Skip to Main Content

Suspension Investigation
Assignment

by Xingjie Yu

FILE

TIME SUBMITTED 13-DEC-2019 01:02PM (UTC+0000) WORD COUNT 2013
SUBMISSION ID 116280739 CHARACTER COUNT 9518



Suspension Investigation

By Xingjie Yu
Student number: 1901221




Suspension Investigation

Contents

Contents

List of figures

Introduction

Equipment

Methodology

Results

o G VR W N

Evaluation

References

10
11




List of figures

Figure 1Measuring Rig
Figure 2 Wingeo3 result

Figure 3 Height gauge

Figure 4 Digital camber gauge

Figure 5 DTl gauge Aand B

Figure 6 Digital spring tester
Figure 7 Result of unsprung mass
Figure 8 Toe v Ride Height

Figure 9 Camber v Ride Height

0000~ <N N N~




Introduction
The investigation will include working in a small group and working in the chassis workshop.
There will be 2 laboratory sessions, the first session will include measuring suspension
component co-ordinate measurement and put the data points into WinGeo3 software. The
second session will include measuring kinematic behaviour from a measuring rig 1996
Formula Ford Van D.

The measuring rig is mounted on a flat surface table and the s’gaéring rack is centralised and
locked to get the most accurate result as possible. The precise equipment will be used to
measure each suspension points. After collecting all the data, the dat

WinGeo3 software. The WinGeo3 has an existing car body already so there’s no need to
create one, once entering all the data into the table, it will change other figure that relate to
the suspension. After getting the calculated value from the WinGeo3, then compare it to the
actual results and the calculated value to see the differences.

The main purpose of the suspension system is to maximize the friction between the tyres
and the road surface. Another purpose to provide steering stability with good handling and
ensure the passengers comfort.

If the road is perfectly flat with no road irregularities, the suspension system wouldn’t be
necessary. But in real life the most of roads are not close to flat. According to Newton's laws
of motion, all the forces have both magnitude and direction. A bump in the road surface can
cause the wheel to move up and down. The magnitude will be created whether if it is a
bump or small rock. Either way, the car wheel will experience a vertical acceleration as it
passes though the object.

If cars have no intervening structure, all of wheel's vertical energy is transferred to the
frame, which moves in the same direction. In such a situation, the wheels can lose contact
with the road completely. Then, the downward force of gravity will make the wheels slam
back into the road surface. So, the car will need a system that can absorb the energy of the
vertically accelerated wheel, allowing the frame and body to ride undisturbed while the
wheels follow bumps in the road.

The study of the forces at work on a moving car is called vehicle dynamics, and you need to
understand some of these concepts in order to appreciate why a suspension is necessary in
the first place. Most automobile engineers consider the dynamics of a moving car from two
perspectives:

1. Ride - a car's ability to smooth out a bumpy road

2. Handling - a car's ability to safely accelerate, brake and corner

(Harris, n.d.)




Equipment

Steel ruler- It's made from stainless steel and it measures in millimetre and inches. It
was used to measure steering centre and to draw the line of the centre of the X axis.

Square- It usually made from bright mild steel and the blade is hardened so it won't
damage easily. It is used to measure the angle to see if its 90 degrees. It was used to
make sure that the measurement was taken in a straight line.

Height gauge- It's a measurement device to measure the height of the object. It was
used to measure the ride height in millimetre.

Vernier caliper- It's a very precision measurement tool that measures internal
dimensions, outside dimensions and depth. It also has two sets of two graduation
markings on a linear scale and it can accurately measure one-thousandth of an inch
and one-hundredth of a millimetre. It was used to measured the head of the bolt

Engineer blocks- This is block with a flat surface to make sure the measurement is
accurate. It was put under the height gauge because the height gauge can’t measure
that high.

Measuring rig- This is Formula Ford Van D 1996 which is the rig that used for this
investigation.

Flat surface table (BED)- It was made 90 degrees at each angle and the measuring rig
mounted on equally on each side so the result would be most accurate as possible.

DTl gauge- It has magnetic base stand and metric precision clock gauge to measure
the small distance travel. It was used for measuring the toe in and toe out.

Digital camber gauge- It’s a digital measuring tool for measuring camber angles. In
session 2, it was used for measuring camber angles while the damper was moving.

Digital coil spring tester- It's simple measurement tool that can test the spring rate of
the coil spring. In session 2, it was used to test the coil spring to get the spring rate.




Methodology

In the laboratory session one, the group of students
measured the different points on the measuring rig while
the measuring rig is mounted equally on the flat surface
table which is called BED. The precise equipment will be
used to measure each suspension points to get the most
accurate result as possible.

To begin the measurement, the steering wheel will be Fi o
igure 1Measuring Rig

centralised, and it will be check with vernier caliper to see

if the steering rack is on the equal distance. Then it will be locked in place without any

movement of the steering wheel. After finished locking the steering rack, the lecture told

the group of students to not step or sit on the BED because even small movement can affect

the results.

A large of A3 paper was tapped down to the BED so that it doesn’t move and affect the
results. Then the X axis was determined by using the vernier caliper to measure the
diameter of the wheel hub. And then it will be halved to get the radius so the centre point
can be marked down on the large A3 paper but before it can be marked down, make sure
the centre point was marked down while it was lined up 90° angle to the bed. After finding
the X axis, the centre of the measuring rag from the steering wheel to the front of the
measuring rig and drew that line by using a steel ruler so the Y axis is been marked down on
the A3 paper.

Then the outer tie rod bolt’s diameter was measured by using the vernier caliper and then it
was halved to get the radius so the centre will be located. Next a square was used to give an
accurate 90° vertical line down. After that the radius is added to that centre point and then
drew it down on the A3 paper. The opposite point of the tie rod will do the same thing as
above. Once the two points is drawing down on the A3 paper and both points will be
extended until.they met at X axis and Y axis.

The lecture introduced a computer software called Wingeo3
which have a three-dimension image of the specific vehicle
that was used, and it will show how the suspension system
waorks in the software. After getting all the results, the group of
students can compare the actual results to see if the
measurements were accurate.

Figure 2 Wingeo3 result




In the laboratory session two, the group of students measured the changes on the different
parts of the measuring rig as the direct result of moving the damper length. Before taking
the measurement, make sure the steering is centralised and then locked in place.

The group of students were given different tasks to take measurements ten times so the
results can show the difference it makes when changing the damper length. For example,
ride height, camber, damper, DTI A and DTI B.

The ride height will be increased roughly about 5mm per test. In order to do this, the
damper will be adjusted 2 turns which will be 720°. This ensured that the results will be
accurate as it possibly can because if the damper turned too much and it can’t be
unwound otherwise it will affect the results.

One student will use a vernier caliper to measure the damper length changes after
every 2 turns.

The next student will use height gauge to measure the ride height. The height e -
igure el auge
gauge will be on the side of the wheel hub and it will be measured every 2 turns. iy e
Another student will use the digital camber gauge to measure the camber angle.

The camber gauge will be securely attached onto the disc so the measurement

would be accurate as possible, and it will be measured every 2 turns.

One more student will use the DTI gauges to see what affect it has on the

wheel hub when the damper length changes. The DTl gauges will be attached onto
the plate when the plate will be attached to the wheel hub and it will be measured
every 2 turns on both DTI gauges.

After getting these results, the group of students was taken to a digital

spring tester to test the spring rate from the measuring rig and the test will be
repeated ten times. The DTI will be used to check to see if the spring is compressed
one full rotation each test.

Finally, at the end of the laboratory session two, the opposite of the Figure 6 Digital
measuring rig was disconnected and was used to measure the spring tester
unsprung mass. The software on the computer shows the unsprung

mass is 26kg.

Figure 7 Result of unsprung mass




Ride Height

Results

The actual results and the Wingeo3 results will be put in the excel to make toe v ride height

and camber v ride height. Then compared the differences of the two results and explain the

actual result and Wingeo3 results.

20 0.238701
15| 0.161976
10 0.110826
5 0.05115
0 0
-5/ -0.05115
-10| -0.09378
-15| -0.13214
-20| -0.17476
-25| -0.22165

Zero Toe Wingeo result

0.176
0135
0.092
0.047

0
-0.049
0.099
0.152
-0.206

0263,

Figure 8 Toe v Ride Height

Ride Height

2
15

Zero Camber WinGeo zero camber
0.32 0112
024 0.0%3
0.16 0.084
0.08 0033

0 0
0.09 -0.036
0.21 04075
-0.33 -0.116
-0.48 -0.16
-0.65 -0.207

Figure 9 Camber v Ride Height

The result of toe v ride
height shows the
wingeo3 have a straight
line climbing upwards
with no errors compared
to the actual result. The
actual result has an
unsuspected increase on
-20 to -25 ride height as
the graph showed.

The result of camber v ride
height shows the Wingeo3
results have a straight line
climbing upwards with no
errors compared to the actual
result. The actual result has a
steady curve going upwards.




Minimum vehicle mass with the driver: 550KG

Minimum vehicle mass without the driver: 425KG

The total corner mass: 550/4=137.5KG

Wheel movement= 57.24mm

Unsprung corner mass: 26KG

Maximum spring compression during the investigation: 352Lbs/In—

There will be multiple equations needed to work out the figures for the velocity ratio. For
example:

1. Total corner mass —Unsprung corner mass (Mus) =Sprung corner mass (Ms)
137.5-26= 111.5Ms

2. Sl= Ratio of the wheel movement to spring compression (Mitchell also refers this
velocity ratio)
57.24 / (46.5-20.1) = 2.17:1

3. Maximum force for compression/ Maximum distance compressed
352/25.4 =13.86N/m
13.86/2.2= 6.3KG
6.3%9.81= 618NN

The working out of the wheel Rate (Kw):
Kw=Ks/SL2
61.8/2.172=13.12N/m

The working out of the natural frequency of the sprung mass:

13.12*1000=13120

—L/K_""
f_er Ms

f== [22%-183H
21 99

The working out of the natural frequency of the unsprung mass:

1 Kw+Kt

fus = |5

1 131204256000
fus = — |[———""=16.19Hz
21 26




Evaluation

Overall this investigation went very well, all the equipment that the group of students were
using is the most precise and accurate equipment for each task as it possible can. However,
it can be improved by testing the measuring rig again, using a different equipment and
different methods to double check the result to see if there was any different.

Working in the groups have improved my problem solving, decision making and
communication skills. In the laboratory sessions, | have done many tasks. For example,
reading the measurement of the vernier caliper and reading the measurement of the height
gauge etc.
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FINAL GRADE GENERAL COMMENTS
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Hello Xingjie. | hope that you enjoyed the experience of

measuring the vehicle in the workshop to get data for

your assignment. Please have a look at the comments
/ 1 O O 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

@ Comment1

no need for this word

@ Comment2



model

PAGE 5

PAGE 6

@ Comment3

A simple diagram would define the axis system

@ Comment4

The use of pictures and diagrams would support your comments

@ Comment5

lecturer

PAGE 7

@ Commenté

there should be a table of these results

@ Comment7

The sprung mass measured when the suspension is attached to the car is the value to use.

@ Comments

You should show the table of results.

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.

@ Comment?9

Measured toe

@ Comment10



why might there be differences between the curves?

PAGE 9

o Comment 11

Is this maximum compression or spring rate?

@ Comment12

352 pounds = 160 kgs = 1670 N

QM Units

Please ensure that the correst units are added to labels for tables and graphs.
Additional Comment

N/mm

o Comment 13

Where did the 99kgs come from? You have worked it out above and got a different value.?

! Comment 14

Where is the discussion on roll centers and the plot?

PAGE 10

PAGE 11

@ Commenti5

More background reading was esxpected.
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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.
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Practical skills (Different approaches to solving problems in particular contexts.)
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(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
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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
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appropriate solutions.

Exceptional levels of application and deployment skills in particular practical contexts.
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0/0
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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.
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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.
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independently and/or as part of a team, with very good contribution to group activities.
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