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Abbreviation | Meaning
Cd Coefficient of Drag
A Frontal area of buggy
p Air density
\Y% Velocity
t Time
Vi Initial velocity
' Final velocity
M Mass
Gravity
RRC Rolling resistance coefficient
p Power
KERS Kinetic Energy recovery System

Table 1, Abbreviations
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1. Introduction

This assignment consists of the processes creating and calculating an off-road vehicle’s duty
cycle on a designated track. The off-road vehicle is specified as a Rage Comet “R” and the
track is the 2019 Goodwood Britpart off-road arena. The calculations for the duty cycle is
shown in the attached Excel spreadsheet. The duty-cycle is used to assess the possible needs
of a series hybrid system to be fitted to the buggy.
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2. Buggy and Track

2.1 Buggy

The Rage Comet R has been selected for this assignment ' ) Information about this buggy
can be seen in the appendices (Table 1).

Figure 1, Rage Comet “R” Buggy, sourced from Rage motorsport 2015 [3]

Table 1 shows required values of the buggy for the duty cycle calculations. In Table 1 the
Coefficient of Drag (Cd) is assumed to 0.35 (Ehsani , et al., 2010) and the frontal area of the
buggy is calculated as seen in figure 2 below.

111
|5 5 B

1350mm
1820mm

-

CEEACEIICEI R s
T

Figure 2, Calculating Frontal Area of Rage Buggy, Standing, 2019 (image sourced from rage
motorsport, 2019)

Using Figure 2 to calculate the area of each block and the subsequent area of the buggy by
counting the number of block the frontal area was calculated as 1.66m>.
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2.2 Track

The track used for the duty cycle calculations is shown in figure 3. This track is a recreation

of the Goodwood off-road Britpart Arena [6].

Height up Hill {m)

Figure 3, Track Map of Britpart Arena at Goodwood, Standing 2019.

The track is on a hill as seen in figure 3 and the gradient of this is 7.13°. The track is divided
up in to 25 sectors where the speed or the gradient of the vehicle on it would be effected. As
seen in figure 3 the track contains a small drop and two jumps. Other information conserving

the track can be seen in Table 3 (see Appendices).
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3. Methodology

This section outlines the calculations/ equations used in the Excel attached file.

3.1 Gradient

Equation 1 0 = sin™? (

Elevation change in sector (m))
distance travelled in sector (m)

3.2  Acceleration

Equation2  Acceleration = @ (Ehsani, et al, p.19, 2010)

3.3  Aerodynamic Resistance

Equation3  Aerodynamic resistance = % x Cd * A= p = v?(Ehsani, et al, p.24, 2010)

34 Rolling Drag

Equation4  Rolling Drag = M = G * RRC (Ehsani, et al, p.20, 2010)

3.5 Gradient Resistance

Equation 5  Gradient resistance = M * G * sin(0) (Ehsani , et al, p.24, 2010)

3.0  Vehicle Resistive Power

Equation 6

Total Resistance = Aerodynamic Resistance + Rolling Drag + Gradient Resistance
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Equation 7

Total Resistive P = Total Resistance =V

37 Remaining Power

Equation 8

Remaining P = B, 4, — Total Resistive P
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4. Analysis

From calculations shown in the methodology section the majority of the data in the Excel
spreadsheet was calculated. From these calculations graphs have been calculated as seen the
Excel file attached and in the appendices (Figures 4 -12).

The buggy speed & acceleration on the duty cycle doesn’t exceed the maximum capability of
the buggy (see figures 4-5). The power required during the duty cycle does not exceed the
maximum power output of the buggy as seen in figure 12. As this is calculated from the total
tractive resistance of the vehicle it shows the buggy is capable of travel at the speeds specify
in each section at the stated gradient.

In terms of entertainment the vehicle travels at speeds of 40mph in off road conditions on
slopes and jump while maintaining a level of safety by not traveling excessive speeds such as
the 120mph the buggy is capable of. The average power and max power required from the
buggy during the duty cycle are shown in Excel to be 6742 .87watts and 25743.10watts
respectively.

5. Conclusion

Through the creation of the duty cycle in Excel it became apparent traveling downhill can
create a negative total resistance. This shows that during this time the buggy does not require
a power input and hence could be generated power from a series hybrid system. Values of
“Total Resistive Power” highlighted in red in Excel shows potential power generation
however with a series hybrid using KERS would not recover shown power in sector 21-22 as
the buggy is mid-air. Figure 9 of gradient resistance against time graph shows the main gains
of a hybrid system implementation.
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7. Appendices

Buggy information

Make and Model

Rage Comet R

Weight Kg (1) 575
Drivers weight Kg 75

Weight plus driver Kg 650

Tyres (1) Toyo Proxes T1-R 225/40 R18
Length (1) 2600mm

Width (1) 1820mm

Height (1) 1350mm

Frontal area m? (5) (Fig 2) | 1.6598

Cd (assumption) 0.35

Max Torque (9)

162.5 N/m @7500 rpm

Max Kw output (9)

147 2Kw (200ps) @ 10,000 rpm

Rolling radius

2.00m (tyre size gives diameter of 0.6372m and D= circumference)

Top speed (1) m/s

53.64 (120mph)

Acceleration (1)

0-60mph (0-26.8224m/s) in 3 .5s

Max Acceleration m/s?

7.66

Engine (1) (9)

Kawasaki 1352cc 4 Stroke 16V 200hp (ZZR1400) 6 Speed

Transmission (1)

Quaife Forward & Reverse Gearbox with Automatic Torque Biasing Differential

Gearbox (1) QBMSM
Wheels (1) Lightweight Aluminium, Pro Race 1.2, 18 x 8
Table 2, Rage Comet "R Buggy information, sourced [1]-[5] and [9], 2019
Track information
Track length (m) 719
\Air density Kg/m?3 (Bansal, 2005) 1.2
Rolling resistance coefficient (Wong, 1993) 0.08
Gravity (m/s?) -9.81

Table 3, Track information, Standing 2019.
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Figure 4, Velocity time graph, Standing 2019
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Figure 5, Acceleration time graph, Standing 2019
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Figure 6, Gradient time graph, Standing 2019
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Figure 7, Rolling resistance over time graph, Standing 2019
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Aerodynamic Resistance Time Graph
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Figure 8, Aerodynamic resistance against time graph, Standing 2019
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Figure 9, Grading (Gradient) resistance time graph, Standing 2019
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Figure 10, Total vehicle resistance time graph, Standing 2019
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Figure 11, Height up the hill in relation to the distance travelled, Standing 2019
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Figure 12, Max power output against total power resistance graph against distance, Standing 2019

Word count = 1372 (354 words in appendices and references table)
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Alternative Powertrain Off-road Buggy Duty Cycle

GRADEMARK REPORT

FINAL GRADE

64/100

GENERAL COMMENTS

Instructor

Hello Liam. You have some work to do in oder to
correct the spreadsheet so that it is ready for the next
assignment. You must include accelerations forces.
Remember that the forces and power should be
sensible and realistic. You must have sufficient grip to
apply the tractive forces that are required, or you shoulc
reduce those forces. Imagine that you are driving the
course the initial climb and acceleration is a little
extreme. Please have a look at the comments
enbedded within the text Please contact me to make
an appointment where we can review the spreadsheet.
Thank you. Mk.

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

Comment 1

It's good to base your circuit on something existing.

Comment 2

In the first section you are accelerating uphill. 7.13 degrees need 792N gradient force. Accel force is

considerably more. Have you sufficient grip?

Comment 3

You could have inserted some parts of your spreadsheet to explain the calcs.



PAGE 8

QM Accelforce
You have not calculated acceleration force in the spreadsheet. It should be included to find total
tractive force required.
PAGE 9
PAGE 10
QM Sections2Secs
You have broken your track down to sections in order for you to understand it's elements and hence
the required duty cycle. However this now needs to be expanded upon and each second should have
a seperate row on the spreadsheet as a minimum resolution. That was you can caculate the forces
and power for each second. This will be important when you calculate average power etc.
PAGE 11

PAGE 12

Comment 4

It is recommended that you use the referencimng system available in word. That will ensure that you
addd the correct details and save you time.

PAGE 13

PAGE 14

Comment 5

Nice to see jumps with no rolling resistance.

PAGE 15

QM

Climb

You were required to perform a total climb of 22m. Your circuit exceeds that with a total climb higher.
(more like 50m).

Additional Comment

More like 34m in this case.

Comment 6

Good word count. thank you.
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