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The series hybrid report will mainly focus on critically analysing the control and monitoring systems which are required and used for hybrid and electric propulsion systems. The criteria to achieve this objective is to evaluate the performance of an electric propulsion control and monitoring system and produce and report detailing and justifying the procedure adopted. However, these steps will be completed and evaluated in the second part of this assignment. 
This report will be the first part of this assignment. This report will complete a challenge which was set by the engineering director of a company which produces off road buggies for the recreational and corporate entertaining sector. The company needs to understand the typical duty cycle when the buggy is used for corporate entertaining events. The director of the company has requested for a development of a typical duty cycle of an off-road buggy specifying that the circuit needs to meet the entertaining factor of a customer therefore aspects such as top speed, acceleration and grade-ability need to be adequate to meet the expectations of the director but also the customer. 
A buggy which has been selected to complete the course is a Vigilant Off-Road buggy. This buggy has been factory built and has a wide range of engines available, from 1200cc to 2000cc. Due to the top speed limitation of 45mph the engine which has been chosen is the 1200cc 90 BHP as according to the manufacture specification this engine is very adequate (Blitzworld.co.uk, 2017).
To analyse the typical duty, cycle an excel spreadsheet will be created, it will include the following calculations; time, acceleration, vehicle speed, gradient, rolling resistance, aerodynamic resistance, resistive forces, final tractive force, power requirement for each second and the maximum and average power requirements. 
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The duty cycle which has been created was done so with the main factor of excitement in mind. It needs to keep customers tense, at times scared but also the track will be fun and enjoyable, customers need to be scared to be excited as our brains enjoy fear due to the adrenaline rush (Ringo, 2017). 
The total run time for the circuit is 120 seconds, it consists of six different surfaces, these are; loose gravel, mud, sand, grass, loose soil and tarmac, they can be seen in figure 1 of the appendices. The transition between these surfaces is also important as if done correctly will certainly add to the excitement factor. For example, the ride starts on tarmac, this was done to quickly achieve high speeds as tarmac provides the most grip and therefore the excitement factor is raised. Following the eight seconds on tarmac there is a transition to sand, sand and tarmac are completely different surfaces, this can be seen by looking at the rolling resistance numbers of these two surfaces, tarmac (0.006) and sand (0.25) (Wong, 2001), the difference between the two surfaces can be felt immediately as the sand surface has much more resistance than tarmac therefore meaning the buggy will slow down, wheel slip will occur due to the loose surface creating even more excitement (Unsealed4x4.com.au, 2017).
Furthermore, another factor which was looked at is the increase in heights. The increase in height was not consistent therefore the passenger did not know what to expect. There was no correlation between height and track surfaces. At 21 seconds on loose gravel the height was zero and the surface was flat, this added to the feeling if security in the passenger. However, at 101 seconds once again on loose gravel the height started to increase rapidly to a maximum of 10 meters, this added to the factor of adrenaline as the passenger associated loose tarmac with a flat surface like previously but this time it was different. Factors like these definably please the passengers. 
To make the drive cycle more enjoyable but safe the figures for velocity did not exceed 10m/s. This was a safety factor which had to be controlled, even at max speeds of roughly 25mph (11.2m/s) the ride was still enjoyable. This drive cycle did not focus on travelling at high speeds but enjoying the different terrain and different heights. Even though the buggy has been limited to 45mph (20m/s) this speed was never reached for safety reasons (Blitzworld.co.uk, 2017).
To complete the calculations accurately and correctly different aspects had to be considered. Firstly, the complete weight of the buggy had to be established, the complete driving weight was 654kg. This weight was split up by considering the average weight of human which was 62kg (Quilty-Harper, 2017), therefore the driver and one passenger weighted at 124kg. The weight of all the gear which was worn by the driver and passenger added up to 30kg and the weight of the buggy was 500kg, hence the complete mass was 654kg, vehicle specifications can be seen in figure 2 of the appendices. 
Below are graphs which have been made from the buggy drive cycle comparing different sets of results. 
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· Figure 1 Graph Analysis 
Figure 1 graph shows the comparison between velocity and time results. The results show no real correlation between the two sets of results. The velocity fluctuates depending on the chosen speed for the drive cycle. At every second of the drive cycle the velocity is different due to the different demand for speed. The velocity has been in being presented in m/s, to get the results from MPH to M/S the MPH results were multiplied by 0.44704 which is conversion figure for M/S from MPH. The highest velocity in the drive cycle is 11.176 which is 25 MPH. The was maximum speed was established at the beginning of the drive cycle creation to make the drive enjoyable but also safe. 
· Figure 2 Graph Analysis 
Figure 2 graph shows the comparison between acceleration resistance and time. Acceleration resistance is the proportional inertia forces in the overall road resistance (Group, 2017). To calculate the acceleration resistance the following was done; the total mass multiplied by the acceleration in m/s² at the desired second, these steps can be seen in figure 15 of the appendices. The correlation between the acceleration and its resistance was as the acceleration in m/s² increased the acceleration resistance also increased, therefore the higher the acceleration and higher the resistance. When acceleration was negative meant the buggy was slowing down, and the resistance figure were also negative (Sadler and Thorning, 1998), this quote proves the results are accurate. The graph shows how the acceleration resistance changes against time. There is no real correlation between the results as the acceleration resistance is dependent on acceleration (m/s²) and not on time. 
· Figure 3 Graph Analysis 
Figure 3 graph shows the comparison between aerodynamic resistance and time. The calculations for aerodynamic resistance which is the force of the air restriction pushing in the opposite direction to the one the car is moving in (Hub, 2017) were done by using multiple figures. The calculation looked like this, 0.5, multiplied by the density of air, multiplied by the frontal area, multiplied by the drag coefficient multiplied by the velocity in m/s squared, this can be seen in figure 13 of the appendices. The correlation with aerodynamic resistance and the velocity of the vehicle is as the buggy was accelerating the aero resistance was also increasing. For example, at 4mph the aero resistance was 38.49N, on the other hand, at 25mph the aero resistance was 160.07N. This correlation between aero resistance and speed is something that was expected (Physics.info, 2017). There was no correlation between aero resistance and time, as aero resistance is mostly dependant on velocity (m/s²) which fluctuates as it conveys the speed of the buggy.  






· Figure 4 Graph Analysis 
Figure 4 graph shows the comparison between gradient resistance and time results. The calculations for gradient resistance which is the gravitational force acting on the vehicle when it is going uphill (Vehicle Dynamics Slides UWTSD, 2017). Gradient resistance was calculated in the following way; total mass, multiplied by gravity, multiplied by SIN of the height, subtracted away from the previous height value, the sum of that was then divided by the length at the specified second, these steps can be seen in figure 14 of the appendices. The pattern between the gradient resistance showed that as the buggy drove up a hill the gradient figures stayed positive, as soon as the vehicle started driving down a slope the figures changed into negatives. This is something which was expected according to the AC group (Group, 2017), this proves the result are correct. However, the graph doesn’t show correlation between gradient and time values as gradient resistance is mostly dependant on height (m) and length (m) of the buggy course. 
· Figure 5 Graph Analysis 
Figure 5 graph shows the comparison between rolling resistance and time results. Rolling resistance (N) is an indication of the force between the wheel and the surface on which it is driving on (School-for-champions.com, 2017). The calculation for rolling resistance consisted of the total mass, multiplied by the gravity, multiplied by the rolling resistance of the surface on which the buggy was driven, the formula and its traces can be seen in figure 12 of the appendices. Every time the surface changed the figure for the rolling resistance also changed, for example on tarmac it was 0.006 and for grass it was 0.08, the rolling resistances were obtained from a table in “Theory of Ground Vehicles” by Wong, 2001. Observing the graph there is no correlation between time and rolling resistance as resistance in this case is mostly dependant on rolling resistance of the circuit surface. However, it does show the higher the rolling resistance of each surface the higher the rolling resistance. 
· Figure 6 Graph Analysis 
Figure 6 graph shows the comparison between total resistance values and time. To calculate the total resistance all the above resistances were added. The lowest and highest total resistance values were -10543.9N and 3571.023274N respectively. There is no correlation between total resistance and time results. When the total rolling resistance turned negative, this meant the gradient resistance results were also negative conveying that as the buggy was going downhill the total resistance values turned negative.  
· Figure 7 Graph Analysis 
Figure 7 graph shows the comparison between all the resistance forces against time. There is no correlation between any of the resistant forces and time as all the factors are dependent on other values. As the time progressed the results for all forces were fluctuating and no real trendline could have been established.  




· Figure 8 Graph Analysis 
Figure 8 graph shows the comparison of power in Kw against time. To calculate the power (W) required for the drive cycle at the desired second the velocity (m/s²) was multiplied by total resistance (N). The power in W had to be then converted into kw, this was done by dividing the power in W by 1000. The total power for this drive cycle was 1254467 W/1254.467 kw. 
· Figure 9 Graph Analysis 
Figure 9 graph shows the comparison of power (kw), average power (kw) and time (s). To calculate the average power for the drive cycle which was 10453.9W/ 10.4539kw, the total power of the drive cycle was divided by 120 as that is how many seconds the drive cycle goes on for. The peak of the power was at seconds 23 when the power was 33kw, this was due to a rather significantly high total resistance. The lowest power was at second 119 where the power dropped to -10.54kw, this was caused by a negative total resistance. The graph shows no correlation between time and any of the power readings as power fluctuated throughout the cycle. 
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· Figure 10 (M. Dabrosz)
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· Figure 11 (M. Dabrosz)
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· Figure 12 (M. Dabrosz)
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· Figure 13 (M. Dabrosz)
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· Figure 14 (M. Dabrosz) 
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· Figure 15 (M. Dabrosz) 
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Rolling Resistance 	(N)	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	Time (s)




Total Resistance (N) vs Time (s)

Total Resistance 	(N)	38.494440000000004	1212.0490167434648	632.44311767279635	1233.5631846466556	660.10419069118507	673.4224851074456	688.78974789543918	706.20597905516581	2855.4382190153747	3084.9180307376123	3519.4684567136655	2537.5046186175514	1044.8187846466558	2806.2629780937964	-42.99189173026798	968.7870625029509	166.64916899093328	151.70977929841922	740.98064052586017	182.86252762251172	2961.8901340416005	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	1304.1293646722509	2271.6855622913749	637.22178648981514	747.06419664738701	1180.0340990153757	1844.0643367136656	2437.3011943736674	-282.59606052271965	-607.11004322449651	-397.28398070158096	-912.13586535346894	-704.87782931174365	1245.5132427647391	965.69901404159975	673.33485404160012	673.33485404160012	673.33485404160012	673.33485404160012	673.33485404160012	1304.1293646722509	2514.1375083136354	806.77459532811372	763.98666789543904	1348.7149878954394	1155.5990427822185	914.36819418636514	1632.9810131281652	1088.0007711910637	1454.6536149291887	1443.2236540416002	1825.735285357119	1516.9529966473872	1063.4041953281135	2021.3920190153747	2420.4538213730516	2712.8179813730517	1548.4824677119414	1619.3386493414473	2851.3116660425489	2986.2949543736668	3571.0232743736674	1391.4985506911851	1404.8168451074457	1420.1841078954394	1437.6003390551659	1457.0655385866235	1063.4041953281135	852.87201905516554	852.87201905516554	852.87201905516554	1575.0268405258603	1661.4038531281656	1739.0710748907513	1483.076454929188	1190.7122949291884	1190.7122949291884	1190.7122949291884	1190.7122949291884	622.00082384560687	62.426429705769806	62.426429705769806	1764.0106540416002	1443.2236540416002	833.90771358080997	811.36906149175388	1396.0973814917531	1396.0973814917531	1093.2322585866234	1385.5964185866242	1385.5964185866242	1385.5964185866242	1385.5964185866242	2218.2373953281135	3176.2252190153749	3255.5271367136656	1968.0064568528489	2567.0775554549759	547.89210370380226	1188.6776222096996	1337.6957276225116	1112.4637424893692	1767.4939148907515	490.93425404159962	198.57009404160002	198.57009404160002	829.36460467225061	1165.8100453571192	1215.5830676119385	151.443821491753	-333.55749029423077	-943.43973615439336	198.57009404160002	0	0	Time (s)


Total Resistance (N)



Time Vs All Forces 

Rolling Resistance 	(N)	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	513.25920000000008	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	769.88880000000006	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1603.9350000000002	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1283.1480000000001	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	1924.7220000000002	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	38.494440000000004	Gradient Resistance	(N)	0	0	0	0	0	0	0	0	1770.6645511199358	2015.5116256301658	2164.6131598608167	1189.0523479263661	0	1770.6645511199358	-1423.2211163769239	-1020.7581026044952	-953.23102646404243	-1578.2547197567469	-716.08489806076318	-1295.7171788673038	0	0	0	0	0	0	0	0	1240.1104510914408	1926.8279358015593	0	716.08489806076318	1770.6645511199358	2164.6131598608167	2775.5223697270112	-2015.5116256301658	-1770.6645511199358	-1578.2547197567469	-2112.5718039400922	-1926.8279358015593	0	0	0	0	0	0	0	1240.1104510914408	2775.5223697270112	795.26049627294731	0	0	-795.26049627294731	-753.60366358806277	-651.22205336164996	-622.99942238974631	-573.29835911241173	0	1295.7171788673038	716.08489806076318	795.26049627294731	1770.6645511199358	1885.3019459180755	1885.3019459180755	1020.7581026044952	1098.5295524885987	2336.9055953513639	2775.5223697270112	2775.5223697270112	0	0	0	0	0	795.26049627294731	0	0	0	-716.08489806076318	-651.22205336164996	-597.11796787398794	-573.29835911241173	-573.29835911241173	-573.29835911241173	-573.29835911241173	-573.29835911241173	-1142.0098301959933	-1701.5842243358304	-1701.5842243358304	0	0	0	0	0	0	0	0	0	0	0	795.26049627294731	1770.6645511199358	2164.6131598608167	0	0	-2336.9055953513639	-1423.2211163769239	-1295.7171788673038	-1240.1104510914408	-597.11796787398794	0	0	0	1240.1104510914408	1295.7171788673038	1356.5034061201852	0	-1701.5842243358304	-1142.0098301959933	0	Acceleration Resistance 	(N)	0	1169.4566399999999	584.72832000000017	1169.4566399999997	584.72832000000039	584.72831999999983	584.72831999999983	584.72832000000039	-584.72832000000039	-584.72831999999983	-292.3641600000002	-292.36415999999963	-584.72832000000039	-584.72831999999983	584.72831999999983	1169.4566400000003	292.36415999999963	877.09248000000059	584.72831999999926	584.72832000000039	877.09248000000002	0	0	0	0	0	0	0	-584.72832000000039	-292.36415999999963	0	-584.72832000000039	-1169.4566399999997	-877.09248000000002	-877.09248000000002	1169.4566400000003	584.72831999999983	584.72832000000039	584.72831999999926	584.72832000000039	584.72832000000039	292.36415999999963	0	0	0	0	0	-584.72832000000039	-877.09248000000002	-584.72831999999926	-584.72832000000039	0	584.72832000000039	292.36415999999963	877.09248000000002	292.36415999999963	584.72832000000039	0	-877.09248000000002	-584.72832000000039	-584.72831999999926	-584.72832000000039	-292.3641600000002	0	-292.36415999999963	-292.3641600000002	-292.36415999999963	-584.72832000000039	0	584.72832000000039	584.72831999999983	584.72831999999983	584.72832000000039	584.72831999999926	-584.72831999999926	0	0	0	584.72831999999926	584.72832000000039	584.72832000000039	292.36415999999963	0	0	0	0	0	0	0	0	0	-584.72832000000039	-584.72831999999926	0	0	-292.36416000000077	0	0	0	0	-584.72831999999926	-584.72832000000039	-877.09248000000002	0	584.72831999999983	877.09248000000059	584.72831999999926	584.72832000000039	292.36415999999963	292.36416000000077	292.36415999999963	0	0	-584.72832000000039	-292.36415999999963	-292.36415999999963	0	1169.4566399999997	0	0	Total Resistance 	(N)	38.494440000000004	1212.0490167434648	632.44311767279635	1233.5631846466556	660.10419069118507	673.4224851074456	688.78974789543918	706.20597905516581	2855.4382190153747	3084.9180307376123	3519.4684567136655	2537.5046186175514	1044.8187846466558	2806.2629780937964	-42.99189173026798	968.7870625029509	166.64916899093328	151.70977929841922	740.98064052586017	182.86252762251172	2961.8901340416005	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	2084.7976540416003	1304.1293646722509	2271.6855622913749	637.22178648981514	747.06419664738701	1180.0340990153757	1844.0643367136656	2437.3011943736674	-282.59606052271965	-607.11004322449651	-397.28398070158096	-912.13586535346894	-704.87782931174365	1245.5132427647391	965.69901404159975	673.33485404160012	673.33485404160012	673.33485404160012	673.33485404160012	673.33485404160012	1304.1293646722509	2514.1375083136354	806.77459532811372	763.98666789543904	1348.7149878954394	1155.5990427822185	914.36819418636514	1632.9810131281652	1088.0007711910637	1454.6536149291887	1443.2236540416002	1825.735285357119	1516.9529966473872	1063.4041953281135	2021.3920190153747	2420.4538213730516	2712.8179813730517	1548.4824677119414	1619.3386493414473	2851.3116660425489	2986.2949543736668	3571.0232743736674	1391.4985506911851	1404.8168451074457	1420.1841078954394	1437.6003390551659	1457.0655385866235	1063.4041953281135	852.87201905516554	852.87201905516554	852.87201905516554	1575.0268405258603	1661.4038531281656	1739.0710748907513	1483.076454929188	1190.7122949291884	1190.7122949291884	1190.7122949291884	1190.7122949291884	622.00082384560687	62.426429705769806	62.426429705769806	1764.0106540416002	1443.2236540416002	833.90771358080997	811.36906149175388	1396.0973814917531	1396.0973814917531	1093.2322585866234	1385.5964185866242	1385.5964185866242	1385.5964185866242	1385.5964185866242	2218.2373953281135	3176.2252190153749	3255.5271367136656	1968.0064568528489	2567.0775554549759	547.89210370380226	1188.6776222096996	1337.6957276225116	1112.4637424893692	1767.4939148907515	490.93425404159962	198.57009404160002	198.57009404160002	829.36460467225061	1165.8100453571192	1215.5830676119385	151.443821491753	-333.55749029423077	-943.43973615439336	198.57009404160002	0	0	Time (s)


Resistance (N)




Power (kw) vs Time (s)

0	0	2.1673375697799937	1.6963642279466815	5.5145208606444083	3.5411157288790487	4.2146550283940547	4.926665102386834	5.6826417757827841	20.423921622858128	19.307144590453191	20.453461325560603	13.612392776481483	4.6707578948844093	10.036094413816405	-0.19219095279098997	6.063211957898468	1.117482667585602	1.220766115276176	6.6249597108136102	1.7984310156640881	33.10208413804893	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	13.408953797210909	22.341754902868196	6.2669998035129533	6.6793515693849574	8.4403590979813359	10.716816774098202	10.895711259328042	-1.7686444005450723	-4.3424395795692625	-3.1968329531910258	-8.1552243449522948	-6.9323888659414816	13.363061761093174	10.792652180928918	7.5251903287689226	7.5251903287689226	7.5251903287689226	7.5251903287689226	7.5251903287689226	13.408953797210909	22.478400634330548	6.4918892717186401	5.4645216002556323	9.6468727710204369	9.298781929536533	7.7664239930523813	16.06017230639393	11.18673688932482	16.257208800448613	16.129467557568923	17.955887443253022	13.562773352424959	8.5569158066306379	14.45828941089013	16.230595144599135	18.191072255895136	9.6912704331232469	9.4108189474208093	15.295804406251936	13.349932964032039	15.963902445760041	7.464666145211849	8.7921305141156552	10.158065657497236	11.567967400281985	13.027331567395281	8.5569158066306379	6.8628223331715814	6.8628223331715814	6.8628223331715814	14.081999975773611	16.339707527053132	18.658423999659878	16.574862460288603	13.30740060812861	13.30740060812861	13.30740060812861	13.30740060812861	6.9514812072985022	0.69767777839168332	0.69767777839168332	19.714583069568924	16.129467557568923	8.5741723984208011	7.6170029302347473	13.10633884186354	13.10633884186354	9.7743709775712819	12.388340459299288	12.388340459299288	12.388340459299288	12.388340459299288	17.849535213734637	22.71839555053813	18.919561065554202	11.437108884129469	17.213795255858884	4.40873434871546	10.627728884652482	13.156076957680087	11.438263203176295	18.963371513106278	5.486681223168917	2.2192193710089216	2.2192193710089216	8.5274605160717076	11.465601898881825	11.411699345450062	1.4217303651531386	-3.727838511528323	-10.543882491261501	2.2192193710089216	Time (s)


Power (KW)



Time (s) vs Power (kW) vs Average Power (kW)

0	0	2.1673375697799937	1.6963642279466815	5.5145208606444083	3.5411157288790487	4.2146550283940547	4.926665102386834	5.6826417757827841	20.423921622858128	19.307144590453191	20.453461325560603	13.612392776481483	4.6707578948844093	10.036094413816405	-0.19219095279098997	6.063211957898468	1.117482667585602	1.220766115276176	6.6249597108136102	1.7984310156640881	33.10208413804893	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	23.299698581568926	13.408953797210909	22.341754902868196	6.2669998035129533	6.6793515693849574	8.4403590979813359	10.716816774098202	10.895711259328042	-1.7686444005450723	-4.3424395795692625	-3.1968329531910258	-8.1552243449522948	-6.9323888659414816	13.363061761093174	10.792652180928918	7.5251903287689226	7.5251903287689226	7.5251903287689226	7.5251903287689226	7.5251903287689226	13.408953797210909	22.478400634330548	6.4918892717186401	5.4645216002556323	9.6468727710204369	9.298781929536533	7.7664239930523813	16.06017230639393	11.18673688932482	16.257208800448613	16.129467557568923	17.955887443253022	13.562773352424959	8.5569158066306379	14.45828941089013	16.230595144599135	18.191072255895136	9.6912704331232469	9.4108189474208093	15.295804406251936	13.349932964032039	15.963902445760041	7.464666145211849	8.7921305141156552	10.158065657497236	11.567967400281985	13.027331567395281	8.5569158066306379	6.8628223331715814	6.8628223331715814	6.8628223331715814	14.081999975773611	16.339707527053132	18.658423999659878	16.574862460288603	13.30740060812861	13.30740060812861	13.30740060812861	13.30740060812861	6.9514812072985022	0.69767777839168332	0.69767777839168332	19.714583069568924	16.129467557568923	8.5741723984208011	7.6170029302347473	13.10633884186354	13.10633884186354	9.7743709775712819	12.388340459299288	12.388340459299288	12.388340459299288	12.388340459299288	17.849535213734637	22.71839555053813	18.919561065554202	11.437108884129469	17.213795255858884	4.40873434871546	10.627728884652482	13.156076957680087	11.438263203176295	18.963371513106278	5.486681223168917	2.2192193710089216	2.2192193710089216	8.5274605160717076	11.465601898881825	11.411699345450062	1.4217303651531386	-3.727838511528323	-10.543882491261501	2.2192193710089216	0	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	10.453899999999999	Time (s)
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0Us) 3nd s3nd (0.25) (Wong, 20013, tn difference betuieen tne two surtaces can be feit
immedately as the sand surface has much more resitance than tarmac therefore meaning the
bugay wil slow down, wheel slip will occur due t0 the loose surface creating even more excitement
(Unsealedxd.com.au, 2017).

Furthermore, another factor which was looked at s the ncrease in heights. The ncrease n height
ias not consistent therefore the passenger dd not know what t0 expect. There was i correlation
between height and track surfaces. At 21 seconds on loose gravel the height was zero and the.
surface was flat this acded to the feeling fsecurity n the passenger. However, at 101 seconds once
again on loose gravelthe hefght started to increase rapicy to 3 maximum of 10 meters, this added
tothe factor of adrenaiine 2 the passenger associated 0ose tarmac with  flat surface ike:
previously but this time it was cifferent. Factors lie these definably please the passengers.

o make the crive cycle more enjoyable but safe the igures fo velociy i not exceed 10m)s. This
wias  safety factor which had to be controlled, even at max speeds of roughly 25mph (11.2m/s) the
tide was sl enjoyable. This drive cycle did not focus on travelling at high speeds but enjoying the
ifferent terrai and iferent helghs. Even though the bugey has been limited to 45mph (20m/s)
this speed was never reached forsafety reasons (Bitzword.co.u, 2017).

To complete the calculations accurately and correcty different aspects had t0 be considered. Firsty,
the complete Weight of the bugey had to be established, the complete driving weight was G54ke.
s weight was spit up by consicering the average weight of human which was 62kg (Quitty-Harper,
2017),therefore the ariver and one passenger weighted at 124kg. The weight of althe gear hich
wias worn by the driver and passenger added up to 30kg and the wielgh of the bugay was 500Kz,
hence the complete mass was 654ke, vehice specications can be seen n figure 2of the
appencices. The total mass figure was used to calculate the olling resistance (N) this is a indication
of the force between the wheel and the surface on which i i drving on (School-for-champions.com,
2017). The caluiation for roling resistance consisted of the total mass, times gravity, times the
olling resstance of the surface on which it was being driven. Every ime the surface changed the
figure for the rolling resistance slso changed, for example on tarmac i was 0.006 and fo grass it was
.08, the rollng esistances were obtained from a able in “Theory of Ground Venicles” by Wone,
2001
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