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1. Introduction

This report will explain the process of four tasks used to aid the understanding of vehicles suspension

behaviour.

The first task, measuring hardpoints, will describe the process of measuring mounting points of critical
components of a vehicle’s chassis. This data can be input into a computer program named WinGeo
which is used to map the vehicles components and mounting points in three-dimensional space. With
all the hardpoints mapped, the vehicles whole range of motion can be simulated which generates data
that can be recorded and analysed to help in understanding of how the vehicle will reacts in motion.
Once the data is analysed, changes can be made to the vehicle if necessary, to help improve

performance.

The second task, analysing changes in kinematic behaviour, will describe the physical simulation of
bump and rebound by adjusting the damper length on a 1996 Van Diemen Formula Ford test rig.
Multiple measurements are taken every two rotations of the damper adjustment bolt and recorded
for ten increments. This process is then simulated in the WinGeo software to obtain computer
generated results. Both data sets are compared using excel graphs to help analyse the changes to toe

angle and camber angle through the vehicles range of motion.

The third task, measurement and analysis of spring behaviour, will outline how to test the weight
required to compress the Formula Ford’s spring by one inch and the process of weighing one corner
of the Formula Fords un-sprung mass. Calculations can be made from the data to find the natural
frequency of a corner’s front suspension and finally the natural frequency of the corners un-sprung

mass.

The fourth and final task is to map the Van Deimen Formula Ford’s roll centre changes in WinGeo 3

and analyse the data to understand how the roll centre changes upon bump and rebound.

The tasks in this report aim to provide a greater understanding of a vehicle’s dynamics and how the

tyres contact patch varies through its range of motion.




2. Research and literature review

The road wheel's steering movements and bounce incur a variety of accompanying necessities for the
suspension. They must compensate for body roll to retain stability while they oscillate vertically in
response to imperfect road conditions and cornering forces for the purpose of maintaining or

increasing grip. (R.Q Riley 2019)

A kinematic behavioural trait that can occur due to incorrect suspension design is bump steer.
(Longacre Racing 2005) This transpires with the front wheels change direction without the input of
the driver. Although induced by imperfect road or track conditions, excessive bump steer is due to

improper design or the fitment of incorrect parts.

To overcome bump steer, the tie rod must be mounted in a line between the hubs lower ball joint to
the chassis lower arm mount. This ensures that the rods length is equal to the suspension assembly

width and at the correct angle which results in minimum bump steer.

For example, if the tie rods length is half the width of the suspension assembly, then the rods angle
would decrease at a far greater rate than that of the suspension arc which would cause a great deal

of toe and therefore, instability.

Although completely reducing bump steer for greater stability and predictability is the general goal,
some drivers use small amounts of bump out to create corner entry stability. Bump steer can be
adjusted, with the aid of a task specific gauge, by adjusting the length of the tie rod or by packing the

mounting points with shims to finely adjust the components angle. (Longacre Racing 2005)

Although mainly improved for comfort the conversion of frequency between the natural frequencies
of sprung mass (Fs) and un-sprung mass (Fus is a necessary design attribute due to the human body’s
inability to withstand frequencies outside of 1-2 Hz. Any lower than 1 Hz induces motion sickness,
akin to a vessel at sea, whereas anything over 2 Hz and the ride becomes hard. Race vehicles tend to
have a Fs of close to 2 Hz as the suspension systems are designed to increase the tyres contact patch

while withstanding disturbing cornering forces.

A vehicle’s roll centre is a constantly changing point
about which the sprung mass is rotating. This point is

the intersection of imaginary lines through the vehicle

suspension and tyres toward the centre of the vehicle

and where both sides meet, as per figure 1.

Figure 1: Roll centre position (duel arm)




The roll centre moment is described as the distance from the roll centre to the vehicles centre of mass,
therefore, the shorter the distance between these two points the less roll a vehicle will incur when
disturbing forces are acting laterally against the body. Diminishing this trait is important for

performance vehicles, however some roll is required to enable the driver to gauge grip.

This is taken into consideration when setting up the vehicle’s suspension due to the roll initiating
camber changes when cornering, where the main goal is to maximise the contact patch between the

tyre and the road. (Wm. C. Mitchel)




3.1 Methodology: Measuring chassis hardpoints

Equipment required:

Chassis on testbed Notepad

Vernia gauge Paper

Steel meterrule Masking tape
Engineers block Lead pencil

Large set square Pencil sharpener
Small set square Data table

Digital height gauge WinGeo 3 software

Digital inclinometer

This methodology describes the process of mapping the inboard and outboard steering tie rod mounts
of a 1996 Van Deimen Formula Ford chassis. For the purpose of this practical task the chassis is
mounted securely to a square, level test bed and a piece of paper secured on the surface from hub to

hub using the masking tape.

All measurements should be taken and noted in millimetres (mm) and the coordinates recorded in the
results table. Also, to obtain accurate results, ensure that the measuring equipment is laid flat on the

bed and the pencil is sharp before each use.

To begin, ensure that the vehicles wheels are straight to enable an
accurate measurement. This is achieved by measuring the distance
between the steering rack pivot and the end of the steering rod which
moves through the pivot. With a Vernia calliper measure this distance
with the steering wheel turned to full lock. After which straighten the
steering, measure either side between pivot and rod end to ensure that

both ends read half of the original measurement (figure 2). Once straight

clamp steering with the pinch bolt on the steering rack to ensure no

changes are made during measurements. Figure 2: Steering pivot
measurement




Next the vehicles X, Y and Z axis must be defined as datum points to enable the measurements of the
mounting points in question. The X axis, which runs through the centres of both hubs is found by
firstly measuring the diameter of the hub boss with a Vernia calliper held
at an angle to ensure the tools blades are resting on the component’s
extremities. This measurement is halved to obtain the radius of the
component. Now using an engineer’s square rest vertically against the
hub with the small end resting level on the testbed, mark the squares
edge on the paper using a pencil to note the external hub point from the
X axis (figure 3). Now, rest the large square flat on the bed with the
small end against the front edge of the bed, slide the square along the

edge until the inner edge of the square lines up with the outer hub boss

Figure 3: Measuring hubeternal . mark on the paper. Measure the distance along the square from the
e point to the edge of the bed. After which add the hub boss radius the
measurement using the ruler with the square still in place to mark the new point on the paper to give
the distance from the front edge of the testbed to the X axis. With this measurement, mark underthe
opposing hub in the same manor and draw a line through mark to mark using the squares straight

edge to specify the X axis.

The Y axis runs through the centre of the chassis, from front to rear. This axis is predefined on the test

bed and calculated originally to centre the chassis upon mounting.

The Z axis defines the height of the component in question and the base of the testbed used as the

datum point.

Once the axes are determined, measurements can be taken to obtain the location, in three-

dimensional space, of a component’s mounting points.

To map the outboard rod mount, measure the diameter of the retaining
bolt and half to attain the bolts radius. Next set the small square
vertically against the front of the mounting point in line with the bolt
(figure 4). Then set the large square flat on the bed with the small back
side resting against the front edge of the bed in order to perfectly
straighten the small square. After which, using the Vernia calliper,
measure the distance from the square blade to the edge of the mounting

bolt and mark edge of the square on the paper. Measure the distance

of this mark to the beds square front edge using a meter rule and square

Figure 4: Measuring X
to true. Add the measurement from the squares blade to edge of the  coordinate




bolt and radius of the bolt head, re-measure and mark. Repeat the measurement closer toward the
centre of the chassis, mark and draw a straight line using a rule, through each point to map the mounts
X axis. To determine the coordinates value, measure the distance between the chassis and mounts X
axes and record in data table. Note that if the if the coordinate is in front of the X axis (toward the
front of the chassis) the result should be input as a negative value, therefore if the point is behind, it

will have a positive value.

To obtain the mounting points Y coordinate, place the small square vertically against the flat face at
the back of the hub and inline will the mounting point (figure 5). Using a rule make sure the square is
parallel to the front edge of the bed, measure distance from the squares
blade to the edge of the retaining bolt and mark on the paper. Next,
with a square laid flat against the edge of the bed and inline the mark,
use a rule to measure the distance from the Y axis to the mark. Add
distance to the pervious measurement and the radius of the bolt park
to obtain the Y coordinate, then re-mark the paper at the new
measurement. Line the large square in the same manor with the new

mark and run a pencil line along the edge of the blade to illustrate the

mounting points Y axis. Where the X and Y axis of the mount meet on
Figure 5: Measuring ¥ the paper denotes the mounting points
coordinate
centre.
To obtain the Z coordinate, place engineering block flat on the bed and
using the digital height gauge, zeroed on the bed, measure the blocks
height. Now rest the height gauge on the block to and re-zero to surface
of block. Measure to the top face of the swivel joint ensuring the mount

is level with the test bed (figure 6). Then use the Vernia calliper measure

the swivel joints width and half of this measurement. After which add

the block height and height from block to the swivel joints top face and

Figure 6: Measuring Z
coordinate

record as the mounts Z coordinate.

The values should be in proximity to the premeasured coordinates below:

_ bl 1t ardpains coorenetetotle
X

-150.3 -64.2
Y 186.9 744.5
Z 310.81 308.4




Use WinGeo 3 software to map the points and utilise the programs ‘Check sums’ function which

provides a computer-generated angle to check against the physical component. Upon starting the

program an options box will appear, select all options as per figure 7, then open the 1996 Van Deimen

Formula Ford file.

9 Initial Options

Units of measurament
" Standard (Inches and pounds)
@ petnc (millimetens and Newions)

Motion Ratio
 Molion Flako (¢ 1 o Spring/ Wheel )
& \elocity Fiatio (> 1 or Wheel / Spring )

Toe-Steer
@ Dagraes
" Tos Span (Inches or Millimsterns )

Ackermann

" Toessesr Perpendicular
 Kingpin Instant Cantar
& Both

Edit Check Sums or Incline Angle
" Check Sums ( distancs )
& Incine Angle

Track or Holf-Track measunement
& Full-Track [ tre o tre )
 HelF Track [ Centerline to fire )

Saeering Box
* Rack Travel
 Swenng Wheel Degrees

Hames
" Rosd Racing
# Stock Cor Racing

Track (ground ve hub ) measurement
& Growmd level
 Hub height

I™ Do ot show this form when starting the program, | 1is veilabie in the Usity men |

Figure 7: WinGeo 3 options list

Both sides

Steering tie-rod outboard

Steering tie-rod inboard

Chassis coords

X fore-aft

* | On the ‘Part’ drop down menu select ‘Steering’
which will open a new input screen. Fill in the
X, Y and Z values for both inboard outboard
coordinates and click ‘Compute’. This will

generate a check sums angle (S to T), shown in

figure 8.

Y width Z wvertical Check sums |

s |-e4_2

j303_4 :j] S to T= -0.245 |

:ji'?u_s

T [-150.3

Figure 8: WinGeo 3 steering coordinate input

::Iam.el :II B to S=

jlse.s

Using an inclinometer, zeroed on a level surface, check the angle of the steering tie rod by placing it

on the centre of the component level to the bed. This function is used to check if the measurements

are correct and can outline possible issues such as, un level chassis mounting, testbed or a distorted

component.
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3.2 Methodology: Measuring changes in kinematic behaviour

Equipment required:

Vernia calliper Results table

Duel DTl toe span gauge Excel

Digital height gauge WinGeo 3 software
Inclinometer Hub measurement plate
Cclamp

This methodology describes the task of measuring changes in toe and camber angle by physically
simulating bump and rebound on the Formula Ford test chassis and comparing against computer

generated simulation data.

As per pervious methodology, ensure that measurements are taken in millimetres (mm) and all the
data is recorded in a results table (table 2). Note that the DTI gauges are imperial and measure in

thousandths of an inch.

Damper Length| Wheel Height DTIA DTIB Camber
(mm) (mm) (Thou) | (Thou) ()

Table 2: Exomple data table

For the purpose of this practical task, an adjustable bar is fitted to the cassis in place of the damper to

enable simple changes in the damper’s length to simulate bump and rebound.

To obtain accurate results, ensure the hubs are straight and the steering column is locked with the
pinch bolt as per method one. Also secure the measuring plate to the hub using two wheel nuts
diagonal to one another, then level the top of the plate using the inclinometer, zeroed on the beds

surface. Finally, once level, lock the chassis brakes using the retaining bolt at the rear of the pedal.

11




Next, using the C clamp, attach the inclinometer, zeroed at ninety
degrees to beds surface, to the back of the brake disc with the read out
facing the front of the chassis (figure 9). Note that as the inclinometer is
attached to the rear of the hub, it will show a positive value however,

tightening the damper nut causes a reduction in ride height and therefore

a negative camber result.

Then rest the toe span gauge on the bed

ensuring its feet are level using the sprit
level attached and the feet screws to  Figure 9: Measuring camber
adjust if necessary. Place the two DTI e

gauge needles against the hub plate and zero dials (figure 10). Note that
the left gauge is defined as DTl ‘A’ and the right as ‘B’, both of which
measure in thousands of an Inch (Thou). To produce accurate data, itis

critical that the gauge and testbed are not disturbed during

measurements.
Figure 10: Measuring toe angle

Before commencing the incremental
changes of the damper length, zero the height gauge at the bottom of
the hub plate. Also, measure damper length with the Vernia calliper
and record the original value in the table. Then populate the tables
remaining columns on the first row with zeros to denote the start

position.

Begin by tightening the damper
adjustment nut by turning two full

rotations to theright. Once adjusted
record the new data form DTl ‘A’, ‘B’ Figure 11: Measuring damper

and the inclinometer in the results ot

table. Also repeat measurement of damper length (figure 11) and
wheel height (figure 12). Repeat this process for nine further

increments to simulate suspension traveling from full rebound to bull

compression (bump), ensuring all data is recorded in the table.

Figure 12: Measuring wheel height Once complete measure and note the span between the two DTI

gauge needles to enable calculation of toe angle.
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Next, transfer the data table into excel and using the middle result as zero, work out the difference

between the results and the zero result. Then, input a new column named ‘Toe angle (°)’ and calculate

the toe angle from the Imperial DTl gauges using the formula:

(A—-B)x180
Gauge Span x 3.142

Now, open the WinGeo software and open the Formula Ford file. Select ‘Show Table’ in the ‘Table’
dropdown menu. This function allows the accumulation of data upon simulation in the program.

Input 25 (to simulate full rebound) into the ‘Ride’ input box and click compute to record the data.

Repeat by reducing the ‘Ride’ in increments of five until -25 is reached and recorded which

approximately replicates the physical simulation carried out previously.

Lastly, transfer the results for ‘Ride’, ‘Steer R’ (toe angle) and ‘Camber R’ (camber angle) from the
WinGeo table to a separate table on the Excel spreadsheet, labelled as ‘WinGeo data’. Then using
data for the physical simulation and computer-generated simulation generate two XY scatter graphs.
Use the ride height for X axis and toe angle for Y and similarly the Y axis on the second graph as camber

angle to enable visual analysis.

13




3.3 Methodology: Calculating natural frequencies of Ms and Mus

Equipment required:

Spring press Formula Ford coil spring
Digital weighing scales Magnetic DTI mount
DTl gauge Results table

This methodology describes the measurement of a vehicles spring rate (Ks) for the purpose of

calculating wheel rate (Kw), natural frequency of both un-sprung mas (Mus) and sprung mass (Ms).

In this task the weight on the spring is measured in pounds (lbs) and the DTl gauge reads thousandths
of an inch (thou). Record the weighed data in the results table at every revolution of the DTl gauge

which states movement of one tenth of an inch.

To begin, place the suspension spring on the weighing scales at the
base of the spring press (figure 13). Set weight to by zero using the
leaver to lower the piston face onto the spring until the scales just
start to read. Re-zero scales, then with the DTI gauge fixed to the
magnetic mount, attach to the moving face on the press’s pillar, with

the needle touching the surface of the scale and set the dial to zero.

Again, using the leaver, compress the spring until the dial’s needle

moves one whole rotation and record the data from the scales.

Repeat this process for a further nine increments until one inch is
reached which will give a final spring rate (Ks) of approximately 396

Ibs/inch.

Figure 13: Testing spring ratio

To convert the Ks into N/m (Newtons per meter) use the equation as follows:

Gravitational Acceleration

Ksvalue — 2 N/mm to N/m
’—3.'2926 x9,81% A
V== = 6952 x 1000 = 69519.69 N /m
25.4 .
3 N S
Lbs to kgs )
Inch to mm Ksin N/mm
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Now, using the data from the previous task find the suspension leverage (SL) with the formula:

Wheel height

SL = ——
Damper length

For the wheel height, find the difference in height measured from the zero point to the test final value.
This should be approximately 57.69 mm. For the damper length find the displacement by subtracting
the final value from the first value to show approximately 27 mm. As this is a ratio the values do not

have to be converted into base units.

Input results into equation for SL:

57.69 5137
27 7

After which the wheel rate (Kw) can be calculated using the formula:

Ks
w — —
(SL)?
Wheel described as the relationship between the movement of the sprung mass (Ms) and the un-
sprung mass (Mus) as the damper is mounted inboard the chassis on the Formula Ford and operated

utilising a bell crank.

Input results into equation for Kw:

69519.69

m = 1522294 N/m

In order to calculate the natural frequency of sprung mass the value of Ms must be found. Firstly, lift
the top arm on the Formula Ford chassis without the adjustable damper attached and place the
weighing scales under the tyre which should show a reading of 21.5 kg. Multiply this figure by four to
account for all corners of the vehicle and subtract new value from the total weight of the vehicle (425
kg) to equal 339 kg without the driver. Take a measurement of driver’s bodyweight whilst wearing all
protective driving equipment and add to the 339kg to give, for the example of a 70 kg driver, a total
Ms value of 409 Kg. This measurement is then dived by four to calculate the value of Ms for one corner

as the Formula Ford chassis has near even weight distribution.

15




To find the natural frequency of the sprung mass (Fs) us the formula:

1 |Kw

Fs= — |—
s 2w | Ms

Enter values for Ks and Ms into equation to find the frequency (Hz):

1 [1522295 _
27 10225 ~ OUE

Lastly to calculate the natural frequency of the un-sprung mass (Fus) use the formula:

The value of the tyre rate (Kt) is predetermined as 256000 N/m. Using this equation find the value for

Fus:

=1788 Hz

1 (15222.95 4 256000
2T 102.2521.5

16




3.4 Methodology: Mapping roll centres.

This final methodology describes the process of mapping a loci plot in WinGeo 3 showing the change

in roll centre. Through the vehicles range of motion between bump and rebound.

To begin, load the Formula Ford file into the WinGeo software. Next, adjust the ‘Ride’ by inputting -
25 to simulate 25 mm of bump, then check ‘Mark RC’. Then, enter 0.5° into ‘Roll’ input click compute
and repeat in 0.5° increments until 3.0 degrees is reached, ensuring to click compute after each

change.

After which enter 25 into the ‘Ride’ input to simulate 25 mm of rebound. With ‘Roll’ at 3.0°click
compute to map new value, then repeat, on this occasion by removing 0.5° in increments until 0° is

reached.

This process creates a loci plot of the of change in the vehicles roll centres from 25 mm of bump to 25
mm of rebound. To allow a clearer view of the plot, increase the ‘Scale’ at the bottom of the software

to zoom into the model and alter the Z axis to scroll down.

Note that if any finer increments are used for the loci plot the results will be cleared as the program

cannot store and plot more than twenty changes in its ‘Roll’ simulation function.

17




4.1 Results and Analysis: Measuring chassis hardpoints

The ‘Check’ function on the WinGeo 3 software, greatly helps with the accurate mapping of a chassis

hardpoints, in generating an angle to check against the physical chassis.

If the angle displayed on the inclinometer is vastly different from the check angle (+/- 1.00°), a
component could be distorted, or an error may have occurred during the measurement process.
However, if there is a small inaccuracy (+/- 0.1°), the difference in values are commonly caused by
either an unlevel testbed or human errors such as incorrect gauge depiction and equipment

placement.

The digital equipment, such as the height gauge and inclinometer can also have limitations due to
their inherent marginal inaccuracies. To achieve the most accurate results, repeat each measurement,

use undamaged high-quality measuring equipment and Vernia scales where possible.

Using the example coordinates in the methodology, WinGeo's ‘Check’ function generates a value of
0.245° (figure 6). As previously stated, this measurement is checked against the physical component
using aninclinometer, which shows a value of 0.023°. The minute indifference of 0.015° infers a slight

measurement error or an unlevel testbed.
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4.2 Results and Analysis: Measuring changes in kinematic

behaviour

Ride Height vs Camber Angle

0.4

0.3 ]

L actirad Mats
0.2 ® Measured Data

@ WinGeo Data

s
=}

30 20 o Do
]

Y Axis - Camber Angle (")
@
]
o
]
®

-0.3
-0.4

X Axis - Ride Height {mm)

Graph 1: Comparison between measured and generated data for toe angle

Graph 1 is a visual representation of the change in camber angle upon bump and rebound, and

compares recorded and generated data, as described in the methodology.

The data shows that as ride height decreases, camber angle also decreases. Therefore, when the
vehicles suspension is compressing into the outside edge of a corner, the negative camber angle

increases and subsequently increases the tyres contact patch to aid grip.

Both sets of data show similar trendlines but have marginal magnitude discrepancies in camber angle
change. Despite the limitations with the measuring process, the graph shows the discrepancy

increases with every increment of change toward both bump and rebound.

It can be inferred from this data that the discrepancy in values is, as a result of incorrect measurements

or inputs upon original chassis mapping.
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Ride Height vs Toe Angle

1.000
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Graph 2: Comparison between measured and generated data for camber angle

Figure 15 presents the change in toe angle upon the vehicles range of motion between bump and

rebound.

The data shows that as ride height decreases, toe angle decreases. Therefore, as the vehicles
suspension compresses the wheel will toe out to give greater stability when cornering and then when

the compressive forces are reduced the toe angle degrease to aid with straight line grip.

As per the previous graph there are discrepancies in the data that increase as greater bump or

compression is induced. This is due to inaccurate inputs upon the chassis original mapping.

Although changes in toe and camber are necessary upon compression or rebound, it’s important that
the changes are not too great as this can inhibit the vehicles grip and stability. If the changes are of

large magnitude check the components mounting points for excessive wear.
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4.3 Results and Analysis: Calculating natural frequencies of Ms and

Mus

The calculation for natural frequency of mass un-sprung (Fus) showed a value of 17.88 Hz whichrelates

to the number of oscillations per second, whereas the Fs showed a value of 1.94 Hz.

From this data it is evident that the un-sprung mass (wheel assembly) oscillates at a far greater rate
than that of the sprung mass, including the driver. This is due to the vehicle suspension spring which

is vital to its drivability as the range of frequency a human body can endure is 1-2 Hz before

experiencing motion sickness.
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4.4 Results and Analysis: Mapping roll centres

Figures 16 and 17 show the roll centre map of the 1996 Van Deimen Formula Ford through is range of
motion to -25 mm of ride height (bump) and 25 of ride height (rebound) from 0-3° of roll represented

a loci map generated in WinGeo 3.

The Image shows that the roll centre e

correlates with the change in ride height,

however when the  suspension B
compresses, the lateral movement of the
roll centre reduces. Similarly, when the
suspension rebounds the roll centres

lateral movement increases by more

than double.

Figure 14: WinGeo 3 loci map (englerged)

Figure 15: WinGeo 3 loci map
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5. Conclusion

It is conclusive from the information and task results that suspension design is as, if not more
important as the power unit propelling the vehicle. Thereport describes the characteristics necessary
to consider when either adjusting or designing a vehicles suspension for optimum performance and

drivability.

When in motion there are constant forces, acting and changing upon a vehicle, from lateral cornering
forces to undulations in the roads surface. Dependant on the vehicles use, the suspension must be
designed in order to withstand these disturbing forces and provide a level of driver comfort, however,
performance and safety relies on the suspensions ability to roll and oscillate while the tyres maintain

maximum contact.
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4. Appendices

Angle

Toe

0.869
0.697

0.524

35

0.
0.175

-0.176
-0.353
-0.532
-0.711
-0.891

Camber Angle

0.046

0.043

0.036

0.027

0.015

-0.018
-0.038
-0.062
-0.088
-0.117

Ride Height

{mm)

25

20
15

10

-5
-10

-15

-20
-25

Table 4: WinGeo 3 generoted data for kinematic changes

Table 3: Measured data for kinematic changes
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to be more concise and avoid unnecessary information
that does not support your discussion. | hope that the
practical work was a pleasant contrat to the lectures.
Please have a look at the comments embedded within
the document If you have any questions or require
further clarification please contact me and arrange a
time for more detailed feedback. Kind regards. Mk
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Comment 1

®

A simple diggram would show the axis system.

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13




PAGE 14

QM

PAGE 15

Sigfigs

You should show fewer significant figures. Four would be recommended.

®

PAGE 16

Comment 2

This mass does not include the driver, it is the weight of the car only. Therefore your mass is a little
light.

PAGE 17

PAGE 18

PAGE 19

®

®

PAGE 20

Comment 3

A clear well labeled graph. Would it help if the points were joined up?

Comment 4

The changes are still very small

®

PAGE 21

Comment 5

Some interesting observations, thank you.

PAGE 22

PAGE 23

®

PAGE 24

Comment 6

In this case you are correct, it is very important. The engines are very dtandard and controlled, there
is little difference between them. Getting the best levels of grip and providing driver confidence is
critical.
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RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
(0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information
gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with some
reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.

Engagement with an appropriate range of literature, including sources retrieved
independently. Some over-reliance on texts rather than other sources. Referencing may
show minor inaccuracies or inconsistencies.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very few
inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature. High-
level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
(0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

Knowledge of the basic underlying concepts and principles is accurate with a good
understanding of the field of study but lacks depth and/or breadth.

Competent knowledge of the basic underlying concepts and principles. Exhibits very good
understanding.

Excellent knowledge and understanding of the basic underlying concepts and principles of



(0) the subject.

EXCEPTIONAL 80- Exceptional, detailed knowledge and understanding of the basic underlying concepts and
100% principles.
(0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret qualitative
and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts
(0) and principles. Failure to develop arguments, leading to illogical or invalid judgements.
Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

(0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending towards

49% description. Can interpret qualitative and quantitative data but with some errors. Some

(0) evidence to support emerging arguments and judgements but these may be
underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data, with minor errors. An emerging ability to use evidence to support the
argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data accurately. Ability to devise arguments using evidence to make mostly
appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret qualitative
(0) and quantitative data accurately and with some insight. Excellent ability to devise
arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80- Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to devise
(0) arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little or no
(0) appreciation of the context of the application. Very weak evidence of different approaches
to problem-solving in particular contexts.

UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques but
30-39% without consideration and competence. Flawed appreciation of the context of the
(0) application. Weak evidence of different approaches to problem-solving in particular



SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

SKILLS PROF P

contexts.

An adequate awareness and mostly appropriate application of basic methods, materials,
tools and/or techniques. Basic appreciation of the context of the application. Can identify
problems in particular contexts and propose basic alternative approaches or solutions
though there may be errors.

A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Good evidence of different
approaches to problem-solving in particular contexts and proposes mostly appropriate
solutions.

A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different
approaches to problem-solving in particular contexts and proposes appropriate solutions.

An advanced application of a range of taught, basic methods, materials, tools and/or
techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and proposes
appropriate solutions.

Exceptional levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of wholly
appropriate, thoughtful solutions / different approaches.

0/0

Transferable skills for life and professional practice (Communicate the results of their study/work accurately and
reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise
of some personal responsibility within a structured and managed environment.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
0)

Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very
weak use of language and/or very inappropriate style. Failure to work effectively individual
or as part of a group. Little or no evidence of the skills for employment requiring the
exercise of some personal responsibility.

Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently,
structured, with information and ideas often poorly expressed. Weak use of language
and/or inappropriate style. Flawed approach to individual or group work, meeting only
partial obligations to others. Limited evidence of the skills for employment requiring the
exercise of some personal responsibility.

Mostly ordered presentation and structure in which relevant ideas / concepts are
reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as
part of a group, meeting most obligations to others but perhaps with limited involvement in
group activities. Demonstrates the basic skills for employment requiring the exercise of
some personal responsibility, with some areas of minor weakness.

Mostly coherent, organised and accurate work, in a suitable structure and is for the most
part clearly expressed. Can work effectively independently and/or as part of a team, with
clear contribution to group activities. Demonstrates the skills for employment requiring the
exercise of some personal responsibility, with some areas of strength and some of minor



VERY GOOD 60-69%
0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

(©)

weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work effectively
independently and/or as part of a team, with very good contribution to group activities.

Demonstrates very good skills for employment requiring the exercise of some personal
responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group activities.
Demonstrates excellent skills for employment requiring the exercise of some personal
responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.
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