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The report will look into the duty cycle for an off-road buggy used for corporate events. The report will evaluate the vehicles performance, top speed, acceleration and grade-ability. A drive cycle/duty cycle is a fixed schedule of vehicle operation which allows for a vehicles performance and operation to be monitored for comparison and validation. (Barlow, Latham, McCrae, & Boulter, 2009) The Track used in this report was created to produce a duty cycle to evaluate power requirement, tractive force, acceleration and grade-ability of an off-road buggy. 
[bookmark: _Toc26753533]Off-road Buggy
The report has been developed around the ‘BEAST Zetec Track (BZT)’ manufactured by BlitzWorld. The buggy is manufactured for off-road use and climbing steep inclines, the buggy has a NASCAR style roll cage essential for corporate use whilst remaining entertaining but safe. The specs for the buggy can be seen in Table 1 in the appendices. (Blitz World, 2019)
[image: BEAST Zetec Track (BZT)]
[bookmark: _Toc26753603]Figure 2-BEAST Zetec Track (BZT) (Blitz World, 2019)
An electric off road buggy which can perform the same duty cycle and performance as a petrol engine equivalent boasts benefits which could allow it to have precedence over petrol engine buggies for corporate use. An electric buggy promotes quite engines allowing for running within noise restrictions, zero local emissions and potential for renewable energy sources for recharge. Corporate buggies have key possible for electrification due to their short range use and availability for recharge close to their tack use which is normally an issue for off-road buggies which require a long range before recharge. (Scrosati, Garche, & Tillmetz, 2015)
[bookmark: _Toc26753534]Design of Off-Road Track
The track is a recreated of Anglesey National Circuit, however the track has be created with a gradient of 22m within the circuit and the tracks surface is gravel with a small tarmac section, an air density of 1.2 due the circuit be at sea level with a track length of 1.2 miles long. (Anglesey Circuit, 2019) The specs of the circuit can be found in table 2 in the appendices. 
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Methodology 
Listed are the equation used to calculate values created in the excel spread. 
[bookmark: _Toc26753536]Acceleration

(Engineering ToolBox, 2011)
[bookmark: _Toc26753537]Velocity

(Engineering ToolBox, 2011)
[bookmark: _Toc26753538]Rolling Circumference


(x engineer, 2019)
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H - Height
Gc – Ground Clearance 
W - Weight

[bookmark: _Toc26753540]Gradient 


(x engineer, 2019)

[bookmark: _Toc26753541]Aero Resistance

V – Velocity
Cd – Coefficient of Drag
P – Air Density
Af –Frontal Aero Area
(Ehsani, Gao, Gay, & Emadi, 2005)
[bookmark: _Toc26753542]Rolling Resistance Drag

Fr – Rolling Coefficient
Mv – Vehicle Weight
g – Gravity
 (Engineering ToolBox, 2008)
[bookmark: _Toc26753543]Gradient Resistance

Mv – Vehicle Weight
g – Gravity
a – Gradient (degrees)
(Ehsani, Gao, Gay, & Emadi, 2005)

[bookmark: _Toc26753544]Analysis
The duty cycle in the excel spread sheet evaluates the tack and the capabilities of the buggy and whether it holds realistic values. 
Each section shows power required to complete each section with realistic acceleration and grip. The buggy’s maximum acceleration is 6.7 m/s2, during the duty cycle the acceleration doesn’t exceed 3.7 m/s2 and doesn’t exceed 3.1 m/s2 when decelerating, the acceleration being of these values means the buggy’s is realistic for the duty cycle of the track. To calculate an accurate power required requires accurate acceleration through each section which has been validated above. The total power required is realistic for the buggy as throughout the duty cycle the buggy does not exceed its maximum power output available from the buggy’s engine. 
The total resistance forces (Aero, Gradient, and Rolling Drag) of the track are realistic as the buggy does not exceed its power available when overcoming these forces. The vehicle reaches a top speed of 46 mph during its duty cycle, this is well below the buggy’s top speed of 130 mph. However, the duty cycle is predominately on a gravel surface where this speed is realistic and adequate to provide entertaining yet safe experience.   

[bookmark: _Toc26753545]Conclusion
The duty cycle of the track is realistic and validated through calculation contained in the excel spread sheet. 
The duty cycle has realistic acceleration of the buggy whilst traveling on the track due to the buggy not exceeding its maximum acceleration.  The maximum acceleration of the buggy is also used to validate the deceleration of the buggy, where if the buggy’s deceleration exceed its maximum acceleration the buggy would not be able to maintain traction. However, in the duty cycle the buggy does not exceed maximum acceleration value during its deceleration, showing the buggy maintains traction throughout the duty cycle. 
The force resistance which the buggy experiences are realistic during the duty cycle due to the buggy not exceeding its maximum available power overcoming the forces whilst still maintaining  a relatively fast speed during the duty cycle. 
The power available is calculated by the buggy’s engine power output. During the duty cycle the buggy does not exceed the power available when traveling through each sector. Helping Validate the duty cycle and values produced from calculations. The excel spread sheet’s validation allows for accurate modelling for a specification for alternatively powered buggies. This generated specification would allow for an electric power system to be evaluated for use with the buggy round the track’s duty cycle. 
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	Engine CC
	2000 CC Zetec

	Power   (BHP)
	150

	Torque (Nm)
	174

	0-60 MPH (s)
	4

	Top Speed MPH
	130

	Length mm
	3000

	Width mm
	1600

	Height mm
	1500

	Weight KG
	500

	C.O.G
	Low

	Ground Clearance mm
	290

	Wheel Centres mm
	2230

	Wheel Size m
	0.3

	Tyre Sidewall m
	0.17

	 
	(Blitz World, 2019)


[bookmark: _Toc26753562]Table 1 Buggy Specification (Blitz World, 2019)
	Buggy Specification
	 

	Acceleration (m/s2)
	6.70540903

	Power (Kw)
	111.8568233

	Top Speed (m/s)
	58.11354493

	Frontal Aero Area (m2)(Assumption)
	1.936

	Coefficient of Drag (Assumption)
	0.35

	Rolling Radius (m)
	2.010619298

	Rolling Resistance Coefficient (Gravel)
	0.02

	Rolling Resistance Coefficient(Tarmac)
	0.015

	Gravity (m/s2)
	9.8

	 
	 (Engineering ToolBox, 2008)

	Circuit
	 

	Air Density
	1.2

	Length 
	1.21 Miles

	Max Elevation (m)
	22
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	Sectors / (Surface)
	Gradient 
	Elevation Above Sea Level (m)
	Change in Elavation (m)
	Gradient (degrees)

	Start / (Gravel)
	 
	5
	0
	0

	Striaght / (Gravel)
	Downhill
	0
	-5
	-1.234918445

	Turn 1 / (Gravel)
	Uphill
	5
	5
	1.675554005

	Stright / (Tarmac)
	Uphill
	8
	3
	1.420702096

	Turn 2 / (Tarmac)
	Uphill
	22
	14
	14.47751219

	Turn 3 / (Tarmac)
	Flat
	22
	0
	0

	Straight / (Gravel)
	Flat
	22
	0
	0

	Turn 4 / (Gravel)
	Downhill
	15
	-7
	-3.289269227

	Straight / (Gravel)
	Downhill
	10
	-5
	-1.80205116

	Turn 5 / (Gravel)
	Downhill
	5
	-5
	-3.539026459

	Straight / (Gravel)
	Flat
	5
	0
	0

	Turn 6 / (Gravel)
	Flat
	5
	0
	0

	Staright / (Gravel)
	Flat
	5
	0
	0

	Finiish / (Gravel)
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	Distance (m)
	Distance Covered (m)
	Velocity (m/s)
	Acceleration (m/s2)

	0
	0
	0
	0

	232
	232
	15.46666667
	1.031111111

	171
	403
	21.375
	0.738541667

	121
	524
	20.16666667
	-0.201388889

	56
	580
	18.66666667
	-0.5

	111
	691
	13.875
	-0.598958333

	156
	847
	39
	6.28125

	122
	969
	18.76923077
	-3.112426036

	159
	1128
	21.2
	0.324102564

	81
	1209
	16.2
	-1

	388
	1597
	48.5
	4.0375

	81
	1678
	54
	3.666666667

	253
	1931
	63.25
	2.3125

	 
	 
	 
	Total-
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	Time Taken (s)
	Accumilative Time (s)
	Rolling Drag (N)
	Aero Resistance (N)

	0
	0
	98
	0

	15
	15
	98
	97.25637973

	8
	23
	98
	185.7534525

	6
	29
	73.5
	165.3456933

	3
	32
	73.5
	141.6635733

	8
	40
	73.5
	78.2691525

	4
	44
	98
	618.37776

	6.5
	50.5
	98
	143.2245927

	7.5
	58
	98
	182.7243264

	5
	63
	98
	106.6976064

	8
	71
	98
	956.33076

	1.5
	72.5
	98
	1185.52896

	4
	76.5
	98
	1626.46869

	76.5
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	Gradient Resistance (N)
	Total Resistance Forces (N)
	Total Resistive Power (W)

	0
	98
	0

	-4626.194495
	-4430.938115
	-68531.84284

	4873.13786
	5156.891313
	110228.5518

	4844.90926
	5083.754954
	102522.3916

	4618.933426
	4834.096999
	90236.47732

	0
	151.7691525
	2105.796991

	0
	716.37776
	27938.73264

	720.9879294
	962.2125221
	18059.98888

	-4769.559819
	-4488.835492
	-95163.31244

	1896.561861
	2101.259467
	34040.40337

	0
	1054.33076
	51135.04186

	0
	1283.52896
	69310.56384

	0
	1724.46869
	109072.6446

	 
	Total-
	450955.4376
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	Power Remaining (W)
	Average Power / Second / Section
	Power Required (W)

	111855
	0
	0

	180386.8428
	-4568.789523
	68531.84284

	1626.448192
	13778.56898
	110228.5518

	9332.608437
	17087.06526
	102522.3916

	21618.52268
	30078.82577
	90236.47732

	109749.203
	263.2246239
	2105.796991

	83916.26736
	6984.68316
	27938.73264

	93795.01112
	2778.459827
	18059.98888

	207018.3124
	-12688.44166
	95163.31244

	77814.59663
	6808.080673
	34040.40337

	60719.95814
	6391.880233
	51135.04186

	42544.43616
	46207.04256
	69310.56384

	2782.355358
	27268.16116
	109072.6446

	 
	 
	 


[bookmark: _Toc26753568]Table 7 Calculations Five
3		Toby Marshall (1702695)

image1.jpeg




image2.jpeg




