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EVERYTHING THAT HAPPENS
WITH A VEHICLE INVOLVES ITS
TYRES

AND
EVERYTHING THAT INVOLVES

TYRES
INVOLVES AIR PRESSURE*

*Ancient Australian proverb
nnnnnnnnn
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Foreword by Chet Cline

| grew up with an old army jeep playing in
Missouri mud and snow, on my grandfa-
ther’s farm. | learned to drive there.
Australia seemed like a good idea back in
1968, where | drove a tip truck hauling
mining samples back to a heavy medium concentrating plant in out back South Australia. Back in
the city, | did lots of night school and an apprenticeship in ‘turning and fitting’. Night school contin-
ued with arc welding, oxy, auto mechanics, truck mechanics, pneumatics, hydraulics, and business/
marketing.

I've worked in many areas, from welding on the Longford Gas Plant, to a truck mechanic for Woods
and Reeves, as well as running my own businesses. I've owned a truck for half my life.

Throughout that time, I've argued with almost everyone over tyre pressures. | always ran less than
others, whether in my 4x4, my truck, or motorcycles. And no one beat us in the hard going.

Twenty years ago, a chance conversation with a good friend got me interested in Central Tyre Infla-
tion. Logging trucks had the little orange hoses going to their CTI. | contacted and visited a local
contractor that happened to drive by in the middle of our conversation. He took me out and showed
me his drive tyres on the Kenworth. “Look at how smooth these tyres are, no cuts, no rips, they’re
as smooth as a babies bum.” He was totally stoked. And the CTI cost him $14,000!

That conversation fascinated me. Research was next. | spent two years researching and develop-
ing a new CTI system. | visited every truckie that | could find that used CT] to find out what went
wrong, and what was good. | covered the breadth of Australia, from Eden in the east, to Bunbury in
the west, along with Kalgoorlie and Mt Gambier.

This experience, combined with my background, and my research, pointed in one direction alone.
We, in the transport industry, have totally ignored the tyre manufacturer’'s recommendations. We
waste money, safety, people, tyres, machinery, infrastructure, and damage the only world we have.

If any other industry ignored the manufacturer’s recommendations, the legal ramifications would be
tremendous. Liability would ruin businesses. The legal fraternity would think it was Christmas.

Yet, we continue to blindly follow our predecessors, that existed pre radial tyres, in a totally different
world. Even our governments don’t understand optimal tyre pressures.

It's so simple, yet...

Chet Cline
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What is the Truck Driver’s
Ultimate Job?

Drive The Truck?
Or to make Money for the Owner..
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OUR PEOPLE ARE OUR BUSINESS
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INTRODUCTION
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INTRODUCTION

Throughout human history information and knowledge has been passed from generation to genera-
tion. It was an efficient system that worked very well when the world was a much simpler place and
the outlook of individuals was limited. With the world becoming more integrated and with the global-
isation of knowledge technological changes occur so rapidly that one needs to be open to new ideas
or fall behind.

One such example is truck tyre technology. It is just over one hundred years since the first practical
pneumatic tyre was patented and look at the technology of the product now manufactured. Yet many
in the transport industry have not progressed. We are relying on the work practices of earlier genera-
tions rather than challenge our thinking to adopt better technology.

In short, a serious problem now affects much of the trucking industry. Transport operators simply do
not use the tyre manufacturer's recommended tyre pressures. That is, many of the improvements in
tyre technology have been missed or at worse ignored by the industry. The human, economic and
environmental costs are astronomical.

Radial tyre construction has revolutionized pneumatic tyre performance, improving every aspect, de-
spite antiquated tyre pressure knowledge and operation. It is time the benefits of research undertaken
and new technology were acknowledged, embraced and acted upon. The longer best practice is ig-
nored, the greater are the losses incurred by the owners of our transport infrastructure, our people,
and our world.

The current proposal of the EPA states that the optimisation of all transport operation is a legal re-
sponsibility and requirement. The Chain of Responsibility laws mean that failure to adhere to this re-
quirement will lead to financial redress and penalties.

There now exists the opportunity to rectify this situation. As society becomes more aware of its re-
sponsibility to the driver, to the community as a whole and to the environment specifically, this report
puts forward best practice in tyre pressure management.

This white paper has been written to address, explain and correct erroneous traditional practices that
are not rational, safe, tolerable or affordable in our modern competitive, safety conscious, and environ-
mental civilization. The biggest challenge to the industry now is to accept the responsibility to change.
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TYRE HISTORY
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TYRE HISTORY:
EARLY ‘CONVENTIONAL’ TYRE: Something was re-
quired to protect the wheel, as wheels tend to be light
weight and relatively fragile. Wheels were originally made
of wood, and protected by an iron strap, called a tyre. Iron
provided very little grip, and even less shock absorption.
Hard rubber was trialled, but life was poor. Shock loads 2
would over stress the rubber causing it to delaminate or fall |
apart. Pneumatic tyres made modern high speed trans- G 57
port possible. The first pneumatic tyre was developed for
bicycles, long before the automobile. The air pressure ab-
sorbed the impact, allowed a degree of controlled distor- =
tion, and was cheap and easy to use. Air pressure could ] 1
be adjusted to suit the load and tyre size to provide the B
best, optimal tyre operation.

Rubber provided a good envelope that also had good grip, but required reinforcement to contain
the pneumatic pressure, and impact from road interaction. The reinforcement was wrapped di-
agonally across the tyre side wall, around the tread area, and back to the tyre bead and then did
another lap, creating a strong and simple to make, reinforced tyre. This system was called Con-
ventional, Bias, or Cross Ply tyre construction. See the drawing below.

These tyres did a great job, transporting everything that humans required. We got very good at
changing tyres back in the 1960’s and 1970’s before radial tyres became normal .

Downside: The reinforcement where it crosses on the side wall creates extra loads and heat
when flexing. The footprint cross section balloons outward when over inflated, providing little
control of the tread patch. Thus, tyre heat control required high tyre pressures, that distorts the
contact patch away from ideal, reducing potential traction. The rolling resistance is highly de-
pendent upon tyre pressures, but is always higher than radial tyres.

Higher rolling resistance

Increased tread squirm

Increased tread wear

Reduced lateral traction

Reduced ride quality

Increased heat build up

Poor footprint control

Tyre rolls laterally under lateral loads

An improvement was a belted bias ply tyre, that used the
radial style ‘belt’ over the conventional cross ply tyre con-
struction. This provided more tread contact patch control.

Typical heavy truck tyre pressure: 100 to 120 psi.

Bias-Ply

Tread and sidewall
formed from same
ply structure

Many body plies layered together in
Criss-cross fashion from thick, tough
sidewalls

- —

Stiff nylon sidewalis

Functional read Can jr—— flatspot when coid

wrap-around on
siewall

— One-piece design
transmits more road
Shockto rim

Contact patch changes with sidewall iexing
Aggresive on-road tread
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RADIAL TYRE: Inthe 1940’s and 50’s,
Michelin had a better idea. Michelin ran the
reinforcement radially from the bead,
around the tread, and back to the bead. A
further reinforcement was wound peripher-
ally around the tread area creating a belt,
usually of steel fiber, that significantly rein-
forced the tread area. The radial reinforce-
ment reduced heat build up, while the ‘belt’
reinforced the tread area creating a far bet-
ter tyre, with lower rolling resistance, better
wear, and better traction, provided the
right tyre pressure is used. See drawing
below.

Radial tyres were first fitted to the Citroen 2CV in 1948.
Today, every car uses radial tyres. Virtually every western
truck runs on radial tyres also, as does many agriculture
vehicles.

Sidewall flex is not transmitted to the tread. The footprint
only changes. The width and profile remain relatively con-
stant. The radial tire has reduced rolling resistance with
less tread squirm and wear.

Lower rolling resistance.

Lower fuel consumption.

Improved ride quality.

Improved traction.

Reduced slip angle improved driver feel.

Greater productivity. More of your machines power is
actually used.

e Longer tread life

e Reduction in tyre replacement thanks to the longer service life of radial tyres.
e More up time, less down time.

Thanks to the flexibility and strength of the tire, the tire absorbs shocks,
impacts and bumps. Provided optimal tyre pressure is used, the result is a
better ride, better handling, and better operator comfort.

In fact, modern radial tyres are so reliable and good, that most in transport
almost take them for granted.

Typical heavy truck tyre pressure: 100 to 110psi

Radial

Tréad and sidewall function
independantty

Casing made of a single body ply
Flexibie and cool running

N

Thin, weak sicewalls
Single or few |aYRrs e
do not reinforce

one-another
e
Flatter footpnnt and improved
tread wear

Steel belts and cap plies stabilze tread
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AIRLESS TYRES: For the last 65 years, design-
ers have tried to eliminate the requirement of
pressurized air. The airless tyre structure mem-
bers are designed to act as a multitude of tiny
springs to support the load. If the load changes,
the spring rate will be wrong, and either flex too
much, or too little. These airless tyres have found
some uses in specialized areas, but not on trucks.
The concept simply can not work when the load
on the tyre varies.

How much does the load on a heavy truck tyre
vary? An empty semi trailer supported by 8 or 12
tyres may only weigh 4,000 kilograms, or 8,000
pounds. 4,000/8 = 500 kg each. Each tyre will
support less than most car tyres, that are far
smaller and lighter. 2000/4 = 500 kg each.

Heavily loaded, those trailer tyres will support more &
than the total weight of a typical SUV each, or 6
times the empty load.

So, what does the pressurized air do? Why is it so
necessary?

The air pressure supports the load. Remove the
pressurized air, and the tyre is flat. It doesn’t mat-
ter what size or vehicle, the pressurized air sup-
ports the load.

The tyre provides the envelope and the traction
surface but it is the air pressure within that enve-
lope that supports the load. The air pressure also
works as a spring and damper - an excellent one
provided the pressure is at its optimal level. The
key is, that, to be effective, the pressure must be at |
the optimal level having been adjusted to suit the
load carried. A high floatation tyre may operate at & =
3 psi whereas racing bicycles often exceed 150 psi

(which explains why they sometimes skid trans-
versely out of races) while a very heavy truck may
need 120 psi.

The size of the tyre contact patch, often called the
‘footprint’, depends upon the load, and the tyre air
pressure. Increase the load, and the footprint
will increase. Increase the pressure, and the
footprint will shrink. For each tyre, there is one
optimal footprint, that provides the best compro-
mise between tyre life, tread life, rolling resis-
tance, traction, ride, and vehicle control for that
road surface.

Any other footprint will degrade most of the
above.
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TYRE PRESSURE AND TYRE COSTS
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TYRE THEORY:
Tyres are basically a toroid, a ring shaped hollow
envelope joined to a rigid wheel. The rubber and
other materials used, provide a flexible, robust, ring
shaped envelope that contains the air pressure, with
a thickened rough ribbed periphery to grip the road,
provide a wear surface, and displace water. The air
pressure supports the load, while adding some lat-
eral stability.

FOOT PRINT The tyre road interface produces all the
forces and moments used to alter the vehicle state through
cruising, accelerating, braking and cornering. The footprint
or contact patch, the area directly in contact with the road |
surface, provides the traction required. The ideal footprint
will have almost identical pressure on all points, limiting » i
tread squirm while providing the best traction and tread life. s 14
To obtain the ideal footprint, the air pressure must balance
the load correctly.

OVER INFLATION: If the pressure is too high for the load,
the footprint area will reduce, and the load distribution will be
concentrated toward the center of the tyre, reducing pres-

sure nearing the edge, further reducing tread life. Tyre ra- | \L \L J/ \ |f
dial deflection will reduce, reducing absorption of impact, :

High Tire Pressure

increasing vibration and shock transferral to the suspension
and the rest of the truck. Impact from sharp stones or
edges are much higher, increasing punctures, cuts, and
staking.

; —f
Narrow Contact Patch

e Results in a smaller contact patch with the road. This causes the load distribution to be con-
centrated toward the center of the tyre and reduces the pressure near the edge of the foot-
print.

e Tyre radial deflection will reduce, reducing absorption of impact, increasing vibration and

shock load transferral. Therefore impact from roads roughness is increased dramatically.

Increases stopping distances.

Increases tyre wear — usually with associated uneven wear patterns.

Increases punctures, staking

Increases impact damage to roads.

Increases Whole Body Vibration impact on drivers and passengers.

UNDER INFLATION: If the tyre pressure is too low for the
load, the footprint area will increase, the footprint will get

longer, and the load distribution will be concentrated out to- Low Tire Pressure

ward the tyre edge, reducing tread life. The increased side

wall flex will increase heat build up that can lead to delami- \l, \l/ \1/

nating and or blow outs. Tyre radial deflection increases, '

which improves absorption of impacts, improving ride quality e l l_L
while reducing vibration and shock transferral to suspension "\ Narrow Contact Patch”

components and the truck.

e Under inflated tyres have a greater contact area (footprint) with the road.
e This can increase rolling resistance, tire squirm and sidewall flex.
e Increased rolling resistance is bad for overall efficiency with increased fuel consumption
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e Will create greater tyre wear and adversely affect performance. The shape of under inflated

tyres means that often the shoulder of the tread wears faster.
e Put extra stress on the casing and reduces tyre life.
e Can effect braking performance.
e Can permanently damages tyre structure.
e Increased heat can lead to blowouts.

S50psi  45psi 40psi 35psi 30psi 25psi
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Footprint increases as tyre pressure reduces (SUV shown).

CORRECT/OPTIMIZED TYRE INFLATION: The Optimal tyre pressure for highway service
provides the best tyre tread life. This footprint load distribution will be as even as engineering

Drive Axle ~ Steer Axle o
Underinflation | Overinflation +—Underinfiation _, _ Overinfiation
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can provide, reducing tread squirm and wear. The Optimal tyre
pressure is also the best compromise between traction, rolling
resistance, inherent heat build up, handling, and ride quality.
Expected tread life is lost if the tyre is over inflated or under in-
flated.

The above charts are for typical American roads, which are
smoother than other country’s roads. The coarse chip bitumen
roads used in Australia suffer even more tread loss on drive tyres
as shown in the chart on the right.

Tyre inflation pressures are a tool that will improve safety, finan-
cial returns, operational efficiency, and the environmental impact.

UNDIBSNFLATION  CORRICT PRESSURE

roRLOAD

OVTRINILATION

W

s

-4

i
P -10%

MLEAGE LOSS

-

v

Most heavy trucks waste at least one tyre in four because of incorrect tyre pressures.

Optimal tyre inflation pressures depend upon the surface travelled on, and the speed.
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ROAD PREFERENCES:
Water on the roads must be displaced by the tyre tread.
A higher contact pressure will displace more water, in-
creasing the critical aquaplaning speed. Increasing the
tyre pressure by 25% significantly increases wet road
traction and safety. Velocity(kph)=4.86 x square root of
the tyre Pressure (psi) or V (mph)=7.8 x sq rt P (psi)

Unimproved roads require reduced tyre pressures.
Typically, optimal gravel road tyre pressures are 60% of
optimal highway pressures at reduced speeds. Traction, -
vehicle control, stopping ability, ride quality, safety, and
environmental impact are all significantly improved. Over
inflated tyres don’t conform to the surface, as shown by
this tyre ’sitting’ on a golf ball. Reducing pressures al-
lows the tyre to conform to the surface, improving trac-
tion, while the increased surface area or footprint in-
creases floatation, reducing rolling resistance. Punc-
tures and stone damage also reduces considerably.

Off road or hazardous conditions also benefit from re-
ducing tyre inflation pressures. Traction and vehicle
control improve on snow, ice, mud, rock, or sand with re-
duced pressures. |Improvements depend upon the sur-
face, with traction improvements of one to two percent on
ice, up to a hundred percent improvement in mud, sand, Over inflated tyre supported by a
orrock. Access is simply amazing. Ride quality also im- golf ball

proves significantly improving driver health and control,
while reducing vehicle breakage, damage, and wear and |
tear.

THE PROBLEM;
Trucks are designed to carry a load. When the load var-
ies, as required by the job, the load on each tyre will
change. The steer tyre load usually does not change
much, as the engine and cab are integral. The load on
the other tyres, including drive and trailer tyres, change
regularly. Very few trucks operate at the same load all
the time, except for cranes, and other specialized vehi-
cles.

Bee truck operating in sand.

Many trucks operate loaded one direction, and empty the other, like tankers, agitators, and
tip (dump) trucks.

For most of the last century, it was impractical to change tyre pressures every time the load
changes. The only choice was to run one high pressure.

Unfortunately, transport still runs one high pressure, that was established as the norm some
50 years ago when only conventional bias ply tyres existed. This pressure has not changed
even though tyre construction and performance has improved substantially.

Therefore, virtually every load carrying truck tyre is significantly over inflated all the time, and
extremely over inflated some of the time.

The waste is unacceptable. The impact on health and safety is unacceptable. The impact
on our infrastructure and environment is unacceptable.
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HOW BAD IS THE PROBLEM?

TYRE WASTE;

. Tyres are the second biggest cost in  Excess Vertical Deflection  Overinflation
heavy transport. Traditional tyre pres- 0% -20% 0% 0%  10%  20%  30%
sures are 25% over inflated, when fully _: e~
laden, reducing drive tyre tread life by 4 o =
25%, and trailer tread life by 15%. a5 J;’ “\\
When empty, or unladen, unnecessary Bt 7 <
tyre wear increases more. j: . \\

a5 i

. Casing life reduces when over inflated -0 f’f \‘1
too. As retreading is a proven method : 7
of reducing costs, casing life is important. Pressure effects on Casing Life

Traditional over inflated tyre use in-
creases tyre costs even further.

. Dual tyres suffer a major design fault.
Various factors increase the running
temperature on one tyre more than the
other, yet both are firmly bolted together
and must rotate at the same speed.

Any discrepancy in tyre diameters and

or pressures causes one tyre to attempt

to travel farther than the other.

. Any difference in tyre size will increase wear.

. Any difference in tyre inflation pressure will increase wear

. The inner tyre runs hotter because of radiated brake heat, increasing the tyre
pressure, increasing the load carried, increases heat....

. Any road camber will cause the inside tyre to carry more load, increasing wear

. Any axle deflection will cause the inside tyre to carry more load, increasing wear.

All the above occurs on every dual tyre assembly. Special air manifolds balance the

inner and outer tyres, suggesting tyre savings up to 25%.

A B Cc D E F

excessive inflation under inflation toe or camber toe wheel bearing or balance internal tyre stress
Tyre scrub from sharp turns loose suspension, shocks

Over inflated tyres aggravate any other tyre problems that cause uneven wear. A, B, and C
are direct tyre pressure problems. E, F, G, and H are amplified by over inflation.

Incorrect tyre pressure increases tread wear, uneven wear, and blow outs, which wastes one
tyre out of 3, or 30% minimum. Suspension wear increases, driver stress increases, Whole
Body Vibration damages the driver’s health, road and infrastructure damage increases, as
does accident rates. And the environment is damaged unnecessarily by increased oil, en-
ergy, and material use, and by the millions of dead tyres that need disposal.

All because tyre inflation is universally incorrect.

Australian Tyre Council reports that 30 million tyres were imported, at a value of $2.5 billion.
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IF YOUR DRIVER DOESN’T
COME HOME.......
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TYRE PRESSURE AND ROAD SAFETY
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TYRE IMPACT ON ROAD SAFETY

All properties of a tyre are influenced by its pressure, e.g. the vertical stiffness, the handling perform-
ance, ride comfort, rolling resistance, speed at which aquaplaning occurs, etc. With the correct infla-
tion pressure, the vehicle and the tyres will achieve their optimum performance.

An optimally inflated tyre improves safety, reduces wear and decreases fuel consumption by reducing
rolling resistance.

Under inflation reduces lateral grip, increases aqua planing, and increases fuel consumption.

Extreme under-inflation of a tyre leads to large deflections that causes excessive heat build-up and
internal structural damage that will eventually lead to tyre failure, often catastrophic.

Over-inflation increases stopping distance, reduces ftraction, cornering grip, vibration and driver
stress.

Tyre impact on road safety has two main influences;

Tyre grip is defined as the maximum horizontal force that can be transmitted between the tyre and
road surface. A higher level of grip allows the driver to stop quicker, avoid accidents and reduce the
chance of losing control over the vehicle. An increase in tyre grip improves the steering and braking
potential of vehicles. This assists in avoiding accidents or, if involved in an accident, enabling the
driver to reduce speed before the collision to achieve a lower impact speed. A lower impact speed
reduces the risk of injury or fatality, for car occupants and for pedestrians respectively. Additionally
with increased tyre grip the risk of directional vehicle instability during steering and braking manoeu-
vres is reduced, leading to further reduction of accidents.

Lightly loaded or empty semi trailers are considered to be the most dangerous, by insurance company
reports, with jack knifes a regular occurrence. Tyre inflations in these conditions are severely over
inflated, reducing the tyre footprint to 25% or the correct footprint. Stopping distance was reduced by
at least 15% with optimal tyre pressures in tests done by ARTSA in 2013.

ARTSA Brake test investigation Part 2

Svmrage Decelerstion for Stops from &5kmi'h

5.8 :
4 see ‘:
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B man aani
£ / |
.
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The vehicle with optimum tyre pressure achieves about a 15 % i
higher average deceleration than the vehicle with high tyre pressure. o i —e |
400 i = e | ]
.80 i |

5, " " Both High Trader Dpdmus  Eath Dpoim e
Lengitudinal Acceleration

Entire braking event

-
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M1l High Pressure Dt Lo Pressung Dirive anvd Trailer Low
Pressure

Tyre Pressure

w50 o Stopping ability is vital for safe roads.

wescoi | Otopping straight and in control in the
shortest distance saves lives. The
optimal tyre pressure is essential for
safe truck operations.

Configuration
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TYRE PRESSURE IMPACT ON ROAD SAFETY

An analysis has been done on the impact of grip level using accident statistics in The Nether-
lands. The Figure below shows the potential reduction of traffic fatalities and injuries when a 10%
increase in tyre grip is assumed. The reduced number of traffic fatalities is a significant 3-4% of

the total number in The Netherlands.

kL -}
I Fatalities
I Scrious Injuries
.. [ siight injuries

Potential reduction in causalities
with 10% improved grip using
accident statistics from the
Netherlands.

This amply demonstrates the
importance of optimizing tyre
pressure.

B

Number of casualties reduced

]

Using 10% better C1 tyres

Injury risk of passenger occupants depending on impact
speed
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Injury risk of passenger pedestrians depending on
impact speed
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BLOW OUTS

A sudden delamination results in rapid air
loss. This is often called a blowout.

A tyre blowout can pose a direct threat as the
driver can lose control of the vehicle. This
may result in fatalities. Even if a vehicle just
loses stability, surrounding persons/cars may
be injured directly by the vehicle or indirectly
by the debris from the tyre. Further, debris
on the road may damage other vehicles. Of-
ten, the vehicle with the tyre blowout cannot
be stopped at a safe place next to the road
resulting in further disruptions.

A study of French accident data over the period
1996-2002 [4] mentions that in 6.7% of the vehicle
crashes, the vehicle has a blown tyre. Tyre blow-
out mostly results in a crash for vehicles with only
four wheels as the vehicle stability is directly af-
fected. Vehicles with more tyres have a higher in-
trinsic stability, but typically have larger tyres. Lar- |
ger tyres also result in more dangerous debris on .
the road. Heavy truck steer tyres are still difficult to [
control. e
Apart from damage by (sharp) objects, tyre blow-

out occurs typically due to overheating of the tyre
caused by punctures or slow leaks. Heat is generated
by deflection of the tyre because under-inflated tyres

result in larger deflections and thus an increased risk of
tyre failure.

Secondly, tyre ageing can be a significant factor due to =
reduced heat resistance of the tyre as well as the di- s,
minished structural integrity that result in lower obstacle = =

impact resistance. e

An estimated 663 people were injured by a crash precipitated by a truck tyre blowout in the US
between 1995 and 1997.

Steer blowouts are the most hazardous.
. Driver side blowouts tend to cause multiple vehicle crashes.
. Passenger side blowouts tend to be single vehicle run offs.

Many steer tyres are under inflated all of the time. With front under run protection and the extra
weight of pollution equipment, steer axle weights have increased substantially. Many steer tyres
are under inflated at our traditional 100 to 110 psi, while being the heaviest loaded tyre on mod-
ern trucks, aggravating this problem. Underinflated tyres increase the risk of blowouts.

Drive and trailer blowouts and delaminations are less of a risk problem for the driver, but create
serious risk to other drivers, both at the time of the blowout and from the large rubber pieces, of-
ten called ‘alligators’ left on the road.

Almost all blowouts can be prevented by tyre pressure maintenance systems.
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JACK KNIFES AND LOSS OF CONTROL.:
3
2
Jack e s i
Knife
“'-..‘ |

Jack Knifes happen when the drive tyres lose traction
and the trailer pushes them off line. 1

Trailer Swing happens when the trailer tyres lose traction
and slide outwards.

Both conditions happen when the truck is braking
heavily, or when the traction level is low. Loss of
traction of one set of tyres is the underlying cause.
Bad brake balance, that over brakes one or the
other set of tyres and or poor loading are the main
causes. Over inflated tyres increase the risk.

An example of poor loading is a tip or dump truck
towing a plant trailer with an excavator. A Heavy —
trailer, with no weight on the over inflated truck drive i
tyres, is a common site on most roads, and is a rec- SETT

ipe for disaster.

Similar problems happen to trucks with
other style trailers, like dog, pig, or road
trains.

Almost all cases happen on empty trucks,
where braking is over powering, on se-
verely over inflated tyres, that provide
minimal grip or traction. Poor conditions
make life even riskier.

Because of the heavy weight and long lengths of semi trailer rigs, the potential damage is enor-
mous.

Modern electronic braking systems virtually eliminate these accidents, although stopping dis-
tances increase considerably.

Optimal tyre pressure would substantially improve both cases, while reducing stopping dis-
tances.

OVERALL TYRE COSTS add up rapidly. Traditional transport practices waste one tyre in
three, while driving maintenance costs and down time up. A truck off the road doesn’t earn any
money. Accidents cost even more. Safety is paramount to any successful enterprise.

No industry or business can afford to waste so much money, time, and people.



Central Tyre Inflation White Paper 2016 24

EVEN A DONKEY
WON’T SPOIL HIS HOME
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TYRE PRESSURES AND THE ENVIRONMENT



Central Tyre Inflation White Paper 2016 26

TYRES AND THE ENVIRONMENT
THE DAMAGE DONE TO OUR FRAGILE ENVIRONMENT BY THE WASTE OF TYRES

Synthetic rubber is manmade from petrochemical feedstock. Crude oil is the primary raw material.
According to the Rubber Manufacturers Association (USA), it takes “approximately seven gallons
(26 litres)” of oil to produce a single car tyre. “Five gallons are used as feedstock (from which the
substances that combine to form synthetic rubber are derived), while two gallons supply the energy
necessary for the manufacturing process.”

The US-based Tyre Retread & Repair Information Bureau states that it takes 22 gallons (83 litres) of
oil to make one average size truck tyre. To have a truck tyre retreaded takes about 7 gallons (26
litres).

Further, these figures do not include the fuel used for transporting these tyres from China, France
etc to the place of supply and then to the end user, or the time and trouble to eliminate the dead
tyres.

RESOURCE WASTAGE

Research has shown that a reduction of at least 15-30% of the number of tyres produced could be
saved by adopting optimal tyre pressures. Measure this in terms of oil, greenhouse gases and en-
ergy and one can easily see the waste of resources that could be avoided.

Now extrapolate further; consider the materials used in the manufacture of tyres:

° Natural rubber, or polyisoprene is the basic elastomer used in tyre making.

. Styrene-butadiene co-polymer (SBR) is a synthetic rubber which is often substituted in part for
natural rubber based on the comparative raw materials cost.

° Polybutadiene is used in combination with other rubbers because of its low heat-buildup prop-
erties.

° Halobutyl rubber is used for the tubeless inner liner compounds, because of its low air perme-
ability. The halogen atoms provide a bond with the carcass compounds which are mainly
natural rubber. Both chlorinated (chlorobutyl) and brominated (bromobutyl) versions of
halobutyl are commercially available. Although Bromobutyl is superior to chlorobutyl, it is
more expensive.

. Carbon Black, forms a high percentage of the rubber compound. This gives reinforcement and
abrasion resistance as well as assisting in protecting the tyre from UV and ozone attack.

. Silica, used together with carbon black in high performance tyres, as a low heat build-up rein-

forcement.

Sulphur cross links the rubber molecules in the vulcanization process.

Vulcanizing Accelerators are complex organic compounds that speed up the vulcanization

Activators assist the vulcanization. The main one is zinc oxide.

Antioxidants and antiozonants prevent sidewall cracking due to the action of sunlight and

ozone.

. Textile fabric and steel reinforces the carcass of the tyre.

Note: Some of these ingredients are in short supply or are currently being sourced from the more
“temperamental” areas of the world.

In the Manufacturing process several carcinogenic substances are formed during the manufacturing
of rubber tyres, including nitrosamines and dibenzopyrenes.



http://www.rma.org/about_rma/rubber_faqs/
https://en.wikipedia.org/wiki/Rubber
https://en.wikipedia.org/wiki/Styrene-butadiene
https://en.wikipedia.org/wiki/Polybutadiene
https://en.wikipedia.org/wiki/Halogen
https://en.wikipedia.org/wiki/Carbon_Black
https://en.wikipedia.org/wiki/Silica
https://en.wikipedia.org/wiki/Sulphur
https://en.wikipedia.org/wiki/Vulcanization
https://en.wikipedia.org/wiki/Vulcanizing_Accelerators
https://en.wikipedia.org/wiki/Catalyst
https://en.wikipedia.org/wiki/Zinc_oxide
https://en.wikipedia.org/wiki/Antioxidant
https://en.wikipedia.org/wiki/Antiozonant
https://en.wikipedia.org/wiki/Textile
https://en.wikipedia.org/wiki/Carcinogen
https://en.wikipedia.org/wiki/Nitrosamine
https://en.wikipedia.org/wiki/Dibenzopyrene
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8.1.3 RUBBER PARTICLES

In our modern cities, roads make up about one-fifth of the urban land area, and about half of the im-
pervious surfaces. On these roads, we have driven our cars and trucks with inflatable rubber tyres
for over a century. These rubber tyres wear, and have to be regularly replaced.

Sometimes the rubber comes off in a dramatic cloud of smoke when the car skids on the road.
Sometimes the road surface is sharp and slices fragments out of the rubber. However, most of the
time, as the rubber compresses and expands, tiny cracks develop and spread in the tread — and
tiny particles of rubber flake off.

Consequently every time a tyre rotates it loses a layer of rubber about a billionth of a metre thick. A
busy road with 25,000 vehicles travelling on it each day will generate around nine kilograms of tyre
dust per kilometre. In the USA, about 600,000 tonnes of tyre dust comes off vehicles every year.
Although the tyre dust can travel most of it will settle around the road.

From here some of the tyre dust gets mashed into the road. Most of it gets blown off away from the
road by the air turbulence of the vehicles but a significant amount actually gets trapped in the bitu-
men. The first rain after a dry spell lifts these particles washes the rubber dust off the road into the
nearest waterways where it ends up as sediment on the bottom of creeks, ponds and wetlands.
Many will say it is the oil and grease that makes roads slippery after a rain — actually it is the rubber
particles that have been displaced causing this effect. Any oil/grease dropped by cars is broken
down and dispersed whereas the rubber does not.

Further, tyre dust contains two main classes of chemicals — organic and inorganic.

These organic chemicals are especially toxic to aquatic creatures (such as fish and frogs), and de-
pending on the levels, can cause mutations, or even death. In test tube laboratory experiments,
these organic chemicals have been shown to damage human DNA.

Some of the inorganic chemicals in tyre dust are heavy metals (such as lead and zinc). You may
remember that eating from lead plates gradually poisoned Roman soldiers.

THESE ARE THE CHEMICALS WE ARE INGESTING EVERY DAY. They damage DNA as well as
poisoning us! How much of these poisons do Truck Drivers expose themselves to every day?

8.1.4 EFFECTS ON HEALTH OVER TIME

But there's another dark side to rubber dust — particles. The organic and inorganic chemicals are
carried as, or on, particles. In general, the smaller the particles, the more deeply they can penetrate
into your lungs. PMy, stands for particulate matter that is smaller than 10 microns in size. (A micron
is a millionth of a metre, e.g. a human hair is about 70 microns thick). PM, 5 particles are smaller
than 2.5 microns — and are even more dangerous.

On average, about 80 per cent of all PMq in cities comes from road transport. Tyre and brake wear
causes about three to seven per cent of this component. Each year in the UK, PMyy’s of all types
are blamed for an extra 10,000 deaths, due to heart and lung disease.

In Europe each year, the normal wearing of tyres releases some 40,000 tonnes of PAHs (polycyclic
aromatic hydrocarbons), mostly as PMyo. PAHs are a component of the heavy oils used to make
tyres. They accumulate in living tissue and are implicated in various cancers.

California is notorious for its heavy smog pollution — which can vary from day to day. One study
showed very strong links between PM, 5 particles, and the daily death rate in six Californian coun-
ties. When the PM, 5 count was high, so was the death rate.
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ALL THE MONEY IN THE WORLD
IS USELESS
IF YOU’'RE NOT HEALTHY
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8.2 TYRE PRESSURES AND DRIVER HEALTH
[OCCUPATIONAL] WHOLE BODY VIBRATION
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TYRES AND DRIVER HEALTH; [OCCUPATIONAL] WHOLE BODY VIBRATIONS
DRIVER HEALTH IN TRANSPORT

For many reasons truck driver life expectancy is typically of the order of 10 or more years less than
other industries,

DOT's Truck Driver Life Expectancy quotes “16 years shorter than the norm.”

The March 2008 edition of the Roemer Re-
port, which cites a study by Toronto researcher
Dr. Martin Moore-Ede. Roemer said the study
found “that truck drivers have a 10- to 15-year
lower life expectancy than the average ...”

A 2003 conference on truck driver occupational
safety and health quoted John Siebert of the
Owner-Operator Independent Drivers Associa-
tion reporting on data that suggests that the
average age of death for its members is 55.7
years - over 20 years less than the average.

Regardless of the variation it is clear that the
health of truck drivers is seriously below that of

the general population. Whereas this was put down to tradition- # Vaguerket oo
ally poor diets, minimal exercise and long hours it has come to

the attention of the industry in the last ten years that Whole Whole-body vibration when
Body Vibrations, as stated below, has now been recognised as riding on rough roads

a major contributor to the problem. A SHOCKing swdy
Truck drivers are exposed to high vibration levels from the noto- 1;','

riously rough Australian roads for long periods of time and this =\
is making them ill. The result is a premature end to their work- R
ing life, an end to a quality of life and premature death.

Recent knowledge reviews on
health effects from Whole-Body Vibration

* Low Back Pain: Confirmed!

+ Sciatica / Herniated discs: Confirmed!
« Arthrosis: More research needed.

« Miscarriage: Regulation implemented, AFS 2007:05. Buck
« Male fertility: Clearly indicated, more research. .. Z"

« Viscus/Guts: No scientific support ¥ h

» Heart: Several findings, more research needed.

« Prostate cancer: Handful studies, more research...

2 Yaw (r,)

Rol {r,) Y,

» Motion sickness: Confirmed! X, Fich )
» Performance: Several findings, more research...
: Sl i
« Mortality: Complex findings, more research... tuberosies

Sourtes: Swadksh Work Envronment Auhory Report 20913 and Work & Hoalth [Arbete 8 HY=a) Report 201246 Il

Y VI ok


http://www.roemer-insurance.com/transportation/report/mar2008.htm
http://www.roemer-insurance.com/transportation/report/mar2008.htm
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8.2.3 WHOLE BODY VIBRATION — BACKGROUND

Whole-body vibration (WBV) comprises the transfer of relatively low-frequency environmental vibra-
tion to the human body through a broad contact area. These frequencies are in the range of 0.5 to
80 Hz (ISO, 1997; ANSI, 2002). Motion sickness is associated with frequencies below 1 Hz
(Mansfield, 2005)" and specifically from 0.1 to 0.5 Hz (ISO, 1997; ANSI, 2002). The relevant fre-
quency range for hand-arm vibration is 5 to 1500 Hz (Bruce, Bommer & Moritz, 2003)’.

Transmission occurs through the feet when standing, the buttocks when sitting (most common sce-
nario) or the entire body length when reclining in contact with the vibrating surface. WBV exposures
exist in many occupational settings. The body as a whole and each individual organ have natural
frequencies that can resonate with vibration energy received at those frequencies.

The result is a condition in which the body or a part of the body will vibrate at a magnitude greater
than the applied vibratory force. Thus amplifying the damage. In response, muscles will contract in a
voluntary or involuntary manner and cause fatigue or a reduction in motor performance capacity
(Chaffin & Andersson, 1984)'.

Resonance of the body or its parts due to WBV lEyebal:. ___—— Head
causes adverse health effects, especially with e (axial mode)
chronic exposure. These include interference with (20-90 Hz) (20-30 Hz)
or irritation to the lungs, abdomen or bladder |9

(Kroemer & Grandjean, 1997)". Also, ISO/ANS| [k - - Chest wall

dl Lot ) 5
standards assume WBV adversely affects the di- (49_'; Hez) B Py ©0ha)

gestive, genital/urinary and female reproductive
systems (ISO, 1997; ANSI, 2002). Effects of WBV ‘ Arm

on vision were reported as early as 1965 by Dennis R gt "/(5—10 H2)
(1965)"™. A 1994 Australian study by Cross and [{REacitlsrilm X
Walters' identified WBV and vehicle jarring as a 30’128‘:47)
contributing factor to back pain in the mining indus- _ , (/ g
try and as a significant risk to mobile equipment ' _ )
operators.

column Abdominal

(axial \ mass

mode) (4-8 H2)
WHOLE BODY VIBRATION — SUMMARY (10-12 HZ> ‘h)
[Occupational] Whole body vibration (WBV) is ex-
cessive vibrations in occupational settings such as fréuf\qc:saw;!rll?\:xh
truck driving or hand tool operating. knees flexing

to over 20 Hz with

Occupational WBV exposure, especially for long rigid posture)
periods, causes adverse health effects. Chronic

exposure, even for short periods, can be extremely
detrimental.

Mandatory standards for regulation and monitoring of worker exposure to WBV exist in Europe and
many other places. In fact the seriousness of WBV has been recognised in the USA with the Maxi-
mum Road Roughness Index being halved in the last few years.

Over inflated tyres amplify every road irregularity, ridge, rock, or bump increasing damage to the
driver and the truck.
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ROUGHNESS OF AUSTRALIAN ROADS
ROAD CONDITIONS AND BRAKE SLIP

The frictional force from the tyre/surface interface depends on the weight or load on the tyre and the
tyre-road conditions. That is;

o road roughness. Pavement exhibits three types of roughness, micro-texture (with wavelength
less than 0.5 mm), macro-texture (wavelength between 0.5 mm and 50 mm) and mega-texture
(wavelength exceeding 50 mm)

o tyre tread wear and grip

o climatic conditions (wet, possible hydroplaning, snow, ice)

Macro- texture are schematically shown in figure below. Macro-texture is related to the overall
roughness of the road resulting from the number, type and size of stone chippings. Idealised texture
leads to sufficient drainage and significant hysteretic friction (local pressures) at the cost of tyre wear
and fuel economy. Tips should preferable be sharp to have good friction even under wet conditions,
but that leads to abrasive wear.

Macro-road roughness

Road Roughness is the measure of this unevenness (of the road surface). It describes the condition
directly experienced by motorists. It is commonly reported in Australia by either the NAASRA Rough-
ness Measurement (NRM) method, which is measured using the NAASRA Roughness Car, or by the
International Roughness Index (IRI), which is calculated by applying an analytical ‘quarter car model’
to road profile data collected via laser profilometer. NRM can be reliably converted to IRI by a linear
equation, and vice versa, where required.

Roughness is seen as an important road condition measure right across the world. It is the most
widely used condition parameter because roughness data is relatively inexpensive to capture, is an
objective measure, correlates well with road user costs, and is accepted as the most relevant meas-
ure of the long term functional behaviour of a pavement network.

Due to Australia’s tough environment, the roughness count of this country’s roads indicate that there
are twice the number of vibration incidents here than in Europe and the USA. In fact, in a recent re-
port on road quality Australia rated 43rd in the world — virtually at the bottom of all developed coun-
tries. This meant the country was ranked below such countries as Namibia, Sri Lanka and Swaziland
in terms of roughness and quality.

The vibrations experienced by the driver of a vehicle is directly related to road roughness.
The higher the road roughness count the greater the vibration that is transmitted through the
vehicle to the driver. This can lead to debilitating, sometimes fatal, long term iliness. Literally
our roads are shaking drivers into ill health, loss of quality of life and even to premature
death. In fact the average life expectancy of a truck driver is in excess of ten years less than
the national average.

As a rule of thumb, if a car driver feels a bump or roughness, a truck driver will be suffering
from excessive road roughness. Car suspension is far better than a truck’s.


https://www.tut.fi/ms/muo/vert/11_tyre_as_car_component/handling_braking_road_wear.htm
https://www.tut.fi/ms/muo/vert/11_tyre_as_car_component/handling_braking_road_wet.htm
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WHAT ARE THE HEALTH EFFECTS OF EXPOSURE TO VIBRATION?

There are two types of vibration: Whole Body Vibration (WBV) and Hand-Arm Vibration
(HAV).

WHOLE BODY VIBRATION (WBV) causes or exacerbates other health effects such as:

e Brain and lateral vision damage,

e Impairment of vision, balance or both,

e Varicose veins/heart conditions (variation in blood pressure from vibration),
e Stomach and digestive conditions,

e Respiratory, endocrine and metabolic changes,

e Reproductive organ damage,

e Bone damage

e Lower back pain (damage to vertebrae and discs, ligament attachment damage)
e Motion sickness

e Increased driver stress,

e Increased driver fatigue,

e Sleep apnoea. Only 25% of truck drivers actually know they have the condition.

The report, Occupational Exposure to Whole Body Vibration and Parkinson's Disease, M. Anne Har-
ris*, Stephen A. Marion, John J. Spinelli, Joseph K. C. Tsui and Kay Teschke, American Journal of
Epidemiology, Am. J. Epidemiol. (2012) 176 (4): 299307, linked higher-intensity equipment exposure
or Whole Body Vibration as positively associated with Parkinson Disease.

Further, a case-series analysis [Acta Neurol Scand 1975;51(5):365-379] carried out by Livanainen in
1975 found a correlation between occupational vibration exposure and diffuse cerebral atro-

phy*.
*Cerebral atrophy is a decrement or shrinkage of the brain cells.
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The longer a worker is ex- posed to vibration, the
greater the risk of health effects and muscular disorders.
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EXTENT OF PROBLEM IN AUSTRALIA

In 2008, National Hazard Exposure Worker Surveillance (NHEWS) gathered self-reported
data on exposure of Australian workers to vibration, and data on the provision of control
measures for vibration in the workplace.

The aims of the survey were to describe patterns of exposure to vibration in conjunction
with patterns of vibration control provisions with respect to industry, occupation and other
relevant demographic and employment variables.

Results of the survey are used in the Vibration exposure and the provision of vibration con-
trol measures in Australian Workplaces report (2010) to make recommendations, where
possible, for development of work health and safety and workers' compensation policy and
to provide researchers with clear and constructive directions for future research.

The analyses in the report focus on the following national priority industries:

Manufacturing

Transport & storage
Construction

Agriculture

Forestry

Fishing

Health and community services.

The main findings of the report were:

° Approximately 24% of Australian workers were exposed to vibration in their workplace.

. The industries where workers had the highest likelihood of reporting exposure to vibration
were Agriculture, Forestry and fishing, Transport, storage and Construction.

° 43% of vibration-exposed workers were exposed to hand-arm vibration only, 38% were ex-
posed to whole body vibration only and 17% were exposed to both hand-arm and whole
body vibration.

. 41% of vibration-exposed workers reported they were exposed for up to a quarter of their

time at work, while 21% reported they were exposed for between a quarter and half of their
time at work, 15% reported they were exposed for between half and three quarters of their
time at work, and 24% reported they were exposed for more than three quarters of their time

at work.

° 23% of vibration-exposed workers reported that none of the surveyed control measures were
provided in their workplace.

. Only 27% of vibration-exposed workers reported they received training.

. Large percentages of vibration-exposed workers in smaller workplaces reported they were

not provided with any vibration control measures.

The report can be downloaded in either word or pdf format from the Safe Work Australia
website.
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COSTS INCURRED DUE TO OCCUPATIONAL WHOLE BODY VIBRATION
(AUSTRALIA)

Between 2000-01 and 2007-08, there were approximately 400 workers’ compensation claims per
year for injuries or iliness that resulted from exposure to vibration. These amounted to approximately
$61 million in workers’ compensation payments over the eight years and had an estimated total eco-
nomic cost of $48 million annually (Safe Work Australia 2009).

However, many of the adverse health conditions caused by exposure to vibration have long latency
periods (Brammer & Taylor 1982)6. For example, the latency period for the ‘blanching’ stage of vibra-
tion white finger can vary from two to 16 years and the ‘numbness’ stage from two to 12 years
(Brammer & Taylor 1982; Contant 2009)"". Consequently, workers’ compensation data do not ade-
quately capture health conditions with long latency periods. Further, many workers who are self-
employed are not covered by workers’ compensation data and are therefore not included in the work-
ers’ compensation database. Self-employed workers include many tradespersons, farmers and driv-
ers, which are occupations known to be exposed to high levels of vibration. This is supported by the
findings of the European Working Conditions Surveys (EWCS) (Parent-Thirion et al. 2007)16, which
found that self-employed persons reported a higher rate of exposure to vibration than employees
(27.1% and 23.9%, respectively). Therefore, it is likely that workers’ compensation claims signifi-
cantly underestimate the prevalence of the adverse health effects related to vibration exposure in the
workplace.

Echoing this is research undertaken by Bruce, Bommer & Moritz, 2003; ACGIH, 2001 which esti-
mated that about 8 million U.S. workers have occupational vibration exposure. Of these, an esti-
mated 6.8 million are exposed to WBYV and the remainder to HAV.

The European Directive 2002/44/EC (Mansfield, 2005) and the CVWR of 2005 set the exposure ac-
tion value (EAV) at 0.50 m/s? and the daily exposure limit value (ELV) at 1.15 m/s? (8-hour daily ex-
posure), based on the ISO and British standards. This can be seen in the appendix.

The Roadex Il project undertook an accurate assessment of truck driver's exposure to vibration.
Measurements were made in a timber logging truck during ten roundtrips of 140 - 170 km, with most
time spent on Rd 331 between the Swedish inland forest area and the coast. The results showed that
for all measured working days, the daily vibration exposure A(8) was above 0.65 m/s? including nor-
mal pauses with zero vibration, and that A(8) = 0.76 m/s? is a fair estimate for an 8 hour shift on this
kind of routes. This is significantly above the EU Action Value of A(8) = 0.5 m/s®. Thereby employers
of truck drivers performing long and bumpy driving in the EU are required to take necessary technical
and/or organizational actions to minimize the driver’s exposure to vibration.

EU employers are also obliged to perform a special risk assessment for workers exposed to repeated
mechanical shock, such as from bumpy rides. The Roadex lll case study showed that even when
driven at low speeds (below 40 km/h), severe bumps (> 5 cm) exposed the truck driver to an equiva-
lent daily static compression dose S.q over 0.5 MPa. This stress level corresponds to health risk, as
per the ISO 2631-5 (2004) standard.

The Roadex lll report above shows that the “average” truck driver is exposed to vibration levels
above acceptable. If normal is over-exposure, then what are the long distance haulers, the logging
trucks being exposed to? As bad as this is, there is a far more damning observation; that many truck
drivers feel that Whole Body Vibration injuries are considered part of “life”. Drivers are completely
unaware that the vibrations they are exposed to on a daily basis are slowly killing them. But WBV not
only effects lifespan it also affects quality of life. The latter affecting not only the driver but their fami-
lies as well.

Early indications are that Occupational Whole Body Vibration will become the next tobacco or asbes-
tos scandal. This is a time bomb ticking away ready to explode.
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MEETING LEGAL REQUIREMENTS FOR VIBRATION

As a hazard, vibration is covered both under the OHS Act and under Part 3.1 (Manual Han-
dling) of the Occupational Health and Safety Regulations 2007. In addition, some of the
equipment causing the problem (creating the risk) may be covered under Part 3.5 (Plant) of
the regulations.

To comply with the requirements of the Manual Handling Part of the Regulations, the em-
ployer must ensure that any task undertaken, or to be undertaken, by an employee involving
hazardous manual handling is;

1. Identified,

2. assessed via reviewing
magnitude
shocks or jolts
duration,

3. and has action taken to control the risk either
at the source of vibration
along the paths of vibration
at the position where the vibration enters the worker

Hierarchy of controls

Start at the top and work down

Most effective control

« Elimination e g Discontinue use
of product, equepment, cease
work process, automaton

« Substitution e g Replace with a
similar tem that does the same

job but with a lower hazard level

* Isolation e.g Put a bamer
between the person and the
hazard

« Engineering/Organisational
Controls e.g. Change the
process, procedures, rosters
training etc. to mnimise the nsk

+ Personal protective equipment
@.9. Equipment wom to provide a
temporary barmer

Least effective control

This hierarchy of controls aims to help
managers understand the order in which to
consider controlling health issues

Remember also that employers have a general duty under the Victorian Occupational Health
and Safety Act (2004) to provide and maintain for employees, as far as reasonably practica-
ble, a working environment that is safe and without risks to health. This includes ensuring
that the use, transport and handling of plant is safe and without risks to health, providing a
safe system of work, information, training, supervision, and where appropriate personal pro-
tective equipment.

Also note: Many truck drivers do 12 hour shifts, exposing their bodies to far more stress
than the 8 hours mentions previously.
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VIBRATION STANDARDS AND EXPOSURE CRITERIA
Basically there are two main criteria currently used in Australia:

Australian Standard AS 2670-2001 Evaluation of human exposure to whole-body vibration pre-
scribes methods for the measurement of whole-body vibration.

European Union Vibration Directive 2002.
AUSTRALIAN STANDARD

The Australian Standard (AS2670-2001 Evaluation of human exposure to whole-body vibration) on
whole-body vibration was published in 2001.

It incorporates assessment methods for both steady state (rms) or Daily vibration exposure A(8) and
shock/jolt type vibration (VDV).

DAILY VIBRATION EXPOSURE A(8)

Daily vibration exposure A(8) is calculated from the magnitude of vibration expressed as accelera-
tion in m/s? and the length of time of exposure. In short the daily vibration exposure A(8) is the
amount of vibration exposed to normalised to an eight hour reference period. But, many drivers
drive for 12 hours.

Exposure to intermittent WBV (shocks and jolts) is measured using a VDV [Vibration Dose Value].
The VDV is a cumulative value, which increases with measurement duration. It is assessed using
the length of time of the measurement and the total time a worker is exposed to the source of vibra-
tion per day.

For WDV the axis with the highest average root mean square is used to calculate A(8). The x-axis
and y-axis have a weighting factor of 1.4.

A(8) for a worker carrying out one process or operating one item of plant is calculated by using the
following equation; T

&LB} =, ?

&

See appendage 1 for more information.
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This is confirmed by referring to the research conducted in this area.

By reducing tyre inflation pressure a softer and smoother ride can be achieved which improves the
comfort of the driver and consequently results in less driver fatigue. The softer ride will also reduce
the shock loading that is transmitted to the vehicle, which is potentially damaging to the truck and
cargo (Rummer et al., 1990)8. Optimally inflated tyres act as an air spring, absorbing small impacts
and significantly reduces larger impacts before they can reach the suspension.

Much research has been done on off road trucks over the last 30 years. The ride quality on these
rough roads is proven by the following

Adams (2002)' conducted tests to evaluate the effect of using Central Tyre Inflation, CTI* to optimize
tyre pressures, on the ride quality of a vehicle. He showed that an average ride quality improvement
of 99% was achieved when tyres were adjusted using a CTI system to match terrain and speed con-
ditions. At a lower speed, the optimized pressure showed an average ride quality improvement of
177%. Ride quality is quantified by the vibrations the driver experiences through the seat of the vehi-
cle. Sensors were placed on the seat of the vehicle and the vibration levels of the seat are recorded
(Adams et. al., 2002)%. Similarly to Adams, Altunel (1998)° analysed data collected by the US Army
Corps of Engineers and the Waterways Experiment Station to evaluate the effect of lowering tyre
pressures on a log truck driver’'s seat using CTI technology. Their analysis concluded that lowering
the tyre pressure to match the road surface appear to decrease vibration levels in the driver's seat
from 10 to 25%. Almost all drivers involved in the CTI tests commented on the improvement in vehi-
g:le ride which resulted in them feeling less fatigued after a day of driving (Brown and Sessions, 1999)

A trial of CTI was initiated by Bradley (1991)° to evaluate the impact of optimized tyre pressures on
driver comfort. The truck drivers involved in the trial reported reduced vibration and shock loading
with reduced inflation of the drive tyres. The driver's opinion was substantiated by comparing the
maintenance records of the test vehicle to those of a control fleet of similar trucks. Monthly repair
time was reduced by 26%, largely because of fewer vibrations which caused cracks and loosened
bolts, and less cab component damage (Bradley, 1993)°.

A further study conducted in Western Australia with three trucks all with traditional tyre pressure. All
three trucks exceeded a half metre vibration limits over 500 times over a 29 km test distance. When
one of the vehicles was equipped with a Central Tyre Inflation system and pressures optimized for
the load and terrain, the standard vibration limit was only exceeded 13 times over the journey. This
is over 95% improvement. Other tests in Northern Australia confirmed these results.

Traditional over inflated tyres actually bounce off road irregularities, amplifying bumps, increasing vi-
bration levels. This high impact vibration increases suspension wear and tear. Strain gauges were
installed on log truck drive lines by Goodyear that proved a minimum 30% reduction in drive train
loads. The ‘softer’ tyre could flex axially, to absorb each piston power stroke. This has been con-
firmed in practice by numerous operator reports of doubling of drive train life.

On better highways, ride quality improvements are still significant, especially on empty and lightly
loaded trucks. Empty prime movers (tractors) are notorious for bucking and pitching. Empty semi
rigs vibrate almost constantly, with causes ranging from out of balance tyres and wheels, to amplified
minor road irregularities that coincide with natural frequencies in the extremely flexible truck chassis.
If a bump can be felt in a car, that bump will be at least 10 times worse for the truck driver. Add that
to the height above the road, road irregularities and undulating roads do their worst to the poor driver.
Optimizing the tyre pressure for the lack of load makes a world of difference to his life.

* CTI refers to Central Tyre Inflation. This involves a device that ensures optimal tyre pressures.
Thus in the research above CTI can be read interchangeably with optimal tyre pressures.
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TYRE PRESSURES AND VEHICLE INTEGRITY
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VEHICLE INTEGRITY: 202 Quality of roads
Roads and Infrastructure throughout the world are falling apart. | i o st s o ST ey
Most modern governments are struggling to keep up with the ————"—"

worst road maintenance. Many roads are decades old, @s are 1 o s coss .o
most of the bridges. Our highways are getting worse and worse, & o
and, are literally hammering our trucks, and drivers, to pieces.
Today, when a pot hole or rut becomes rough for some car driver,
they put up ‘rough road’ signs. That may cover them for liability,
but it sure doesn’t help transport operate economically, or safely.
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Our roads are rough. 15.6 billion dollars worth of fuel is wasted
by USA drivers because of substandard roads in 2013. And US
roads are pretty good, compared to many other parts of the world.
Australian roads are number 43 in the world.
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Figure 6. Effect of pavement roughness of fuel consumption (Adapted from Zaabar
and Chatti (Zaabar 2010) )
How much does our rough roads cost the transport industry.

Does over inflated tyres increase this?

A trial by Bradley (1991)° to evaluate the impact of optimized tyre

pressures, monthly repair time was reduced by 26%, largely be-
cause of fewer vibrations which caused cracks and loosened bolts, and less cab component damage

(Bradley, 1993)°.

Anon (2006)* performed tests for the United States Forest Service that clearly demonstrates the points
above. Two closely matched trucks were operated over identical test courses for an extended period,
one with traditional tyre pressures and the other at reduced optimized tyre pressures (the truck was
equipped with CTI). Vibration levels were measured and the truck with high inflation pressure recorded
six times more vertical energy than the truck with lowered inflation pressure. The high pressure truck
exhibited four times the part failures and eight times greater cost of repairs than the truck with lowered

tyre pressures.

Traditional over inflated tyres actually bounce off road irregularities, amplifying bumps, increasing vibra-
tion levels. This high impact vibration increases suspension wear and tear. Strain gauges were in-
stalled on log truck drive lines by Goodyear that proved a minimum 30% reduction in drive train loads.
The ‘softer’ tyre could flex axially, to absorb each piston power stroke. This has been confirmed in

practice by numerous operator reports of doubling of drive train life.

A further study conducted in Western Australia with three trucks with traditional tyre pressure. All three
trucks exceeded a half metre vibration impacts over 500 times over a 27 km test distance. When one
vehicles was equipped with a Central Tyre Inflation and pressures optimized for the load and terrain, the
standard vibration limit was only exceeded 13 times over the journey. This is over 95% improvement.

Over inflated tyres certainly damage our roads, which then come back and bites transport again, in-
creasing fuel, maintenance costs, and down time.
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TYRE PRESSURE AND INFRASTRUCTURE DAMAGE
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Over Inflated Tyres are the Hammer to the Anvil called Roads.

INFRASTRUCTURE DAMAGE: Infrastructure, roads, bridges, and highways, are a major problem for
most countries. Huge country debts combined with failing infrastructure is becoming critical. High axle
loads are the chief enemy, slowly eating away at once sound and smooth structures. Truck loads con-
tinue to increase to improve financial rewards, and, theoretically, reduce traffic density. ‘Road Friendly’
suspensions, most riding on air, were allowed increased axle loads. In practice, this has not worked.
Road friendly suspensions only work if all components are in great shape. We have a problem.

_ 3000 kg 3000 kg
Excessive tyre pressure, even on an empty
semi, hammers, and hammers, and hammers
our roads.

A truck tyre rotates 500 times every mile. A &5

tyre that is a half kilo out of balance is hammer- F ¥ e
ing the road with 78 kilograms force 500 times a Pressure < 0.2
minute, time and time again. Over inflated tyres .-
amplify each impact, hammering our roads. ~
Potential impact levels are multiplied again and "™ Tocion BT )
again. - [ s ] _—
e . : -' : 130
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Everyone knows t.hat one pot hole will begat Figure 10, Relationship of speed to subgrade strain and predicted pavement lif
another a short distance further on, and then {bused o subgrade sirain data from Table 12, in Smith (1993).

another further on, as the second one develops.

Our roads, that all taxpayers pay for, are being hammered to death simply because ‘we have always
used 100 to 110 psi in our tyres’.

Our roads are going backwards, yet, we persist, we ig- ~—LongThin

&= Trorm-Thin

nore the manufacturer’s tyre pressure recommendations. wl| —eieopme -
L —a— Trove- Thick |
Rough roads are more dangerous. /,./:

Rough roads increase the cost of all consumer goods. e //f—‘

Rough roads are killing our drivers. o .

Rough roads cause more accidents.

Cracking Damage index

Yet our governments Contlnue pr0m0t|ng unsafe and Figure 7, Indluence of tire inflation on lesgsindinl and iransverse cracking sirains im thin
wrong heavy truck tyre pressures. anil thick gow e nts {Hinmg and Afechemek] 20061,
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WHAT IS THE OPTIMAL TYRE PRESSURE
FOR
HEAVY TRUCK RADIAL TYRES?
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OPTIMIZED HEAVY TRUCK TYRE PRESSURE is the single, most ignored and most misunderstood
operational practice. Almost without precedent, almost every heavy truck is running the wrong tyre
pressure, usually on all tyres.

MOST STEER tyres are underinflated.

ALMOST ALL DRIVE AND TRAILER TYRES are over inflated, by at least 25%, while many are over
inflated far worse.

Most tyre retailers don’t understand optimized tyre pressures.

Most tyre ‘expert’s don’t understand optimized tyre pressures.

Most government regulators and experts don’t understand optimized tyre pressures.
Most magazine articles and most internet articles are incorrect.

MYTHS:

. The pressure stamped into the tyre sidewall is not the optimal tyre pressure. It is the maximum
pressure required for that tyre to carry the maximum load as recommended by the manufacturer
for that tyre.

. 100 psi is only optimal for one tyre load; 2790 kg or 6138 pounds for single tyres, or 5135 kg, or
11,297 pounds, for a dual assembly with 11R22.5 tyres. That equates to 5580 kg (12,276 Ibs)
for an axle with only two single tyres, or 10270 kg (22,594 Ibs) for an axle with dual tyres on
each end.

. 110 psi is only optimal for one tyre load; 5,940 kg (13,068 Ibs) axle load for singles tyres, or
10,940 kgs (24,068 bs) for a dual assembly.

. Some experts say that any pressure between the recommended pressure, from ‘load to inflation’
tables, to the maximum pressure on the side wall is OK. This is wrong. The only optimal pres-
sure for a specified weight is the weight shown in the load to inflation table.

o Some say that the tyre pressure should be higher to allow for natural air pressure loss. Adding
10% isn’t going to waste too much money, but why waste any when you can get the best.

. Others say that a higher tyre pressure will improve fuel economy. Yes, this is true, to a point,
but, what about the other costs, the additional suspension and chassis maintenance, the in-
creased down time changing more tyres, and the higher accident rate? Michelin states the dif-
ference between optimal tyre pressure and severely over inflated is around 1%. Safety first.
Then work on reducing the over all costs.

THE OPTIMUM HEAVY TRUCK TYRE INFLATION PRESSURE depends upon the tyre size, the
weight on that tyre, and the road surface travelled on. First, we’ll deal with improved roads, like those
that most trucks work on.

As the load changes, the optimal tyre pressure also changes. Every quality tyre manufacturer pro-
vides a load to inflation table. These are readily available on the internet. The US Tire and Rim As-
sociation (T&RA) makes a great tyre handbook, that lists every tyre size and every load to inflation ta-
ble. Typically, Load to Inflation tables minimum pressure listing is 65 psi. They assume that the
truck hasn’t got Central Tyre Inflation (CTI). Special charts are available from tyre manufacturers or
the T&RA that specify tyre pressures down to 25 psi allegedly for those with CTI.

Most countries legislate the maximum loads that can be used on public roads. For instance,
. Australian standard steer axle maximum loads are 6,000 kg., or 3,000 kg per tyre.

. Tandem axle dual tyre groups are 16,500 kg, or 8,250 per axle, or 2062.5 kg per tyre.
. Tri axle dual tyre groups are 20,000 kg, or 6,666.6 kg per axle, or 1,666.7 kg per tyre.
USA typically allows

. 12,000 Ibs on the steer, and or 6,000 Ibs on each tyre

. 34,000 Ibs on the tandem drive, or 4250 Ibs per tyre.
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DETERMINING CORRECT TYRE PRESSURE
The correct tyre pressure depends on the load.
Consider the following cases;

(i)  An Australian Tandem Drive has a maximum legal tyre load of 16.5 tonne on 8 tyres. This
is 2063 kg per tyre. Referring to the Bridgestone or Michelin charts below, (See Yellow
Squares) this gives the correct cold pressure of 75 psi.

(i)  The front axle load is 6 tonne (6000 kg) - spread over two tyres, ie 3000kg per tyre. Steer
axles should have 10% added to account for the increased steering lateral loads and thus
the cold steer pressure for a 11R22.5 is 132 psi. (See Orange Squares) In Australia this is
illegal and therefore a larger section tyre is needed to support 6 tonne.

The Correct Tyre Pressure depends on the load per tyre and the terrain traversed.

Larger size tyres can carry more weight at similar pressures OR need less pressure for similar
loads.

Effective January 2009 ZnRIDGESTONE Load and Inflation Tables

Medium Commercial Truck Radials
RADIAL PLY TIRES FOR TRUCKS, BUSES AND TRAILERS USED IN NORMIAL HIGHWAY SERVICE
TIRES MOUNTED ON 15° DROP CENTER RIMS
Tire Load Limits (ky b at various Cold Inffaion Pressures (kPalpsi Pressure Listd s te Minimu for the Load
KPa | 80 | S0 | S0 %0 | 60 | 660 | 60 | M0 | W0 | M | 8

:

Tire Size =

Designation | USAGE | psi 0 | 5 | W | K | % | K | 0 06 W | M5 0 :

DUAL kg M0 | 160 | 190 2000(E) | M@ | 260 260, | 200 | 230 (243006, =

’ [ ET7E =

10R22S |5, IBED 4045 4230 M0(E) 4535 LTR0 | ASA0(F) 5I7% N0 | 5356(G) ;
SNGLE || 10 | 10 | 200 2M20E), | 200 | 2260 BBOFL, | 0 | 2500 2505(6),

s, | M80 | 4280 | 480 G6TSE) | 450 | S5 (SMSFl | S0 | 5515 |SG7S(6)

BUIAL ‘9| o1 We0 260 150 |B6OF), | 260 | TR0 (2650061, | 30| 70 |2msiMl,
s, | WO M0 4TE0 a0 [SSF) | 5415 | SR (SBAOGI | S5 | 5980 |GU0siMI

11R2Z5
ShplE 9 WE | 0 | 280 | B0 (280, | 260 | 100 \20006), | 20 | 2900 Baooah),
s | S0 | 47N | 400 | 50 [SEOOF) | GM0 | GOS0 [GNDSIGH | 630 | 64an [ GG10(H)

Medium Trllck Tires FII'**‘I‘“HQ | Truck Tire Dats Book | 104D & INFLATION TADLES
Radial Ply METRIC Tires for Trucks, Buses & Trailers Used in Normal Highway Service

TIRES MOUNTED ON 15° DROP CENTER RIMS

Tire Load Limits {kg./1b.) at various Cold Inflation Pressures (Pressure Listed is the Minimam for the Load)

TIRESEZE kPa | 550 590 620 660 690 720 750 70 | 8% 860 900
DESIGNATION | USAGE | psi | 80 8 90 9 100 105 10 s 120 125 130
o || 95 | s | mso | w0 | oz 300 P S0 |} | M50W), | 3500 | FTSOML),,

Ih, 3675 aE40 Ba70 B335 G545 G170 G340 7210 TE) T BZro(L)

I15/30R22 5
W | mw 2410 3030 3150 3260 3370 3450 B0 | IO, | 90 | amsiL,
Ib, G175 E415 B0 B340 a0 Ta4d TE10 7320 g270(J] HEHD 5@90(L)

Single

Note also that the table is titled “used in normal highway service”. It is not referring to gravel or
sandy roads.
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S = Single configuration, or 2 tires per axle.
D = Dual configuration, or 4 tires per axle

11R22.5 LRH xz¥T 3, XZEe™, xZAZY xDy-2™ xDYe 3, XD, XDz, XDEimE
Pl 76 &) A5 a0 95 100 ws | 110 115 @ MEAKIMUIM LOIA0
kP= 520 550 500 a20 BED B30 T20 | 7a0 Tan AMND PRESSURE OM SIDEWALL
Lps [SNGLE| 9540 | 9980 | 10440 | 11020 | 11460 [ 11900 | 12350 | 12640 | 12030 | F5 BE10 LES ol 120 PS
DAL 1EZ2D 19040 10600 204820 21680 22500 23360 23580 2300 24020 . ] GO0S LBS at 120 PSI
e SINGLE | 4320 4550 4740 5000 5200 5400 HE00 1 5740 5880 | BOD0 ] 3000 KiG at aan kPa
DUAL | 8320 | BG40 | 9000 | o440 | ssan | 1040 | 10600 | 10720 | 10s40 | weoo | D E7E KG al 830 KPa
295/80R22.5 LRJ #® Coach X2
Pl il a5 oo o5, 100 115 120 123 BAAKIALIM LOAD
kFa B0 590 fi] ] () Ten) B30 B850 | AND PRESSURE OM SIDEWALL
LES SINGLE | 100 | 11530 ! 12040 12580 13100 14840 15160 l 15660 ] TEID LBS at 123 PS5l
DUAL | 19440 | 20400 | 21360 | 22280 | 23200 25960 | 2om80 | 27760 | D R0 LBS al 123 P&l
Ka SINGLE | 4960 B260 By B740 EEG0 GEA0 BE00 T 5 anb0 K al a&0 kPa
DAL Ha00 320 DEAD 10200 1050 11760 12240 12600 D 3150 KiG at ash kPa
305/70R22.5 LRL xzu®z, xrv®
FEl 75 B0 £5 N 85 10 115 120 MAXIMUM LOAD
kP& [EFETi] S50 L G20 i) PED 00 B30 AND PRESSUBE ON SIDEWALL
LBS BINGLE | 10760 11320 11880 12440 12660 14600 15140 16G6E0 5 TaA0 LBS at 120 P&l
DAL 18060 SR 21080 o] 23020 & 24840 25800 SEHA0 2760 1] 8940 LES at 120 PSI
ke |SINGLE| 4880 | G100 | baoo | 66e0 | 5ee0 | 6120 | 6m0 | esao | seeo | 7i00 5 3560 K al 830 kPa
DAL HEAD S080 D00 g960 10480 ADERD 11240 11760 12120 12600 (1] 31560 MG at H230 kP&
315/80R22.5 LR % Energym™, xZa%, xov® 3, xoNe GRIP
P51 #5 100 | 106 110 116 120 126 130 MAXIMLUIM LOAD
kPa 560 &80 720 760 7a0 B30 860 800 AMD PRESSURE OM SIDEWALL
LES SINGLE | 12830 14380 14a8a0 AREED 15840 16540 17820 18180 ] G080 LBS at 130 P&l
DAL | 2ase0 | 2 26180 | 27080 | 27ie0 | 2eda0 | 90440 | Z2oa0 | ga0s0 | D 8270 LES at 130 FSl
K SIMGLE | 5820 GOGD L] Ga20 GFA0 BE00 7180 Tan TRED et B 4125 KG at 800 kPa
DAL 10600 11000 116010 11830 12280 A2600 130480 13800 14480 15000 1] 3750 Kz at 00 kPa

The above charts show an example of how the required pressure of a tyre with 6 tonne axle load
changes as tyre size increases. NOTE: Steer axles require an additional 10% pressure.

TO DETERMINE THE CORRECT TYRE PRESSURE THE FOLLOWING NEEDS TO BE

CONSIDERED,

Weight on each tyre

Size of the tyre

Whether a dual or single configuration
Steer tyres carry the most weight as well as steering the truck. They therefore should have
10% added,

Weigh each axle of the truck both empty and fully laden. The easiest method is:

Drive the steer axle or axles onto the weigh bridge. Write down the weight.

Drive the prime mover or truck onto the weigh bridge. Write down the weight.

Drive forward until the trailer axles are on the weigh bridge. Write down the weight.
Subtract the steer axle/s weight from the prime mover or truck weight to get the drive axle’s
weight.

You should have the steer axle’s weight, the drive axle’s weight, and the trailer axle’s weight.

Divide this weight by the number of axles to find the axle weight, or by the number of tyres to
find the tyre weight.
Check the Load to Inflation tables for your tyre size to find the optimized tyre pressures for each
axle.

Note: The correct cold pressure is shown in the appropriate load to inflation chart. This allows for
natural heat build up to optimized operating temperature and pressures.
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Pressions d'utilisation route - Tire inflation pressures for road service (bar )  11R22.5

Charge par enveloppe Vitesse - Speed ( Km/h ) 1 Bar = 14.5 psi
Load per tire 2 Bar = 29 psi

(Kg) 130 120 110 100 9 80 65 SO 40 30 20 10 0
, | 3150 80 80 79 79 79 77 7.6 10 62 54 40
Nomiual route | 3000 76 76 75 15 715 73 72 61 58 52 38
, | 2750 69 69 68 68 68 67 65 60 53 47 34
Namawal ront | 2500 62 62 61 61 61 60 59 5S4 42 a2 31
condiclons | 2250 §5 ‘S50 §4 ‘w4 sS4 §3 S22 48 42 BT 27
: 2050 49 49 49 49 48 48 47 43 38 33 24
| 2000 48 48 48 47 471 48 45 42 37 S32 23
1750 €1 41 41 40 40 40 39 35 31 27 13
I 1500 %4 84 94 A3 AS 93 X3 N0 163 XS
| y2s0 27 27 27 27 26 26 25 24 20 18 12
: 1000 20 20 20 18 18 17 17 16 14 12 08
Fléche 37 37 375 375 376 38 385 41 455 SO 62,5

Defiection { mm )

ALL THE TYRES on the right are severely over inflated.

The only optimally inflated tyre is below on the left.

There must be a footprint that lies flat against the ground. «
For an 11R22.5, that footprint should be 240 mm long and

180 mm wide as shown on the next page, life size when

printed on standard A4 paper.

-

N

OPTIMAL HIGHWAY PRESSURE FLAT AREA

ALL OTHERS ARE SEVERELY OVER INFLATED

IT’'S EASY TO \

SPOT

OVER INFLATED TYRES!
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UNMADE ROAD HEAVY TRUCK TYRE PRESSURE RECOMMENDATIONS

On unmade roads, like gravel or dirt roads, reducing the tyre pressure
below highway pressures allows the tyre contact patch to deform to
mould into and key into the road surface providing numerous benefits.

Notice the loads and pressures recommended for 50 mph, or 80 kph.
Trucks with high tyre pressures slip and slide, especially when empty.

As is demonstrated by this tyre sitting on a golf ball, over inflated tyres
sit on top of any gravel or stones. By reducing the tyre pressure, the l
Vertical Load

tyre can mould around these, and key into the surface, obtaining sub-
stantially more grip.

—UF Rubber

AN

Road Surface

THE TIRE AND RiM ASSOCIATION, INC. [

DESIGN GUIDE
REDUCED INFLATION PRESSURE LIMITS FOR TRUCK TIRES USED OFF HIGHWAY AT REDUCED SPEED
{FOR SINGLE AND DUAL APPLICATIONS)
MAXIMUM SPEED - 50 MPH

TIRE SIZE
DESIGNATION MINIMUM COLD INFEATION PRESSURES (PSI) AT VARIOUS LOADS (LBS.)
2000 2100 2200 2300 2400 2500 260C 2700 2800 2900 3000
11R22.5 25 25 25 25 26 28 29 31 33 34 36
11R24.5 25 25 25 25 25 25 27 28 30 kY 33
12R22.5 25 25 25 25 25 25 26 27 29 30 32
12R24.5 25 25 25 25 25 25 25 25 26 28 29
295/75R22.5 25 25 25 27 28 30 32 34 3B/ 37 39
315/80R22.5 25 25 25 25 25 25 25 26 28 29 30
3100 3200 3300 3400 3500 3600 3700 3800 3900 4000 4100
11R22.5 38 40 42 44 45 47 50 52 54 56 58
11R24.5 35 36 38 40 41 43 45 47 49 5 53
12R22.5 33 35 37 38 40 42 44 45 47 49 51
12R24.5 31 32 33 35 36 38 40 41 43 45 45
295/75R22.5 41 43 45 47 49 51 53 55 57 59 61
315/80R22.5 32 34 35 37 38 40 41 43 45 46 48
4200 4300 4400 4500 4600 4700 4800 4900 5000 5100 5200
11R22.5 60 63 65 67 70 72 74 77 80 82 85
11R24.5 55 57 59 61 63 65 67 70 72 74 76
12R22.5 53 55 57 59 61 63 65 67 69 72 74
12R24.5 43 50 52 83 65 57 50 61 63 65 67
295/75R22.5 63 65 67 70 72 74 76 79 81 83 86
315/80R22.5 50 51 53 55 57 58 60 62 64 66 67
5300 5400 5500 5600 5700 5800 £900 6000 6100 6200 6300
11R22.5 87 20 93 95 98 101 104 107 110 113 116
11R24.5 78 81 84 86 89 91 94 96 99 102 104
12R22.5 78 78 81 83 86 86 20 93 96 98 101
12R24.5 61 71 73 75 77 80 82 84 86 89 o1
295/75R22.5 88 90 93 95 98 100 103 105 108 110 113
315/80R22.5 69 71 73 75 77 79 81 83 85 87 88

NOTES: 1: The above inflation pressures are applicable for use off highway with vehicles having central tire
inflation (CTI) systems. Since these tables define minimum "caold" pressures, additional pressure
will be necessary to correct for "hot" conditions. These CTI systems are fo be designed so that
normal tire pressure build-up is maintained.



IN POOR TRACTION AREAS, USE LOWER PRESSURES.
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Lower pressures increase the footprint length, reducing the
surface unit pressure providing even better keying, while
added floatation. Both effects increase vehicle access.

Traction increases can be up to double, while significantly
reducing tyre slip, punctures, ruts, road damage, and silt run
off.

Reducing tyre pressures is essential when operating off
hard surfaces. The softer the roadway, the softer the
tyre needs to be.

NOTE the much larger footprint in this picture.

Page

Rev. Date

3-36

2 10/24/14 THE TIRE AND RIM ASSOCIATION, [

DESIGN GUIDE

REDUCED INFLATION PRESSURE LIMITS FOR TRUCK TIRES USED OFF HIGHWAY AT REDUCED SPEED

MAXIMUM SPEED 35 MPH

{FOR SINGLE AND DUAL APPLICATIONS)

TIRE SIZE
DESIGNATION MINIMUM COLD INFLATION PRESSURES (PSI) AT VARIOUS LOADS (LBS.)
2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
11R22.5 25 25 25 25 25 25 26 28 29 31 32
11R24.5 25 25 25 25 25 25 25 26 27 26 30
12R22.5 25 25 25 25 25 25 25 25 26 27 29
12R24.5 25 25 25 25 25 25 25 25 25 25 26
285/75R22.5 25 25 25 25 28 27 29 30 32 34 35
315/80R22.5 25 25 25 25 25 25 25 25 25 26 28
425/65R22.5 25 25 25 25 25 25 25 25 25 25 26
445/65R22.5 25 25 25 25 25 25 25 25 25 25 25
3100 3200 3300 3400 3500 3600 3700 3800 3900 4000 4100
11R22.5 34 36 37 39 41 42 44 46 48 50 52
11R24.5 31 32 34 35 37 39 40 42 43 45 47
12R22.5 30 31 33 34 36 37 39 40 42 44 45
12R24.5 28 29 30 31 33 34 35 37 38 40 41
205/75R22.5 37 3@ 40 42 44 46 47 49 51 53 55
315/80R22.5 29 30 32 33 35 36 37 39 40 42 43
425/65R22.5 26 27 28 28 29 30 31 31 32 33 34
445/65R22.5 25 28 26 27 27 28 29 29 30 30 31
4200 4300 4400 4500 4600 4700 4800 4900 5000 5100 5200
11R22.5 54 56 o8 60 62 64 66 68 71 73 75
11R24.5 49 50 52 54 56 58 60 62 64 66 68
12R22.5 47 49 51 52 54 56 58 60 62 64 66
12R24.5 43 44 46 48 49 51 53 54 56 58 60
295/75R22.5 57 59 61 63 65 67 69 71 73 75 77
315/80R22.56 45 46 48 49 51 53 54 56 58 59 61
425/65R22.5 34 35 36 37 38 38 39 40 41 42 43
445/G5R22.5 32 32 33 34 35 35 36 37 38 38 39
5300 5400 5500 5600 5700 5800 5900 6000 6100 6200 6300
11R22.5 77 80 82 85 87 90 92 94 97 100 102
11R24.5 70 72 74 76 79 B1 83 85 88 90 92
12R22.5 68 70 72 74 76 78 80 82 85 87 89
12R24.5 61 63 65 67 69 71 73 75 77 79 81
295/75R22.5 79 81 84 86 88 80 92 95 97 99 101
315/80R22.5 63 64 66 68 6o 71 73 75 76 78 80
425/656R22.5 44 45 48 47 48 48 49 50 52 53 54
445/65R22.5 40 41 42 42 43 44 45 46 47 48 49
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THE FOLLOWING DIAGRAMS DEMONSTRATES CORRECT TYRE PRESSURE INFLUENCE
TREAD LIFE, AND CASING LIFE ON AMERICAN ROADS.

Drive Axle

_ Underinflation ,  Overinflation
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Pressure Effects on Tread Life on US roads — per Michelin

TYRE WASTE is ridiculous.

. 100 psi on tandem axles is 25%
over inflated when fully laden, losing
20% tyre life and losing 14% of the
expected casing life.

. 110 psi on tandem axles is 38% over
inflated wasting even more.

o When empty, these tyres are wear-
ing out much faster, wasting even
more money, safety, time, drivers,
infrastructure, and needlessly dam-
aging our environment.

Australian roads mostly are coarse chip which
is rougher than American roads, increasing the
wear rate on all tyres.

Loaded B doubles will suffer more wear than
single trailers.

The worst case for highway drive tyre wear is
an empty tip or dump truck pulling a trailer that
is loaded with an excavator or dozer. No
weight on the drive tyres, towing a heavy load
is a recipe for rapid drive tyre wear. Excessive
drive tyre pressure reduces the tyre footprint,
causing horrendous wear.

Many trucks operate empty half the time, like
many mining trucks, tankers, concrete agita-
tors, bulk haulage trucks. All the power and
engine braking are transferred to terra firma
through the contact patch. Drive tyre life in
these cases is horrible.

- 25% -20%
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Pressure effects on Casing Life — per Michelin
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mmm 20% under-inflation : 19% mileage loss
mmm 20% over-inflation : 22% mileage loss
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OPTIMISING TYRE USE ON/OFF HIGHWAYS, LOADED/UNLOADED

On gravel or dirt roads, the optimal tyre pressure is 60% of the optimal highway pressures, at a
reduced speed of 80 kph or 50 mph.

To optimise tyre use, the driver needs to be aware of the load each axle is carrying, and view this
information along with the road he is travelling on.

Below are schematics showing how the mentality of “one size” fits all loading/terrain conditions is
flawed. Adopting such a mentality will result in enormous unnecessary expense.

Over-inflated tyres reduce the tyre footprint. The contact area is too small to transmit the drive force
of the engine since the adhesion or keying of the tyre is not capable of transferring this load to the
road. In short, the tyre is unable to grip the road and therefore slips. The engine over-revs without
any transmission of energy thereby reducing fuel efficiency. Over-inflated tyres pound the roads
causing and then worsening potholes. Over inflated tyres deteriorate faster releasing pollutants into
the environment. Over-inflated tyres amplify vibrations to the driver caused by road roughness that
lead to debilitating diseases under the umbrella term “Whole Body Vibration”.

Over-inflated tyres cause unnecessary soil compaction, loss of mobility and sedimentation.

Under-inflated tyres increase the potential of a blowout through sidewall damage and poor fuel econ-
omy due to increased roll resistance.

Examples of Correct Tyre Pressures on a Fully Loaded Truck

Michelin 11R22.5 Maximum Legal Load
Correct Pressures

o heylse T ©000)

22.5 tonne max legal load 16.5 tonne 6 tonne (2 tyres)
7.5 tonne axle load 8.25tonne 6 tonne (2 tyres)

30 40 100 110 120
[ L 1 1 1

207 376 345 414 483 kpa552 621 690 759 828

Examples of Correct Tyre Pressures on an Unloaded Truck

Michelin 11R22.5 Typical Empty Semi Trailer

Gnrrect Pressures Iﬂ
=iy P00 U ©

e Gravel Road

5 tonne empty load 7 tonne 5.5 tonne (2 tyres)
1.66 tonne axle load 3.5 tgnne 5.5 tonne (2 tyres)

30 &0 70 psi 80

1 [ |
207 376 345 414 483 kpa552 621 690 759 828
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OPTIMAL TYRE PRESSURE EXAMPLES OF HEAVY TRUCK TYPES:

To ease understanding of optimal hot operational tyre pressures, a few examples including weight on
each group of axles. Tyre size; 11R22.5. Recommended Optimal Pressures were obtained from the
Michelin Technical Databook.  Steer tyres are increased 10% from recommended to allow for extra
lateral loads. All pressures are hot pressures, which are 12 to 15% higher than recommended and
normal cold specifications.

A standard 6 m concrete agitator (3 axles):
Front Rear optimal
Axle/s Axles tyre pressure
Front Rear
Empty 4.7 tonne 5 tonne 98 psi 40 psi
Loaded 6 tonne 16.5tonne 120 psi 96psi
(slightly higher rear pressure because of high CG)

An 8 m twin steer tandem drive agitator (4 axles):
Empty 6.5 tonne 6 tonne 70 psi 45 psi
Loaded 10tonne 16.5tonne 100 psi 96 psi
(slightly higher rear pressure because of high CG)

Tandem drive tip truck (3 axles):
Empty 5tonne 5 tonne 100 psi 30 psi
Loaded 6tonne 16.5tonne 120 psi 92 psi

Dog trailer (3 axles):
Empty 2.5tonne 3.5tonne 30 psi 30 psi
Loaded 9tonne 16.5tonne 105 psi 92 psi

Prime mover/tractor bob tail (3 axles):
Empty 45tonne 3.5tonne 96 psi 25 psi
Loaded 6 tonne 16.5tonne 130 psi 92 psi

Tri axle tanker trailer with super singles (3 axles)
Empty 6.3 tonne total 4 tonne 30 psi
Loaded 15 tonne 75 psi

Note: Currently, 385/65/R22.5 super single tyres @
are restricted to 15 tonne capacity for a tri axle |
group in Australia.

If a tri axle group of Super Singles could carry 20
tonne as per standard dual assemblies, the optimal &
loaded tyre pressure would be 105 psi.
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WASTE COSTS AND COSTS AND COSTS
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8.5 PROBLEM SUMMARY
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SUMMARY

The benefits of matching tyre pressure in tyres against weight and terrain conditions is poorly under-
stood within the transport industry. As a result, significant benefits that accrue to the driver, owner,
the country, and environment have been overlooked. This is mainly due to antiquated work practices
and inter-generational thinking.

The costs of damage to driver’s health, the reduction of the safety of vehicles, the lost profitability of
the trucking industry, the damage to our infrastructure, and the environmental fallout and damage are
substantial yet avoidable.

It is quite clear that the transport industry needs to review and absorb new technological changes
that make it possible to improve outcomes for all stakeholders both inside and outside the trucking
sector.

Failure to do so will mean that poor economical returns, adverse health and safety issues and envi-
ronmental damage will remain the norm. This outcome is extremely detrimental to all stakeholders
concerned and to the world.

The opportunity exists now to rectify the problem, and everyone within the transport industry needs to
make the step from passive observer to active participant.

A solution is clear and easy to adopt. A driver needs to take into consideration the load he is carrying
on each axle and then determine the load on each tyre. He needs to consider tyres in individual
groups, that is as Steer, Drive or Trailer — each is a separate case — and then relate back to the ter-
rain he is driving on. He can then refer to the manufacturer's recommended load/inflation tables.
This recommended tyre pressure is cold pressure and allowance would need to be taken into ac-
count when the tyre is at hot pressure. This needs to be done for every change in load conditions
and terrain conditions.

Central Tyre Inflation is the OE or aftermarket tool/accessory that makes tyre pressure optimisation
easy and affordable.

CENTRAL TYRE INFLATION (CTI) AND OPTIMIZED TYRE PRESSURE CAN ACHIEVE:

e Optimal tyre pressures increase safety significantly.  Stopping distances are shorter, and
straight. Handling and vehicle control is improved. Ride quality is improved. Accident levels
reduce.

e Tyre costs reduce by 30% or more. The use of optimal tyre pressure via a CTl system increases
tyre life by at least 30%. By maintaining tyres at correct pressure the contact patch or tyre foot-
print is at its optimal size. Thus ensuring the best transfer of the engine load through the tyres
via contact forces at the road surface. This ensures minimal wear and tear on the tyre.

e 30% less tyres are required, saving large sums of money, while helping reduce a country’s bal-
ance of payments, improving standard of living in each country.

e Reduce the number of tyres made and we reduce the amount of cancer causing, DNA damaging
pollutants that damage our environment.

o Considering that it requires 83 liters, 22 gallons, of oil to produce one truck tyre, optimized tyre
pressures reduces the amount of oil, carbon dioxide production and waste that follows from the
manufacture and transport of tyres.

o Disposal of old truck tyres is another total headache considerably reduced. Improved case life
means more and better retreads, further reducing environmental damage.
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A CTI system automatically maintains optimal tyre pressure. If deflation is excessive the system
automatically warns drivers and thus eliminates the prime cause of blowouts and tyre separation,
eliminating most dangerous blow outs and road side tyre changes/call outs, further improving
safety.

The use of optimal tyre pressures via a CTl system on vehicles ensures the tyres absorb obsta-
cles and dampen vibrations out so that they are not transmitted through the vehicle to the driver.
This will result in enormous reductions in the [Occupational] Whole Body Vibrations the driver is
regularly exposed to on a daily basis. Reduced stress reduces driver fatigue improves safety
further.

Optimal tyre pressure reduces damage to infrastructure, reducing road maintenance and re-
placement costs.

The use of optimal tyre pressure via a CTl system reduces road damage and road construction
costs. Road construction costs reduce, especially on non prime roads, as less road base mate-
rial is required.

The use of optimal tyre pressure via a CT| system increase mobility. By maintaining correct tyre
pressure vehicles are able to spread their weight over the optimal footprint. A larger footprint
and reduced contact pressure combined with increased keying increases traction significantly.
This minimises the tendency of tyres digging or trenching themselves into the ground.

The use of optimal tyre pressure via a CTI system increases fuel economy. Maintaining tyres at
the optimal pressure ensures the best adhesion and keying of the tyre to the road surface. This
ensures the best transfer of engine load to the tyres, with minimal slippage and sidewall deflec-
tion. CTI also balances pressure and therefore loads on dual tyre assemblies minimising the
high drag component.

The use of optimal tyre pressure via a CTI system reduces soil compaction. By maintaining cor-
rect tyre pressure vehicles are able to spread their weight over the increased footprint. This re-
duces excessive surface pressure that causes the collapse of the soil into a compressed, im-
penetrable barrier. This results in less ruts, less spinning tyres, less potholes, less corrugations
and less compaction.

The use of optimal tyre pressure via a CTl system reduces sedimentation and dust production.
Sedimentation of forests is a result of the breaking down of roads. By maintaining optimal tyre
pressure the stress transferred through the tyre to the road surface is minimised. Minimising the
stress transfer results in less surface damage of the road. This means less surface particles
breaking free, less grinding action, less dust and thus less sedimentation of streams.
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WORK SMARTER, NOT HARDER
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CENTRAL TYRE INFLATION
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CENTRAL TYRE INFLATION - HISTORY

During World War 1l the mobility re-
quirements in Europe were extremely
demanding due to poor road and high-
way quality. Consequently, a consider- |
able effort was made by the USA and
Russia to develop systems to improve =
mobility, including primary suspensions
and central tyre inflation systems
(Kaczmarek, 1984).

Kaczmarek (1984) stated that “One of the most effective and well proven
systems that have been adapted to wheeled tactical vehicles to improve
the overall vehicle mobility is CTI.” So good were the results that the
USA army adopted CTI systems on its front line vehicles from the 1940s.

However, after World War I, no serious consideration of the benefits of
CTI occurred outside of the USA army until the 1980s. By this time most
of the military tactical vehicles produced in the United States were : |
equipped with CTI (Adams, 2002). ‘

Today the largest application of CTl is in the forestry industry. In actual
fact, the logging industry predates the US army in the use of adjusting |- :
tyre pressures (although not using an actual CTI system) for their bene- ;«

fit. 1l

It was in the early years of the 20th Century that logging drivers con-
ceived the idea that softer tyres could do much to improve the operation =
of logging trucks. Specifically in the mid-1920s an attempt was
made to provide a softer tyre by first thickening the cross-
section of the solid rubber tyre in use at the time and then put-
ting holes through the rubber to produce some give. Logging
did improve and increased the demand for softer tyres.

In 1934 Lloyd Christensen, a log trucker who worked in Oregon
and Washington and the Goodyear Tire and Rubber Company
developed the 14-ply, 10.00 x 20 tire that became the standard
in log trucking for many years. In succeeding decades, tires on
logging trucks had their pressures increased time and time
again due to increased speeds and loads — until the pressure
in their tyres reached the 120 psi range. This is where the de- |
viation from optimal tyre pressure seen today in truck tyres °
has its roots. However, and not unexpectedly given to-
day’s knowledge, loggers once again started to experi-
ence the road damage, traction problems and excessive "=
truck maintenance that they did with early solid tyres. .
Many loggers now know they can minimise these prob-
lems by installing central tire inflation in their logging
trucks to ensure they always run at optimal tyre pressure.

Since 1983 the United States Forest Service has been
testing the feasibility of Central Tyre Inflation technologies
(Altunel and de Hoop, 1998). Brown and Sessions (1999)
summarized several of the United States Forest Services
sponsored research programs to evaluate the impact of
CTI in commercial logging operations on Forest Service
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lands. The rough nature of logging roads forces vehicles to
slow down in order to limit the vehicle vibrations which nega-
tively impact the vehicle as well as the health of the opera-
tors. The results of their research showed that, with CTI, the |

overall vehicle’s speed could be increased as a result of the k&
tyres being optimally suited to the road surface conditions.

While forestry is considered the dominant user of CTI, it is
used extensively in other industries namely; military tactical
wheeled vehicles, commercial concrete mixer trucks, dump
trucks and assorted agricultural vehicles. However, the benefits
derived from CTI| are common to all industries, these benefits ___
being potential cost savings in road construction and mainte- %
nance, lower vehicle maintenance costs, increased vehicle mo-
bility and traction, extended hauling seasons where applicable
and improved health and safety for drivers (Greenfield, 1993).

Around the world, CTI has proven it's benefits. Roadex trials
has seen logging adopt CTI extensively throughout northern Europe
South African logging uses CTl. Some countries in South America
mandate CTI use on all heavy trucks. Canadian Ferric and the USA &}
Forestry Dept proved the many benefits. In Australia and New Zea- i
land, almost all log trucks use CTl. Many forestry areas demand CTI
use to lower the environmental impact.

Other transport industries use CTI. Public Utilities require safe access.
Country fire services need reliable access. Many out back
transport operators know the many benefits, and wouldn’t
dare venture bush without CTl. Remote motor homes value
their vehicles and their lives.

Fuel tankers, tip or dump trucks, agitators, machinery trans- jis
port, and mining trucks often travel empty half the time. CTI
saves them time and money while improving customer ser- |
vice, and reducing their environmental footprint.

it

= HN"‘QCV—“ ""’@\F' " "——
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70 YEARS,
AND WE’RE STILL NOT USING IT
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WHAT IS CENTRAL TYRE INFLATION?



Central Tyre Inflation White Paper 2016 64

WHAT IS CENTRAL TYRE INFLATION (CTI)

Central Tyre Inflation is an attachment to a truck or trailer that conveys air pressure from an air
reservoir to each tyre or a select group of tyres to monitor, maintain, and, often to modify the air

pressure as required.
Wheel Valves

Momnally closed design
izzlates tires from potential

aif systerm leaks, eliminating

Quick Release Valves

Serves as a remote air exhaust
port. Can be fitted with an external
hogse to allow ventirg above deep

tre bzak down when parked.
Aypailable options allow for
integration into alurminwm
whieels eliminating the need
for extarmal hosoes.

i weater fording lesels

Electronic Control Unit

Option i
Frovvides operalor seleclions

or Larran and can b

conligurad Lo oplimize Lre
pressures based on axla

loads. Has abihity o contal

——

il T . enging speed, ransmission shifung, ABS and axle differental
locks. J1587 and J1938 data link compatble. Built-in self
diagnostcs. Feld prograrmmabla.

Pressure Switch Integrated Control Switch/Driver

. . Display Module
bonitors vehicle wet tank
pressure, Provides air sys-
tem priarty 1 brakes which
suspends CTIS operation in
the event of low truck ain
SYSIEM Pressure,

Compact rocker switchas and display
mixdule are designad for instrurmeant
panal mounting. (ffers samea

features as above, and comeas with a |
ramate mounted electronic contral wnit.

Pneumatic Control Unit

x>

The air reservoir is usually a standard part of heavy trucks. An engine driven compressor main-
tains approximately 120 psi that is stored in air reservoir/s to operate the truck and trailer brakes.
Additionally, many heavy trucks and trailers use air pressure as springs between the axles and
the frame. Air springs are often used between the cab and the frame to further improve driver
comfort. Air suspended seats are another popular improvement. Air pressure is also used to
assist clutch operation, to select gear ratios in the transmission, to operate differential locks,
warning horns, engine driven fans, and other accessories.

Contrals air flows 1o single "
or multiple tire grouns.

Fressurizes systam onby

during inflate/deflate oycles,

thereby extending air seal life

A control system is required to control the air pressure supplied to the tyres. Init's simplest form,
it can be a manually operated tap or valve, an electrically operated valve or solenoid, or an air
pressure regulator. A driver control system or automatic operation can be provided.

Manifolding and tubes or pipes distribute the air pressure to each connected wheel tyre assembly.

A flexible tube or hose connects the frame to the axle or wheel, to allow for suspension move-
ment, often called a drop hose or tube.

A rotating gland or union (rotator), that contains the air pressure, connects the stationary hose or
axle to the rotating wheel.

A hose connects the rotator to the tyre/s, usually by connecting to the standard tyre Schrader
valve.

A warning system warns the driver if a problem exists.
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TYPES OF TYRE PRESSURE CONTROL SYSTEMS

MANUAL
The tyres are inflated to the optimal cold pressure for the maximum m I
load the tyres will endure. If the truck is constantly loaded at R |

roughly the same amount, this is a valid first step. This will save at
10% on tyre life. Benefits will depend upon the frequency of adjust-
ment and check ups.

The tyre pressures are adjusted manually to suit the load. Down-
side: This takes a lot of time and access to compressed air, and
does not protect from blow outs, punctures, or inherent dual tyre drag.

TYRE PRESSURE INDICATORS
A variety of special tyre valve caps have indicators built in. One com-
pany installed gauges in a truck hub cap. These do make pressure
checks easier, but only while actually walking around the truck. No in
cab warning. Downside is another fitting that can leak, and no pro- ¥

tection from punctures, dual tyre drag, or any means of optimizing 1“
tyre pressures. !

BALANCE SYSTEMS FOR DUAL TYRES
Cat’s Eye and Cross Fire attach to both dual tyres,
allowing pressures to balance, and provide a visual
indication of ‘low’ pressure. Balancing dual tyre
pressures is a definite benefit, improving tyre life.
Walk around visual indication has no in cab warn-
ing, nor is this set up for optimizing tyre pressures.

TYRE PRESSURE MONITORS (TPMS)
TPMS sensors are mounted on the tyre valve or inside the tyre, and
provide via radio signals a dash readout of the pressure. This is a
significant improvement, that can warn the driver whilst in motion, of
an immanent problem before it becomes dangerous. Most modern
cars have a ‘low pressure’ warning system that is the low cost option
of this. The down side is, the driver has to stop and re inflate any
punctures, and there is no means to optimize tyre pressures, or to
balance the pressures in dual tyre assemblies.

PRESSURE MAINTENANCE SYSTEMS: (also TPMS) w "
Tyre Pressure Maintenance Systems are used extensively on trail- @
ers. They are a type of Central Tyre Inflation, but only maintain a
single set pressure. This is another great

leap forward. Costs are reasonable, and the

returns are good. As trailer tyre mainte- DUAL WHEEL-END ASSEMBLY
nance is often poor, this TPMS is a great ST HOSE OUTHDE
investment, especially if the trailer is loaded 3136200 Sse Page 8

most of the time. A warning light, usually i+ Ty

fitted to the front of the trailer, warns the
driver if a problem exists. Most trailer axle
manufacturers offer a TPMS as do aftermar- | THROUGH-TEE &,
ket suppliers. Unfortunately, most are set
an an over inflated pressure, costing tyre
life. The down side is no variation of tyre

o Y= AXLE
SPINDLE

Ge~W1 Y\ PRESS PLUG SeeFago s
NI N ik
HUBCAP 56 Page &

\ s
pressure is offered. Pressure maintenance =1 ONG HOSE (INSIDE)
systems are not easy to fit to drive tyres or ek

steer tyres.
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QUICK CONNECT TIRE INFLATION SYSTEM
These systems use a quick connect hose and manifolding to get
close to each wheel. The vehicle must be stopped, and the
hoses must be attached, and then pressures can be varied at the ™
one time. An alternative is a ‘spider’, which is a hose with sev-
eral ‘tails’ that connect to each tyre, allowing easier inflation or
deflation. Of course, no on board warning system, no dual tyre
balancing, and no on the fly adjustment. Blow outs, punctures
and driver ‘good luck’ is ignored.

CENTRAL TYRE INFLATION SYSTEM (CTI) or (CTIS)
As explained, CTl is an adjustable tyre pressure system. It can be automatic, controlled
by the load on the axle via air suspension pressures, or by the
driver, as he drives. Most are driver controlled.

Traditionally, CTI has been used to improve off road access.
Front line army vehicles with tyres are fitted universally to aid
traction, which it does spectacularly. Most army CTIl is fitted Vo=
internal through the axle. Internal systems are expensive, high
maintenance, and short on long term reliability. They are con-
sidered much too costly for civilian use.

INTERNAL CTI:
Most heavy duty drive axle manufacturers supply special axles
plumbed to allow air pressure to get to the tyres. Portal B e
axles, like those fitted to the American Hummer and Mer- ] "
cedes Unimogs, are relatively easy to fit ‘internal’ CTI. In
reality, the rotator is simply bolted to the inside of the live
axle. It's still exposed, just that most don’t look under-
neath. See above on the right.

Conventional drive axle internal CTl is highly complex as
seen in the drawing on the right. Typically a special
spacer sleeve slips over the axle tube, requiring a larger
internal diameter tapered roller bearings. These bearings
do not have the capacity of the original. The air is piped
through this sleeve, and out into the hub chamber, where
the air is retained by high tech seals, that seal against the
inside of the hub, which must be highly polished. These seals are a real problem. The
large diameter means high surface or rubbing speeds, hence high wear potential. In fact,
reasonable seal life is maintained by ‘deflating’ the seals when tyre air pressure checks or
adjustment is not needed. Special valving on each wheel controls air flow, when required.
Typically, tyre pressure checks only occur once every 20 minutes. One axle supplier has
stopped supplying civilian systems to Australia. They simply did not last, and they were
very expensive.

\EH@E}J;I

Mational Central Tire
Inflaticn Program—
QOlympic Mational Forest

I

NOTE:

It was long considered that CTl was too unreliable and too ex-
pensive for civilian use. But, inventors are inventors. External
systems appeared.

4 mrm

L]

I:[

Field Operational Tests

In the 80’s the USA and Canadian governments wanted to ex-
tend the logging season in the spring and autumn, when the
tracks were too muddy to log. Extensive tests proved conclu-
sively that CTl and optimized tyre pressures was a fantastic
tool. In fact, other than the cost, every test has proven highly
positive in every way.
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A Canadian company worked with the US and Canadian CTI tests and developed an ex-
ternal system. They have done a lot of marketing with considerable success. Others
copied them, and marketed them in the southern hemisphere with success. These very
similar systems were good for the time, but time progresses.

~
EXTERNAL CTI: |/
External CTI comes from the exposed ‘drop’ pipes or
hoses that connect the rotary gland in the middle of the
wheel, to the chassis, on the outside of the truck. These [}
exposed hoses are both the biggest fear, and the best fea-
ture. Since this system ‘bolts’ on, the rest of the truck is
totally stock. No undersized bearings, no high mainte-
nance, or added complications.

Just bolt it on, and enjoy the many benefits, while saving
money, earning more, safer, and greener.

To optimize the tyre pressure, simply push a button on the
dash. Simply look up the Load to Inflation tables to suit
your tyre size and load. Easy. The truck rides better, is
more comfortable, stops quicker, straighter, and tyre life is
extended at least 30%. The driver knows what the tyre
pressure is, and all the tyres share equally, safer.

If a puncture occurs, the driver is warned, and the CTI sys-
tem will automatically re inflate the tyre, up to the capacity =
of the compressor. Eliminate almost every blow out and
road side tyre change. Call outs for tyre problems drop
90% or more.

Maintenance and tyre replacement is reduced. Less
downtime means more up time. Lower costs and in-
creased earning means money in the pocket. Everyone
wins except the tyre supplier.

Optimal tyre pressures reduces damage to infrastructure, lowering our countries' costs,
which should lower our taxes. Less road damage and better traction means less acci-
dents, less suffering and less lost loved ones. Thirty percent less wasted tyres reduces
land fill. Healthier drivers, and a less polluted environment mean our people are safer and
healthier.

Our natural resources are put to better uses, extending our way of life. Everyone wins.

CTI cost has decreased as the product has matured. Quality, reliability, and ease of op-
eration has also improved and improved. Competition always makes a better product at a
more competitive price.

American ingenuity combined with the
harsh Australian out back proving
ground has revolutionized CTI.

This Aussie competition has reduced
costs, reduce frustrations, reduced
weight, and increased reliability and ro-
bustness.
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WHAT MAKES A GREAT CTI SYSTEM
Each component is vital to make any system a success. Every component adds to the complete sys-

tem.

ROTATORS must do a lot of rotations and miles. Bearings must be protected from mud, dirt,
stones, snow ice, and high pressure cleaners. Bearings must be protected by dedicated seals
combined with intelligent design, including labyrinth seals. Bearing failure is almost always
caused by external dirt ingress.

ROTATOR air seals must be very reliable, and virtually leak free. Carbon seals are the current
standard.

ROTATOR bearings should be large for longevity. Large bearings have a higher load capacity,
and are inherently stronger.

ROTATORS should be short. The more they protrude, the more exposed to damage.

STEEL ARMATURES rust if they are not plated.

ROTATOR MOUNTS should not weaken the drive train. Replacing axle drive flange studs with
bolts reduces torque capacity. Hub female threads become worn and loose when bolts are re-
moved for tyre changes, over time, damaging expensive hubs.

TYRE HOSES must be top quality. Adding another leak point to a tyre Schrader valve increases
the opportunity for air to leak. This connection is vital for reliability.

TYRE HOSES must not rub on wheels. Pre made tyre hoses are often too long. Rubbing hoses
will rub through while damaging the wheels at the same time.

TYRE HOSE QUICK CONNECTS are convenient and labor saving. Auto stop, quick connect
fittings make tyre changing easier, quicker and safer.

DROP HOSES must fit neatly, and not protrude out too much. Flexible hoses are notorious for
flapping at speed, often requiring excessive clearance. Australian Design Rules (ADR), as do
other countries, allow drop hoses to protrude past the legal limit, but hoses that protrude are eas-
ily destroyed by wild animals or tree branches.

DROP HOSES must be tough. Although snagging a hose is rare, it can happen. A super tough,
semi flexible, high tech plastic pipe with a rounded, non snag form has been proven to the best
option.

EASY TYRE CHANGING is vital. Good systems make tyre changing easy and convenient.
Some systems require removal of threaded fittings before removing tyres which encourage leaks.
Regular removal causes unnecessary wear.

SOME METHOD OF LIMITING AIR LOSS from good tyre assemblies when another is damaged
is important. Typically, air is plumbed through T fittings to each set of tyres. If one is damaged,
air pressure can flow from the good tyres to the damaged one. The driver must stop immedi-
ately, or he can suffer multiple flat tyres. An automatic isolation valve system is highly recom-
mended as good safe practice, minimizing air loss from other dual assemblies.

AIR TRANSFER SIDE TO SIDE is another potential disaster. When off camber, air will flow from
the heavily loaded ‘low’ side, to the higher side, if not prevented. This will cause the truck to lean
further, and possibly roll over. An automatic isolation valve system is required.

ELECTRONIC AIR VALVES, solenoid valves, are used to control air flow. As the compressed air
has engine by products, and water vapour, electrolysis is usual if the solenoid plunger is a differ-
ent material to the guide tube. Stainless steel is recommended for both.

TYRES tend to sluff off small pieces of rubber. These will disable standard solenoid valves if a
filter is not provided.

A PRESSURE PROTECTION VALVE, often called a hold back valve, is mandatory. It should be
located on the air reservoir, to minimize potential damage. The PPV controls air flow from the air
reservoir, ensuring adequate air supply for brake operation, and is a legal requirement for any air
operated accessory.

DASH MOUNTED MONITORING AND CONTROLS must automatically re inflate and warn the
driver, both audibly and visually, if a tyre pressure drops. A completely manual system that relies
solely on the driver’s actions is not acceptable, nor is it safe. The controller should be mounted
high on the dash where visibility is easy and quick.

FUSES OR CIRCUIT BREAKERS are necessary.

SELF DIAGNOSTICS is highly recommended.

MANUAL TAPS OR VALVES are required for servicing or for isolation of the system if a failure
occurs. Taps are usually installed at the air reservoir, and inflate solenoid valve. Each tyre re-
quires a tap to isolate if major tyre or other damage occurs.

SPEED SENSING to warn, or reset tyre pressures if speeds exceed a specified amount can be
useful, but in most cases, is not needed.



CURRENT STATE OF THE ART, AIR CTI:

DASH CONTROLLER:

PRESSURE PROTECTION VALVE (HOLD BACK VALVE)

INFLATE SOLENOID AND FILTER ASSEMBLY

DEFLATE SOLENOID AND ISOLATOR ASSEMBLY
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. Must show set pressure and current pres- r—
sure B - ea e

e Must show that it is inflating, or deflating R

. Audible and visual warnings. Controller —C——
beeps every time it inflates. This reminds
the driver to check the pressures. Beep, e ——

beep, beep, beep if a major leak occurs. Other smvow ARCT] s

warnings for tyre valves off, for no air flow, for slow 185 psid 110 IWF
leaks. . 5 psiv 27

. Must be easy to use; high, medium, and low suits — I
most jobs. Just one push of one button. ol ‘,"! n] : %

. Must have adjustability for odd needs. Increase or
deflate in one psi increments.

. Auto highest pressure start up, protects against OPTIONS include:

brain fade, or emergency driver . Automatic for highway use
Gps speed sensing
Steer & drive, show above
Two pressure trailer
Lock out of any controls

. Self diagnostics is built in

. Compact to make installations easy, to sit high for
quick visual checks, and to minimize damage to
dash.

A pressure protection valve is mandatory to ensure
brake air supply. It should be fitted to the air reservoir
if possible

Direct acting top quality solenoid valves with stainless internal
components, are used throughout. These are extremely reliable.
A self draining water trap and filter is standard, as are 11 other g _
stainless filters ensuring reliability. '

Dual solenoid valves ensure quicker deflate times.

The Isolator automatically limits air loss from the good duals if one

is damaged, and stops air pressure transfer when off camber

The isolator is a fantastic safety feature unavailable elsewhere.

Inflate and deflate solenoids are easy to fit, and easy to maintain.
. ah
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DROP PIPES

. Drop pipes need to be tough and robust.

. Drop pipes are curved to minimize

. AIR CTI drop pipes are a high tech super
tough plastic thick wall pipe, specially ex-
truded and developed for this tough job.

. Pipes are pre loaded to spring out ward to
allow typical lateral axle movement, while
maintaining minimal clearance

. A short length of push loc hose allows move-
ment and acts as a fuse, protecting the wheel
furniture.

. Drop pipes attach with standard Stauff hy-
draulic clamps which allow easy adjustment
and mounting, making chain work easy.

. Drop pipe strength has been proven by over
15 years of service, including millions of miles
of logging and out back road train work.

. Drop pipe strength was stretched until failure,
at 270 kgs or 600 Ibs. The push loc failed as
planned. It was reconnected by simply push-
ing it on by hand. It took 100 kg to pull off
the second time. That is strong.

BAD
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WHEEL FURNITURE:

#1. Wheels must be easy to change.

. Quick connect, self sealing tyre hoses save
time, minimizing air loss.

. Tyre hose length must be custom fitted to each
tyre valve. Hoses must not rub on wheels.

. Rubber sheafed hoses cause less problems
than stainless mesh covered hoses, especially
after a few years, when they fatigue.

. Each tyre requires a manual tap to isolate the
tyres when parking for extended periods, or if a
problem occurs.

. Tyre hose quality must be top quality.

. Tyre Schrader valves must be removed, as the
depth varies, and they restrict air flow.

. Drive axle flange studs should not be replaced
with bolts, as studs provide increased sheer
strength.

. Tyres must be fitted with valves 180 de-
grees apart, for improved balance, and
minimal tyre hose lengths and problems.

. Tyres must be wiped clean inside. Some
tyre fitters need retraining. Dirt left inside
tyres causes damage.

AIR CTI TYRE CHANGE PROCEDURES:

. Push button and remove quick connect tyre
hose from rotator.

. Remove two short rotator mount bolts, that
screw into long nuts attached to the studs.

. Swing rotator assembly and drop pipe up
and out of the way.

. Change tyre.

Internal

Trailer | &
ROTATORS WORK IN TERRIBLE CONDITIONS: Rotator

. Must have superb bearing protection from con-
tamination from, dust, mud, water, snow and Tyre Hoses
salt. Bearing life is the typical failure point.

. Rotators should be short to minimize impact po-
tential.

o Rotators internal components should not rust.

. Larger bearings are better.

>

AIR CTI

90mm
3.5 inches

5.25 inches

35 mm OD bearing 47 mm bearing
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Look at the mess on this dash!

Some early systems were very complicated, and were
fitted in boxes fitted to the chassis of the truck. Com-
plexity always adds cost, weight, and problems.

Some systems used air lines, some even used nylon
tube with olives for the drop hoses. These all flop
around, and are difficult to fit them neat and close to the
tyre, without rubbing.

One control system used a
toggle switch and a gauge.
This is dangerous.

A long rotator hides within this
Trailer hub. To change a tyre,
Remove all of the plumbing.

' Simply horrible to work on.

Larger bearings are good
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OPTIMIZE FOR PROFITS
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IN DEPTH EXPLANATION OF CENTRAL TYRE INFLATION BENEFITS.
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OPTIMIZING TYRE USE OFF HIGHWAY ON UNIMPROVED ROADS

A.1 EFFECT OF CTI ON ROAD TRACTION

Vehicle mobility increases with the use of CTIl. This is due to the fact that CTIl enables tyre pressure to
be lowered which results in a larger contact area between the tyre and the ground. Consequently, con-
tact pressure on the ground decreases which improves vehicle traction (Bradley, 1997)°. The Figure
below illustrates the increase in the length of tyre tread footprint in relation to the drop in tyre inflation
pressure on a typical 4-wheel drive tyre.

S0psi  45psi  40psi  35psi  30psi  25psi  20psi  15psi

4'0'\ l“‘
SNy 3 N ""}l "'{C \ $= ‘.
:t’gf :":f. ":: "t}' "'}' t -

Tyre footprint with changes in tyre pressure.

Sturos, Brumm and Lehto (1995)% from the North Central Forest Experiment Station in Houghton USA
conducted a research/demonstration field test to evaluate the effects of lowered tyre pressure on trac-
tion. Tests were also conducted on loose sand roadways. The average load that was measured in the
rolling resistance tests on loose sand roadway was reduced by 45% when lowered tyre inflation pres-
sures were used (Sturos et al., 1995)®. The results concluded that the use of the CTI system signifi-
cantly increased traction.

Powel and Brunette (1991)17 from the USDA Forest in Idaho, USA, showed that the use of CTI-
equipped trucks can increase the number of operating days due to enhanced vehicle traction and flo-
tation as well as reducing roadway damage such as ruts and corrugations. When wet road conditions
reduced traction to the point where operations were unable to continue, the use of CTI systems en-
abled operations to continue due to the increase in traction that is achievable when using CTI. Tests
were conducted by Bradley (1993)® to evaluate the tractive benefits of a CTI system. The tractive
benefits achievable by reducing the inflation pressure of the drive tyres were quantified through a truck
pull test, which found tractive gains up to 39% on loose gravel. The maximum grade climbable by the
loaded test truck fitted with CTI was estlmated to increase by 8% on gravel surfaces (Bradley, 1993)%.
In another test conducted by Bradley (1991), it was reported that lowering tyre pressure from 620 kPa
(90 psi) to 205 kPa (30 psi) increased tractive effort by 42% on a flat gravel surface.

The results were impressive and later independent testing has shown that mobility has effectively dou-
bled. This is because of three reasons, firstly increased traction and secondly, increased floatation
(reduced rolling resistance) and thirdly the bow wave is virtually eliminated. All just from using optimal
tyre pressure. An in-cabin system that allows the driver to adjust as necessary would contain several
benefits.

To explain why this happens it is constructive to look at Newton's Laws. Newton's third law states that
for every action there is an equal and opposite reaction. Further, let's consider the surface of the road
as a series of little cubes sitting next to each other.
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NATURAL TRUCK VIBRATION FREQUENCYS:

Tyres vibrate at 10Hz, depending upon tyre pressure

Road friendly suspension below 2 Hz, if it is working correctly.

Truck Frame natural frequency is 6—9 Hz

Truck tyre doing 100 kmh if out of balance will naturally vibrate at 8.3 Hz

A truck that encounters road bumps at 3.5 meter intervals at 100 kph will experience
bumps at 8.3 hz

. A half kilogram out of balance on a tyre doing 100 kph has a 78 kgs force vibrating it.

Out of balance on 11R 22.5 at 100 kph

.1 kg @ 100 kph = 15.6 kgs
.25 kg @ 100 kph = 39 kgs force
.5 kg @ 100 kph = 78 kgs force

Given time, a pot hole will give birth to another, a certain distance down the road, depending upon the
predominant traffic, and the speed of travel.

As shown above, 100 kph trucks tend to cause damage at 3.5 meters. The Laser scanner picture be-
low shows three bumps over a distance of around 10.5 meters.

...... T -
e 1

“#| Vibrations in phase create a larger vibration.
¢’/

; Vibrations out of phase cancel each other.

73 ARVAN

R,
High tyre pressures can amplify
other vibrations. In worst case
scenarios, some trucks can reso-
nate vibrations to the point of be-
ing impossible to drive.

VAV
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VIBRATION DAMAGE ON GRAVEL AND DIRT ROADS

Corrugations or washboards develop on gravel or dirt roads, that severely hinder travel, while
literally shaking vehicles to pieces. Corrugations are caused by the natural suspension fre-
quency combined with a tyre frequency that is substantially synchronous. Only over inflated
tyres create washboards or corrugations.

The distance between the bumps is governed by the predominant vehicle type and speed.
Automobiles create tiny corrugations, while four wheel drives create larger one, and trucks cre-
ate even larger waves.

Tyre pressure reduction changes the vibration frequency, cancelling the prevailing vibration fre-
quency. Lowering the tyre pressure to the optimal off road pressure for the load will eliminate
corrugations or washboards.

One truck will cause corrugations, and damage a track. AIR CTI users have phoned when a
new contractor entered their area, providing driver's name, phone number, company that he
works for, and the truck type, requesting sales staff sell him CTI.

CTI actually heals roads.

1.2 METERS or 4 FEET.
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TYRE PRESSURES, FUEL ECONOMY, AND TYRE WEAR FACTORS:

Much is said, and claimed regarding high tyre pressure and fuel economy. But the reality is far differ-
ent.

. Swapping safety for a tiny improvement in fuel savings is bad practice.
. Optimal tyre pressure for the load will use less than 1% more fuel, all things being equal.

Yet, the average truck’s tyres are not well maintained, costing far more in fuel.

19% of tyres in smaller fleets were under inflated by 20 psi or more.

3% of all trucks inspected had 4 tyres or more under inflated by 20 psi or more.
20% of twin or dual tyres on drive axles varied by more than 20 psi.

Mis aligned axles increase fuel use.

Hence, typically, CTI improves fuel economy by 2%.

Often, new tyres are fitted when systems are updated. Reduced fuel economy has been blamed on
the CTl fitted. As Bridgestone explains below, the difference in fuel economy between new and worn
tyres is 6.5%. Other suppliers have reported 8.5% difference.

Effect of Tread Depth on Fuel Consumption

FUEL SAVINGS AT VARIOUS TREAD WEAR LEVELS

Tread depth effects

Tread depth has a significant effect on tire fuel
economy. Bridgestone tests show that as a tread
wears, the fuel efficiency of a tire usually

30% worn = 2% savings INCreascs.,

#As tread wear progresses, the
fuel efficiency of most tires improves.

So, one of the easiest ways to make a fuel-
efficient tire is to cut down on original tread
depth. Another way of looking at it is to say that
during the last half of its useful tread life, just
aboul every tre is fuel-efficient.

50% worn = 4.5% savings

80% worn = 6.5% savings

LOW ROLLING RESISTANCE TYRES are a modern ideal. Improvements are possible, but care
should be taken. Most LRR tyres have far less tread depth, and usually, shorter life. Traction is of-
ten less providing less safety. Lost up time from more frequent tyre changes often eliminates any ad-
vantage.

If operating in more aggressive conditions, there is no choice but fit suitable tyres and CTI.

WIDE SINGLE TYRES, like super singles or the very wide 50 series tyres are a major improvement
on most trucks and trailers. Tare weight is reduced improving payload, while rolling resistance de-
creases, because there are half the number of side walls flexing.

CTl is almost mandatory on these vehicles, as any tyre problem stops work immediately. There is no
second tyre to limp on. CTI can maintain tyre pressure losses caused by normal punctures, saving
the much higher tyre cost. Optimizing these tyre pressures provides even better returns on invest-
ment.
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LET’S SQUASH OUR LAND,
KILL ALL THE WORMS
MAKE THE RAIN FLOW OFF
AND RUIN ROOT GROWTH,
AND PAY SOMEONE TO DO IT.
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SOIL COMPACTION AND TYRE PRESSURE
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SOIL COMPACTION
INTRODUCTION

Soil compaction is a major problem facing modern agriculture and is usually derived from machin-
ery and trampling of animals. Trucks follow headers regularly, usually with high pressures, dam-
aging soil where ever they travel. Trucks come in to recover hay, or silage. Trucks are used ex-
tensively for fertilizer spreading too.

Soil compaction occurs in a wide range of soils and climates and is often seen visually as rutting.

Soil compaction decreases soil physical fertility through decreasing the earth’s capacity to store
and supply of water and nutrients, leading to decreased production, additional fertiliser require-
ments and increased production costs. A detrimental sequence then occurs of reduced plant
growth leading to lower inputs of fresh organic matter to the soil, reduced nutrient recycling and
mineralisation, reduced activities of micro-organisms, and increased wear and tear on cultivation
machinery (Hamza and Anderson, 2005)%

Compacted ground makes it harder for roots to penetrate the soil. This results in reduced plant
production. Compacted ground makes rain and irrigation run off rather than penetrating the soil
and becoming storage for the roots of plants to access.

Compacted ground has eliminated air access and passage. This results in a lack of nitrogen
availability for root bacterial bonding ands assessability to plant roots.

Finally compacted soil form an impenetrable barrier that kills and stops worms, beneficial bacteria
and insect passage.

Soil bulk density is the most frequently used parameter to characterise the state of soil compac-
tion. In research undertaken by Hamza and Anderson (2005) it was determined that a way of
avoiding or preventing soil compaction was by reducing pressure on soil either by decreasing axle
load and/or increasing the contact area of wheels with the soil.

Stunted root caused by soil compaction Diagrammatic representation of stunted root growth
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AGRICULTURAL COSTS INCURRED DUE TO INCORRECT TYRE PRESSURES

In a summary of the international soil compaction project, compaction due to axle loads of 10-12
tons reduced yields approximately 15 percent in the first year, decreasing to 3-5 percent 10 years
after compaction®.

The lead researchers suggested that 10 percent of the yield loss in the first year was due to com-
paction in the topsoil and upper part of the subsoil. The effects of topsoil and upper subsoil com-
paction disappeared in approximately 5 and 10 years, respectively (Figure 1).

Three to five percent yield loss was apparently due to deep subsoil compaction, which did not dis-
appear during the period in which measurements were taken (12 years for the longest experi-
ments).

The conclusion is that lower subsoil compaction is, practically speaking, permanent and should
therefore be avoided by all means, whereas topsoil compaction and upper subsoil compaction are
temporary and should be limited as much as possible.

Two other important observations from these studies are;

o surface tillage did not completely alleviate surface compaction

. deep
100
(c) Yield loss due to subsoil compaction
= “"ﬂ] Yield loss due to
—. 95 compaction in upper
& | part of subsaoil
ke
2 90F (a) Yield loss due to
g compaction in topsoil
@
E 85
o
ol | |

5 10
Years after compaction

Figure 1. Effects of compaction in the topsoil (a) and upper part of the subsoil (b) are temporary, whereas deep subsoil
compaction (c) is virtually permanent.

In another study, soil compaction is estimated to be responsible for the degradation of about 30%
of the cropping soils in Australia (Hamza and Anderson, 2005; Tullberg, 2010; Rainbow and
Derpsch, 2011)°. This runs into the millions of dollars each year.
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SOIL COMPACTION

Our knowledge of soil compaction has increased substantially in the past two decades, especially
after results of an international project of more than 20 soil compaction experiments in North
America and Europe were published.

Based on this work researchers have discovered that;

o compaction in the topsoil is related to ground contact pressure only
. compaction in the upper part of the subsoil is related to both ground contact pres-
sure and axle load

. compaction in the lower subsoil is related to axle load only (Figure 2).

Approx.
Depth

0"

Topsoil
Compaction due to
contact pressure

12*

| Upper Part of Subsoil
ﬁ Contact pressure

|+ axle load
20°— .

Lower Subsoil
Axle load

Figure 2. Topsoil compaction is caused by contact pressure, whereas lower subsoil compaction is caused by axle load.
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KEYS TO SOIL COMPACTION AVOIDANCE
REDUCE AXLE LOAD

Axle load is the first factor that has to be considered in soil compaction. Axle load is the total load
supported by one axle and farm equipment with high axle loads will cause compaction in the top-
soil due to its contact pressure and in the subsoil due to the need to carry the load. The key to
eliminating deep subsoil compaction is to reduce axle load.

Axle load
5tons of less 10 tons or moee

1 S

Appeox.
Depth
'

Topsol

>

0 Part
of 508

20°

Lower Part
of Subsol

Figure 3. Low axle load causes compaction in the topsoil and upper part of subsoil only, whereas
high axle load causes compaction in the lower subsoil as well.

The amount of top- and subsoil compaction caused also depends on the presence of a natural or
traffic-induced pan (more on this later in section 8.1 SOIL REPAIR UNDER OPTIMAL TYRE
PRESSURE) close to the surface (Figure 4). In a uniform soil, stress will be transmitted from the
surface deep down into the soil profile. In a soil with a pan or dense subsoil, soil stress tends to
concentrate near the surface.

2 B

Uniform soil Layered scils

Figure 4. In a uniform soil, compaction is transmitted deep, whereas in a soil with a hardpan, compaction is concen-
trated above the hardpan.
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CONTACT PRESSURE

Contact pressure is the pressure that is exerted by a tyre or track on the soil surface. Reducing
contact pressures will cause less topsoil compaction.

NUMBER OF PASSES AND TRAVEL SPEED

Research in tilled soils has shown that approximately 75 percent of the increase in soil density and 90
percent of wheel sinkage is caused during the first pass. However, the compaction caused by subse-
guent passes may cause as much damage to a crop because the small changes to soil density are
now in the high range, which is more likely to be detrimental to root growth.

It has also been shown that the longer the dwelling time of a load on soil, the greater the increase in
density.

Therefore, (1) limit the percentage of the field trafficked, (2) concentrate repeated traffic in travel lanes
so remedial action can be taken there, and (3) drive faster to shorten the load dwelling time.

A big problem with soil compaction is that it is impossible to cure, and it continues reducing
crop growth years.

MOISTURE CONTENT

Monitoring soil moisture content is extremely critical to avoid soil compaction. Most compaction studies
are performed at moisture contents near field capacity (approximately 24 hours after soaking rain) to
simulate worst-case scenarios. To lessen soil compaction of their fields farmers need to stay off their
fields when soils are too wet. Dry soil can sustain high axle loads and high contact pressures without
adverse effects. The problem is, however, that factors such as optimum planting or harvest time often
dictate that a farmer will be in the field at suboptimum soil moisture conditions for traffic.

Driving on wet soil causes rutting, slipping, and increased deep soil compaction. Dry soil cannot be
compressed to as great a density as moist soil. However, at moisture contents above the “plastic limit”
soil compaction decreases because all pores are filled with water that cannot be compressed. Driving
on agricultural soil that is wetter than the plastic limit has many problems. Rutting and slipping have
devastating effects on soil structure that will be difficult to remedy.

Trafficking very wet soil (especially with high loads and tyre pressures) causes a “hydraulic ram” effect.
The topsoil is compressed very quickly to saturation. Because water cannot be compressed, surface
stresses are now directly transferred to the subsoil. Therefore, driving on very wet soil is very likely to
cause subsoil compaction.
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AN ADDITIONAL PROBLEM OF RUNNING FARM VEHICLES

There is an additional problem associated with over-inflated tyres. When a vehicle encounters a
pothole or bump the tyre moves vertically as well as horizontally. Upon returning to the ground
the tyre acts similar to a jack hammer and pounds into the soil, bouncing several times as it trav-
els along the field. Eventually the energy is dissipated and the tyre returns to its median position,
however, before this happens the tyre has had time to pound the soil several times. This creates
stresses and strains that can be substantially higher than the capacity of the soil particles destroy-
ing its structure. Further, and perhaps more importantly, the tyre pounding into the road imposes
a force on the soil and the underlying surface. This force causes soil compaction above that from
just the weight of the weight as it transverses the field. The rebound is cyclic and compacts the
soil is the same pattern. The effect is the same as can be seen in the picture (on bitumen) previ-
ously on page XX.

Once this type of compaction is in the field the resulting undulations start to escalate into deeper
problems. The pounding on any subsequent run is amplified and the tyres now run uphill upon
exit. This can cause slippage and wasted fuel.

Correctly inflated tyres are able to absorb a considerable amount of the energy from the bumps
and disperse this energy as heat. Not only is the field saved from compaction pressures but the
vibrations are not transferred through the tyre into the vehicle and its occupant(s). When the cor-
rectly pressured tyres are used the vehicle components are not exposure to damaging vibrations
and the whole body vibration exposure of the occupant(s) are virtually eliminated.

Interestingly rutting is also a side effect of this pounding as it pushes the soil outwards from the
impact point.

FUEL ECONOMY

“Tractive efficiency is considered as the most important factor of tractor aggregation, especially in
crop production. Research studies indicate that about 20-55% of the energy transferred to the
drive tractor wheels is wasted in the tire— soil interaction. Not only is this energy useless or
causes soil compaction, but it also may have a devastating effect on crop production [3]. The in-
creasing tractive efficiency means more effective usage of the internal combustion engine’s me-
chanical work. In other words, possibilities of higher efficiency lie in power dissipation reduction.
The common speed of a tractor during field operation ranges from 3 kph to 15 kph. Unfortunately,
it is the range of the speed where the wheel slip gets its maximal value; therefore, the aim should
be focused on reducing the tire slip, which can bring more tractive efficiency. There are two es-
sential ways how to reduce the slip in terramechanics. The first one lies in increasing the tractor’s
weight by adding ballast. The other possibility is to enlarge the contact area between tires and
surface. Enlargement of the tire contact area reduces negative effect of tractor's movement on
the field and it restricts physical degradation of soil characteristics (structure damage, compac-
tion, etc.) In addition, a larger contact area makes rolling resistance smaller in soft soil [4,5].
Gaultney et al. [6] found 50% corn yield reductions with severe compaction and 25% yield reduc-
tions with moderate compaction.” Terramechanica2010

One farm test used a Case 190 hp four wheel drive tractor ploughing identical fields with different
tyre pressures. On field was ploughed using traditional pressures as used by farmers in the area.
The other field used tyre pressures that provided the least tyre slip. Wheel slip reduces 6-7%.
Draw bar pull increased 6-7%. And fuel use reduced by 6-7%.

In effect, the tractor could pull a heavier load, quicker while using less fuel!

When harvest came, the resulting crop was increased 2%. Many farms would be happy with a
2% profit margin.
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SOIL COMPACTION

To examine soil compaction it is constructive to review the forces acting on a truck and how these
forces are displaced to the road surface. Using Newton's third law, “states that for every action
there is an equal and opposite reaction” and viewing the surface of the road as a series of little
cubes sitting next to each other.

Weight Friction

Reaction force - Air resistance

Driving force

Figure 5. Forces acting on a vehicle

The impact loading of the vehicle (weight divided by the number of tyres) is supported by the road
surface (the cubes). This is shown as the reaction force and is distributed evenly over several of
the “cubes”. Consider one cube; there is an equal and opposite force acting — an action/reaction
scenario.

Now the soil particle (one of the cubes) has a finite capacity with which to balance this weight.
This is usually described in terms of bearing stress and is measured in N/m? (Pascals).

At the tyre contact point the weight (Force) is divided by the tyre footprint (area) to determine the

Force

o(bearing) =
bearing stress e if this figure is greater than the capacity of the soil, failure
occurs and the soil is compacted, that is, the soil has collapsed. The cohesive bonds between
soil particles are broken and the soil collapses onto itself eliminating the air voids between the

particles.
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This is the cause of the compaction problem faced by farmers when vehicles drive across fields.
The problem is visually seen as rutting. The collapsing soil pushes out the air and gives no op-
portunity for atmospheric nitrogen penetration. It suffocates the nitrogen fixing bacteria and forms

impenetrable barriers to plant roots, worms and water. The later either damns or increases sur-
face (and erosion) runoff.

|

VY ST

Figure 6. Rutting.
Visual evidence of the collapse of soil.
Notice the damning of water resulting from non-penetration.

As the weight penetrates deeper into the surface the area over which it acts increases in size.
Usually we consider a 45° spread although the angle, for this analysis, is not crucial.

L

Also, as we go deeper into the soil, the soil particles are held in place by the adjacent particles.
The deeper soil particles have more bearing capacity since they are held in place by not only the
cohesive forces between adjacent particles but also by the mass of soil above them. Eventually
the bearing stress generated by the weight is balanced by the bearing stress capacity of the soil.

The soil will continue to compact until the point is reached and it is only at this depth that the soil
compaction tapers to zero.
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Now two things come into play in this analysis. Firstly the initial weight per unit area is smaller on
the low inflation tyre since the footprint is larger. That is the initial bearing is much less. Sec-
ondly, the larger the starting footprint the shallower the depth where the bearing stress generated
by the weight of the vehicle is balanced by the bearing capacity of the soil. This is because the
bearing area spreads out under each condition at the same rate, however the lower pressure tyre
has a starting area "advantage".

8.7.6 SOIL REPAIR UNDER OPTIMAL TYRE PRESSURE

However there is one further benefit obtained by using low pressure tyres. When an overinflated
tyre creates a rut it pushes the soil outwards and away from the edge thus worsening the prob-
lem. On the other hand a soft tyre has ‘give’ in the middle of the tyre. That is, a lower pressure
hollow is formed allowing soil to be pushed inwards therefore compensating for the passage of
the tyre.

™~

_,_,.,--"v

Soil pushed back inwards under low inflated ) )
Soil pushed away by overinflated tyre
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SUMMARY

The benefits of matching tyre pressure in tyres against terrain conditions is poorly understood
within the transport industry. As a result significant benefits that can accrual to the driver, owner
and environment have been overlooked. This is mainly due to antiquated work practices and in-
ter-generational thinking.

Soil compaction is a major problem facing modern agriculture. It costs billions of dollars in lost
production annually — especially in times of increasing population and world uncertainty. It is
usually derived from machinery and trampling of animals. Soil compaction occurs in a wide range
of soils and climates and is often seen visually as rutting.

Soil compaction decreases soil physical fertility through decreasing storage and supply of water
and nutrients, leading to additional fertiliser requirements and increased production costs.

The International Compaction Project has concluded that compaction in the topsoil can be signifi-
cantly reduced by;

o reducing tyre pressure
. reducing the number of trips over the field
. reducing the total area per acre actually travelled

Further, driving on soil that is wetter than the plastic limit should be avoided at all times.

It is quite clear that the transport industry need to review and absorb new technological changes
that make it possible to improve outcomes for all stakeholders both inside and outside the truck-
ing sector. Failure to do so will mean that poor economical returns, adverse health and safety
issues and environmental damage will remain the norm. This outcome is extremely detrimental to
all stakeholders concerned.

The opportunity exists now to rectify the problem and everyone within the transport industry
needs to make the step from passive observer to positive participant.

It seems a solution is clear and easy to adopt. A driver needs to take into consideration the load
he is carrying on each axle and then determine the load on each tyre. He needs to consider tyres
individually, that is as Steer, Drive or Trailer — each is a separate case — and then relate back to
the terrain he is driving on. He can then refer to the manufacturer's recommended load/inflation
tables. This recommended tyre pressure is cold pressure and allowance would need to be taken
into account when the tyre is at hot pressure. This needs to be done for every change in load
conditions and terrain conditions.

Central Tyre Inflation is the OE?? or aftermarket tool/accessory that makes tyre pressure optimi-
sation easy and affordable.

The procedure would be impractical unless the tyre inflation system is in-cabin and can be done
“on the run” thereby allowing the driver to continue his journey with minimal inconvenience.
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THE SIGN OF SENILITY
IS WHEN YOU KEEP DOING THE SAME,
AND EXPECT SOMETHING DIFFERENT
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THE SMART FUTURE
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RUNNING THE OPTIMAL TYRE PRESSURE IS THE ONLY CHOICE.

Traditional thinking has it's place in modern society, although knowledge and technology are con-
stantly changing the entire standard business practice. As progress revolutionizes ideals and proc-
esses, traditional knowledge can become dangerous, and or unacceptable. For instance, many
work practices that were normal when | was young, are no longer tolerated. In fact, many are ille-
gal. Imagine walking steel now. Or wiring your own home. Yet, | did both.

The tyre footprint is the only contact between a truck and the world. Every force and every reaction
is transferred through that tyre contact patch, or footprint. Our very incomes, and our lives, depend
upon that footprint. In fact, the safety of every road user depends upon this contact patch. Ifitisn’t
optimal, everyone’s safety is not optimal. Who would accept a 20% or 30% reduction in safety?

40 tonnes of steel covering 27 meters per second should not be 20 or 30% impaired.

And who can afford to throw away one tyre out of three, or spend more money and time in some
workshop getting repaired.

Our environment and world can not afford the waste. Wasting 80 liters of oil, millions of times is just
unacceptable. Disposing of millions of wasted tyres is an environmental nightmare.

We must change.

Just inflating the tyres to the correct ‘maximum legal load’ pressure would be a start. Tyre pressure
monitors at least inform the driver before a tyre disintegrates and becomes another dangerous road
obstacle. Tyre Pressure Maintenance systems are sufficient on many trailers, if set at the correct
tyre pressure, and if the trailer is always close to the maximum weight.

If we, the industry, the regulators, and the citizens want safety, low costs, higher standards of living,
more employment, and a cleaner sustainable world, we must optimize our lives. There is no other
choice.

Central Tyre Inflation is the only tool that can optimize tyre performance and operations.



THE SMART FUTURE: The Options

Continuing to use 100 or 110 psi universally on
trucks is old fashioned, dangerous, costly, and
bad for our world.

BEGINNING:

Truck and trailer maximum practical working
loads, and axle weights, must be accessed.
Consult the truck tyre Load to Inflation tables
for the tyre size used, and establish the opti-
mize the tyre pressure that can carry that load.

This will save some money, as long as tyre
pressures are regularly monitored.

BETTER:

Fit Tyre Pressure Monitors, and set tyre pres-
sures as above. This will warn the driver if a
tyre pressure is low, if he is watching.

A BIT BETTER:
Fit Tyre Pressure Monitors on the truck, and
fit Tyre Pressure Maintenance Systems on

trailers, set to the above pressures.

A LITTLE BIT BETTER:

Fit Tyre Pressure Monitors and Dual Tyre
Balance Systems on the truck, and Tyre
Pressure Maintenance systems on trailers, set
to the above pressures.

A LOT BETTER:

Fit Central Tyre Inflation to the drive tyres,
and Tyre Pressure Monitor systems to the
trailer, set to the above pressures.

Fit Central Tyre Inflation to the drive tyre, and
Tyre Pressure Maintenance system set to the
above pressures.

BEST:

Fit Central Tyre Inflation to the drive tyres,
and to the trailer tyres.

THE SMART FUTURE IS
CTI
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Costs everyone in many ways. Simply unaf-
fordable, unacceptable, and unsustainable.

This option is valid on low use trucks that don’t
do many miles, if similar surface roads are
used substantially. Cost savings 5-10%

This option is valid on low use trucks that don’t
do many miles, if similar surface roads are
used substantially. At least the driver has
some warning re pressure loss. Overall Tyre
Cost savings 7-12%

This option is valid for moderate use trucks,
doing highway work, carting similar loads.
Overall Tyre Cost savings 10-156%

This option is valid for moderate use trucks do-
ing highway work, carting similar loads. Tyre
balancers save some money, balancing pres-
sures. Overall Tyre Cost savings 12-17%

This option is valid for medium use trucks that
operate in all conditions. Overall Tyre Cost
savings 14-19%

This option is valid for medium use trucks that
operate in all conditions, further reducing costs.
Overall Tyre Cost savings 15-20%

This option is the best possible for any truck,
especially suited to high use trucks operating in
all conditions. Overall Tyre Cost savings 25-
35%

THE SMART FUTURE IS
CTI

*Cost savings estimate to provide reference expectations on over all tyre savings. For instance, pro-
Jjected savings for trailer maintenance systems on the trailer only, are averaged out for all tyres on rig.
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LET’S QUANTIFY
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LET’S QUANTIFY:
What does a typical semi rig cost to run?
The really important question is how much does down time cost?

It depends on many factors:

. Fixed costs:

. The cost of the truck and trailer must be paid for by money earned doing work, up time.

. Interest on the money borrowed. Don't forget, the entire sum costs money, money that
could be working else where.

. Registration, stamp duty, licenses, and other government charges.

o Insurance.

. Overheads
. Phone
. Depot or parking area, including insurances

. Accounting costs, including paying bills, invoicing, and taxes.
o Office, admin staff, paper, stamps, lighting.
. Wages, work cover, superannuation, holiday pay (owner drivers have to live too)
. Variable costs:

. Fuel
. tyres
. Maintenance
. Tolls

. Wages if driver is on contract.
On the next pages is an example of downtime cost for a sample semi trailer rig.
Below is an example of cost per mile for American trucks.

A sample of ‘on line’ cost calculators is shown on the following pages.

Call rows: 8005516847
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LET’S QUANTIFY AN EXAMPLE SEMI TRUCK RIG

A typical Australian semi consists of a prime mover (tractor) and a curtain-sider (van) trailer with three
axles. Figures are in Australian Dollars (AUD)

Assume a working life of 1,500,000 kms (930,000 miles) and 7 years. In this time, most trucks would
have an engine rebuild and transmission or differential work, but, for this exercise, this is ignored.

Prime mover cost: $220,000
Semi trailer, tri axle curtain sider (van) $80,000
Total invested, or borrowed $300,000
Bank interest estimated 8% x.08
Interest per year $24,000
Resale or trade in value after 7 years $100,000
Truck and trailer cost after 7 years $200,000

Cost of truck plus interest must be covered by operation over 7 years. At the end of the 7 years, the semi
rig must be replaced. Therefore the $300,000 investment continues. That $300,000 costs.

$200,000 divided by 7 = $28,571 per annum to pay the original cost less trade in.

Plus interest $24,000
Plus registration $6,678
Plus insurance $10,000
Minimum cost: $69,249

A single trailer semi rig costs $69,250 just to sit in your yard per year, ready to work, but without moving.

If the truck works every day for 12 hours, 50 weeks per year, it costs $198 per day.

If the truck works 5 days a week, for 50 weeks per year, it costs $277 per day.

More typically, it will work 5 days, for 42 weeks, and cost $330 per day, allowing for holidays and
normal maintenance down time.

Typical yearly costs, including driver, fuel, maintenance, tolls, and over heads will be in excess of
$400,000. A ten percent profit, will net only $40,000, for an over all turnover of $440,000. $40,000 di-
vided by 50 weeks $800 per week, or $160 per day.

Example: Working 5 days per week, 50 weeks per year. Add the day cost of $277 to the required profit
of $160 equals $437 cost. Some would think this is the bottom line cost, but it isn’t.

5 days fixed cost plus profit = $2185
If you lose one day from a break down or rain, then:
4 days fixed cost plus profit = $1748, but we lose the cost of the lost day: $1748 less $437=$1311
Lost income for the week is $2185 - $1311 = $874
This does not include driver wages. If the driver is employed, he probably still gets paid. If an owner
driver, he loses his daily earnings plus the above. 8 x $25 = $200 plus superannuation = $220.
Every day lost costs $1094.... This does not include accounting, taxes, tolls, or any variable costs.

See the chart below for the other working time scenarios from above.

Weeks worked Days worked Cost Cost Cost Cost Lost Lost
per year per week perday perday standard week income income
+ profit week less day nodriver inc driver
less day $
50 weeks 7 days $198 $358 $2506 $1790 $715 $935
50 weeks 5 days $277 $437 $2185 $1311 $874 $1094
42 weeks 5 days $330 $490 $2450 $1470 $980 $1180
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FINANCIAL RETURN ON AN AIR CTI SYSTEM ON DRIVE TYRES ONLY, in Australia using AUD,
using figures from previous pages

Example One: a log truck working in steep rocky terrain, figures from actual transport operator.

Tyre usage before AIR CTI 25,000 km
Tyre usage after AIR CTI 45,000 km

Additional investment cost: $7,550.

This operator would be $200,000 ahead, with a safer vehicle, a happier driver, and a happier owner.
His annual profit margin increased by 70%. His return on investment is 3668%.

Over all use and cost for example life of 1,500,000 kms.

Tyre cost  Total Tyres Total Replacement Tyres Total Tyre DaysLost Cost Total
Complete Required Value Required Required Value Savings half day no Savings
Replacements No CTI no CTlI  with CTI with CTI with CTI with CTI  per driver
Replacement

$600 60 480 $288,000 33 264 $158,400 $129,600 13.5 $11,800 $141,399
Over all use and cost for example life of 1,500,000 kms. Continued 25k
Total Annual Annual Annual Total Maintenance Maintenance Days worked Improved
Direct Damaged Cost Time Value Days Saved costsaved because of bottom line
Savings Tyres Lost Damaged including extra traction total
Tyres downtime less damage saved
$141,399 4 $2,400 2 $18,548 28 $56,000 70 $61,000 $276,947

Example Two: A log truck operating on rolling hills with sandy base, from an actual operator:

Tyre usage before AIR CTI 95,000 km
Tyre usage after AIR CTI 135,000 km

Additional investment cost for quality CTl is $7,550.

This operator would be $100,000 ahead, with a safer vehicle, a happier driver, and happier owner.
His annual profit margin just went up 35%. His return on investment is 1370%.

Over all use and cost for example life of 1,500,000 kms 95 k example
Tyre cost  Total Tyres Total Replacement Tyres  Total Tyre Days Lost Cost Total
Complete Required Value Required  Required Value Savings half day no Savings

Replacements No CTl no CTlI  with CTI with CTl with CTlI with CTlI  per driver
Replacement

$600 16 128  $76,800 11 88 $52,800 $24,000 25 $2,185 $26,185
Over all use and cost for example life of 1,500,000 kms. Continued 95k
Total Annual Annual Annual Total Maintenance Maintenance Days worked Improved
Direct Damaged Cost Time Value Days Saved costsaved because of bottom line
Savings Tyres lost Damaged Total including extra traction total
Tyres downtime less damage saved

$26,185 2 $1,200 1 $14,518 16 $32,000 35 $30,590 $103,293
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LET’S QUANTIFY AN EXAMPLE SEMI TRUCK RIG, CONTINUED

Example Three: Milk transport semi rig picking up milk in country area:

Tyre usage before AIR CTI 120,000 km
Tyre usage after AIR CTI 180,000 km

Additional investment cost: $7,550.

This operator would be $48,000 ahead, with a safer vehicle, a happier driver, and a happier owner.
His annual profit margin increased by 17%. His return on investment is 640%.

Over all use and cost for example life of 1,500,000 kms 120 k example
Tyre cost  Total Tyres Total Replacement Tyres Total Tyre DaysLost Cost Total
Complete Required Value Required Required Value Savings half day no Savings

Replacements No CTI no CTlI  with CTI with CTI with CTI with CTI  per driver
Replacement

$600 12 96 $57,600 8 64 $38,400  $19,200 2 $1,748 $20,948
Over all use and cost for example life of 1,500,000 kms.Continued 120k
Total Annual Annual Annual Total Maintenance Maintenance Days worked Improved
Direct Damaged Cost Time Value Days Saved costsaved because of bottom line
Savings Tyres Lost Damaged including extra traction total
Tyres downtime less damage saved
$20,948 1 $600 1/2 $7259 7 $14,000 7 $6,118 $48,325

Example Four: A semi trailer rig transferring fuel trailer system:

Tyre usage before CTI 250,000 kms.
Tyre usage after CTI 340,000 kms.

Additional investment cost for two pressure trailer CTl on three axles:$7,400

This operator would be $30,000 ahead, with a safer vehicle, almost no call outs, and less break downs.
His annual profit margin increased by 10%. His return on investment is 400%.

Over all use and cost for example life of 1,500,000 kms 250 k example
Tyre cost  Total Tyres Total Replacement Tyres Total Tyre DaysLost Cost Total
Complete Required Value Required Required Value Savings half day no Savings
Replacements No CTl no CTl  with CTI with CTI with CTI with CTI  per driver
Replacement

$500 6 72 $36,000 4 48 $24,000 $12,000 1 $874 $12,874

Over all use and cost for example life of 1,500,000 kms.Continued 250k
Total Annual Annual Annual Total Maintenance Maintenance Days worked Improved
Direct Damaged Cost Time Value Days Saved costsaved because of bottom line
Savings Tyres Lost Damaged including extra traction total

Tyres downtime less damage saved

$12,874 2 $1,000 1/2  $10,059 7 $7,000 0 0 $29,933
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COST EXAMPLES FOR DISCUSSION PURPOSES

This cost analysis is produced by and available to use at www.freightmetrics.com.au, and provides an
idea of costs for Australia for a standard semi rig with a single trailer. It is shown purely as an exam-
ple for information only.

No taxes are included.

PRINT button can be found at the bottom of the calculator.

Truck Operating Cost Calculator

Country of operation Bustralia v | units; Kilometres, litres, metric lonnes
| Step 1: Fuel
Current Fuel Cost 5 1.40 per Ltr & in In n Fipel Cha
Di=sel Average - Click Here
Less Fuel rebate (fuel credit) 3 0.12003  |per Ltr
Fuel Cost including delivery & rebate 3 1.271997  perlir See ATO for Fuel Credit details- click here
| Step 2: Vehicle Type
Select Type of Truck & Trailer Curtain Sider - Single v
Met Average Daily Delivery 24 Tonn
| Step 3: Fuel Consumption |
Average Vehicle Fuel Bumn Rate 2.10 Km ! Lir (Kilometres per Litre) = 4762 Krs per 100km

| Step 4: Distance and Working Days |

Distance Travelled per Day 750 Kilometres (Per working day)
Dab‘g per week vehicle works i Days per weeak
Weeks per year vehicle works 46 (account for driver holidays and senvice time)

Yehicle Description / Number
Foute Description From

Drestination

| Step 5: Finance (per vehicle)

Capital Cost - Vehicle (Truck) 3 276,210

Wehicle Stamp duty 3 6,286 Based on & rate of 3%

Capital Cost - Trailen(s) 3 81,406

Trailer(s) Stamp duty 3 2,442 Based on a rate of 3%

Miscellaneous costs - 15,000

Less Deposit $ 0

Principle (Loan - Amount Financed) 5383344
Balloon % 25%  Residual $95,836
Interest Hate % 9.30% Paid monthly in amears
Loan Period 5.0 Y ears

Loan repayments are calculated based on constant payments and a consiant inferest rate (averaged).
Balloon is the residual lump sum payment payable at the end of the loan (if selected to be used).

Annual Depreciation - Guids fo deprecislion:  Www_ato_gov.au
Depreciation rates and limits are set by the Tax Office. Speak with your financial advisor for what rate to use.
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| Step 6: Fixed Costs (per vehicle) |
Costs in Step 6 relate only to the costs for a single vehicle
Insurance (Truck & Trailer) § 13,042 peryear Road Tolls Paid -1 20 per day
Registration (Truck & Trailery $ 6,555  peryear Mobile Cost £ 120 per month
Accounting / Consultancy L3 500 peryear Telephone Cost -] 295 per month
Depot | Rent for vehicle 12,500 peryesar Administation Staff & 1,890 per manth
Depot Rates / Insurance 5 1,500 peryear Office Supplies - 240 per month
Diriver Wage (click here to checkl § 278 per day Miscellaneous g 82 per day
Workcover/ Workers Insurance 4.70%  (of wage on top of wage)
Superannuaticn 9.00%  (of wage on top of wage)
(Nota: The Resulls Calulation assumes 52 weeks of driver amployment for the wages costs)
| Step 7: Service / Maintenance
Vehicle Service Cost (Type A) $ 930 per service interval every 18,000 Km
Maintenance Cost (Type B) § 1,670 per maintenance interval 20,000 Km

(Maintenance includes costs for Brakes [ Differential rebuild / Injectors [ Altemator / Engine rebuild / Batteries etc_)

[ step 8: Tyre Wear

Steer Tyre Cost £ T4 per tyre Drive and Trailer Tyre Cost  $ T00 per tyre
Steer Tyre Cuantity 2 Dinve and Trailer Quantity 20
Steer Tyre Life 100,000 Km Dnve and Trailer Tvre Life 160,000 Km

Step 9: Fuel Levy Calculation (only if a base fuel rate is used in contract agreement)

Base Rate Fuel Price (if used) 5 1.00 per Ltr
Base Rate Less Rebate per Step 1 5 0.87997 o1 Fuel Levy 9.66 o
Using Current Fuel Price of $ 1.4 per Lir equates to a fuel levy of 9.66% over the base rate fuel price of $ 1 per Lir

| Summary of Estimated CoStS - Click Calculate to Update Figures

Cost Summary Per Annum Per Month Per Work Day Percentage Cost
Fuel (without fuel rebate included) 29.98%
Fuel 126,168.47 10,514.04 45713 28.1%

Finance - Princip ¥ 5750167 479181 208.34 12.8%

Finance - Interest ** 2406129 2,005.11 B7.18 5.4%
Depreciation 0.00 0.00 0.00 0.0%
Fixed Costs 02,788.56 7. 73238 33619 20.7%
Driver 08,618.83 821824 3571 22.0%
Tyres 21,316.86 1,776.41 7724 4.8%
Maintenance 17,284.50 1,440.38 6263 3.9%
Service 10,695.00 891.25 38.75 2.4%

Total Cost Estimate § 448435183 37.369.60 162477 100.0%

Distance Travelled 207,000 Km per year - (estimated average)

Service Intervals 12 per year (estimated average)

Maintenance Intervals 10 per year (estimated average)

** Note: Interest amount varies from year to year. Value is the average of the finance period. {See Rule of 78).

RESULTS - Based on Current Fuel Price in Step 1

Operating Margin 10.0%

Estimate Charge per Day $1,805.29 +GST/Tax (Based on 81.4perLir, less rebate )
Operating Cost per Day § 162477 EstChageperDay § 180529 Margin per Day § 18053
Estimated Cost per Tonne 5 6770 Est Charge per Tonn & 7522 Margin per Tonne 5 752

Estimated Cost per Km 5 217 Est Charge perKm  § 2.41 Margin per Km 5 024
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WHO SAYS?
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APPENDIX
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IN DEPTH ADDITIONAL INFORMATION
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VIBRATION STANDARDS AND EXPOSURE CRITERIA
Basically there are two main criteria currently used in Australia:

Australian Standard AS 2670-2001 Evaluation of human exposure to whole-body vibration
prescribes methods for the measurement of whole-body vibration.

European Union Vibration Directive 2002.
AUSTRALIAN STANDARD

The Australian Standard (AS2670-2001 Evaluation of human exposure to whole-body vibration)
on whole-body vibration was published in 2001.

It incorporates assessment methods for both steady state (rms) or Daily vibration exposure A(8)
and shock/jolt type vibration (VDV).

DAILY VIBRATION EXPOSURE A(8)

Daily vibration exposure A(8) is calculated from the magnitude of vibration expressed as accel-
eration in m/s? and the length of time of exposure. In short the daily vibration exposure A(8) is
the amount of vibration exposed to normalised to an eight hour reference period.

Exposure to intermittent WBV (shocks and jolts) is measured using a VDV [Vibration Dose
Value]. The VDV is a cumulative value, which increases with measurement duration. It is as-
sessed using the length of time of the measurement and the total time a worker is exposed to the
source of vibration per day.

For WDV the axis with the highest average root mean square is used to calculate A(8). The x-
axis and y-axis have a weighting factor of 1.4.

A(8) for a worker carrying out one process or operating one item of plant is calculated by using
the following equation;

A(2) T
:ﬂw [—
AT
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Where;

0. is the vibration magnitude (m/s?) on the axis which measured highest, including the weighting
factor foe the x- and y-axes.

T is the actual duration of exposure to the vibration magnitude a,.
T, is the reference duration of eight hours.

The vibration magnitude, @, ,may come from measured data, manufacturer’s information or
other sources like online databases.

If a person is exposed to more than one source of WDV then partial vibration exposures are cal-
culated from the magnitude and duration for each source.

The overall daily vibration exposure A(8) can be calculated from the partial vibration exposure
using the equation:

A(8) = V[A(8) + Ay(8) 2 + As(8) 2 + ..]

where A4(8), Ax(8), etc are the partial vibration exposure values for the different vibration
sources.

The daily exposure A(8) is worked out separately for each of the three axes. The total on the
highest axis the worker is exposed is then compared to the exposure action value and exposure
limit value.

A simple exposure points system can be used to work out the daily vibration exposure A(8). It
can then be compared to the exposure action value and exposure limit table (see below).

CALCULATING THE VIBRATION DOSE VALUE
VDV is calculated as the root mean quad (the fourth root) of the acceleration and is more sensi-
tive to peaks in acceleration than the root mean square acceleration. The gives a result m/s1.75.

Weighting factors of 1.4 apply on the x and y axes.

VDV is not usually publically available so measurements have to be taken to determine the VDV
for each piece of plant.

If VDVs are available, the daily VDV (VDVe,,) can be worked out for each axis using the equa-
tion:

VDV = 1.4 VDV,

uuuuu .

[ Twp |*
| |
| |
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Where;

VDV, is the VDV on the x-axis.

Texp is the daily duration of exposure to the source of WDV

Tmax he time over which the VDV, was measured

The y-axis has the same factor (1.4) whereas the z-axis does not.

If the worker is exposed to more than one source of WBV and VDVs are available, the total VDV
for each axis is calculated using the equation:

VDV, = [ VDV,,* + VDV,;* + VDV,:* +...]

where VDV, VDV, etc. are the partial VDVs for each source on the x-axis. The VDV which is
highest of the x, y and z axes in the daily VDV.

EXAMPLES OF VIBRATION MAGNITUDE FOR COMMON MOBILE PLANT
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DURATION OF EXPOSURE

To estimate the daily vibration exposure A(8) one needs to work out the total daily duration of expo-
sure to the vibration emitted from the plant. Realize that many drivers work 12 hour days.

DAILY VIBRATION EXPOSURE USING THE EXPOSURE POINTS SYSTEM
A simple method for determining daily WBV exposure is the use of a points based system.

The exposure scores corresponding to the exposure action value and exposure limit value are shown
in the table below.

200
720
&850
520
510
450

Acceleration x k (m/5%)

Daily Exposure Time

Once one has worked out the whole-body vibration acceleration which axis it was deter-

mined on and the duration of exposure the worker’s total exposure points is calculated.

Where the vibration exposure point is:

. between the exposure action value and the exposure limit values (yellow), monitoring is re-
quired to ensure controls remain appropriate so the exposure limit is not passed,
and

. greater than the action limit value (red), then controls must be implemented to ensure workers
are not exposed under any circumstances.
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EXAMPLE USING THE EXPOSURE POINTS SYSTEM

A worker spends:

. One hour driving a grader to repair a dirt road, and

o Then five hours ploughing a paddock

The measured vibration magnitudes were greater on the z-axis.

Calculations using the exposure points system

Activity

Measured vibration on
highest axis m/s?

Exposure time (hours)

Exposure Points

Grader — road repair 1.2 (2) 1 72
Tractor — ploughing 0.8 (2) 5 160
TOTAL 232

The worker’s total exposure for the day is 232 points. This is above the exposure action value but
below the exposure limit value. The business should take action to reduce the worker’s expo-

sure.

Surveying opinions of ride roughness

The VDV is also a sensitive indicator of ride roughness and was found to correlate very well with

drivers’ subjective opinions.

For example, a driver who complains that the ride is very rough

could be exposed to vibration in the upper half of the Caution Zone or into the Likely Health Risk

Zone.

Measured Vibration Dose Value
(VDV) (m/sec!75)

30

25

20

15

10

LIKELY
/ HEALTH RISK
/ ZONE
-
/ CAUTION
ZONE

25
GOOD FAIR

50

ROUGH

75

Operator's rating of ride roughness

VERY ROUGH

100

It is generally considered that a noticeable vibration in a car is likely to be 10-50 times worse in a

truck.
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8.2.10 HOW OPTIMAL TYRE PRESSURE IMPROVES DRIVER COMFORT AND CARGO
SAFETY

As a vehicle moves along the road it possesses energy of movement. This energy is called Ki-
netic Energy, Ex,and is equal to the mass of the vehicle times the velocity squared.

Mathematically this is; Ex = ; mv?

If we consider one tyre then the mass includes that wheel and (roughly) half of the axle/springs
etc. This is often called the unsprung weight. When the tyre hits a bump in the road the straight
line motion is disrupted and the direction of the motion has changed. Instead of straight line par-
allel to the road we now have motion at an angle to the road. This gives a component vertically
and a component horizontally.

The vertical component will cause upward motion of the tyre if it is not removed or dampened out
quickly.

That is, the vehicle is now moving upwards as well as forwards. As the vertical kinetic energy re-
duces — that is the truck slows down vertically the kinetic energy is changed into Potential Energy,
Ep.

E, =mgh

In this equation, h, is a height and is the amount of distance the wheel moves vertically away from
the surface of the road due to the vertical velocity component.

An optimally pressured tyre has ‘give’ at the contact point between the footprint and the road sur-
face. When a tyre collides with a bump in the road the tyre has the ability to mould around the
obstacle and in many cases the potential collision is not transferred to the vehicle. The hysteresis
effect of the tyre rubber removes the energy of the deformation as heat to the environment. It
thus is not transferred to the chassis and consequently the occupants.

However, it can be that the obstacle is of significant size that the tyre does not mould completely
around the obstacle. This collision is sufficiently large to cause the tyre to leave the surface of the
road. The goal in this second case is to increase the time of the collision.
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This can be examined by considering Impulse, Change of Momentum and Newton’s First and
Second Laws. A collision is considered to be an impact with a surface obstruction, eg a change
of height such as a rock or a sharp change in the roadway. Momentum is a measure of the diffi-
culty of changing a body’s motion. It is the multiplication of the velocity (speed) and the mass.
When an object (the tyre) is involved in a collision, (in 99.9 % of cases) the momentum before the
collision is different to the momentum after the collision [If the system is closed them momentum
is always conserved]. This difference is the Change of Momentum and is said to be equal to a
quantity called Impulse. Impulse is the Force within the collision multiplied by the Time of the
collision.

The equation is a follows, Impulse = FAt = mAv = Change of Momentum.

This means that the magnitude of a quantity called Impulse equals the Force of the Impact multi-
plied by the Time (duration) of the impact.

Now the Change of Momentum of the object (tyre) does not change, it is a specific value — differ-
ent for every collision but still a constant for the one in focus. Its value of made up of the multipli-
cation of the two variables, Force and Time. Increase Force then decrease Time or Increase
Time then decrease Force.

Iime (s)

The area under the above graphs is the same and is equal to the Impulse. Notice that in each
case as the collision time increase the force decreases.

An optimally pressured tyre does exactly this — it lengthens the time of the collision and thus the
Force transfer to the chassis is lessened. Further, the extended time combined with the hystere-
sis effect means that considerable energy is removed from the system as heat and thus does not
manifest as vibration to the vehicle.

This is the beauty of an optimally pressured radial tyre. Even if the tyre does not wrap com-
pletely around a bump or obstacle any deflection is considerably dampened.
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An over inflated tyre does not do any of this and transfers the deflection straight to the chassis
and then onto the occupants. Now admittedly the shocker absorbers are there to remove some
of this vibration from the system but the optimally pressured tyre removes the deflections before
it even gets to the shock absorbers as the shock absorbers come into play once the deflection
acts on the axle. It is beneficial to remove as much of the vibrations before this happens, that is
through the tyre itself. This removal is best achieved by using optimal tyre pressure.

An overinflated tyre has no give in its side walls. The defection is transmitted straight to the axle
and the shock absorbers tries to remove this energy from the chassis so that it is not transferred
to the driver. This is only marginally successful and considerable vibration is borne by the truck
and driver.

Reviewing the Potential Energy equation, Ep = mgh. This is the work done against the gravita-
tional force of attraction. Breaking the equation up it can be rewritten as;
Epr = mgh = (mg)h = (ma)h
Now ma is equal to Force, F.
(ma)h = Fh

The Potential Energy (equal to the vertical Kinetic Energy caused by the bump) is proportional to
a Force. This is the Force that hammers away at our roads and damages them prematurely -
eventually wearing them away. In its early stages this phenomena is the beginning of potholes

and corrugations.

Further, look at the Kinetic Energy equation,

Ex= % mue

Now the Kinetic Energy equals the Potential Energy — thus both vary as the velocity squared.
That is, double the velocity equates to a quadrupling of the energy and thus defection.

Optimally pressured tyres can remove this excess energy from the suspension system via heat
dissipated to the atmosphere thereby ensuring it is now not transferred to the truck, its cargo or
the driver.

Further, this has removed the transfer of energy to the vehicle and its component parts. The less
energy transferred to the truck, the less repairs and maintenance that needs to be done.
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This is confirmed by referring to the research conducted in this area.

By reducing tyre inflation pressure a softer and smoother ride can be achieved which improves the
comfort of the driver and consequently results in less driver fatigue. The softer ride will also reduce the
shock loading that is transmitted to the vehicle, which is potentially damaging to the truck and cargo
(Rummer et al., 1990)2.

Adams (2002)' conducted tests to evaluate the effect of using CTI* on the ride quality of a vehicle. He
showed that an average ride quality improvement of 99% was achieved when tyres were adjusted us-
ing a CTI system to match terrain and speed conditions. At a lower speed, the CTI pressure showed
an average ride quality improvement of 177%. Ride quality is quantified by the vibrations the driver
experiences through the seat of the vehicle. Sensors were placed on the seat of the vehicle and the
vibration levels of the seat are recorded (Adams et. al., 2002)?. Similarly to Adams, Altunel (1998)*
analysed data collected by the US Army Corps of Engineers and the Waterways Experiment Station to
evaluate the effect of lowering tyre pressures on a log truck driver’s seat using CTI technology. Their
analysis concluded that lowering the tyre pressure to match the road surface appear to decrease vi-
bration levels in the driver's seat from 10 to 25%. Almost all drivers involved in the CTI tests com-
mented on the improvement in vehicle ride which resulted in them feeling less fatigued after a day of
driving (Brown and Sessions, 1999)’.

A trial of CTI was initiated by Bradley (1991)° to evaluate the impact of CTI on driver comfort. The
truck drivers involved in the trial reported reduced vibration and shock loading with reduced inflation of
the drive tyres. The driver’s opinion was substantiated by comparing the maintenance records of the
test vehicle to those of a control fleet of similar trucks. Monthly repair time was reduced by 26%,
largely because of fewer vibrations which caused cracks and loosened bolts, and less cab component
damage (Bradley, 1993)°.

Anon (2006)* performed tests for the United States Forest Service that clearly demonstrates the points
above. Two closely matched trucks were operated over identical test courses for an extended period,
one with conventional tyre pressures and the other at reduced tyre pressures (the truck was equipped
with CTI). Vibration levels were measured and the truck with high inflation pressure recorded six
times more vertical energy than the truck with lowered inflation pressure. The high pressure truck ex-
hibited four times the part failures and eight times greater cost of repairs than the truck with lowered
tyre pressures. Industry evidence indicates the doubling of the life of transmissions and differentials
are typical outcomes.

A further study conducted in Western Australia with three trucks all with non-optimal tyre pressure. All
three trucks exceeded a half metre vibration levels over 500 times over a 27 km test distance. When
one of the vehicles was equipped with a Central Tyre Inflation system the standard vibration limit was
only exceeded 13 times over the journey. This is over 95% improvement.

* CTI refers to Central Tyre Inflation. This involves a device that ensures optimal tyre pressures.
Thus in the research above CTI can be read interchangeably with optimal tyre pressures.
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THIS IS ONLY THE BEGINNING.
WE HAVE NEARLY 20 YEARS OF PERSONAL,
AND COMMERCIAL EXPERIENCE,
WITH TENS OF THOUSANDS OF TRUCKS, AND DRIVERS,
DOING MILLIONS AND MILLIONS OF MILES.
THERE HAS NEVER BEEN A DRIVER THAT DIDN’T LOVE CTI,
AND NEVER BEEN AN OWNER THAT DIDN’'T COME BACK FOR MORE.

CHET CLINE
AIR CTI
THE ULTIMATE TYRE PRESSURE MANAGEMENT SYSTEM
chet@aircti.com
61 3 51276128
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