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Introduction

This report will be looking at vehicle dynamics by measuring, modelling and analysing a vehicle
chassis. The chassis that will be analysed is the front end of a 1997 Van Diemen Formula Ford car
mounted on a level bed. The front right suspension corner will be used to take measurements for
Suspension co-ordinates, Kinematic Behaviour, sprung and unsprung mass. The collected data will be
compared to data in the formulaford.GEM file and used in WinGeo3 to display schematic vehicle
diagrams displaying kinematic force characteristics such as suspension frequency.

Equipment

Vernier callipers: used to measure small distances such as bolt heads, using an analogue Vernier
scale it can be misinterpreted easily if not used correctly. An alternative could be a digital version
which allows clearer reading of measurements. (The editors of Encyclopaedia of Britannia. 2017)

Engineer squares: made up of a body and a blade it can be used to transfer the position of
components to the bed, also used to keep equipment straight such as a ruler.

Ruler: used to draw straight lines and measure distances that callipers cannot. Used with an
engineer square to keep it straight it is accurate.

Pencil, tape, paper: used together to provide a cheap and simple way to record measurements and
reference points, however can be easily compromised by human error.

Level bed: This keeps the car level and provides an accurate base to take measurements. Provided
the bed is set up correctly and it is not disturbed by external forces like people leaning on it then it is

accurate.

Digital height gauge: used to measure vertical distances, clear screen allows for easy reading of the
measurement and reduces human error.

Engineer block: a simple piece of equipment used to extend the reach of the digital height gauge.

Toe span gauge: Measures small steering movements as ride height changes, features two DTI
gauges 13.4375 inches apart resting up against a metal plate attached to the wheel hub. The
analogue DTl gauges can be misread not helped by the imperial scale, digital ones would be an
improvement.

Inclinometer: An accurate way of measuring inclines the clear screen is hard to misinterpret.

Coil Spring tester: Measures spring rate using a bottle jack to compress the spring, digital scale and a
DTl gauge. This can be inaccurate because it is hard to precisely stop the jack at the measurement
desired on the DTl gauge.

WinGeo3: A suspension modelling software which allows you to input different suspension
parameters and shows how it affects aspects of the vehicle.
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Methodology Session 1

- Find the Y-axis, this is the centre line of the chassis from front to back, it is important to not
lean on or kick the bed to insure it stays level and measurements are not compromised.

- Using tape stick paper to the bed to for measuring.

- Centralise the steering by using a Vernier calliper to measure each side of the steering rack
and lock the steering to stop it from moving.

- Using a Vernier calliper measure the diameter of the wheel hub, half the measurement to
find the centre.

- Using an engineer square place it against the edge of the wheel hub and mark its position on
the paper using a pencil. (fig.1)

- Add on half the diameter of the wheel hub to find the X-axis and mark it on the paper as a
reference point.

- Using a meter ruler and two engineer squares, one against the bed and one against end of
the first square. This is to keep the ruler straight.

- Line up the ruler making sure it goes through the X-axis reference point, draw a line using
the ruler making sure to only draw one line to make it more accurate. (fig.2)

- Putan engineer square on the outer tie rod, using a Vernier calliper measure the distance
between the square and the bolt.

- To find the centre of the bolt measure the length of the head using Vernier callipers and half
the overall measurement.

- Add half the bolts head measurement and the distance between the outer tie rod and the
bolt. Add the measurement from the edge of the engineer square and mark its position.

- Measure the distance between the X axis and the mark, this is the x co-ordinate.

- Measure the Y-axis by measuring the distance between the centre point of the bolt and the
centreline. This is the Y co-ordinate.

- To measure the Z co-ordinate, use a Vernier calliper to measure the thickness of the tie rod
rose joint and half it to find the centre point.

- Using an engineering block and a digital height gauge, zero the height gauge on the bed and
measure the height of the engineering block. Move the engineering block to the tie rod.

- Place the digital height gauge on top of the engineering block and zero it again, measure the
to the bottom of the tie rod (fig.3) Add the measurement of the engineering block, the block
to the tie rod and half of the rose joint to find the Z co-ordinate.

- With the co-ordinates found open up WinGeo3 using the FormulaFord.GEM file.

- Openup atable in WinGeo3 and enter in the ride height measurements in increments of 5
starting at -20mm to 25mm.

- Compare them to the ones already on the WinGeo3 to see how accurate they are. The
measurements entered can also be used to simulate the vehicles suspension movements.
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Repeat this to find the X, Y, Z co ordinates of the inner tie-rod and the steering tie-rod

Figure 1. measuring Figure 2. drawing the Figure 3. measuring
edge of wheel hub X-axis the height of rose joint
Methodology Session 2

Centralise the steering using a Vernier calliper on the steering rack make sure the steering is
straight but do not lock it off.

Using a toe span gauge set both of the dial gauges to zero against the plate attached to the
wheel hub. Also measure the distance between both dial gauges (Fig.5)

Make sure to not kick or lean against the bed as these gauges are very sensitive and the
results will be compromised.

Using a digital height gauge zero it against the bed then measure to the bottom of the plate
attached to the wheel hub.

Secure a digital inclinometer using a G clamp to the inboard side if the brake disc to measure
wheel camber, zero the inclinometer (Fig.6).

In the place of the damper there should be an adjustable rod with a nut on it used to change
wheel height. There should also be two reference marks on the bar to show when the rod
has completed one full rotation.

Using a Vernier calliper measure the distance between the end of the rod and the nut (Fig.4)
Turn the nut two revolutions using the marks as a reference to the change wheel height.
Measure the new distance between the nut and the end of the rod. Also measure the new
wheel height, camber change and toe change.

Repeat this process every two revolutions of the nut to gain 10 different sets of data.

Use a spring tester to measure spring rate, compress the spring for one full revolution of the
DTl gauge and record the measurement on the scale, Repeat this 10 times.

Unsprung weight is measured by placing scales underneath the wheel of the car and
recording the results. Then unbolt the suspension corner and everything that the damper
has to control, weigh it off the car to find the true unspring mass
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Figure 4. measuring the Figure 5. toe span gauge Figure 6. inclinometer
distance between the nut and hub plate. attached to brake disc.
and end of the rod.

Session 1 Analysis

X coordinate Y coordinate Z coordinate
Outer tie rod -64.201 744.50 308.400
Inner tie rod -150.34 186.90 310.810

Figure 7. coordinate table.

The incline angle produced from session 1 was -0.245 whereas the incline angle in the WinGeo
software was -0.09, this difference was due to human error when measuring. Inaccuracies where
likely created by disturbances made to the bed and incorrect use of measuring equipment.

Session 2 Analysis

Figure 8 graph compares collected toe to WinGeo toe. The graph shows that the collected toe
remains the same as WinGeo toe from -20mm ride height up to 15mm. From 15mm to 20mm ride
height collected toe increases from 0.135 degrees to 0.204 degrees compared to WinGeo toe which
increases from 0.135 to 0.176. This difference of 0.028 degrees between collected and WinGeo
remains the same from 20mm ride height to 25mm. This shows the ride height was not correctly
measured or the nut was turned incorrectly an the adjustment rod resulting in an error that was
then carried forward.

Figure 9 graph shows the collected data and WinGeo both go from negative camber to positive
camber as ride height increases, however the curve is different. The difference is due to human error
creating measuring inaccuracies.
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toe vs rideheight

0.3
0.2

0.1

Toe

-25 -20 -15

-0.1
-0:2

-0:3
Rideheight

—@— Collected Data —@—WinGeo Data

Figure 8. toe vs Ride height Graph

Ride vs Camber
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Figure 9. Ride vs Camber Graph

Equations

wheel displacement . .
= suspensionra tio

damper displacement

spring rate = 396lbs/in

20 25 30

Collected Data

¥ ———WinGeo Data
57.69
— =221
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Lbs to kg = divide by 2.2 396+2.2=180kg 180x9.81=1765.8
1765.8-+-0.0254= 69519.68mm

spring rate

- — = wheel rate
suspension ratio
69519.68 14233.877
221°2 877n/m
Mus= 26.9 MS=425
ms + 60
4 unsprungmass = Coorner\mass
425 + 60
——— 269 = 94.35
4
1 WR .
— - = vehicle frequency
21 |suspension coorner — unsprung mass

1 [4233877
2. 9435 M

1 theel rate + 256000

= wheel frequency

21 unsprung mass

= 15.95Hz

1 |14233.877 + 256000
2n 26.9

(Jeong and Suh, 2001 p.104)
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Roll Centres

Figure. 10
|
Ride
2.000t
FolT
0.000
Steering
0.000
_— ] R R —
[ ] —

Figure. 11




11 |Page

5

Ride I

.0001

Roll
0.000

Blearing
0.000

Figure. 12

A locus of the roll centre position is created by opening up WinGeo 3 using the FormulaFord.GEM
file. Ride height is set to 25mm while adding a total of 3 degrees of body roll in 0.1 degree
increments. Reduce ride until zero degrees of roll occurs making sure to press compute before each
command.

Conclusion

To conclude the practical sessions showed that measurements taken were not completely accurate
to the data in WinGeo however they are relatively similar. The first practical session which measured
tie rod coordinates produced a tie rod angle of 0.245 degrees, 0.028 degrees off of the WinGeo data.
This difference was a result of human error when measuring due to a combination of inexperience
using the equipment and disturbing the bed. The second session measured camber and toe change
over suspension compression. Toe change over ride height was measured accurately due to the toe
span gauge leaving little room for human error however camber change did not follow closely with
the WinGeo data. These changes may not completely down to measuring errors as the car may have
been dismantled and then assembled multiple times resulting in slight movement of components,
other factors may include temperature changes expanding or contracting the car. WinGeo3
successfully produced schematic vehicle diagrams and graphs to compare recorded results against
and was a useful tool in interpreting suspension behaviour.
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FINAL GRADE GENERAL COMMENTS

Instructor

Hello Angus,. Did you enjoy the challenge of
performimg practical measurements in the workshop as
part of the assignment? Please have a look at the

/ 1 O O 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

PAGE 1
PAGE 2
QM Numbering
Please use report style numbering. Such as :
2.0 Methodology
2.1 Test equipment
2.2 Test set-up
2.3 Test procedure
3.0 Results
It helps the reader to navigate through the report.
PAGE 3
PAGE 4
PAGE 5

@ Comment1

You could use a diagram to define the axis system
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, Comment 2

The unsprung mass to use in the calcs (the true one) is the one where it is still attached to the car.

, Comment 3

You should show a table of the results and explain the calc for toe angle.

PAGE 7

, Comment 4

What effect would this have if the distance was measured correctly?

PAGE 8
QM Units
Please ensure that the correst units are added to labels for tables and graphs.
QM Units
Please ensure that the correst units are added to labels for tables and graphs.
PAGE 9

i Comment 5

or newtons?

, Comment 6

what is the 60? Your race weight, suit and helmet?

QM Sp.

Spelling error

PAGE 10

PAGE 11

’ Comment 7

close
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, Comment 8

Some wider background reading would have helped.
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Engagement with literature (including reading, referencing, academic conventions and academic honesty)
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©)
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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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