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Abstract

Looking at various rear suspension configuratiolesjgn a rear suspension
configuration to replace the factory Ford Escortdh&iss style rear suspension
with a design that will allow for ideal suspensiggometry to be kept in check
throughout variances in ride and roll as well dsvaihg for adjustability to allow
the suspension to be tuned for certain track cmmditas well as being capable of

working in with different vehicle settings as a W&o
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Glossary
Before getting in depth with the principles of seispion design some of the

terminology relating to this topic must first beaddished.

Spring
The role of the spring is to absorb changes in saathce by compressing. The

stiffness of the spring determines the harshnefiseofehicle’s ride.

Damper
The function of the damper or shock absorber sufgpress oscillation and

control the motion of the suspension system.

Bump / droop
When the suspension is at its highest possibld gagsaid to be in full bump

and at its lowest possible point it is said toré&ull droop.

Camber
The angle in which the wheel points inward or outifaom the vertical, viewed
from the front or rear of the vehicle. It is badliga compromise setting to

maximise tyre contact under all conditions.

POSITIVE NEGATIVE
CAMBER CAMBER

Figure 1.1: Camber
http://www.redranger.com.au/images/Faqgs/Camber%g8alr G

Castor
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The product of the inclination of the wheel foralait of the vertical, this

directly influences the feel of the road througl stteering wheel.

Upper Ball Joint

Lower Ball Joint

“"‘*] |-—Caster Angle

Steering Pivot—e

Figure 1.2: Caster angle
http://www.familycar.com/classroom/Images/Align_@agyif

Toe In /Out
The small angle in which the wheels point inwar@wotward when viewed from
above. The toe ensures wheel stability under aditmns, braking, cornering,

etc. The toe mainly relates to the front wheels.

Toe In Toe Out

Figure 1.3: Toe in / toe out

Zero Steer

This is a term relating to four link trailing arratsups, but is rarely

entirely factual. Consider a leaf sprung unlinkadpension, if one rear wheel is
deflected in an upward direction the whole reapsuasion would be inclined to
twist. Four link arrangements minimise this effegtsecuring the axle from

twist.

Roll



15

Rotation of the vehicle sprung mass about a fdrexaé with respect to a
transverse line joining a pair of wheel centress fiositive for clockwise rotation

and is viewed from the rear (Dixon 1996).

Roll Centre

The instantaneous point about which the chasslgallilon its springs about a
particular centre. Dramatic changes in a car'sTapti cornering potential can be
affected by altering the vehicle’s roll centres.

Anti-squat and anti-dive

To withstand front end dive under hard brakingearrend squat under hard
acceleration, suspension pivot points (such asliokibars) are usually angled
to provide upward reactions in response to highehtaeque inputs. (Barstow,
Whitehead,1993)

Pinion angle
Pinion angle simply refers to the angle of theadéhtial’s pinion in relation to

the driveshaft. The goal is to create a straigtg from the back of the crankshaft
through the transmission, driveshaft, and the pirmbthe differential. Although
due to the tendency of the pinion to rise unded ldae to the suspension
squatting as a result of a weight transfer to &z of the chassis, some angle

must be present at rest to account for this (Chreral.).
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Instant centre

Instant centre is the theoretical point throughohihiyre motion is transferred
into vehicle motion. Setting up an ideal instanttoe for a particular chassis is a
critical factor in the design of any suspensiorteys particularly in that of a
race car. Adjustments to the instant centre affectinti-squat and anti-dive

characteristics of the vehicle.

With a vehicle utilizing a parallel four link arrgement this point can be found
by extending two theoretical lines out from eack Ibar out co-linearly and the
point where the two lines intersect in the Inst@antre of the vehicle
(Wikipedia, 2007).

Wind up

Axle wind up is the tendency for the axle to tvastwind up due to the torque

inputs from the wheels causing the axle to turfit®own centreline.

Figure 1.4: Axle wind up

Roll steer / axle skew

Roll steer or Axle skew is the unwanted twistingumning of the rear axle in

roll. This phenomenon can also occur due to tofgpra the drivetrain
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Figure 1.5: Axle skew or Roll steer

Tram

Tramp occurs when the axle skews or winds up uhdet acceleration, it is
where the driven wheels hop up and down violerdlysing the whole car to
shake and generally a loss of traction.

Sprung and unsprung weight

Sprung weight is the weight that is supported lgydtirs springs. Sprung weight
includes the drive train, chassis and anything ttlaeis supported by the weight
of the springs. Components that are not supporndatdosprings are referred to

as the unsprung weight of the vehicle. Unsprungpmmnts generally consist of

items such as the wheels and tyres, brakes, hxlesassembly and differential.

Reducing the mass of the unsprung weight effectivelreases vehicle control.
The tyre and wheel assemblies react to road iraeigiels on the road surface,
whereas the sprung components are relatively sbfabm those occurrences.
Essentially, the lower the weight of the sprung snéise less the work that the
spring and damper have to do (Gilles, 2005).

Suspesion geometry

The broad subject of how the unsprung mass relatd® sprung mass that it is
connected to. These connections not only dictaeéth of relative motion, they
also control the forces that are transmitted betvieem (Millekin, Millekin,
1995)
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Hotchkiss rear suspension

The standard rear suspension configuration founith@ri970’s Ford Escort.
Two leaf springs are used to attach the rear axilee chassis providing both
longitudinal and lateral location as well as pravglthe springing for the rear

suspension.

Figure 1.6: Hotchkiss rear axle
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Chapter 1

Introduction

A motor vehicle’s suspension system is the linkueenn the wheels and the
chassis, transmitting the weight of the vehiclamthe wheels. A suspension
system must keep the wheels in proper camber aed attitudes toward the
road surface, resist chassis roll to an extentkaeg the tyres in contact with the
road surface with minimal load variations for thehicle to handle in a desirable

manner. (Gillespie, 1992)

Whether it be a family sedan with a comfortable amiboth ride for passengers
on their daily duties or an all out race car whadle quality is considerably
compromised in the quest for all out performana raad holding, there are
many factors that need to be analysed in the ssgpedesign of a motor
vehicle. Some of the major factors include, cambasior, toe in / toe out and

roll centre. These will be discussed later in naeail.

Choosing the right suspension configuration foagipular application is crucial
and usually compromises need to be made, whetheriit the geometry to
allow for more space inside of the car or in thiérgss of the ride to achieve the
desired handling characteristics planning a suspersystem is a significant
task.

The aim of this project is to look into improvingetstandard rear suspension
setup on a 1970’s Ford Escort from an unlinked $pafing arrangement to a coil
sprung linked set up that will be constrained Hotigitudinally and laterally to
minimise axle skew and wind up and excessive chashj allowing only two
degrees of freedom for the configuration whichumtwill allow the dampers

and springs to work effectively in a straight upl@own plane unaffected by any
unwanted movement of the axle. The suspensiorallalv for adjustments to
help achieve optimum roll centre and toe steer getnes for the circuit and anti

squat geometry for the drag strip.
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Chapter 2

An introduction to racing and vehicle dynamics

The main aim in motor vehicle racing is to achiameoverall vehicle
configuration, which abides by the rules of a gietass, which can cover a
given race track in a minimal time, when pilotedabgriver utilizing techniques
within their capabilities. (Milliken and Milliker1995). There are many factors
to be considered when designing and building a vabele, but for this case we

will only be looking into the rear suspension setup

The primary forces by which a high speed motor elehis controlled is
developed in four small patches, this is wherefdlie tyres make contact with
the road surface. A knowledge of the forces and emdasngenerated by the tyres

at the ground is essential to understanding velihamics (Gillespie, 1992).

To maximize the tyre contact with the road atiatles it is important to set up
the suspension geometry correctly and select tireatesprings and shock
absorbers for the task at hand as evidently the mantact the tyres have with
the road surface, the more grip or traction thealehwill have which in turn will
allow the car to travel at higher speeds more gafel

What upsets the dynamics of a vehicle whilst inionét There are a number of
factors which will now be discussed. The first anadst obvious is the quality of
road surface, as bumps and dips most certainlyt ipsdandling of the vehicle.
The second factor is the tire/ wheel assembly.lligéze assembly is soft and
accommodating to absorb small vibrations and buimgeme extent as well as
running true, which essentially means it isn’'t addany vibrations to the vehicle
in the form of unbalance in the wheel assembly edisional variations and

stiffness variations (Gillespie 1992).

The next factor to be considered, which is a migotor that is being considered
in this project in particular is driveline excitati. This is where the torque

transmitted from the engine through the gearbotodhe driveshaft and into the
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differential will try to twist the rear axle asselylalong its centre line which is
referred to as axle wind up, this causes the axé&éew on its springs forcing the
whole rear of the car to hop or tramp, this alsml$eto force the car sideways
due to the skewing of the axle. The redesignedsespension will strive to keep

this ‘drive train excitation’ to a minimum (Gillegp1992).

When setting up a suspension system for a racé isarecessary to make the
distinction between changes that will always imgrtive performance of the car
and changes that will tune or balance the car.fifstecategory consists of things
like adding more power or getting better tyres, reghaes the second category
consists of things such as making changes to spateg and roll centre
adjustments (Milliken and Milliken 1995).

Racing is all about driving a car at its limitsnéing a vehicle configuration
which can be driven to produce this desired perémee is referred to as setting
up or chassis tuning. It is a difficult task redgugr many compromises to fit each
circuit and the driver’'s capabilities and preferendOften it will not be possible
to achieve the optimum setup in the available tiongesting prior to a race
event and the driver will have to make do with deficiencies that remain in the
vehicle (Milliken and Milliken 1995).

The principal objectives in setting up the carachkieving a good cornering
balance (neutral steer), finding a compromise betwsrnering and drag on
high speed circuits and eliminating specific cohtéiad stability problems at any

points on the race circuit as reported by the driiglliken and Milliken 1995).

There are many factors to be considered when desgidgine suspension set up of
a race car, as each component and adjustmentavi &n effect on the way the
vehicle handles and will also have an effect omtla@ner in which the other
related components will operate. The effects oweshifts, brake bias, roll
stiffness, roll centre, anti dive, camber are aditbrs that need to be carefully
looked into to achieve a desirable set up (Millileerd Milliken 1995).
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Two of the major objectives of this project aratdieve optimum anti squat and
roll centre geometrys, both of these geometrystvalbadjustable to allow for
minor tweaks to optimize the use of the rear susipersystem in different

circumstances.

Roll centre heights partially determine the wayrtblemoment on the car from
lateral force is distributed. Lowering the roll tenon the rear of the vehicle will
lower the roll moment resisted by that end; theeiden that end will be more
evenly loaded in cornering compared to the frorthefcar (Milliken and

Milliken 1995).

To set up anti squat, the effective point pivotsuspension travel paths of the
tyre to road contact need to be known to calculaeoptimum angles for this

geometry to be achieved. (Bastow, Whitehead. 1993)

The goal in setting up anti squat is to transfet @gnough force to the tyres to
keep them from loosing traction and then allowrest of the force to push the
car forward. If an imaginary line is drawn througje lower link bar in a forward
direction toward the front of the car and anotheaginary line is then drawn
through the upper link bar forward until it intecsewith the lower line, the
Instant Centre (IC) is found. (Bastow, Whitehez2D3)

Now imagine that the Centre of Gravity (CG) of thahicle is concentrated at
the gearstick. Where the IC is located when contpasith the CG is what
determines how the force applied to the rear susperirom the drive train acts
on the vehicle to get it moving. If the IC is toglnthen there will be too much
energy wasted pushing the rear of the car skywhtide IC is set too low then
there will not be enough force applied to the teas and as a result there will
be excessive wheel spin. There are also variablbs iC is in front of the CG or
behind the CG. Somewhere there is going to be éiqoshat will apply just
enough force to the tires to keep them from spipaind the rest of the force will
push the car forward, this can be determined usmigsquat calculations, filling

in the variables for the particular car in questi@astow, Whitehead. 1993)
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Once the roll centre and anti squat geometry igmogped is it then time to look at
spring rates. Ride spring rates affect the lateaad transfer distribution.
Lowering the spring rate on one end of the vehiadleeven out the loads on that
particular end and this will raise the lateral foevailable from that end. The
fitment of stiffer springs than what is found opraduction car will generally
limit the amount of body motion in pitch and rdhjs is desirable for a race car.
Race cars generally wind up with the un-driven ehtthe car very stiffly sprung
relative to the driven end, this keeps drive whesdse evenly loaded for traction
(Milliken and Milliken 1995).

2.1 Control, stability and handling

The rest of this chapter will endeavour to intrcelsome other factors that will

directly affect the performance of the new reapsasion.

The manipulation of the controls by the driver mtmg to influence the motion
and or direction of the car is referred to as adnas the driver is attempting to
control the path and speeds in which the vehicteasing. The reluctance of a
car to allow a change in path is referred to asil#hg in moderation this is
generally a desirable attribute. The ability ofaa o go around corners
effectively, the study of how this take places &bl &s how the driver perceives
the vehicle’s behaviour whilst cornering is knovahandling. Considered as a
whole, the vehicle can only be influenced by forersrted on it by the road, the
atmosphere and by gravity. Due to this, the congecharacteristics of the tyres
and the forces imposed on them are essential wid®min the design of any car,
the aerodynamic properties of the body are alsmitapt to consider (Dixon,
1996).
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The tyre has the very important role of being thy @omponent on the vehicle
which is in contact with the road surface. Theigbibr the tyres to grip to the
road surface and hence the forces that are exentéuk tyres by the road will
depend on many factors. Some of these factorsdechhe structure and
materials in which the tyres are designed and naantufed, their width and
profile and the angles in which they are presetadtie road, which is where the

suspension design becomes of importance (Dixor5)199

It is important to consider the tyre itself in detalthough without a suspension
system that doesn't keep the tyres evenly loadddaaproper camber and steer
angles toward the road, the car will not work pripas a package. The study of
vehicle dynamics involves looking both lateral amalgitudinal motions of the
vehicle. Lateral motions, which consider how latacxelerations (in cornering)

affect the balance of the chassis is the main@r@derest (Dixon, 1996).

The ability for a car to perform a specified mangeuassuming a flawless driver
is referred to as roadholding. Handling is esséintéan assessment of how a car
will consistently react to driver inputs. The handlof a particular car will then
rely on both the driver and the environment in \lftice car is being tested
(Dixon, 1996).

Due to the fact that the aim of this project islesign a rear suspension
configuration that will allow for optimum handlirdharacteristics, achieving a
suspension that is capable of high levels of roktihg and handling will be
considered over that of achieving one with good gdality, which is the
capability for a suspension to dampen out harshinegte the cabin due road

roughness.
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2.3 Body stiffness

When considering the design of a suspension forcanit is firstly important to
consider the stiffness of the car’s chassis / badyt is worthless going to all the
effort of designing a suspension system to comstrae rear axle from unwanted
movement if the chassis is too weak to resistdhees imposed on it from the
suspension, as the chassis will flex, effectivebkimg the implementation of the

new suspension a waste.

Therefore from a handling perspective it is desadbr a car’s chassis to have a
high stiffness, thus allowing the suspension anelstyo work as they were
designed without any negative influencing factarshsas chassis flex. The
principal loads transmitted from the suspensiomoochassis are the vertical
ones. These loads are transferred on to the chafdsis vehicle through the
suspension links, springs and dampers and are riuerdally the same as the

vertical forces in which the tyres are subjected to

In the case of roll skew in cornering, the sumghefvertical forces on diagonals
of the chassis are not equal and the chassidassion. It is common in
suspension design for the chassis to set up sueffext so that the normal
forces imposed on the tyres affect the lateralgsiio a desirable respect (Dixon,
1996).

So to a large extent the torsional rigidity of as$is / body can affect the
handling performance of a vehicle, especially isecthe where the chassis is
lacking in stiffness as this will reduce the oveparformance of the suspension
as it will not be functioning in the way it that svdesigned. A chassis that flexes
will also be prone to fatigue and further weakening to stress reversals during

use, which may eventually lead to breakages (MitlikMilliken, 1995).
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In most cases for a car to race in a particulagsciais necessary for the car to be
fitted with a six point steel roll cage as per @&MS specifications for the
particular class in which the car is being racedulAroll cage as shown below
will obviously strengthen the chassis up a largeam If allowed in the rules
picking up suspension points with the cage is algeeat thing, as it will greatly
improve chassis rigidity as the cage is furthegrgjthening the points in which

the forces from the road are directly transmittethe sprung mass.

Figure 2.1: 6 point roll cage
http://www.autopowerindustries.com/Images/Ig/DSCAR2pg

Seam welding the chassis rails and other structoeahbers to the body shell
will also add to the rigidity of the chassis ané igorthwhile venture if allowed

by the rules for the particular class in which tiae is to be raced.

2.3 Differentials

The differential (commonly referred to as the diffsically transmits the torque
transmitted from the driveshaft on to the wheelger€ are three main types of
differential to be discussed here, the open diffeak the locked type (known as
a spool) and the Limited slip differential (LSD}é& type of diff chosen will

greatly affect the amount of traction a car wilaa



27

Most factory road going cars are fitted with opéffedentials. An open
differential works in the following manner. Referthe figure below and while
reading the following. A pinion gear which is radtby the drive shaft engages
with the much larger ring gear or crown wheel. Ting gear drives a small set
of three planetary gears which are designed sdhbkéaivo side gears can turn in
opposite directions to one another. These two gdes turn the axle half shafts,
which in turn drive the wheels (Wikipedia, 2007).

The reason for the two outer planetary gears badihg to rotate against one
another is so that the right and left wheels caatecat different speeds when the
car is negotiating a corner, although the sameutors supplied to each of the
axle shafts under all conditions.

Spider Gear Washer (2) Spider Gear (2)

Ring Gear Axle Housing

Thrust Washer (2)

i = Differential Case
Pinion Shaft
Pinion Gear Pinion Shaft
Retaining Bolt or Roll Pin

Figure 2.1 Open differential
http://www.offroaders.com/info/tech-corner/projeit/images/locker/open-differential-parts-

id.jpg

The torque on each wheel is a result of the engmketransmission applying
torsion against the resistance of the tractiohattwheel. Unless the load is
exceptionally high, the engine and transmissionusarally supply as much
torgue as necessary, so the limiting factor is listize traction under each
wheel. It is therefore convenient to define trattas the amount of torque that
can be generated between the tyre and the grodocklibe wheel starts to slip.
If the total traction under all the driven wheekeeeds the torque required to
push the car forward at any particular instant vis@cle will be driven forward,;

if not, then one or more wheels will simply spinikiidedia, 2007).
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The limitation of the open differential is due heetfact that it will always allow

the wheel of lesser resistance to spin fasteriveléd the other wheel.

For example in a left hand turn the weight of theprung mass will tend to shift
to the right hand side of the car in roll therefapplying a greater force into the
road to the right wheel and effectively a lessecéanto the road on the left
wheel, this will generally to cause the left drivgheel to spin or loose traction.
In this process the planetary gears inside thendiffstart to rotate against each
other as the loaded wheel (right) has a greatestaese from spinning than the
left wheel. The open differential will allow thefi@vheel to spin faster, with the

right wheel maintaining its current speed.

Note that the open differential supplies the sameumt of torque to both
wheels, so both wheels are striving to push théararard the same amount,
although due to the force required for the left ®llte break traction being much
less than the right wheel it will effectively spimuch faster relative to the right
wheel (Wikipedia, 2007).

This has led many to believe that the open diffeaéis only one wheel drive,
although this type of differential always providagual torque to both driven
wheels. Due to varying levels of traction at eatthe driven wheels as a result
of variances in road surface, weight shifts andtiwg torques from the engine
and driveline etc the open differential is not d&sie for racing conditions.

Enter the Limited slip differential. The most conmhpused form of LSD is the
clutch type LSD. This differential uses clutch pktvhich are used to limit the
speed difference between the side gears and taus/thwheels. By restricting
the speed difference between the two driven whaskful torque can be
transmitted to both wheels as long as there is dant®n available on at least
one of the wheels. The LSD is the most commonly deem of differential in
circuit racing cars (Wikipedia, 2007).
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The locked differential or spool does not contdanptary gears and the speed of
the two wheels will always be the same. The majoitation of the spool is that
due to not allowing the wheels to rotate at différgpeeds, the car is harder to
turn into corners as front end understeer is hggvidmoted due to the fact that
the two driven wheels will always be trying to pukk car in a straight line.
Spools are most commonly used in drag racing andladget circuit race cars

as they are much less expensive than LSD’s.
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Chapter 3

Discussion of different rear suspension configurati ons.

3.1 IRS and Live axle configurations

In this project we are only considering the reap&sion setup of a rear wheel
drive car. The two main types of rear suspensi@u us motor cars are either the
Live (solid) axle arrangement or the Independeat seispension (IRS)

configuration.

Figure: 3.1 Hotchkiss live axle configuration

(This is vegiynilar to that used in a Ford Escort)

Figure 3.2: Independent rear suspension

Most modern passenger vehicles today use IRS,adilne tcapability of each
wheel travelling independently of one another actimer ride can be achieved.
Although most load carrying vehicles still retaivel axle arrangements due to

their better weight bearing capabilities.

Many race cars still utilize a solid rear axle a¢gafation. Even though in theory

an IRS suspension setup is superior, not manyteares have built and
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implemented an IRS car that has proven to be ssitdam the race tracks
against a well set up live axle car. This is mauhlye to the fact that the IRS
setup is much more complicated and thus much h&vdsst up when compared

to the much simpler live axle setup.

The simplicity of the live axle means that in mavgys it can’t be beaten, the
major drawback is in the un-sprung weight of thigeit will always be quite
heavy and there is not much that can be done tecesil On independent
systems the centre section (consisting of the cneheel, pinion, differential

unit and case) is fixed to the chassis of the Vehlus meaning that the
unsprung items will only be half of every linkagaeirng to the wheel hubs and
then the hubs and wheels themselves. So this atlvkRS setup to achieve less

unsprung weight than a live axle setup.

The problem with most IRS setups fitted to caitha passengers need to be
seated in places where engineers want to posiloward pickup points, so the
geometry is and always will be a compromise ana E&sult of this the camber
changes can be horrific from a traction point @wi The drawing below shows
the drawback, the tyres footprint is not kept flae to the wishbones on the IRS
setup moving in an arc type fashion. The live adwip is shown on the left and
the IRS setup is shown on the right. As you carntlseeamber changes due to
the IRS suspension travelling in arcs causes cantizrges in both roll and in
squat. Lifting the tyre from the ground means thate will be less traction
available, so in many cases the driver of the ¢tmnet be able to use the power

available from the engine.
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Live Axle Independant suspension

Chassis

Twre

Static: Tyre foot print is kept flat in hoth cases

\ = _

1\ e r————r—

|

Chassis roll in cornering: Foot print is kept flat on the live axled car, alihough on the IR'S car
the camber change on the unloaded side causes a portion of the tyre to he lifted firom the road.

(L )

Rear end squat in acceleration: Live axle keeps the tyre on the ground, although the IRS under squat
lifis the outside ofhoth tyres fiom the ground, thus reducing the traction availahle

Figure 3.3: Live axle Vs IRS

There are of course ways to minimize the cambengésin an IRS setup, but
due to the simplicity of the live axle setup and fact that the Ford Escort is
already fitted with a live setup this project ok based around improving a live

axle setup only from here on in.

3.2 Commonly used rear suspension components
Leaf springs

Figure 3.4: Leaf springs
http://img.alibaba.com/photo/50595287/Leaf Sprijpgs.

http://www.4wdworld.com.au/products/4x4suspensisumspension_02.jpg
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Leaf springs are possibly the simplest and legs¢esive of all suspension
setups. They locate the axle in both longitudimal Eateral directions, attach it to
the chassis of the vehicle, as well as actingsggiag for the suspension system.
While compliant in the vertical direction, the lesgdfring is fairly rigid in the
lateral and longitudinal directions, thus reacting various forces between the

sprung and unsprung masses.

Leaf springs were used on most passenger carthimttd70’s and are still used
on most small trucks and utilities today. The majownfall for leaf springs is
that they are quite stiff, which leads to a harde.rwhen passenger vehicle
manufacturers tried to soften up spring rates theme notable losses in side
stability of the springs. With softer springs, trehicles would keel over in
cornering causing axle skew and the axle would winor twist under braking

and accelerating conditions in more powerful vedscl (Gillespie, 1992)

Coil Springs

Figure 3.5: Coil springs
http://www.dow.com/amplify/images/springs_72dpi.jpg

The coil spring is the most common type of sprisgdiin passenger vehicles of
today. This spring is simply a steel bar that heenbbent into a flexible coil. The
spring functions by compressing in and recoilingki@ its original height to
absorb shock forces. Unlike leaf springs, coilrsgsiare not used to locate the

axle, they solely are there to act as a sprinthércase of a coil sprung
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suspension system the axle must be located irateeal and longitudinal
directions by some other means. Coil springs caodsed in between wish

bones, chassis and control arms or fitted to ntost assemblies.

Radius arms

Figure 3.6: Radius arms
http://www.pixelmatic.com.au/cortina/mk1pix/rearsmif

Generally used as an upgrade on leaf spring cgnet@nt axle wind up and
tramp, radius arms constrain the axle from windipginder torque and skewing
in body roll. They are an improvement over an W#ohleaf sprung suspension
setup, although they will still allow the axle sofmeedoms in suspension travel

that are not necessarily wanted.

Four link

Figure 3.7: Converging four link
http://www.popularhotrodding.com/tech/0604 rearpsmsion guide/photo 07.html
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There are two basic types of four link, the fissthe converging type. The main
purpose of the bottom two links is to locate thizax a longitudinal sense, while
the upper two links ensure that the pinion angtkamti squat geometry is fixed
throughout suspension travel as well as locatiegattle in a lateral sense.

The major drawback with this system is that wheshgd to the limit the setup
suffers from significant bind due to the angled epgrms, and this can force the
setup to be unpredictable (Lateral dynamics, n.d.).

Figure 3.8: Parallel Four link

The parallel four link system consists of four fang facing bars which are
parallel to the each other and protrude forwar@Oatiegrees to the axle housing.
The link bars are free to pivot at each end arathtthe axle housing to the
chassis of the vehicle, therefore locating the axkde longitudinal direction and
effectively determining the castor of the rear sungion as well as the squat/ anti

squat geometry.

Most factory four link arrangements are compronsiseips, as for optimum
suspension geometry to be set up and retainedogher link bars really need to
be as long as the lower link bars and for thisdouo the upper link bars
generally need to penetrate the rear floor whezaehr seat would usually be

fitted and for this reason short upper links onaging upper links are used.
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When a parallel four link setup is used the axlié also need to be located in a

lateral sense, with either a panhard rod or a Viattage.

Three Link

Lateral-Dynamics.com

Figure 3.9: The Lateral Dynamics Three link

A three link rear suspension setup is a designwhses three forward facing
control arms to attach a solid rear axle to thessiseof a vehicle. The two
bottom links are fitted in the typical location@sed in the four link
arrangement, although there is only one singlditdpinstead of the two used in
a four link setup. The top link is attached to tiye of the differential housing in

the centre. It is said that this setup is ‘kinewsdty free’ of bind in roll.

Much like the parallel four link setup, the axldlvaiso need to be located in a
lateral sense, with either a panhard rod or a Viattage.

Torque arm
A torque arm setup is similar to a three link satufhat it uses two lower

forwards facing control arms as well as havingialtlink that extends from the
centre of the differential housing out towards fiteet of the car. Although a
torque arm generally extends all the way to thelgeacross-member. This

setup also requires to be laterally located (Craakscoalition, n.d.).
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Below is a pic of the RRS bolt on rear end for Bakand Mustangs, it features

a long torque arm as shown.

Figure 3.10: RRS torque arm setup
Panhard rod

Panhard link

Vertical motion results in horizontal motion.
i = i =

ERTER— r

Roll eenter varies; usuall
somewhere along dotted line.

Figure 3.11: Panhard rod
http://www.lateral-dynamics.com/products/sourcehtiRaidWattsWeb.jpg

A panhard rod locates the axle in a lateral sezm®straining the axle from side
to side movement. The Panhard rod is very simpéesign, although it is
disadvantaged by the fact that the axle must moamiarc in relation to the
vehicle’s chassis. The panhard rod consists afiglesbar the pivots from the

axle housing and the chassis.
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Watts linkage

Watts link

Puraly vertical motion; horizontal motion is eliminated.

i ) . ™
-

Roll center is at the center
of the bellcrank pivot.

Figure 3.12: Watt's linkage
http://www.lateral-dynamics.com/products/sourcehtRadWattsWeb.jpg

The watts linkage is an improved method of latgraitating a live axle over the
panhard rod arrangement, ensuring absolute vertiotibn of the axle, rather

than moving in an arc type fashion as with the patinod.
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Chapter 4

Selecting a rear suspension configuration

4.1 Overview and limitations of the factory suspens ion

As discussed previously, the focus of this projget¢b improve on the standard
rear suspension setup on the Ford Escort from kmked leaf sprung
arrangement to a coil sprung arrangement thatoaristrain the axle in both
longitudinal and lateral directions, thus permgtonly two degrees of freedom
and allowing for minor adjustments in areas suctoh€entre and anti squat /
anti lift. The chosen suspension design will alsskencertain that the desired

axle positioning is kept in check throughout susp@mtravel.

If the new system is designed correctly and impletext the car will be much
more stable on the road especially under hard e@tein and in both entering

and exiting corners, allowing the car to be mucitclgr on a race circuit.

Figure 4.1: Leaf sprung Hotchkiss axle

The standard rear suspension setup on an Escqittased above is one of the
most simple rear suspension configurations. It e worked well for a
standard road going passenger vehicle of thabetayhen more power is
extracted from the engine and other modificatiaiescarried out to make the car
faster on a race circuit, it quickly becomes obsithat the rear suspension is in
need of attention. The car will tend to get outoitrol easily due to the back
axle tending to wind up or twist under hard acalen, causing rear steer

forcing the car in any direction bar the desired.on
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A quick note on how a leaf spring operates, refigrto the figure below. A leaf
spring is located at two points on the chassis.réaeof the leaf is affixed to
what is referred to a spring hanger. The springybars attached to the chassis
and is able to pivot when the spring moves, astdits semi elliptical design
when the spring is loaded and compresses it effdgtgets longer, moving the

spring hanger rearward and vice versa for wherspineg decompresses.

«——Rear Chassis

oot Doint Fromi chassis
pivot poin

pivet point

%l_’:i‘

Figure 4.2: Escort rear suspension

Axle wind up is more extreme in Hotchkiss styleprssion configurations such
as that found on the Ford Escort due to the faudtttie axle is relying on the leaf
springs to not only control the springing, butdodte the axle as well and thus
resisting torque inputs imposed them from torquaddelivered through the
drive train and then on to the wheels. Due to tlsating device for the axle
being a spring it will deform elastically as a résid the wheel torques allowing
for the axle to wind up more easily than that ebafiguration in which the axle

Is constrained by rigid links.

Another major issue that arises when using an ketideaf sprung rear end is
that when the car keels whilst cornering, for exknifgthe car is corning hard
right, the car will try and resist the change iredtion and thus there will be a
significant weight shift on to the left side of tbar. Now baring this in mind and
referring to the diagram below, the leaf on thelkxh(left) side flattens, while
the leaf on the unloaded (right) side curves edgily in an upward direction, as
displayed in the diagram below left. The leaf oa liladed side effectively
becomes longer and the leaf on the unloaded sictentes shorter, this forces the

axle to skew (As shown below right) forcing the rdo oversteer undesirably.
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Chas=is roll viewing fiom the rear Chassis roll viewing firom ahove

Figure 4.3: Limitations of leaf springs in roll

At this point it is necessary to look at ways t@nove on these matters. The first
natural thought would be to stiffen up the spriagd or to add a rear anti roll bar
to prevent the car from keeling or rolling on iiags whilst cornering. This is
all well and good in theory, as if the cars keetannering is kept to a minimum
then the axle skew or roll steer will be kept tmi@aimum and this is correct,
although this then introduces another issue. If¢lae end resists keel and the
body doesn’t roll in cornering the rear end wiltbene very sensitive to driver
inputs and unpredictable with generally large ant®woih uncontrollable

oversteer, which is a less desirable charactetistic that of roll steer.

If nothing can be done with the springs to imprtwe situation significantly it is
now time to look into ways of linking the axle torestrain the it from skewing

under load and in roll.

There are many small improvements that can be raaitigprove the leaf sprung
rear end arrangement, drag racers use devicesasultracs or slapper bars to
help reduce wheel tramp, which is high frequencwauog down movement of the
rear axle under hard acceleration and sometimesdatation due to axle wind up
and there are of course items such as radius &oordjnks, three links, panhard
rods etc can be used in conjunction with leaf gwito improve the handling of
the vehicle, although in this case it has beend#ecio change to a coilover setup

in the rear, thus doing away with the leaf spriatjsogether.
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4.2 Colil springs and rear spring / shock absorber|  ocation

Coil springs are a far superior design of sprirantthat of a leaf spring, the sole
purpose of the coil spring is to act as exactly,thapring. Therefore coil springs
do not locate the axle and this allows the usewthrsofter spring rates possible
if needed without having to worry about axle wingland axle skew in body roll.
Coil spring arrangements also allow for easierrgitange-ability and adjustable
ride height in cases where a coil over strut as$eislutilized.

There are a few different ways to mount up coilrgys, although in this case a
coilover shock type arrangement will be used asstmple, readily available
and allows for easy ride height adjustment by synhplvering or raising the

threaded spring platforms.

Figure 4.4: Coilover shock absorber assembly

Most cars of today have a vertical coil over dangstup from the factory,
although the Escort did not. The factory dampenseve@gled inward, possibly to
avoid interfering with the rear seating area. A ganwill work more effectively
mounted in a near vertical position rather thaa sieep angle as a dampers
performance will reduce the more inclined it isr Fstance if a damper is at a
45degree incline and the axle moves 50mm, the dawip@nly move 25mm. If
the damper is mounted vertically when the axle radkie damper will move the
same amount, which will allow the damper to perfasryjob more effectively.
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Therefore to mount the coilovers vertically on ad=Bscort it is necessary to
house the coilover struts in a fabricated housmigiwet which will be mounted
to the inner section of the factory wheel tubxwihg for the coilovers to be
mounted vertically as opposed to the angled seted trom the factory. Also by
doing this the shock absorber top mount will be nted much higher than the
factory Escort setup which will allow for more seggion travel than the factory
setup which can become very minute when the ridghhes lowered
dramatically.

Common sense will denote that the closer the ceilstruts are mounted to the
wheel hubs, the smaller the leverage effect anethe force moment on the
springs and dampers will be generated in suspemsioal and this inturn will
allow the car’s roll stability to be increased. Tdwlover turret is generally fitted
to the inside of the wheel tub as this is as fdboard as the struts can be
mounted without affecting the width of wheel thahde fitted under the wheel
arch, as of course the tyres are the sole comp®siiestall the moments and
forces from the road surface are initially transeditthrough, so it is fair to say
that the size of the tyre contact patch on the readfactor that cannot be

compromised anymore than it already is.

Figure 4.5: Turrets (left) Turrets fitted to thesighe of the wheel tub (right)

Now that the leaf springs have been made reduntteare now is no way of
locating the axle in both the longitudinal and fatelirections, so now it is
necessary to adopt a linkage set up to constraiaxte.
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4.3 Longitudinal location

Firstly considering locating the axle in the longiinally, the following
discussions will lead to a decision on the configion in which will be used to

locate the axle longitudinally and resist wheetjta inputs.

4.3.1 Radius arm and torque arm configuration

The first setup to consider would be the simpleusdrms. These are something

that can readily be purchased and are a fairly Isifkipto fit.

Figure 4.6: Escort radius arm kit

Attaching the top of the differential housing te tthassis rail this setup serves a
purpose, helping to reduce axle wind up. Althoubhk,bars are too short to

allow for optimal geometry and are designed to $&dun conjunction with the
factory leaf springs. When using coilovers theredseto be a method of resisting
the torque inputs from the drivetrain which wantdre the axle to wind up
along its centreline and therefore at least oneertiok is required to constrain
the axle from the underside.

As shown earlier below an example of a rear endigaration designed by RRS
for Falcons and Mustangs which they refer to as Bhénk rear suspension
setup.
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Figure 4.7: Torque arm

This setup uses two lower radius arms similar tséhwhich have just been
discussed to position the axle in a longitudinalsseand then a torque arm / tube
is used to control torque inputs from the drivénti@ong with the pinion angle
and the anti squat of the axle. The torque arngidly attached to the top and
bottom of the centre of the differential housingl @xtends forward just beneath
the drive shatft to its own cross member wherefitas to pivot up and down.

The torque arm crossmember affixes in betweenhhesis rails just behind
where the gear shifter would be found. The reasonging such a long arm is so
that the arm acts very close to the centre of grafithe chassis, which will

allow for very good anti squat geometry to be getAnother advantage of this

type setup is that the floor does not need to beigdor protruding link bars etc.

Torque arm setups can be very harsh due to torguesd from the rear axle due
to being rigidly attached to the axle housing. Tkie of setup is more of a drag
racer oriented type arrangement due to the fatthleae is too much anti squat
geometry dialled in for circuit duties. When a bas anti squat geometry the
rear of the vehicle will always be very stable éimth on the road, although the
front suspension will feel loose and cause theaa@andersteer when attempting
to turn in on corners. Torque arm setups genedallgot allow for good ground
clearance either as they have to hang below tke dhaft generally making the

torque arm the lowest point of the vehicle.

4.3.2 Truck arm configuration

Nascars use what is referred to as a truck arnpsé&his setup was originally
found under a number of GM trucks in the 1960sanednow used by the

majority of Nascar leagues. The truck arm configaraconsists of two long
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steel bars which are rigidly attached to the axledmng and protrude forward
mounting to the chassis where they are free totpivo

Figure 4.8: Truck arm configuration
http://www.psrstreetrods.com/rear _suspension.htm

The rigid attachment of the arms to the axle hayginces the suspension setup
to resist chassis roll completely, thus leavingakie only one degree of
freedom. The only time that there would be any sisa®ll would be from flex

in the front bushings (which would cause the busbegear rapidly) or flex in

the actual arms themselves.

4.3.3 Three link arrangement

Another method of locating the rear axle to consisi¢he three link
arrangement, which consists of two lengthy lowek bars which extend
forward and one upper link bar of similar lengthiethalso extends forward as
pictured below.

Lateral-Dynamics.com

Figure 4.9: 3-Link by Lateral Dynamics
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This arrangement is far superior to the above gonditions which have just been
discussed, although the first major drawback istitatop link bar needs to
protrude into the floor pan which affects the reaating area. For this reason this
type of configuration is generally ruled out for myastreet cars, due to the
primary purpose of a street car being to carrygagsrs, although in racing rear
seating capacity is not needed and is generallpgsiple due to the fitment of a
roll cage as per race regulations.

In the search for optimum handling characteristiesy sacrifices will need to
be made and link bars protruding into the rearrferea is just going to be one of
them.

The 3 link arrangement pictured above is manufactiny a company known as
Lateral Dynamics and their system uses two lowatrobarms to locate the rear
axle longitudinally and a third top link which isoonted in the centre of the
differential housing which constrains the axle frand up. The best thing about
this arrangement is that the axle is said to beeiiatically free” which means
that there is no binding of the arms resisting e#blers in suspension travel and
particularly in roll.

This system uses very long control arms relatiwehat is found on most other
similar configurations. Most other configuratiome @ompromise setups which
use shorter arms to prevent having to protrudethtaear seating area, although
the use of shorter arms will limit the control tifa¢ link bars will have over the

axle.

The link bars need to be made as long as pradtipalsible, as when the
suspension moves through bump and droop (traveltims that are
constraining the axle are moving in an arc, theddinger the arms the less
dramatic the changes in the caster positioning®tixle assembly will be. This
in turn allows the chassis to be more stable. Effely the longer the arms are

the less axle skew / roll steer there will be tigloaut the suspensions travel.
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This consequently allows the handling of the veshiol be far more predictable
in its handling characteristics.

Configurations such as the 3 link offered by Lat&ygnamics allow for
adjustability, which is needed on a race car adlsthanges in the cars setup and
different track conditions call for different susigeon geometries to be used. A
small change such as ride height can put the gegpmkthe 3 link out of its

optimum range.

4.3.4 Parallel four link

The next method of longitudinally locating a livee@assembly is the four link
arrangement. As previously discussed the parallel link is the better of the
two main types of four link arrangements as it dogtssuffer from bind in bump
and droop in the same fashion that the convergipg tloes.

Figure 4.10: Parallel four link arrangement

This method of locating the axle longitudinallyisry similar in theory to the
three link arrangement which was just discussedoagh it features two upper
link bars mounted vertically above the two loweklbars rather than just one
located over the centre of the differential housifge four link allows for more
adjustability than the three link.

This setup much like the three link which was poegly discussed will also
need to protrude the rear floor pan area to achitexelesired geometry and link
bars should be made as long as practically possibt@nimize axle skew in

suspension travel.
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It is desirable to mount the link bars on eithelesas far outboard as possible to
reduce leverage forces that are imposed on théolng from wheel torque

inputs.

The link bars can be made adjustable for anti sgudtto iron out any other
undesirable tendencies relating to the longitudimedting of the axle by having
several different mounting points available foreséibn. As previously
mentioned this adjustability is important for agaar as adjustments in ride
height will lead to changes in the four link geometnd different tracks and
different wheel / tyre combinations can also regjuninor adjustments to be

made for the best to be had out of the setup.

4.3.5 Decoupled configuration

The final configuration to which will be discussedhis category is the
decoupled rear suspension configuration. This desgs created to disassociate

some features from others(Millekin, Millekin, 1995)

The setup consists of one upper and lower linkopagach side similar to that of
the four link discussed above and the arms caereith arranged parallel to each
other both directed toward the front of the caowe bar can go forward and the
other rearward. The arms are attached to the axdesimilar fashion to that of a
four link, although the mounting is free to rotateund the axle tube, whereas in
other cases it would be fixed(Millekin, Millekin9@5).

Due to the fact that the four link bars do not teaty torques due to their
mounting not being fixed to the axle tube anothethad of resisting the toque
inputs from the axle must be implemented. In thiseca torque arm similar to
that of which was discussed earlier is used, afihauuses a coilover shock
system to connect to the chassis which somewhabth@® out the torque
reactions that travel up the tube from the axldl@in, Millekin, 1995).

This setup will require a lateral restraint systwmh as the panhard rod or watts

link setup much the same as the above cases.
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The advantage of this complex setup over the ofkdlat it is possible to
change one of the primary kinematic features witladiecting any of the others.
Although due to its complexity this arrangememasg widely used and there are
many simpler and more cost effective methods dtiog an axle that will yield

excellent results with less complications (Millekiillekin, 1995).

4.3.6 Chosen configuration

The parallel four link arrangement is the favoueatniethod of longitudinally
locating the axle in this scenario, as it allowmsdrcellent control over the axle
provided that the link bars are long and it caséteup to allow for more
adjustability and therefore control over the axlthaut being too complicated in
design. (Millekin, Millekin, 1995)

4 .4 Lateral location

Now that a decision has been reached with regarttetlongitudinal location of

the axle, it is now time to look into constrainiting axle laterally.

As previously discussed, the most effective wagtahg this is to set up a watts
linkage as it ensures absolute vertical motiorhefaxle, rather than moving in

an arc type fashion like the more commonly knownhaad rod.

Watts link

Furely vertical motion; horizontal motion is eliminated.

- ~ - -
e

Roll center is at the center
of the bellcrank pivot.

Figure 4.11: Watts Linkage
http://www.lateral-dynamics.com/products/sourcehtRaidWattsWeb.jpg
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Shown above is the most common form of watt’s Igg&aand is found on many
road cars including Ford Falcons up to the reledslee BA. The two lateral link
bars are attached to the differential housing \balacrank and then extend out
parallel to the axle housing affixing to the chassi

Changes in the height of the bell crank on thedgealters the rear roll centre of
the vehicle. The roll centre is the instantaneaistmbout which the chassis will
roll on its springs about a particular centre. Attg the roll centre will determine

how much the vehicle will keel over whilst corneyjmear roll centre

adjustments also affect how much a car will tendversteer whilst cornering.

The major limitation of the watts linkage desigotpred above is that it has a
fixed roll centre. However, there is another forhwatts linkage which is not
used so much on factory cars, but is used mora@naars due to the roll centre
adjustability it allows for. Instead of the belbok being affixed to the
differential housing and the two link bars beingeled to the chassis it is the
other way around, the two link bars are attachatedalifferential housing and
bell crank is housed in a bracket that is affix@thie chassis which can allow for

height adjustment of the bell crank, which allowsthe roll centre to be moved.

Figure 4.12: Adjustable watts linkage
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This type of arrangement is what will be used is tase as it allows for ease of

adjustment which is most important for a race car.
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Chapter 5

Design considerations

Now that a decision has been made as to the typmapkuspension
configuration that will be designed, it is now titeelook into some of the

kinematic fundamentals of a suspension system.

It is important to note that even though the chasénk, watt’s link and coil
over rear end is a far superior concept than thatiotchkiss suspension
configuration, without the correct geometry sethip configuration could well
operate far worse in practice than the factory igométion. A particular
geometry must be designed to meet the needs gfittieular vehicle in which it
is being applied. There is no single best geontaywill meet the needs of

every application (Millekin, Millekin, 1995).

There are five fundamental kinematic properties tieed to be constrained by
the suspension links. The anti lift, anti squat dredpath of the wheel are
defined by the instant centre. The height of tHecemtre and roll steer are
defined by the roll axis. The foundation for gamin understanding of a live
axle rear suspension is to understand how thenns&atre and roll axis are
determined (Millekin, Millekin, 1995).

5.1 Degrees of freedom

In a solid or live axle the two wheels are tiedetibgr and hence the motion of
one wheel directly affects the other. A live axt@sld only have two motions
relative to the chassis; The first is where the wineels can travel up and down
in unison and the second is where the wheels cam incopposing directions
(chassis roll). In kinematic terms a properly coaisied live axle has two degrees

of freedom of motion relative to the chassis (Mite Millekin, 1995).
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5.2 Instant centre

The word instant relates to the particular posibbthe linkage and the term
centre refers to the projected imaginary point thaffectively the pivot point of
the linkages (Millekin, Millekin, 1995).

The instant centre is the theoretical point throwich tyre motion is
transferred into vehicle motion. Setting up an idiestant centre for a particular
chassis is a critical factor in the design of angpension system, particularly in
that of a drag racing car. Adjustments to the mstentre affect the anti-squat
and anti-dive characteristics of the chassis.

Instant centres came from the study of kinematidsvo dimensions. The instant
centre is excellent graphic aid in understandingti@nships of motion between
the sprung and unsprung masses. In suspensiomdexiganalysis it is common
practice to simplify the three dimensional probliemo two dimensional
problems for simplicity. The two views that presdrg most useful information
are the rear and side views. The top view doesotey much useful
information about the path of the wheel and therefen’t very useful when

considering the instant centre of a suspension.

When lines are projected forward from the upperlamgtr link bars of the four
link, the two lines will intersect at some imagingoint. This point is the instant
centre of the suspension. The main information ¢hatbe yielded from a rear
view will be the scrub motion in suspension traaatl some information needed
to determine the steer characteristics. When |gpéirthe side view, the instant
centre will outline the fore and aft path of theegh anti lift and anti squat can
be calculated and caster change rate can alsadxnieed (Millekin, Millekin,
1995).

5.3 Instant axis

When the instant centre is found in the two vielestivo centres can be joined
together to form what is known as the instant &@id axles have two instant
centre axes, one for parallel bump motion and therdor roll, these axes will
move with changes in ride height (Millekin, Milleki1995).
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5.4 Bump and heave

Bump is upward displacement of a wheel relativéh&ovehicle’s body. The
opposite, a lowering wheel, is called droop. Bueqeived its name due to
occurring when a single wheel passes over a burtigeinoad. When a pair of
wheels rise together in unison it is referred tal@sble bump, this is vertical
motion of the wheels without the unsprung massngliHeave is a vertical

upward motion of the unsprung mass without rok, dipposite of double bump.

Bump and heave influence axle steer angles reladitlee body and road, they
also influence the spring and damper forces andehgme forces (Dixon, 1996).

5.4 Roll

Rotation of the vehicle sprung mass about a fdrexaé with respect to a
transverse line joining a pair of wheel centress fiositive for clockwise rotation

and is viewed from the rear (Dixon, 1996).

Roll is the geometrical equivalent to one wheehganto bump and the other
going into droop, relative to the chassis. Whenvittgicle is in roll there is
changes in suspension geometry which generallgleadheel (toe) steer angles

of the axle relative to the chassis (Dixon, 1996).

5.5 Roll axis

In the case of a live axle the motion of the whelée is to be considered in roll.
The roll axis is generally drawn on the side vidwhe suspension model so that
it appears as a line. This line controls roll s&adl roll centre height. Depending
on the suspension configuration being used therenany different methods of

determining the roll axis.

For the case of a parallel four link complementétth & watts link the roll centre
is defined by the height of the bell crank centoét Bnd the roll axis is parallel to
the lower link bar
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The figure below shows how the instant centre aficaxis can be defined for

this particular suspension configuration.

Centre line af chassisy : }

—— -

%

w Position af

Roll axis: Parallel io — ™ :‘:jilfbliﬂk

0 — cranlk
angled link hars e in: Rell centre

Figure 5.1 Roll axis and Instant centre defined

5.6 Roll steer

The angle of the slope of the roll axis multipliad 100 represents the percent
roll steer value. If the rear roll axis tilts dowmthe front of the vehicle when
viewed from the side then the suspension has nolétsteer. If the roll axis tilts

upwards towards the front of the chassis thengtrbll oversteer geometry.
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Essentially the axle roll is relative to that oétthassis, the wheels travel in a
path that is right angled to the roll axis. Withl tsndersteer the wheel going into
bump moves forward and the wheel drooping movesvara, effectively when
the vehicle rolls left it steers left and roll osteer is the opposite of this. Due to
the wheels being conjoined by what is in esserigichbeam, the forward
motion in bump and rearward motion in droop med&as the whole axle is

steering relative to the centreline of the cha@diiekin, Millekin, 1995).

5.7 Roll centre

The instantaneous point about which the chasslgallilon its springs about a
particular centre. Although sometimes good to sse graphic aid to gain an
understanding of the concept, it is important togwize that the roll centre is a

force centre rather than a centre of motion.

The roll centre sets up the forcing coupling ptietween the sprung and
unsprung masses. When a car corners, the centrftuga at the centre of
gravity is reacted by the tyres. The lateral fatéhe centre of gravity can be
translated to the roll centre if the appropriateés and moments about the roll

centre are shown.

With regards to roll centre heights, the highergbsitioning of roll centre is, the
less the rolling moment about the roll centre whialst be resisted by the
springs will be. On the other hand lowering thé cehtre increases the rolling
moment. With a higher roll centre the lateral foacting at the centre will be
higher from the ground. This lateral force mulggliby the vertical distance to
the ground can be referred to as the non-rollirgrtovning moment. Bascially
roll centre height is a trade off of the relatieets of the rolling and non rolling
moments (Millekin, Millekin, 1995).
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5.7 Roll couple

If the vertical distance between the roll axis #melvehicle’s centre of gravity is
not zero, a rolling moment between the centre a¥igy and the roll axis will be
exerted on the sprung mass, causing the bodynadeeards the outside of the

turn. This force is called the roll couple (Answez607).

5.8 Roll skew

Considering the whole car and its two roll centths,front roll centre and the
rear roll centre and joining a line between therstamvn below. This is the roll
axis of the entire suspension, which determines th@ventire chassis will
behave in roll, rather than just one end.

Roll Axis

Figure 5.2: Roll skew
http://www.miracerros.com/mustang/t rollaxis.jpg

The rear roll centre is always higher than thetfrofi centre and keeping in
mind that the basic concept of the roll centrédnét it is the imaginary point
about which the chassis will roll on its sprindgstaxis will show the behaviour

of the entire chassis in roll.

When the chassis is in roll and is rolling alonig toll axis for example if the car
is cornering left it is rolling right, the rear ide wheel (rear left) will become
unloaded and all of the weight is shifted ontorier right wheel causing the left
front wheel to lift its weight from the ground whpowering out of a corner and
the reverse happens when entering a corner undkingr this phenomenon is
roll skew and it can be minimised by levelling the difference in heights

between roll centres.
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If the difference between front and rear roll ceriteights is levelled out, the
tendency for the car to lift the outside rear wheleén braking into corners and
to lift the inside front wheel when powering outaairners is reduced, therefore
lowering the amount of weight shift to the loadetef the car, which inturn

results in a flatter cornering car with more evdolded wheels.

It is important to note that in suspension tratel ioll centre heights are
constantly changing and it is important to make ghat in any point of
suspension movement that the rear roll centre doesross to a lower height
than that of the front roll centre, as this wilusa the chassis to change from the
roll understeer geometry, consequential of hauvirggroll axis tilted downward to
roll oversteer geometry in an instant which wilsephandling dramatically and

can cause the car to oversteer excessively inrsint.
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Chapter 6

Four link design

6.1 Four link design

The first thing that was considered in the designe four link was the length of
the link bars, they needed to be made as longaasiqally possible but keeping
behind the centre of gravity of the chassis. Tingéw the bars are the smaller the
caster changes will be in parallel bump and draofha axle effectively moves

in an arc about the points where it is hingeds HIso important to have the link
bars of equal length as caster and steer valuearpromised as the top and
bottom of the axle will be moving at differing rades, this will also cause

variances in the differential’s pinion angle.

It was decided to locate the front of the bardatgosition of the original rear
seat cross member, which runs across just reamidhe B pillars of the car.
This position means that the drivers seating pmsig not compromised and the
link boxes which the link bars mount to at the froan be strengthened by cross
bracing to the B pillars on either side. This maugpposition allowed for the
length of the link bars to be 600mm from centreeatre, which in simulated
conditions has shown very minute values of castange and roll steer as will

be discussed later.

The chosen material for the link bars is 26.7mmg@Bmless cold drawn carbon
steel pipe. At the front of the bars Ford escomdocontrol arm bushes are used
to mount the link bars to the chassis mounted fiioktboxes to try and dampen

the shocks from drive train torques, and to allowany minute tendency for the
link bars to bind against each other in roll whiohy cause the link bars to try

and resist roll which is not desirable as thatathe task of the four link.
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Meanwhile at the rear of the link bars on the ddasing end, 3/8 spherical
bearing rod ends have been selected to allow foonadjustments in the length
of the link bars and to provide a solid locatiorttwé link bars at the axle end. As
shown below a steel plug is used to fit the rod tenithe end of the link bar. This
plug (which is supplied with the rod end along watlocking nut) is welded into
the link bar and is threaded in the centre to allomthe rod end to be screwed

in.

= W

Figure 6.1: One of four Link bars

There are many available mounting points for thie bars in this particular
design. These differing mounting positions allowtfee suspension to be tuned

for a particular set of track conditions and orighconditions.

Figure 6.2: Four link side view showing the ranfedjustments allowed for.

Initial calculations have been made for the linkigeto be pre set to for circuit
conditions or drag racing conditions. For circaiting the link bars are to be set
up horizontally and parallel to each other to alfowthe best suspension
geometry to be kept in roll and in suspension ftdver drag racing the instant
centre of the link bars is set up to converge attimated centre of gravity of

the vehicle.
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Due to the fact that many factors such as ridettgigeight and weight
distribution for the car in which this suspensiamiiguration is to be fitted have
not been finalized an estimated centre of gravig wssumed to be at a point
around the gearstick hole of the car, this is amomassumption made for that

of a front engine / rear wheel drive chassis.

An accurate calculation of the centre of gravitnag critical in the design for a
suspension system such as this as over the cduasece car’'s development
many changes tend to take place such as chandimg miameters, ride heights
and weights / weight distributions which therefareans that the centre of
gravity will always be changing every time any nrichange is made. Trialling
of different coil spring rates and shock absorl@nging rates sometimes also
call for adjustments to be made to the four linkrgetry. It is therefore
necessary to take this in to account and allovsfiatiable adjustments through
out a foreseeable range to permit for the desuegdension geometry to be
dialled in with the simple change of the four limounting points to work in

with the constant development of the rest of thiéscet up.

A small change in ride height either upward or desard will change the angle
of the bars and put the bars out of their optim@ongetry range. Consider the
case below. The solid lines represent the suspeasithe current calculated ride
height of the vehicle and the link bars are senupe horizontal position. If the
car is lowered down 50mm (effectively the wheehised 50mm into the
chassis), represented by the dashed lines indbes the link bars lift up with the
rear wheel and axle assembly thus angling them d@ndhinto the ground. This
change in geometry will promote roll understeerrgetry and squatting of the
rear of the vehicle under acceleration which isegalty not desirable, although
setting the car up for a minor amount of roll urstleer geometry is sometimes a
desirable trait, this will be discussed laterhk tar is raised 50mm on the other

hand the bars will tend to push the chassis inpavand direction.
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= Chassis
mounting

Figure 6.3: Four link schematic 1

Changes in ride height to a foreseeable extent begr taken in to account in
this design and therefore if the ride height werbd lowered 50mm as in the
case above all that will be required to set thengetoy up to parallel once more

Is a change in the mounting positions of the linksb

The angles of the bars represent the line of foreehich the wheel and axle
assembly is pushing the car forward. In the caseadfontal and parallel bars
the power transmits to the chassis horizontallytand no energy is wasted in
attempting to push the chassis upward or downward.

The front link boxes (shown below) which are toseam welded to the chassis
are made out of 1.6mm folded sheet steel and arelelskinned on the

mounting points for the link bars for extra stréngis discussed the several
available mounting positions for the upper and Iolivek bars allow for
adjustments in the four link geometry to be madwee flear floor needs to be cut
to locate the front link box in either side of ttteassis. The top half protrudes the
floor on the inside of the cabin and the lower Imaihgs below the floor on the
underside of the vehicle.
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Figure 6.4: Front link box

The rear mounting brackets for the links (birdcages made from 3mm folded
sheet steel as pictured below. These mounting btaeke seam welded to the

axle housing.

Figure 6.5: Four link Birdcage

Careful consideration has to be made for the anglesich the birdcages are
welded to the differential housing. The angle & tlifferential pinion in relation
to the driveshaft and gearbox output shaft nedzbtaligned to avoid extra
stresses on the universal joints on the drivesHafie universal joints are
constantly at extreme angles they will be pronexttessive wear and or

premature failure.
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The angle in which the birdcages are set at effelgtidetermines the pinion
angle of the differential housing. The pinion anigl¢he difference between the
driveshaft angle and the pinion angle on the diffiéial. Unfortunately due to the
birdcages needing to be welded to the axle hodsintlpis style of suspension to
function, once it is set it is fixed and cannotdogusted as the birdcages are

welded to the axle housing.

ny -
>

Coarbox Driveshafi Q

Figure 6.6: Relationship between gearbox outpuft stidveshaft and pinion

Under general conditions it is fair to assume thatrear of the chassis will squat
slightly when under load and thus to achieve thserdd alignment, the pinion
needs to be pointing slightly down from the hori@brvhen the vehicle is static

or not under any loads.

Due to the four link system’s excellent geometmptighout suspension travel
and being capable of nearly eliminating axle witidagether up a preset pinion
angle of generally only 0.5 to 1.5 degrees neeth& touilt in, where as in a
typical leaf sprung arrangement a pinion angle ef&degrees needs to be set
due to the excessive axle wind up that tends taraceder load. A positive

pinion angle is something that should never béWeittson, n.d.)

One method of determining the pinion angle is bk up the whole rear
suspension beneath the car and following this srgplde provided by Wolfe
Race Cratft at the following URL:

http://www.wolferacecraft.com/pinionangle.aspx

The pinion angle is found by using an adjustabtgrpctor to measure the
difference between the pinion flange and the dsivaft directly. These gauges

are available for under $25 from hardware stores.
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Refer to the diagram below while reading the follagvinstructions.

» Place the edge of the gauge vertically againstrtme of the pinion
flange, beside the driveshatft.

* Extend the measuring arm forward parallel to thidoo of the
driveshatt.

* Extend a straight edge under the driveshaft torteasuring arm of the
angle gauge.

« Hold the straight edge flat against the bottomhefdriveshaft and adjust
the measuring arm to read the angle.

* Depending on the gauge you use, you may have toestl90° from your
reading to get the correct number.

* The desired pinion angle of between 0.5 and 1.5e#sgcan now be

determined.

DREIVESHAFT DIFFEREMTIAL

STRAIGHT EQGE

AMGLE GALCE PIMIGH FLAMGE

Figure 6.7: Setting pinion angle

Now that the pinion angle can be set, the bird sag®e be welded to the axle

housing.

Due to the upper link bars protruding through ithte rear of the floor inside of
the cabin, some basic covers have been designetdrga below) for mainly
cosmetic reasons as well as to seal the cabin. dileey.4mm folded sheet steel
and are to be tack welded on to the top of thetfiink box and on to the floor of

the venhicle.
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Figure 6.8: Upper link bar covers

6.2 Setting up four link geometry

The parallel positioning of the link bars is goad & circuit race car as the car
spends most of its time on the track moving and&ang and in the parallel
position the axle is most neutral in its movemealative to the chassis. In
circuit racing getting away from the line at a slisug start is not the most
important consideration in suspension design, afihan the case of drag racing
getting away from the line as fast as possiblaesmost important part of the
race, roll steer is not a major consideration asctr is not cornering, it is only

running in a straight line.

Figure 6.9: Parallel orientation of link bars
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Figure 6.10: Four link schematic 2 (Parallel fanklbars)

6.2.1 Four link set up for Drag racing

If the instant centre of the link bars are setaipdnverge at the height of the
centre of gravity of the chassis some of the entragysmitted from the engine
through the drivetrain and then on to the wheelissed to push the chassis
upwards, thus effectively pushing the wheels dowa the ground and
effectively increasing the available traction. Aistpoint 100% anti squat is
achieved. This is the point where the suspensidimeither lift nor drop, just
enough force is applied to push the wheels downigin¢éo achieve maximum
traction, although no extra energy is wasted inféihee from the driven wheels

trying to push the chassis upward or downward (BateES. n.d.)

Chass?s Cenirve of
/ «— Huwunting gravity
et e e e L Pt «—
Line of force from driven wheels

T Link bars

Wheel

Figure 6.11: Four link schematic 3
Four link set up for 100% anti squat geometry
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If the instant centre is below this line the refithe vehicle will squat under
acceleration and if the instant is above this theerear of the vehicle will rise
respectively (RaceGLIDES. n.d.).

SUSPENSION
MOVES UP

IS TANT i
CeNTER-AT

REAR SQUAT

| SUSPENSION
MOVES DOWN

WEIGHT NETANT
L RANSFER ¥
—S = cdvTen,

REAR ANTI-SQUAT

Figure 6.12: Rear squat Vs Anti squat

Again due to the fact that the centre of gravitg baly been estimated in this
case, the geometry can only be set up to achiéasealine anti squat and using
the car on the track will soon show if any adjustisevill need to be made to the

geometry.

If the anti squat is configured correctly the rgaes should not spin when
launching and the car should start moving forwardaickly as possible. The
rear of the car should not be lifting or squattamgl the front of the car shouldn’t
be wheel standing. If the rear of the car tendsjtmat, the instant centre can be
raised to compensate for this and if the rear témdift too much the instant
centre can be lowered. If the car tends to try@okl the front wheels off of the
gournd, the link bars can be set to converge furdgserward on the chassis and
in the case of if the tyres are being shocked tolertly when powering off of
the line the reverse can be done . (RaceGLIDES) N.d
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This is of course considering that rear shock diesaand spring adjustments
along with the front suspension are all set upemly. Once the car is set up for
optimum anti squat geometry only minor adjustmevlisneed to be made for
varying track conditions or other changes to théscet up . (RaceGLIDES.
N.d.)

6.2.2 Four link geometry set up for a circuit race car

As previously discussed the base line adjustmertifouit conditions is to have
the four link bars parallel and horizontal to tlieud as in this position the axle
is kept most neutral in its movements relativeh ¢hassis, as roll steer is

minimized as the roll axis is kept horizontal aadter change is minimized.

On a circuit racer car there is no need for largewnts of anti squat geometry to
be set up as for the most part of the race thesgapving and once the car is
moving the chances of having loss of traction gtraight line is much less than
that of starting from a standing start and theeefors generally much better off
having the bars set near parallel to the grounagusil of the power transmitted
to the rear wheels to push the car forward andikgdpe caster change and roll

steer to a minimum.

Although having the four link bars setup parallehimizes caster change and
roll steer in some conditions it might be desirablénduce small amounts of roll
steer by angling the bars to help the car steerdatners better or in the case of
a slippery track it may be desirable to dial imsa#i amount of anti squat
geometry to increase traction in a straight linghdugh of course angling the
bars too much will sacrifice traction in corneriag excessive roll steer will upset

the balance of the car.
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6.2.3 Adjustments in four link geometry for circuit conditions

By simply angling the link bars upward slightly wrdoad the link bars will act
to push the chassis upward which effectively ishings the tyres into the ground,
see the exaggerated figure below. The anglingebtrs of course increases the
roll steer and caster changes in suspension trailebugh on a circuit with more
straights than corners it may be advantageousrprmmise cornering ability to
achieve more traction accelerating on the strajghis would only be in a case

where traction is an issue of course.

£ — Chassis

housing mouniing

Line of force firom driven wheels

T Link bars
Wheel

Figure 6.13: Four link schematic 4
Upwardly angled link bars for increased straighélgrip

Suspension geometry will always be a compromisetier draw back of

having link bars angled upwards is that in roll lin& angles change and if the
link angles become angled more upward on the i@t than on the right, the left
wheel will be pushed into the road surface hardan the right which generally
induces oversteer as the left wheel will be drivimg car forward more than the
right wheel. In cases such as oval track racingrevtiee car is only turning in

one direction (left) a foreseeable solution to fhrisblem would be to angle the
right link bars slightly more upward when the caat rest so that the bars will be
flatter in roll (AFCO Racing. N.d.). Changes in tlear roll centre height relative
to the roll centre height of the front suspensiadlhaecrease the intensity of this

problem as well, this will be discussed later
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Another issue that may arise when the link barsaagéed upward is that the
force pushing the chassis upward or pushing theeistdown (whichever way
you want to look at it) is that the force appliedn the link bars can hold the
chassis up under acceleration which reduces teetaféness of the springs and
shock absorbers. This is not desirable, espeaallg rough surface, as the car
will tend to become unstable and skip all overtthek due to the bumps in the
track not being absorbed aptly (AFCO Racing. N.d.).

Adjustments to the lower links can help reduceetkeessive roll steer caused by
the upwardly angled upper link bars or vice vefgjustments to the angles of
the links changes the paths travelled by the réseelink bars and any change
to the path travelled by any link bar will direct§fect roll steer. In the

illustration above (Figure 6.13) where both of lin& bars are angled upward
when the car corners left in roll the right wheetbmes more loaded and moves
upward effectively getting longer and the left whaeves downward effectively
becoming shorter (remembering that the suspensaxesin an arc and that the
axle is a beam, thus the movement of one wheatttjiraffects that of the other).

This will tend to cause excessive roll steer.

If the lower links were to be lowered back to thaeitial horizontal position (or
the other way around, the upper links are madezbotal) and the upper links
are left in their current position as shown bel@ms of this roll steer can be
minimized as this will change the paths in whicé taspective link bars will
travel. When considering the case of the car cargéeft again, the right side of
the suspension moves upward and both links becborées although the lower
link’'s change in path is less due to being horiatiptocated to begin with and
thus the forward movement is minimized and forléfeside the backward
movement of the axle is also reduced for the saasons, thus roll steer is

minimized.
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Axle . = *— Chassis
housing mounting
Line of force firom driven wheels
T Link bars
Wheel

Figure 6.14: Four link schematic 5
Lower link bars put into the horizontal position

In a general sense the idea here is to set upthidifk to provide to some force
to push the wheels down into the track if tract®a problem, yet minimising

the amount of roll steer generated by changingtigtes of the link bars.

6.3 Four link analysis using Wingeo3

The suspension modelling software package Wingeo§an 4.00 by Wm. C.
Mitchell software Racing by the Numbers has beeus obtain caster and
steer values for changes in ride and roll anglesdaous four link geometry

changes.

The program has a preset four link solid axle tetepin which the dimensions
and properties of the four link and vehicle canrpitted to simulate geometry

changes in variances for ride and roll.
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Figure 6.15: Wingeo3 Inputting dimensions to analfgir link geometry

Once all of the data relating to the rear suspenisiaefined, data can be

tabulated for the suspension for differing ride anltlvalues. The main values of

interest in this case were the variances in castértoe steer. All of the data

calculated in Wingeo3 has been transferred overMitrosoft Excel for ease of

organizing and plotting the data generated by dffisvare package.

Bare in mind that negative values for caster ingi¢hat the axle is moving

forwards toward the front of the car.
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6.3.1 Caster change in varying vertical ride

Caster change in ride (zero roll)
4
37 —e— Angled bars (anti
2 / squat configuration)
€ 1
S
~ —=— Parallel and
O 0+ =8B Oo—0—0— .
> horizontal bars
IS -715 50 - 0 25 50 75
£ 1
(&)
o
9 -2 A Parallel and
) 3 / horizontal bars
) (600mm lower /
4 ] 200mm upper)
5
Ride (mm)

Figure 6.16: Caster change with changing ride heigh

The above figure shows caster change for changégemeight from -75mm to
75mm. The horizontal line represents the chosem@&Unk bars set up parallel
to each other and horizontal. As predicted in eattsuspension travel the caster
change is negligible. Wingeo has indicated thdbag as the link bars are kept
parallel to each other the caster change will banmal.

In the case of the anti squat configuration, whisesupper bars are horizontal
and the lower bars are angled upwards it can hethaéthe caster change in

travel is quite dramatic as predicted.

The final case in the plot above is a case whexdatlver link bars are 600mm in
length and the upper bars are 200mm in lengthhdng are parallel to each other
and horizontal. The caster change is dramatic laisdg why it was important to
choose link bars of the same length. Shorter ulppkebars are commonly used
in four link’s to allow for rear seating capacitkijs is obviously a major

compromise for geometry, although it all comes désvwhat is considered to be
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more important when the car is being used forutppse. For a passenger car

interior space takes precedence, although on aceadeis more important for

the geometry to be consistent throughout variaicade and roll values.

6.3.2 Toe steer in roll

The following figure shows toe steer with respectite right wheel in changing

values of roll. A positive steer value denotes thatwheel is toeing in or the

axle is steering left or rotating counter clockwigeen looking from above (plan

view).

Roll steer (right) in roll

steer (degrees)

Roll (degrees)

—e— Parallel and horizontal
bars

—=— Angled link bars (anti
squat configuration)

Both link bars angled up
1.43 degrees

Both link bars angled
upward at 4.29 degrees

—x— Horizontal bars (600mm
lower / 200mm upper)

—e— Angled upper and
horizontal lower bars

—— Both bars angled down
2.86 degrees

—— upward upper / lowered
lower

Figure 6.17: Toe steer in roll

As can be seen, the toe steer is kept to a minimben the link bars are

positioned parallel to each other and horizontahtoground. In this case toe

steer doesn’t seem to be dramatically affected hgther the link bars are
parallel or not, rather it is the angles of thé lbars (when the car is static) that

affects the toe steer. As previously discussedlitvkabars angled upwards will

yield larger roll/toe steer values than that of baeangled upward and the other

being horizontal to the ground, this can be notedmexamining the figure

above. Obviously the greater the angles of the dastatic ride height, the more

dramatic the steer will be in roll.
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When the link bars are angled upward and henceothaxis is angled upward in
positive roll (corning left) the link bars on thealded side (right side) flatten out
when causes the right side of the axle to move bhghtly and on the unloaded
side (left side) the upward angles of the link bacsease causing the axle to
move forward slightly, this in turn causes the a@gléoe out when cornering

which is not a desirable trait. This is roll oveest geometry.

As can be noted when looking at figure 6.17, thecewpposite will occur when
the link bars are angled down slightly and as alted this the axle toes in
whilst cornering which assists the car to turn icwoners better. This is roll
understeer geometry and this reduces the tendentlyd rear of the car to

oversteer whilst powering out of a corner.

When tuning the four link geometry for the circuits desirable to set the axle
up to toe in whilst cornering as the car’s tendetacgversteer from the rear is
kept down and this will increase the stability gmddictability of the car.

6.3.3 Caster change in roll

The following figures show caster change with respe varying values of roll.

A negative caster value denotes that the wheebigng toward the front of the
chassis and a positive caster value denotes thaidle is moving toward the rear
of the chassis.
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Caster change in Roll

—e— Parallel and
horizontal bars

2 — | —=— Angled bars (anti
squat configuration)
Left side

Angled bars (anti
squat configuration)
Right side

Link bars both angled
upward 1.43 degrees

Caster change (mm)

—x— Link bars both angled
upward at 4.29
degrees

-3 —e— Both link bars angled
Roll (degrees) down 2.86 degrees

Figure 6.18: Caster change inroll 1

—e— upper link bar angled
up, lower link bar
angled down (right

3 side)

Caster change in roll 2

2 e —m— upper link bar angled
up, lower link bar

1 77\ /'/ angled down (left

\\ /l/ side)

‘ ‘ A ‘ ‘ upper link bars

L1510 /s/o\s\-m 15 | angled upward, lower

/-/ — link bars horizontal
21 (right side)
upper link bars anged

upward, lower link

Roll (degrees) bars parallel (left
side)

Caster (mm)

Figure 6.19: Caster change in roll 2

The above plots show that regardless of the amgléds link bars as long as they
are kept parallel the caster change in roll is ket minimum and the caster
change very similar for both the left and right wilse Although when the bars
are not parallel the caster change is very closppmsites for the left and right

wheels.
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6.4 Final points on four link design and geometry

The 4 link is a relatively complex rear suspendiaat is very sensitive to
adjustments. A change in link bar length of 25mna emall change in the angle

of the link can make a noticeable change to the thayehicle handles.

When tuning the four link it is important to undewsd the relationships between
varying link angles and how they affect roll staad tyre loadings in corning
(AFCO racing. N.d.).

For drag racing roll steer is not an issue as #naescnot cornering, the four just
needs to be configured for the car to anti squapgnly. A base line anti squat
geometry has been calculated for anti squat winerepper link bars are parallel
and the lower link bars are angled upwards withdkest hole on the axle being
selected and the third hole from the bottom aftitiet as shown in the diagram
below. The only way to perfect the geometry isde Bow the car performs in
practice and adjustments can be made from thidibasenprovements can
quickly be pin pointed by quicker 60 foot and Yertimes and vice versa if the

adjustments worsen the situation.

Centre of
gravity

Figure 6.20: Base line anti squat geometry

The computer program ‘4 Link calculator v2.0 A.0b¥ Performance trends,
inc allows the user to input the four link dimemsdor the car in question and it

then can calculate the amount of anti squat aquéati geometry possesses.

This confirmed that the base line geometry is \doge to achieving 100% anti
squat geometry with a calculated value of 99.3%hdflower link bars are raised

up one more hole (the top hole) on the front liokds the anti squat geometry is
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found to be 119.1% indicating that the geometry pukh the sprung mass
upward during a launch. In the case where the ldwkibars are set one hole
lower than the base line setting on the front bioikes (second hole from the

bottom) the calculated anti squat is found to b@%0
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Figure 6.1: Anti squat calculation using Performeaiicends 4 link calculator

For circuit racing the geometry is to be set u@pealrfor a base line as the least
caster change and roll steer occurs in this oftiemtalf the car needs help
turning into corners better (oversteer), the liaksocan be angled down slightly
to achieve axle toe in roll, if the car suffersnfrgrip substantially the link bars
can be angled up slightly to add some extra fousthing the wheels down into
the track surface and in the case of an oval titaelangles of the link bars on
each respective side can be altered to allow faerewen tyre loading when
exiting corners. Shown below is a diagram of hoefthur link base line

geometry is to be set up.
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\

Figure 6.22: Base line circuit geometry

Suspension set up will also vary from driver tovdrias many drivers have

different driving styles which require the suspensio be tuned differently.

6.5 Four link fitment

First starting with fitting the bird cages to thdeaor differential housing, strip
the axle back to a bare casing and grind off alheffactory leaf spring brackets
and anti roll bar brackets. Mark the centre poaitthe bird cages which are to
be 280mm either side of the centre line of the m@udNow set the pinion angle
using the process that has been previously disduggeld the bird cages to the

axle casing with a continuous weld on each sideotlf of the cages.

Next is fitment of the front link boxes, first firthe centre line of the car and
from there measure out 280 either side and markheutrea to be removed for
fitment of the link boxes, cut the areas out anchihy fit the link boxes in to
make certain they fit tight up against the reat seass member. The top of the
link boxes are to be 150mm above the floor at #ae seat cross member. Check
that everything is in place and tack the link boxeand check that all

measurements are still correct and then seam vedfidlink boxes to the chassis.

The last piece to fit is the link box covers, tlaeg to be placed on top of the link
boxes and against the floor and then tacked ireplac
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Chapter 7

Watts linkage design

7.1 Determination of roll centres

When considering the design of the watts linkagsfitist thing to consider was
where to mount the watts linkage housing. Theeeflat section of floor pan just
to the rear of the differential housing and it wiagided to mount the watts
housing to this section. The minor disadvantagiisfis that the watts linkage is
mounted slightly further back than ideal and thiréases the length that the
mounting points for watts link bars protrude frdme birdcages, which in turn

effectively weakens them.

Watt's housing to he
mounted here

Figure 7.1 Escort underside

The next thing to consider when designing a wattsage is the roll centre
height. A good starting point is to consider thi ¢centre height of the standard
suspension, as the height of the rear roll centrelation to the front roll centre
IS a critical factor in determining how the vehialdl handle. This can be
obtained as follows.
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Figure 7.2: Roll centre location on a Hotchkisseax|

The roll centre is determined by projecting a lirem the top of the rear spring
hanger to the front locating point of the leaf sgrand then the point at which

this line crosses the centre line of the axle hapss the roll centre.

Roll centre determination far
standard Escort suspension

15 200
RFeor spring
hanger
(= 0:'”9 Boot floor
P
/ h Roll centre
N locaton \

Proposed
position of
watts housing

A20
420

Front locating
paolnt

2258

DEl

Figure 7.3: Roll centre location for standard susjpen.

As can be seen the roll centre location is 325.8rmm the ground when the
vehicle is at rest. This provides a good basefbnéhe roll centre location to be

set up initially for the new watts linkage.
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Figure 7.4: Roll centre location determination fiewv suspension design

With a four link and watts link suspension the a#htre is determined from the
height of the watts link’s bell crank centre bohiah is then projected along the
roll axis to the centre of the differential housidg previously mentioned the
angle of the roll axis is defined by the angleh# link bars. For the case where
the link bars and parallel and horizontal to theugd, the roll axis is parallel to
the link bars and therefore parallel to the ground.

7.2 The role of the Watt's link

The first task of the watt’s link is to locate taee laterally and hence resist the
lateral forces imposed on the tyres and then ahdavatt’s linkages whilst the
vehicle is in motion, it will serve this purposelirgs proven on many other road

cars.

The second task of the watt’s link is the determamaof the roll centre location.
As previously stated the height of the bell cramkhie centre of the watt’'s
housing helps to determine the roll centre locatidre roll centre location is
critical to the way in which the vehicle handleslanust be considered in

conjunction with the front roll centre of the susp®n be set up correctly.

Effectively adjusting the height of the roll centnewards puts more of the lateral
loads through the linkages, whereas lowering thecemtre reduces the load
transfer through the watt’s linkage and therefarzeases the loads absorbed by
the springs (Dixon, 1996).
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In practice lowering the rear roll centre will tigih corner handling, allowing the
car to turn in to the corner harder and put thegraown exiting the corner
harder without excessive oversteer. Although, lawgethe roll centre too much
can cause extreme chassis roll depending on thregsdyeing used and this

causes issues with suspension geometry, namelgsxedoe steer.

Excessive chassis roll is also renowned for detagicceleration exiting corners
due to it taking longer for the car to be able wib fhe power down properly as
the weight across the car will not be being trameteequally thus allowing the
wheel on the loaded side to have more traction thanvheel on the unloaded
side, thus the car will become unstable (AFCO Radid.).

Raising the rear roll centre height will tend tduee chassis roll, this tends to

loosen corner handling allowing the car to overshesn the rear.

Essentially, if the roll centre is adjusted too Ithe vehicle will experience
excessive chassis roll and will be sluggish and/ storespond to driver inputs.
A roll centre adjusted too high will tend to regsibiassis roll and thus induce an
oversteering rear end. This will make the reahefdar very sensitive and
unforgiving to driver inputs (AFCO Racing. N.d.).

7.3 Adjustments to minimise roll skew

When setting up the rear roll centre assumingtti@front suspension is already
well set up, it is essential to consider the frattcentre of the chassis in relation
to the rear roll centre as the difference betwaertwo will determine the

amount of roll skew the vehicle will have.

Firstly the front roll centre needs to be deterrdinEhe method of doing so is
vastly different for the Macpherson strut type asisly used in the front of the
Ford Escort than discussed for the rear suspenalomg. Shown below is a

basic representation of a Macpherson strut frospension.



Figure 7.5: Macpherson strut front suspension alsBem
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http://www.f.kth.se/~f95-Isa/msc_thesis_work-filetage010.jpg

Being an independent suspension, each side otifpession has its own instant

centre and as the suspension is symmetrical abeutentreline of the chassis

only one side of the suspension needs to be amblgsetermine the roll centre

of the suspension. The following diagram shows Hwwoll centre of the

suspension was basically determined only lookingnat side of the car.

Macpherson
< shrut top
mount
IC of
independamt - Ui
front _—ﬁ\_\_hl_'_‘—-——-
suspension
! / g

Centre ].1.111 of chassis
Front roll cenire

Lower control

arm

Figure 7.6: Front roll centre determination
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As can be noted from the diagram above, the fralhtentre is 141.21mm from
the ground, which is substantially lower than thiaie rear roll centre, which is

325.8mm from the ground.

As previously discussed it is desirable to minintrszdifference in heights
between the front and rear roll centres to minimidleskew, although it is
important to make sure that the dynamic roll centeenot cross each other
whilst the car is in motion, as a sudden change fral understeer geometry to

roll oversteer geometry will cause erratic handling

Watt’s link design 7.4

The first piece of the watts link to design waswadts link housing which is to
be affixed to the chassis by four 12mm bolts bgltimrough the floor pan to a
6mm steel plate on the inside of the boot floore Ttll centre height of the
factory configuration was used as the baselinghigrarrangement and as the
baseline four link geometry is set parallel andzwrtal the height of the hole in
which bell crank is to pivot is set at the samer8&boff the ground as the roll
axis will be horizontal, this in turn allows foregtsame roll centre to be achieved

when the vehicle is static.

Taking into account that the boot floor in whicle tatts housing is to be
mounted is 420mm from the ground and that the del&iroll centre height is
325mm from the ground, the design came togethshasn below. The design

also had to allow for suitable space for the belhk to pivot in the housing.
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Figure 7.7: Watt’'s housing

This design is to be constructed from 3mm foldesksimetal and allows for
adjustments to raise or lower the roll centre fitsrbaseline position. As with
the four link changes in the vehicle’s ride heigfit always change the roll
centre of the suspension and this configuratiohadlibw for changes to be made
to adjust for this.

A 6mm plate as shown below is mounted on the insidke boot floor for the
watts link housing to be bolted through to. Theeia to be stitch welded to the
floor.

L.

Figure 7.8: Watt's housing mounting bracket

The next piece to design for the watt’s linkagthesbell crank. The bell crank
attaches the two watt’s link bars to the centrthefchassis on the watt’s
housing, allowing the bars to pivot in chassis yel resisting lateral motion of

the axle in all circumstances.
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Figure 7.9: watt’s bell crank

The two outer surfaces of the bell crank are ctfframm 3mm sheet steel and a
33.4mm OD piece of seamless carbon steel pipeldedento the centre of the
two pieces of sheet steel allowing for a urethamel FEEscort lower front control
arm bush to be used to dampen out some of the sbadings imposed on the

pivoting point in the centre of the bell crank.

Next is the watt’s link bars. The watt’s link bane obviously to be located on
the mounting points of the bell crank and from éhgrey protrude out to their
respective axle mounting points, which are to heveaiently protruded
rearward from the four link axle brackets. Duehte four link brackets being
mounted 280mm from the centre of the track on eside (560mm apart) the

watts link bar lengths can be determined.

It has been decided to use the same seamlessr@80Dncarbon steel pipe for
the watts link bars as what was used for the fiolirbars. It has been chosen to
use 3/8' spherical bearing rod ends on either end of th€sink bars as it
allows for reliable and solid mounting of the bargl as with the four link the
plugs supplied with the rod ends are to be weldéalthe ends of the link bars to

allow for the spherical rod ends to be screwed ihéoends of the link bars.
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Figure 7.10: Watts link assembly 1

Shown above is the Watt’s link assembly not inahgdihe watt’s housing. The
final piece of the design is the axle mounting keds and as previously
discussed the axle mounting brackets are to bedftibf the existing four link

birdcages.

Figure 7.11: Watts link axle bracket and four Iikdcage (Right side)

These mounting brackets are 3mm folded sheet@teel again and are to be
seam welded to the four link birdcages. There38rmm 3/8 bolt welded to the

bracket to allow for the spherical rod ends to theched.
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7.5 Watt’s link tuning

As formerly mentioned it has been decided to usedh centre height of
325mm from the ground calculated from the factoogdHkiss suspension
configuration as the baseline roll centre settinighss is a setting that is known
to relatively stable and from this baseline adjwsita can be made to fine tune

this setting.

Roll centre tuning starting at the baseline settingobvious that to level out the
differences in heights between the front and rethcentres the rear roll centre

needs to be lowered.

The process for tuning the roll centre height itate the car out on the track for
a few laps and then come in and lower the rollreeneight one notch at a time
taking notice of the reduced tendency for the teaversteer and the increased
tendency for rear body roll, at the setting whenchr begins to roll too much
and feel unresponsive to driver inputs when exidamers adjust the belt crank

up to the previous setting.

Generally where setting up the roll centre heighltancerned, if the car has a
tendency to roll too much whilst cornering thisnidicating the roll centre to be
too low or for the reverse where the car has agecylto snap oversteer, this

generally would indicate the roll centre to be lagh.

The goal with setting up the roll centre is to aolei a car that corners flat, thus
sharing equal loads on each wheel and achieving tnaction.
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Chapter 8

Coil-over mounting and selection

8.1 Turret selection and fitment

Before deciding on the spring and damper configomait was first necessary to
look into the housing or turret in which the coilens are to be mounted. Initially
it was thought that this was something that wowddto be designed for this
project, although it was later discovered thatRbed Escort rally cars of the
1970’s used vertically mounted shock absorberdidavdor more suspension

travel needed to cope with the harsh off road dams encountered in rallying.

It was found that a company referred to as Palnigio®rsport Parts located in

New Zealand sell two different types of turret tit $he escort as shown below.

Figure 8.1: Round and Square turrets

For purely aesthetic reasons it has been chosesetthe round turrets, although
in reality it wouldn’t matter which type are uséthese turrets can be landed in
Australia for around $340.00 including freight. Ttoerets are supplied with axle

mounting brackets (Shown below) that are to be agld the top of the axle
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housing. These brackets simply allow for the bdgbencoilover to be bolted

through on to the axle housing.

Figure 8.2: Axle bracket for coil over

8.1.1 Fitment of turrets to the vehicle

When measuring up to fit the turrets it is impott@nhave the rear axle fitted up
to the car with the four link and watts link attadat their base line settings and
for the axle to be raised up into the chassis (Wwhitl be raised from the ground
on a hoist or stands) to approximately the heigigne it is desired for the axle
to sit relative to the chassis when the car orgtbend with the wheels fitted.
From here the centreline of the axle / differenti@lising should to be

determined.

With the centreline of the axle found, project aadbe a vertical line up the
inside of the of the wheel arch. Given that thetwiaof the turret is 100mm, now
mark two lines 50mm either side of the centrelirieolv has just been scribed
along the inner section of the wheel arch. Novingjtthe turret on the inside of
the wheel arch, cut out the small section of flowtil the turret fits down against
the chassis rail. Now sitting the turret in theipos where it is to be fixed,
scribe a line around the top of the turret and tleemove the turret and scribe a
line 10mm inside of it the whole way round, now out the unwanted section of
floor and fold up a 10mm lip, clean the weld araad stitch weld the turret in

position.
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Once the coil overs have been purchased they caeatlwe place and attached to
the turret at the top and the axle brackets puethasdth the turrets can then be a
fixed to the bottom of the coilover units and tikxéeaoffered up on to the
brackets and check for clearance all around,hieecoil overs are centred in the
turrets and that the wheels are tyres are goirtetr the coilovers. If everything
check’s out, tack weld the bracket to the axle ramdove the coil overs from the

brackets and lower the axle down and then proaeédly weld the brackets.

zecton of
wheel tub

i

*'iew of fitted et from inside car

Figure 8.3: Turret fitted by Retromotorsport

8.2 Coil-over selection

Figure 8.4: Gaz Coilovers
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There are many different spring and damper / slabslorber manufacturers that
all make high quality products, generally the clmoseke comes down to price
and availability to the car builder. In this caskas been chosen to use the Gaz

brand of coilovers.

The process of selecting the length of damper rieesdas follows. After the
coilover turrets have been fitted and the axlaisitu with the four link attached,
raise the axle up into the chassis until it hit¢hassis rails on either side. Now
placing the axle mounts for the turrets on tophefaxle, measure from the centre
(ie where the bolt goes through) of the axle braaketo the top of the inside of
the turret, this length measured will be the cldsedth of the shock absorber.

Initial measurements have indicated that the cldesegth of the damper/ shock
absorber needs to be around 300mm, although itdymay to remeasure this
distance once the turrets and four linked ax|ditie®l up to the car. When
referring to page 15 of the Gaz catalogue (appe@ilix can be noted that all the
measurements are taken in inches, in that caseri®mqual to 11.8” . The
chosen coilovers are the 190/120R12-2’s which lzas@sed length of 12”
(305mm) and an open length of 19” (483mm) 2” bod&isnm) and 12mm rods.
The 12mm rod is threaded at the top of the coiléwedlow for it to be attached
to the turret, whereas at the other end spherealibhgs are used to attach the
base of the coilovers to the axle. The sphericatibgs have been chosen over
the bonded bushes for added reliability as thedaitmvers now will have the
responsibility of carrying the weight of the reditloe car and therefore the

bearings will be less prone to wear than the bushes

As specified in the Gaz catalogue, the selectddwaris are multi adjustable.

The units are adjustable for bump and reboundroplyitwisting a control knob
on the side of the unit. These coilovers suit 2R%0il springs which are used
in most coilover applications, therefore a widethaispring lengths and spring

rates are available for these units.
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8.3 Spring selection

The coil springs to be used with the chosen carsabove are 2.25” ID units.
Gaz are able to supply springs to suit for a whateye of differing spring rates.

Now would be a good time to define what is exarstigneant by spring rate.

The spring rate is determined simply by the amafimass needed to compress
the spring one inch and is usually measured in ge(livs) per inch. There are

three factors that are used to determine the spaitegof a particular coil spring.

INSIDE
DLTHIDE
MAMETER—

MEAN COIL
I DIH.METEH-I

WIRE CHAMETER 5PACE BETWEEN GOHILS

Figure 8.5: Determining the spring rate

The first is the wire diameter of the spring, olmsly the thicker the wire, the
higher the spring rate. Next is the mean diamdtédrespring, when the mean
diameter increases, so does the spring rate. Liadthe number of active coils.
The number of active coils includes the total nundfecoils on the spring in
question minus one for springs with one end cl@s®tithe other open. The

higher the number of active coils is, the lesserdpring rate will be (AFCO
Racing, n.d).

There are generally two different types of coilisgrused in motor vehicles, the

first being the linear rate coil spring and theosetbeing the progressive rate
coil spring.

A linear spring has a constant spring rate througfts range, therefore its rate is
not affected by changing load put onto the spririge spring rate of progressive
rate springs increase progressively as they argpassed. Generally when the
spring is compressed the coils at the bottom osgang (which have a greater
number of active coils per given unit of measurenasncompared to the top of
the spring) come into contact with each other &edefore cease springing,

leaving the portion of spring with the lesser numifeactive coils and thus
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higher spring rate to control the springing, efifiegly increasing the spring rate.
There are also cases where springs consist ofdiffeliameter wire or different

diameter coils which also yield the same resultG&Racing, n.d.).

Most race cars use linear spring rates as thesnare predictable and allow for
the rest of the suspension to be tuned more e&&lying loads on different
sides of the car will cause the progressive spriagssist motion at different
rates to each other bringing a whole other compfento the suspension tuning
as the car well essentially be prone to roll morepe side as compared to the

other.

The chosen spring will be a Gaz supplied 2.25”iti2ar spring. The chosen rear
spring rate will have a lot to do with the frontigig rate in which is being used
on the car as on most race cars the un-driven &tine @ar, which is the front
end in this case is usually very stiffly sprungatele to the driven end (rear end)
as this keeps drive wheels more evenly loaded#otion and in the case of the
Ford Escort the fact that there is more weight alerfront wheels than the rear

wheels must be taken into account.

Essentially spring rates affect the lateral loathsfer distribution. Lowering the
spring rate on one end of the vehicle will eventbetloads on that particular end
and this will raise the lateral force availablenfrthat end (Milliken, Milliken.
1995).

It has been recommended to use 250Ibs front spand<.90Ibs rear springs as a
starting point and then from there, trialling drifat springs with different spring
rates will soon determine what is suitable. The @ito choose a relatively stiff
spring that will allow for the suspension to bddignd avoid excessive roll and
squatting under load, but be soft enough to allemttie suspension to work as

intended.
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8.4 Basic workings of a damper

Before going into the basics of tuning the damparshe track, it is first
important to gain an understanding of the rolehefdamper or shock absorber
and how it operates. The damper is most commordyknas the shock

absorber, although the thought that shocks areladgdas misleading somewhat.

The role of the damper is to dissipate any enangkie vertical motion of the

body and springs mainly caused from control inputsoad surface variations.

As a whole, a vehicle can be considered a vibraystiem in between its sprung
and unsprung masses in which is in need of dampaegtimize control
behaviour by preventing response overshoots andrtimise some unavoidable
resonances. The mathematical theory of vibratisgesys fundamentally uses
the notion of the linear damper (where force igprtional to extension speed)
mainly due to the fact that this model yields eopret for which the solutions are
well documented and understood. The typical hydraldmper functions

approximately in this manner (Dixon, 1996).

The telescopic damper is the most common form ofpsa fitted to most road
and race cars of today. There are two main typéslegcopic damper, the single

tube type and the double tube type.

A. Twin-tube hydraulic
shoch absarber

B. Mono-tube gas-hydraulic
shock absorber

Hardaned. efromad praton rod
Cast fron or sintered piston
Low trigisan pisien rod gmae
Long-Nfe sea! for piston rod
Seamiess draven sieel working
ouhinaer

Rezerioir tithe

Flow tested bottom valve

Hardenag. ehromed piston rod
Cast fron or siniered piston
Law frigtion pisten rod guide
Loag-Hife seai far piston rod
Seamiess dravin steel working
cyhinder

SRS N AR
1t R

8, FHoating oustan
14, Adwstiment rod

11. Fatented adjustment outfon
12. High pressure mitrogen gas

Figure 8.5: Single tube and double tube dampers



99

They are most easily understood in reverse ordenvehtion. The single tube
(mono tube) damper is purely a piston and rodfiread volume cylinder
containing a mixture of oil and nitrogen gas. Th&gn contains two valves, one
which controls the pressure differential acrosspilséon when the suspension is
going into bump and the other valve controls thesgure differential across the

piston during rebound (Dixon, 1996).

When the suspension is going into bump the dampapeesses and the piston
rod is forced into the chamber, thus forcing a gues rise in the chamber which
the oil/gas mixture in the chamber try to resiseréfore dampening the shock
imposed on the body. The single tube damper showimei previous figure is
referred to as an anti-emulsion single tube darapétrhas the gas separated at
the bottom of the chamber by a floating pistohaligh it works similarly in
operation to this emulsified type damper just désed. This design of damper
has little problems with reduced efficiency dughte oil in the damper
overheating in continually harsh conditions andtfos reason, this type of

damper is popular in rallying and other types dfro&d racing (Dixon, 1996).

Rearranging the reservoir as an annulus arounchée working cylinder yields
the double tube type telescopic damper, this dasigmre prone to overheating
than the single tube type, although there are mwamsnimize this. The
disadvantage of the double tube design is thatebervoir must be mounted to
the unsprung side which is forced to deal with sewscillations when the
vehicle is in motion. The single tube damper dagssnffer from this, although
is more susceptible to damage due to the activedsi being exposed (Dixon,
1996).

8.5 Damper tuning

The chosen Gaz coilovers are adjustable for bothpband rebound, although
what exactly does these mean?

Firstly, adjusting the bump damping will be disasThe function of a damper
in bump is to control how the damper reacts whemdbmpressed. If the bump

damping is too soft the suspension will oscillate much reducing the stability
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of the car causing the car to bounce and walkwat the track effectively
reducing the contact the wheels have with the spafhce. If the dampers are set
too hard, the ride quality will be harsh and thew# tend to become unstable
and sensitive to drive inputs with regards to ustsr and oversteer (Thorney
Motorsport, n.d.).

One method of damper tuning is to set the dampersaft for both bump and
rebound and then drive the car for a few laps grymignore chassis roll and
mainly concentrating on how the car feels whilgeeng corners especially on
rough surfaces. Increase the bump stiffness a lieksand take the car back out
and the track, continue to increase the bump ss8runtil the car starts to
oversteer on entry to corners signifying that thenp stiffness has been set too
high. When this occurs back the bump stiffnesslghtly and the dampers are
now tuned, Obviously this damper tuning will comheiwith tuning of the front

dampers on the car as well (Thorney Motorsport)n.d

Now to look at setting up the rebound damping, ¢loistrols how the car reacts
to dips in the road surface (the opposite of a Quaspvell is how quickly the
suspension reaches its roll limit whilst performangurn. Remembering that the
rebound damping has already been set to the stfiggdake the car out on the
track once more this time taking notice of how glyi¢he car rolls into corners.
Increase the damping stiffness and continue tcodms! a point is reached
where the car does not have any aggressive pithges when coming into
corners and the amount of chassis roll is minimaedithen soften up the

rebound slightly (Thorney Motorsport, n.d.).

Changes to rebound damping does not affect the mnedwchassis roll, although
it affects how it is attained. As previously dissed roll is controlled by spring

rates and roll centre heights.
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Chapter 9

Conclusions and final points

It is important to realise that a race car is tebesidered as a whole system and
that each individual part of the car has a spepiiigpose and that changes to one
sole component can directly influence the perforoeanf the rest of the car. The
rear suspension is just one small portion of thdaaonsider, it should be
designed to work in with the rest of the car, anglili never be capable of

functioning at its full capacity if the rest of tear isn’t set up to suit.

Some of the other major sections that are subjectadification when a road car
Is converted into a race car are of course the stz tyres, the front
suspension, the brakes, the engine and drivelidgrenchassis and or body shell
itself, each and every part has to work togetheafdesirable result to be
achieved in the way in which the car functions. Mafghe time there will be at
least one part of the car that will be letting dave rest. The design and
construction of a race car is one of constant rewssand refinements. Improving
on one part of the car will lead to the weak poihanother and so forth, thus it is
important to be able to tune the whole car to uhi@ best of it capabilities for a

particular scenario.
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9.1 Final comparisons

The new rear suspension design is vastly diffetteart the factory configuration.
The figures below show the two configurations edaig dampers (and coils for

the new configuration).

Figure 9.1 Standard rear suspension

Figure 9.2a: New rear suspension
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Figure 9.2b New rear suspension (hidden watt’s inglis
The factory configuration has simplicity in its taw over the new design,

although bar that one aspect, the new design sufaerior.

With regards to the longitudinal location of thdegthe factory leaf springs will
always allow for excessive caster changes in veesof ride and roll due to the
springs lengthening and moving the axle rearwardntbaded and the reverse
occurring when unloaded and there is little thamlva done to avoid this. The
leaf springs will also always have roll oversteeometry which is not usually
desirable. Due to being a deformable spring this lage also subjective to

excessive axle wind up.

The four link design allows for caster change asibisteer to be minimised and
controlled with the available adjustability. Simgleanges to the mounting
points of the four link bars will effectively cha@ghe geometry of the rear
suspension and this allows for the suspension tared to suit a particular set
of track conditions. Due to the axle being locaéethe top and bottom on both

sides by four essentially rigid links axle wind ispegligible.

With regards to the lateral location of the axte keaf springs are fairly rigid
when subjected to lateral loads, although theysalteknown to be compliant to
an extent. With the watt’s linkage arrangementjragas essentially a rigidly
mounted linkage arrangement and this allows foattie to be constrained from
any lateral motion relative to the chassis of tbkigle.
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The only way to vary the roll centre on a Hotchlsaspension is to change the
ride height of the suspension, which along withngjiag the roll centre will
effectively shift the centre of gravity of the aghich can prove to be an issue in
itself, where as the watt’s link design in thisea#lows for roll centre height to
be changed by simply moving the bell crank pivahpto one of the other

available mounting positions.

Another disadvantage of the Hotchkiss suspensitmisto change the spring
rate which involves changing the springs themselwvesither case) it is a fairly
involved task, whereas when using a coilover aramgnt, changing the springs
will be a much simpler task due to being only dtetat two points. The same
goes for changes in ride height, coilovers allontfeight adjustment by simply
raising or lowering the spring platforms, whereathweaf springs lowering
blocks need to be fitted or preferably the springsd to be removed from the car

and reset to the desired height by a spring spstcial

Besides the issues with variances in geometry gledvand up another major
pitfall with the Hotchkiss rear suspension confagion for racing is that it is
impossible to change one aspect of the suspensibaw affecting the rest of
the suspension and to make a change usually reqeipéacing the spring
altogether or sending it away to a spring spetialisch takes time. For example
choosing a softer spring rate will lead to the ddging a lesser resistance to

axle wind up.

The new suspension configuration allows for quic# aasy adjustments to be
made to many different aspects of the suspensitrout affecting the geometry
or function of other aspects, and this allows far suspension to be tuned much

more easily.

The adjustability of the new suspension configaraallows it to be a much less
compromised configuration as it can be fine ture@defich set of conditions with
ease in between practice sessions and races, tiaéimethe factory Hotchkiss

configuration which allows for no adjustability (@t than damping, if adjustable

units are fitted), so the suspension will usua#ysiet up for the best performance
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it can offer across all conditions in which will bacountered as no adjustments

in geometry can be made.
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9.2 Further work

Before the construction of this suspension desegirs it would be advisable to
conduct FEA testing on the whole model for simudatdneel loads and applied
drive train torques to gain a knowledge of the égsracting on each component.
This will add some reassurance for the abilityh&f thosen materials to

withstand the forces in which they will be subjelcte.

It was initially planned to include some FEA tegtin this dissertation, although
due to the unforeseen circumstance of the USQ Ergimg faculty’s Ansys
license being outdated for most of the second semieslid not become a

reality.

More research into selecting spring rates usindipted wheel loads and ride
and roll rates may prove beneficial over the gaeskscheck method used in this

case.

Finally to build, implement and test the design aachpare it with the factory
suspension. Once the new suspension is tunedagsistity should be quickly

noted by the ultimate track performance indicatoe, stopwatch!
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Appendix A

Project specification
University of Southern Queensland

FACULTY OF ENGINEERING AND SURVEYING

ENG4111/4112 Resear ch Project
PROJECT SPECIFICATION

FOR: Damion Parkin (0050025797 )

TOPIC: Design of a rear suspension configurat@raflive axle
race car to achieve optimum handling charactesistic

SUPERVISOR: Dr. Jayantha Ananda Epaarachchi

SPONSORHSIP: uSQ

PROJECT AIM: Redesign the standard rear suspessitup of a Ford
Escort from a leaf sprung unlinked configuratioratooil
sprung, four link and watts link arrangement allogvfor
adjustment in roll centre, anti squat and ride hieand use
a computer model and simulation to indicate theroned
performance of the system.

PROGRAMME: Issue A, 26 March 2007

1. Introduce the function of suspension in a matdricle, identify
the two main types of rear suspension. Definefathe key
elements in a rear suspension system along witlke $erms
relating to suspension geometry.

2. Establish the advantages of a coil sprung fimkéd suspension
configuration over the standard Ford Escort arrarege.

3. Research handling factors including steady statnering, anti
squat  geometry and roll centre analysis.

4. Research and design the coil over turrets, Ifokiboxes and
arms and watts linkage setup for ideal gegpmallowing for
minor anti squat and roll centre adjustments. Itigate and select
suitable coil overs for the above setup.

5. Model current and proposed rear suspension seiug carry out
FEA testing on wheel loads and applied drive ttamues.
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6. Carry out material selection for the new susjensonfiguration
now that the stresses on each of the individualpmrants is
known due to the FEA tests.

7. Use a suspension geometry package to model theneas in toe,
camber, caster, roll steer, etc, for variancegia and roll values
and make adjustments to optimise the geometrycasresl.

AGREED (student)
(supervisor)

Date: / [ 2007 Date:
/ 2007

Co-examiner:
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Appendix B

Tabulated Wingeo results

The following tables contain the data generatetMaygeo3 for the four link for

changes in caster and steer values for varyingamderoll values.

Steer and roll are in degrees and caster and m&die anm. A positive roll value
indicates the car is rolling right (left hand tuard a positive caster value

indicates that the axle is moving rearward ofnitial position.

Caster change with respect to change in vertical ride height for 600mm
link bars set up parallel and horizontal
Ride | Roll | Caster Left Caster Right Steer Left | Steer Right
256 |0 0 0 0 0
-50 |0 0 0 0 0
-75 |0 0 0 0 0
0 0 0 0 0 0
25 0 0 0 0 0
50 0 0 0 0 0
75 0 0 0 0 0
Table B.1
Caster change with respect to change in vertical ride height for
600mm
link bars set up for 100% anti squat
Ride | Roll | Caster Left | Caster Right | Steer Left | Steer Right
-75 |0 -2.753 -2.753 0 0
-50 |0 -1.834 -1.834 0 0
25 |0 -0.917 -0.917 0 0
0 0 0 0 0 0
25 0 0.92 0.92 0 0
50 0 1.848 1.848 0 0
75 0 2.785 2.785 0 0

Table B.2



Caster / steer changes with respect to change in roll values for 600mm
link bars set up parallel and horizontal

Ride | Roll | Caster Left Caster Right Steer Left | Steer Right
0 15 |-0.345 -0.346 -0.198 0.198

0 10 | -0.116 -0.116 -0.062 0.062

0 5 -0.02 -0.02 -0.008 0.008

0 0 0 0 0 0

0 -5 -0.003 -0.003 0.009 -0.009

0 -10 | 0.02 0.02 0.074 -0.074

0 -15 | 0.109 0.109 0.258 -0.258

Table B.3

Caster / steer changes with respect to change in roll values for

600mm

link bars set up for 100% anti squat

Ride | Roll | Caster Left | Caster Right | Steer Left | Steer Right

0 15 |1.708 -2.677 0.37 -0.37

0 10 |1.275 -1.662 0.321 -0.321

0 5 0.693 -0.779 0.184 -0.184

0 0 0 0 0 0

0 -5 -0.77 0.703 -0.183 0.183

0 -10 | -1.584 1.353 -0.31 0.31

0 -15 | -2.48 1.967 -0.314 0.314
Table B.3

Caster / steer changes with respect to change in roll values for 600mm
both link bars angled up 1.43 degrees from horizontal

Ride | Roll | Caster Left Caster Right Steer Left | Steer Right
0 15 | -0.368 -0.367 0.171 -0.171

0 10 | -0.126 -0.126 0.187 -0.187

0 5 -0.022 -0.022 0.117 -0.117

0 0 0 0 0 0

0 -5 -0.005 -0.005 -0.116 0.116

0 -10 | 0.01 0.01 -0.175 0.175

0 -15 | 0.087 0.087 -0.111 0.111

Table B.4

Caster / steer changes with respect to change in roll values for

600mm

both link bars angled up 4.29 degrees from horizontal

Ride | Roll | Caster Left | Caster Right | Steer Left | Steer Right
0 15 | -0.365 -0.362 0.909 -0.909

0 10 | -0.124 -0.124 0.683 -0.683

0 5 -0.022 -0.022 0.366 -0.366

0 0 0 0 0 0

0 -5 -0.005 -0.004 -0.365 0.365

0 -10 | 0.013 0.014 -0.671 0.671

0 -15 | 0.092 0.094 -0.849 0.849

Table B.5
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Caster / steer changes with respect to change in roll values for 600mm
upper link bar angled up 2.86 degrees and lower link bar horizontal

Ride | Roll | Caster Left Caster Right Steer Left | Steer Right
0 15 -1.513 1.031 0.213 -0.213
0 10 -0.91 0.79 0.214 -0.214
0 5 -0.429 0.422 0.13 -0.13
0 0 0 0 0 0
0 -5 0.444 -0.407 -0.13 0.13
0 -10 0.963 -0.736 -0.201 0.201
0 -15 1.608 -0.935 -0.15 0.15
Table B.6
Caster / steer changes with respect to change in roll values for
600mm
both link bars angled down 2.86 degrees
Ride | Roll | Caster Left | Caster Right | Steer Left | Steer Right
0| 15 -0.3 -0.305 -0.937 0.937
0| 10 -0.096 -0.097 -0.559 0.559
0 5 -0.015 -0.015 -0.258 0.258
0 0 0 0 0 0
0 -5 0.002 0.002 0.258 -0.258
0| -10 0.039 0.039 0.57 -0.57
0] -15 0.153 0.152 0.997 -0.997
Table B.7

Caster / steer changes with respect to change in roll values for 600mm
upper link bar angled up 2.86 degrees and lower link bar down 1.43

degrees
Ride | Roll | Caster Left Caster Right Steer Left Steer Right
0] 15 -2.079 1.74 0.05 -0.05
0] 10 -1.298 1.253 0.104 -0.104
0 5 -0.631 0.646 0.075 -0.075
0 0 0 0 0 0
0 -5 0.67 -0.607 -0.074 0.074
0] -10 1.445 -1.106 -0.091 0.091
0] -15 2.381 -1.438 0.014 -0.014

Table B.8
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Appendix C

Materials, parts needed and parts to be manufacture  d

The following is a list of all of the parts and maals required for this design to
be constructed including parts that need to bedated and others that need to
be purchased. Information regarding the chosen Issarpipe, spherical rod ends

and coilovers used is included at the end of theadix

C.1 Complete parts list

The following table contains all of the componeretguired to construct this

design followed by illustrations of each component.
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Table C.1: Complete parts list
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SCALE  0ono4

Please reler Ao previeus page ler 1izm
descriptions

Figure C.1: Assembly drawing indicating major comeots

Figure C.2: Item 1; Front link box

w
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Figure C.3: Item 2; Link box cover

Figure C.4: Item 3; Four link bar

Figure C.5: Item 4; Watt's link bar

Figure C.6: Item 5; Bell crank

Figure C.7: Item 6; Watt's top plate / mounting diet
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Figure C.8: Item 7; Watt's housing

Figure C.9: Item 8; Left bird cage and watt's mount

Figure C.10: Item 9; Right bird cage and watt’s miou
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Figure C.11: ltem 10; Escort lower control arm kessh

Figure C.13: Items 19 & 20; 3/8 Male Rod ends
supplied with end plugs to weld into link bars dock nuts
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Figure C.14: Iltem 21; Round shock absorber turret

Figure C.15 Item 22; Gaz coilover

C.2 Material / component specifications

The following includes information about the seasslpipe used, the spherical
rod ends used and the Gaz coilovers chosen foapmkcation.

The chosen pipe for the link bars is a grade A@adieel that has an OD of
26.7mm and an thickness of 7.82m.

The pipe that is used on the ends of the fourbliamls and in the centre of the bell
crank has an OD of 33.4mm and a thickness of 9.0@mais also a grade A
carbon steel.



122

The spherical bearing rod ends used are part nanitddb (four of) and EML6
(two of). The difference is the EML6 has a left Hdhread which is used on one
end of each of the watt’s link bars. It allows foe length of the bars to be
changed more easily.

The chosen coilovers are 190/120R12-2 as listguhge 15 of the Gaz
catalogue.
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SEAMLESS LINEPIPE

OUR STANDARD STOCK PIPE IS MANUFACTURED TO ASTM A106B
SPECIFICATION — ASTM A106

Black seamiess (welded not permitted) fully killed Carbon steel pipe for high-temperature, high-pressure service in three grades of seamless pipe of
varying strength.

Although the physical and chemical properties for Grades A and B are comparable to those for A53 pipe, and the types of testing required for both
specifications are similar, the tests prescribed for A106 are more stringent and are applied to smaller lots of pipe. Therefore, A106 is preferred for
exacting services.

Grades A and B are obtainable in most sizes and schedule numbers, Grade B permits higher carbon and manganese contents than Grade A. The A106
Grade B supplied by Smorgon Steel Pipeline Supplies has a maximum carbon content of 0.23%.

PIPE & PIPING COMPONENTS SPECIFICATION SUMMARY

CARBON STEEL
GRADE A i GRADE B i GRADE © i LOW TEMPERATURE i HIGH YIELD
PIPE  WELDING FLANGES PIPE WELDING FLANGES| PIPE  WELDING FLANGES | PIPE  WELDING FLANGES| PIPE  WELDING FLANGES
FITTINGS® FITTINGS* FITTINGS* FITTINGS* FITTINGS*
AS3-A 53-8 A3B1-35  WPY3S**  AIOS
A106-A I at06-8 | | | ApisLXYa2  WPVA2*  A182-F1
A135-A  A234-WPA  A105 A135-B  A234-WPB  A105 | A106-C A235-WPC A105 | A333-6 Ad20-WPLG A350-LF2 | APISLX-X46 WPY52**
A139-A A139-B APISLX-X52 WPY52**
A155-C50,055 A155-KC65,KC70
APL-5L-A i H i i
CHROME MOLLY STEEL
1/20r-1/2Mo 16r172M0 11/4Cr-1/2M0 21/4C+-1Mo 5Cr-1/2Mo
PIPE  WELDING FLANGES! PIPE  WELDING FLANGES! PIPE  WELDING FLANGES! PIPE  WELDING FLANGES! PIPE  WELDING FLANGES
FITTINGS* FITTINGS* FITTINGS* FITTINGS® FITTINGS*
A155-1/2CR A155-1CR A155-11/4CR A155-21/4CR A155-5CR
A335-P2  GRADEWP2 A182-F2 | A335-P12 A234-WP12 A182-F12| A335-PI1 | A234-WP11 AIB2-FI1| A335-P22  A234-WP22 A182-F22| A335-PS  A234-WPF5 A182-F5
A369-FP2 i A369-FP12 i A369-FP11 i A369-FP22 i A369-FP5
LOW TEMP FERRITIC STEEL
3120 l Cu-Ni LOW ALLOY STEEL
PIPE WELDING  FLANGES | PIPE  WELDING  FLANGES
- FITTINGS* FITTINGS*

A333-3 A420-WPLC ~ A350-LF3 | A333-9 A420-WPL9 ~ A350-LF9

CARBON MOLLY STEEL
1/2 Mo NOTE * WHEN FITTINGS ARE MANUFACTURED USING WELDED CONSTRUCTION THE
PIPE  WELDING FLANGES GRADE SYMBOL WILL INCLUDE A ‘W’
FITTINGS® ** THERE IS NO ASTM SPECIFICATION THEREFORE THE STANDARD NOMINATED
A155-CM70 IS MMS SP-25
A335-P1 A234-WP1 A182-F1
A369-FP1
Pipe Ends

Unless otherwise specified pipe ends are normally supplied as below:
a. Up to and including 48.3mm 0.D size are supplied with plain ends cut square;
b. Above 48.3mm 0.D sizes (except for Double Extra-Strong pipe) are supplied with plain ends bevelled;
¢. All Double Extra-Strong pipe is supplied with plain ends cut square.
End Preparation
a. Bevelled ends for APt steel linepipe are normally to AP} specification
ie: Angle 30° +5° -0°
b. Bevelled ends for steel pipe to ASTM specifications are normally to
ANSI B16.25 ie: Angle 30° +5° -0°
Dimensional Standards
The Dimensional standards for pipe to ASME B36.10 includes products covered by the following material specifications.
ASTM — A53, A106, A134, A135, A139, A333, A335, A369, A376, A381, A405, A409M, A426, A523, A524 and A530
AP}— 5L, 51X and 5L.S

CALL TOLL FREE 1300 66 11 56 FAX : (03) 9546 2546

www.smorgénsteel.com.aulpipéiihesuppliesl o SsPu0ea
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2 DIMENSIONS & WEIGHTS
K] SCHEDULE
NOMINAL 0D 00 T e KR B 100 e 4D 180 XS DETILS
PIPE SIZE
mm mm
6 103 173 241 WALL THICK mm
037 047 WEIGHT kg/m (PLAIN END)
8 137 224 3.02 WALL THICK mm
063 080 WEIGHT kg/m (PLAIN END)
10 174 231 320 WALL THICK mm
084 110 WEIGHT kg/m (PLAIN END)
15 213 277 373 478 747 WALLTHICK mm
127 162 195 7285 WEIGHT Ko/ (PLAIN END}
20 267 278 391 556 7.82 WALL THICK mm
169 220 290 364 WEIGHT kg/m (PLAIN END)
25 334 338 455 635 909 WALLTHICK mm
250 324 424 545 WEIGHT kg/m (PLAIN END)
32 422 356 485 635 970 WALLTHICK mm
339 447 561 7.77 WEIGHT kg/m (PLAIN END)
4 483 368 5.08 714 1016 WALL THICK mm
405 541 725 956 WEIGHT kg/m (PLAIN END)
50 603 391 554 874 1107 WALL THICK mm
544 7.48 1111 13.44  WEIGHT kg/m (PLAIN END)
6 730 516 701 952 1402 WALL THICK mm
863 141 1490 20.39  WEIGHT kg/m (PLAIN END)
80 889 5.49 762 1113 1524 WALL THICK mm
1129 1527 21352768 WEIGHT kg/in (PLAIN END)
0 1016 574 808 WALL THICK mm
1357 18.63 WEIGHT kg/m (PLAIN END)
100 1143 6.02 856 1113 1349 17.12 WALL THICK mm
16.07 232 2832 3354 41.03 WEIGHT ke/m (PLAIN END)
125 1413 655 952 1270 1588 19.05 WAL THICK mm
w 2177 30.94 4028 4911 67.43 WEIGHT kg/m (PLAIN END)
o 150 1683 7.1 1097 1427 1826 2195 WALL THICK mm
—_— 2826 4256 5420 6756 7922 WEIGHT kg/m (PLAIN END)
o 200 2191 63 704 811 1031 1270 1509 1826 2062 2301 2222 WALL THICK mm
3331 3631 4255 5308 64.40 7592 9044 10092 11127 107.88 WEIGHT kg/m (PLAIN END)
w 250 2731 635 7.80 927 XS 1270 1509 1826 2144 XXS 2857 2540 WALLTHICK mm
475 5101 6029 XS 8152 9507 11470 13300 XXS 17221 15500 WEIGHT kg/m (PLAIN END)
=2 300 3239 635 838 953 1031 1427 1270 1748 2144 XXS 2857 3332 2540 WALLTHICKmm
= 4971 6518 (7378 7970 10892 9743 13204 15086 XXS | 20800 23668 186.90 WEIGHT kg/m (PLAIN END)
ol 35 3556 635 792 STD 953 1113 1500 1270 1905 2383 27.97 3175 3571 WALL THICK mm
5469 6790 STD 8125 9455 12671 10739 15810 19496 22465 25356 281.70 WEIGHT kg/m (PLAIN END)
7)) 400 4064 635 792 SID 953 XS 1666 1270 2144 2619 3096 3653 4049 WALL THICK mm
6264 7783 STD 9317 XS 16012 12330 20353 24556 28664 33319 365.35 WEIGHT kg/m (PLAIN END)
(7)) 450 4572 635 792 1113 953 1427 1905 1270 2383 2936 3492 3967 4524 WALL THICK mm
w 7060 8775 12243 10510 15587 20583 13020 25467 30976 36364 40845 45950 WEIGHT kg/m (PLAIN END)
50 5080 635 STD XS 953 1500 2062 1270 2619 3254 3810 4445 5001 WALL THICK mm
- | 7855 STD XS 11702 18342 24783 15512 31117 38153 44149 508.11 564.81 WEIGHT kg/m (PLAIN END)
550 5588 635 STD XS 953 2223 1270 2858 3493 4128 4763 5398 WALL THICK mm
E 854 SO XS 12013 20425 17100 37383 45142 527.02 600.63 67276 WEIGHT kg/m (PLAIN END)
< 600 6096 635 SID 1427 953 1748 2461 1270 3096 3889 4602 5237 5054 WALL THICK mm
9446 STD 20050 14088 25524 35502 18694 44178 547.33 63058 71963 807.63 WEIGHT kg/m (PLAIN END)
w 650 6604 792 XS 953 1270 WALL THICK mm
I} 12743.%8 152380 20285 WEIGHT kg/in (PLATVEND)
700 | 7112 | 792| X | 1588 953 1270 WALL THICK mm
19732 XS 27121 16485 218,69 WEIGHT kg/m (PLAIN END)
750 7620 79 XS 1588 953 1270 WALL THICK mm
14728 XS 20218 17684 234.67 WEIGHT ky/m (PLAIN END)
800 8128 79 XS 1588 953 17.48 12.70 WALL THICK mm
16724 XS 31215 18882 34291 250,64 WEIGHT kg/m (PLAIN END)
850 836 792 XS 1588 953 1748 1270 WALL THICK mm
16720 XS 33212 20031 36490 26661 WEIGHT kg/m (PLAIN END)
900 9144 792 XS 1588 953 1905 1270 WALL THICK mm
17696 XS 35170 21256 42042 282.27 WEIGHT kg/m (PLAIN END)
950 9652 953 1270 WALL THICK mm
22454 298.24 WEIGHT kg/m (PLAIN END)
1000 10160 953 12.70 WALL THICK mm
23653 51422 WEIGHT Ko/ (PLAIR END)
1050 1066.8 953 1270 WALL THICK mm
24852 3309 WEIGHT kg/m (PLAIN END)
1100 11176 953 1270 WALL THICK mm
26050 346.16 WEIGHT kg/m (PLAIN END)
1150 1168.4 953 1270 WALL THICK mm
3 21225 35182 WEIGHT kg/m (PLAIN END)
1200 12192 953 1270 WALL THICK mm
28424 377.79 WEIGHT kg/m (PLAIN END)

CALL TOLL FREE 1300 66 11 56 FAX: (03) 9546 2546

taal cam_au/nineli lias/




STANDARD AND SPECIAL FASTENER & BEARING PRODUCTS SINCE 1963

/\ ETNA Screw Products Co.

6363 GROSS POINT ROAD NILES, IL. 60714 USA PHONE: 847-647-9555 FAX: 847-647-6712

E-MAIL: SALESQAETNASCREW.COM

Home Linkage Products Spherical Rod Ends Metric Rod Ends Ball Joints HVAC Damper Control Swivels
Control Rods  Spherical Bearings  Threaded Ball Studs ~ Wheel Fasteners  Heavy Duty Wheel Bolts & Studs
Medium & Heavy Duty Wheel Bolts & Studs Wheel Nuts  Slotted Bearing & Pinion Hex Nuts  Lubrication Fittings
Heavy Duty Double Ended Rim Studs and Nuts Fasteners for Brake Drum Assemblies
Locking Hex Head Six Siot Place Bolts Grade 8 GM Type AA

SPHERICAL BEARING ROD ENDS

MALE SERIES SPM, EM, EM-T, INDUSTRIAL / COMMERCIAL, 2 PIECE

e THE MALE SERIES SPM, EM, EM-T SPHERICAL ROD
ENDS are constructed to SAE J1120 specifications..

~— N s BALL WIOTH
HOUSING WIOTH

THE MALE SERIES SPM, EM, EM-T SPHERICAL ROD
AA ENDS spherical ball is precision made from low carbon
- steel, surface hardened for wear resistance and plated.

.

SALDK | THE MALE SERIES SPM, EM, EM-T SPHERICAL ROD
ENDS body is made of low carbon steel, zinc and
dichromate treated.

B
THREAD SIZE

Left hand threads are available in all sizes. and are
marked for easy user identification. (Add “L" to part
number. i.e. MLJ10M).

MALE SERIES SPM, SELF LUBRICATING, NYLON RACE, SPHERICAL ROD ENDS

THE MALE SPM SPHERICAL ROD END features high strength injection molded, self lubricating nylon raceways that are
locked in place by a annular groove trunion design. The raceways will withstand temperatures from -30° to 220° F under

normal load conditions and will not conduct electricity. They feature high wear resistance and a low coefficient of friction.

Ultimate
A Radial Load
AETNA Thread Capacity

PART NO. Size AA E G H J L M N (Pounds)

SPM3 10-32 .189/.191 .625 1.250 |.750 |1.562 |.438 |. 2 1210

SPM4 1/4-28 .250/.252 .750 1.562 [1.000 |1.937 |.516 |.281 .375 2510

SPM5 5/16-24  |.3125/.3145 .875 1.875 [1.250 |2.312 [.625 |[.344 .437 3430

SPMé 3/8-24 .3751.377 1.000 1.937 [1.250 |2.437 |.719 |.406 .500 5520

SPM7 7/16-20  |.4375/.4395 11256 |2.125 [1.312 |2.687 |.812 |.437 .562 5350

SPM8 1/2-20 .500/.502 1.312 2.437 |1.500 |3.094 |.938 |.500 .625 8690

SPM10 5/8-18 .625/.627 1.500 2.625 [1.625 |3.375 |1.125 |.562 .750 10300

SPM12 3/4-16 .750/.752 1.750  [2.875 |1.750 [3.750 |1.312 |.687 .875 10900

MALE SERIES EM, METAL TO METAL RACE, SPHERICAL ROD ENDS MALE

THE MALE SERIES EM SPHERICAL ROD ENDS have similar features of the SPF but with a metal raceway construction.

Ultimate
A Radial Load

Thread Capacity

Size AA E G H J L M N (Pounds)

1/4-28 .250/.252 .750 1.562 [1.000 |1.937 | .516 |.281 375 2510

5/16-24 _ |.3125/.3145 .875 1.875 [1.250 |2.312 | .625 |[.344 437 3430

3/8-24 .3751.377 1.000 1.937 [1.250 |2.437 |.719 [.406 .500 5520

1/2-20 .500/.502 1.312 2.437 [1.500 |3.094 |.938 [.500 .625 8690

5/8-18 .625/.627 1.500 2.625 [1.625 |3.375 |1.125 |.562 .750 10300

SERIES EM-T, ALL METAL, TEFLON* LINED RACE, SPHERICAL ROD ENDS
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GAZ COILOVER SHOCK ABSORBERS

All open and closed dimensions are metal to metal and units are fitted with
a 1” bumpstop. This therefore increases the closed length and reduces the
stroke length by 1”. All units are fully dyno tested before despatch.

1 3/4” DIAMETER BODIES WITH 12mm RODS AND BONDED BUSHES _—_—

090/070B12
100/075B12
110/080B12
120/085B12
130/090B12
140/095B12
150/100B12
160/105B12
170/100B12
180/115B12
190/120B12
200/125B12

10"
112
128
13”
147
152
16"
17°
18"
19?
207

www.gazshocks.com

71/2”
g
81/2”
9"
91/2”
10”
101/2”
11
111727
127
121/2"

21/2”
7
31727
a2
a172>
&
5172
=
61/2”
£
71727

£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
£60.00
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1 3/4” DIAMETER BODIES WITH 12mm RODS AND SPHERICAL BEARINGS —_——

090/070R12
100/075R12
110/080R12
120/085R12
130/090R12
140/095R12
150/100R12
160/105R12
170/110R12
180/115R12
190/120R12
200/125R12

2” DIAMETER BODIES WITH 12mm RODS AND BONDED BUSHES —_——

090/070B12-2
100/075B12-2
110/080B12-2
120/085B12-2
130/090B12-2
140/095B12-2
150/100B12-2
160/105B12-2
170/110B12-2
180/115B12-2
190/120B12-2
200/125B12-2

27 DIAMETER BODIES WITH 12mm RODS AND SPHERICAL BEARINGS —_——

090/070R12-2
100/075R12-2
110/080R12-2
120/085R12-2
130/090R12-2
140/095R12-2
150/100R12-2
160/105R12-2
170/110R12-2
180/115R12-2
190/120R12-2
200/125R12-2

.o"
112
12°
19
14
15"
16"
17
18
19"
207

10”
G i
122
13”
14"
158"
16"
17
18°
g
20"

10"
11
127
13"
147
15"
16"
17
18"
197
20"

172"
8"
81/2"
9"
a1/2”
10"
101/2"
e
1112
127
121/2”

71/2
o
81/2"
o
91/2"
107
101/2”
o
111/2°
12
121/2"

71/2*
8"
81/2”
9"
a1/2”
107
101727
11
11172
127
121/2”

21/2’
3"
31/2”
4
41/2”
5"
51/2”
6"
61/2”
7
71/2”

2 1/2”°
3
31/2”
4"
41/2"
5
51/2"
&
61/2”
7
712"

21/ i
3"
31/2”
4
41/2”
5
51/2”
6"
61/2”
7
712"

Gaz Shocks Tel: 01268 724585 Fax: 01268 724536 Email: enquiries@gazshocks.com

£72.50
£72.50
£72.50
£72.50
£72.50
£72.50
£72.50
£72.50
£72.50
£72.50
£72.50
£72.50

£70.00
£70.00
£70.00
£70.00
£70.00
£70.00
£70.00
£70.00
£70.00
£70.00
£70.00
£70.00

£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
£87.50
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Appendix D
Detail drawings of rear suspension components

The following pages include detail drawings ofadlthe components that need
to be fabricated to construct the four link andrst’s link designs.
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