to increase load and how often they are doing so across the entire 30km drive cycle. [bookmark: _Ref35803600]Graph 1 Engine Load against Altitude


In Graph 1 it shows the engine load across the drive cycle and this can determine the driveability of a vehicle in 1 form, this is in the form of the smoothness of the load being applied and general frequency of the data trace. As can be seen for the Triumph, the load is applied in a smooth fashion which translates to the acceleration which the user will feel. This limits the abrupt feeling of jerk which is experienced when the throttle is applied, and the vehicle reacts with a surge in power or acceleration.
The 2nd graph shows the Volvo having the same type of pattern, but the user has applied more engine load in the initial part of the journey in order to ascend the altitude. However, in the final 3rd of the journey which is urban/city driving, the Volvo uses a lower average of engine load and the user seems to have adequate power without having to change gear multiple times as opposed to the Toyota Aygo. 
The Toyota Aygo requires the user to carry out many inputs in such as the throttle pedal and the gear changes which are shown in the peaky data trace which is the bottom out of the 3 vehicles. This peaky nature of the graph shows that the driver is using the throttle a lot at high load a therefore seems to be on and off the throttle, the author has made the assumption that it is caused by multiple gear changes where the user is running out of power in each gear and this reduces the driveability of the vehicle dramatically.

[bookmark: _Toc35878503]Efficiency
This has been measured in 3 factors:
· Power Required vs Power Used
· Tyre Rolling Resistance
· Drag Force
Power produced by a vehicle is taking into consideration the power which is needed to overcome the opposing forces which are acting in the opposite direction to the motion of the vehicle, such as drag force and in the form of friction and heat lost through the tyres being abrasive with the road surface. Table 3 shows the power which is required to move the vehicle with the opposing forces.
[bookmark: _Ref35806430]Table 3 Power required to move the vehicle


Table 4 Vehicle efficiency parameters

The Triumph Tiger requires less power to move the vehicle due to its frontal area being smaller thus causing less of an aerodynamic drag force. The highest drag force is apparent with the Volvo V40 as this has the largest frontal area with over double the max drag force of the Triumph. With the 2nd largest frontal area the Toyota Aygo is double the Triumph Tiger max drag force, however this is capitalised in the fact that the manufacturer has taken this into consideration with reducing tyre size and width to minimize the rolling resistance caused by having larger tyres. This creates a balance which lowers significantly the power required to move the vehicle and overcome the opposing forces. 

[bookmark: _Toc35878504]Engine Performance
Performance parameters have been identified as the maximum acceleration of the vehicles experienced throughout the 30km drive cycle and also the power the vehicle is actually producing during the drive cycle. Acceleration can be seen in Table 6, power used throughout the cycle can be seen in Table 5.Table 5 Power Used
[bookmark: _Ref35808567]Table 6 Maximum Acceleration

 
The Triumph Tiger has the highest peak acceleration due to its power to weight ratio being far superior to that of the Volvo and Toyota vehicles as shown in Table 7.  The Triumph is only using 51% of its max power throughout the journey as the user on the motorcycle is riding conservatively with the rpm’s not rising above a 6700 which is not where peak power is made. The Volvo being a diesel produces its peak power further down in the rpm’s hitting a peak of 3000rpm along the journey, this explains how it used 99% of its usable power as opposed to the Toyota only using 41% of its available power by only reaching a peak of 3500rpm, max power is made at 6000rpm.[bookmark: _Ref35811630]Table 7 Power/Weight Ratio

[bookmark: _Toc35878505]Modelling the Ideal Vehicle
The chosen vehicle for this section of the report is the Triumph Tiger 800 XC, it has been selected due to its low total mass and high power/weight ratio. This allows the author to have a vast scope of implemented technologies including:
· Electric KERS System
· Stop/start 
· Electric motor powered by KERS system
· Cylinder de-activation
[bookmark: _Toc35878506]Electric KERS System
Kinetic Energy Recovery systems come in 2 forms, mechanical and electrical. Mechanical consists of a flywheel which is used to store and release energy which has been recovered from braking zones along the drive cycle. In this scenario electrical KERS has been selected as the best fit, this will be explained further with reasoning in the final section of this assignment. 
The Triumph manages a maximum deceleration rate of 8.12m/s2, the kinetic energy from the motion of the vehicle and the heat generated from the friction between the pads and the disc can be recovered and stored in a battery. This has been done by identifying when the bike is decelerating and then using 60% of what the kinetic energy is at that point and reapplying this energy in the time taken for that frame to occur in the drive cycle  to determine how many kW of energy is stored within the battery.
By finding that there is a maximum of 44.37kW of power available stored in the batteries from the KERS system, this energy can then be re-used by a 50kW electric motor situated in a top-box on the motorcycle. 
The areas of the drive cycle which will be used primarily for this are the high road slope gradient areas which the author has issues modelling. 



[bookmark: _Toc35878507]Stop/Start
This has been implemented in 3 areas of the journey where it is deemed the user has stopped at traffic lights or a road crossing in town for short periods. The motorcycle is under 8.5% of engine load whilst idling, this can be avoided by cutting the engine and restarting using the starter motor when the user pulls the clutch in to pull away from a stand still. Graph 2 Stop/start evidence

As can be seen in the 3 highlighted areas, this is where the stop/start has been implemented in order to reduce the time of the journey which the engine is on, also how much fuel the engine is consuming thus increasing miles per gallon.
[bookmark: _Toc35878508]Electric Motor Powered by KERS
To find the best method of implementing this technology into the motorcycles powertrain, the user has decided that a small 50kW motor in a top-box is the best and most viable option to minimise the weight gained from the hardware such as a battery and motor including its wiring harness. 
The final 1/3rd of the drive cycle is carried out on roads which do not include steep altitude climbs or road slope gradients of greater than 2% gradient, in light of this, the electric motor has been implemented for this section of the journey as it is most beneficial. 
Instead of the power in kW being provided by the 800cc combustion engine, the power is transferred from an electric motor thus reducing the time which the engine is running for up to 20% which dependant on the engine load, rpm and A/F ratio can dramatically lower emissions and fuel consumption.
[bookmark: _Toc35878509]Cylinder De-activation
To implement this, a parameter for when 1 of the cylinders is de-activated has been identified as the engine load. When the load drops below 15%, the middle cylinder will cut off, reducing power which is produced by the engine. This reduction in power produced is not an issue as the user on the motorcycle when applying 15% load on the engine has enough power to cover the required amount to overcome the opposing drag and rolling resistances forces. 


[bookmark: _Toc35878510]Ideal Vehicle Proposal
To begin, the Triumph Tiger 800 XC is the base for the vehicle which has been chosen to pursue int 2028 for production. It is deemed that motorcycles have a far superior power/weight ratio over 4-wheel counterparts as this is caused by simply the mass being so low and the engines which are generally in motorcycles producing a higher power output. A motorcycle has a smaller frontal area, mass and tyre rolling resistance force all acting against the vehicle’s powertrain, so the engine can be smaller. The vehicle specification which is being proposed has been split into 2 main sections of vehicle dimensions and technical specifications which will include the details of how the ideas in the previous section of this report will be applied.
[bookmark: _Toc35878511]Vehicle Dimensions
[bookmark: _Toc35878512]Frontal Area
A frontal area of no more than 1m2 which is greater than that of the original triumph tiger, however with the top-box which contains the electric motor wiring harness and unit for transferring energy from the KERS to the electric motor. This frontal area will keep the drag force which the user and vehicle experience thus allowing for a smaller electric motor to be installed. By keeping this frontal area at the limit set at 1m2, the maximum drag force at an average speed of 55km/h will be 38N, this lower than any 4 wheeled vehicles can operate at by atleast 48%.
[bookmark: _Toc35878513]Mass
The vehicles mass depends greatly upon which technologies have been selected for the final implementation. Now that it has been decided that, a top box will be required to store extra components for the KERS, battery and electric motor, the mass can be defined. The base vehicle weighs 214.5kg with all fluids such as oil and fuel onboard. With the addition of the economically friendly equipment, the battery adds 9kg and the motor itself adds another 40kg. This added mass does reduce the power/weight ratio from 0.23:1 to 0.2:1. This is a 13% decrease however it is still extremely high for a small vehicle with only an 800cc engine.
[bookmark: _Toc35878514]Technical Specifications
[bookmark: _Toc35878515]Stop/Start
Implementing stop/start on all of the Triumph Tigers which are produced in 2028, allows for the engine to be off for 5% of the total journey, this can allow for either greater power to be extracted from the engine during its time of running or what can aid the economy and also the environment is to reduce the NOx produced by atleast 5%. Whilst the vehicle is not running, it will be producing 0 ppm of NOx and this small improvement is what manufacturers are aiming for as a starting point in the ever-moving benchmark for emissions and fuel economy.
[bookmark: _Toc35878516]KERS
To power a 50kW electric motor, KERS has been implemented as a way of producing the power to charge the battery so the range can be extended of the vehicle and not have to re-charge as often as the motorcycle will need re-fuelling. This system will be working in conjunction with both the rear and the front brake on the motorcycle. The energy stored will be transferred to the battery with an estimated 60% efficiency of energy recovery from kinetic energy. 10% of the energy which is recovered is lost, in converting between the system which is within the brake calliper housing and the battery itself. 
[bookmark: _Toc35878517]Electric Motor powered by KERS
The motor which will power the motorcycle when it is in urban city areas with 0 emissions being output. The motor will be able to carry a rider weighing 85kg for 1/3rd of the journey from the Kinetic energy stored from the initial 2/3rd of the journey. This will allow the engine to be completely off reducing the emissions by up to 30% without taking into consideration the time taken to accelerate with the motor being slightly less powerful than the 69kW that the petrol motor is capable of. 
[bookmark: _Toc35878518]Cylinder De-activation
The triumph will be fitted with an innovative cylinder de-activation system which will cut-off the spark for the centre cylinder out of the 3 to reduce the power output off the vehicle when the engine is under 15% load. It is deemed that at such a low load on the engine, the total power output is not remotely required, therefore, to cut this will save fuel being consumed by the centre cylinder and also service intervals reducing the economical factor which is effected by including this technology in the brief. Adding this modern technology is going to raise the cost of the Triumph Tiger inevitably, however, will reduce the emissions by up to 30% as 1 out of 3 cylinders will not be firing and outputting exhaust gases into the atmosphere.

[bookmark: _Toc35878519]Conclusion
To conclude this investigation on real world drive cycles, the author will begin with stating that the preliminary work carried out to process and compile the exported data from ScanXL, has to be filtered within excel using exponential smoothing in order to use and manipulate the data the way in which it shows beneficial for this study. Without doing so, the data is not recorded at the same frequency as the frames are being defined within the software. This is not an issue with the software itself but more of the author not fully ascertaining how the data has been collected and exported.
In the initial comparison and contrast of the 3 vehicles, the Triumph Tiger and Volvo V40 were far more efficient than the Toyota Aygo in terms of engine load and driveability. The Triumph Tiger has been found to have the highest power/weight ratio so it has been selected for the final brief of technical specs for development in 2028, reason for this being the scope on a machine with a high power/weight ratio is larger than a vehicle which is greatly less than that of the Triumphs.
The most beneficial technology which has been implemented into the drive cycle provisionally is the KERS. This will enable the motorcycle to recover kinetic energy which is otherwise lost and charge the battery in order to be used in the city areas when the power required to overcome the opposing forces is no larger than 50kW which is the power of the proposed electric motor.
To summarise this report, it has demonstrated to the author that the use of cylinder de-activation is not as beneficial as it would be in a large displacement multiple cylinder sportscar engine which requires such innovative technologies. It has also shown the author that using stop/start technology if the vehicle is stationary for more than 10seconds that this can be beneficial as the emissions are ceased when the engine is inactive. This saves fuel and also service intervals, both of which are  contributing factors in the political and economical automotive sector.
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Average Engine Load % 31% 25% 32%
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Average Engine Load % 31% 25% 32%
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Max Power Required KW 10.60 25.21 16.73
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Description Units Triumph Tiger Volvo V40 Toyota Aygo
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Max Power Used KW 35.00 87.00 21.00
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Max Power Used KW 35.00 87.00 21.00
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Maximum Acceleration

m/s

2

9.02 8.43 5.69
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Maximum Acceleration

m/s

2

9.02 8.43 5.69
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Power/Weight Ratio kW/kg 0.23 0.05 0.05
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Description Units Triumph Tiger Volvo V40 Toyota Aygo

Power/Weight Ratio kW/kg 0.23 0.05 0.05
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