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The director of an engineering company producing buggies for off road recreational usage has approached the author of this paper. The director wants to understand the duty cycle that one of his buggies goes through on a general showcase track at a corporate event. 
An analyses of a typical duty cycle will be carried out to provide the director with the insight he desires.
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The purpose of this paper is to identify a duty cycle for an off road buggy, the duty cycle must incorporate a total of 20m of climbing and be suitable for corporate entertainment event. 
Once the duty cycle has been identified, it can be analysed mathematically to show the time the buggy will take, the speed it will reach, the gradient it will climb, the rolling resistance it will face and the aerodynamic resistance it will overcome. 
Hopefully this paper will provide good insight for the engineering director of the company producing the buggies.
[bookmark: _Toc500192363]Problem identification
The company director would like to understand what the duty cycle is of a buggy during a typical corporate entertainment event. The director would like to understand how the buggy is performing and the typical loads placed upon a buggy at such an event. This will help the director to understand what the typical duty cycle faced by one of their buggies is, this will help them with future development. 
To achieve this a typical duty cycle must be mathematically analysed. 
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As instructed by the director a vehicle has been selected from the Blitzworld range. The vehicle chosen is the Quadzilla MID Bug 150cc buggy. (Blitzworld.co.uk, 2017)
The buggy itself is designed for children aged 8 to 12 years, making it an entry level buggy. (Blitzworld.co.uk, 2017)

Here are the specifications of the buggy, (Blitzworld.co.uk, 2017)


	Engine
	4 stroke single cylinder (160cc Honda Replica)

	Power
	6.5 bhp

	Brakes
	Hydraulic disc

	Tyres
	ATV off road

	Guards
	Mudguards front & rear

	Transmission
	CVT auto (Rev & Go)

	Start
	Electric Key & Pull start (as a backup)

	Frame 
	High stress steel

	Suspension
	Front dual A arm / rear twin shocks 

	Fuel Capacity 
	2.45 litres (unleaded)

	Gross weight 
	90kgs

	Size
	1800 long x 1100 wide x 1300 high



Below is an image showing the track created for the duty cycle to be analysed.
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Figure A – Duty Cycle track with distances and height key. 

Please see appendix item 1, Excel spread sheet of duty cycle analyses for equation results and data obtained from the vehicle around the test track.
From this test track I have created a excel spread sheet outlining data obtained from the chosen buggy traveling around the track with a competent 10 year old driver.  
The aspects recorded as the buggy passed through all the sections of the course are,
· Time (Seconds)
· Acceleration (Meters per second)
· Vehicle Speed (Meters per second)
· Distance travelled (Meters) 
· Height above start point (Meters)
The course material is to be Earth, dry. This is a common material for off-road buggy courses to be made from. The following data was obtained through research,
· Mass of the vehicle in KG = 90 (Blitzworld.co.uk, 2017)
· Length of the vehicle in meters = 1.8 (Blitzworld.co.uk, 2017)
· Width of the vehicle in meters = 1.1 (Blitzworld.co.uk, 2017)
· Height of the vehicle in meters = 1.3 (Blitzworld.co.uk, 2017)
· Total area of the vehicle in meters cubed = 3.23
· Friction coefficient of earth, dry = 0.68 (HP Wizard, 2017)
· Rolling resistance coefficient of earth, dry = 0.06 (Engineering Toolbox, 2017)
· Density of air in Kilograms per meter cubed = 1.25 (Physics Facts, 2017)
· Gravity in Newtons = 9.81 (Physics Facts, 2017)
· Weight of vehicle in Newtons (Mass times gravity) = 882.9 (Wikihow.com, 2017)
Using the data now gathered the following calculations can be used, (De Hann and Keller, 2000)
· Angle of slope rise (Degrees)
Using the Sin rule from trigonometry, the slope distance as the hypotenuse and the Height as the angle opposite, theta can be calculated to give the angle of rise. The slope rise in question is highlighted in blue on the course in Figure A.
Sin-1(20/140) = Theta
Theta = 8.21 degrees.
· Angle of slope fall (Degrees)
Using the sin rule in the same manner as for slope rise, the slope fall could be calculated. The slope fall in question is highlighted in yellow on the course in Figure A.
Sin-1(20/70) = Theta
Theta = -16.60 degrees. 
· Gradient of slope (% of slope)
The gradient of the track as a percentage was calculated for each second of the buggy’s travelling. The gradient of the slope was generated using the Angle of slope rise and Angle of slope fall data. 
The calculation is, Percentage of slope = [Tan (degrees)] x 100
· Gradient Resistance (N) 
The gradient resistance is vehicle mass times Sin (angle of the slope)
· Gradeability (%)
This is the maximum slope capability. The equation for this = 100 * ((tractive force/vehicle mass) – Rolling resistance coefficient)
· Coefficient of drag
             The equation for this is, 2 * mass / (Density of air * vehicle speed ^2 * Area of                       vehicle)
· Aerodynamic Resistance 
            The equation for this is, 0.5 * Area of vehicle * Coefficient of drag * Density of air * (Velocity ^2)
· Rolling Resistance
The equation for this is weight * Rolling resistance coefficient 
· Power (W) 
The equation for this is Tractive force x vehicle speed (velocity) 
· Average power (W)
This is taken from the power outputted by the buggy throughout the course.
· Max Power
This is the max power the buggy outputted during the course.
· Total Resistance (N)
The equation for this is, (Vehicle weight (N)*Acceleration)+Aerodynamic resistance+ Rolling Resistance + Gradient Resistance
The results of all of these calculations can be found in the excel spreadsheet mentioned. 
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Now that the data has been generated from the duty cycle, graphs can be created to help visualise and interoperate the data.

Graph 1 – Power over Time.

The above graph shows the power the vehicle emitted at 1 second increments as it travelled around the track. This graph shows how the power rises as the vehicle accelerated and reduces under braking. From the graph the time the driver was accelerating can be seen and the times he was slowing down. The graph shows how much power the buggy was emitting at various stages. 
Graph 2 – Total Resistance over Time.

The above graph shows the total resistance the vehicle faced at 1 second increments as it travelled around the track. This graph shows how the resistance corresponds with when the driver was braking/accelerating. During acceleration the buggy faces positive resistance and during braking it faced negative resistance. The highest values can be seen under acceleration and the lowest and most intense values can be seen under braking. 
Graph 3 – Coefficient of drag over Time.

The above graph shows the coefficient of drag the vehicle faced at 1 second increments as it travelled around the track. There is an initial spike as the vehicle has no momentum when it starts and must rapidly increase power output and resistance is high. The other lower values occur as the vehicle moves more steadily around the track stages and the values are not very dramatic. 
Graph 4 – Gradient Resistance. 

The above graph shows the gradient resistance the vehicle faced at 1 second increments as it travelled around the track. The graph shows that between 20 seconds and 40 seconds the gradient resistance increased, this is due to the buggy travelling up the first slope rise. An increase in power output would have been needed to overcome this. Between 55 and 65 seconds the resistance drops of largely, this is due to a slope fall in the track that has a larger decline gradient that the slope rise had incline gradient, the buggy would have accelerated rapidly down this section without much power output.

Graph 5 – Acceleration over Time.

The above graph shows the acceleration at 1 second increments as it travelled around the track. We can see from this data when the buggies power is called upon and how much braking effort is used.
Graph 6 – Vehicle Speed over Time.

The above graph shows the vehicle velocity at 1 second increments as it travelled around the track. We can see from this data how much time the buggy spends at its top speed and what speed ranges it operates throughout.
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It can be seen that at no point was the buggy near its power output limit of 6.5hp. The course did not strain the buggy.
In conclusion to the total resistance over time, the graph shows that resistance peaks at times of heavy acceleration and deceleration. When cruising at constant speed there is little to no resistance. 
The coefficient of drag peaks as the vehicle accelerates from a standstill and then is rather consistent as it moves more steadily around the track. 
The equation used for power doesn’t consider the gradient resistance, if it did it would show a larger increase in power output on the uphill despite a speed decrease and a decrease in power on the downhill despite a power fall.
In conclusion to the acceleration over time, this helps to understand the demand the driver is calling from the buggy at different times around the track. It can be seen that more braking force is used over acceleration. Brakes are clearly a focus when designing a buggy.
We can see that the buggy’s speed increased and decreases often, this shows the speed is perfectly adequate for the type of track. It gives the driver plenty of range to provide excitement and develop skill of braking for corners etc. 
The duty cycle analyses has shown that the buggy is very suited to its target audience and has provided valuable insight into the buggy’s performance at a corporate event. It has shows however that the buggy would be over spec’d for such an event and future designs would be able to be less powerful and still provide a good experience to the driver. Alternatively a more pressing course could be devised.
There are some flaws with the data generated, namely that the aerodynamic resistance does not have a large range. 
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