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The purpose of the assignment is to select an adequate off road buggy that has the capabilities of achieving thrilling speeds across a loose soil and gravel surface for corporate event use and fun day racing experiences. The second part of the assignment is to design a track that the vehicle will run on with loose surfaces and elevation changes must reach at least 22m incline across a full lap, something similar to a dirt bike or endure circuit. Then to validate that the vehicle chosen is adequate for the terrain of what the designed circuit demands we must use excel spreadsheets to calculate the chosen vehicles: Velocity (m/s), Acceleration (m/s), Gradient (degrees), Rolling drag (N), Aero resistance (N), Total resistive forces (N), Tractive forces ie Power required (kw), Residual power ie Available power (kw) each have to be clearly graphed in excel opposite the time (s) along the course of a lap. We must work out the Average power used (kw) and Max power used (kw).
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[image: G:\BSc Motorsport Year3 Alternative powertrain technology assignment 1\BEAST buggy Blitzworld 150bhp FORD Road Legal 1-800x800.jpg]BEAST Zetec Track (BZT) Buggy

The buggy presented is a BEAST Zetec Track (BZT) buggy. The buggies designed application is for off road use for example dirt, loose soil gravel use that can be easily converted to tarmac use with the altering of tyre compound and tread design. The market this buggy is aimed at is for the fun day out experience that large enterprises may have or even just off road racing experiences for upwards of 18 years of age. The vehicles engine is 2000cc 4cyl 16v zetec engine mapped to 150bhp driven through a 5 speed H-pattern syncromesh gearbox to the back axle I which has a limited slip differential. The vehicles weight is on 500kg therefore the vehicle has a power to weight ratio of 280bhp per tonne. The buggy has a top speed of 130mph but realistically will not be able to reach this on loose surface tracks as there not that long and traction is much less than tarmac. 






	Buggy info 

	Engine capacity (cc)
	2000

	Engine power (bhp)
	150

	Engine torque (Nm)
	174

	Acceleration (0-60) (s)
	4

	Acceleration (0-60) (m/s)
	6.7056

	Weight (kg)
	500

	Weight + Driver (kg)
	575

	Height (mm)
	1500

	Width (mm)
	1600

	Cd
	0.45

	Frontal Area (65% of w x h)
	1.56

	Wheel size 
	25"x10"x12"

	Rims size 
	12"



	Track info

	Gravity
	9.81

	Rolling resistance coefficient (loose soil, gravel)
	0.12

	Air density
	1.2
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Acceleration: (convert mph to m/s) 
(Divide acceleration by the 0 – 60 time) 
Velocity = 
Gradient drag (resistance):) 
Rolling resistance: 
Aero resistance: 
Total resistance: 
Gradient: 
Power required:  


[bookmark: _Toc26168816][image: G:\BSc Motorsport Year3 Alternative powertrain technology assignment 1\Mondello Park national circuit with increased gradients and a dirt surface.jpg]2.2) The Track
The track designed for the BEAST Zetec track buggy is an exact replica of the Mondello Park national circuit in Naas, Co.Kildare, Ireland. The length is identical of 1.86km or 1860m but the gradient changes of the track are totally exaggerated to accommodate our buggy and is fun racing experience. The circuit is a clockwise circuit as you can see above with the direction of the circuit shown by the red arrow and he first corner is a right hander. The big difference is the surface as the original national circuit is all asphalt where as ours is loose soil and gravel which makes sure that in theory the rolling resistance is the same all the round as shown in figure 5 in the appendices. The elevation changes is another big difference as the changes are much more steep on both inclines and declines. To try keep some originality at the beginning of entering or exiting a corner where the height changes on the original track, we have kept them same points where the gradient changes between sections. The sections of the designed track go from 1 to 13 and 14 is back at the start finish straight. The sections of braking zones are labelled and acceleration zones. For example above shows section 1 marked with a red dot, at the red dot is where the brakes are applied between section 1 to 2 this can be shown in in figure 2 of the appendix where the speed of the vehicle decreases (21ms – 13.14ms) between section 1 to 2. Section 2 where the red dot is shown is coming out of the corner onto a short straight where the vehicle would be accelerating up a height of 3m between section 2 to 3. This proven is figure 2 of the appendix where speed increases from section 2 to 3 (13.14ms – 17ms). The track starts on the level surface and finishes on back on the level surface as you can see in figure 1 of the appendix where the start is at 10m height and finishes at 10m height. To add a fun side to the track design, the track has good diverse cornering speeds with 4 high speed sections for example as seen in figure 2 between section 4 to 5 the vehicle can reach 60mph with a hard down-hill braking section between 5 to 7 with a much slower cornering speed  36mph.

[bookmark: _Toc26168817]Conclusion
The BEAST is perfectly suited to our dirt track showing its ability to increase speed up inclined planes at an acceptable rate to give occupants a thrill of speed on a surface that is loose. The track has been redesigned with technical sections such as the decreases in elevation in braking zones a shown in section 1 to 2, 5 to 6, 8 to 9 and 11 to 12. One place where our buggy could benefit from a lower final drive would be section 9 to 11 and is discussed next. The power output of the BEAST Zetec buggy is plenty for inclines that the vehicle has to face as shown in figure 1 between section 9 to 11 where the climb is 6m in height over a distance of 329m which is a considerable climb that is harder on an engine than accelerating down-hill. This has been stated by (Denton .2016) “while travelling up hill the vehicle has to cope with the gradient resistance”. Which makes clear sense as when diving down-hill the vehicle is getting a push from gravity as when driving up-hill the vehicle has to push against gravity. The climb in this section 9 to 11 has a gradient resistance of 166.55N which is the second highest gradient resistance that vehicles have to face on this track but that isn’t taking into account the aero resistance. This is also backed up at section 11 where the total resistance is 1195.18N. At this point the elevation has peaked on our track shows that it has a serious impact on our vehicle to accelerate. At this point the speed between section 10 and section 11 has only 8mph in the difference of speed over a distance of 200+ metres. 
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Figure 1: Track height along the distance of the track, Cunniffe 2019.



Figure 2: The vehicles speed at sections against time along the lap, Cunniffe 2019.



Figure 3: Acceleration of the vehicle at sections against time along the lap, Cunniffe 2019.


Figure 4: Gradient change of track, Cunniffe 2019.



Figure 5: Rolling resistance along the course of the lap (same because same surface), Cunniffe 2019.




Figure 6: Aero resistance of the vehicle along the course of the lap, Cunniffe 2019.




Figure 7: Total resistance forces at each section along the course of the lap, Cunniffe 2019.





Figure 8: Power required to move at sections along the circuit, Cunniffe 2019.


Figure 9: Residual power (unused, available) power along the course of the lap, Cunniffe 2019. 
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Figure 10: Google earth ariel view of the international/national circuits.
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0	105	197	282	337	664	778	873	1055	1149	1276	1478	1537	1615	1860	10	5	2	5	6	12	9	10	15	9	9	15	15	12	10	Distance along the track (m)


Height  along the track (m)



Velocity (m/s)

Velocity (m/s)	
0	5	12	17	20	32	39	44	53	59	64	71	76	80	87	0	21	13.142857142857142	17	18.333333333333332	27.25	16.285714285714285	19	20.222222222222221	15.666666666666666	25.4	28.857142857142858	11.8	19.5	35	Time along to a lap (s)


Vehcile speed along the track (m/s)



Acceleration (m/s)

Acceleration (m/s) 	
0	5	12	17	20	32	39	44	53	59	64	71	76	80	87	0	4.2	-1.1224489795918369	0.77142857142857157	0.44444444444444403	0.74305555555555569	-1.5663265306122451	0.54285714285714304	0.13580246913580238	-0.75925925925925919	1.9466666666666665	0.49387755102040842	-3.4114285714285715	1.9249999999999998	2.2142857142857144	Time along a lap  (s)


Acceleration along the track (m/s) 



Gradient in degrees ° 

Gradient in degree °	
0	5	12	17	20	32	39	44	53	59	64	71	76	80	87	0	-2.7294026367786963	-1.8686719043487812	2.0226240530661204	1.0417988504552707	1.0513577060736068	-1.5079577542388192	0.60312460694366765	1.5742579449413212	-3.6596653506469337	0	1.7021051846639939	0	-2.2042275039720307	-0.46772584397379902	Time along a lap (s)


Gradient along the track in degrees °



Rolling drag (N)

Rolling drag (N)	
[VALUE]


0	5	12	17	20	32	39	44	53	59	64	71	76	80	87	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	676.89	Time along a lap (s)


Rolling resistence along the track (N)



Aero resistance (N)

Aero resistance (N)	
0	5	12	17	20	32	39	44	53	59	64	71	76	80	87	0	185.7492	72.755853061224485	121.7268	141.57	312.76732500000003	111.71255510204081	152.0532	172.2448	103.38119999999999	271.74139199999996	350.74785306122453	58.647888000000016	160.16130000000001	515.97	Time along a lap (s)


Aero resistance along the track (N)



Resistive forces (N)

Total resistance (N)	
676.89	594.03205714285718	565.70835306122444	997.70209411764711	921.01909090909089	1093.1573250000001	640.16176562835665	888.3195157894736	1004.1004593406592	420.22332765957441	948.63139200000001	1195.1848827641948	735.53788799999995	620.09937692307687	1146.81306122449	Sections of the track (1-14)


Resistive forces along the track (N)



Tractive forces (kw)

Power required (kw)	
0	12.47467	7.4350199999999997	16.960940000000001	16.885349999999999	29.788540000000001	10.42549	16.878070000000001	20.305140000000002	6.5834999999999999	24.09524	34.489620000000002	8.6793499999999995	12.091939999999999	40.138460000000002	Sections of the track (1-14)


Power required along the track (kw)



Residual power (kw)

Residual power (kw)	
0	5	12	17	20	32	39	44	53	59	64	71	76	80	87	111.855	99.380330000000001	104.41998	94.894059999999996	94.969650000000001	82.066460000000006	101.42950999999999	94.976929999999996	91.549859999999995	105.2715	87.75976	77.365380000000002	103.17565	99.763059999999996	71.716539999999995	Time along a lap (s)


Unused(available) power along the track (kw)
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