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Introduction 
A director of an off-road buggy company has commissioned a report to understand the typical duty cycle when one of their buggies is used for a corporate entertainment event. The director made the request for the following information for vehicle performance so to consider the following when selecting a buggy: top speed, acceleration and grade-ability. 
The duty cycle will look at these variables: time, acceleration, vehicle speed (dependant on off-road course), Gradient (dependant on off-road course), rolling resistance (dependent upon terrain) and aerodynamic resistance (dependent upon velocity). From these variables, the following results can be calculated: all resistive forces, final total tractive force, power requirement of each one second section, maximum power and average power requirements. 

Methodology 
The Buggy:
	 Length 
	 3000 mm

	 Width
	 1700 mm

	 Height
	 1570 mm

	 Ground Clearance
	 250 mm (10")

	 Suspension Travel Rear
	 450mm (18")

	 Suspension Travel Front 
	 150mm (6")

	 ATV 12" Wheels
	  640 dia tyre

	 Weight (unladen)
	 500 kgs


The buggy used for the duty cycle is the vigilante, a buggy with 1200cc engine that produces 80bhp, fitted with a 42mm diameter 4mm thick NASCAR type roll cage, rear trailing arm suspension that gives over 12 inches of travel at the rear wheels, front coil over McPherson struts that offer a “tight turning circle” and fitted with 12-inch block tread tyres, (Vigilante, n.d.). 
	Engine 
	 Any engine from 1200cc to 2000cc
 bhp 80 to 220 bhp
 Petrol or Diesel
 Speed can be limited from 10 to 150 mph

	 Exhaust
	 Stainless steel straight through (absorptive)

	 Fuel
	 Petrol or Diesel
 Tank capacity (6 Gallons) Aluminium Tank
 Tank can be fitted front or rear (optional)

	 Cooling
	 Water
 Aluminium Radiator
 Aluminium Expansion Bottle

	 Drive
	 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)

	 Suspension 
	 Front Adjustable McPherson struts - A arm
 Rear Adjustable coil overs - Trailing arm

	 Electrics
	 Weather proof conducted wiring loom

	 Wheels & Tyres 
	 ATV 25x8x12 Front
 ATV 25x10x12 Rear











Frontal area of buggy is calculated at 2.67 m² and tyre radius as 0.3m 
Weight is calculated from unladen weight of buggy, 500 kg, plus 2 people weighing 65 kg each. 
Rolling Resistance co-efficient taken from (Sandford). 
	Conditions 
	RR Co-efficient 

	Asphalt Road 
	0.013

	Gravel
	0.02

	Mud
	0.25



Co-efficient of drag is stated as 0.6 
Air density is stated as 1.2 

The Track: Key:
Asphalt Track surface 
Mud Track surface 
Gravel Track Surface
Start of incline 
Peak 
End of decline 


The track is a sprint style circuit consisting of three different surfaces: asphalt, mud and gravel, a total elevation change of 20 meters split into two separate 10 meter inclines, a maximum achievable speed of 35 mph, with the entire track taking two minutes to complete. 


 








Analysis
[image: ]Velocity vs Time: 

This graph shows the velocity increase and decrease over the length of the track. The dips in velocity show drop in velocity due to either a corner or a change in the courses gradient. the data shows that buggy spends a majority of the track accelerating or decelerating, with only around 1/3rd of the track sent at full velocity. 
[image: ]Gradient resistance vs time. 
The gradient resistance is defined as, “the force needed to overcome an incline”. (Livesey, 2012). The graph shows how the resistance increases when the buggy goes up an incline and then descends back down. The resistance increases when the buggy is descending back down from a height back to flat ground, this helps the forward motion, (Sandford, 2017).
[image: ]Rolling Resistance vs Time:

Rolling resistance is the force that resists the motion of the buggy and is one of the forces the buggy must overcome to move forward, (Bosch, 2014). The main influence on the rolling resistance data shown in the graph is the surface the buggy is being driven on. The data shows the points at which the surface changes, the circuit starts on asphalt which has a low rolling resistance co-efficient, the resistance then greatly increases as the buggy moves on to the mud part of the circuit, lastly the resistance drops back down when the buggy moves to the gravel part of the circuit this is still slightly higher than the asphalt. 
[bookmark: _GoBack]

[image: ]Aero Force vs Time:

Aero force or drag is the force that opposes the buggy’s motion through the air, (Hall, 2015). The amount of drag the buggy is experiencing is directly related to the velocity. When the buggy is travelling at a higher velocity it experiences a higher amount of drag due to a higher amount of air molecules striking the front of the buggy, (Pearce, 2017). The decreases in aero force are because the buggy is being driven at a lower velocity due to being driven up an incline or driving around a corner. 
[image: ]Total resistance vs time:
This graph details all the resistive values acting against the buggy when travelling around the circuit. The total resistance is the sum of the values of: gradient resistance, Aero force and rolling resistance. The trendline of the data showcases both the change in surface at 26 seconds and 61 seconds, also the changes in both the gain and loss of height. 


[image: ]Power & Average Power vs Time: 
The graph details the power of the power as it completes the circuit.  The amount of power needed corresponds with the changes in surface the buggy is being driven on, when the surface changes from asphalt to mud and the rolling resistance increases, more power is required to then overcome the resistance and keep the buggy travelling at the same velocity. The maximum power of 33 kw achieved at 31 seconds, the need for this power increase is because the buggy is travelling on mud and starts the first incline of the track. 
Equations: 
Velocity, MPH to m/s.  Velocity in mph x 0.44704. e.g. 2 x 0.44704= 0.89408
Gradient, e.g. = 3.82°
Acceleration, (current velocity- previous velocity) ÷1 e.g. (7.15264-6.25865) ÷1= 0.89408 m/s²
Length- distance covered each section, velocity x 1 e.g. 7.15264 x 1= 7.15264
Distance- total distance of the track covered, current length + previous distance e.g. 5.36448 + 13.4112= 18.77568 m
Gradient resistance, weight x 9.81 x SIN (current height-previous height) ÷ current length             e.g. 630x9.81xSIN (4-3) ÷13.4112 = 387.776122 N
Aero Force, 0.5 x Air density x Frontal area x Co-efficient of drag x current velocity²                e.g. 0.5 x 1.2 x 2.67 x 0.6 x (8.9408²) = 76.83631394 N
Rolling Resistance, Rolling road co-efficient x 9.81 x weight. e.g. Asphalt 0.013 x 9.81x 630= 80.3439 N
Total Resistance, gradient resistance + Aero force + Rolling Resistance, E.g. 332.3795331+235.3112114+1545.075= 2112.765745 N
Power, Current velocity x total resistance, e.g. 7.15264 x 129.5191409= 926.4037881 W 
Conclusion
From the data, I conclude that the vehicle chosen can complete the chosen circuited and has enough power to overcome the resistive forces placed upon at speed, incline and decline. 
However, the data used in this duty cycle is not 100% accurate as assumptions are made for the duty cycle such as person weight, air density, co-efficient of drag and the RR co-efficient. These assumptions are made as none of the values could be calculated but are required to calculate the data. 
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