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	Figure
	Abbreviated for

	Kg
	Kilogram

	
	Meter squared

	m
	Metre

	mm
	Millimetres 

	Kg/
	Kilogram per meter cubed

	s
	second

	Mph
	Miles per hour

	
	Meters per second squared

	N
	Newton

	W
	Watts

	Bhp
	Brake horse power

	cc
	Cubic centimetres


























Contents
Abbreviations	2
List of figures	4
Chapter 1	5
1.0	Introduction	5
Chapter 2	7
2.0	Literature review	7
Chapter 3	9
3.0 Methodology	9
3.1 Total mass (kg)	9
3.2 Frontal area 	9
3.3 wheel radius (m)	10
3.4 Duty cycle caculations	10
Chapter 4	13
5.0	Results and Analysis	13
5.1	Velocity Vs Time graph	13
5.2	Rolling Resistance Vs Time graph	14
5.3	Aero Force Vs Time graph	14
5.4	Gradient Resistance Vs Time graph	15
5.5	Acceleration resistance Vs Time graph	15
5.6	Total resistance Vs Time graph	16
5.7	Forces Vs Time graph	16
5.8	Power Vs Time graph	17
5.9	Power Vs Average Power Vs Time graph	17
6.0	Summary of the findings	18
Reference	19
Books/technical papers	19
Websites	19



[bookmark: _Toc499732050]List of figures 
Figure 1: Sketch of the track (Marcus.M, 2017)	6
Figure 2: Image of The new Vigilante buggy for the event (Blitzworld.co.uk, 2017)	7
Figure 3: vehicle dimensions (Blitzworld.co.uk, 2017)	9
Figure 4: vehicle information made by the author (Microsoft, 2016)	10
Figure 5: Condition rolling resistance coefficient (Wong J.Y, 2008), (Fundamentals of vehicle propulsion and brake)	11
Figure 6:Velocity (m/s) Vs Time (s) Graph (Microsoft Excel, 2016)	13
Figure 7: Rolling resistance (N) Vs Time (s) graph (Microsoft Excel, 2016)	13
Figure 8:Aero Force (N) Vs Time (s)  graph (Microsoft Excel, 2016)	14
Figure 9:Gradient Resistance (N) Vs Time (s) Graph (Microsoft Excel, 2016)	14
Figure 10: Acceleration resistance (N) Vs Time (s) graph (Microsoft Excel, 2016)	15
Figure 11: Total Resistance (N) Vs Time (s) graph (Microsoft Excel, 2016)	15
Figure 12: All Forces (N) Vs Time (s) graph (Microsoft Excel, 2016)	16
Figure 13: Power (Kw) Vs Time (s) graph (Microsoft Excel, 2016)	16
Figure 14: Power (Kw) Vs Average Power (Kw) Vs Time graph (Microsoft Excel, 2016)	17


















[bookmark: _Toc499732051]Chapter 1
1.0 [bookmark: _Toc499732052]Introduction
The purpose of this report is to create, a duty cycle where the where the buggy will be used for corporate entertainment events. In order to create the duty cycle, a suitable off road buggy has be chosen by the author as shown in the figure in chapter 2. The vehicle is idle for the event, as it meets the requirements of the engineering director. In order to show the ability of the chosen vehicle, the author has designed a track with different surfaces and bends as would be found on the track, the track offers above 20 meters of up and downhill terrain, this allows both fun and thrilling factors making it a great experience, as shown in figure 1. The author has also created a duty cycle, using Microsoft Excel 2016. The duty cycle contains the time taken in seconds, Height in meters, Velocity in mph and m/s, Acceleration in m/s^2, Length in meters, distance travelled by the vehicle in meters, rolling resistance in Newton’s, aero force in Newton’s, gradient resistance in Newton’s, Acceleration in Newton’s, total resistance in Newton’s, power in Watts, power in Kw, average power in Watts and average power in Kw.       
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[bookmark: _Toc499732035]Figure 1: Sketch of the track (Marcus.M, 2017)




[bookmark: _Toc499732053]Chapter 2
2.0 [bookmark: _Toc499732054]Literature review 
A duty cycle express and shows how much the power the vehicle has used during the time on the track. From duty cycles, graphs are plotted against time in seconds. The duty cycle results can have variation depending on the climate and the track surface, this changes how the vehicle behaves on the surface and also changes the power required for the vehicle on the surface. From the duty cycle graph, it can be identified the area where the vehicle is losing the energy. As is a low mileage duty cycle, in order to make the vehicle more efficient, the uses of technology can be used, such as fitting the vehicle with the low resistance tyres, improving aerodynamic and using hybrid or battery powered motors to power the vehicle (A. Kolman. D, 2017). The buggy is available from the range of 1200cc to 2000cc. The 1200cc is the cheapest, and the popular option, the engine produces 80/90bhpThe top speed of the buggy is known to be limited at 45mph for insurances proposes. The buggy is fitted with a full NASCAR type roll cage, the roll cage tube is 42mm in the diameter and 4mm thick. This is a provides the great safety for the unexperienced track day drivers and allow them to full enjoy them self’s by pushing the limits. The vehicle equipped this full independent suspension. The buggy is also fitted with the FOX nitrogen damped shocks on the rear. At the rear wheels the buggy is fitted with the trailing arm suspension, similar to a moto cross bike, this provides over 12 inches rear travel. In the front wheels, the buggy is equipped with the block tread tyres, this allows more grip. The rear tyres are bigger than the front as it is a rear wheel drive, the front tyres are smaller, as they only provide grip and going around tight corner. The Mc Pherson Coil strut, this provides the vehicle very light turning circle at speed (Blitzworld.co.uk, 2017). 
[image: Vigilante Off Road Only]
[bookmark: _Toc499732036]Figure 2: Image of The new Vigilante buggy for the event (Blitzworld.co.uk, 2017)
Below are the details of the vehicle
[image: ]
Figure 3: Vehicle details (Blitzworld.co.uk, 2017)
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[bookmark: _Toc499732056]3.0 Methodology 
In this section the author will provide all the analytical calculations and steps taken in order to create the duty cycle for the buggy. In order to begin the analytical calculations, the vehicle dimensions will be used. The vehicle dimensions are shown in the figure below. The air density has been researched by the author, the value was found to be 1.2 kg/ (Fly Me to the Moon, 2017). The drag coefficient was found to be at 0.8.  
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[bookmark: _Toc499732037]Figure 4: vehicle dimensions (Blitzworld.co.uk, 2017)
[bookmark: _Toc499732057]3.1 Total mass (kg)
From the dimensions the unladen mass of the vehicle is 500 kg, however in order to find the total mass, the mass of two humans will be added. The average adult human mass is found to be 62 kg (Quilty-Harper, 2017). 

    
[bookmark: _Toc499732058]3.2 Frontal area 
To find the frontal area of the vehicle, the height will be multiplied by the width. As shown below.

 
[bookmark: _Toc499732059]3.3 wheel radius (m)
From the figure in the previous chapter, the tyre radius will be used in order to calculate the wheel radius. The rear tyre radius has been used as it had a bigger radius. As the radius is in inches, it will have to be converted into mm. In order to be converted into mm the values must be multiped by 25.4. 

The tyre profile, which is 254mm will then be converted into meters. In order to achieve this, the following equation will be used. 

The tyre profile will then be multiplied by  the width of the tyre.

The diameter of the tyre will be divided by 2 in order to calculate the tyre radius.

The two vales calculate will have to be added.

The value will then be converted into meters by dividing by 1000, in order to get the final answer for tyre radius.

[bookmark: _Toc499732060]3.4 Duty cycle caculations
The analytical calculations as shown in the figure below, can now be used to create a duty cycle. 
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[bookmark: _Toc499732038]Figure 5: vehicle information made by the author (Microsoft, 2016)
The total track duration is 120s. As the track has been designed by the author, the author has provided the height in meters at each second. The author has provided the speed in mph at each second. Examples have been provided below, by using Microsoft excel, the first box can be dragged down in order to find the calculations for the other seconds. In order to converter the speed from mph to m/s, the speed mph has to multiply by 0.44704 for each second. For example, at 1s the speed is 2mph. 

In order to calculate the Acceleration , the current second speed m/s, has to be subtracted from the speed m/s in the previous second. The value should then be divided by 1. Acceleration  at 1s, as shown below.

The length in meters is calculated by, multiplying the speed m/s by 1, as shown below the length in meters at 1s.

To calculate the distance travelled by the vehicle in meters, the distance in pervious second has to be added by the length at current second. At 120s the vehicle has travelled 1004m.
Distance in meters at 1s.

In order to calculate the rolling resistance of the vehicle, at particular surface, of the track. It is important to find the rolling resistance coefficient of similar vehicle at the surface conditions. The conditions and the rolling resistance coefficient have been obtained from the ‘Fundamentals of vehicle propulsion and brake’ booklet and ‘Theory of ground vehicles’ book by J.Y.Wong, as shown in the figure below.
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[bookmark: _Toc499732039]Figure 6: Condition rolling resistance coefficient (Wong J.Y, 2008), (Fundamentals of vehicle propulsion and brake)
In order to calculate the rolling resistance, the total mass of the vehicle, including 2 humans will be multiplied by the gravity 9.81 and the rolling resistance coefficient of the surface. At 0s (at the start where the vehicle is stationary) the surface is concrete, the rolling resistance is calculate below at the surface. 

The concreate surface only lasts, 17s. From 18s to 34s the unpaved road surface begins. The calculations are shown below:

From 35s to 50s, the swamp grass/tufts in water surface begins. This surface has the lowest rolling resistance coefficient. The calculations are shown below:

From 51s to 98s, the longest section of the track but has the highest rolling resistance coefficient, the field surface begins. The calculations are shown below:

From 99s to 120s, the wet mud surface begins. The calculations are shown below:

The following equation is used to obtain the aero force acting on the vehicle during the cycle.  

For example, at 1s the aero force is:

In order to calculate the gradient resistance, the following formula is used: 
 
For every second the and length changes, the mass and the gravity stay consent.  As there is now change in height for 20s the gradient will be zero. The gradient resistance at 21s is shown below:
Gradient resistance=624×9.81×sin (height at currant second-height at pervious second) ÷ length at current second

To calculate the acceleration resistance the following equation will be used: 

Acceleration resistance at 1s, is shown below:
 
To calculate the tractive resistance (total resistance), all the resistance will be added, as shown in the following method below:
  
At 0s the total resistance, is 79.579. As the vehicle is stationary, all the forces are zero a part from, rolling resistance. However, an example has been provided below from 1s:

To find the power, the following equation is used:
 
At 1s the power is calculated below: 

The total power is calculated by adding all the power values calculated from 0 to 120s. The total power was calculated to be 591718w. 
In order to find the average power, the total power has to be divided by the total number of seconds (120s), as shown below:
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5.0 [bookmark: _Toc499732062]Results and Analysis 
In this section, the author has provided the graphs produced from the Microsoft Excel spreadsheet. 
5.1 [bookmark: _Toc499732063]Velocity Vs Time graph 
[image: ]
[bookmark: _Toc499732040]Figure 7:Velocity (m/s) Vs Time (s) Graph (Microsoft Excel, 2016)
In the above figure, it can be see the vehicle speed increases and decreasing during the duty cycle. Apart from 26s to 33s, 38s to 42s, 60s to 61s, 86s to 87s and 119s to 120s, during these periods the vehicle speed is same as shown by the flat lines. The graph shows two steep line, the lines are at the start on the concreate surface, where the rolling resistance coefficient is the second lowest and at the end on the wet mud, which as the third lowest rolling resistance coefficient and the last part of the track. The maximum velocity in m/s the vehicle reached is 16.093, the minimum velocity is during the deceleration period at 68s.
5.2 [bookmark: _Toc499732064]Rolling Resistance Vs Time graph 
[image: ]
[bookmark: _Toc499732041]Figure 8: Rolling resistance (N) Vs Time (s) graph (Microsoft Excel, 2016)
From 0s to 17s the graph shows a constant line at 79.57 N, this is during the concrete surface. The rolling resistance increases to 306.072N from 18s to 34s on an unpaved road which has higher rolling resistance coefficient than concreate. The rolling resistance the decreases to 36.729N from 35s to 50s on the Swamp grass/tufts in water which has the lowest rolling resistance. The rolling resistance then increases to 612.114N from 51s to 98s, which is the highest rolling resistance and longest area of the track. The rolling resistance then decreases to 116.307N from 99s to 120s.        
5.3 [bookmark: _Toc499732065]Aero Force Vs Time graph 
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[bookmark: _Toc499732042]Figure 9:Aero Force (N) Vs Time (s)  graph (Microsoft Excel, 2016)
The aero force follows the similar pattern to the velocity graph, the graph also has same areas where the aero force is the same, this is shown by the flat lines. The aero force has two steep lines, one at the start and one at the end. The steepest line is at the end with the highest value of 331.933N.   
5.4 [bookmark: _Toc499732066]Gradient Resistance Vs Time graph
[image: ]
[bookmark: _Toc499732043]Figure 10:Gradient Resistance (N) Vs Time (s) Graph (Microsoft Excel, 2016)
The gradient Vs time graph shows both positive and negative values. From 0s to 20s the vehicle is on a flat surface hence there is no gradient. From 21s the vehicle start inclining until 27s. the negative results shows that the vehicle has travelled from one height to the next quicker and there is a big difference between the current and previous height. There are two high point one at 27s and one at 68s the value of the gradient is the same as the high height difference is the same, the value is 2075.209N. the two lowest point also have the same low height difference, the value is -1556.407 at 33s and 69s.    
5.5 [bookmark: _Toc499732067]Acceleration resistance Vs Time graph 
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[bookmark: _Toc499732044]Figure 11: Acceleration resistance (N) Vs Time (s) graph (Microsoft Excel, 2016)
The graph above also has both positive and negative results. Unlike other graph there are more same values, as shown by the flat lines on the graph. The values for the acceleration are between plus 1115.812N and minus 1115.812N. At 6s and 70s the acceleration resistance is 1115.812N as shown by the two high point on the graph. At 17s, 52s, 86s, 105s and 106s the acceleration resistance value is -1115.812N, as shown by the low points on the graph. The positive points have occurred as the current velocity is higher than the previous velocity m/s, this shows that the vehicle is getting faster and more acceleration resistance is applied. The negative point have occurred, when the current velocity at the second is lower than the previous velocity, this shows that the vehicle has slowed down.    
5.6 [bookmark: _Toc499732068]Total resistance Vs Time graph 
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[bookmark: _Toc499732045]Figure 12: Total Resistance (N) Vs Time (s) graph (Microsoft Excel, 2016)
The graph above also has both positive and negative results. The graph shows the total value of the resistance on the vehicle during the duty cycle. Despite having more close values, there are some values which have increased or decreased from one second to the next. The highest point of the graph is at 70s, the total resistance at that point is 2628.429N, and this is mainly due to the high values of gradient and acceleration resistances. The lowest point on the graph occurs at 38s, the total resistance is -1360.353N.
5.7 [bookmark: _Toc499732069]Forces Vs Time graph 
[image: ]
[bookmark: _Toc499732046]Figure 13: All Forces (N) Vs Time (s) graph (Microsoft Excel, 2016)
The graph above shows all the forces against time graph. The graph shows, that the gradient, acceleration, and the total resistance have both positive and negative values. They all also have higher values. Acceleration and the total resistance have similar pattern, this can be seen on the graph. The rolling resistance and the aero resistance have only positive values, the values are lower than the other forces values.     
5.8 [bookmark: _Toc499732070]Power Vs Time graph 
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[bookmark: _Toc499732047]Figure 14: Power (Kw) Vs Time (s) graph (Microsoft Excel, 2016)
[bookmark: _Toc499732071]The graph above shows the power against time. The graph has both positive and negative values.  The graph shows some consistency, as the values are close and gradually increasing, however, due to change in velocity m/s, there is high increase and decreases in the values. At the start the power is consistently increases, as shown by the steep line, up to 17s, apart from the power at 8s, the power is a lot more, this is due to a big difference from pervious velocity m/s. at 120s the values drop, as the velocity is the same as the driver cross the finish line. The negative power shows the loss of power, the power can be reused in order to decrease the power loss. 
5.9 Power Vs Average Power Vs Time graph 
[image: ]
[bookmark: _Toc499732048]Figure 15: Power (Kw) Vs Average Power (Kw) Vs Time graph (Microsoft Excel, 2016)
The graph above shows the power against average power against time. the graph shows both positive and negative values. The average power is consent, it is between the maximum and the minimum power. The majority of the power is above the average power line. This shows the vehicle was accelerating majority of the time. The negative point below the average power, shows the vehicle deaccelerating, this is due to the change in gradient resistance. The negative power shows the loss of power, the power can be reused in order to decrease the power loss and keep it close to the average power line. This will make the vehicle more efficient.       









Conclusion
[bookmark: _GoBack]The data collected from the duty cycle shows, how the height in meters, the velocity in m/s and length in meters can have effects on the forces and power calculated. From the graphs it can be seen the change in forces on different surfaces, terrain and how it effects the total resistance value and the power of the vehicle. In the second section of the report, different methods will be applied in order to make the vehicle more efficient.       
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Chapter 3
3.0 Methodology

In this section the author will provide all the analytical calculations and steps taken in order to create
the duty cycle for the buggy. In order to begin the analytical calculations, the vehicle dimensions will
be used. The vehicle dimensions are shown in the figure below.
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Length 3000 mm ofall
Width 1700 mm ofall
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Specification
‘Any engine from 1200cc to 2000cc
Engine bhp 80 to 220 bitp
Petrol or Diesel
Speed can be limited from 10 to 150 mph
Exhaust Stainless steel straight through (absorbative)
Petrol or Diesel
Fuel Tank capacity (6 Gallons) Aluminium Tank
Tank can be fitted front or rear (optional)
Water
Cooling Aluminium Radiator
Aluminium Expansion Bottle
orive Rear wheels - Upgraded drive shafts
Limited slip diff optional
Transmission |4 or 5 speed manual with Reverse
Brakes Disc Brakes all round
Mechanical handbrake (optional)
Susponsion | Front Adusiable Mcpherson stufs - A aim
Rear Adjustable coil overs - Trailing am
Electrics Weather proof conduited wiring loom
ATV 25x3x12 Front
Wheels & Tyres| xmv 25x10x12 Rear
Mudguards | Plastic mudguards on all 4 wheels (optional)
Controls Key start or Push bution (optional)
- Front Headlights (optional
Lights Rear stop (o";'monf-,.;’ '
Seals Bucket seal (different colours available)
SeatBelis__ |5 point quick release 3' belts
Buggy colour | Red - Blue - Black - Green - Grey - Yellow
Dimensions
Length 3000mm __|[ofal
Widin 700mm__[ofal
Height 570 mm__|with 12" ATV tyres
Ground Clearance 250 mm (10°)| Lowest point (dif)
Suspension Travel Rear [ 450mm (18') |adjustable
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