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Abstract

1. INTRODUCTION
The design and development of the steering ancesggm system for the USQ Motorsport team
is presented. Formula SAE-A race car is presented.

2. BACKGROUND

Formula SAE-A is an annual competition for universitudents throughout Australia and around
the world, it has been recognized by industry asiging some of the best graduating engineers
because of the practical and teamwork experientarga through participation.

Each year SAE produces a list of rules for thegtesi the vehicles, the rules that directly affect
this project are: 6.1 Suspension, 6.2 Ground Clea,e6.3 Wheels, 6.4 Tyres, 6.5 Steering and
6.7 Rollover Stability. All vehicles are subjectadechnical inspection to ensure the rules have
been adhered to.

3. OBJECTIVES

The main objectives of this project were to idgn#ihd investigate possible changes to the
existing design of the steering and suspensiomprave the performance and reliability from a
practical and safety aspect.

.4. PROJECT DETAIL
The project is broken into two categories:
1- Steering and suspension performance and
2- Safety of the steering system.
The WIN Geo software package (Wm.C.Mitchell) wasdi® analyse and optimise the steering
and suspension geometry for improved performandeeiability.
This design uses a rack and pinion steering withoser shock absorbers and a double A-Arm
suspension system.

%
Figure 1.1 A typical Rack and Pinion

The steering safety was analysed and investigakmht® designing a steering transfer system

that allows an improvement of the drivers’ access$ egress.

5. CONCLUSIONS
The results of this research will be given to tB&@USQ Motorsport Team to determine the
feasibility of their use in the 2010 car.
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1.0 Aim

This project aims to investigate and further depelte steering and suspension design for the USQ
SAE Formula Car and to provide a suitable designhe suspension geometry and adjustability, to
result in improved handling, drivability and relity of the vehicle.

2.0 Objectives

1. Research the background of steering and sugpetissign, and factors that may limit such
design

2. Determine all relevant rules and regulation®assed with SAE-A racer design.

3. Analyse previous designs and team data to iyehe areas that require the greatest change.
4. Identify suitable materials for use as suspens@mmponents.

5. Produce a preliminary design for analysis andehtesting.

6. Compile all relevant data, and produce the fiesign.

As time permits:

7. Offer the alternative design to the team, feestigation of the practicality of fabricating and
installing into the vehicle.

8. Oversee the implementation of the components.

(-

-
Photo of the crash of the 2008 Formula SAE Race car






3.0 Literature Review: Carroll Smith, Suspension Design and the
Ackerman Principal

The following review contains both partial and fidkt from Smith,C. (1984) Engineer to Win, Theesdil guide to
Racing Car materials Technology or how to buildvers that don’t break. (Pages 214-217)

3.1 Suspension Design

In the book Engineer to Win, Carroll Smith talkoaba paper doll game he devised to determine
best geometry for an independent suspension, evbslthis to be a quick accurate way to get a
feel for the various conditions of load that a ®nspon system will be put under and a way to
evaluate how small changes can effect the suspenperformance. This may be a quick way but
as you change the points on the cardboard it i tedsecome lost with what works and what didn't.
He then sets about talking about low cost waysesfgh, he mentions that computer programs are
available for this function, some benefits for twisuld be you can keep a file of all the minor
changes that are made and correlate the informasida determine a suitable accurate model of the
suspension system. He says that a suitable proginaaid be able to compute the lateral load
transfer, integrate this with the roll centre moes) camber change and a host of other functions.
The suggestion is then made that a law of dimingstihen returns which means that you can
calculate as much as you like on a computer marinot calculate for every conceivable condition
so commonsense often takes over and manual adjustieued trial and error often prevail.

3.2 Ackerman Principal

In a previous book Tune to Win, also by Carroll 8mhe believed that the steering geometry
mainly was associated with understeer, this waddltige load conditions of the car. The thought
was that as you enter a corner the load transféordee outer wheel and the inner tyre was “along
for the ride” he states that these assumptionsentml certain external forces like down force,
which is variable in the racing industry with thgewf aerodynamic wings and splitters, as the SAE
car does not have any of these | will not explaings or splitters any further. Instead the analysis
was to look at the balance of the vehicle and stg@ngles of the front tyres, the belief was that
the angles will be small and the steering inputldidne smooth. The lateral load transfer would be
gradual, but since the response time of a race carick then so would be the transfer rate. The
outer tyre then is supplying most of the tractiffert for the steering process. This then indicates
that the slip angles of the front tyres are reqluirebe equal, this was the belief for several yewar
opposed the Ackerman principal and therefore becafeered to as anti- Ackerman.

Further testing found that by including a small amioof static toe out in the suspension setup was
that as you enter a corner and the load transtairecthe entire toe out transfers to the innes, tyr
the slip angle of the inner tyre increases and ptemAckerman steering principal. The problem is
that static toe out may make the car unstable umdéing and that the rolling of the tyres may
slow the car down in a straight line, so the plasto tune the suspension to exhibit some bump
steer to encourage toe out while cornering, thiise as the load transfers to the front of the
vehicle during braking as the front dips the stegdrm is positioned in a location so that it pgshe
the front tyres out with the downward force andhtherrects itself as the vehicle returns to its
normal height, thus giving the stability in a spfati line and possessing the required toe out while
braking and turning. A problem with this is that@nace track that produces load shift in the car i
a straight line, like a dip or a crest, the bunrgesmay make the vehicle unstable. It is for these
reasons that the suspension geometry is required éasily adjusted, and that the cars are tuned to
the race track often with a combination of bumgistee out and also static toe out.

So a return to the Ackerman steering principle desded to be tested. The thought was that by
increasing the Ackerman it may be possible to elate the dragging of the inner front tyre and an



effective increase in the slip angle of the indiat tyre. Through testing and adjustments it was
found to be the case, the test vehicle exhibitddaed understeer and a greater Ackerman effect,
this was noticed at both high and low speeds. # also noticed that by bringing the Ackerman
geometry too far forward that the car exhibited enondersteer and the vehicle became darty over
bumps and while braking.

There has been many advancements in the operaintitions of race cars since the initial anti
Ackerman setup was being used. Some of the advamtenmclude the tyres, they have become
stickier, they have a lower profile and thus tentlto deflect as much while cornering, this has
added to the increase in contact patch which waisdlly a long thin oval shape and is now a wide
short oval which increases the traction level whdenering.

The general consciences it that it is difficultietermine the Ackerman and handling characteristics
of a vehicle from a 2D model, this is because Hster angle and SAI makes steering geometry a
3D problem, however it is a good place to start.

3.3 Conclusion

From my research | have decided that the actuakesis®on type is not of a high relevance but may
be restricted to a class or category. The maintpgoia good suspension design is to have
predetermined plans and understanding of how adgrsts can be made to improve the handling of
the vehicle. For this reason | have decided tosuspension design software (WinGeo 3 Version 4),
to develop a model, that will assist me in deteingra suitable starting point for my design. From
this | will be able to determine the effect of batinor and major adjustments on the suspension
package, and then be able to determine the extexljustability that the suspension will require.
This will give me a basic understanding of how ddgustments should affect the handling of the
vehicle. Once this has been established it wilhthe possible to fabricate suitable components that
allow for the limits of adjustability that | discex My intention is to use Ackerman principal
steering geometry with an initial setting of zdvat allow for this to be modified through
adjustments that have been allowed for in my design

10



4.0 Background on Steering and Suspension

4.1 Overview of steering and Suspension

A suspension system supports the vehicle, cushgahmride while holding the tyre and wheel
correctly positioned in relationship to the roadsf@ension system parts include the springs, shock
absorbers, control arms, ball joints, steering kies; and spindles or axles.

The steering system works with the suspension sydteallows the driver to steer the car while
providing a comfortable amount of steering eff&@teering system components include the steering
gear, the steering linkage, the steering wheel tla@dteering column. There are two types of
steering systems.

They are:

1) The parallelogram steering, this has a steering(gear box) and a parallelogram linkage
that is attached to a pair of tie rods.

2) The other is rack and pinion steering (figure haves a typical rack and pinion steering)
this is a simple long rack with straight tie rodseading from its ends.

Both of these steering systems are available iruagnoperated and power assisted (uses
hydraulic fluid and a pump to assist in the turnifighe component).

Mounting bracket
and bushing

Tie-rod
assembly

Figure 4.1 A typical Rack and Pinion.

4.2 Factors Effecting Handling and Drivability

There are many factors that affect the handlingdandbility of a vehicle, some of these include
the desired use of the vehicle, is it for road msa high performance racing car. Some differences
are in the basic design however most of the compsribat make up a suspension system are
common to all types of vehicles.

The biggest differences in suspension design appehe individual component design, a street car
needs strong durable suspension that can han@leetyof road surfaces with a spring and shock
absorber that is able to support the vehicle saéelgl cushion the variety of conditions it will éac

A race car has a more finely tuned often lightespsunsion with a lot of one off fabricated
components that assist in creating a package #sasuificient strength and durability for the
desired application, often uses a firmer spring slmatk absorber and does not need as much
suspension travel as a street car.

11



This project will be using an unequal length doublearm suspension with manually operated rack
and pinion steering. The factors that led to tlgsision are:
* The 2008 car was damaged in an accident and theduspension took the main impact of
the incident, therefore the suspension requiresirep replacement.
* Intended use of the car
» Access for adjustability
* Availability of components
» The design of the vehicles chassis best suitsabbld wishbone style rather than an I-beam
or Macpherson Strut type of suspension.
» Ease of manufacture and assembly.

Figure4.2 :Left: Macpherson strut suspension, upgét I- Beam suspension, Middle right Sample tdwaer A-arm
Bottom Right: Sample Independent Front Suspension.

12



3.3 Chapter Summary

There are many factors that contribute to a gosgesusion setup, ranging from the type of tyres all
the way to the initial suspension positions (wheeesuspension points are attached to the chassis).
Any changes in the vehicle setup can have a visttedn the handling characteristics of the

vehicle.

13



5.0 Terminology and Definitions

5.1 Introduction:

Before we begin to develop a suspension systesiré@quired that we know and can identify the
phenomena that affect the handling and drivabdits vehicle. As this project is mainly concerned
with the geometric association of the componerasaffect the performance not all types of
suspension will be looked at, and for this reas@nfollowing list was developed to make the reader
familiar with the required knowledge to undertakis pproject. Here are some definitions and
terminology that my project will be using to detémma suitable suspension and steering design for
the 2010 USQ SAE-A Racer.

5.2 Ackerman:

When the extended axis of the steering arms mebeatentre of the rear axle, and when the
vehicle is following a curved path, the inside whe#l be steered to a greater degree than the
outside wheel so that both wheels can follow thelividual radii without skidding. The definition
of Ackerman steering then follows as the differemcthe angle of the front tyres when turned.

Figure 5.1: Identifying the difference in Radii.

14



Centre of wming circle

Figure 5.2: The Ackerman Principal.

5.3 Camber:

The angle between the vertical axis of the whedltha vertical axis of the vehicle when viewed
from the front or rear of the vehicle. If the tofptlee wheel is further out than the bottom this is
called positive camber, if the bottom is furthet this is called negative camber. Negative camber
is the better choice for the outside tyre when eong. It allows for greater tyre and road surface
contact and potentially improved grip this occuesdwuse the tyre becomes closer to the optimal
angle to the road and the forces are transferredigh the vertical plane rather than the shear
forces across it.

Figure 5.3: ldentifying Camber. Left: Positiverdzer. Right: Negative camber

15



5.4 Caster:

The angle to which the steering pivot axis is dilferward or backwards from vertical as viewed
from the side. If the top of the pivot positioneshrward of the lower pivot this is known as
negative caster, negative caster makes it easgte¢n but with less straight line stability. I&ttop
pivot is forward of the lower pivot this is known positive caster, positive caster can aide in
straightening the wheels as the vehicle leavesrgecd while travelling forwards) and enhances
straight line stability.

True
vertical

Negative Positive
/ Pivot
s

’ axis

centerline

Lead point

Figure5.4: Caster Angles
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5.5 Toe:

Toe is a comparison of the distances between tmesfiand rears of a pair of tyres.

If the leading edges of the front tyres are sligpthinted out then the vehicle has toe out if the
leading edges are pointed slightly in then the aletas toe in. Toe affects the straight line &tsbi
tyre wear, and corner entry handling charactessiicthe vehicle. A small amount of toe in will
result in a more dynamically stable condition.

Figure 5.5: Toe

5.6 Steering Axis Inclination (SAl):

Also known as kingpin inclination angle, is theela inclination of the steering axis in the
transverse vertical plane as measured from thengrou

Inclining the steering axis so that the intersectiath the ground is as close to the tyre contact
point on the ground will result in reduced torgibewat the steering axis during forward motion, this
also helps to reduce the steering effort requioadiin the wheels while the vehicle is stationary,
but provides suitable resistance while the vehgk speed.

5.7 Scrub Radius:

Is a factor of the SAL. It is the pivot point fdret front tyres footprint. The scrub radius is meegu
at the ground and is the distance between theatmatiof the tyre and the intersection of the SAI.
The greater the scrub radius the harder the vewitli®e to steer, positive camber may assist in
correcting scrub radius but may result in decreagedlife.

Included angle

[ |
I*_._____A,"

Steering axis inclination \4-!—.-»! ‘ﬂ— Camber angle

ing-pin inclinat
(King-pin inclination) Vikical

‘
I

Point of load
Scrub radius

Figure 5.6: SAl and Scrub Radius
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5.8 Instantaneous Centre:

The point in 2D space through which a body rotates given instant. In a suspension system this
point is through which an individual wheel rotates.

5.9 Roll Centre:

Defined by SAEJ670e as : “The point in the transeesertical plane through any pair of wheel
centres at which lateral forces may be appliethéosprung masses without producing suspension
roll”, but this definition is only true for non imghendent suspensions as it assumes that the
horizontal position of the roll centre is on theéhiaes centre line

5.10 Jacking:

An upward reaction force generated by the tyresmeheace car accelerates during cornering and
the roll centre is above ground level. When the anols force of the outer tyre is greater than the
downwards force on the inner tyre, this resultanrupwards reaction force that “jacks” the sprung
mass when cornering. Jacking tends to cause theleét become unstable due to changes in the
camber angle, and for this reason should be avoided

5.11Understeer:

Understeer is related to the front wheels. The timmdexists when car refuses to turn into a corner
but instead tends to continue in a forward directicstead of following the corner.

rl:lr‘iVir‘IngEt.l‘lEt

Loy
e TV

=\
i
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6.0 Rules and Regulations of SAE-A

6.1 Introduction:

As with any form of motor sport there are rules dedign criteria that need to be met before any
vehicle can take part in an event. These ruleslaeely stated by the race organisers and are
categorised for the different classes of vehigtegeneral terms this means that there are differen
rules for a Formula 1 race car as to that of a WRBdlly Car. The rules for this competition are
devised by the Society of Automotive Engineersrimaéonal (SAE). Further information on SAE
and a full list of rules for the 2009 competitigraivailable fromhttp://www.saea.com.au/wp-
content/uploads/2009/02/2009-fsae-rulesl.pdf

6.2 Steering and Suspension Rules for 2009

The following rules are as stated by SAE Intermaipand are the relevant rules that will govern
the final design for this project.

6.3 Suspension:

» The car must be equipped with a fully operationapension system with shock absorbers,
front and rear, with usable wheel travel of atié&gs8 mm (2 inches), 25.4 mm (1 inch)
jounce and 25.4 mm (1 inch) rebound, with drivexted. The judges reserve the right to
disqualify cars which do not represent a seriotesrgit at an operational suspension system
or which demonstrate handling inappropriate foaatocross circuit.

» All suspension mounting points must be visible etfinical Inspection, either by direct
view or by removing any covers.

6.4 Ground Clearance:

* The ground clearance must be sufficient to preaagtportion of the car (other than tyres)
from touching the ground during track events, aiiti the driver aboard there must be a
minimum of 25.4 mm (1 inch) of static ground clew® under the complete car at all times.

6.5 Wheels:

» The wheels of the car must be 203.2 mm (8.0 inctves)ore in diameter.
* Any wheel mounting system that uses a single rigfginut must incorporate a device to
retain the nut and the wheel in the event thahtlidoosens.

6.6 Tyres:

Vehicles may have two types of tyres as follows:

» Dry Tyres — The tyres on the vehicle when it isspreged for technical inspection are
defined as its “Dry Tyres”. The dry tyres may b aize or type. They may be slicks or
treaded.

* Rain Tyres — Rain tyres may be any size or typesaided or grooved tire provided:

* The tread pattern or grooves were moulded in byitkenanufacturer, or were cut by the
tyre manufacturer or his appointed agent. Any gesabhat have been cut must have
documentary proof that it was done in accordanth these rules.

19



There is a minimum tread depth of 2.4 mms (3/3R)inc

Note: Hand cutting, grooving or modification of the tyfegthe teams is specifically prohibited.

6.7 Steering:

The steering system must affect at least two (Bei

The steering system must have positive steerirgsdtwt prevent the steering linkages from
locking up (the inversion of a four-bar linkageoae of the pivots). The stops may be placed
on the uprights or on the rack and must preventitee from contacting suspension, body,
or frame members during the track events.

Allowable steering system free play is limited tdégrees total measured at the steering
wheel.

Rear wheel steering is permitted only if mechanstaps limit the turn angle of the rear
wheels to + 3 degrees from the straight aheadiposit

The steering wheel must be mechanically conneciéioket front wheels, i.e. “steer-by-wire”
of the front wheels is prohibited.

The steering wheel must be attached to the coluittmarquick disconnect. The driver must
be able to operate the quick disconnect while enrthrmal driving position with gloves on.
The steering wheel must have a continuous perintedis near circular or near oval, i.e.
the outer perimeter profile can have some stragbtions, but no concave sections. “H”,
“Figure 8”, or cut-out wheels are not allowed.

6.8 Rollover Stability:

The track and centre of gravity of the car must lome to provide adequate rollover
stability.

Rollover stability will be evaluated on a tilt tablising a pass/fail test. The vehicle must not
roll when tilted at an angle of 60 degrees (60t horizontal in either direction,
corresponding to 1.7 G’s. The tilt test will be danted with the tallest driver in the normal
driving position.

The above rules are from: http://www.saea.com.awgent/uploads/2009/02/2009-fsae-
rulesl.pdf. p31-33

6.9 Conclusion:

By understanding the rules of the competition Ir@w able to start on a suitable design. With
these rules and with the chassis blue prints Ilvélbble to construct a model that will aide me in
my final design.

20



7.0 Win Geo3, Steering and Suspension Design Program

7.1 Introduction

This chapter introduces Wm. C Mitchell's suspengienmetry software, Racing by the Numbers
Version 4.00 and demonstrates the power of thevaodt for the calculation and display of steering
and suspension geometry for the SAE-A race car.iffbemation gathered can greatly improve the
time taken to analyse steering and suspensiorpsehws giving us an indication of how the car

will react under different conditions and will aldfor concise adjustments during setup and testing.

7.2 WinGeo Program Background

Steering and suspension geometry is be modell&franC. Mitchell's, WinGeo software, this
allows for quick adjustments, as opposed to mayuadlasuring all the various important values
repeatedly for the different settings you wishrioduring testing. Doing this enables a comparison
between the effects of small changes and how tliégffect the design parameters of the 2010
SAE-A race car and an indication of how well the wal react while cornering. It will also allow a
basic comparison of the initial 2008 car’s desias this vehicle is damaged no exact comparison
will be available) and actual geometry after camstion allowing for the optimum geometry to
provide the best cornering and handling abilityhaf race car.

By measuring and entering the data into Wm. C. IMitics, Win Geo software, we can critically
analyse the race car with regard to the handlimgcannering characteristics. The software requires
actual measurements taken from the car which willbne and recorded according to the geometry
software requirements.

Once recording all the information that the sofvaeeds, we can analyse the way the steering and
suspension reacts with the chassis. Moving up wndeide) or rotating (roll) we are able to

observe the change in camber, steering anglesaamter @t each of those changes. This is useful
since during a corner, we may model the changéshbachassis will go and can see the result on
the tyres (and contact patch) and get an indicatfidrow well it will perform.

Wm. C. Mitchell's software can also be used toiaithe design of steering and suspension systems,
through its design and build functions you may #ye@rious values and the software will convert
it into the required lengths of the arms and rods.

7.3 Measurements and Program Setup

The following information has been provided to g1 enough information to be able to measure
and analyse an SAE-A race car, using the WinGetwaod, without needing to read the full
software operations manual: Win Geo 3, Suspensemnttry Program, Version 4.00 for windows
95/98 and 2000, NT and XP.

It is strongly recommend that you allow at leadt halay to measure up a car for the first time and
to get someone to help. It will save a lot of tithat would otherwise be lost dropping things, re-
setting the origins and other fiddly jobs that mo¢ normally accounted for.

Once the program has installed, printing out soareegc forms will make things much easier for
entering information into the program once the reaments have been taken, as the forms are in a
similar format to the program on screen.
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Open the WinGeo program, select the help menu,daktt quick start from the drop list. The help
tree is on the left side of the page, from thererojhe Files menu and then Blank Forms, here is a
list of all the blank forms that is needed. ClickBlank forms: Measuring cars for some general
information and hints, for a double wishbone suspenwith a push/pull damping system, click on
the Blank forms: Double A-arm and Rocker Arm optand print this form. Also click on Blank
forms: Pull-rod / Push-rod form and Blank forms:diary points and print these forms also. Be
sure to print at least a second set of these fafrasnistake is made use a new form as to minimise
the using an incorrect value.

First you need to make sure that the car is selrepdy with the correct alignment and on a flat
level surface as it would on the racetrack. Fas phibject it is difficult as the vehicle has leéria

front damage and is sitting on 3 tyres only. Remawe body panelling to ensure that access to the
suspension points is possible and ensure thaupession bolts are locked in place and that the
vehicle cannot roll or move when you lean on thre @ace these checks and panels removed then
determine a baseline or origin accurately and pdtrdegs on the surface plate or flat floor ortte
appropriate point, to represent the centrelingb@tar (front to back, side to side).

The X-Axis is the front to rear longitudinal diméms. The Y-Axis is the left and right sides of the
car (driver’'s side - passenger side) and the Z-&xike vertical dimension from the ground up.
Care must be taken when selecting an origin deenemon suspension adjustments, such as
changing caster, can move the tyre contact patth Buch change requires a careful re-
measurement (or re-calculation).

When the car is ready to be measured, follow tee=es:

* Measure the track width of the front and rear tyrgs$aking the centre points of each tyre as
low to the ground as reasonable, the WinGeo3 prnogneasures track at ground level at the
centre of the tyre contact patch. The easiest w&y measure to the middle of the tyre, but
this can be misleading if the tyre has significstatic camber, so as long as you are aware
of the settings you should be fine.

* Measure the static toe for the front tyres whileameing the track at the front and do a
quick calculation of the static angle pointing imds or outwards that each tyre is at. This is
done either by measuring the distance betweerotimeafd and rear of the pair of front tyres
and taking the difference. Or by using a spirieleand a flat straight object (length of wood
etc.) across the inside of the tyre (for cars wittic toe-out, measure the outside for cars
with toe-in) and measure the distance from the eddee tyre to the flat object.

* Measure the pickup points of the suspension oAtaem connectors (A and C) and the
actual position of the ball joint (point B) as pisiin a co-ordinate system with respect to the
central axis determined previously. The forms thate printed out previously depicts the
points A, B and C for the lower A-arm and D, E &nfibr the upper.

* Repeat this for both upper and lower A-arms artcbled right sides.

» Locate and measure the steering box/rack and tigghef travel that the steering
mechanism will go from lock to lock.

* Measure the points of the steering tie rods froencintral axis.

* Finally locate the springs and shock absorber dslseand note these points with respect to
the central axis also.

This will provide sufficient data to enter into theometry program.

Create a new file corresponding to a push or mallthat matches the suspension set up, and start
entering all the information recorded in the appiaip spaces for the suspension, steering, auxiliar
and pivot sections under the edit menu, check gakte and hit compute and sketch to update the
information on screen.
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7.4 Entering Data into Win Geo3

Once all the data is entered into the programs,rieéady to analyse the steering and suspension set
up. On the main screen there is displayed infolonatiready about the setup, the camber, caster,
and scrub for the left and right sides. Also oth&rmation that is useful but not needed at this
stage. Right click anywhere on the screen and davinwill open, click on the Values tab and
make sure that the following are checked: RideRwol] Camber, Steer, Net steer, Scrub, Net
Scrub, Instant Centre, Kinematic Roll Centre andt€aand Trail, uncheck the other options to
keep the main screen less cluttered.

Now immediately you can see all of that data onntlaén screen, further analysis is done under the
Analysis menu. Selecting Fundamental Analysis s¥ibbw the instantaneous parameter based on
the geometry and describes the movement of theosgesmall displacements. The important
information from this section is the instantaneads and roll camber or camber gain during ride
and roll. This is displayed in degrees/mm for rashel degrees/degree for roll. This is only for small
displacements, to model the car traversing a comegnave to use a Path file, while entering force
values for the weight of the car and the springs.

Right click on the main screen and go to the Foralesand in the Z-Vertical box, enter the weight
(or expected weight of the car not forgetting tdude the drivers weight) of the car and make sure
that both sides of the force side section is sete@nd the Upright and the Truck arm boxes are
checked and hit accept. Under the Edit menu, dgbetd-orces (springs and bars) option and enter in
the left and right side spring rates that will lsed, then click done.

Now that the spring rates and weight of the cartt@e entered, open up a path file under the
Reports menu - Load path file and open path fide, the Demolmetric.pth file as a base that you
edit to simulate a corner. Once opened the pathddain under the Reports menu, edit the path file
to include steering angles. The values of roll sie@r are in degrees, think about what the
maximum angles that the wheels can turn and emi@gppropriate steering angles.

What this path file will do is change the ride hejgoll and steering angles of the car in the
increments that have been defined. A corner casirbelated in five points, entering the corner
under full braking, turning into the corner withifharaking, full cornering (maximum steering
angle), roll on power exiting the corner, and pdwer to complete the corner. The steering angle is
half the maximum at half braking turn in and rall power on exit respectively. Create two path
files corresponding to a left hand and right hamd using the default ride and roll values in the
Demol1Metric.pth file as these figures are a gog@r@pmation to a maximum case scenario.

Loading the path files will turn on the Next buttom the main screen, press the button and it will
cycle through the settings defined in the pathdite you can see the effect they have on the car.
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7.5 Saving and Reporting the Data

Once you have the path files operating you mayrcedata using the Table menu. Clicking on
Show will bring up a spreadsheet on the bottonihefrhain screen, from the Table menu you may
select any of the tables 1-10 for the correspondatg, the information we are looking for is under
Table 9: Right and Left suspension, which tabul#tiedocation of the Roll Centre, camber and
caster for both sides and steering angles.

Run through the path file by clicking the Next loutto jump to each setting. This fills the table
with data and once a cycle is completed you mag Ha table content under the Table menu as a
Comma separated ASCI! file (CSV) which Microsoftcekcan read and tabulate, from there you
may extrapolate graphs to show the change in caroaster, steer and location of the roll centre,
however the easiest and best way to monitor theeotre is by checking the Mark RC button on
the main window in WinGeo and cycle through thenpdtis highlights the path that the Roll
Centre undertakes
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8.0 Analysis of the 2008 Car

Figure 8.1. Right hand front suspension of the 20418

8.1 Introduction

This chapter analyses the 2008 car by speakinglasthyear’s team members, reviewing previous
analysis on the suspension system being used anggthanalysis using the Win Geo software to
find any flaws or areas of improvement that cowddiade for the 2009 vehicle. This chapter also
attempts to determine why the vehicle crashed astralyed the left hand front suspension
assembly.

8.2 Problems with the 2008 Car

After talking with team members from the previoesyit was found that the main areas of
attention are:

Location Hazard-  The steering shaft location within the vehicleusrently running
between the driver’'s legs making it difficult fdretdriver’s access and egress. The steering
universal joint is quite large and adds to thisopem. It is a requirement that all drivers be
able to exit the car in an emergency situationiwitn allotted time period.

Steering Effort- Another problem was fatigue in steering the vieghithe 2008 team
changed the steering rack to a 1:1 ratio unit,rémssilted in the vehicle being very quick to
turn but also very heavy to steer the car thusioguatigue. This is believed to be a
contributing factor to the accident the vehicle waslved in.

Understeer- the 2008 car exhibited an undesirable amounndétsteer although

understeer can sometimes be used to benefit therdhis may also contribute to the
steering effort required to steer the vehicle aossibly the accident.
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8.3 Analysing the 2008 Race Car with Win Geo Software

By using the process outlined in the previous attaghd measurements taken from the 2008 car,
the following information was found for the 200&ezcar.

» Steering Axis Inclination / King pin axis-  5.509gtees.
e Scrub radius- 43.921mm this is more than excesiecintended scrub radius was 20mm.

» Castor- 4.097 degrees, this could have possildy begher as the vehicle was
propped at the front so all of the necessary measemts could be taken.

* Camber- 3.442 degrees, at first seems ok, butdughalysis reveals it does not need
to be this high more around 2 degrees is sufficient

 Toe- The 2008 design had 3.327mm of toe in per itheeis excessive and will
contribute to the understeer and steering effapired to drive the vehicle.

The steering axis inclination and the scrub radnesdirectly related to the high steering effort
experienced by the drivers of the 2008 car. Théocasgle although not too high may also have
contributed to the steering effort; this is du¢hie wheels constantly being forced into a straight
line position. The above mentioned measurementsichcally may not be far from the desired
settings however they are major contributors wresduas a package.

8.4 Using the Win Geo Path Files

Using the path files (process outlined in the prasichapter) of the Win Geo software for the ride,
roll and steer it is possible to view the instaptaus centres, roll centres and the ride and roll
camber change of the 2008 car, see appendix Athdgpath file output for the 2008 car.

The locations of the instantaneous centres wer6.25%m out and 357.7mm into the ground; this is
not very desirable as it can contribute to a hagk of camber change during roll.

The roll centre is located 91.8mm underground. @ilow roll centre is good in maintaining a
low roll moment and therefore reducing the effefgaoking forces the position of the roll centre
for the 2008 car is excessive. The ideal positmrtlie roll centre is as close to the ground as
possible, this positions the roll centre closedentre of gravity and consequently reduces the
roll moment and the roll resistance of the chassis.

The ride and roll data found that the maximum canebange occurred whilst under full cornering
with a change of 0.987 degrees on the outer winekD2®35 degrees on the inner wheel. The roll
change was then found to be 0.759 degrees / degretand 0.021mm / mm in ride. This means
that for every 25mm change in the chassis heightdmber will change by 0.558 degrees this only
appears to be small however could be improved oAghk roll a 1.5 degree change in the roll
results in a 1.132 degree change in the camberaksn could be better.

From the analysis you can see that during corneéhiaguter wheel is definitely increasing the
contact area with the road however there is sdlb3 degrees available before full contact is made,
the other interesting point is that at the same tine inner tyre has increased to 4.377 degrees and
thus significantly reducing the contact of thisetym the road. These factors may make the car feel
slippery in the front while cornering, and therefonake it undesirable to drive to its full potehtia
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8.5 Chapter Summary

There are a number of improvements that can besimgihted from the analysis of the steering and
suspension systems from the 2008 race car. Sothesd include:

* Understeer

» Steering effort

* The location of the steering shaft

* And locating smaller universal joints are the meaprovements.
How these improvements are implemented for the 2@tQvill be discussed in further chapters.
The other aspects of the steering and suspensitrmped reasonably well.
Improvements into the movement of the roll centré eamber change during cornering will further
improve the suspension system and overall cornamaighandling ability.
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9.0Steering and Suspension for the 2010 Car

9.1 Chapter Overview

This chapter discusses the implementation of imgmaants from the analysis of the 2008 car and
the individual steering and suspension designs.

9.2 Implementing Improvements

The improvements that can be made as result ofsieab 2008 car were understeer,

Steering effort, the location and mounting of tteeesng shaft. To improve understeer a decrease in
the Ackerman steering geometry and improved adjeistsnand geometry of the front a-arms will
see better response from the race car.

Reducing the steering effort will include suspengieometry adjustments and upright setup that
has less steering axis inclination and scrub radinesFundamental Analysis of the 2008 geometry
with respect to these values are shown in Appefdix

The location of the steering shaft will improvedatingh the use of a steering transfer system and
relocating the steering shafts to suit, this valnove the steering shaft from between the driver’s
legs and subsequently improve the access and egréssdriver.
All of the moving steering shafts will require 0.8naluminium fabricated mechanical protection to
ensure the drivers clothing does not interfere \vitle operation of the components and for the
drivers’ personal safety.
Before any of these recommendations can be impl&dehey will need to be approved by the
2010 USQ Motorsport Team, and will be influencedlwyfollowing factors:

» Cost of components required to make the changes.

» Time availably to fabricate new components.

* Time to implement the changes.

* Available time to sufficiently test the changes.

9.3 Steering System

The steering system will be comprised of a rackg@intn that was purchased and fitted by the
2008 team. It is a 1:1 ratio rack and pinion, thesans that for one full revolution of the steering
wheel the car will turn from one maximum steerimgle to the opposite steering angle. One
problem with this rack is that it is promotes fst&ering response and can be very difficult for the
driver as the steering becomes “twitchy” and ageadrfatigue sets in.

The steering system will incorporate an improvearshckerman principal. The positioning of the
rack will be in front of the centreline of the fitomheels, therefore a forward ackerman will exist.
Positioning the steering rack and pinion forwardhef front wheel centre axis also promotes a little
more ackerman due to the slip angles generatdwitytes while cornering. If we move forward
the intersection point of the extended steering &xiaround 40%, it will provide a significant
increase in steering response (Smith. C, 1978).
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Figure 9.1 Short Ackerman Principal.

As we are not after greatly improved steering respopdue to the 1:1 ratio steering rack, we will be
aiming for between 5-20% of W.

Higher Ackerman needed during
corneting

Slip angles

Slip angles

Figure 9.2: Cornering develops slip angles whicingfe the ackerman location.
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9.4 Steering Safety

The steering transfer box will be located on tleda of the front of the chassis and forward of the
control pedals. It will consist of a roller chaindasprocket arrangement with an aluminium casing,
the shaft from the top universal joint to the tfandox will be of aluminium heat treated for
optimum strength and torque requirements, all usalgoints should also be replaced with light
weight aluminium Borgenson universal joints, bylaemg all of the shafts and universal joints
with aluminium the total package weight will not ¢peatly increased. Appendix D.4 shows a solid
model of the proposed transfer system and its &gsdoccomponents.

9.5 Suspension System

The suspension system is fully independent usirgjual, non-parallel double wishbone links, very
similar to the 2008 race car’s setup. The fronpsuasion will have a pull rod spring and shock
absorber configuration, changing this system tashpod was investigated but was quickly
deemed to be of no great advantage, this was dihe fabrication required to move the shock
absorber and spring from the floor of the vehiol¢he upper chassis area, while the rear suspension
will have a push rod setup. The difference betwbese systems is only the location of the
spring/shock absorber and which wishbone (upp&veer) it is connected to. The performance for
both push and pull rod systems are equal due tmdt®n ratio and wheel rates that are
incorporated into the rocker or bell-crank design.

The 2008 race car suspension geometry proved raalsosuccessful and similar geometry will be
employed but trying to incorporate some improvemmeéntthe design so that the vehicle has a better
feel on the track. The wheelbase this year has beteat 1650mm and the track 1300mm at the
front.

The front suspension wishbones consist of two meséth a boss that has a threaded hole to
match the spherical rod ends welded at each erelsflmerical rod ends have been previously
purchased by past members of the USQ MotorspornT@&ae design for the rear suspension will
not be changed, it has been setup by past team ensrabd has proved itself in performance and
reliability. The rear suspension has been modifitie past few years to accommodate a toe
control rod to prevent turning of the back wheglsis suspension arm is simply a single rod with
two spherical rod ends fitted in a welded boss.

The mounting points of the suspension links toctieessis were redone in 2005, prior to that a flat
plate was simply welded onto the chassis whera# meeded. The improved method included
carefully placed crush tubes that will allow shiarspacers between the chassis and suspension
mounting points. The reasoning for this change thashew mounting points are lower in weight
and they have greater adjustability, this styladjtistability will be continued in the 2010 car.

The spring and shock absorbers are off the slegifstthat have both rebound and bump
adjustability, 450Ibs/in springs and are all in d@ondition and will be reused

9.6 Analysing the 2010 Geometry using WinGeo

By using WinGeo to analyse the suspension poinag possible to tune the suspension for the
optimum performance and hopefully reliability. Retie appendix B 2 for the Win Geo analysis.
From this analysis the following information wadahed:

- Steering axis inclination / Kingpin angle is 3988egrees

- Scrub Radius reduced to 3.672

- Caster angle 2.339 degrees
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The following table illustrates the differencesvbetn the 2008 and 2010 design figures.

Suspension Condition 2008 Design 2010 Design
SAI 5.509 degret 3.859 degret
Scrub Radius 43.91 mm 3.672 mm
Caster Angle 4.097 degree 2.339 degree

I nstantaneous Centre Width 2556 mm 4597 mm
Instantaneous Centre Height -357 mm 414 mm

Roll Centre 91 mm 59 mm
Camber Angle 4.097 degrees 2.339 degrees

Table 9.6.1 Differences between the 2008 and 2@%®ds.

Using the Fundamental Analysis on the 2010 raceesaraled the location of the Instantaneous
centres, roll centres and the ride and roll canchange rates. The instantaneous centres are located
4597.404mm or 4.6m out and 414mm off the ground.

These are longer than the 2008 car, and will réisih improved cornering ability for the 2010
race car.

The caster angle has been reduced by about 2 detheeis to reduce the required steering effort
without effecting the steering returning to cerdfer cornering.

The roll centre is located 59mm below the groundhenvehicle centreline, this is higher than the
2008 car, which was 91mm, but as the roll centneaias below ground level during the ride and
roll testing the higher roll centre will assistlightening the steering, without having a greatatip
on the vehicles stability. This also controls theking forces but increases roll moment which
affects the roll resistance of the chassis, thisredluce the amount the chassis rolls during
cornering which is desirable, this is reflectedhea reduction of roll camber change rate.

Using fundamental analysis the roll and ride candb@nge rates are 0.880 degrees per degree in
roll, and 0.011 degrees per mm, an increase inolheamber change while reducing the ride
camber. Overall this is very similar to the 2008ules but the instantaneous net scrub radius has
reduced from 0.279mm to -0.158mm, this should tésumproved tyre life.

9.7 Analysing the Path File

Analysing right hand cornering using the WinGeohddes, see appendix B.2 for the path file
output for the analysis of the 2010 car and appe@d for a comparison between the 2008 and
2010 designs, the movement of the roll ceimdécates that the car will have reduced camber
change during cornering. This will produce bete=muits of camber change to the tyres, the 2008
car was -2.455 degrees while the 2010 is -0.116edsgthis results in a greater tyre contact with
the road and also a greater contact on the inast fyre also, therefore allowing for greater
cornering speeds. As the suspension travel isdantite likely hood of the tyre going into positive
camber is reduced, if this does happen the reguttimsequence will be will be reduce will be
reduced cornering and handling ability.

9.8 Chapter Summary

This year’s design is intended to be better thar2h08 race car, with an improved ackerman
steering geometry, and by adjusting the Steerimgiaglination, scrub radius and castor angle we
have improved the understeer and steering effqtired to drive. This will increase the cornering
ability, performance and reliability of the race.cBhe movement in the roll centre and reduced
amount of camber change during cornering demoastthe improved cornering and handling
ability of the race car.
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10.0Testing and Optimising the 2010 Car

9.1 Chapter Overview

This chapter discusses testing methods and optighgiocedures to ensure that the 2010 race car
has the best steering and suspension setup poSsigl@im is to find a suitable venue or venues for
various track testing, analysing the performanakaranging settings in small increments and
repeat to see their effect, with particular intenegoe, castor and camber settings

10.2 Testing Methods

Previously track tests have been done at Greer Pafloowoomba with the team for both car
testing and driver training. Greer Park is a bitartrack circuit which is ideal for general car
running and tuning, and also to prepare for the@oss dynamic event. Another testing method is
to set up a Skid pan area similar to the compatitioe skid pan test measures the car’s cornering
ability on a flat surface while making a constadius turn.

10.2.1 Skid Pan

First a large and flat area must be organisedsaitable venue for a day to allow for set up, testi
and clean up. Supplies you will need to take are:

* Ideally you would need 32-38 witches’ hats butdéhe minimum to mark out the diameter

of the circle.

* Measuring tape.

» String or another team member to hold measuring.tap

» Stopwatch.

» Car safety items, fire extinguisher, fuel etc.

» Driver safety equipment, helmet, fire retardant sta.

» Settings adjustment tools.

» Laptop with WinGeo software and data acquisitionmoey downloader.

* Any other associated items required for transpotie race car and using the venue.
The circular skid pan is 15.25 m in diameter, ddiee centre of the circle and have a team member
hold one end of the measuring tape or anchor oti®ethe string to the centre. Measure out
7.625m and start lying witches hats every 3 stepi$you have 16 around the circumference of the
circle, adjust them so that they are evenly spafgdu have enough witches hats, place another 16
on the outside that is 3m wide to create a roguhtn. Select a suitable start and finish pointhen t
circle and move the witch’s hats to create an ésxitygate. This set up is exactly the same setup
that will be used in Victoria at the national corifg@n. This also gives the driver(s) the opportyni
to familiarise themselves with this event.
When the car is up and running there are two wagsdrt, first is to enter the skid pan gate at a
slow speed and gradually increase the speed atberskidpan, building up to a comfortable but
fast pace. This is recommended to familiarise tiheedand establish a benchmark for the speed at
which it should be done. Second is to gain spe®d fo entering the skid pan and enter the gates at
that benchmark speed, the driver should complép<2and then exit. This is the competition test
method and should be done for consecutive tests.

10.2.2 Data Collection

A method for collecting data should also be congdeso that there is some hard data to show the
performance of the race car. Data acquisition shbaldone using accelerometers placed
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strategically on the race car to record the acagtens in the Lateral and longitudinal directions.
These accelerometers need to be connected to difiengmd signal conditioner, then to a portable
data logger capable of a high sampling rate. Tgkdrithe sampling rates the more entries and
faster memory is taken up, but accuracy is improiz@pending on the type of data logging
equipment will determine the actual wiring andwgebn the car.

Once setting up and checking the data acquisitiorksy complete a run using the method
previously and collect the data. Using Matlab /éxar some other suitable software, plot the
lateral and longitudinal accelerations versus ithe tand/or speed of the car will give a rough
indication of the cornering and handling abilitytbé race car. Repeating the process for the revers
direction should be done to ensure similar perfocea

10.3 Optimising Procedures

Optimisation of the steering and suspension seillpmwolve adjusting the steering and suspension
through the use of shims or spacers to place indset the mounting points of the suspension and
the chassis, to adjust the geometry. ParticuladyTioe and Camber settings, this will be quicker
than undoing the points, screwing in the spheriwdlends the required amount, and then
reassembling.

Using the WinGeo software is highly recommendedjcasmay want to try a few different setup’s
but only need or have time to actually test oneabse you have modelled it into the software and
checked its validity.

Prior to running the car for the first time, meastite suspension points as detailed in chapterd, a
checking the steering and suspension setup. Catistnwsually deviates a little from the intended
design parameters and may need adjustment.

Next step is to run the car on the test track/ssmedhow it performs, ask the driver how it perferm
from the driver’s perspective while under acceleraind braking around corners. Any feedback
here is important; particularly with the way it erd and exits the corners. If the driver believes t
car is slow to exit a corner or exhibits understegrgo and check the camber and toe settings, SAI
or kingpin angles and decide how much you would tik change things, if it is decided to change
or adjust the setup start with small incrementalmfut 0.5 — 1 degrees at a time and only make one
adjustment per trial, this will assist in tuning@tbar to the track. Care must be taken with any
adjustments as the rules and regulations to passreering at the competition may prevent certain
conditions. For example, the competition requiheg all Suspension and Steering bolts be Positive
locked, this means that at least 2 turns of theatthmust be visible through all Nyloc Nuts.

Take notice of the tyres and the wear patterngyeiven wear is present, you need to check the
settings again and adjust it so that the car isguisie tyre tread evenly.

Once things seem to be running smoothly, only sadjlistments should be made and repeating the
process should find a good setup. Remember thhtraae track is different and that these
adjustment procedures need to be followed whemguthie car for each different event or
discipline.

10.4 Chapter Summary

Using these methods, it is possible to change dermperforming race car to a serious contender

and possible race winner. The biggest differenteden a top class race team and a weekend racer
is the ability, experience and time to tune thefoaeach race.

By combining the sections of this chapter, testismg skidpan and the optimising procedures, will
result a better performing and more reliably raae c

After testing on the skidpan for the first time aneking adjustments to the settings to the steering
or suspension, the race car should be taken béeble tskidpan and tested in a similar manner to the
first test, this will identify if the vehicle is prming better or worst than the previous tesefMh

the vehicle should be driven faster with eachttestetermine the ability of the vehicle.
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11.0 Conclusions and Further Work

This project has been very enlightening, initiddhowing only a little about steering and
suspension systems for vehicles and have leamaad deal. Working with the USQ Motorsport
Team has invaluable, having the opportunity to waimka class specified vehicle is normally a task
that a student would not have until after univgrsaind then only if they were lucky enough to gain
an apprenticeship or similar with a top class telaum being exposed to this working environment
can be just as much a learning experience as firitim technical knowledge required for this
project.

Some aspects of this project were assisted duséoconstraints and design timelines where design
work was not included, some of the components hnaage by the other team members from
previous years, while some components will reqocglification by the 2010 USQ Motorsport

team to meet the recommendations that | have steghesaving understood what has been done in
the past and how to improve the reliability andigenance for the 2010 car has resulted in a
suitable steering and suspension package for th@ @mpetition. The most obvious conclusion
will be when the car is repaired to my specificatipand is ready to run, only then will the
opportunity to optimise the setup be fully undeosto

The improvements to the problems from the 2008\dihigreatly improve the safety, cornering and
handling of the race car, through the introductbthe steering transfer system, the reduction of
understeer and by providing an optimum steeringsarsppension package.

11.1 Further Work

As with past analysis of the steering and susparg#sign the benefits of anti roll bars in
suspension design should be investigated with degathe improvement of the cornering and
handling ability of the race car. Another area taoh | wanted to investigate (due to time
constraints could not) was the possibility of usiihge composite materials for the suspension
components and possibly the vehicles chassis thisdarequire major design changes and could be
very expensive but could result in a lighter, fasta.
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A.1 Analysis of the 2008 Car with Win Geo Software.

- WinGeo3: C:\Program Files\Mitchell\Geometry\2008Design.GEM
Fies Rear Clpboard View Edit Desgn Buid Compute Table Reports Analyss Utlity Help OQuit
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B e = [ 15.40¢ 5 = Lower A-any  AUE.E5HE Help
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- = £ e i = Track at ground 1300000
Wheelbase, track, tire dismetexll650-000 —1300.000 — £20.000 — Rolleat163s.e2e
Crmber, Toeacess, Tos. span [ -s.a22 j 0.288 :"] 711_201 j HubTrak 634330 Track et hub  1268.780
Tire contact pateh ] 0000 j &80.000 :J'| 0_000 j B to E= 210.362

Filename: C:\Progrem Files\Mitchell\Gecmetry\200BDesign.GEM Unda editing

Faculty of Engineering
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[
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/ ~60.58 06,355 -su.ess\
sish Ine Can. oLl Cen Ins Can. sush
555,020 0.000 555,520 -nm\

-115400. T 00
/ﬂaa.azs 357,46 01,8407 35746 289,25
Elevation | 00 ﬂ Rotstion | 0D ijs‘.ca\e [T ﬂjsmndam =l Rediaw %[ o _U v [ oo _u z 3000 i]

Calculstion time: 101303 AME.T. .03 secs

.—m > e | A BE WE 7 1016

Figure A.1.1 2008 Zero Position.

Zero position for the 2008 car, this illustrates thmensions of the 2008 car and gives a good
picture of the overall suspension and steeringpstttat was used by the 2008 USQ Motorsport
Team. Some of the problems that this also illusgratre the high scrub radius and the short
instantaneous centres.
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\Mitchell\Geometry\2008Ds

Flles Rear Clpboard View Edit Design Buld Compute Table

Reports. Analysis
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Toowvarba, Rustralia
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Scrub
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FigureA.1.2 2008 Full Braking.



Files Rear Clpboard View Edit Design Buld Compute Table Reports Analyss Uity Help Quit

Fide [-12500 i] Aol [ 1000 iJ Steer | 10,000 iJ Fitch [ 0.000 i] Zew | [Hafbiakingalum =
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Gcrub
-1.466«

F.R.P.
-112.741

Ing.Cen.
2531.064
-405.130

01,08 secs,

g0 ff v [0 ] z[E0n

SNSH
-118009.
2906.188

Figure A.1.3 2008 Half Braking at Turn.
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Files Rear Clpboard View Edit Design Buld Compute Table Reports Analyss Uity Help Quit
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Figure A.1.4 2008 Full Cornering.

40



Flles Rear Clpboard View Edit Design Build Compute Table Reports Analyss

Fide [ 12500 i] Aol [ 1000 iJ Steer | 10,000 iJ Fitch [ 0.000 i] Zew | [Rolion power =

Faculty of Enginesring
Unis, of Southern Queensland
Toowvarba, Rustralia

8-050-493

Canther
-2.634%

Gtear"
53.395>

Hettr"
14.650+

Spring
0.863¢

Scrub
0727

P

HetSicrub
2927+

43R
=114219.
2777.508

Utiity  Help  Quit

Ride
1z.s007
Rall

-1.000«

 tuer
10000

MakFC | rinac |

Compute

Ing.Cen.
2581.360
-309.408

Elevation | 00 iiHutatlun [ao ﬂs:a\e [T i“ﬁtandald =1 Rediaw

[Calculation tme: 10:25:27 AM E.T.

01,08 secs,

Roll Cen
-26.200
-5

g0 ff v [0 ] z[E0n

Ride and Roll

Cx\Progran Files‘HitchellyGeonat ruh20080esign. GER

Ins.Cen.
2004.468
-331.700

Carther
-3.697¢

Gtear"
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FigureA.1.5 2008

Roll on Power.
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Flles Rear Clpboard View Edit Design Buld Compute Table

Reports. Analysis

Faculty of Enginesring

Unis, of Southern Queensland
Toowvarba, Rustralia
§-080-403

Canther
-2.971%

Gtear"
12.313>

Hat&tr"
24.634¢

Spring
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Elevation | 00 iiHutatlun [ao ﬂs:a\e [T i“ﬁtandald =1 Rediaw

[Calculation time: 102506 AM E.T.
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Utiity  Help  Quit
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Rall
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Figure A.1.6 2008 Full Power.
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| Ackermann Analysis of -ogram Files\Mitchell\Geometry\200BDesign. GEM

Upper Ball Joint E: 15.408 568.717 387.385 ~
Steering Tie-rod 5:  -140.000 635.05 185.000
Kingpin Intersection  1.624 587.272 185.000
Steering angle 0.268 degrees Help
Lefr side:
Lower Ball Joint B: 0.444  -s8E.2E1 178.525 —
Upper Ball Joint E: 15.404  -568.717 387,385 el
Steering Tie-rod 5: -140.000  -635.045 185.000
Kingpin Intersection 1.624 -587.272 195.000
Steering angle 0.268 degrees
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|
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‘ |
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% "
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: \
b 1
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,
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Figure A.1.7 2008 Ackerman Analysis.

This indicates that the 2008 car had a sightly lacigerman steering principal, this could have
resulted in the understeer experienced by thedrive
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2 Analysis of the 2010 Car with Win Geo Software.

Files Rear

Clipboard View Edit Design Buld Compute Table

\Mitchell\Geometry'

Reports. Analysis

Utiity  Help  Quit

Left | Bight | BOTH|  SUSPENSION| Steeing | Ausliay | Swosbar | 3 [ Bhot | Holshalt | Clewance | Fitwe | Skeich | Dign | hotes |

Both sides
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[ -z000 =] 6 268 =] 10.000 j
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Figure B.2.1 2010 Zero Position.
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Files Rear Clpboard View Edit Design Buld Compute Table Reports Analyss Uity Help Quit
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Figure B.2.2 2010 Full Braking
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Files Rear Clpboard View Edit Design Buld Compute Table Reports Analyss Uity Help Quit
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Figure B.2.3 2010 Half braking at Turn
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Files Rear Clpboard View Edit Design Buld Compute Table Reports Analyss Uity Help Quit
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Figure B.2.4 2010 Full Cornering
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Files Rear Clpboard View Edit Design Buld Compute Table Reports Analyss Uity Help Quit
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Figure B.2.5 2010 Roll on Power

48



Files Rear Clpboard View Edit Design Buid Compute

Reports. Analysis
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Figure B.2.6 2010 Full Power
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| Ackermann Analysis of ogram Files\Mitchell\Geometry\2010car.GEM
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Figure B.2.7 Ackerman Analysis 2010 Car
This illustrates the slightly short and forward eickan that has been designed into the 2010 car.
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C.3 Overlay of 2008 and 2010 Car Geometr

A2008Design.GEM and one other
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Figure C.3.1 2008 & 2010 Zero Position
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Figure C.3.2 2008 & 2010 Full Braking



GEM and one other
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Figure C.3.3 2008 & 2010 Half Braking at Turn
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Figure C.3.4 2008 & 2010 Full Cornering
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Flles Rear Clpboard View Edit Design Buld Compute Table

GEM and one other

Reports. Analysis
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Flles Rear Clpboard View Edit Design Buld Compute Table

Reports. Analysis Utiity Help Quit
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Figure C.3.6 2008 & 2010
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D.1 Steering Transfer System

D.2.0 Components

D.2.1 Bearing

Type: R12-RS

Quantity: 4 required.

Cost: $7.60 each from Consolidated Bearing Company.

B BEARING (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edit Wew Insert Analysis Info Applications Tools Window Help
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Radial Ball Bearing 34"
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D.2.2 Shaft
Type: Manufactured.

Quantity: 2 required.
Cost: $80 each.

@ SHAFT (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edit Wew Insert Analysis Info Applications Tools Window Help

DEE&QL oo bBEEN CiEFFAA@stol 800(0igliiikie
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‘4 Start EQ-DEE S e S BEARING - ProfENG... T project AppredationZ... & sHA
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D.2.3 Circlip
Type: D1400-0190 19mm nominal diameter.

Quantity: 8 required.
Cost: $0.31 each

& SIRCLIP (Active) - Pro/ENGINEER Educational Edition (for educational use only)

Fle Edit Wew Insert Analysis Info Applications Tools Window Help

DE2E&GLivasRBERN -iIEfaadodel gaooligaliakie

SENE

x
x
&

iy B K

g

oo wom
2
G

L%

2

Fe

T i

Er——r

‘4 start CQ-AEEE S 6 =8 %W ~ 7 = eearNG promnGr.. | Th Project Apprecation2... @ SIRCLIP (Active) -Pr... Ea-nB0 W @ CT SicaM

61



Cirelip Cimansions

funstressed Wm%.m
Tolerascn:Dianeter Tolerantei(s)
: £y mﬁﬁ

Groove
DHmrnater
{ae

H

LA ahsel
005 2.7 Toas 18
4 B0 f
cags 1f
+ G0 7
P 2.5
-~8.318 -~
+ 808/,
e M
w A ! + 0087,
‘n.mwmg W_.n# i @o%@ Wsw

_ L v
0 ﬁ% &u& o n_menwﬁ ,wuw
+ 18/
- 836

" 5 + 81D/ .

686 102 _ ;ﬁ@%gw@
iy

4.7

3.3

o

b @AGF.
<836 ..wh
+ 8,187,
- 5.36 3.5
+ 338 f
- 5,55

+ 4190/

Rad

]

Ly
had

http:/fwww.circli

2.8

8.6

2.6

10
11
12
13
i4

i%

a

=

5

]
5
4
4
=

F

e
,w&@_
1an

nis
T kg

148

| .w..w@

119

g

B2E

B30
: 050

wiw&m
b4

62



Circlips - D1400 Nl Page 2 of 4
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Circlips - D1400 Mo
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Circlips - D1400 Mombnal Tiemeter 3 Page 4 of 4
DI490~
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D.2.4 Key
Type: 8mm key steel.

Quantity: 1, 300mm length required.
Cost: $7.75

B KEYWAY (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edt Wew Insert Analysis Info Applications Tools Window Help
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losco | Misc Products Key Steel : Page 1 of 2

dnssn - Haskuy - Moy Gepl

et s wﬁmﬁé st B mﬁ% i Snama méu%m -,
ATHE ki P AERE G 3 S ATHESTE 454
ATKIODP 3732 x 3132 ATKIITP B/16 x 5/ ATKB0ZP 50
ATK300P 3032 x U8 ATK310P M x 1.1/4 ATKG26P 5x8
ATKIOtP  © usx 1 ATK223P 11448 x 1116 ATKE03P 616
ATKIOHP 18 x 316 ATII5P 11116 x 112 ATKB27TP 6x 10
ATHI0ZE 6 x 14 ATKI20P 14116 x 5i8 ATKB18P gx12
ATKZi9P 532 x 532 ATKIZZP 1116 2 3/4 ATKEZ3P 6x14
AR FRRFE AT B AT YT
ATHISEF - WRAR TR CoEEEIR AVEHP 0 TEB i
ATEERR D Pt £k AR  rms |
Srmer WGrIR O AVERWE . e . KUERRP L FRdR
CATREED | MmwAR ATRIP . WG AT a6 e L
e R wame  moomr w0 - L0
ArpweE L om0 AfKMeR O osest sl . B G L
p e AT BewiaM . ATEGE §x®
AT WIS - ADOSE EIgaR Areme | Wi
ATRERR | tAne v 3 2.0 AT oxw
AT S G50 ATRREE TH 5 457G s R 7
AT BB BB FTEIYER LT CETGREE WM
ATRzIE PR E o ATHRER HABR MG AN 1258
ATKZ13P G116 % 3/8 ATKI18P 1x 916 ATKBOSP MWx 16
ATK203P 7118 x 6/16 ATK3Z9P TEx1 ATKBOGP 11x18
ATKZO04F 516 x 142 ATKI3CP e x 1.1/8 ATKEOT7P 12 x 20
http:/fwww.josco.com.au/newsite/jia/products/miscellaneous/miscellancous ks htm ; 6/09/2000
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Josco | Mise Products Key Steel : Page2of 2

ATK308P M8 x 91§ ATK208P T x1.44 ATEEZIP x4
ATIOEP 516 x 55 ATKIZ3P T8 x 116 ATKGOOP 4 x22
ATKIDEP HEx3IB ATK3241 1x 11/48 ATHSO09P 14 x 25
ATHIRZP MB kTG ATKA2P 1x1 ATREGTP 6x18
ATHA10P xR ATK3IP txtie ATKeIP 15220
TR v SEEIRE. . ssuSR 0 Apees wem
P Cameas . AnGMR . 1aRELae P Tt
ATGHEP Wb AWEN Sign ANEEY . MW
AR | WedE  ADERP | tiRek AR ELPE
P Vi ATETIES - AmmELAE  OWESER. Py
P W YEMEF | fEeatEme . ahassw 2 ¥ 43
ATKIQTP M2 x 12 ATKI14P 142 x 1472 ATHED0P 25x 22
ATK216P 12 % 55 ATK115P 1.3/4 x 1.2/4 ATKS08P 25x 25
ATHI{aP 142 x 9118 ATK228P 1.8 x 1.7/8 ATRG34P asx28
ATK2067 12234 ATKIITP 2x2 ATHE4P 25x 45
ATKS18P 12 x 78 ATKE1EP 2B x50

Josco Key Steel is also avaiizble in lengths up to 2.2m - Pleasa contaet your lncal
Josco office for more details

Bright drawn carbon key stock suitable for the manufaciure of keys to the foliowing
standards

o IMPERIAL - BS 46 : PART 1. 1958

e METRIC - BS 4235 : PART 1: 1872

o STRENGTH U.T.S. - 35 to 45 TON/SQ.INCH (540 to 700MPa)
o ELONGATION - 12% MIN

o MATERIAL - ENB {0.40 Max. Carbon - 0.5 to 0.8 Manganese)

o LENGTHS AVAILABLE UP TO 3.2 metres (on reguest)

& Copyright, J 2003 | Allrighie reserved |

http://www.josco.com.av/newsite/jia/products/miscellaneous/miscellancous ks htm ; 6/09/2009
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D.2.5 Sprocket
Type: Browning H4012X3/4

Quantity: 2 required.
Cost:

B SPROCKETZ (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edit Wiew Insert Analysis Info Applications Tools Window Help

DEE&GLivobBEEMN FEHFaadsdich i gaodiaiikin

‘4 start EQ-TUEE 6 =8 . %@ ~ 7| & ecAuNG PoENcr., | D Project Appredation2.. @ SPROCKET? (Active) ...
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Emerson Power Transmission Corporation Page 1 of 2
TARGUTUS POUNTROTUS WLl

Browning H4p12X3/4

Finished Bore Roiler Chain Sprocket, Siesl, Hardened Teeth, 12 Testh, 1 Strand,
Uses: No. 40, 1£2° Pitch ANSI Chain

Finished Bom Holler

Proqduct Type: Chain Sorockst
. No. 40, 1/2 in. Pifch
Chain Used: ANS! Chain
Pitch
Diameter: e
Stock Bore: 34 images may nat be an exect
Number of - representsiion of e produect

Accessories

Description Part Number CAD Link

hitp://www.emerson-ept.com/EmersonPT/Site/Catalog/Detail. asp?Type=Parts&Part_1D=1128016&Drxill... 6/09/2009
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Emerson Power Transmission Corporation Pagelof )

EPT E CATALOG - PART DETAIL

Packaged Length: 2.56

Packaged Width: 2.56

Packaged Height: 1.38

No. Links/Fi.: 0

Product Type: Finished Bore Roller Chain Sprocket

%%ﬁ‘i ‘:

w%m_

. Rk Toas : il
Furnished with Standard Keyway on Cenieriine of Tooth and Haliow

Feature 1: Head Seiscrew over Keyway.

Feature 2: Additional Setscrew at 80 Degress o Keyway.
Warranty: 1 Year

Sid Package 4

Suantiy: ;

Bt Bl Dobvony: Moy Stk

Vypindd AppliveBong:

l"mp::‘fwww.emersnmu-ept.s:'ﬂm/Emerscn?’i‘iSiis!Catalog,’MozrcInfo.asp?Pmﬂd-"—'-l 12801 6&Brand=BROW&... 6/09/2009
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D.2.6 Chain
Type: RS40SN

Quantity: 1 required.
Cost:

& CHAIN (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edit Wew Insert Analysis Info Applications Tools Window Help

NEE&GR ccsBRREEN - Argaca@bFeR gsaoigiiaikin

‘4 Start eEQ-opmER Sy ~ | @ GEARING -ProfENGL.. | D ProjectAppredationZ... @ CHAIN (Active) -Proj...
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TSUBAKI DRIVE CHAING

Conriging fnks
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Higka: YWhar one-ploh offsst lirdes (OL) are uead, the Bex. Allowable Load becomes 85% of the values shown sbove.

o RBLBSH W Ratings Table (Single sand Uhaln Drive kW)
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D.2.7 Chain Adjuster
Type: Manufactured.

Quantity: 1 required.
Cost: $120.00

& CHAIN_ADJUSTER (Active) - Pro/ENGINEER Educational Edition (for educational use only)

Fle Edit Wew Insert Analysis Info Applications Tools Window Help
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D.2.8 Housing
Type: Manufactured, CNC machined from aluminium.

Quantity: 2 required.
Cost: $95.00 ea

B HOUSING (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edit Wew Insert Analysis Info Applications Tools Window Help
;ox
X

DEE&GQ vobREEN - BRsacagsdesh 888024

1Ml m

Smart % §

BaanBL W@ T s A

T project Appreciati... | B R12-ZRShearing... | B BEARING -ProfEN..
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D.2.9 Roll Pin
Type: SPM020030ASF

Quantity: 2 required
Cost: $0.55 each.

& ROLLPIN (Active) - Pro/ENGINEER Educational Edition (for educational use only)

Fle Edit Wew Insert Analysis Info Applications Tools Window Help

DO &Ge cREEN - ErgacBbsteR 890|0iag i

i

G N

=

-0

x
xx ¥

[E3

® Hidden lines will appear in grey.

& Madel will be displayed in ireframe display.
® Hidden lines will appear in grey.

& Hidden fines will not be displayed.

& Shaded model wil be displayed

|l

‘4 Start CEQ-oDER S G ¢ * [ Gl project Appredati... § R12-2RS bearing ...
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D.2.10 Chain Adjuster Bolt
Type: M10 X 50 grade 8.8 all thread.

Quantity: 1
Cost: $2.25

& ADJUSTBOLT (Active) - Pro/ENGINEER Educational Edition (for educational use only)

Fle Edit Wew Insert Analysis Info Applications Tools Window Help
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9 Select start point of ine to determine text height and orientation.

gpSelect second point of line to determine text height and orientation,

9y Select start point of line to determine text height and orientation.

dselect a sketch, (If an internal sketch is preferred, the “Edit” option can be found in the Placement panel.)”
® ADIUSTEOLT has been saved, v
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Screws Nuts Washer Size:

licrosoft Internet Explorer
Help

Qe - - [¥] @ @b Psean Girraies £)

File Edit View Favorites Tools
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i

Address | ] httpsfaw.roymech.co.uk/seful_Tables/Screws/Hex_Screws.htm

»

vl BN G | Links
Google | m10 bolts dimensions v | 2P search - & & - b~ | B - ¥F Bookmarks - | %P Check v 23] Translate - T AutoFil ~ &[G m10 [@ boits [ & dimensions &, - @ SdnIn v
W AVG - - th v |Edsearch | & TotlProtection | @l AVGInfo » GetMore | 1@ -
&
Bolt Sizes ..150 metric precision hexagon bolts , Fine thread series
Eott tolerance class g are dimensioned in B52692:1967
Thread length (screw ) Zb
d AlF
¢ I
a2 _h. = + AIC
Thread length
boit 1.5d
Nominal length
Nominal Thread. Boft dia {d) Eolt Head Boft Nut
Maior Minor Pich Diameter e/ Flats
Sue e max -min max-min max -min e max -min {A/F) beataling
L 0,75 5,978-5833 5,166 - 4 929 5,491 - 5,391 4,150 10,00 -9,78 11,50
118 1,00 79727794 73247212 5,650 [13,00- 12,73 15,00
M10 1,25 9,972 - 9,760 8,160 - 9,042 7,180 17,00 - 16,73 19,60
112 1,25 11,572 - 11,780 10.619- 10,258 11,160 - 11,028 5. 120 [12.00- 1857 22 10
116 1,50 15,568 - 15,732 14,344 - 13,930 14,994 - 14,854 10,180 24,00~ 2367 27,70
120 15 19,963 - 19,732 18,344 - 17,930 18,994 - 18,854 13215 30,00- 29,67 3460
W24 2.0 2396223682 21,757 - 21,261 22,663 - 22,452 15,215 36.00-35,58 41,60
1430 2.0 29,952 - 20,652 [27.797 - 27.261 25,663 - 25,493 19,280 46,00 45.38 531
1135 3.00 35,952 - 35,577 32,704 - 31,955 34,003-33,803 [23.260 55.00-54,26 635
Nuts Sizes - Fine Thread Series..
Nut tolerance class B4 are dimensioned in BS3632:1367
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ModelCHECK is Processing TRANSFERASSEMBLY, ASM 2‘
ModeiCHECK - Process Camplete ..
& Axes will not be displayed.
® TRANSFERASSEMBLY has been saved, =
i)

Assembled Steering Transfer Unit

80



= TRANSFERASSEMBLY (Active) - Pro/ENGINEER Educational Edition (for educational use only)
Fle Edt Wew Insert Analysis Info Applications Tools Window Help

DEE&aL vobREREN -iFHFhAQ@sNeR! e[ e a
#l
=
k¥

® When constraint is displayed: Right dick to disable it. Press Shift + right dick to lock it. Use Tab key to togdle active conistraint.
gpPick two paints to indicate diagonal of box, Use middle buttan to abort,

® When constraint is displayed: Right dick to disable it. Press Shift + right dick to lock it. Use Tab key to toggle active constraint.
@pSelect a sketch, (If an internal sketch is preferred, the “Edit” option can be found in the Placement panel.)”
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| Smart vl &

Cut away showing the internal components of therstg transfer unit.
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&rselect end point. &
® When constraint s displayed: Right dick to disable it, Press Shift +right dick to lockit. Uise Tab key to toggle active constraint,

gpSelect start point.

® When constraint s displayed: Right dick to disable it, Press Shift +right dick to lockit. Uise Tab key to toggle active constraint, =]
@pSelect a sketch, (If an internal sketch is preferred, the “Edit” option can be found in the Placement panel.}” =l

Y project Apprediat

Alternative view of the steering transfer unit.
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gpSelect end point, &
® When constraint is displayed: Right ick to disable it. Prass Shift +right dick to lackit. Uis= Tab key to toggle active corstraint,

gpSelect start point.

® When constraint is displayed: Right dick to disable it, Prass Shift +right dick to lackit. Uis= Tab key to toggle active corstraint, =]
@pSelect a sketch, (If an internal sketch is preferred, the “Edit” option can be found in the Placement panel.}” &

Y project Appredatior

Alternative view of the steering transfer unit.
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® When constraint is displayed: Right dick to disable it. Press Shift + right dick to lock it. Uise Tab key to toggle active constraint. &

gpPick two paints to indicate diagonal of box, Use middle buttan to abort,

® When constraint is displayed: Right dick to disable it. Press Shift + right dick to lock it. Uise Tab key to toggle active constraint.

@pSelect a sketch, (If an internal sketch is preferred, the “Edit” option can be found in the Placement panel.)” =]
¥

‘4 start EQ-mEH

Alternative cut away view of the steering transfait.
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gpSelect end point,

® When constraint s displayed: Right dick to disable it, Press Shift +right dick to lockit. Uise Tab key to toggle active constraint,

gpSelect start point.

® When constraint s displayed: Right dick to disable it, Press Shift +right dick to lockit. Uise Tab key to toggle active constraint, =]
@pSelect a sketch, (If an internal sketch is preferred, the “Edit” option can be found in the Placement panel.}” =l

Alternative cut away view of the steering transfait.
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Chain adjuster assembly with shaft, sprocket, bgarand circlips installed.
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