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[bookmark: _Toc495667842][bookmark: _Toc500103885]Abstract

A design for an off-road course for corporate use has been designed and a duty cycle has been made with Microsoft Excel. The Excel spreadsheet allows an insight of data gathered against time- from resistances, velocity, distance, gradient etc. Data gathered thus far shows how buggy speed/velocity is effected by gradient resistance, aerodynamic resistance and rolling resistances etc. 
The graphs plotted from the data calculated and sets gives a knowledge on how the buggy is effected during the duty cycle of a 2-minute course through 4 different terrains (gravel, grass, sand and tarmac). As the different terrains have different amounts of rolling resistances this can be seen with the graphs created and how different aspects of the buggy is affected. 
Overall the spreadsheet is reliable with only brief data anomalies which can be disregarded through analysis of the data sets and graphs at that point in the duty cycle.
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1. [bookmark: _Toc500103889]Introduction

An in-depth look at a specific motorised buggy for use as a recreational and corporate entertainment sector. There will be a consideration into the duty cycle of such a course i.e. running times and the performance of the buggy for when it is in use.
A spreadsheet will be compiled of data calculated e.g. resistance forces, power requirements and vehicle speed. The data will be calculated from a set course designed for the buggies during recreational and corporate use. 
The data will be analysed for the duty cycle to be referenced back to the engineering director of the company that manufactures the off-road buggies. See conclusion for problem identification on page 11. 

1.1 [bookmark: _Toc500103890][image: /images/ace-150-3q]Background- Chosen Vehicle
[image: ]The chosen buggy is a POLARIS ACE 150cc from the website Blitz World (http://www.blitzworld.co.uk/age-10-adult-polaris-ace-150cc-i3012.html). The buggy is for ages 10 and up and features an electronic speed control so that it can be set to have 4 different maximum speed settings. The power unit is an EFI fuel injected 149cc engine and for the duty cycle will be ran at speed mode 4 for a maximum accelerated speed of 29MPH.[bookmark: _Toc499904048][bookmark: _Toc500103862][bookmark: _Hlk500100774]Figure 1: Chosen buggy for off-road course (Blitzworld.co.uk, 2017).


[bookmark: _Toc499904049][bookmark: _Toc500103863]Figure 2: 4 speed controls and their maximum speeds Blitzworld.co.uk, 2017).

1.2 [bookmark: _Toc500103891]Terrain and course length
There will be 4 types of terrain throughout the course, starting with gravel, grass, sand and a final stretch of tarmac. The total course length is 1084.51m and takes around 2 minutes to complete.
1.3 [bookmark: _Toc500103892]Research for equations and calculations

Firstly, the Physics Hypertext Book (online-Physics.info, 2017) was used to achieve the correct calculations from the equations used and the coefficient values were gathered from the Engineers Toolbox (online-Engineeringtoolbox.com, 2017).
2. [bookmark: _Toc500103893]Methodology-Duty Cycle Analysis

2.1 [bookmark: _Toc500103894]Duty Cycle Analysis- Spreadsheet data and graphs.
[image: ]In figure 3 the data is shown for all terrains for 1084.51m (Excel, 2017).






[image: ]



[bookmark: _Toc500103864]Figure 3: The whole drive cycle through all data sets in each terrain (Time against- gradient, velocity, acceleration, power, acceleration resistance, gradient resistance, rolling resistance, aero resistance, and total resistance).





2.2 [bookmark: _Toc500103895]Duty Cycle Analysis- Calculation

[image: ]Figure 8 shows wheel radius, max velocity in highest speed, coefficient of drag and total weight from the buggy and 1 average person.[bookmark: _Toc500103865]Figure 4: Data to be used for spreadsheet calculation (Excel, 2017).



[bookmark: _Hlk500100857][image: ]In figure 9 the rolling resistance coefficients for the different terrains were found on The Engineering Toolbox website and the actual rolling resistances were calculated using- total weight x gravity x the specific coefficient (Engineeringtoolbox.com, 2017).[bookmark: _Toc500103866]Figure 5: Data for each terrain type (Engineeringtoolbox.com, 2017), (Excel, 2017).


[image: ][image: ]The total mass of the buggy with 1 person in is 327Kg with 9.81N and assuming the air density is 1.20Kg/m³ as shown in figure 10 (Polaris Ace, 2017).[bookmark: _Toc500103867]Figure 6: Additional data used for calculations (Physics.info, 2017), (Excel, 2017).
[bookmark: _Toc500103868]Figure 7: Dimensions of the buggy to calculate area (Polaris Ace, 2017), (Excel, 2017).


The dimension of the buggy was found on the Polaris Ace website and the area calculated from the length X height X width (Polaris Ace, 2017).
[image: ]In figure 12 the maximum and average power and resistance readings calculated from the spreadsheet are shown. Section 1 (gravel) has the highest maximum power achieved but section 3 (sand) has the highest average power. [bookmark: _Toc500103869]Figure 8: Average and maximum power and resistance readings from each terrain section (Excel, 2017).


The maximum resistance occurs in section 1 (gravel) at the end of the section (30 second mark) which can be seen in figure 7 showing the data results. The highest average resistance is also in section 1 (gravel) with a reading of 0.55KN.
This is unusual as the rolling resistance reading for gravel was the second lowest with sand having the highest reading. The reason for the high resistance readings is because section 1 has the longest stretch of uphill gradient compared to the others, adding the gradient resistance to this section made it have a high total resistance. 
[image: ]The maximum power outputted is 7.43Kw or 9.97HP but during the track the buggy is averaging 3.96HP. The maximum total resistance across the course is 1.1KN with an average of 0.37KN. As there is a significant difference between the maximum and average this could be due to anomalies in the data plot allowing a spike in resistance or power. See problem identification in the conclusion, on page 11 for more detail.[bookmark: _Toc500103870]Figure 9: Maximum and average power and resistance across the whole off-road course (Excel, 2017).

[image: ]These equations in figure 10 allowed for the spreadsheet to be put together correctly to achieve the correct most reliable data sets. [bookmark: _Toc500103871]Figure 10: Equations used to complete the duty cycle spreadsheet (Excel,2017).


[image: ]Seen in figure 11 are the distances for each terrain section including the total duty cycle length of 1084.51m.

[bookmark: _Toc500103872]Figure 11: Distances for each terrain section including the total distance for this duty cycle (Excel,2017).








3. [bookmark: _Toc500103896]Conclusion

3.1 [bookmark: _Toc500103897]Summary of findings.

[image: ]Throughout the spreadsheet and graphs produced, there can be seen a direct relation between the speed of the buggy and each resistance applied e.g. gradient resistance. As in section 1 when the buggy meets the first uphill gradient a direct relation to the velocity of the buggy and gradient resistance can be seen i.e. as an uphill gradient appears so does the increase in the gradient resistance slowing down the buggy but as the buggy slows the aero-resistance decreases as with the velocity- see figure 12 for example (SAE, 2017).[bookmark: _Toc500103873]Figure 12: Time against gradient and velocity for section 1-Gravel (Excel,2017).

At some points, e.g. just before a decline the buggy slows down to go down the gradient gradually and the same can be said at the bottom of a descent where it flattens out. This is to make the duty cycle more realistic to life as no one would drive straight off before a descent. 
In figure 8 on page 8 highlighted in blue and red for lowest and highest power and resistance values the highest power is produced in section 1 which also has the highest resistance value of all sectors. On the other hand, sector 2 has the complete opposite with the lowest power output and the lowest resistance values. This could be down to that as the resistance is low the buggy doesn’t need a higher power output to maintain its velocity (Www3.epa.gov, 2017).
The higher the total the resistance the greater the impact it has on the buggies speed and power requirement produced. In figure 8 for time against acceleration and time against acceleration resistance can appear to have the same duty cycle style within the graph and this is because it has a direct correlation. The more the buggy accelerates the more acceleration resistance is produced to try and reduce the buggies velocity (Scienceprimer.com- 2017). 


3.2 [bookmark: _Toc500103898]Problem Identification. 

[image: ]Within the data gathered from the spreadsheet it is highly likely for problems/invalid data points to occur because of the amount of data recorded over a specific time. These points can be found in the graphs where a sudden change in number from the previous point and next point can be seen. As seen in Figure 13 there is an acceleration anomaly around the 100 second mark in section 4. 
At this point the buggies velocity is starting to increase due to the downhill gradient change as seen in Figure 13 and instead of a smooth increase in acceleration there is an anomaly where the acceleration reduces significantly but only for a second.
Anomalies like this can be put aside through analysis of the graphs to find out why this might be happening or if it is just an anomaly in the data set. Considering duty cycles can help in designing suitable maintenance sequences for numerous classes of vehicles, project overall vehicle life, etc (Vehicle Service Pros, 2017).[bookmark: _Toc500103874]Figure 13: Problem Identification- Data blip in graph (Excel,2017).
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image2.emf
Mode Speed MPH (km/h) Speed m/s

1 10MPH (16km/h) 4.44

2 15MPH (24km/h) 6.67

3 22MPH (35km/h) 9.72

4 29MPH (47 km/h) 13.06
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image5.emf
Max Velocity for 29MPH (m/s) 13.06

Weight (Kg) 252.00

Wheel Radius (m) 0.25

Av. Person Weight (Kg) 75.00

Total Mass 327.00

cd 0.70


image6.emf
Rolling Resistance Coefficient Rolling Resistance (N)Aero Resistance Coefficient 

Gravel 0.02 64.16 0.70

Grass 0.04 128.31 0.70

Sand 0.08 256.63 0.70

Tarmac 0.02 48.12 0.70


image7.emf
Area of the Buggy

Length (m)2.16

Height (m)1.22

Width (m)1.47

Area (m²)3.88


image8.emf
Gravity 9.81

Total Mass 327.00

Air Density 1.20


image9.emf
Section 1  max power (W) (Kw) Section 1 max resistance (N) (KN)

7431.175597 7.24 1107.75 1.11

Section 1 average power (W) Section 1 average resistance (N)

3086.527429 3.1 548.40 0.55

Section 2 max power (W) Section 2 max resistance (N)

6304.719834 6.39 612.94 0.61

Section 2 average power (W) Section 2 average resistance (N)

2731.443806 2.74 270.63 0.27

Section 3 max power (W) Section 3 max resistance (N)

5651.148665 5.63 789.76 0.79

Section 3 average power (W) Section 3 average resistance (N)

3181.850806 3.18 391.46 0.39

Section 4 max power (W) Section 4 max resistance (N)

5595.92 5.61 747.59 0.75

Section 4 average power (W) Section 4 average resistance (N) 

2798.06 2.80 278.99 0.28


image10.emf
Kilowatts (Kw)Horsepower (HP)

Average power 2.95 3.96054161

Maximum power 7.43 9.974732345

Newtons (N) Kilo-Newtons

Average Total Resistance  373.82 0.373824771

Maximum Total Resistance 1107.75 1.107752884


image11.emf
Acceleration= (Current velocity -previous velocity)/1 

Acceleration Resistance= Total Mass*Acceleration

Gradient Resistance= (Total Mass*Gravity)*SIN((TAN(Gradient height/distance)))

Rolling Resistance= Total Mass*Gravity*Coefficient of rolling resistance for terrain

Aerodynamic Resistance= 0.5*area of the vehicle*coefficient of drag*air density*((current velocity)^2)

Total Resistance= Acceleration Resistance+Gradient Resistance+Rolling Resistance+Aerodynamic Resistance

Power= Total Current Resistance*Current Velocity


image12.emf
Section Meters (m)

Section 1 Total Distance 167.26

Section 2 Total Distance 321.11

Section 3 Total Distance 263.86

Section 4 Total Distance 332.29

Total 1084.51
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image15.emf
91.00 6.26 758.49 0.00 0.00 14.00 22.54 6.26 10.00 0.00 0.00 48.12 63.83 111.95 700.91 0.70

92.00 6.26 764.75 0.00 0.00 14.00 22.54 6.26 10.00 0.00 0.00 48.12 63.83 111.95 700.91 0.70

93.00 6.26 771.01 0.00 0.00 14.00 22.54 6.26 11.00 1.00 514.52 48.12 63.83 626.46 3922.36 3.92

94.00 6.26 777.27 0.00 0.00 14.00 22.54 6.26 12.00 1.00 514.52 48.12 63.83 626.46 3922.36 3.92

95.00 6.26 783.53 0.00 0.00 14.00 22.54 6.26 13.00 1.00 514.52 48.12 63.83 626.46 3922.36 3.92

96.00 6.71 790.24 0.45 146.24 15.00 24.15 6.71 14.00 1.00 479.96 48.12 73.27 747.59 5015.07 5.02

97.00 7.60 797.84 0.89 292.48 17.00 27.37 7.60 14.00 0.00 0.00 48.12 94.11 434.72 3305.04 3.31

98.00 8.50 806.34 0.89 292.48 19.00 30.59 8.50 14.00 0.00 0.00 48.12 117.56 458.16 3893.11 3.89

99.00 8.94 815.29 0.45 146.24 20.00 32.20 8.94 13.00 -1.00 -359.39 48.12 130.26 -34.77 -310.99 -0.31

100.00 10.73 826.02 1.79 584.97 24.00 38.64 10.73 12.00 -1.00 -299.30 48.12 187.58 521.36 5595.92 5.60

101.00 12.08 838.09 1.34 438.73 27.00 43.47 12.08 11.00 -1.00 -265.97 48.12 237.40 458.28 5533.71 5.53

102.00 12.97 851.06 0.89 292.48 29.00 46.69 12.97 10.00 -1.00 -247.59 48.12 273.87 366.89 4758.36 4.76

103.00 12.97 864.03 0.00 0.00 29.00 46.69 12.97 9.00 -1.00 -247.59 48.12 273.87 74.41 965.02 0.97

104.00 12.97 877.00 0.00 0.00 29.00 46.69 12.97 8.00 -1.00 -247.59 48.12 273.87 74.41 965.02 0.97

105.00 12.97 889.97 0.00 0.00 29.00 46.69 12.97 6.00 -2.00 -496.63 48.12 273.87 -174.64 -2265.01 -2.27

106.00 12.97 902.94 0.00 0.00 29.00 46.69 12.97 4.00 -2.00 -496.63 48.12 273.87 -174.64 -2265.01 -2.27

107.00 12.97 915.91 0.00 0.00 29.00 46.69 12.97 2.00 -2.00 -496.63 48.12 273.87 -174.64 -2265.01 -2.27

108.00 12.97 928.88 0.00 0.00 29.00 46.69 12.97 0.00 -2.00 -496.63 48.12 273.87 -174.64 -2265.01 -2.27

109.00 12.97 941.85 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

110.00 12.97 954.82 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

111.00 12.97 967.79 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

112.00 12.97 980.76 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

113.00 12.97 993.73 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

114.00 12.97 1006.70 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

115.00 12.97 1019.67 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

116.00 12.97 1032.64 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

117.00 12.97 1045.61 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

118.00 12.97 1058.58 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

119.00 12.97 1071.54 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

120.00 12.97 1084.51 0.00 0.00 29.00 46.69 12.97 0.00 0.00 0.00 48.12 273.87 321.99 4176.06 4.18

Section 4
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61.00 11.63 499.99 -0.89 -292.48 26.00 41.86 11.63 6.00 -1.00 -276.22 256.63 220.14 -91.93 -1068.96 -1.07

62.00 10.73 510.73 -0.89 -292.48 24.00 38.64 10.73 5.00 -1.00 -299.30 256.63 187.58 -147.58 -1584.01 -1.58

63.00 8.94 519.67 -1.79 -584.97 20.00 32.20 8.94 4.00 -1.00 -359.39 256.63 130.26 -557.47 -4986.21 -4.99

64.00 8.05 527.72 -0.89 -292.48 18.00 28.98 8.05 3.00 -1.00 -399.52 256.63 105.51 -329.86 -2655.35 -2.66

65.00 8.94 536.67 0.89 292.48 20.00 32.20 8.94 2.00 -1.00 -359.39 256.63 130.26 319.98 2862.09 2.86

66.00 9.84 546.51 0.89 292.48 22.00 35.42 9.84 1.00 -1.00 -326.60 256.63 157.62 380.13 3740.05 3.74

67.00 9.84 556.34 0.00 0.00 22.00 35.42 9.84 1.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

68.00 9.84 566.18 0.00 0.00 22.00 35.42 9.84 1.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

69.00 9.84 576.02 0.00 0.00 22.00 35.42 9.84 0.00 -1.00 -326.60 256.63 157.62 87.65 862.34 0.86

70.00 9.84 585.86 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

71.00 9.84 595.70 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

72.00 9.84 605.54 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

73.00 9.84 615.38 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

74.00 9.84 625.22 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

75.00 9.84 635.06 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

76.00 9.84 644.89 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

77.00 9.84 654.73 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

78.00 9.84 664.57 0.00 0.00 22.00 35.42 9.84 0.00 0.00 0.00 256.63 157.62 414.25 4075.72 4.08

79.00 8.94 673.52 -0.89 -292.48 20.00 32.20 8.94 0.00 0.00 0.00 256.63 130.26 94.41 844.43 0.84

80.00 8.05 681.57 -0.89 -292.48 18.00 28.98 8.05 0.00 0.00 0.00 256.63 105.51 69.66 560.75 0.56

81.00 7.60 689.17 -0.45 -146.24 17.00 27.37 7.60 1.00 1.00 423.15 256.63 94.11 627.65 4771.88 4.77

82.00 7.16 696.33 -0.45 -146.24 16.00 25.76 7.16 2.00 1.00 449.76 256.63 83.37 643.52 4604.71 4.60

83.00 7.16 703.48 0.00 0.00 16.00 25.76 7.16 3.00 1.00 449.76 256.63 83.37 789.76 5651.15 5.65

84.00 7.16 710.64 0.00 0.00 16.00 25.76 7.16 4.00 1.00 449.76 256.63 83.37 789.76 5651.15 5.65

85.00 7.16 717.79 0.00 0.00 16.00 25.76 7.16 5.00 1.00 449.76 256.63 83.37 789.76 5651.15 5.65

86.00 7.16 724.95 0.00 0.00 16.00 25.76 7.16 6.00 1.00 449.76 256.63 83.37 789.76 5651.15 5.65

87.00 7.16 732.10 0.00 0.00 16.00 25.76 7.16 7.00 1.00 449.76 256.63 83.37 789.76 5651.15 5.65

88.00 7.16 739.26 0.00 0.00 16.00 25.76 7.16 8.00 1.00 449.76 256.63 83.37 789.76 5651.15 5.65

89.00 6.71 745.97 -0.45 -146.24 15.00 24.15 6.71 9.00 1.00 479.96 256.63 73.27 663.62 4451.76 4.45

90.00 6.26 752.23 -0.45 -146.24 14.00 22.54 6.26 10.00 1.00 514.52 256.63 63.83 688.73 4312.24 4.31

Section 3
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31.00 7.16 174.42 0.45 146.24 16.00 25.76 7.16 20.00 0.00 0.00 128.31 83.37 357.92 2561.11 2.56

32.00 7.60 182.02 0.45 146.24 17.00 27.37 7.60 20.00 0.00 0.00 128.31 94.11 368.67 2802.88 2.80

33.00 8.05 190.07 0.45 146.24 18.00 28.98 8.05 20.00 0.00 0.00 128.31 105.51 380.06 3059.51 3.06

34.00 8.50 198.57 0.45 146.24 19.00 30.59 8.50 20.00 0.00 0.00 128.31 117.56 392.11 3331.87 3.33

35.00 8.94 207.51 0.45 146.24 20.00 32.20 8.94 20.00 0.00 0.00 128.31 130.26 404.81 3620.83 3.62

36.00 9.39 216.90 0.45 146.24 21.00 33.81 9.39 20.00 0.00 0.00 128.31 143.61 418.16 3927.26 3.93

37.00 9.84 226.74 0.45 146.24 22.00 35.42 9.84 20.00 0.00 0.00 128.31 157.62 432.17 4252.05 4.25

38.00 10.29 237.03 0.45 146.24 23.00 37.03 10.29 20.00 0.00 0.00 128.31 172.27 446.82 4596.06 4.60

39.00 10.73 247.76 0.45 146.24 24.00 38.64 10.73 20.00 0.00 0.00 128.31 187.58 462.13 4960.17 4.96

40.00 10.73 258.49 0.00 0.00 24.00 38.64 10.73 19.00 -1.00 -299.30 128.31 187.58 16.58 178.01 0.18

41.00 10.29 268.78 -0.45 -146.24 23.00 37.03 10.29 18.00 -1.00 -312.35 128.31 172.27 -158.02 -1625.37 -1.63

42.00 10.29 279.07 0.00 0.00 23.00 37.03 10.29 17.00 -1.00 -312.35 128.31 172.27 -11.77 -121.11 -0.12

43.00 10.29 289.35 0.00 0.00 23.00 37.03 10.29 17.00 0.00 0.00 128.31 172.27 300.58 3091.80 3.09

44.00 10.29 299.64 0.00 0.00 23.00 37.03 10.29 18.00 1.00 312.35 128.31 172.27 612.94 6304.72 6.30

45.00 10.29 309.93 0.00 0.00 23.00 37.03 10.29 19.00 1.00 312.35 128.31 172.27 612.94 6304.72 6.30

46.00 9.84 319.76 -0.45 -146.24 22.00 35.42 9.84 20.00 1.00 326.60 128.31 157.62 466.28 4587.72 4.59

47.00 10.29 330.05 0.45 146.24 23.00 37.03 10.29 20.00 0.00 0.00 128.31 172.27 446.82 4596.06 4.60

48.00 10.73 340.78 0.45 146.24 24.00 38.64 10.73 20.00 0.00 0.00 128.31 187.58 462.13 4960.17 4.96

49.00 11.18 351.96 0.45 146.24 25.00 40.25 11.18 20.00 0.00 0.00 128.31 203.53 478.08 5345.25 5.35

50.00 11.63 363.59 0.45 146.24 26.00 41.86 11.63 19.00 -1.00 -276.22 128.31 220.14 218.47 2540.36 2.54

51.00 12.08 375.67 0.45 146.24 27.00 43.47 12.08 17.00 -2.00 -533.74 128.31 237.40 -21.79 -263.12 -0.26

52.00 12.52 388.19 0.45 146.24 28.00 45.08 12.52 15.00 -2.00 -514.52 128.31 255.31 15.35 192.16 0.19

53.00 12.52 400.71 0.00 0.00 28.00 45.08 12.52 14.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

54.00 12.52 413.23 0.00 0.00 28.00 45.08 12.52 13.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

55.00 12.52 425.76 0.00 0.00 28.00 45.08 12.52 12.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

56.00 12.52 438.28 0.00 0.00 28.00 45.08 12.52 11.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

57.00 12.52 450.80 0.00 0.00 28.00 45.08 12.52 10.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

58.00 12.52 463.32 0.00 0.00 28.00 45.08 12.52 9.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

59.00 12.52 475.84 0.00 0.00 28.00 45.08 12.52 8.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

60.00 12.52 488.37 0.00 0.00 28.00 45.08 12.52 7.00 -1.00 -256.45 128.31 255.31 127.18 1592.52 1.59

Section 2
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Time (s)

Distance 

(m) Total Distance (m)

Acceleration 

(m/s²)

Acceleration 

Resistance (N) 

Vehicle Speed 

(mph)

Vehicle 

Speed 

(Km/h)

Velocity 

(m/s)

Gradient 

Height (m)

Change in 

Gradient Height 

(m)

Gradient 

Resistance (N)

Rolling 

Resistance 

(N)

Aerodynamic 

Resistance (N)

Total 

Resistance (N) Power (W)

Power 

(Kw)

0 0.00 0 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00

1.00 0.89 0.89 0.89 292.48 2.00 3.22 0.89 0.00 0.00 0.00 64.16 1.30 357.94 320.16 0.32

2.00 1.79 2.68 0.89 292.48 4.00 6.44 1.79 0.00 0.00 0.00 64.16 5.21 361.85 647.31 0.65

3.00 2.68 5.37 0.89 292.48 6.00 9.66 2.68 0.00 0.00 0.00 64.16 11.72 368.36 988.44 0.99

4.00 3.58 8.94 0.89 292.48 8.00 12.88 3.58 0.00 0.00 0.00 64.16 20.84 377.48 1350.55 1.35

5.00 4.47 13.42 0.89 292.48 10.00 16.10 4.47 0.00 0.00 0.00 64.16 32.57 389.21 1740.62 1.74

6.00 5.37 18.78 0.89 292.48 12.00 19.32 5.37 0.00 0.00 0.00 64.16 46.89 403.53 2165.64 2.17

7.00 6.26 25.04 0.89 292.48 14.00 22.54 6.26 0.00 0.00 0.00 64.16 63.83 420.47 2632.60 2.63

8.00 7.16 32.20 0.89 292.48 16.00 25.76 7.16 0.00 0.00 0.00 64.16 83.37 440.01 3148.50 3.15

9.00 8.05 40.25 0.89 292.48 18.00 28.98 8.05 0.00 0.00 0.00 64.16 105.51 462.15 3720.33 3.72

10.00 8.94 49.19 0.89 292.48 20.00 32.20 8.94 0.00 0.00 0.00 64.16 130.26 486.90 4355.07 4.36

11.00 8.50 57.69 -0.45 -146.24 19.00 30.59 8.50 1.00 1.00 378.39 64.16 117.56 413.87 3516.71 3.52

12.00 8.05 65.74 -0.45 -146.24 18.00 28.98 8.05 2.00 1.00 399.52 64.16 105.51 422.94 3404.69 3.40

13.00 7.60 73.34 -0.45 -146.24 17.00 27.37 7.60 3.00 1.00 423.15 64.16 94.11 435.18 3308.55 3.31

14.00 7.16 80.50 -0.45 -146.24 16.00 25.76 7.16 4.00 1.00 449.76 64.16 83.37 451.04 3227.46 3.23

15.00 6.71 87.21 -0.45 -146.24 15.00 24.15 6.71 5.00 1.00 479.96 64.16 73.27 471.14 3160.59 3.16

16.00 6.26 93.47 -0.45 -146.24 14.00 22.54 6.26 6.00 1.00 514.52 64.16 63.83 496.26 3107.15 3.11

17.00 5.81 99.28 -0.45 -146.24 13.00 20.93 5.81 7.00 1.00 554.47 64.16 55.04 527.42 3066.35 3.07

18.00 5.37 104.65 -0.45 -146.24 12.00 19.32 5.37 8.00 1.00 601.18 64.16 46.89 565.99 3037.47 3.04

19.00 4.92 109.57 -0.45 -146.24 11.00 17.71 4.92 9.00 1.00 656.54 64.16 39.40 613.86 3019.85 3.02

20.00 4.47 114.04 -0.45 -146.24 10.00 16.10 4.47 10.00 1.00 723.21 64.16 32.57 673.70 3012.92 3.01

21.00 4.47 118.51 0.00 0.00 10.00 16.10 4.47 11.00 1.00 723.21 64.16 32.57 819.94 3666.94 3.67

22.00 4.47 122.99 0.00 0.00 10.00 16.10 4.47 12.00 1.00 723.21 64.16 32.57 819.94 3666.94 3.67

23.00 4.47 127.46 0.00 0.00 10.00 16.10 4.47 13.00 1.00 723.21 64.16 32.57 819.94 3666.94 3.67

24.00 4.47 131.93 0.00 0.00 10.00 16.10 4.47 14.00 1.00 723.21 64.16 32.57 819.94 3666.94 3.67

25.00 4.47 136.40 0.00 0.00 10.00 16.10 4.47 14.00 0.00 0.00 64.16 32.57 96.72 432.57 0.43

26.00 5.37 141.77 0.89 292.48 12.00 19.32 5.37 15.00 1.00 601.18 64.16 46.89 1004.71 5391.97 5.39

27.00 5.81 147.58 0.45 146.24 13.00 20.93 5.81 16.00 1.00 554.47 64.16 55.04 819.90 4766.82 4.77

28.00 6.26 153.84 0.45 146.24 14.00 22.54 6.26 17.00 1.00 514.52 64.16 63.83 788.74 4938.42 4.94

29.00 6.71 160.55 0.45 146.24 15.00 24.15 6.71 18.00 1.00 479.96 64.16 73.27 763.63 5122.67 5.12

30.00 6.71 167.26 0.00 0.00 15.00 24.15 6.71 20.00 2.00 970.32 64.16 73.27 1107.75 7431.18 7.43

Section 1


