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Introduction 
In this report the abilities and attributes of an off-road buggy is identified to gain a understanding of What conditions the vehicle is under and again an understanding of a typical duty cycle. This is done by the request of the engineering director producing off road buggies for the recreational and corporate entertainment sector. By engineering a track, a representation of an accurate duty cycle can be identified to ensure that all aspects of the test is covered. A data logger would be utilising in the test to gain accurate data from the vehicle.   
A 150cc buggy is selected carefully to ensure that all of the specification of the vehicle is provided. This is to ensure that when the calculations can be conducted with the suitable information. Below is the image of the buggy being utilised for testing which is accompanied by the appropriate information to conduct the tests.  The important information that is required is a follows:
· Vehicle mass
· Hight 
· Width 
· Tire specifications 
· Max speed
[bookmark: _Toc26168786][bookmark: _Toc26168824]Figure 1 Image of Buggy (Hammerhead GTS150 Buggy, n.d.)
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Methodology
A track is designed to gain an understanding of the duty cycle of the vehicle.  The tracked is representative of allot of the factors that is required by the vehicle. The track combines fast sections where the vehicle velocity can reach speed of 40mph.  Gradient changes to illustrate tractive effort needed to climb majority of hills encountered. Slow were corners is also used to combine variation in acceleration and deacceleration. The track also has a medium hard soil which has a coefficient of friction of 0.4 (Descornet, 1990). this is important to calculate the rolling resistance.    Once the track is designed and setup the data on the vehicle is then identified using the vehicle specifications and this converted into standardised units. Once all the necessary information is applied into the spreadsheet the vehicle can be run around the track to allow data to be recorded.  The data on the vehicle is then identified using the vehicle specifications and this converted into standardised units. Categories that are recorded is as follows;
· Time 
· Distance
· Speed
· Altitude 

This data categories are essential to gain a basic snapshot of what the vehicle is doing. By using this basic data other data can be calculated. Examples of the data calculated is as follows:
· Velocity
[bookmark: _Toc26167797]Equation 1 Velocity 


· Acceleration 
[bookmark: _Toc26167798]Equation 2 Acceleration 


· Gradient
[bookmark: _Toc26167799]Equation 3 Gradient 



By using these equations, the forces acting upon the vehicle can be calculated. These forces are as follows;
· Aero resistance 
[bookmark: _Toc26167800]Equation 4 Aero Resistance 


· Acceleration Resistance 
[bookmark: _Toc26167801]Equation 5 Acceleration Resistance 
(Meerkamm, 2014)

· Gradient forces 
[bookmark: _Toc26167802]Equation 6 Gradian Forces 
(Meerkamm, 2014)

once all the forces are calculated, it can be added together to create the tractive effort. Tractive effort gains an understanding of the resistive forces acting upon it. Without tractive effort, it will be difficult to identify force needed to overcome resistance for the vehicle to move. In this case aero, acceleration, gradient and the rolling resistance of all four tires are included in the calculations.  
All of this date is then imported into excel to sift through the data utilising the math channels and the graphical aid to illustrate the duty cycle.
A force, time X velocity graph and altitude graph is created to understand the what the vehicle is doing graphically to compare and contrast the data. 






Analysis 
Inspecting the spreadsheet, the total forces can be added together and identified. The total tractive forces used to give an understanding of the force required for the vehicle to move. On the Graph (Table 1) shows the total forces needed at each second elapsed. The tractive force initially shows a increase in force needed due to the high acceleration rate. When the vehicle accelerates further the resistance increases because of the acceleration forces and the aero forces acting apron it . Once the maximum speed is reached the vehicle deaccelerates, decreasing the acceleration forces and aero forces, subsequently reducing the total forces acting on the vehicle.  This is due to the fact the vehicle is slowing down for the corner and the Hill. This is evident in table 2 where the distance and altitude graph illustrate an increase in altitude at that point.  Once the vehicle is proceeding up the hill, there is a peak. This is due to the initial force overcome the gradient but then quickly averages out through the decent. Once the vehicle reached the top of the hill, the tractive forces are almost zero since there is no acceleration, gradient or aero resistance.  As the vehicle travels downhill, the resistive forces decreased below zero into the negative numbers. This means that the system us using gravitational advantage to overcome the resistive forces. Once the vehicle reaches the bottom there is a negative spike possibly due to terrain and gradient changes. Once on flat ground the vehicle experiences an equilibrium when traveling through the technical corners.  For an accurate test, the tires would experience a slip angle causing an increase in friction.  Around the last section the vehicle has velocity changes evident from table 3 but the resistive forces hardly show a change in resistance.

[bookmark: _Toc26167604]Table 1Table of Total Resistive Forces

On the table blow Table 2 illustrates the altitude changes on the track. There is a new one Hill at a height of 1.5 metres spanning 70 meters. Only one Hill was created since a gradient was needed to gain an accurate understanding of the tractive effort when going uphill as well as down a Hill. The rest of the track is remaining sea level.
[bookmark: _Toc26167605]Table 2 Distance X Altitude

The time velocity graph illustrates the speed of which the vehicle is travelling a different time frame. Initially the speed increases and levels out when quick corner is, taken then the velocity increases on the straight and decreases after the straight. Comparing this graph to the Resistance table (table 1) shows a correlation in resistive forces and velocity when speed increases this is due to the aerodynamic resistances.  Once the hill is reached the velocity decreases significantly but stays relatively varied due to the gradient and aero resistance. After the Hill the velocity fluctuates as the vehicle goes around the multiple corners this is also apparent in the resistive forces in table one. 
[bookmark: _Toc26167606]Table 3Time X Velocity





Conclusion
This data successfully achieved the goal that’s set by the engineering director by identifying the duty cycle of a standard buggy and identifying its trait. By using this data, an understanding of the duty cycle can be achieved and then recommended hybrid system can be suggested since a detailed snapshot of what the vehicle can achieve is identified.  The resistance clearly shows what resistive forces it undergoes for the vehicle to move. By using this data alone as well and the max gradient data, a suitable drivetrain can be identified.  






















Bibliography
Descornet, G. (1990). Road-Surface Influence on Tire Rolling Resistance. Brussels: Centre de Recherches Routieres.
Hammerhead GTS150 Buggy. (n.d.). Retrieved from Storm Buggies : https://www.stormbuggies.com/products/hammerhead-150gts-buggy-with-usa-specs-red-1-1
Meerkamm, F. D. (2014). Schaeffler Technical Pocket Guide. Herzogenaurach: Schaeffler Technologies.

 
Total Resistive Forces 

Total forces (N)	1359.3037712391215	928.99074688278597	471.22389400166401	799.00028290992805	1005.8907760066562	1341.2260134495846	1584.8562460149758	1932.0969529449501	2003.4127040266239	2030.7318151377349	2052.5871040266238	2070.468704026624	2085.3700373599572	2097.9788578727776	2108.7864183123384	2118.1529706932906	2323.0463040266241	2574.6898142251562	2930.8104004650049	3325.2127920358903	3733.1817840599042	4056.245332426769	4347.0120060815352	4741.9402525745991	4899.2721494398293	4905.8287361064949	4420.1369699526495	3687.5452208963507	2988.5408697741896	2323.2999017657376	2183.718837359957	2185.8338653169467	2187.8167040266239	1697.9353706932905	7276.5404285387622	9667.7715595028003	15794.819644035641	14167.745881633971	12740.33064726862	13672.566520589295	13896.031079058001	14027.002133508155	14045.927460194684	14046.744310693022	13949.175231623514	13833.28964613688	13915.385786972571	13736.242863347283	13605.902119057864	1243.5056809272376	1159.8642214495849	1146.022696693544	1146.4306291219	1146.8231678737141	1343.898768153239	1472.9125474512487	1490.6272649730458	-11152.660366249269	-11283.901479744902	-11298.122419589377	-11199.468015973558	-11184.551957076743	-11085.891103771597	-10971.156954982427	-10953.320720635233	-10756.292139096788	-10716.605148364573	-9883.0258444402025	-11288.951023724836	-12621.360404248977	-6322.2721937552342	-3928.5106944951626	2123.6167929155131	1999.4643725073161	2073.3745691804847	2196.8445760506947	2223.4034408687289	2223.739561169481	2224.0670630009827	2224.3862736468768	2421.3951040266243	2576.9039121191286	2607.79002205082	2509.7735791474997	2282.8115128245959	2226.1438099089769	2029.7152900731355	2076.9492226753587	2200.5252053840281	2227.1838500940398	2227.4294151377348	2227.6695831475031	2424.6021301135806	2678.6994243453337	2741.7854018834455	2643.7009211667596	2316.7665277418769	2229.0066009338407	2229.2135203531543	2229.4162595821795	262.63894402662396	Seconds (s)


Total Force (N)



Distance X Altitude 

0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.05	0.12	0.24	0.34666666666666701	0.44166666666666698	0.54266666666666696	0.64366666666666805	0.74466666666666803	0.84566666666666801	0.94666666666666799	1.0476666666666701	1.1486666666666701	1.24966666666667	1.35066666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.45166666666667	1.35066666666667	1.24966666666667	1.1486666666666701	1.0476666666666701	0.94666666666666999	0.84566666666667001	0.74466666666667003	0.64366666666667005	0.54266666666666996	0.44166666666666998	0.34666666666666701	0.24	0.12	0.05	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Distance (m)



Altitude (m)




Time X Velocity 

0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	0.89407999999999999	2.2351999999999999	3.1292800000000001	4.4703999999999997	5.3644800000000004	6.7055999999999996	7.5996800000000002	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	9.8348800000000001	10.728960000000001	12.070079999999999	13.411199999999999	14.752319999999999	15.6464	16.540479999999999	17.881599999999999	17.881599999999999	17.881599999999999	15.6464	13.411199999999999	11.176	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	6.7055999999999996	4.4703999999999997	4.4703999999999997	4.4703999999999997	4.4703999999999997	4.4703999999999997	5.3644800000000004	6.2585600000000001	6.7055999999999996	6.7055999999999996	6.7055999999999996	6.2585600000000001	5.8115199999999998	6.2585600000000001	5.3644800000000004	4.91744	5.3644800000000004	4.91744	4.91744	4.91744	4.91744	5.8115199999999998	6.2585600000000001	6.2585600000000001	5.3644800000000004	4.91744	4.91744	5.3644800000000004	5.3644800000000004	5.8115199999999998	6.2585600000000001	6.2585600000000001	7.1526399999999999	7.1526399999999999	7.5996800000000002	7.5996800000000002	8.9407999999999994	9.3878400000000006	8.9407999999999994	8.49376	8.0467200000000005	8.49376	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	9.8348800000000001	10.28192	10.28192	9.8348800000000001	8.9407999999999994	8.9407999999999994	8.0467200000000005	8.49376	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	9.8348800000000001	10.728960000000001	10.728960000000001	10.28192	8.9407999999999994	8.9407999999999994	8.9407999999999994	8.9407999999999994	Time (s)


Velocity (m/s)



	
	

	Ashleigh Jones (1707088)	2



image2.png




image3.png




image1.png




