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Abstract
An engineering company which produces off road buggies have asked for help in understanding a specific buggy’s typical duty cycle when used in their corporate entertainment events. A written report will be made on the buggy’s typical duty cycle whilst racing on an off-road circuit. The Vehicles performance must meet the company’s requirements as it must be entertaining and adequate. This means there must be a focus on the vehicles acceleration, top speed, and grade-ability.
Introduction
The purpose of this assignment is to write a concise report on the typical duty cycle of a Polaris Kids RZR170 buggy. The typical duty cycle will be designed for the assignment, it must be an off-road course with a total climb of 20m climb. Many variables of the buggy’s performance will be affected by the design of the circuit, such as vehicle speed, gradient, and the rolling resistance (will vary due to type of terrain). The report will also contain idle running time.
The report will include spread sheets with the data collected on the RZR170 buggy, the data collected will allow us to make calculations, the results will be analysed to provide a successful summary and written report. Calculations such as:
· Resistive Forces and final total tractive force.
· There are 3 types of Resistance - Aerodynamic, Rolling, Grade.
· Resistance is the force impeding vehicle motion.
· F = ma + R(a) + R(rl) + R(g)
Aerodynamic Resistance (Ra) is composed of 3 parts, Turbulent airflow around the vehicle (85%), Vehicle component resistance (3%) such as air ventilation and radiators, and the Friction of air over the vehicle (12%)
0.5 x area of vehicle x coefficient of drag x density of air x (velocity^2)
Rolling Resistance (Rrl) is a combination of Resistance from tire deformation (90%), Tire penetration and surface compression (4%), Tire slippage and air circulation (6%).
Grade Resistance (Rg) is the gravitational force acting on the vehicle.
         


Power requirement for each section or second.
Maximum power and Average power requirements.
Engine
Engine Type - 4-stroke; 2-valve
Displacement (cc) - 169
Fully Automatic CVT Transmission With Reverse 
Cooling - Forced-air fan
Fuel (gal/L) - 2.5/9.4 
Starting - Electric Key

Drive-train
Primary Drive Type CVT 
Transmission Forward - Neutral - Reverse
Front Suspension
Travel 127mm 
Adjustable Spring pre-load 

Rear Suspension
Type Swing arm 
Travel 127mm
Shock Type - Adjustable Spring pre-load
 
Brake System
Front Type Hydraulic disc 
Rear Type Hydraulic disc 
Parking Brake Manual lever

Dimensions & Capacities
Wheel Base - 1651mm
Weight - 227 N
Length - 2159mm
Width - 1194mm
Height - 1397mm 

Safety
Visual safety Whip Flag 
Adjustable Passenger Grab Handles 
Full Cab Frame 
Bucket Seats With 3-Point Seat Belts 
Standard Side Nets 
Parent Adjustable Speed Limiter 
Disc Brakes Front and Rear 
Daytime Running Lights With Rear Taillights and Stoplights
Tail & Brake Lights
Minimum Recommended Age 10 Years		
The supposed max speed of the vehicle is 15 miles an hour when limited, which is roughly 7m/s, if not limited it can reach near 30 miles an hour, but the version chosen by the company is limited.
Equations

Aerodynamic Resistance 
0.5 x area of vehicle x coefficient of drag x density of air x (velocity^2)
Coefficient of Drag
         2 x mg ÷ (density of air x (velocity^2) x area of vehicle))
Gradient Resistance
         mg x SIN(Theta)
Rolling Resistance 
         mg x Rolling Resistance Coefficient 
Tractive Effort
         Coefficient of Friction x mg
Tractive Force 
         Tractive Effort – Rolling Resistance
Power 
         Tractive Force x Velocity
Gradeability 
         100*((tractive force/weight) – Rolling Resistance Coefficient)
Angle of Rise/Fall
          Sin-1(height of slope/distance) = Theta (angle) (convert to percentage)
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This was a first draft of the circuit for the buggy, this was to help have an estimation of the speed the buggy travels around the track every second, allowing the calculation of a reliable value of distance (m).
The Values above are completely irrelevant to the investigation.
Accurate distance is included on the Excel Spreadsheet. The Blue represents the slope rise while the green represents the slope fall.
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All distance values are on excel, the corners are highlighted in red. The total distance of the course is 880m. The circuit is completely loose gravel and therefore has a rolling resistance coefficient of 0.12.









Duty Cycle Analysis
All Graphs below are over the Time (S) – duration of the course
1)
The graph above allows us to monitor and analyse the buggies velocity (vehicle speed) over each second of the course (orange), while the blue line shows the increase and decrease of acceleration in correlation with the velocity.

2)
This graph shows how the vehicles gradient resistance changes over each second of the track, as seen the resistance stays at 0 over a large proportion of the track as the gradient resistance is only affected when the height of the course changes (calculated using the degrees of angle rise and fall of the slopes) 
e.g. The angle rise of the first slope is 30 degrees
mg x Sin(theta)
227 x SIN(30) = 113.5
This begins at point 13 on the graph.









3)

The graph above shows the aerodynamic resistance around the circuit. The equation used for this calculation was:
0.5 x area of vehicle x coefficient of drag x density of air x (velocity^2)
All data put in to the equation is made from data calculated on excel, for un-known reasons the vehicles aerodynamic resistance is the same around the entire circuit, I believe this to be incorrect but am unable to understand why after looking over my calculation.













4)

This graph explains the vehicles coefficient of drag for every second of the circuit. At the beginning there is a large spike and a high value of coefficient drag, this is because the vehicle has no momentum when the race begins, all the lower values vary depending on the speed of the vehicle and gradient of the course as it already has momentum whilst travelling round the circuit.










5)

The rolling resistance value remains the same throughout the duration of the course as the equation used was mg x Rolling Resistance coefficient, as my rolling resistance coefficient remains the same throughout as the circuit is only made up of one type of surface, the rolling resistance does not change.

6)

The graph above shows the power of the vehicle travelling round the track. This clearly shows how the power increases as the vehicles velocity rises and decreases as the velocity falls. 
Power = Tractive Force x Velocity
The Average and Max Powers were both calculated on excel 
Average power throughout the course is 566.2028571 w 
Max Power throughout the course is 762.72 w 
For un-known circumstances excel would not produce a graph with points of average and max power.





7)

The Calculation used for gradeability was:
100* (Fz/(9.81 x Gz) – Fr)
Fz – Tractive Force in Newtons
Gz – Overall Combined Mass (kg)
Fr – Coefficient of Rolling Resistance
The gradeability is 36%








Summary of Findings
I believe that the off-road circuit is a suitable circuit and the vehicle will be able to complete the course without any difficulty. The Duty Cycle has been completed using the calculations on excel, as the graphs above show. Even though the duty cycle has been completed there is no guarantee that it is 100% accurate as certain values were estimated to complete equations as there was difficulty discovering/finding the values. 
The course has met the requirement of a lap lasting longer than 2 minutes and has a total climb of 20 metres.
I believe that the calculations and the research has been sufficient to provide a rather accurate data cycle for the company.












References
Anon, (2017). [online] Available at: http://www.buggies.builtforfun.co.uk/Calculator/calcutor-data.html [Accessed 3 Dec. 2017].
Anon, (2017). [online] Available at: http://file:///C:/Users/RhysR/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Downloads/calculations_gb%20%20copy.pdf [Accessed 3 Dec. 2017].
ATV Rider. (2017). 2016 Polaris Youth Models. [online] Available at: https://www.atvrider.com/2016-polaris-youth-models-rzr-sportsman-outlaw [Accessed 3 Dec. 2017].
Blitzworld.co.uk. (2017). Polaris RZR170, Kids, buggy, Go-Kart, dealer, Staffordshire. [online] Available at: http://www.blitzworld.co.uk/polaris-rzr170-i2504.html [Accessed 3 Dec. 2017].
Hpwizard.com. (2017). Tire friction and rolling coefficients. [online] Available at: http://hpwizard.com/tire-friction-coefficient.html [Accessed 3 Dec. 2017].
R, J. (2017). Angle Degrees to Percent of Slope Conversion Calculator - CalcuNation.com. [online] Calcunation.com. Available at: https://www.calcunation.com/calculator/degrees-to-percent.php [Accessed 3 Dec. 2017].
Rechneronline.de. (2017). Convert Degrees and Percent. [online] Available at: https://rechneronline.de/winkel/percent.php [Accessed 3 Dec. 2017].
Sengerandu's Tutorials. (2017). Resistance to motion. [online] Available at: https://sengerandu.wordpress.com/tutorials/automobile-engineering/resistance-to-motion/ [Accessed 3 Dec. 2017].
ThoughtCo. (2017). Know the Density of Air at STP. [online] Available at: https://www.thoughtco.com/density-of-air-at-stp-607546 [Accessed 3 Dec. 2017].




Gradient Resistance	0	0	0	0	0	0	0	0	0	0	0	113.5	113.5	113.5	113.5	113.5	0	-100.9	-100.9	-36.299999999999997	-36.299999999999997	-36.299999999999997	-36.299999999999997	-36.299999999999997	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	68.099999999999994	68.099999999999994	0	68.099999999999994	68.099999999999994	68.099999999999994	0	0	0	0	0	0	0	0	-87.3	-87.3	-87.3	-87.3	-87.3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	85.1	85.1	85.1	0	0	113.5	113.5	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-32.4	-97.3	-32.4	0	-49.3	-49.3	-49.3	-49.3	-49.3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	



Aerodynamic Resistance	0	227.00000000000003	227.00000000000003	227	227.00000000000003	227	227	227	227	227	227	227	227	227.00000000000003	227.00000000000003	227.00000000000003	227	227.00000000000003	227.00000000000003	227	227	227	227	227	227	227	227	227	227	227	227	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227	227	227	227.00000000000003	227.00000000000003	227.00000000000003	227.00000000000003	227.00000000000003	227	227	227.00000000000003	227	227.00000000000003	227	227	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227.00000000000003	227.00000000000003	227	227	227.00000000000003	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227	227	227	227	227	227	227	227.00000000000003	227	227.00000000000003	227	227	227.00000000000003	227.00000000000003	227.00000000000003	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227.00000000000003	227.00000000000003	227.00000000000003	227	227	227	227	227.00000000000003	227	227.00000000000003	227	227.00000000000003	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227.00000000000003	227.00000000000003	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	227	0	



Coefficient of Drag	0	102.91925712245465	25.729814280613663	11.435473013606071	6.4324535701534158	4.1167702848981857	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.8588682534015177	4.1167702848981857	6.4324535701534158	6.4324535701534158	6.4324535701534158	11.435473013606071	6.4324535701534158	6.4324535701534158	4.1167702848981857	2.8588682534015177	2.8588682534015177	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.8588682534015177	4.1167702848981857	6.4324535701534158	11.435473013606071	6.4324535701534158	4.1167702848981857	6.4324535701534158	11.435473013606071	6.4324535701534158	11.435473013606071	25.729814280613663	11.435473013606071	11.435473013606071	11.435473013606071	6.4324535701534158	6.4324535701534158	6.4324535701534158	6.4324535701534158	6.4324535701534158	4.1167702848981857	4.1167702848981857	6.4324535701534158	11.435473013606071	6.4324535701534158	4.1167702848981857	4.1167702848981857	6.4324535701534158	11.435473013606071	25.729814280613663	11.435473013606071	6.4324535701534158	6.4324535701534158	6.4324535701534158	4.1167702848981857	4.1167702848981857	6.4324535701534158	6.4324535701534158	11.435473013606071	25.729814280613663	11.435473013606071	6.4324535701534158	6.4324535701534158	11.435473013606071	25.729814280613663	11.435473013606071	6.4324535701534158	4.1167702848981857	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.8588682534015177	4.1167702848981857	6.4324535701534158	11.435473013606071	25.729814280613663	11.435473013606071	11.435473013606071	6.4324535701534158	6.4324535701534158	6.4324535701534158	4.1167702848981857	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.8588682534015177	4.1167702848981857	4.1167702848981857	4.1167702848981857	4.1167702848981857	6.4324535701534158	6.4324535701534158	6.4324535701534158	4.1167702848981857	4.1167702848981857	4.1167702848981857	4.1167702848981857	6.4324535701534158	11.435473013606071	25.729814280613663	11.435473013606071	6.4324535701534158	4.1167702848981857	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.8588682534015177	4.1167702848981857	4.1167702848981857	4.1167702848981857	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.8588682534015177	4.1167702848981857	6.4324535701534158	6.4324535701534158	4.1167702848981857	2.8588682534015177	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	2.1003930024990742	0	


Rolling Resistance
Rolling Resistance	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	Rolling Resistance	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	27.24	


Power = F x V (w)
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Acceleration and Velocity against Time
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