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1. [bookmark: _Toc89031498]Introduction
As the world moves closer to a more sustainable future with renewable energy sources becoming ever more relevant, large companies are regularly trying to devise new business tactics that could help them solidify their position in an ever-changing sector. This is particularly pertinent for companies that provide services including motorsport or driving experiences. As these companies must be seen to be moving towards a more environmentally friendly business model, it is beginning to become more prevalent to outsource engineering companies to develop ways in which they could reduce their overall emissions and make a step towards carbon neutrality. This report will outline the steps that could be taken in producing a corporate motorsport experience that still has all the fun and excitement attached to such an event with an emphasis on being more environmentally friendly.
Blitzworld, a company that provides off road buggy type vehicles for corporate events has decided it needs to be seen as more “green” and less impactful on global emissions. To achieve this, they have requested a typical duty cycle to be created for an off-road buggy being used in a conventional corporate entertainment event. This task has been requested as Blitzworld would like to understand the fuel consumed during a typical event, the emissions released in the process and if any steps could be taken to achieve a more fuel efficient and less environmentally damaging experience without losing its appeal to their typical customer base. To aid in this analysis, a duty cycle will be created using Microsoft Excel that will determine the fuel used throughout a typical lap of one of their tracks used for corporate entertainment events.

2. [bookmark: _Toc89031499]Methodology (Developing a Suitable Duty Cycle) 
2.1. [bookmark: _Toc89031500]Track Layout
[image: A picture containing text

Description automatically generated]To develop the duty cycle, a track layout first had to be devised that would be suitable to host a corporate off-road entertainment event. Due to this, the track was created with its function in mind, with the track layout not being too challenging but also providing enough difficulty to provide the appropriate entertainment and excitement to the customers present at the event. As well as this, due to the course needing to provide suitable entertainment for a range of different clients, the track was split into four sections with varying driving surfaces with a multitude of elevation changes present.
[bookmark: _Toc89031278]Figure 1: Track Map Displaying; Track Length, Straight Lengths, Corner Radius' & Driving Surface.
As shown in Figure 1, The four road surfaces chosen for the event are asphalt, dirt, grass and gravel with the total track length equating to just over 1 km. it is also evident from Figure 1, that the track has 17 corners with varying surfaces that would provide differing levels of friction. This should provide suitable entertainment to the customer without being too aggressive or tiring. 
Once the circuit layout has been determined the speed at which the track is likely to be negotiated and the gear selection expected for each meter of track is determined. Due to the type of event and the likely client piloting the off-road buggy, it was decided that the acceleration and deceleration rates of the vehicle would be relatively modest and dependent on the driving surface. The values assumed for these values are displayed below in Table 1.
	Driving 
Surface
	Acceleration & Deceleration Rate (m/s2)

	Asphalt
	1

	Dirt
	0.8

	Gravel
	0.7

	Grass
	0.65


[bookmark: _Toc89031255]Table 1: Table Displaying the Likely Acceleration Rate Due to the Driving Surface.
From this assumption, the velocity at each metre of the circuit could be determined. Once the track position and velocities are known, the engine speed and likely gear selection can also be determined. Although it would be better and possibly more accurate to determine the RPM and gear selected by determining the maximum possible acceleration and relating this back to power and torque necessary to produce this acceleration, due to the nature of the event, it is unlikely that the client would be able to accelerate at the maximum possible rate. Due to this, it was found that assuming the likely engine RPM and selected gear would suffice for the purposes of the model. From these assumptions, it was then possible to determine the time taken to complete each section of the track by dividing the distance travelled by the velocity seen at that specific point. This will allow for further calculations and analysis to take place.
	Track Section
	Time Likely to be Taken (s)

	1 (Asphalt)
	34.68

	2 (Dirt)
	41.37

	3 (Grass)
	43.6

	4 (Gravel)
	23.86

	Full Circuit
	143.51


[bookmark: _Toc89031256]Table 2: Table Displaying the Time Taken to Complete Each Section of the Circuit.

2.2. [bookmark: _Toc89031501]Forces Resisting Motion
To allow for an accurate depiction of the fuel consumed during a typical corporate entertainment event, the power required to reach the velocities outlined must be determined and therefore, the forces resisting the vehicles motion must also be calculated. From research, it has shown that the most relevant forces opposing a vehicles motion are the rolling resistance which is proportional to the co-efficient of rolling resistance and the mass of the vehicle, the aerodynamic resistance which is proportional to vehicle geometry and velocity, and finally the resistance due to gradient which is proportional to the gradient of the incline and the overall mass of the vehicle. (Mehrdad Ehsani, 2018)
2.2.1. [bookmark: _Toc89031502]Rolling Resistance



Where…
·  = Rolling Resistance Co-Efficient 
· m = Total Vehicle Mass
· g = Force Present from Gravity
(Mehrdad Ehsani, 2018)


2.2.2. [bookmark: _Toc89031503] Aerodynamic Resistance



Where…
·  = Air Density
· CD = Drag Co-Efficient
· A = Frontal Area of Vehicle
· V = Vehicle speed
(Mehrdad Ehsani, 2018)


2.2.3. [bookmark: _Toc89031504]Resistance Due to Gradient



Where…
· m = Total Vehicle Mass
· g = Force Present from Gravity
·  = Angle of Incline in Degrees
(Mehrdad Ehsani, 2018)


3. [bookmark: _Toc89031505]Brake Specific Fuel Consumption
The brake specific fuel consumption is a measurement of the fuel efficiency of a vehicle and an indication of how efficiently the engine converts the energy supplied by the fuel into useful work. (B. Ashok, 2018) The value of which relates to the torque demand, as well as the vehicles engine speed. The value of fuel consumption is usually given as g/Kwh. A graph displaying typical values for a single cylinder off-road buggy likely to be used for the corporate event is shown below in Figure 2.
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[bookmark: _Toc89031279]Figure 2: Image Displaying Typical Fuel Consumption Values for a Typical Off-Road Buggy. (Sandford, 2021)
It is evident from Figure 2 that the values representing the fuel consumption at varying engine speeds and torque demands are relatively sporadic and need putting into a form which could be used to determine the fuel consumption for the off-road buggy used during the corporate entertainment event. The most efficient way to do this is to put the BSFC values from the graph into a table for reference when the value is required for calculations. 
[bookmark: _Toc89031257]Table 3[image: A picture containing table

Description automatically generated]: Table Displaying the Brake Specific Fuel Consumption Values That Will be Used to Determine Fuel Consumption.
As shown in Table 3, there is a small operating window at which the vehicle is the most efficient. It can be seen that this “window of efficiency” is between 4750-6250 RPM and 10-17 Nm of torque demand. This of course is not ideal for the application in question as it is unlikely the unskilled drivers at a corporate event would be able to keep the vehicle in this effective rev range for sustained periods.
4. [bookmark: _Toc89031506]Power Required & Torque Demand
Determining  the power required from the engine to achieve the velocities previously outlined is achieved by simply summing the forces resisting the vehicles and the force required for the acceleration necessary. To determine the acceleration force, the equivalent mass values for the rotating components within the engine must be calculated for each possible gear selection. This is done to account for the extra energy required to rotate the components within the engine and the vehicle’s wheels. This will allow for a much more accurate result regarding the overall fuel consumption of the vehicle. To calculate the equivalent mass for the wheels and engine components, the gearing ratios, the inertia of the wheels and the inertia of the rotating engine components must be known. This can sometimes be problematic as these values can be difficult to ascertain but fortunately the values are known for the vehicle in question. The equation shown below is how the equivalent mass was determined in each gear for the purposes of the simulation.

Where…
· m = Total Vehicle Mass
· Iw = Wheel Inertia
· Wrr = Rolling Radius of the Wheel
· GR = Gear Ratio
(Mehrdad Ehsani, 2018)
As aforementioned, this equation needs to be applied to each selectable gear ratio to accurately determine the equivalent mass to allow for a more accurate results when calculating the forces from acceleration. Once the equivalent mass has been determined for each gear the acceleration force is simply determined by multiplying the acceleration value by the value calculated for the equivalent mass. From here, the torque demand required to achieve the velocities necessary to negotiate the circuit in the given time can be calculated. This will then allow for the fuel consumption at each metre of track to be determined. The value for torque is ascertained by applying the equation shown below.

Where… 
· P = Power Required for Motion
·  = Engine Speed (RPM)

5. [bookmark: _Toc89031507]Determining Fuel Consumed 
Once the value of the torque required to provide the vehicle with the motion necessary to complete the circuit in the time outlined by the simulation, as the engine speed is already known, the  fuel consumed by the vehicle can be determined by referencing back to Table 3 displayed in the previous section of the report.  To achieve this in Microsoft Excel and index must be created for the table and the match function utilised to find the value for fuel consumption at the specific engine speed and torque demand necessary at that part of the circuit. 
6. [bookmark: _Toc89031508]Results & Analysis
Once the techniques outlined in the previous sections have been applied to the duty cycle simulation model, graphs can be generated that will aid in the analysis of the vehicle’s performance and fuel consumption throughout the cycle.  










[bookmark: _Toc89031280]Figure 3: Graph Displaying the Power and Torque Curves for the Off-Road Buggy.
As shown in Figure 3, the vehicle used in the simulation has a maximum power output of around 18 BHP and a maximum torque capability of almost 20 NM. These relatively low values are to be expected as the focus of the vehicle is not geared towards outright performance and is more suited to inexperienced drivers which would be the likely attendee of a corporate off-road experience.  

6.1. [bookmark: _Toc89031509]Track Elevation
As the initial instructions from Blitzword dictated the circuit must include at least 20m  of elevation change. Although this request brought more variables into the model which could be problematic and skew the results slightly, it was thought paramount by Blitzword that this stipulation should remain as it ensures a more entertaining experience for their customer base. 









[bookmark: _Toc89031281]Figure 4: Graph Illustrating the Elevation Present  Throughout the Distance of the Duty Cycle.









[bookmark: _Toc89031282]Figure 5: Graph Displaying the Severity of the Elevation Changes Present within the Circuit.
It can be seen from Figure 4 & 5 that there is a total of 21 m of elevation present within the circuit, with a maximum change in elevation over a single meter of 0.5m. This would provide a suitable challenge for an inexperienced driver without being too aggressive and difficult to negotiate. 

6.2. [bookmark: _Toc89031510]Forces Resisting Motion
As previously outlined in section 2.2. there are 3 main forces opposing the forward motion of a vehicle.
· Vehicle Rolling Resistance.
· Aerodynamic Drag.
· Resistance Due to Gradient.









[bookmark: _Toc89031283]Figure 6: Graph Depicting the Separate Forces Opposing Vehicle Forward Motion.
It is evident from Figure 6, that the forces resisting the vehicles motion are responding correctly to the variables required for that specific force. It is clear that as the road surface changes from tarmac to dirt and then grass, the resisting force increases due to the co-efficient of rolling resistance having a greater value depending on the road surface. 
It is also evident from the Figure, that the aerodynamic drag is increasing and decreasing with the vehicles velocity as expected. As well as this, Figure 6 displays the positive and negative forces created by the increase and decrease of elevation seen throughout the circuit.









[bookmark: _Toc89031284]Figure 7: Graph Displaying the Total Resistive Force Present Throughout the Circuit.
As Figure 7 displays the sum of the forces resisting vehicle motion, the maximum & minimum forces can be determined and used for vehicle and track analysis. It can be seen that the maximum force seen resisting vehicle motion comes out at just short of 910N, with a minimum of -84N. This negative force comes from the vehicle driving down one of the circuit’s declines and the force present from gravity acting on the vehicle being greater than the resistive forces opposing motion. 

6.3. [bookmark: _Toc89031511]Power Requirement for Vehicle Motion









[bookmark: _Toc89031285]Figure 8: Graph Displaying the Power Requirements & Resistive Force Against Time.
It is evident from analysing Figure 8 that the power required for motion is mostly proportional to the resistive forces opposing motion. This is s a sound analysis as the peaks and troughs seen for power required and resistive force line up with one and other. It can also be seen that there is a large surge in the power required for motion at the start of the lap. This phenomenon is due to the fact the vehicle needs to be accelerated from a stand still and would require extra power to overcome the static friction from the wheels and internal engine components.









[bookmark: _Toc89031286]Figure 9: Graph Displaying the Power Requirements & Resistive Force Against Time With Markers Outlining the Areas for Possible Energy Recovery.
Figure 9 highlights the points at which the vehicle is decelerating and the power required from the engine to sustain the outlined velocity becomes minimal. These are the areas in which energy could be recovered if the vehicle was to be hybridised and fitted with a kinetic energy recovery system. This recovered energy could be then utalised at various points throughout the circuit where an excess of power is required and ultimately reduce the fuel consumed by the vehicle.










[bookmark: _Toc89031287]Figure 10: Graph Showing the Resistive Force & Vehicle Acceleration Against Time.
Similarly to Figure 9, Figure 10 displays the areas in which the vehicle is decelerating and energy recovery could possibly take place. This can be visualised by analysing the troughs seen in the vehicle acceleration data series dropping below the yellow line shown on the graph.




6.4. [bookmark: _Toc89031512]Torque Demand & Fuel Consumption









[bookmark: _Toc89031288]Figure 11: Graph Depicting the Power Required for Motion & the Torque Demand Against Time.
	Fuel Usage

	Fuel Consumption (g)
	88.45609145

	Fuel Consumption (kg)
	0.088456091

	Fuel Consumption (L)
	0.119986016

	Fuel Consumption (Gal)
	0.026393232

	MPG
	26.07


Figure 11 shows the power requirement for motion and the torque demand required to complete the lap in the given time. It can be seen from the figure that the power and torque requirements are proportional with one another as the peaks and troughs in the data series align in the majority of positions. 




[bookmark: _Toc89031258]Table 4: Table Displaying the Fuel consumed throughout a Full Lap of the Circuit.
Table 4 displays the fuel used throughout a typical lap of the duty cycle created and the miles per gallon value that is calculated from the amount fuel consumed.  It can be seen from the table that 88 grams or 0.12 Litres of fuel is used throughout a full lap of the circuit. Although this is a relatively small amount of fuel, it can be seen by the fairly low miles per gallon value that the vehicle in question is far from fuel efficient and would likely benefit from hybridisation combined with a system capable of capturing some of the energy wasted during deceleration. 









[bookmark: _Toc89031289]Figure 12: Graph Comparing Fuel Consumption & Torque Demand Against Time.
As expected, Figure 12 shows that the fuel usage is increased when the driver of the vehicle requests more torque from the engine to accelerate or negotiate an obstacle. As this result is expected, it provides the duty cycle simulation model with a certain level of validation, and enables the results yielded to be accepted with a greater level of fidelity. 

7. [bookmark: _Toc89031513]Conclusions
As Blitzworld, a company that provides vehicles for off-road corporate entertainment events, would like to produce more environmentally vehicles for their events, they have requested a duty cycle to be created to allow for an understanding of the fuel consumption throughout a typical event. From these instructions, a suitable duty cycle was created that would still provide a good level of entertainment for their customer base, without being too difficult to negotiate for the novice drivers likely to take part in such an event. To achieve this, a track map was devised, and the velocities thought likely to be achieved were implemented at each metre of the circuit. From this, the accelerations seen from the vehicle could be determined and used in further calculations. To achieve some degree of accuracy in the final results, the forces opposing forward motion were determined using the given equations. This then allowed the power required to negotiate each metre of the circuit at the given velocities to be accurately determined. After the power requirements are known, the torque request necessary from the driver can be determined and used to calculate the fuel consumed throughout a full lap. To allow for the fuel consumption throughout a lap of the circuit to be calculated, a graph containing the brake specific fuel consumption of a typical single cylinder vehicle was analysed and used to determine the fuel flow at a specific engine speeds and torque requests. The fuel usage was then calculated at each meter of the circuit and summed to reach the final value.
It was found that throughout a typical lap that just over 88 grams of fuel had been consumed and although this value seems relatively low, it became apparent by the low miles per gallon value achieved (26MPG), the vehicle is far from fuel efficient. Due to this, as the goal of Blitzworld is to produce a more environmentally friendly experience, it is likely that vehicle would benefit from some sort of hybridisation and being fitted with a kinetic energy recovery system. It was also detailed in section 6 of the report, the possible areas in which energy could be recovered during deceleration for use in areas of the circuit which require heavy acceleration. If the vehicle were to be hybridised, the engine capacity could be reduced and ultimately less fuel would be consumed throughout an entire event. Accomplishing this would clearly produce less CO2 emissions and achieve the company’s goal of producing a less environmentally damaging experience. For further improvement to vehicle performance and fuel efficiency, the buggy could benefit from a reduction in its overall mass and improvements made to the vehicle’s shape to increase its aerodynamic efficiency.





8. [bookmark: _Toc89031514]Appendix
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[bookmark: _Toc89031259]Table 5: Table Displaying Vehicle Specifications. (Blitzworld, 2021)
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[bookmark: _Toc89031260]Table 6: Table Displaying Engine Specifications.
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[bookmark: _Toc89031261]Table 7: Table Displaying the Dimensions of the Vehicle.
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[bookmark: _Toc89031262]Table 8: Table Displaying Vehicle Characteristics.
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[bookmark: _Toc89031263]Table 9: Table Displaying the Vehicles Wheel Dimensions.
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[bookmark: _Toc89031264]Table 10: Table Displaying the Vehicle & Pilot Masses.
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[bookmark: _Toc89031265]Table 11: Table Outlining the Amount of Distance Travelled for Each Sprocket Rotation.
[image: Table

Description automatically generated]
[bookmark: _Toc89031266]Table 12: Table Displaying the Values Calculated for Equivalent Mass in Each Gear
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[bookmark: _Toc89031267]Table 13: Table Displaying the Calculated Tractive Force & Max Acceleration.

[bookmark: _Toc89031290]Figure 13: Graph Illustrating the Tractive Force on Various Road Surfaces.










[bookmark: _Toc89031291]Figure 14: Graph Displaying the Power Required and Likely Gear Selection Against Time.
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[bookmark: _Toc89031268]Table 14: Table Displaying Rolling Resistance Co-Efficients on Varying Road Surfaces. (Mehrdad Ehsani, 2018)
[image: Diagram

Description automatically generated]
[bookmark: _Toc89031269]Table 15: Table Displaying the Co-Efficient of Aerodynamic Resistance for Varied Vehicle Types. (Mehrdad Ehsani, 2018)
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[bookmark: _Toc89031270]Table 16: Table Displaying the Co-Efficient of Friction for Tyres on Varying Road Surfaces. (Mehrdad Ehsani, 2018)
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Change in Elevation (m)



Resistive Forces Against Time
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Resistive Forces (N)
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Total Resistive Force (N)



Power Required & Resistive Force Against Time
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Resistive Force (N)


Power Required (W)




Power Required & Resistive Force Against Time
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Resistive Force (N)


Power Required (W)




Total Resistive Force & Acceleration Against Time
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Resistive Force (N)


Acceleration ((m/s)^2)




Power Required & Torque Demand Against Time
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Power Required (W)


Torque Demand (Nm)




Fuel Consumption & Torque Demand Against Time
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Torque Demand (Nm)


Fuel Consumption (g)




Tractive Effort

Grass	1530.5145075000005	Gravel	1669.6521900000002	Dirt	1892.2724820000005	Ashphalt	2365.3406025000004	Force (N)




Power Required & Gear Selection Against Time
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Road Surface

Friction Co-Eff

Tractive Effort [N)

Max Acceleration (m/sh2)

Grass 0.55 1530.51 2.70
Gravel 0.6 1669.65 2.94
Dirt 0.68 1892.27 3.34
Ashphalt 0.85 2365.34 4.17
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Rolling Resistance Coefficients

Conditions Rolling Resistance Coefficient
Car tires on concrete or asphalt road 0.013

Car tires on rolled gravel road 0.02

Tar macadam road 0.025

Unpaved road 0.05

Field 0.1-0.35

Truck tire on concrete or asphalt road 0.006-0.01

Wheel on iron rail 0.001-0.002
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Vehicle Coefficient of aerodynamic
type resistance
Van body 05..07
Ponton body 04...0.55
‘Wedged-shaped body; headlamps 03..04
and bumpers are integrated into
the body, covered underbody,
optimized cooling air flow
Headlamp and all wheels in 02..025
body, covered underbody
K-shaped (small breakaway section) 023
ﬁ Optimum streamlined design 0.15...020

= S~
Trucks, road trains
Buses

Streamlined buses
Motorcycles
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Average Values of Tractive Effort Coefficient on Various Roads

Surface Peaking Values (1) Slippage Values ()
Asphalt and concrete (dry) 0.8-0.9 0.75

Concrete (wet) 0.8 07

Asphalt (wet) 05-0.7 0.45-0.6
Gravel 0.6 0.55

Earth road (dry) 0.68 0.65

Earth road (wet) 055 04-0.5

Snow (hard packed) 02 0.15

Ice 0.1 0.07
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