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Figure 2: Table of specifications of the Vigilante buggy 
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Figure 4: Secondary table of specifications for buggy 
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Figure 5: Table of air density 
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Figure 6: Table of friction coefficient





Page 9

Figure 7: Picture of the off road track made in solid works 
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3. Abstract:
This assignment is looking into a typical duty cycle of a Vigilante Honda Automatic off road buggy, when going around an off road track. 
This investigation was undertaken at the request of an engineering director for a company that produces off road buggies. 
An excel spread sheet was created with all relevant data and graphs of this data were produced. 
These graphs showed obvious correlations between:

· Velocity and Acceleration 

· Velocity and the Coefficient of Drag
· Velocity and Power
· Total Resistance, Acceleration, and Gradient Resistance
4. Introduction:
This assignment is looking into a typical duty cycle of a Vigilante Honda Automatic off road buggy, when going around an off road track that has been designed specifically for this assessment. This investigation is being undertaken at the request of an engineering director for a company that produces off road buggies. They have asked to understand a typical duty cycle for the buggy when it is used for corporate entertainment events. Specifically they want to know about, top speed, acceleration, and grade-ability.
An excel spread sheet has been created to show:

· Time.
· Distance.
· Acceleration.
· Vehicle speed.
· Change in height of the course.

· Gradient and gradient resistance.
· Rolling resistance. 
· Aerodynamic resistance and coefficient of drag.
· Total resistive force.

· Total tractive effort and force.

· The power requirement for each second also maximum power and average power. 
5. Research:
According to the Blitz world website:  
“The Honda engine is light and compact and works well in the Vigilante buggy with very good power to weight ratio helping it climb those steep hills with ease.

As the buggy is fitted with a fly by wire throttle, the top speed can be regulated on the engine ECU and set to say 45 mph, good for corporate use or for first time drivers getting use to the power.

The buggy can soak up some tough terrain with its 12" ATV wheels and tyres and a custom built full independent suspension with Nitrogen damped rear Fox suspension for blasting along those muddy lanes and tracks.”
 (Blitzworld. 2017). 

[image: image9.png]can_Sarah Meredith (7

Scan_Sarah Meredith (P148155)_20171204-161432_0146_001.pdf 171

703
O BT NGy, O

£

xB wd feowdwn





(Figure 1: Picture of the Vigilante off road buggy). (Blitzworld. 2017).
Specifications of the Vigilante off road - Honda Automatic - Factory Built:
	 Engine
	 1400 Honda Automatic (speed can be limited as required

	 Exhaust
	 Stainless steel straight through

	 Fuel
	 Petrolcapacity (6 Gallons) Aluminium Tank

	 Cooling
	 Water with Aluminium Radiator

	 Drive
	 Rear wheels - Upgraded drive shafts, Limited slip diff optional

	 Transmission
	 Automatic PRESS & GO

	 Brakes
	 Disc Brakes all round, Mechanical handbrake (optional)

	 Suspension
	 Front Adjustable Mcpherson struts - A arm, Rear Adjustable coil overs - Trailing arm

	 Electrics
	 Weather proof conduited wiring loom

	 Wheels & Tyres
	 ATV 25x8x12 Front, ATV 25x10x12 Rear

	 Mudguards
	 Plastic mudguards on all 4 wheels (optional)

	 Controls
	 Key start or Push button (optional) 

	 Lights
	 Front Headlights (optional), Rear stop (optional)

	 Seats
	 Bucket seat (different colours available)

	 Seat Belts
	 4 Strap 3 Point Harness

	 Buggy colour
	 Red - Blue - Black - Green - Grey - Yellow


(Figure 2: Table of specifications of the Vigilante buggy). (Blitzworld. 2017).
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Convert degrees and percent
Conversion at an angle of degrees in percent and vice versa. The angle in degrees must be between -90 and 90, but must not reach these two

values. 100 percent means that a track measures the same distance in length as it does in height. This is the case at an angle of 45 °. So DESIGN
there are also percentages over 100 possible. Negative degrees and percentages mean angles down.

90°=00% 45°=100%

20°=36,4%

0°=0%

-20°=-36,4%

90400 -45°=100%

Angle in degrees:
Angle in percent: %

To calculate || Léschen

Please specify one value, the other will be calculated.
Formulas:

angle in percent = tan (angle in degrees) * 100%
angle in degrees = atan (angle in percent / 100%)

tan is the tangent , atan is the arctangent . See also Calculating the slope and the slope for the length and height of the track.

© jumk.de Web Projects | Calculatoronline.com | Imprint Data Protection





(Figure 3: An illustration of gradient in degrees and percentage). (Rechner, n.d).
The coefficient of rolling resistance is needed to calculate the rolling resistance; the course is a mud track so the coefficient used for rolling resistance is 0.2.

(Carvill. J, 2011)
The area of the vehicle is needed for calculations of the coefficient of drag and the aerodynamic resistance. These measurements were used for this and they were taken from the Blitzworld website. The Area was found to be 8.007m2.
	Length
	3000 mm
	3m

	Width
	1700 mm
	1.7m

	Height
	1570 mm
	1.57m

	Weight 
	500 kgs
	500N


(Figure 4: Secondary table of specifications for buggy). (Blitzworld. 2017).

To calculate the coefficient of drag and the aerodynamic resistance density of air at standard atmospheric pressure is also required.
	Temperature - t - (oC)
	Density - ρ - (kg/m3)

	15
	1.225


(Figure 5: Table of air density). (Engineering toolbox, n.d).

To calculate tractive effort, the coefficient of friction is needed.
	Average value of tire friction coefficient

	Road surface
	Peak value

	Earth road (wet)
	0.55


(Figure 6: Table of friction coefficient). (J.Y. Wong, 1993)
The tractive effort or force between a car wheel and the surface can be expressed as

F = μt W 
Where:
F = traction effort 

μt =  coefficient of friction
W = weight 

(Engineering toolbox. n.d).
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(Figure 7: Picture of the off road track made in solid works).
When viewing the excel spreadsheet the following values and calculations can be found:
•
Time in seconds.
•
Distance is meters.
•
Acceleration in meters per second squared.
•
Vehicle speed in meters per second.
•
Change in height of the course in meters.
•
Gradient in degrees and percent, and gradient resistance in Newton’s.
Gradient in degrees = Sin-1(opposite/hypotenuse)

Angle of rise 23.6 degrees.
Angle of fall -16.6 degrees.
Gradient resistance = mg*sin (theta)
•
Rolling resistance in Newton’s. 
RR = m*g*coefficient of RR 

RR = 500 * 0.2 = 100N
•
Aerodynamic resistance in Newton’s and coefficient of drag.
Aero = ½ * area of vehicle * coefficient of drag * density of air * velocity2 
Coefficient of drag = (2 * mg) / (ρ * v2 * A)
Where:

ρ = density of air
v = velocity

A = area of vehicle
Mg = mass times gravity
Coefficient of drag = (2 * 500) / (1.225 * v2 * 8.007)
Aero = ½ * 8.007 * Cd * 1.225 * v2 
•
Total resistive force in Newton’s. 

F=(m*a)+Ra+Rrl+Rg 
Where: 

m = mass
a = acceleration 
Ra = aerodynamic resistance
Rrl = rolling resistance
Rg = gradient resistance
•
Total tractive effort and force in Newton’s. 
Tractive force= Tractive effort - Rolling resistance
Tractive effort Te = coefficient of friction * mg
Te = 500 * 0.55 = 275N

Tf = 275 – 100 = 175N
•
The power requirement for each second also maximum power and average power in Watts.  
Power = force * velocity
Max power = 1225W
Average power = 947.3W

Top speed - 45mph is the top speed of the buggy but can be limited. The duty cycle has been calculated with the buggy reaching a top speed of 16mph while undertaking this track; this can be increased or decreased with regards to driver preference.

"Grade ability in the simplest terms, equates to the steepest hill (grade) a vehicle can climb when running at peak engine torque in its lowest transmission gear” 

(Moore. W, 2002).
Grade- ability Formula:
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Where:  

p = Grade- ability, in %

Fz = Tractive force in N 

Gz = Overall combined mass, in kg

fR = Coefficient of rolling resistance, 

(MAN Nutzfahrzeuge, 2000).
Therefore:
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Grade- ability of course is 15% this means the buggy needs to have a grade- ability of at least 15% to be able to complete this course.
7. Analysis:
Viewing the graphs in figure 8 some interesting correlations can be seen for example,
Velocity and Acceleration:
As would be expected, both graphs have peaks in the same points in time due to the acceleration increasing and decreasing the velocity respectively. 
Velocity and the Coefficient of Drag:
These graphs correlate in the fact that they appear to be an exact inversion of each other, where the velocity increases the drag will de crease and vice versa, the lower the speed, the more drag that is seen. Looking at the formula for the drag coefficient it is made clear that the only variable is the velocity. Cd = (2 * mg) / (ρ * v2 * A)
Velocity and Power

Again, a strong correlation is seen here and this is due to the velocity being the only variable in the formula for power: Power = force * velocity. However, instead of seeing an inversion the graphs follow the same increases and decreases.
Total Resistance, Acceleration, and Gradient Resistance
In the graph of total resistance the peaks and dips of the acceleration and the gradient resistance can be seen, again this can be attributed to the formula used to calculate total resistance, where the only varying values come from the acceleration and gradient resistance.

Total resistance = (mass * acceleration) + Aerodynamic resistance + Rolling resistance + Gradient resistance 
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(Figure 8:  Graph of Velocity, Acceleration, Gradient Resistance, Coefficient of Drag, Total Resistance, and Power, plotted against time). 
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(Figure 9: Graph of distance against time).
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