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An engineering director from a company producing off-road buggies for the recreational and corporate entertainment sector, would like to understand how a typical duty cycle when the buggies are used for corporate events, with this the director has requested the following information: 

· Vehicle performance for adequate entertainment.
· Top speed
· Acceleration
· Grade-ability

A report will be produced to try and identify typical duty cycle the vehicle will undergo during an off-road track lap for the event, this report will include;
· A typical duty cycle (developed and designed)
· Small off-road course with 20m climb
Excel spread sheet with:
· Time
· Acceleration
· Vehicle speed 
· Gradient
· Rolling resistance
· Aerodynamics resistance
Calculations from the above and:
· Total tractive force 
· Power required with average and max

All the above will be included in the report with graphs calculations and explanation of what is happening and why it needs doing.


[bookmark: _Toc500252478]2.0 Research 
[bookmark: _Toc500252479]2.1 Buggy Selection

Some of the research was involving the selection of the buggy, the right buggy had to be chosen in order to complete this report, a buggy that matched or came close to the requirements needed for the event such as; the right amount of power, torque and dimensions.
The buggy chosen for this event was the POLARIS Hammerhead GTS 150cc USA spec Platinum, this buggy was a good selection due to its reliable GY6 engine also used in many other buggies and quad-bikes and safety with strengthen side bars and roof section in case of roll over.
[image: platinum-gts-1.jpg]
Figure 1: POLARIS Hammerhead GTS. (www.blitzworld.co.uk/)
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	 Engine 

	 Motor Type:
	 4 Stroke

	 Displacement:
	 149.6cc

	 Cooling:
	 Oil & Fan

	 Bore x Stroke (mm):
	 57.4 x 57.8

	 Transmission:
	 Automatic CVT w/reverse

	 Power:
	 7.4kW(10hp) @ 7500rpm

	 Torque:
	 17.6N.m @ 5500rpm

	 Brakes 

	 Front Brakes
	 Double Disc

	 Rear Brakes
	 Disc 

	 Safety
	 

	 Seat Belt
	 5 Point Haarness 

	 Steering Column
	 Adjustable height 

	 Brush Cage
	 Blitzworld side bars for extra strength 

	 Dimensions
	 

	 Length
	 2160 mm 

	 Width
	 1506 mm

	 Height
	 1458 mm






















Figure 2: Buggy specification. (www.blitzworld.co.uk/)
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Some of the calculation used to get the graphs and measurements for Rolling Resistance, Gradient, Aero, Acceleration, Power, Energy and Work done will be listed below:

Rolling Resistance (N).


Gradient (N).

Gradient (%)


Gradient (RAD) 


Aero (N).


Acceleration (M/s^2).


Power (KW).


Energy (W). 


Work Done (N)


Tractive Effort (N) 
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In this section there will be a demonstration of the different parameters calculated and explained, graphs for duty cycle, gradient acceleration will be shown below to have a better understanding of the requirements for the proposed event.
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Figure 3: Duty Cycle Graph.

In this duty cycle graph is possible to see how fast or slow the vehicle is going on the given track.

[bookmark: _Toc500252484]3.2 Gradient Graphs

Figure 4: this is the Gradient RAD graph.


Figure 5: Gradient Resistance.

With the gradient graphs is possible to see how the forces are acting upon the vehicle as it goes through the track being an incline or decline some of these values are represented in different forms such as % and radians for these some calculations were made which can be seen in section 2.3Calculation Used. 
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Figure 6: rolling Resistance Graph.

This this graph different rolling resistance forces can be seen acting on different surfaces, two types of surfaces were chosen for this track being field and gravel, where high resistance can be seen would be where the vehicle is travelling over a field with resistance coefficient of 0.1 and the lower resistance when travelling over gravel with a resistance coefficient of 0.02, again calculation for this can be seen on section 2.3Calculations Used.
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Figure 7: Aero Resistance Graph.

Here the aero dynamic resistance can be seen acting on the vehicle to find this out a formula as used from section 2.3 with the density of air to be taken as 1.2m^2 and drag to be taken as 0.3 with these set parameter the resistance should come correct as newton.

[bookmark: _Toc500252487]3.6 Acceleration 

Figure 8: Acceleration Force Graph.

On this graph is possible to determine the vehicles acceleration and braking efforts throughout the track where acceleration or braking is required at each section over the field of gravel, again to achieve this formula as used refer back to section 2.3.
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Figure 9: TTE Total Resistive Effort graph.

This graph represents the total effort from all the forces added to make tractive resistance. 

[bookmark: _Toc500252489]3.8 Power Requirement

Figure 10: Power required graph.

This graph shows the power required from the engine to take the vehicle across the track this helps to know if the vehicle will be able to get around the track without much struggle.


[bookmark: _Toc500252490]4.0 Conclusion

The final conclusion is that the right buggy was chosen for such track event and it can thrill the passengers and welcome people of all ages, for such a short track of about 2minutes it can be fun, however there are some changes that could be improved upon making this experience even more attractive, the power required for this specific track is just right, but a new track could be designed in the future to give the passengers more thrill such as; add different types of terrain not just a field and gravel maybe go over water as well the track can also be extended to last longer approximately 4 to 5 minutes would be ideal with more bends, inclines and declines, and the buggy could be upgraded to something a lot faster.

Saying this, this project has helped to understand the vehicle and track parameters to make something fun and exciting for customers and understand how the different forces act on the vehicle.  
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Duty Cycle 

Velocity	
0	5	6	6	6	5	4	3	3	3	5	5	7	8	8	5	5	5	4	5	6	8	10	10	0	


Gradient RAD

0	0	0	0	3.4000000000000002E-2	3.4000000000000002E-2	0.17	1.7000000000000001E-2	0	0	1.7000000000000001E-2	-3.4000000000000002E-2	-5.1000000000000004E-2	-6.8000000000000005E-2	-1.7000000000000001E-2	3.4000000000000002E-2	5.1000000000000004E-2	5.1000000000000004E-2	5.1000000000000004E-2	3.4000000000000002E-2	3.4000000000000002E-2	5.1000000000000004E-2	6.8000000000000005E-2	0	0	


Gradient Resistance

0	0	0	0	62.693439434757828	62.693439434757828	312.01962273727946	31.351249863881637	0	0	31.351249863881637	-62.693439434757828	-94.017511037984718	-125.31441223488505	-31.351249863881637	62.693439434757828	94.017511037984718	94.017511037984718	94.017511037984718	62.693439434757828	62.693439434757828	94.017511037984718	125.31441223488505	0	0	


Rolling Resistance

184.42800000000003	184.42800000000003	184.42800000000003	184.42800000000003	184.42800000000003	184.42800000000003	36.885600000000004	36.885600000000004	36.885600000000004	36.885600000000004	553.28399999999999	553.28399999999999	553.28399999999999	553.28399999999999	553.28399999999999	36.885600000000004	36.885600000000004	36.885600000000004	36.885600000000004	36.885600000000004	36.885600000000004	553.28399999999999	553.28399999999999	553.28399999999999	553.28399999999999	


Aero Resistance N

0	9.8549999999999986	14.191199999999998	14.191199999999998	14.191199999999998	9.8549999999999986	6.307199999999999	3.5477999999999996	3.5477999999999996	3.5477999999999996	9.8549999999999986	9.8549999999999986	19.315799999999996	25.228799999999996	25.228799999999996	9.8549999999999986	9.8549999999999986	9.8549999999999986	6.307199999999999	9.8549999999999986	14.191199999999998	25.228799999999996	39.419999999999995	39.419999999999995	0	


Acceleration M/s^2

0	0.2	0	0	-0.2	-0.2	-0.2	0	0	0.4	0	0.4	0.4	0.2	0	-0.6	0	0	-0.2	0.2	0.2	0.4	0.4	0	-2	


Total TE

184.42800000000003	222.02800000000002	184.42800000000003	184.42800000000003	209.52143943475787	209.52143943475787	311.30522273727945	68.236849863881645	36.885600000000004	112.0856	584.63524986388165	565.79056056524223	534.46648896201532	465.56958776511499	521.93275013611833	-13.220960565242166	130.90311103798473	130.90311103798473	93.303111037984735	137.17903943475784	137.17903943475784	722.50151103798476	753.79841223488506	553.28399999999999	177.28399999999999	


Power Required

0	0	0	0	5338.1708262392112	3089.2192281476914	7871.8806581142753	333.68389280123779	0	0	1544.8328370427673	-3089.2192281476914	-12712.164077952533	-25292.25794713174	-6327.6353005271758	3089.2192281476914	4632.7128563966962	4632.7128563966962	2371.9489824751086	3089.2192281476914	5338.1708262392112	18975.591859800868	49398.941302991683	0	0	
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