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Introduction

This is a report which has been conducted in order to attain Vehicle Roll Stiffness, which
shall be gathered in a group measurement task in the UWTSD workshop. The measurements
have been carried out on a Locost racing car chassis. This data collection shall be compared
to calculated values. The data from this report will provide a benchmark to compare against
a track test. There are five tasks that will be carried out the Locost chassis, these will be
investigations into :-

s Front wheel Motion Ratio (MR)

¢ The Wheel rate of the front wheels (Kw)
s Front Roll Stiffness and Chassis Stiffness
¢ Rear Roll Stiffness

e Testing Stiction of Bushes in the rear Axle (Unsprung)

The measurements shall be gathered within groups, so data values will be shared between
the group members. Additional tearm members are required when testing the chassis, as
factors such as chassis flex and suspension travel are constantly changing, so accurate
logging of the data is the vital part of investigation.

Investigation Group Members:-

& Josh William Youngs (Myself)
¢ James William Thomas
e Jack Beynon

s |[rfan Yaqoob

Within this report there will also be insight into the relationship between Suspension Roll
Stiffness and Chassis Stiffness. There will also be suggestion why it’s important to measure
these values correctly. Also, a review into the practical side of the measurements, hindsight
into whether the process was successful, and whether it can be improved.




Comparison of Roll Stiffness and Chassis Stiffness




Session 1 Methodology :- Motion Ratio

To acquire the motion ratio the Wheel travel and the damper length where the variables
that needed to be measured on the Locost chassis. This was achieved by raising the

suspension on one side of the Locost chassis.

A metal plate with a flat edge which is parallel to the test bed is attached the wheel hub. A
scissor jack is then placed beneath this parallel surface which in turn would raise the
suspension. An important part of this process is the forces in which raise the wheel hub and
ultimately alter the suspension. The force being pushed vertically by the scissor jack is a
direct representation and mimics the act of bump.

The following data was collected during the first test session in the UWTSD workshop

Ground Clearance

Distance of the Chassis from the ground = 203mm
Distance of the wheel from the Ground — 48m
Ground Clearance @ Full droop = Chassis from ground — wheel from ground = 155mm

This test was taken at full droop, as the front of the Locost was raised to conduct the test, in
turn meaning the suspension was at full droop.

If an assumption is made that the ride height is 100mm, the wheel will need to rise by
55mm to reach Omm (actually 100mm). The suspension is initially raised by 25mm as a
starting point of the test. This made the ground clearance at that point 30mm (55mm-
25mm = 30mm) or 130mm of ground clearance when the ride height is added. The
suspension set in this way meant it was set to 30mm of droop. The logging of data started at
this point until the wheel hub rose by 60mm. This movement would mean that the
suspension had travelled from 30mm droop, to 30mm of bump.

When raising the suspension, with accuracy an important factor for data logging, replicating
each stroke of the jack is important. The jack was raised by exactly 2 revolutions per
increment. This was in an effort to create a linear course of measurements.

Also another important part of this test was the jack the opposite of the suspension. This is
so that as the suspension is raised chassis roll doesn’t have a huge impact on the height
change.

The results are as follows on page 5.




Calculating the Motion Ratio

The motion ratio can be calculated by plotting the change on Damper Length against the
Wheel travel. The gradient of the calculated slope will then provide and equation which will
be equal to the motion ratio. This can be created with relative easily by the plotting the
results into Microsoft Excel, and then computing the results and the motion ratio can all be
done using Microsoft Excel. The results are shown below in Figure (1)

Wheel Travel Damper Length

30 73.16
27.87 70.16
18.33 64.95
7.73 59.13
-7.9 54.19
-18.32 48.54
-27.22 43,36
-31.55 40.77

Motion Ratio
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RESEARCH INTO MOTION RATIO

Calculating Wheel Rate

The Spring Rate and the Motion Ratio are the two factors that are needed in order to
calculate the Wheel Rate. The equation is as follows :-

Spring Rate (Ksf) x Motion Ratio(MR)? = Calculated Wheel Rate

54.81 x (0.493)% = 13.32 N/mm

Source of Calculation :- Dowden 2016

The above calculation is the way that the calculated wheel rate is found. In the next test

session the measure wheel rate will be attained and then compared with the calculated
Wheel Rate

Research into Wheel Rate




Session 2 Methodology: - Wheel Rate

The Investigation technique used to gather the Locost’s Wheel Rate was a similar test when

compared to the measuring session for the Motion Ratio. To find the Wheel Rate the Load

exerted by the suspension needed to be measured and also the Height gained throughout
bump. The similarities in the testing come with the way that the suspension is altered. A
scissor jack was placed under the plate attached to the wheel hub. This plate, much like the

last test is parallel to the test bed, but in the case of this test session, the jacking point is on
a corner weight. This is so as the wheel is jacked up, the weight change can be measure by
the corner weight.

The suspension was raised in increments that could be repeatable, so the jack was raised in
turns of a spanner. When the jack was raised by a quarter turn the data reading on the
corner weights and also the height gauge was logged. The collected data is as follows :-

The results in Figure (Number) are the results that had been
found in the measuring session. The load results have been

multiplied by gravity. This is because the weight that is
measured by the corner weight is the force that is being
created by the suspension. The Wheel rate is an acceleration,
which is the force multiplied by gravity.

1200

1000 -

800
600

400 4

Measured Wheel Rate

y=16.827x + 128.52
Wheel Rate = 16.827

i =—#§—_Load

——Linear (Load)

200 -

Height Force(N/mm)
6.03 191.295
9.79 299.205
14.53 382.59
18.97 461.07
22.27 515.025
25.78 568.98
29.57 627.84
33.23 691.605
35.5 735.75
38.45 779.895
41,43 819.135
44.08 863.28
46.43 907.425
48.68 951.57
51.64 981

Figure (number) shows as the Height increases the output load of the Locosts suspension
also increases. The Wheel rate is a ratio of how much the wheel gains in height compared to

the decrease in the spring. The ratio is how many Newtons per Millimetre of output occurs




Comparison of Calculated and Measured

In test session 1 the calculated wheel rate was 13.32. Then in Test session 2 the measured
rate was 16.827. This is quite a large amount of difference between the two results. This
could be due to the fact that the friction in the bushes isn’t accounted for in the calculated
result. Also the fact the rig is sits on a low frition surface also could affect the result, as a
wheel would naturally slip throughout suspension travel.

Measures taken to gather a more dependable result.

Although test Session 2 was repeated two times for a dependable result, the end Wheel
Rate was still calculated to a similar rate. To create a more dependable result, the
suspension needed to move in a way in which it would dynamically. For this to be re-created
a grease plate was placed under the wheel and also the bushes were lubricated for a more
free acting movement. The greased plate beneath the wheel plate would replicate the slip,
and the lubrication of the bushes would then create a freer suspension arc. The test results
after doing these steps are as follows

Load Force In Figure (Number) it can be seen that there is a wider range
(Kg) Height | (N/mm) | of results when compared to figure (number). This shows a
14 3.66 137.34 | direct improvement of the suspension ability when it has
21.5 8.36 210.915

been lubricated to reduce friction within the bushes. It's

29 12.59 284.49

evident the suspension has a smoother movement because
36.5 16.85 358.065

there are more results. This shows that the whole suspension

41 19.9 402.21 o ] S
48 23.22 47088 | €an distribute load at more points within its roll arc.
54 26.78 529.74

When comparing the two tables figure (number) and
59.5 29.9 583.695

figure(number), it can be seen that there are similar forces
63.5 32.41 | 622.935

675 35.02 | 662.175 within both tables but they occur at different points within

72 38.3 206.32 | the height of the suspension movement. This provides proof
76 40.75 | 74556 | that when the suspension lubricated, and the wheel could
80 43.08 784.8 slip, there was a better range of suspension movement.

83 44.96 814.23

87.5 47.11 | 858.375

91.5 49.83 897.615

95 51.9 931.95

98 53.8 961.38

102 56.01 | 1000.62




Wheel Rate after Lubrication

Wheel Rate After Lubrication

1200 1 y = 16.429

1000 -+
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Figure (number) shows that the wheel rate is 16.429N/mm. This is still a high wheel rate
when compared to the calculated wheel rate from the first test session.

Calculated 13.32
Measured 16.429
Difference -3.109

It can be seen in figure (number) there is a difference of 3.109N/mm, this is quite a large
deficit. As mentioned previously the difference between the calculated and measured
Wheel Rate could due to the fact that the friction in the bushes, and also the limited amount
of slip. Also a huge amount of the difference could be down to human error. When
increasing the height of the rig, although it was done in a methodical and precise fashion,
there could have been sight errors with over or under tightening the jack. Also when the
measurements from the height gauge were taken, the height gauge would need to be raised
higher than the point of measurement, just so that the point of which it was zeroed at
stayed the same.

Error In Pre-Load

A huge error could have been made in the pre loading of the suspension. When the jack was
initially put beneath the wheel hub plate, it would be raised until a load could be felt. When
looking at the corner weights this load was different through each test, which would be
mean each increment would actually be at a different point in suspension compared with
the other tests.




Session 3 Methodology :- Roll and Chassis Stiffness (Front)

The first part of this session was the gather the Theoretical Roll stiffness. This was done
using the Track which had been measured and also the Wheel rate. The wheel rate that's
used will be bother the measured and the calculated Wheel Rates. This is because a
comparison can be made.

Calculating Roll Stiffness using Measured Wheel Rate

2
R zx.'{w)

(Front Track? x Wheel Rate)
2

(1.3682 x 16.429)
2

Roll Stif fness = 15.372 Nm/Radians

Role Stif fness =

Roll Stiffness =

3.14

15372 % =—

180

286.292 x 1073 Nm/Degrees

Calculating Roll Stiffness using Measured Wheel Rate

(1.368% x 13.332)

Kwf = 2

Roll Stif fness = 12.474Nm/Degress

314

Roll Stif fness = 12.474 K=

=217.7T1 % 1073

= 217.71 x 1073 Nm/Degrees

Source of Calculation :- Dowden 2016

Comparison of Calculations

The difference between the Front Roll Stiffness when using Measured Wheel Rate and
Calculated Wheel Rate is Nm/degrees. Much like in the comparison of just the wheel rates
in the previous session, this is quite a large difference. This would mean that when using the
measured wheel rate the amount of Roll stiffness is increased. In terms of application the
increased role stiffness would be more of an asset, because it would mean that the
suspension has a higher resistance to rolling. In racing applications, in most cases the more
resistance to rolling, the mare traction that the vehicle can keep.

10




Gathering Data Via Measurements

The function of this investigation is to gather role angles and also the output load
throughout roll. This means that the chassis needed to be free to role in the workshop
environment. The way to be able to create chassis that is able to roll is to mount the chassis
on pivots. When on these pivots, the vehicle can be rolled with wheels on or off the axels,
but in the case of this investigation its better the chassis is fixed to the ground at one of the

ends, to create a more reliable result.

When the investigation was being undertaken, there were two criteria that needed to be
gathered. The roll and angle, and the output load form the wheels. These were gathered
from an inclinometer and corner weight scales. The Inclinometer measured the roll angle,
and the Corner weight scales measure the output from the wheels.

Inclinometer

The Inclinometer needs to be sat on a level surface (The zero). This point represents when
the chassis has zero roll angle. The way in which is a level surface is created is by fixing a
hollow square beam, or steel plate to a point on the chassis. This plate is in place simply to
allow the Inclinometer to have a reliably flat surface. As the chassis rolled, the angle of the
steel that the inclinometer is mounted, changes. This change in angle is interpreted by the
Inclinometer as chassis roll. This reading is then logged, and the roll can be changed again
for another reading. This is repeated until the desired amount of readings is gathered.
During the test, there are two inclinometers placed on the chassis. One of the inclinometers
is placed at the front of the chassis, and the other at the rear of the chassis. The readings
represent the front and the rear roll angle of the chassis. The results gathered from the test

BIEESIBlowST: Front Roll Angle (Deg) | Rear Roll angle (Deg)
Figure (Number) shows a table of the results 3.47 1.71
gathered from the testing session. It can be 3.38 1.62
seen from the results that the angle of the 3.26 1.54
chassis starts at the highest amount of roll and 3.14 142
then is reduced. The Chassis was rolled to the 3.06 1.27
maximum possible and then it was reduced 2.95 118
back until one of the roll angles almost £l 106
because zero 2.74 g%
2.63 0.84
2.52 0.73
2.41 0.62
2.31 0.52
2.26 0.43
2.15 0.31
2.06 0.22
1.96 0.12
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When doing the Roll stiffness experiment, the rear pivot had a lever in which gave the ability
to alter the roll characteristics. It can be seen in Figure (number) that the experiment
started at maximum roll. This represents how the chassis would act under the maximum
roll.

Front Roll Angle (Deg) vs

Moment (Nm)

5

y = 1.368 Nm/Deg
4
3

== oment (Nm)
2 4 —— Linear (Moment (Nm))
1
0 =5 -

0 1 2 3 q

The above Graph (Figure Number) shows the Front Roll Angle when it’s plotted against the
moment. The trendline shows that the gradient is equal to 1.368Nm/degrees. This number
is equal to the track of the vehicle which would be axis on which the front of the chassis

twists. This axis is where the moment of the front roll angle would rotate.
Chassis Twist

Chassis twist is the amount in Degrees the chassis is distorted as there is a difference in the
roll angles between the front and the rear of the vehicle. When there is a difference in the
roll and between and the front and the rear, there is a direct force that is applied to the
chassis. This load then makes the chassis twist. Some chassis are designed to twist,
depending on the applications of the chassis. It can be seen how as the roll between front
and rear changes the chassis twist in Figure Number on the next page.

12




2 Chassis Twist

1.76

1.76

1.72

1.72

=4==Rear Roll angle (Deg) 1.79
1.77

—#— Chassis Twist

1.78

1.78

1.79

1.79

1.79

347
3.38
3.26
3.14
3.06
2.95
2.84
2.74
263
252
241
231
2.26
215
2.06
1.96

1.79

1.83

1.84

Figure Number is a graphical representation of how the chassis twist as the

roll between front and rear changes. The Chassis twist can be seen to 2

1.84

increase as the Roll changes between front and rear. Although there is a
noticeable amount of twist on the graph, when looking at the table (Figure Number) it can
be seen that the amount of twist only increases by 0.08 degrees.

Although 0.08 degrees of twist is a very small number, depending on the materials that are
used to construct this chassis this could be close to the yield strength. A chassis like the
Locost is design with a material that has a high elasticity. With a highly elastic chassis, this
enables the Locost platform to be able to cope with a lot of roll. This increased roll can be

countered with a stiffer suspension components such as bushes or dampers.

Chassis Twist vs Moment to give Chassis
Stiffness
5
4 y=-22.892x + 44.838
3
== Moment (Nm)
2 Linear (Moment (Nm))
1
D T T T T T -
174 176 1.78 18 182 184 186

Chassis Stiffness : - The above graph (Figure Number) shows the Chassis Twist vs the
moments about the suspension. The Gradient gradiant of the graph is equal to the chassis
stiffness of the Locost. This is the Chassis ability to resist twisting.
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Session 4 Methodology

The measurements gathered in this session are gathered in the same way as in the session
3. But instead of the Rear being fixed it's the front that is fixed. Much like the previous
session this allows the chassis to roll more freely, than if it was fixed. The following
calculation is for the rear roll stiffness. This varies from the front roll stiffness because the
wheel track isn’t taken into consideration. This is because the front has suspension directly
mounted to the wheel hubs. With the rear, because it dependant suspension, the
suspension track needs to be used not the wheel track.

Rear Roll Stiffness Calculations

Tsr? x Kser

Kpr =( 7

Rear Spring Track? x Ef fective Rear Spring Rate

Roll Stif fness = ( >

0974x1
Roll Stif fness = (f)

Roll Stiffness = 470.45x10°N m/Degrees
Calculation Provided by Dowden 2016

Front and Rear Roll Stiffness’s

Front R.S 286.292
Rear R.S 470.45
Difference 184.158

As (figure Number) shows, the rear roll stiffness is higher than the front roll stiffness. This
could be because the rear has more suspension linkage than the front. The front has 4
points of contact with the chassis for the wishbones, and this has NUMBER, these are BLAH
BLAH BLAH. This increases the roll stiffness because there is more mass more, which means
that if the same force is applied to both the rear and the front, because of the decreased roll
stiffness, the front will roll more than the back. Because the Locost is a rear wheel drive
vehicle, this trait isn’t a hindrance, this is because the rear will have a high resistance roll,
and have the potential to keep traction for longer.

Much like with the third measuring session, the chassis is fixed at one end and then was
rolled. In the fourth test session the rear is fixed, and then the chassis is pivoted on the front
opposite side end to the fixed end.
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Rear Chassis Stiffness Without Damping

Review of Methods Used in this Report

Session 1 :-
Session 2 :-
Session 3 :-
Session 4:-
Session 5:-

Overall Review
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Vehicle Dynamics Assignment 1

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

PAGE 1

®

PAGE 2

Comment 1

I have no record of you attending the practical test from Paul in the workshop or the group
you were attached to so | have had to give you 0% for that part of the assessment. You
have done no literature review so again 0% for that part. You have got confused with units
so all your results are wrong and you make not comment on that. You will have to deal with
all these issues using the raw data you have been given and re-submit to get a pass.

Comment 2
no comment

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12




PAGE 13

PAGE 14

PAGE 15




RUBRIC: BACHELOR'S ASSESSMENT CRITERIA

RES-INF LIT

Research-informed Literature. Extent of research and/or own reading, selection of credible sources,
application of appropriate referencing conventions

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

K & U SUBJECT

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

Poor evidence of reading and/or of reliance on inappropriate sources, and/or
indiscriminate use of sources. Referencing conventions used inconsistently.

References to a limited range of mostly relevant sources. Some omissions and
minor errors. Referencing conventions evident though not always applied
consistently.

Inclusion of a range of research-informed literature, including sources retrieved
independently. Referencing conventions mostly consistently applied.

Inclusion of a wide range of research-informed literature, including sources
retrieved independently. Selection of relevant and credible sources. Very good use
of referencing conventions, consistently applied.

A comprehensive range of research informed literature embedded in the work.
Excellent selection of relevant and credible sources. High-level referencing skills,
consistently applied.

Outstanding knowledge of research-informed literature embedded in the work.
Outstanding selection of relevant and credible sources. High-level referencing
skills consistently and professionally applied.

Knowledge and Understanding of Subject. Extent of knowledge and understanding of concepts and
underlying principles associated with the discipline.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-
49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

Major gaps in knowledge and understanding of material at this level. Substantial
inaccuracies.

Gaps in knowledge, with only superficial understanding. Some significant
inaccuracies.

Evidence of basic knowledge and understanding of the relevant concepts and
underlying principles.

Knowledge is accurate with a good understanding of the field of study.

Knowledge is extensive. Exhibits understanding of the breadth and depth of
established views.

Excellent knowledge and understanding of the main concepts and key theories.
Clear awareness of challenges to established views and the limitations of the
knowledge base.

Highly detailed knowledge and understanding of the main theories/concepts, and a
critical awareness of the ambiguities and limitations of knowledge.



ANALYSIS

Analysis. Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection;
organisation of ideas and evidence.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

PRAC APP&DEPL

Unsubstantiated generalisations, made without use of any credible evidence. Lack
of logic, leading to unsupportable/ missing conclusions. Lack of any attempt to
analyse, synthesise or evaluate.

Some evidence of analytical intellectual skills, but for the most part descriptive.
Ideas/findings sometimes illogical and contradictory. Generalised statements made
with scant evidence. Conclusions lack relevance.

Evidence of some logical, analytical thinking and some attempts to synthesise,
albeit with some weaknesses. Some evidence to support findings/ views, but
evidence not consistently interpreted. Some relevant conclusions and
recommendations, where relevant.

Evidence of some logical, analytical thinking and synthesis. Can analyse new
and/or abstract data and situations without guidance. An emerging awareness of
different stances and ability to use evidence to support the argument. Valid
conclusions and recommendations, where relevant.

Sound, logical, analytical thinking; synthesis and evaluation. Ability to devise and
sustain persuasive arguments, and to review the reliability, validity & significance
of evidence. Ability to communicate ideas and evidence accurately and convincingly.
Sound, convincing conclusions / recommendations.

Thoroughly logical work, supported by evaluated evidence. High quality analysis,
developed independently or through effective collaboration. Ability to investigate
contradictory information and identify reasons for contradictions. Strong,
persuasive, conclusions, justifiable recommendations.

Exceptional work; judiciously selected and evaluated evidence. Very high quality
analysis, developed independently or through effective collaboration. Ability to
investigate contradictory information and identify reasons for contradictions.
Highly persuasive conclusions.

Practical Application and Deployment. Effective deployment of appropriate methods, materials, tools
and techniques; extent of skill demonstrated in the application of concepts to a variety of processes
and/or contexts; formulation of innovative and creative solutions to solve problems.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-
49%

GOOD 50-59%

Limited or no use of methods, materials, tools and/or techniques. Little or no
appreciation of the context of the application.

Rudimentary application of methods, materials, tools and/or techniques but
without consideration and competence. Flawed appreciation of the context of the
application.

An adequate awareness and mostly appropriate application of well established
methods, materials, tools and/or techniques. Basic appreciation of the context of
the application.

A good and appropriate application of standard methods, materials, tools and/or



VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

SKILLS PROF P

techniques. Good appreciation of the context of the application, with some use of
examples, where relevant.

A very good application of a range of methods, materials, tools and/or techniques.
Very good consideration of the context of the application, with perceptive use of
examples, where relevant. Evidence of some innovation and creativity.

An advanced application of a range of methods, materials, tools and/or
technigues. The context of the application is well considered, with extensive use
of relevant examples. Application and deployment extend beyond established
conventions. Innovation and creativity evident throughout.

Outstanding levels of application and deployment skills. Assimilation and
development of cutting edge processes and techniques.

Skills for Professional Practice . Demonstrates attributes expected in professional practice including:
individual initiative and collaborative working; deployment of appropriate media to communicate
(including written and oral); clarity and effectiveness in presentation and organisation.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY

30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-
69%

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

Communication media is inappropriate or misapplied. Little or no evidence of
autonomy in the completion of tasks. Work is poorly structured and/or largely
incoherent.

Media is poorly designed and/or not suitable for the audience. Poor independent or
collaborative initiative. Work lacks structure, organisation, and/or coherence.

Can communicate in a suitable format but with some room for improvement. Can
work as part of a team, but with limited involvement in group activities. Work lacks
coherence in places and could be better structured.

Can communicate effectively in a suitable format, but may have minor errors. Can
work effectively as part of a team, with clear contribution to group activities.
Mostly coherent work and is in a suitable structure.

Can communicate well, confidently and consistently in a suitable format. Can work
very well as part of a team, with very good contribution to group activities. Work is
coherent and fluent and is well structured and organised.

Can communicate professionally and, confidently in a suitable format. Can work
professionally within a team, showing leadership skills as appropriate, managing
conflict and meeting obligations. Work is coherent, very fluent and is presented
professionally.

Can communicate with an exceptionally high level of professionalism. Can work
exceptionally well and professionally within a team, showing advanced leadership
skills. Work is exceptionally coherent, very fluent and is presented professionally.
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