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1. [bookmark: _Toc25931216]Introduction:
As a response to the request of typical duty cycle the vehicle will undergo during the designed off road track lap, this paper along with the supporting document (Excel sheet) will identify the requested report. The study will encompass all of the vehicle performance details including, top speed, acceleration, and grade ability of the selected buggy. 
JOYNER 800i Buggy (figure 1) was selected for this investigation, vehicle specification can be found in figure 2. The buggy will undergo a designed off-road track (figure 3) which has; 23 meters total climb, 20 meters total drop, and a lap distance of 703 meters. The Track is situated at 42 meters above sea-level, and has a maximum gradient of 56.44 degree, it also combines three different surfaces (i.e., Gravel, Mud, and Grass). 
All detailed results of the investigation could be found in the multiple graphs plotted in the excel sheet. However, some of the important results were analysed further down in this report document.    
2. [bookmark: _Toc25931217]Joyner 800i Buggy:
[bookmark: _Toc25931218]Specifications of the Selected Buggy:
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[bookmark: _Toc25931467]                                                           Figure 1 Joyner 800i buggy                                 Figure 2 buggy Specefications 
Joyner 800i was selected for this event due to multiple reasons which set the key parameters of this project. The buggy has a low centre of gravity, which positively impacts the handling and stability of the vehicle, allowing it to easily outperform other buggies on the twisty off road track. The 812 cc 3-cylinder engine which generates almost 39 Kw at 6000 rpm, makes the buggy weigh less and pull better than a larger 4 cylinder engine buggy. Also due to the reduced size of the engine, the buggy would be suitable for a hybrid system setup if that is considered.
(StormBuggies, 2016)
    
3. [bookmark: _Toc25931219]Off-road Track:
[bookmark: _Toc25931220]Specifications of the Designed Track:
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[bookmark: _Toc25931468]                                                               Figure 3 Track Map                                           Figure 4 Track Details
The off road track have been designed specifically for the selected vehicle, that to enable maximum performance for maximum entertainment. The track includes 10 tight corners to push the vehicle to its limits of handling performance, as the buggy built with a low centre of gravity. Different surfaces were considered (Gravel, Mud, and Grass) to enable variety of rolling resistance the buggy would be experiencing, this was considered to examine the difference on power requirement with relation to different track surfaces. Also, the track comprises a total climb of 23 meters and a total drop of 20 meters. The total drop on the track will be crucial to the regeneration of energy if considering a hybrid series powertrain installation.         














4. [bookmark: _Toc25931221]Results Analysis:
The resistive forces have been calculated for each section of the track utilising the formulas below: 
Rolling resistance = Total weight x RR coefficient x Gravity
Aerodynamic resistance = (Cd x Frontal Area x Air Density x V2) / 2 
Gradient Resistance = (Total weight x Gravity) –sinα 
(EngineeringToolBox, 2019)
(Buggies.builtforfun, 2011)

The final total tractive force was calculated for each section using the sum of all resistive forces, this the power requirement for each section to be calculated as well as max and average power requirements. Results are presented in the graphs bellow:

[bookmark: _Toc25931469]Figure 5 Power requirement for each section


[bookmark: _Toc25931470]Figure 6 Average power requirement Vs Time


The graphs and figures presented above and in the excel work sheet, were made upon a realistic assumption of vehicle behaviour such as velocity and power. It is evident from the power graphs, that the input values were made under a realistic assumption as both of the velocity (see excel sheet) and power curves, do not exceed the maximum velocity or power line which represents the maximum values the buggy can produce. 
The power requirement for each section bar graph, highlights an important case. At the green bars where the power values are negative, the vehicle could be used to regenerate power and store it for a useful application, for instance, powering an electric motor if the vehicle were to fit a hybrid system. 

[bookmark: _Toc25931471]Figure 7 Vehicle Acceleration       
The graph of velocity against time also identifies the potential areas where energy could be harvested and used if the buggy would fit an electric motor. The green lines highlights the time spent on the track where the buggy is either unthrottled (engine is under no load) or experiencing braking forces.

[bookmark: _Toc25931472]Figure 8 BSFC Vs Distance
   
Brake specific fuel consumption graph above, could be used to investigate fuel economy of the series Hybrid powertrain system. The expectation of a hybrid system concerning fuel consumption would be significantly less than the current engine, however, the BSFC graph allows a detailed comparison between the two systems.         
5. [bookmark: _Toc25931222]Conclusion:
The duty cycle of the selected vehicle around the designed off-road track, are summarised in the table presented below.  
	Time to Complete one Lap
	57.79 Seconds
	

	Maximum Speed Vehicle Can Produce
	29.06 m/s
	65 m/h

	Maximum Speed per Lap
	28 m/s
	62.6 m/h

	Minimum Speed per Lap
	3 m/s
	6.7 m/h

	Max Total Tractive Force per Lap
	4772.11 N
	

	Min Total Tractive Force per Lap
	-4717.91 N
	

	Maximum Power Vehicle Can Produce
	38777.00 W
	52 bhp

	Max Average Power Requirement per Lap
	37187.91 W
	49.9 bhp

	Min Average Power Requirement per Lap
	-32620.99 W
	-43.7 bhp

	Maximum Acceleration per Lap
	11 m/s2
	

	Maximum Deceleration per Lap
	7.5 m/s2
	

	Maximum RPM per Lap
	6000 rpm
	

	Minimum RPM per Lap
	2000 rpm
	

	Maximum BSFC per Lap
	535.34 g/kw.h
	

	Minimum BSFC per Lap
	178.45 g/kw.h
	


[bookmark: _Toc25931473]Figure 9 duty cycle summary Table
The maximum time for the buggy to finish one lap on the track is almost one minute, going through a maximum acceleration of 11 m/s2 hitting maximum speeds of 62 miles per hour, the buggy will decelerate to a maximum of 11 m/s2 going through the tightest corner of the lap at a minimum speed of 6.7 miles per hour. The vehicle will also be running on medium to high rpm during the majority of the track distance, operating at a maximum BSFC of 535.34 g/kw.h. 
Positive average power requirement for the whole lap is 7991.47 Watt, reaching its maximum of 37187.91 Watt. Whereby the total average power requirement per lap is 1941.11 Watt, with a minimum of -32620.99 Watt.        
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Power Requirement for Each Section

Power Per Section	0	11467.212960000001	21331.326246131161	-52586.484390648118	10329.97536	35984.064480000001	5688.06	5688.06	17626.723691387051	-4554.1857333690077	1363.9989600000001	6069.1334400000005	4337.2519200000006	5286.9818456935254	1744.7218800000001	-20055.891805929285	-103794.05231329422	Max Power	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	38777	Section


Power (W)




Average Power Requirement Vs Time
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Vehicle Acceleration

0	5.3571428571428568	8.712847555129434	10.587847555129434	10.865625332907213	14.711779179061059	20.711779179061061	29.711779179061061	30.311779179061062	31.081009948291833	32.414343281625165	39.7476766149585	49.525454392736279	50.725454392736282	51.270908938190829	54.604242271524164	57.786060453342344	0	5.2266666666666675	-7.0119400000000001	6.1493333333333338	7.1999999999999993	2.08	-3.5	0	8.3333333333333339	3.9	-7.5	1.2272727272727273	-0.30681818181818177	-3.3333333333333335	11	1.2	2.2000000000000002	Time (seconds)


Acceleration (m/s^2)



BSFC Vs Distance

0	150	165	195	200	300	330	375	381	391	395	483	571	577	583	633	703	0	446.1179598662207	490.72975585284286	535.34155183946496	535.34155183946496	535.34155183946496	178.44718394648828	223.05897993311035	535.34155183946496	446.1179598662207	223.05897993311035	356.89436789297656	401.50616387959866	535.34155183946496	312.28257190635452	312.28257190635452	535.34155183946496	Distance (meter)


BSFC (G/KW.H)





image3.jpeg




image4.jpeg
Track MAP

BUGGY OFF-ROAD TRACK




image5.jpeg
Distance (m)





image1.jpeg




image2.jpeg




