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1.0 INTRODUCTION

Maintaining correct inflation pressure in tyres helps to keep vehicle handling
and braking at its best, as well as improving fuel efficiency and tyre life. In
addition it can prevent such events as tread separations and tyre blowouts
which may cause loss of control of a vehicle and severe crashes such as
rollovers.

The Heads of Compulsory Third Party Insurance in Australia and New
Zealand (HCTP) commissioned research to review and attempt to better
quantify the role of under-inflated tyres in crash cause, injury cause and
environmental costs. The main aim of the review was to locate all the relevant
material and attempt to quantify the role of tyre factors in crashes and the
possible safety and environmental benefits from improved conformance with
recommended tyre inflation pressures.

2.0 BACKGROUND

Under-inflation of tyres affects many different types of crashes, often in subtle
or indirect ways.

Under-inflated tyres can potentially result in:-
* reduced vehicle handling

* increased braking distance

* increased likelihood of blowouts

* increased tyre wear

* increased fuel consumption

In addition to road safety consequences, under-inflated tyres are associated
with environment costs such as increased greenhouse gases associated with
lower kilometres per tyre and higher fuel consumption and disposal problems.

2.1 Sources of data

In the late 1990s the US National Highway Traffic Safety Administration
(NHTSA) was directed to investigate and implement a regulation requiring
vehicles to be fitted with tyre pressure monitoring system (TPMS). NHTSA
carried out extensive investigation of this issue and prepared a range of
technical reports. Relevant findings from the NHTSA research are outlined in
the following sections. We review other research findings that either support
or refute the NHTSA work.

In the United Kingdom a major review of tyre safety issues was undertaken by
John Bullas for the AA Foundation. We have been in contact with Mr Bullas
and have included his advice and relevant extracts from that study in our
report.

The Society of Automotive Engineers has published numerous papers on tyre
safety. Relevant papers were acquired and reviewed. One paper that was due
to be published later in 2007 was titled "Effect of inflation pressure on tire
cornering stiffness and vehicle handling characteristics". We contacted the



author, Dr Dan Metz who advised that the paper had been withdrawn but he
was prepared to describe the key findings to us (see a later section).

A request for information on this subject was circulated on an informal email
list - the Road Transport Technology Forum - that reaches about 280 vehicle
engineering experts around the world. Mr Bullas was one of the respondents,
along with an expert on ABS brakes and electronic stability control.

We also contacted Prof Pete Thomas from Loughborough University in the
United Kingdom. He provided some advice about his research on Electronic
Stability Control (ESC).

2.2 Definition of under-inflated tyres

Under the Australian Design Rules vehicle manufacturers must fit a Tyre and
Rim Placard in a prominent place. The placard must list, as a minimum, the
recommended tyre inflation pressures for a "normal" vehicle load.

There is no universal definition of what constitutes an "under-inflated tyre".
The US Federal Motor Vehicle Safety Standard 138 requires a warning if tyres
are under-inflated by more than 25%. Based on this FMVSS requirement, we
regard a severely under-inflated tyres as 50 kilopascals (kPa) or more below
the recommended pressure. For reference, 1 psi = 6.9kPa so this equates to
7.2psi. The US FMSS Standard is described in more detail in the following
section.

We regard moderate under-inflation as in the range 20-49kPa under the
recommended pressure.



3.0 ESTIMATED INFLUENCE OF UNDER-INFLATED TYRES ON ROAD
ACCIDENTS

In order to evaluate the potential reduction in road accidents from measures
to reduce the incidence of under-inflated tyres it is necessary to analyse a
breakdown of these accidents by contributing factors and by the injury
outcomes of these crashes.

Accident statistics reported by State Road Authorities, the Australian
Transport Safety Bureau (ATSB) and the Australian Bureau of Statistics
(ABS) are generally based on police accident reports. The level, details and
quality of coding varies considerably between the states and territories
(Hutchinson 2004). There are notable differences between police-reported
statistics and those collected by Compulsory Third Party insurance schemes
(McColl 2003). Furthermore no consolidated data about the full range of
Australian road accidents appears to be available.

We have therefore combined road accident information from a wide range of
sources. Due to the uncertainties about the quality of the police-reported data
and the assumptions made for extrapolating data, the following analysis
should be regarded as indicative only.

3.1 Tyre defects

In the three years from 2003-2005 tyre defects accounted for 50% of light
vehicle crashes where a vehicle defect was identified as a likely factor in NSW
(Table 1). However, the 755 crashes represent less than 1% of all reported
light vehicle crashes in this period.

Table 1. Light vehicle crashes where a vehicle defect was a factor

Year Total light vehicle Involvement of Tyre failure/fault
accidents Equipment/vehicle
factor
2003 78,630 525 266
2004 75,365 493 242
2005 72,054 492 247
All 226,049 1510 755

It is known that police reports under-estimate most types of vehicle factors in
crashes (Paine 2000). However the 1% value is consistent with the findings of
in-depth studies in NSW during the 1970s and it appears that the police pay
greater attention to tyres defects than other types of defect. Most "tyre
defects" would likely be tyres with insufficient tread depth or tyre failures. The
overall influence of tyre failures directly related to under-inflation is therefore
expected to be less than 1%.

3.2 Road crashes in Australia

Table 2 summarises data combined from statistics published by ATSB, ABS
and state road authorities.

The following assumptions were made:




24%
1.15
1.33
55%
86%
95%
91%
1.43
2.45

Table 2. Estimated Australian road accidents in 2002

fatalities per fatal car accident

persons injured per injury car accident
of all fatal accidents are car accidents
of all injury accidents are car accidents
of all non-injury accidents are car accidents
of all accidents are car accidents

reported accidents for every injury accident

of all injuries are serious (hospital admission)

non-injury car accidents for every injury accident

% of all
% of all car accidents
accidents or All or
Parameter Cars only | casualties accidents | casualties
1. Fatalities 949 2% 1723 3%
2. Fatal crashes 825 1% 1533 2%
3. Serious occ injuries 11456 23% 13258 23%
4. Serious crashes 8613 10% 9968 10%
5. Minor occ injuries 37081 75% 42914 74%
6. Minor injury accidents 27880 31% 32266 33%
7. Non-injury accidents 52042 58% 54540 55%
8. All reported accidents 89361 100% 98307 100%
9. Total casualties 49486 57896

There are several contributing factors that might be influenced by tyre inflation
pressure. These factors are listed in Table 3, along with estimates of the
proportion of all car accidents that are associated with the factor. This table is
primarily based on Paine (2002), supplemented by NSW RTA accident data
and recent research publications.

Table 3. Estimated proportion of car accidents by factor

Serious Minor Non-

Type of accident Fatal injury injury injury All
Speed-related 40% 30% 30% 30% 30%
Wet weather 18% 21% 21% 26% 24%
Poor braking (wet) 9% 11% 11% 13% 12%
Poor braking (dry) 25% 24% 24% 22% 23%
Loss of directional

control 30% 30% 30% 30% 30%




Tyre failure 1% 1% 1% 1% 1%
Multi-vehicle accidents 70% 75% 75% 75% 75%
Single vehicle accidents 30% 25% 25% 25% 25%
Single veh. loss of

control 25% 15% 15% 15% 15%
Preventable with ESC 26% 24% 24% 24% 24%
Daytime 64% 79% 79% 79% 79%
Night 36% 21% 21% 21% 21%
Car frontal crash 60% 60% 60% 60% 60%
Hit from rear (sometimes

after front) 10% 23% 23% 23% 23%
Side impact 20% 20% 20% 20% 20%
Lane-change 5% 5% 5% 5% 5%
Number of car accidents

in 2002 825 8613 27880 52042 89361

Note % are not cumulative

As discussed in following sections, there is considerable uncertainty about the
role that under-inflated tyres play in various types of road accidents. Subject

to this uncertainty, Table 4 shows the estimated savings that could be

achieved by ensuring tyres were correctly inflated, for key types of accidents.

Table 4. Assumed effectiveness of correct tyre inflation pressure in

relevant accidents

Serious Minor Non-
Factor Fatal injury Injury injury
Reduced handling without ESC (90%
of all) 5% 5% 5% 5%
Reduced handling with ESC (10% of
all) 10% 10% 10% 10%
Increased stopping distance in dry 0% 0% 0% 0%
Increased stopping distance in wet 5% 5% 5% 5%
Severe tyre failure 75% 75% 75% 75%

Combining Tables 3 and 4 provides an estimate of the overall savings that
could be achieved by ensuring tyres were correctly inflated.




Table 5. Estimated effectiveness of correct tyre inflation pressure for all
accidents

Serious Minor Non-
Factor Fatal injury Injury injury
Reduced handling without ESC (90%
of all) 1.4% 1.4% 1.4% 1.4%
Reduced handling with ESC (10% of
all) 0.3% 0.3% 0.3% 0.3%
Increased stopping distance in dry 0.0% 0.0% 0.0% 0.0%
Increased stopping distance in wet 0.5% 0.5% 0.5% 0.7%
Severe tyre failure 0.8% 0.8% 0.8% 0.8%
Overall effectiveness 2.9% 2.9% 2.9% 3.1%
Overall car accident savings 23 251 815 1587

Based on this tentative analysis it is estimated that measures that totally
eliminated severely under-inflated tyres would save about 3% of all crashes.
This assumes that the measures eliminate all under-inflated tyres (100%
effectiveness). The actual effectiveness would be somewhat less than this
and would depend on the warning systems that are used and the diligence of
drivers.

3.3 Road crashes in New Zealand

In a 2001 press release, the New Zealand Land Transport Safety Authority
stated that problems with tyres accounted for 40% of fatal crashes where
defects were found to be a contributing factor. In 2000 there were 15 fatal
crashes and 110 injury crashes where tyres were recorded as a contributing
factor. This represents 4% and 1.5% of the fatal and injury crashes in New
Zealand during 2000. These rates are siimilar to Australia.

Tyre-related crashes are more likely to be associated with higher vehicle
speeds, typical on non-urban roads. In 2000, the proportion of New Zealand
fatal crashes occurring on non-urban roads was 75%, compared with 65% in
NSW. The proportion of injury crashes was 40% in New Zealand, compared
with 34% in NSW. This suggests that it would be reasonable to apply the
above analysis of accident savings to New Zealand.




4.0 THE NATURE OF THE POSSIBLE PROBLEMS WITH UNDER-
INFLATED TYRES

41 Conseguences of incorrect tyre pressures

4.1.1 Abnormal tyre wear

Over- or under-inflated tyres traditionally manifested classic wear patterns.
Figure 1 illustrates the typical appearance of such tyres. The uneven wear
means that the tyres need replacing prematurely.

Undeaer-mfianon Correct nflaton Over-inflator

Figure 1 - The typical appearance of over- or under-inflated tyres in
terms of classic wear pattern.

4.1.2 Over-heating and mechanical damage

Severely under-inflated tyres will deflect more during each wheel rotation.
This causes heat build-up and increased mechanical damage. Both can lead
to premature tyre failure.

The recommended inflation pressures are for cold tyres. This means tyres
that have not been driven on for several hours (ideally overnight). It also
means tyres that are at a normal outside temperature of about 20 degrees C.
The definition of a cold tyre is when its temperature is equal to the ambient
temperature.

John Bullas, in his work ‘A report on research carried out for the AA
Foundation for Road Safety Research and Country Surveyors Society’ states
that, temperature has to be taken into account in the accurate inflation of
tyres. For every 5 degrees C change in ambient temperature, tyre pressure
will change by about 3.4 kPa. The European Tyre and Rim Technical
Organisation (ETRTO 2001) also suggested hot pressures can be up to 20 %
higher than cold and that under no circumstances should hot tyres be
pressurised to the specified cold pressures given by the car manufacturers. In
equatorial and tropical regions with higher ambient temperatures, when the
tyres need to be maintained at appropriate pressures to reduce excessive
temperature build up, a 15% under-inflation is (unknowingly) being set into the
tyres when uncompensated manufacturer's cold pressure figures are
maintained (Tooke 2002).
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A tyre that contains air at 220 kPa at 20 degrees C will have a little over 241
kPa at 38 degrees C — even if the vehicle has not been driven. Conversely,
when seasons change and temperature drops, tyres lose pressure. The same
tyre that held 220 kPa at 20 degrees C will have about 193 kPa at 0 degrees
C and when temperatures are in the subzero range, the loss in the tyre
pressure will be even greater.

These temperature effects need to be taken into account in the design of tyre
pressure monitoring devices.

11



5.0 SURVEYS OF TYRE INFLATION PRESSURES

5.1 Australia

A 1993 NRMA study of tyre conditions found that only 17% of the 3012 tyres
surveyed were at the correct pressure and had no other fault. This review did
not find any more recent surveys in Australia.

Figure 2 illustrates a breakdown of the incidence of over or under inflation
relative to vehicle manufacturer recommended pressure. Only 7% of the tyres
surveyed had inflation pressures which were identical to the recommended
pressure.

Front & rear tyres under/over recommended
pressure
severel severel
over- under-
12 ‘ 10
moderate
under-
29
moderately
inflate
41
recommend
pressu
8%

Figure 2. Results of NRMA tyre pressure survey in 1993

A 2006 RACV vehicle survey ‘Visual tyre check in Victorian Roads' reported
18.3% of the population had at least one unroadworthy or damaged tyre. It
commented that a significant proportion of the surveyed drivers knew they
were driving on bad tyres. It appears these drivers were aware of this from
there own observations. Unfortunately the survey did not cover tyre pressures
- a lost opportunity.

5.2 USA

In February 2001, NHTSA conducted a tyre pressure study to determine the
extent to which passenger vehicle operators are aware of the recommended
air pressure for their tyres, if they monitor air pressure, and to what extent the
actual tyre pressure differs from that recommended tyre pressure by the
vehicle manufacturer on the placard.
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Complete data were collected on 5,967 passenger cars and 3,950 light trucks
for a total of 9,917 vehicles.

The average placard pressure for passenger cars was about 207 kPa, while
the average placard pressure for light trucks was about 240 kPa, although the
light trucks have a much wider range of manufacturer recommended placard
pressure. Table 6 shows the distribution of tyre pressure when at least one
tyre is 25 percent or more below placard in terms of whether one, two, three,
or all four tyres were at least 25 percent below placard.

At the time the survey was done, there were 207 million vehicles on the road.
An estimated 57 million vehicles have at least one tyre 25 percent or more
below placard at any time.

Table 6 -Distribution of the number of tyres on vehicles that have one or
more tyres that is 25% or more below placard.

Number of Tyres Passenger Percent Light Percent
25% or more Cars Trucks

Below Placard

1 880 55.9% 542 47.2%
2 399 25.3 313 27.3

3 139 8.8 145 12.6

4 157 10.0 148 12.9
Total 1,575 100% 1,148 100%

A survey of 766 vehicles conducted in 2000 by Tire Business in the USA
found that 72.3% of vehicles were operating with at least one tyre under
inflated, with an average under inflation of about 40kPa. 51% of the vehicles
had at least one tyre under inflated by 36kPa or more. 40% had all four tyres
low by an average of 48kPa (NHTSA 2001).

In a 2001 survey of truck tyres, the American Trucking Association's
Technology and Maintenance Council (TMC) found that 7% of commercial
vehicle tyres were under inflated by 140kPa or worse. Only 11% of tyres were
within +/- 35kPa of the pressure specified by the tyre manufacturer.

5.3 United Kingdom

Road side surveys by the Tyre Industry Council in the UK have highlighted
how little attention is given to tyre pressure.

In a UK survey of over 1000 tyres, only 5% were correctly inflated and 72%
were under inflated. Fig 3 illustrates the distribution of 1072 cold tyre
pressure measured by the Tyre Industry Council for one survey in 2002.

13
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6.0 SAFETY CONSEQUENCES OF UNDER-INFLATED TYRES

6.1 Reduced vehicle handling and loss of control

Tyre pressure affects the handling of a vehicle particularly during an
emergency manoeuvre. For loss of control crashes, inappropriate speed is
usually the most critical factor. Excessive speed alone can cause a loss of
control in a curve or in a lane change manoeuvre. Tread depth, inflation
pressure of the tyres, and road surface condition are the most notable of a
long list of factors including vehicle steering characteristics and tyre cornering
capabilities that affect the vehicle/tyre interface with the road.

6.1.1 NHTSA research

The 1977 Indiana Tri-level study associated low tyre pressure with loss of
control, on both wet and dry pavements. That study did not identify low tyre
pressure as a "definite" (95 percent certain that the crash would not have
occurred without this cause) cause of any crash, but did identify it as a
"probable" cause (80 percent confidence level - highly likely that the crash
would not have occurred) of the crash in 1.4 percent of the 420 in-depth crash
investigations.

Under-inflated tyres were a causal factor in 1.2 percent of the probable
causes and a severity-increasing factor in 0.2 percent of the probable causes.
Thus, under-inflation’s part of the total is 1.0 percent (1.4/138.8).

Focusing only on the probable cause cases, under-inflation represents 0.86
percent of crashes (1.2/1.4%1.0). Also it is noted that there were particular
vehicles that were known to lose traction when their tyres were under-inflated
in particular patterns, sometimes the rear tyres, or sometimes a disparity in
inflation. It is assumed this factor could reduce the probable cause estimate
by 10 percent to 0.77 (0.86*.9).

6.1.2 Crash Data Analysis

To get an estimate of the target population of the low tyre pressure cases in
which skidding and loss of control could be a factor, NHTSA analysed data
from "Traffic Safety Facts, 1999" which shows there were about 47,848
passenger vehicles (passenger cars and light trucks) involved in fatal crashes,
about 3.6 million passenger vehicles involved in injury crashes and about 6.9
million passenger vehicles involved in property damage only crashes. These
crashes resulted in 32,061 passenger vehicle occupants being killed and
almost 3 million passenger vehicle occupants being injured.

Taking 0.77 percent of these cases, loss of control and skidding due to low
tyre pressure would account for an estimated 247 occupants killed, 23,100
occupants injured, and 53,130 property damage only crashes.

As a second check on these estimates, the 1999 NASS-GES was examined
to identify particular crash scenarios in which loss of control occurred. The
following scenarios that could be identified were examined totalling over
413,000 vehicles (3.9 percent of the vehicles in all crashes). Certainly there
are other scenarios that couldn’t be identified, but this check was made to
ensure that 0.77 percent was not impossibly high, which it did.
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- Negotiating a curve: where the vehicle left the roadway, left the travel lane,
lost control or skidded 213,759 vehicles,

- Changing lanes where the vehicle left the roadway, lost control or skidded
4,890 vehicles, and

- Raining/wet road cases where the vehicle lost control and skidded
194,709 venhicles.

NHTSA tried to consider this by comparing under-inflation as a percentage of
all of the probable causes in crashes. However, it is difficult to determine what
the effectiveness of increasing tyre pressure would be on these crashes.

6.2 Effect of under inflation on crash types

6.2.1 Skidding/loss of control in a curve:

Low tyre pressure generates lower cornering stiffness because of reduced
tyre stiffness. When the tyre pressure is low, the vehicle wants to go straight
and requires a greater steering angle to generate the same cornering force in
a curve. The maximum speed at which an off-ramp can be driven while
staying in the lane is reduced by a few mph as tyre inflation pressure is
decreased. An example provided by Goodyear shows that when all four tyres
are at 30 psi the maximum speed on the ramp was 38 mph, at 27 psi the
maximum speed was 37 mph, and at 20 psi the maximum speed was 35 mph
while staying in the lane. Having only one front tyre under-inflated by the
same amount resulted in about the same impact on maximum speed. But, the
influence of having only one rear tyre under-inflated by the same amount was
only about one-half of the impact on maximum speed (a 1.5 mph difference
from 30 psi to 20 psi).

NHTSA has run a series of tests to examine the issue of decreases in tyre
pressure on vehicle handling. A 2001 Toyota 4-Runner was run through 50
mph constant speed/decreasing radius circles to see the effects of inflation
pressure on lateral road holding. Left-hand turns from 0 to 90 degrees hand
wheel angle for tyre inflation pressures varied from 103 kPa to 243kPa. The
data indicated that in on-ramps/off ramps, tyre inflation pressure is a critical
factor in vehicle handling. The data show how much friction the vehicle can
utilize, in terms of lateral acceleration (g’s), before it slides off the road. The
more lateral g’s the vehicle can utilize, the better it stays on the road. So, if
you are going around an off-ramp and need to turn the wheel 50 degrees at
50 mph, you can utilize 0.27 g’s at 103 kPa, or you can utilize 0.35 g’s at 206
kPa.

6.2.2 Skidding/loss of control in a lane change manoeuvre

In a quick lane change manoeuvre, under-inflated tyres result in a loss of tyre
sidewall stiffness, causing poor handling. Depending upon whether the low
tyre(s) are on the front or rear axle impacts the vehicle’s sensitivity to steering
inputs, directional stability, and could result in a spin out and/or loss of control
of the vehicle.

16



6.2.3 Skidding/loss of control benefits estimate

NHTSA estimated a target population for skidding and loss of control crashes
for under-inflated tyres of 247 fatalities, 23,100 injuries and 53,130 property-

damage-only crashes. The agency assumes that 90 percent of drivers will fill
their tyres back to placard pressure.

It is difficult to determine the effectiveness estimate, (i.e., what percent of the
crashes would be avoided by just improving low tyre pressure). For this
analysis, NHTSA assumes 20 percent effectiveness to go from a very low
pressure, where a warning would be given, to the steady state condition,
although it could potentially be much higher. It is noted that, the benefits are
the same for all the Compliance Options. Since they all require warnings at 25
percent below placard pressure. It is assumed that the benefits would come
from increasing tyre pressure from a low state to a pressure close to placard
pressure.

6.2.4 Other relevant research on loss of control

Thomas J. Wielenga in "Properties Affecting Vehicle Rollover” states that
severely under-inflated tyres can cause reduced directional control due to
reduced cornering stiffness of the tyre. Straight line braking can also be
affected (Wielenga 1999).

Robinette, Deering and Fay (1997)) investigated the effects of deflated tyres
on vehicle handling concluded that the drag caused by a deflated tyre at 72
km/h “...could be readily controlled by a fairly minor response from the test
driver”. There may be greater potential for long term damage from running
under inflated because of a lack of driver awareness. However, the increase
in the probability of tyre deflation at high speeds, as a result of damage
caused by extended running at the wrong pressure, is of greatest concern.

Gillespie (1992) discusses the theory of tyre dynamics. He notes that the
cornering behaviour of a motor vehicle is an important performance mode
often equated with handling. The cornering stiffness is dependent on many
variables. Load and inflation pressure are the main variables. Also tyre size
and type, number of plies, cord angles, wheel width, and tread are significant
variables.

Since inflation pressure increases carcass stiffness but reduces contact
length, the net influence on cornering stiffness cannot be generalized across
all types of tyres. It is generally accepted that increasing inflation pressure
results in increasing cornering stiffness for passenger car tyres. Because of
the monotonic and rather strong relationship between cornering stiffness and
inflation pressure, it was common practice in the past to control the low-g
directional behaviour of passenger cars through the specification of difference
inflation pressures for front and rear tyres. This practice is no longer common.

In theory inflation pressure also has a strong influence on the peak traction
level that can be achieved under slip angle conditions. The pressure most
influences lateral force production at high loads, and tyres at reduced inflation
pressures arrive at lateral force saturation at higher values of slip angle.
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Gillespie's work, while useful, relates to tyres in common use more than
twenty years ago. The characteristics of vehicles and tyres have changed
substantially since that time.

In personal communication Dr Daniel Metz described recent tests and
simulations that he performed with SUV tyres. Three types of tyre were tested
on a special machine to determine cornering stiffness (in effect, the lateral
force generated by the tyre when it is turned from the direction of travel).
These tests revealed a 10% reduction in cornering stiffness when the tyres
were operated at about half of the recommended pressure. Dr Metz noted that
the reduction in cornering stiffness would be substantially less than this at the
25% reduced pressure of the TPMS regulation, particularly since the
relationship between pressure and cornering stiffness is non-linear. He also
pointed out that vehicles rarely have all four tyres severely under-inflated and
that lane-change tests had revealed that a 10% reduction in tyre cornering
stiffness had very little influence on the speed at which the vehicle could
negotiate the course.

There are also concerns about NHTSA's application of tests of a single
vehicle to the broad vehicle population. On balance, it appears that the
NHTSA estimates of the reduction in handling from under-inflated tyres may
be highly optimistic.

6.2.5 Under-inflated tyres and electronic stability control

Many modern cars are fitted with electronic stability control (ESC). These
systems detect when the vehicle is departing from the intended path and

attempt to take corrective action such as momentary application of the brake
of one wheel. The following diagrams are from a |IHS Status Report.
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Figure 4. ESC Sensors (credit: IIHS)
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An SAE paper by van Zanten (2000) contains a detailed description of ESC
components and functions. Van Zanten, from Robert Bosch GmbH (the major
supplier of ESC) discusses the abnormal conditions for which ESC must be
designed and tested: "Changes in the tyre and car data such as resulting
from usual wear and tear or even from small accidents must not reduce the
ESP performance or at least must not result in adverse behaviour. Before the
system is released, a catalogue of special test manoeuvres must be checked.
Flat tyres and trailers should be included in the catalogue. Also the “Moose
Test” has become a part of the catalogue. Particularly at low ambient
temperatures where fast active braking is hampered by the increasing
viscosity of the brake fluid the interventions must be checked to be fast
enough to achieve the required yaw moment on the car in time. "

It is possible that under-inflated tyres will reduce the benefits of electronic
stability control. However, there appear to be very few reports of
investigations into this effect.

Based on US research, ESC is clearly a safety features that should be
encouraged. A NHTSA study preliminary results show a 35% reduction of
single vehicle crashes for passenger cars, and for fatal single vehicle crashes
with 30%. Corresponding figures for 4WDs were 67% and 63% respectively.

A recent study of the Effectiveness of ESC in reducing real life crashes and
injuries in Europe, by Anders Lie shows that the positive and consistent effect
of ESC overall and in circumstances where the road has low friction. The
overall effectiveness on all injury crash types except rear end crashes was
16.7 +/- 9.3%, while for serious and fatal crashes; the effectiveness was 21.6
+/- 12.8%. ESC is especially helpful in providing an extra measure of control
in slippery conditions and accident-avoidance situations. With tall, top —heavy
vehicles like sport-utilities and pickups, it can also help keep a vehicle from
getting into a situation where it could roll over. The same study shows that, for
serious and fatal loss-of control type crashes on wet roads the effectiveness
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was 56.2 %. It was estimated that for Sweden, with a total of 500 vehicle
related deaths annually, that 80 — 100 fatalities could be saved annually if all
cars had ESC.

Thomas (2006) reported mixed findings from a study of vehicles with ESC in
accidents in the United Kingdom. "There are very large reductions in crashes
occurring in wet (34%) or icy (53%) conditions. The reduction in side impacts
was greater than frontal impacts, although the difference was non-significant.
There was a significant variation in effectiveness with class of car with
Superminis showing a 47% relative decrease in crash involvement and large
off-road cars showing a 24% increase... "This [United Kingdom] assessment
of effectiveness has shown different levels compared to studies undertaken in
other countries. The overall crash reduction of ESC equipped cars at all levels
of injury severity is 3% compared with a 22% effectiveness in Sweden and
45% in Germany using similar methods. Different countries are likely to have
a variety of road, driving and weather conditions and these may result in real
differences in ESC effectiveness."

We contacted Prof Thomas for more information about his research. He
advised that an updated analysis has found increased effectiveness of ESC
and the results should be available in March. He advised that "if Australia is
looking at policy it would be wise to do your own analysis as | think the results
are probably dependent on driving conditions and road user behaviour as well
as the general levels of dynamic performance of vehicles in the fleet." This
advice would also be appropriate for New Zealand.

It is evident that ESC holds great potential for reducing accidents but the
variations between these studies suggests that the situation should be
monitored in Australia. The fitment of ESC as standard on the new (2007)
Holden Commodore may create an opportunity for this to be monitored under
Australian conditions..

Dr. Falk Hecker, of Knorr-Bremse Systeme fuer Nutzfahrzeuge in Germany
(personal communication) is a technical expert on stability control systems for
trucks. He advised that under inflated tyres could lead to a change in steering
response. If the affected tyre is on the front axle the truck behaves more
under steered and less direct in steering response. If it is on the rear axle the
truck behaves more over steered with a tendency to instability (a similar
behaviour occurs with new off- road tyres including high and free standing
tread blocks). Another effect is the reduction of roll-over limit.

ESC systems work by comparing the steering input to the minimal vehicle
behaviour. It seeks to achieve forward stable travel by applying stabilizing
braking on individual wheels where it detects deviations from controlled
behaviour if the deviations exceed a preset level. Therefore it also helps a
driver who is experiencing control problems from under inflated tyres. ESC is
a closed loop control using vehicle dynamics sensors (yaw-rate and lateral
acceleration), which means that even if the brake response during a
stabilizing intervention is changed due to under inflated tyres this will be
compensated for by ESC.
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Several tests done with instantly deflated tyres (instantly deflating an outside
tyre with a bullet during cornering at high lateral acceleration) found ESC very
effective in assisting the driver to maintain steering control.

ESC did this in two ways:-

- First the roll-stability function of ESC limits the maximum lateral
acceleration level, therefore the potential severity of a critical situation is
less than without ESC. This also lowers the probability that the tyre jumps
off the rim. The same applies for trailer roll-prevention systems.

- Second the yaw control part of ESC helps the driver to control the
instability of the truck (or combination) in this situation.

In summary, ESC helps to maintain control with under inflated tyres. The
effect of reduced tyre inflation on ESC should be quite small, because ESC
uses closed loop control for the vehicle dynamics which compensates for
changed tyre characteristics.

Dr Metz confirmed that ESC is able to compensate for variables such as low
tyre pressures, provided that the controlling forces demanded of any tyre do
not exceed that tyre's friction limits. Even with a severely under-inflated tyre

this was unlikely because ESC tends to apply only light controlling forces.

6.2.6 Effect of inflation pressure on rollover propensity

Under its New Car Assessment Program, NHTSA publishes ratings for
rollover propensity. Initial ratings were based primarily of a calculation of static
rollover threshold (explained in more detail below). However more recent
ratings include the results of dynamic tests due to recognised problems with
comparing rollover crash involvement between different models of vehicle
(Gillespie 1992). Nevertheless, an indicative analysis of rollover threshold can
provide an indication of whether under-inflated tyres significantly increase the
risk of rollover.

Referring to the figure, rollover threshold is based on the lateral distance (1)
between the centre of gravity of the car and the centre of the outboard tyre
contact patch divided by the height of the centre of gravity (h). This equates to
a cornering limit, at which point the car will tip over.
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Figure 6. lllustration of roll effects
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According to Gillespie, a typical static roll threshold for cars is about 1.3g.
Tests in Australia in 1995 by Wasiowych and Griffiths found rollover
thresholds ranging from approximately 0.7g for 4WDs to 1.2g for family sedan
cars. This partly explains why 4WDS rollover much more frequently than cars
and hence get greater benefits from ESC.

The problem with under-inflated tyres is that the vehicle tends to roll more
under the same cornering forces. As shown in the diagram, this has the effect
of moving the centre of gravity outwards and reducing the static rollover
threshold - increasing the risk of a rollover.

We had applied some typical values for car components to estimate the
magnitude of the reduction in static roll threshold. This is a simplified analysis.
Gillespie suggests a typical tyre vertical stiffness of 160N/mm (the tyre will
deflect by 1mm if the load is increased by 160 Newtons). Kapsprzak et al
(2006) discuss the relationship between tyre vertical stiffness and inflation
pressure. They give a value equivalent to 15 N/mm for a 20kPa change in tyre
pressure. The static load on a typical car tyre is about 3700N (for a 1500kg
vehicle). Under extreme cornering, at the point where the vehicle is about to
tip over the load on the outboard tyres is doubled. Correspondingly, the load
on the inboard tyres approaches zero (they are about to lift off the ground).

With tyres inflated to the recommended pressure the deflection compared with
the static situation will be about 23mm - the wheel rim will be 23mm closer to
the ground (note that this is under extreme cornering conditions). The table
shows the calculated values for other inflation pressures. This assumes a
vehicle track (2t) of 1500mm and a C of G height (h) of 560mm

Table 7. Effect of under-inflation on rollover threshold

Under- Tyre vertical | Deflection Difference Reduction | Rollover
inflation | stiffness under from correct |in "t" threshold
(kPa) (N/mm) 3700N load | inflation (mm)
(mm) pressure
(mm)
0 160 23 0 0 1.357
20 145 25.5 2.5 1.8 1.353
50 122 30.3 7.3 5.3 1.344
100 84 44.0 21.0 15.3 1.320

This simplified analysis suggests that moderate to severe under-inflation has
negligible effect on rollover threshold. Even extreme under-inflation of 100kPa
only results in a 3% reduction in the rollover threshold.

Under the dynamic situation the effects of under-inflation on rollover

propensity are likely to be more pronounced. This is because manufacturers
go to a great deal of effect to tune the suspension characteristics to match the
recommended tyres at the recommended pressures. Quite subtle dynamic
effects from under-inflated tyres can be magnified by the complex dynamics of
vehicle motion. However, this review could not find any quantitative research
findings on these dynamic effects.
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6.2.7 Summary of handling effects

There are mixed findings regarding the effects of under-inflated tyres on loss-
of-control accidents. In any case, the estimates developed by NHTSA appear
to have possibly significantly overstated the deleterious effects of under
inflated tyres. At the time of their analysis they did not foresee the fast uptake
of ESC and hence did not take into account the mitigating effects of ESC.

Under-inflated tyres appear to have negligible direct effect on rollover
propensity.

6.3 Increased braking distance

Tyres are designed to maximize their performance capabilities at a specific
inflation pressure. When tyres are under-inflated, the shape of the tyre’s
footprint and the pressure it exerts on the road surface are both altered. This
degrades the tyre’s ability to transmit braking force to the road surface.

The relationship of tyre inflation to stopping distance is influenced by the road
conditions (wet versus dry), as well as by the road surface composition.
Decreasing stopping distance is beneficial in several ways. First, some
crashes can be completely avoided. Second, some crashes will still occur, but
they occur at a lower impact speed and so reduce the severity of the crash
and the injuries suffered.

6.3.1 NHTSA work on stopping distances

NHTSA examined test results submitted by Goodyear Tyre and Rubber
Company as well as tests conducted at its own Vehicle Research Test Centre
(VRTC). In tests conducted by Goodyear Tyre and Rubber Company,
significant increases were found in the stopping distance of tyres that were
under-inflated. By contrast, tests conducted by NHTSA at their VRTC testing
ground found only minor differences in stopping distance, and in some cases
these distances actually decreased with lower inflation pressure. The NHTSA
tests also found only minor differences between wet and dry surface stopping
distance. It is possible that some of these differences were due to test track
surface characteristics, although it could be speculated that there is scope for
less scientific reasons for the differences.

The information provided by these sources did not lead to the same
conclusions.

Goodyear data indicate:

Stopping distance generally increases with lower tyre pressure. The only
exception was on concrete at 25 mph.

With fairly deep water on the road, (0.050 inches is equivalent to 1 inch of rain
in an hour) lowering inflation to 17 psi and increasing speed to 45 mph
increases the potential for hydroplaning and much longer stopping distances.

The Goodyear data also confirmed that tread depth has a significant influence
on stopping distance.

Test data from NHTSA - VRTC on stopping distance (tests were performed
using a MY 2000 Grand Prix with ABS) indicate:
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There is generally an increase in stopping distance as tyre inflation decreases
from the 30 psi placard on this vehicle on both wet and dry concrete.

On wet and dry asphalt, the opposite generally occurs, stopping distance
decreases as tyre inflation decreases from the 30 psi placard.

There is very little difference between the wet and dry stopping distance on
the concrete pad (about 4 feet at 30 psi), indicating the water depth was not
enough to make a noticeable difference on the rough concrete pad. There is a
larger difference between the wet and dry stopping distance on the asphalt
pad (13 feet at 30 psi).

No hydroplaning occurred in the NHTSA tests, even though they were
conducted at higher speed (60 mph vs. 45 mph in the Goodyear tests) and at
lower tyre pressure (15 psi vs. 17 psi in the Goodyear tests). Again, this
suggests that the water depth in the VRTC tests was not nearly as deep as in
the Goodyear testing.

In general, these data suggest that the road surface and depth of water on the
road have a large influence over stopping distance. Given a specific road
condition, one can compare the difference in stopping distance when the tyre
inflation level is varied. The Goodyear test results imply that tyre inflation can
have a significant impact on stopping distance, while the NHTSA testing
implies these impacts would be minor or nonexistent on dry surfaces and wet
surfaces with very little water depth.

In the earlier economic analysis and in a subsequent memo to the docket
(Docket No. 8572-81), NHTSA expressed concern regarding the adequacy of
the currently available test data. In response, Goodyear conducted a new and
comprehensive series of tests to evaluate the effects of tyre inflation pressure
on stopping distance. The Goodyear tests were conducted using two different
vehicles (Dodge Caravan and Ford Ranger), two different tyres (P235/75R15
Wrangler and 215/70R15 Integrity), three inflation pressures (35, 28, and 20
psi), two tread depths (full tread and half tread), and three water depths (dry,
.02 inches, and .05 inches). In addition, the tests were run with vehicles with
ABS and without ABS. The stopping distance was collected from 45 mph to 5
mph.

Goodyear found that collecting the data at 5 mph reduced the variability in the
results as compared to a full stop to 0 mph.

These data indicate that stopping distance is longer with lower psi for every
case except for two cases with the full depth tread with ABS on the Dodge
Caravan. Full depth tread tyres had shorter stopping distance than ‘2depth
tread tyres on wet surfaces, but not dry surfaces, and vehicles with ABS had
shorter stopping distances than those vehicles without ABS.

6.3.2 Preventable Crashes

The impact of small reductions in stopping distance will, in most cases, result
in a reduction in the impact velocity, and hence the severity, of the crash.
However, in some cases, reduced stopping distance will actually prevent the
crash from occurring. This would result, for example, if the braking vehicle
were able to stop just short of impacting another vehicle instead of sliding
several more feet into the area it occupied.
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The benefits that would accrue from preventable crashes would only impact
that portion of the fleet that:-

a) has low tyre pressure,
b) would be notified by the TPMS, and
Cc) is driven by drivers who will respond to the warning

Data from NHTSA'’s tyre pressure survey indicate that 26 percent of
passenger cars and have at least one tyre that is 25 percent or more below
recommended placard pressure. For these vehicles, notification of this under-
inflation would not be given until the system is triggered. For example, under
the proposed requirements, a direct TPMS will trigger at 25% below placard
pressure, or roughly 22.5 psi for passenger cars. The portion of the vehicle
fleet that is below these levels will potentially experience some reduction in
crash incidence due to improved stopping distance. However, in order to
experience this reduction in stopping distance, the driver must respond to the
warning. For the March 2002 Final Economic Assessment, NHTSA assumed
that 95 percent of drivers would respond to a warning and refill their tyres
back to the placard level. This may be somewhat optimistic for Australian
drivers.

Preliminary results from a recent survey conducted to determine consumer
reaction to existing TPMS systems indicated that in 95% of cases where
vehicles had direct systems, the drivers responded by taking appropriate
action. These preliminary survey results thus validate NHTSA's initial
assumption. However, the vehicles that have existing TPMS tend to be more
expensive luxury vehicles that are typically purchased by upper income
populations. Since these groups are typically more safety conscious than
lower income groups, it is likely that the survey results imply a lower level of
response for the overall driving public. Based on this, the overall response
rate across all income groups will be estimated to be 90%.

The portion of crashes that would actually be preventable is unknown.
However, an estimate can be derived from relative stopping distance
calculations for vehicles that were involved in crashes. The average stopping
distance was calculated for the existing crash-involved vehicle fleet and for
that fleet if they had correct tyre inflation pressure. The results indicate that
the existing passenger car fleet would, on average, experience a stopping
distance of 86.5 feet. By contrast, the average stopping distance for
passenger cars with correctly inflated tyres would be 85.2 feet.

6.3.3 Estimated Savings — Crash Type

In theory, current crashes occur under a variety of stopping distances but if
these distances were shortened due to improved inflation pressure then a
portion of these crashes would be prevented. Crashes could be prevented
over a variety of travel speeds and braking distances.

For example, a vehicle might be able to avoid an intersection crash by slowing
quickly enough to miss a speeding vehicle running a red light. In an angular
head-on crash, better braking could reduce the chance of two vehicles striking
their corners, given that crash avoidance manoeuvres are also taking place.
An example for rear impacts could involve sudden braking to avoid a vehicle
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swerving to cross lanes on an interstate highway. NHTSA anticipate that a
large portion of the fatality and serious injury benefits for crash avoidance
would occur in intersection crashes, since both vehicles are moving at high
speeds, and a small change in braking efficiency could result in the avoidance
of a high-impact crash.

NHTSA did not have data that indicate average stopping distance in crashes.
Under these circumstances, it is not unreasonable to assume that crashes are
equally spread over the full range of stopping distances. Under this
assumption, the change in stopping distance under proper inflation conditions
can be used as a proxy for the portion of crashes that are preventable. With
equal distribution of crashes across all stopping distances, the portion of
crashes that occur within the existing stopping distance that exceeds the
stopping distance with correct pressure represents the portion of crashes that
are preventable. For passenger cars, this portion is (86.5-85.2)/86.5 or 1.38
percent of all current crashes.

6.3.4 Benefits from preventable crashes

The benefits from preventable crashes were assumed to occur over all crash
types and severities. This assumption recognizes that there are a variety of
crash circumstances for which marginal reductions in stopping distance may
prevent the crash from occurring.

Crash prevention may be more likely under some circumstances than others.
For example, it is possible that a larger portion of side impacts might be
prevented than head-on collisions. In side impacts where vehicles are moving
perpendicular to each other, improved braking by one vehicle reduces the
speed at which it enters the crash zone and potentially allows the second
vehicle to move through the crash zone, thus avoiding the impact. In a head-
on collision, both vehicles are moving toward the crash and a reduction in
stopping distance for one vehicle may be less likely to avoid a high-speed
crash than in the case discussed above for side impacts.

Further, if a separate analysis were conducted for different crash types and
severities, the portion of crashes prevented would be greater for crashes at
higher speeds. However, NHTSA does not have sufficient information to
conduct a separate analysis of each crash circumstance and has used an
overall estimate across all crash types instead.

6.4 Other research

John Bullas in his work - Tyres, Road Surfaces and Reducing Accidents; A
review ( 2004) discussed the effect of tyre pressure on ABS brakes. He
reported that work published in 2002 by the SAE, (Marshek, Cuderman and
Johnson (2002) observed for the vehicles tested: ABS braking performance is
reduced at low and high tyre inflation pressures with optimum performances
near the tyre inflation pressure recommended by the vehicle manufacturer.
However, the magnitude of the effect of tyre pressure on ABS braking was
only slight, it should be noted that a vehicle’s ABS system is optimised for the
tyre supplied with the new vehicle and with high levels of tread depth. The
optimum performance of the ABS system may not be delivered when
alternative tyres are used and/or if tread wear is significant.
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There is an issue with ABS brakes that does not seem to be covered in
research - the additional of electronic brake distribution (EBD) to most modern
ABS.

EBD uses many of the sensors as ABS and ESC but uses this information to
optimise the front to rear (and sometimes the side to side) distribution of
braking forces. It operates like an advanced brake proportioning valve to take
account of the dynamic transfer of load from rear to front axles during heavy
braking. EBD has the potential to measurably reduce stopping distances. It is
reportedly leading to dramatic improvements in truck stopping distances. Cars
have less to gain but substantial improvements can be expected. The issue is
whether under-inflated tyres negate the improvement. There does not seem to
be any reference to EBD in the NHTSA research and we were unable to
locate other research findings on this issue. However, it is suspected that, like
the ESC handling issue, EBD would tend to mitigate any adverse effects of
under-inflated tyres on braking performance (Headley 2005).

6.4.1 Effects on whiplash crashes

It is possible that crashes associated with whiplash-style injuries (Anderson
2006) are associated with a greater proportion of crashes involving pre-crash
braking that the "average" crash used by NHTSA in its analysis. If this is the
case then the "whiplash" savings might be slightly higher than the NHTSA
estimate for all crashes. However, due to the uncertainty about the NHTSA-
derived safety benefits from improved stopping distances, it is expected that a
1.38% reduction in whiplash cases would be a very optimistic estimate.

There are other developments in Intelligent Transport Systems (ITS) that
show far more promise than tyre pressure monitoring in reducing whiplash
accidents. Firstly EBD, as discussed above, is likely to have a greater effect
on stopping distances than correct tyre inflation pressures. Secondly,
Following Distance Warning (FDW) systems, that alert the driver if he/she is
travelling too close to the vehicle ahead, have the potential to reduce the
incidence of rear end collisions involving the lead-vehicle suddenly braking by
34% (Regan 2006). Intelligent Speed Adaptation (ISA) systems, that
encourage compliance with speed limits, would also eliminate many of the
crashes that result in whiplash. Based on a Victorian trial of ISA and FDW,
Regan estimates that fatal accidents could be reduced by 9% and serious
injury crashes by 7%. The potential for minor injury crash reduction was not
reported by Regan but is expected to be similar to serious injury crashes.

The other opportunity for reduced whiplash injury is improved seat design.
The international RCAR consortium (motor vehicle repairers/insurers) has
developed static and dynamic test procedures for evaluating head restraint
and seat design (IWPG 2006). Initial tests by the US Insurance Institute for
Highway Safety (IIHS) show that many vehicles rate poorly for whiplash
protection (IIHS 2004). NRMA Insurance now includes the dynamic test in its
head restraint ratings of Australian vehicles (see http://tinyurl.com/2ehzj2 for
an example).

It is understood that Euro NCAP is considering adding a similar test protocol
for whiplash protection to its rating system and Australasian NCAP may follow
the Euro NCAP lead. However the test results from Euro NCAP are unlikely to

27



be interchangeable with the RCAR protocol. It would be appropriate to
investigate whether ANCAP should be supporting and using the NRMA
Insurance test program (that also about relevant overseas results) rather than
introducing a separate test procedure.

6.4.2 Summary of braking issues

There are mixed results from research concerning under-inflated tyres and
braking distance. NHTSA estimates a 1.38% reduction in all passenger
vehicle crashes using somewhat optimistic assumptions.

Further research is needed on the issue of the combination of electronic brake
distribution ABS brakes and under-inflated tyres.

6.5 Tyre failures and blowouts

Tyre failures such as blowouts are reported to be the cause of about 0.5% of
crashes in New South Wales. There are many factors that influence crashes
of these types. For blowouts, there is speed, tyre pressure, and the load on
the vehicle. Blowouts to the front tyre can cause a vehicle to leave the road,
or can cause a lane change resulting in a head-on crash. Blowouts in a rear
tyre can cause spinning out and loss of control. NHTSA estimated a target
population for tyre problems, but the agency did not know how many of these
crashes are influenced by under-inflation. However, reducing under-inflation
will be a real benefit in reducing tyres failures and blowouts. NHTSA'’s best
estimates of these effects are discussed below.

Tread separation where the tread peels away form the tyre casing, is less of a
direct safety problem, provided that the driver is aware that it has happened.
However, discarded tyre tread can be a serious hazard on motorways. NSW
RTA commenced a project on the hazards of peeled tyre tread in the 1990s
but it was not completed or reported (Griffiths — personal communication).

6.5.1 NHTSA

There is no direct evidence in NHTSA'’s current crash files (FARS and NASS)
that points to low tyre pressure as the cause of a particular crash. The closest
data element is "flat tyre or blow-out". Even in these cases, crash
investigators cannot tell whether low tyre pressure contributed to the tyre
failure. Tyre failures, especially blowouts, are associated with rollover
crashes. Low tyre pressure can also lead to loss of control or a skid initially.
Skids can lead to tripping and then to a rollover.

The National Automotive Sampling System - Crashworthiness Data System
(NASS-CDS) contains on its General Vehicle Form a space for the following
information (where applicable): a critical pre-crash event, vehicle loss of
control due to a blow-out or flat tyre. This category only includes part of the
tyre-related problems causing crashes. It does not include cases where there
was improper tyre pressure in one or more tyres that did not allow the vehicle
to handle as well as it should have in an emergency situation. This coding
would only be used when the tyre went flat or there was a blow-out and
caused a loss of control of the vehicle, resulting in a crash.

NASS-CDS data shows there are an estimated 23,464 tow-away crashes
caused per year by blowouts or flat tyres. Thus, about one half of a percent of
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all crashes are caused by these tyre problems. When these cases are broken
down by passenger car versus light truck, and compared to the total number
of crashes for passenger cars and light trucks individually, it is found that
blowouts cause more than three times the rate of crashes in light trucks (0.99
percent) than in passenger cars (0.31 percent). When the data are further
divided into rollover versus non-rollover, blowouts cause a much higher
proportion of rollover crashes (4.81) than non-rollover crashes (0.28) Table 8.

Table 8: Estimated Annual Average Number and Rates of Blowouts or
Flat Tyres Causing Tow-away Crashes

Tyre Related | Percent
Cases Tyre
Related
Passenger Cars Total 10,170 0.31%
Rollover 1,837(18%) | 1.87%
Non-rollover 8,332(82%) | 0.26%
Light Trucks Total 13,294 0.99%
Rollover 9,577(72%) | 6.88%
Non-rollover 3,717(28%) | 0.31%
Light Vehicles Total 23,464 0.51%
Rollover 11,414(49%) | 4.81%
Non-rollover 12,049(51%) | 0.28%

Fatality Analysis Reporting System (FARS) was also examined for evidence
of tyre problems involved in fatal crashes. In the FARS system, tyre problems
are noted after the crash, if they are noted at all, and are only considered as
far as the existence of a condition. In other words, in the FARS file, we don't
know whether the tyre problem caused the crash, influenced the severity of
the crash, or just occurred during the crash. For example, some crashes may
be caused by a tyre blow-out, in another crash, the vehicle might have slid
sideways and struck a curb, causing a flat tyre which may or may not have
influenced whether the vehicle rolled over. Thus, while an indication of a tyre
problem in the FARS file gives some clue as to the potential magnitude of the
tyre problem in fatal crashes, it can neither be considered the lowest possible
number of cases nor the highest possible number of cases. In 1995 to 1998
FARS, 1.10 percent of all light vehicles were coded with tyre problems. Light
trucks had slightly higher rates of tyre problems (1.20 percent) than
passenger cars (1.04 percent). The annual average number of vehicles with
tyre problems in FARS was 535 (313 in passenger cars and 222 in light
trucks). On average, annually there were 647 fatalities in these crashes (369
in passenger cars and 278 in light trucks). Thus, these two sets of estimates
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seem reasonably consistent: 647 fatalities in FARS in crashes in which there
was a tyre problem and 414 fatalities from CDS, in which the flat tyre/blow-out
was the cause of the crash.

6.5.2 Benefit of TPMS

In the above crashes involving low tyre pressures leading to blow-outs, a Tyre
Pressure Monitoring System would provide information of the low tyre
pressure before the tyre failed. NHTSA assumes that under-inflation is
involved in 20 percent of the cases that caused the crash. It is recognized
that the influence that under-inflation has on the chances of a blow-out are
influenced by the properties of the tyre.

NHTSA reported that better tyres could take care of 50 percent of this
problem and assigned this value to the tyre upgrade rulemaking. In
conclusion, it is estimated that 41 fatalities (414 x .2 x .5) and 1,028 injuries
are caused annually by flat tyres/blowouts, where under-inflation is the cause
of the flat tyre/blow-out. Also, there are 41 fatalities and 1,028 injuries in the
target population for better tyres brought about by the tyre upgrade
rulemaking. The agency assumes that 90 percent of drivers will fill their tyres
back to placard pressure when given a warning. For this situation, the agency
does not believe that the steady state analysis has any impacts on the
benefits. Any tyre above the warning level is not very susceptible to a flat tyre,
and it probably doesn’t matter whether the tyre is at a placard level of 30 psi
or at a steady state level of say 27 psi in terms of its likelihood of failing due to
a flat tyre. NHTSA also applied a .99 factor to take into account the one
percent of the fleet that already has a direct measurement system.

Thus the benefits for flat tyres/blowouts, 37 lives saved (41 x .90 x .99) and
916 injuries reduced (1,028 x .90 x .99).

6.5.3 Australian Data

The 1993 NRMA survey ‘Are your tyres letting you down?’ concluded that 9%
of 3,012 tyres surveyed were so under inflated that a blow-out was a very real
possibility. One fifth of all under-inflated tyres had at least one problem with
the tyre wall, which could lead to a blow-out. The specific age of the tyres
has not been recorded in this study.

In the recent RACV media release on ‘using unroadworthy tyres in Melbourne
roads’, the State Coroner, Graeme Johnstone states that coroners regularly
saw motor-vehicle deaths where worn or unroadworthy tyres contributed to
fatalities on the road.

Nevertheless, none of these studies appear to have reported blowouts or
reduced traction from aged tyres as a significant crash casual factor.
6.5.4 NSW Crashed Vehicles Study

Between May 1995 and June 1998 teams of RTA inspectors conducted
inspections of some 4426 vehicles that had been involved in a total of 2705
crashes. Detailed information was collected about the mechanical condition of
vehicles, including tyres pressures and tread depths. An assessment was
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made of the likely contribution of any defects to the occurrence and outcome
of the crash. Unfortunately the analysis of this unique set of data was never
undertaken other than in a broad statistical form so that no useful findings
about tyre condition have been published. Although it is now rather dated, the
files are still available and it might be possible to arrange for a sub-set of the
data to be analysed for tyre-related issues.

6.5.5 Summary

Damage due to increased flexing of the tyre wall and heat build up within a
tyre due to severe under-inflation can cause a catastrophic tyre failure - a
"blow-out" or tread separation.

There are many factors that influence crashes of these types. For blowouts,
there is speed, tyre pressure, and the load on the vehicle.

There is no direct evidence in NHTSA'’s current crash files (FARS and NASS)
that points to low tyre pressure as the cause of a particular crash but the data
show there are an estimated 23,464 tow-away crashes caused per year by
blowouts or flat tyres. Annually there were about 647 fatalities in these
crashes according to FARS data or 414 fatalities from CDS.

NHTSA believed that better attention to tyre pressures could reduce this
problem by 50% and assigned this value to the tyre upgrade rulemaking. It
estimated that 37 lives could be saved and 916 injuries reduced if TPMS was
used.

6.6 Increased tyre wear

Both over and under-inflating tyres can greatly reduce the life of a tyre and will
contribute to uneven tyre wear. However, it is tyre under-inflation that results
in most tyre problems.

6.6.1 Tread depth

Poor tread depth is associated with reduced braking and cornering ability. The
appendix discusses the consequences of worn tyres in detail. In summary:

* |tis commonly believed that low tread depth has a significant effect on
braking performance but it turns out that research is inconclusive. For
example, in tests conducted in the 1970s with wet asphalt roads, there was
no significant decrease in braking performance (peak brake force) at
50km/h, right up to a bald tyre (zero tread depth) and only a slight effect at
80km/h (Bullas 2004). The drop off at 1mm tread depth is only pronounced
at speeds of 130km/h, which is well above the legal maximum in most parts
of Australia. On wet, smooth concrete roads the effects where more
pronounced. US tests of vehicles with full and half-worn tread also had
mixed results with some half-worn tyres performing better than full-tread
tyres (NHTSA 2005).

* Links between low tread depth and accident rates appear to be
inconclusive. A UK study found that 11% of crash-involved vehicles had
illegal tread depth but this was identified as the main contributory factor in
only 2.9% of the accidents studied. A graph showing a steep increase in
crash risk for vehicles with poor tread depth is referred to in several UK
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reports but it turns out that it was from a small scale study of utility pole
accidents in Melbourne in 1969.

* Low tread depth may also affect tyre cornering stiffness and therefore
vehicle handling. However, as with braking, the effects are likely to be
relatively small and, in any case, only come into play when the vehicle is
pushed to its limits.

6.6.2 NHTSA Position on tyre wear

Based on data provided by Goodyear (see Docket No. NHTSA-2000-8572-
26), the average tread life of tyres is 70,000km and the average cost is $100
per tyre (in 2001 dollars).

Goodyear provided data estimating that the average tread wear dropped to 68
percent of the original tread wear if tyre pressure dropped from 240 kPa to
120 kPa. Goodyear also assumed that this relationship was linear. Thus, for
every 10 kPa drop in inflation pressure, tread wear would increase by 2.6%.
These effects would take place over the lifetime of the tyre. In other words, if
the tyre remained under-inflated by 10 kPa over its lifetime, the service life
would decrease by 2.6% - equivalent to about 2,000 km.

The NHTSA from their tyre pressure survey indicated that 1,575 out of 5,967
passenger car tyres (26 percent) had at least one tyre under-inflated by 25

percent or more below the placard level. The average under-inflation of the 4
tyres for these vehicles was 47 kPa - equivalent to reducing tyre life by 12%.

6.6.3 Claimed benefits of TPMS

The data analysis shows that, on average, passenger cars lose an estimated
4,900 km of tread life for each tyre due to the way they are currently under-
inflated that could be remedied under if everyone filled all their tyres back up
to the placard pressure when they were notified by a TPMS. If 90 percent of
the people actually inflate their tyres properly, then on average 4,400km of
tread life would be saved per tyre.

If the average current lifetime of tyres is 70,000 km at current inflation levels,
the average lifetime could be 76850 km with a TPMS. The agency estimates
that the average car would have 3 sets of tyres on their car over its lifetime.
This would not change with TPMS but the benefit to consumers is the delay in
purchasing those tyres and getting interest on that money. The weighted
tread life savings for passenger cars and light trucks is $5.65 to $8.04.

There are other potential non-quantified benefits of increasing tread wear
including savings in disposal of worn tyres.

6.6.4 Other relevant research

The research done by Edward Kasperzak on ‘Inflation Pressure Effects in the
Nondimentional tyre model’ revealed that, inflation pressure affects every
aspects of tyre performance. The paper discusses the effects of tyre pressure
on tyre force and moment outputs. Effects on lateral force and aligning torque,
the effects of inflation pressure on tyre spring rate and loaded radius were
also investigated. It was noted that, increasing inflation pressure typically
increases lateral force capability but reduces longitudinal force capability.
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Changing inflation pressure affects tyre force and moment characteristics.
This is because changes in inflation pressure alter the size, shape and
contact pressure distribution in the footprint of the tyre. In general, increasing
inflation pressure will cause the size of the footprint to shrink, raised the
contact pressure near the centre of the footprint and allow less tyre distortion
(less footprint shape change).

Cheryl L Greenly in his work of ‘Concerns related to FMVSS No 138" Tyre
pressure monitoring systems” and potential implementation of a similar
standard on commercial vehicles’ analysed the issue broadly. He states that,
the study done by the Federal Motor Carrier Safety Administration and the
American Trucking Associations Technology and Maintenance Council
(TMC)) revealed that constant 20% under inflation or overload in tyre pressure
decreases the life of a tyre by 30%.

He points out that a, 35kPa pressure difference between adjacent dual tyres
creates a 8mm difference in the circumference of the tyre, causing the smaller
tyre to be dragged 2.4 meters per kilometre. This dragging effect increases
tread wear in both tyres. He further states 7.08% of commercial vehicle tyres
measured as were under inflated by 140 kPa or more. Only 11.15% of tyres
were within +/- 35 kPa of the pressure specified by the tyre manufacturer.

6.6.5 Summary for tyre wear

Driving at lower inflation pressure impacts the rate of tread wear on tyres.
Lower inflation pressure causes tyres to wear out earlier than necessary and
decreased tread life.

If a tyre remains under-inflated by 10 kPa over its lifetime, the tread wear
would increase by 2.6% - equivalent to about 2,000 km reduced travel.

Low tread depth might not have as great an effect on braking and handling as
is commonly reported. Research in this field tends to be dated and
inconclusive
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7.0 ENVIRONMENTAL EFFECTS

Correct tyre pressure will improve vehicle fuel economy. Recent data provided
by Goodyear to NHTSA indicates that fuel efficiency is reduced by one
percent for every 20 kPa of under-inflation. It is assumed that this is for all four
tyres on the vehicle.

7.1  NHTSA analysis of fuel consumption

For this analysis, NHTSA assumed that there was no effect of tyre over-
inflation, and that savings only started once the warning went on. In other
words, if the placard pressure were 207 kPa, and a warning were given at 155
kPa (25 percent below placard), no benefits are assumed for those vehicles
that have tyres with pressure above 155 kPa.

Data from the tyre pressure survey was used to estimate the average under-
inflation of all 4 tyres for those vehicles for which a warning would be given.

The average of all four tyres on a passenger car that would be warned based
on NHTSA survey would be 47 kPa lower than placard. The incremental
steady state improvement of the TPMS is estimated to be 26 kPa. The
average passenger car with a warning would therefore get 1.28% better fuel
economy when correctly inflated. Note that the NHTSA analysis appears to
have typing error at this point (the report states "1.0128 percent").

Based on assumptions about average fleet fuel consumption and vehicle
lifetimes, NHTSA estimates that the average motorist would save about
US$67 over the lifetime of the vehicle.

In summary, correct tyre pressure will improve a vehicles’ fuel economy.
Fuel efficiency is reduced by one percent for every 20 kPa of under-inflation.

7.2 Greenhouse gas emissions

Since there are fuel economy improvements, there are comparable savings in
fuel usage and corresponding reduced emissions of greenhouse gases and
other pollutants.

Correctly inflated tyres should last longer and hence require replacement less
frequently. In turn, this means that less greenhouse gases are generated in
maintaining supply of tyres to the vehicle fleet (EPHC 2002).

7.2.1 NHTSA analysis of greenhouse emissions

NHTSA analysis shows the lifetime litres of petrol saved per passenger car
with TPMS is 72 litres. Although this does not appear to be a significant
reduction on a per-vehicle basis it makes a substantial difference across the
entire vehicle fleet. These per vehicle estimates are multiplied by the 17
million vehicles that would reduce fuel consumption through use of TPMS.
Assuming constant vehicle sales from year to year, once all vehicles in the
fleet meet the standard, the annual fuel savings are equal to the lifetime
savings of fuel of one vehicle in one year.
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NHTSA estimates that between 1.7 and 2 billion litres of fuel could be saved
each year. This equates to 0.9 to 1.1 million tonnes of carbon equivalent per
year.

7.2.2 Australian greenhouse gas emissions

An approximate estimate of the effect on Australian greenhouse gas
emissions can be made by taking 5% of the NHTSA estimates (based on a
broad comparison of US and Australian car fleets). In other words, in Australia
measures that eliminated most severely under-inflated tyres could be
expected to save around 100 million litres of fuel per year - equivalent to
50,000 tonnes of carbon equivalent per year

7.3 Reduced tyre waste

Correct inflation pressures will reduce tyre wear and premature tyre failures.
According to NHTSA, tyre life can be improved by 7%. The rate of premature
tyre failures has not been quantified (only a small proportion would be
associated with reportable accidents) but it is likely to be equivalent to a few
percent improvements in tyre life. The overall improvement to tyre life is
therefore estimated to be about 10%.

It is estimated that approximately 170,000 tonnes of waste tyres are
generated in Australia each year. About 30% is recycled and the remaining
70% goes into landfill or is illegally dumped (EPHC 2002). Assuming that the
recycling quantity remains at 51,000 tonnes, then a 10% improvement to tyre
life would save 17,000 tonnes per year from landfill/dumping. This is a 14%
decrease.

About 30% to 50% of rubber content is released to the environment before a
tyre wears sufficiently to require replacement. This rubber "dust" has a range
of adverse environmental and health impacts but they do not appear to have
been quantified (EPHC 2002).
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8.0 TYRE MAINTENANCE

8.1 Pressure gauges to check the tyre pressure

In 1993 the NRMA surveyed tyre pressure gauges at service stations in
Sydney and Wollongong. It was noted that the condition of tyre pressure
gauges had improved considerably since a 1987 survey. The maijority of
gauges were in a satisfactory condition and were reasonably accurate. Of the
gauges examined, 69% gave readings that were accurate to plus or minus
10kpa (Fig 4). 15% were inaccurate by more than 20 kPa.

chart 3- Accuracy of pressure gauges

Not established

+/- 20kPa 2%
15%

W +/- 11-20 kPa
14%

+/- kPa
69%

NRMA speculated that it was possible that most gauges were in good
condition because motorists were not using them regularly.

Also the survey found the majority of tyre pressure gauges (95%) were
conveniently located for ease of use by motorists. However most service
stations (87%) provided only one pressure gauge for motorists to check their
tyres. This is compared to anecdotal evidence that tyre pressure gauges used
to be located within reach of each set of bowsers.

There have been no recent surveys of service station tyre pressure gauges.
However, it is notable that some service stations now have automated gauges
where the driver simply sets the desired pressure on a control panel and the
device beeps when that pressure is reached. Some motorists may find this
easier to use and more reliable than previous methods.

On the other hand, it appears increasingly more difficult to find and/or use an
air outlet at service stations, particularly with the trend away from the
provision of mechanical workshops at these businesses.

36



9.0 TYRE PRESSURE MONITORING SYSTEMS

Tyre pressure monitoring systems (TPMS) are designed to detect a relatively
slow loss of tyre pressure so that the driver can seek the necessary tyre
maintenance and prevent a major tyre failure or avoid loss of control.

There are two types of TPMS currently available, direct TPMS and indirect
TPMS.

Direct TPMSs have a pressure sensor in each wheel that transmits pressure
information to a receiver.

Indirect TPMS do not have tyre pressure sensors, but instead rely on the
wheel speed sensors, typically a component of an anti-lock braking system
(ABS), to detect and compare differences in the rotational speed of a vehicle’s
wheels, which correlate to differences in tyre pressure.

Through its testing, NHTSA found that systems that use sensors to directly
measure tyre pressure (pressure-sensor based systems) were better able to
detect under-inflation, had more consistent warning thresholds, and were
quicker to provide under-inflation warnings than the systems that infer tyre
pressure from monitoring wheel speeds (wheel-speed based systems).
However, wheel-speed based systems were found to be easier to maintain
since there are no battery life concerns and the sensors are not exposed very
harsh conditions.

A review by NHTSA of driver interfaces for existing TPMS showed significant
variation in methods of visual warning presentation. Visual displays were
frequently difficult to see or comprehend. The variation in visual warning
presentation demonstrated the need for standardization of the visual warnings
of tyre under-inflation to avoid driver confusion.

9.1 US estimates of safety benefits

In assessing the impact of the TPMS regulation on relevant crashes, NHTSA
assumes that 90 percent of drivers will respond to a low tyre pressure warning
by re-inflating their tyres to the placard pressure.

Based upon this assumption and depending upon the specific technology
chosen for compliance, the agency estimates that the total quantified safety
benefits from reductions in crashes due to skidding/loss of control, stopping
distance, and flat tyres and blowouts will be 119-121 fatalities prevented and
8,373-8,568 injuries prevented or reduced in severity each year, if all light
vehicles met the TPMS requirement. This represents just 0.4% of annual US
occupant’s fatalities and 0.3% of annual occupant injuries respectively and so
is substantially less than the estimate for Australia derived above. Note
however that NHTSA assumed that the devices and driver diligence are not
100% effective.

9.2 Tyre industry estimates of safety benefits

According to the Rubber Manufacturers Association, in USA there were 647
fatalities in 1999 that involved “tyre related factors”. This represents about
1.6% of US road fatalities. They further state that the “leading cause of tyre
failure is under inflation (which reduces tread life and generates excessive
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heat due to increased flexing)” Similarly, an article in ATZ Worldwide
estimates that 85% of tyre failures are due to under inflation that results from
gradual pressure loss.

According to these organisations, a major contributing factor to this high rate
of tyre failures is that many people do not know whether or not their vehicle’s
tyres are properly inflated. As a result, many vehicles are operated with under
inflated tyres.

9.3 US Regqulations

In 2005 the National Highway Traffic Safety Administration (NHTSA) released
the final rulemaking for the tyre pressure warning requirement of the Trade
Act. The new Federal Motor Vehicle Safety Standard (FMVSS) No. 138
requires a tyre pressure monitoring system to "illuminate a low tyre pressure
warning telltale not more than 20 minutes after the inflation pressure in one or
more of the vehicle’s tyres, up to a total of four tyres, is equal to or less than
the pressure 25 % below the vehicle manufacturer’'s recommended cold
inflation pressure."

The wording of this Standard effectively eliminated the use of the sensors
associated with antilock brake systems (ABS) as a method of detecting under-
inflated tyres (by detecting differences in wheel rotation speeds).

The Standard resulted from earlier research by NHTSA's Vehicle Research
and Test Center (VRTC) into light vehicle Tyre Pressure Monitoring Systems
(TPMS).

NHTSA’s VRTC examined and tested each system to determine and
document how it worked, how accurate it was, when it warned of tyre under
inflation, and how it warned drivers of the condition of under inflation. VRTC
noted that, although tyre over-inflation leads to accelerated tyre wear (in the
centre of the tread pattern), it was not shown to be a significant safety issue.
However low tyre pressure may have an influence on skidding and loss of
control crashes, crashes resulting from flat tyres and blowouts, and may
influence any crash that involves braking, since low tyre pressure might result
in increased stopping distance. The validity of these assumptions is discussed
in following sections but our overall impression is that many of NHTSA's
assumed links between under-inflated tyres and accidents are possibly
tenuous, that is not well substantiated by in-depth research.

9.3.1 FMVSS 318 - Final Rule Highlights

The US Standard is performance orientated and is intended to not be design
restrictive. This allows any TPMS design that complies with the performance
requirements.

Specifically, it requires passenger cars, multipurpose passenger vehicles,
trucks, and buses with a GVWR of 4,536 kg (10,000 pounds) or less, except
those with dual wheels on an axle, to be equipped with a TPMS to alert the
driver when one or more of the vehicle’s tyres, up to all four of its tyres, are
significantly under-inflated.

The system requires a TPMS telltale warning lamp to activate within 20 min.
of when the pressure in 1-4 tyres is 25% or more below the manufacturer’'s
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recommended cold inflation pressure, or a minimum level of pressure
specified, whichever is higher.

Form September 2007 a Malfunction Indication Lamp (MIL) is required for all
vehicles.

Vehicle manufacturers are required to certify vehicle compliance under the
standard with the tyres installed on the vehicle at the time of initial vehicle
sale.

Procedures for conducting system calibration, low pressure and malfunction
testing are specified.
94 Cost of TPMS

The road safety and environmental benefits of TPMS have been discussed in
earlier section of this report. This section reviews the estimated cost of TPMS.

NHTSA examined three types of technology that manufacturers could use to
meet the proposed TPMS requirement. Assuming that manufacturers will
seek to minimize compliance costs, the agency expects that manufacturers
would install hybrid TPMS on the 67 percent of vehicles which are currently
equipped with an ABS and direct TPMS on the 33 percent of vehicles that are
not so equipped. The highest costs for compliance would result if
manufacturer installed direct TPMS with an interactive readout of individual
tyre pressures that included sensors on all vehicle wheels. Thus, the agency
estimated that the average incremental cost for all vehicles to meet the
proposed requirement would range from $65 to $93 per vehicle, depending
upon the specific technology chosen for compliance.

The agency estimates that the net cost per vehicle would be $35 to $134,
assuming a one-percent TPMS malfunction rate for replacement tyres and
variable maintenance costs depending mainly upon whether the TPMS has
batteries. The agency estimates the total annual net cost would be about
$604 to $2270 million.

NHTSA estimates that the net cost per equivalent life saved would be
approximately $3.2 - $12.1 million, depending upon the specific technology
chosen for compliance. Placing 90% confidence bounds around the cost per
equivalent life saved results in a range of $2 to $19 million.
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10.0 CONCLUSIONS

As indicated at the outset of this report, maintaining correct inflation pressure
in tyres helps to keep vehicle handling and braking at its best, as well as
improving fuel efficiency and tyre life. In addition it can prevent such events as
tread separations and tyre blowouts which may cause loss of control of a
vehicle and severe crashes such as rollovers.

In terms of the environment, correctly inflated tyres result in lower vehicle
rolling resistance, which leads to reduced fuel consumption and less
greenhouse gases.

10.1 Safety benefits of correct tyre inflation

The evidence for the safety benefits generally comes from research
conducted at test facilities, not from comprehensive studies of real world
crashes.

This means that when considering the potential role of under-inflated tyres as
a crash causal factor it is important to be aware that:-

- no definitive study has ever been analysed and reported in Australia of the
crash causal effects of tyre under-inflation (NSW RTA conducted a
comprehensive study of defects in vehicles involved in crashes in the mid
1990s. Tyre pressures were recorded for each vehicle where possible,
however the data was not analysed and reported),

- the United States (NHTSA) estimates of the role of tyre under-inflation as
a crash causal factor comes from a database where it was reported that a
vehicle had a flat tyre or a blow-out after the event, however tyre
pressures and under inflation were not recorded. Further whether the flat
tyre or blow-out were pre-crash causal factors or an outcome of the crash
were not recorded on the database,

- as a generalisation, the United States (NHTSA) reviews appear to have
erred on the side of overstating the role of tyre under-inflation as a crash
causal factor,

- when the United States (NHTSA) reviews were conducted they did not
foresee the rapid uptake of electronic stability control on new vehicles, so
that they did not allow for the beneficial role that ESC can have in
mitigating any adverse vehicle handling effects resulting from under-
inflated tyres.

Considering that the NHTSA review generally erred on the side of overstating
the possible role of tyre under inflation as a crash causal factor, then in the
final analysis, it is more likely that the real cost of tyre pressure monitoring
systems per life saved is in excess of A$20,000,000.

Research by Pete Thomas, on the effectiveness of ESC in preventing crashes
in the United Kingdom, has not found the same remarkable benefits reported
in the United States and Sweden. However in subsequent correspondence
Prof Thomas advised that an updated analysis shows increased ESC
effectiveness in the UK.
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By April 2007 it appears likely the UK will come out in strong support of ESC.
It appears that the only real question is whether they will assess the overall
benefit as high or very high.

Pete Thomas cautions that the differences between countries may be due to
differences in the road systems, driving styles or even differences in the types
of ESC fitted to vehicles. He suggests that an analysis specific to Australia’s
driving conditions might find some differences to overseas research; however
the real question will be is the potential benefit high or very high.

As yet there are no overseas industry or government standards that define
and/or mandate the minimum performance effectiveness of an ESC system.
At recent international conferences both industry and government sources
have reported that this has resulted in a wide variety of what are called ESC
systems on vehicles. This indicates that it may be important to establish a
study of the effectiveness of ESC on Australian and New Zealand roads.

In terms of the possible role of under inflated tyres on braking distance, the
US studies conducted so far are conflicting. NHTSA tests did not find any
significant results, whereas Goodyear (well known tyre manufacturer) found
some improvements from correctly inflated tyres. The tests were conducted
for vehicles with and without ABS.

Another comment about the NHTSA work in regard to braking distances is
that it did not appear to take into account the recent trend to inclusion of
electronic brake distribution (EBD) with antilock braking systems. EBD
optimises braking forces at each wheel to maximise overall braking
performance. Like ESC, it is likely that EBD will help to mitigate the effects of
under-inflated tyres but there appears to be no research to support this
conclusion. It may be useful to conduct research to assess whether tyre
under inflation can negate the potential benefits of EBD.

Further research is also justified into the potential benefits of Intelligent Speed
Adaptation (ISA) and Following Distance Warning (FDW) systems, as trialled
in the TAC SafeCars in Victoria - particularly their effectiveness at preventing
rear-end collisions associated with whiplash injuries. New methods of rating
seat/head restraint systems for whiplash prevention also deserve attention in
Australasia.

10.2 Surveys of tyre pressures

It appears that the last Australian survey of tyre pressures on non crash
involved vehicles was conducted by the NRMA in 1993, that is 14 years ago.
Over the last 20 plus years, the motor vehicle fuel industry in Australia has
rationalised its outlets. It has been observed that this has resulted in a
massive reduction of the number of petrol stations. Petrol stations used to be
smaller with tyre inflation facilities within easy reach of most bowsers. Petrol
stations are now much larger and generally have only one tyre inflation outlet
(if any), with the outcome that it now requires considerably more effort for a
driver to inflate his tyres. In a large petrol station it is not uncommon to find
the only tyre inflation outlet not operational. Anecdotally, it has been
observed that the development of more reliable tyres has resulted in tyres
maintaining their pressure better so that the perceived need for frequent tyre
checks has declined. Unfortunately, all the above observations are generally
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anecdotal, with no quantification, and hence no sound evidence to make a
case for better tyre inflation facilities for motorists.

10.3 Future research

Penultimately, we of find ourselves in a situation where, whilst laboratory test
facility based studies show some disbenefits from under-inflated tyres, there is
no up-to-date Australian real world measure of the extent of under-inflated
tyres in the general vehicle population, nor is there any robust measure of the
role of tyre under inflation as a crash causal factor.

All of this leads us to conclude that the most efficient and effective way
forward would be to:-

- conduct an extensive survey of tyre pressures and tread depths in non
crash involved vehicles. (Such as survey could be conducted in office and
shopping centre car parks where there are large numbers of vehicles with
cold tyres), and compare the results with NHTSA and similar surveys to
establish whether the situation in Australia is similar to the USA and UK.

- conduct a comprehensive survey of the availability and ease-of-use of tyre
inflation facilities at petrol stations, including interviews with customers
about this issue, and develop strategies to address any (likely)
shortcomings.

- depending on the above findings, develop strategies to increase
awareness amongst motorists of the importance of correct tyre inflation
pressures and tread depths

- explore the possibility of getting access to, and analysing the New South
Wales RTA's files from their Defects in Crashed Vehicles Study conducted
in the early 1990s in order to determine the possible role of under-inflated
and bald tyres in these accidents.

Whatever the quantification of the crash causal role of under inflated tyres, it
appears that ESC can compensate for some of the dynamic stability issues,
therefore the sooner the uptake of ESC in vehicles in Australia, the more
quickly some of these potential disbenefits will be addressed. In the US the
Insurance Institute for Highway Safety (an organisation entirely funded from
motor vehicle insurers) is the main driving force for rapid uptake of ESC.
There does not appear to be any equivalent body driving the issue here in
Australia. In Australia compulsory third party insurers have much to gain from
accelerated introduction of ESC. In that context the Heads of Compulsory
Third Party Insurers may be well placed to take a lead role in driving a rapid
uptake of ESC and other promising ITS technologies in Australia. We
therefore also recommend that:

- areview be undertaken into the application of overseas findings on the
effectiveness of ESC to the Australian and New Zealand situations (this
should also cover electronic brake distribution)

- if, as expected, the ESC benefits are very clear then a strategy be
developed for fast-tracking the uptake of ESC in new Australian/New
Zealand vehicles.
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a review be undertaken into ISA and FDW technologies, their potential for
reducing whiplash injuries and ways of fast-tracking their introduction in
Australasia

a review be undertaken into seat/head restraint ratings and the potential
for using NRMA Insurance ratings as part of the Australasian New Car
Assessment Program
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Appendix - Effects of Worn Tyres

This appendix looks at the safety effects of worn tyres - particularly those with
inadequate tread depth

Bullas (2004) reports that the significant effect that low tread depth can have
on braking and handling has been understood for many years. Published TRL
work (Staughton and Williams 1970) indicated a sudden loss in tyre traction
below 1mm tread. This led to the introduction of a 1Tmm minimum tread depth
requirement in British regulations.

However, there may be reason to question the application of this work to
Australia. Key graphs from Staughton and Williams is presented below. The
first graph shows braking in the wet on smooth concrete. This indicates a
sudden decrease in brake performance at 50km/h for tread depths of 1mm of
less but a gradual decrease at speeds of 80km/h and 130km/h.

oM 30km/h |
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PEAK BRAKING FORCE AGAINST TREAD DEPTH- SMOOTH CONCRETE

The second graph shows the results for a "high texture" asphalt road. Here
there is no significant decrease in braking performance at 50km/h, right up to
a bald tyre (zero tread depth) and only a slight effect at 80km/h. The drop off
at 1mm tread depth is only pronounced at speeds of 130km/h, which is well
above the legal maximum in most parts of Australia.
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There may be a link between risk-taking by drivers and worn tyres on their
vehicles. Vehicles of drivers found to be at fault in high speed accidents were
found to be six times more likely to have worn tyres than those of the other
drivers involved.

Many studies from the 1970s have shown how tyre grip is greatly reduced as
tread depth decreases, but there is a general lack of research in the UK
linking accident risk directly to insufficient tread depth. Work carried out by
TRL identified 221 instances of illegal tread or combinations in 2042
accidents. However this was identified as a main contributory factor in only
2.9% of the accidents studied. In comparison, all mechanical defects
(including tyres) were contributory in around 8.5% of 2042 accidents studied
by TRL.

The following graph shows that below 3mm tread depth, relative crash risk
increases steeply in the wet road accidents but there is also a noticeable rise
for dry roads (Fox, Good & Joubert 1979 - quoted by Bullas 2004) Note that
this was limited to a study of single vehicle into utility pole impacts in urban
areas (Melbourne). It had a small sample size and might not represent the
current Australian situation.
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Bullas states that, though often feared by the driver, hydroplaning is not a
common occurrence, it requires a combination of tyre tread depth, road-
surface texture depth and vehicle speed to introduce a significant degree of
penetration of a wedge of water between the tyre and the road surface. The
loss of traction experienced in the wet is often incorrectly described as
hydroplaning. However, real hydroplaning requires complete water cover on
the road surface and occurs when a wedge of water in front of the tyre lifts the
tyre off the road in the same manner that a boat planes (hydroplanes) on
water when it reaches a sufficient speed and has a flattish underwater shape.
True hydroplaning of a road tyre has been defined as when the tyre is rotating
at only one-tenth of the vehicles forward speed. A different kind of tyre/road
friction loss occurs with tread wear at highway speeds on wet roads well
before hydroplaning occurs. This is the most common cause of tyre traction
loss on wet roads and is almost certainly a more significant safety issue than
hydroplaning.

Blythe and Day (2002) review research (mostly from 1960s and 70s) into
factors affecting wet road loss of control. It was noted that significant
reductions in tyre-road longitudinal and lateral friction occur due to variations
in speed, tread depth and water depth, well before hydroplaning occurs.
Reductions in brake coefficients (a measure of peak braking force) ranged
from 44% to 60% for a tyre with a 1.5 mm tread, compared with a new tyre,
over a range of speeds and water depths.
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A key conclusion was that “the large reduction of braking friction with tread
wear, at highway speeds on wet roads, can be expected to develop well
before full hydroplaning develops”.

NHTSA analysis of TPMS included some data on the effects of tyre tread
depth and pressure, as set out below. The data were provided by the
Goodyear tyre company as part of a submission on the effects on inflation
pressure.

Effect of tread depth and inflation pressure

140% ,, % 140 kPa
Lower value indicates better performance. 190 kPa

Results for tyres at half tread depth shown
120% t-—==————====—======—— - ————— N 240 kPa

100%
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40% t-7 5 N\ - -
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Vehicle A dry road Vehicle B dry road Vehicle A wet road Vehicle B wet road

% of braking distance with full tread & pressure

The vehicle tested were a 2001 Dodge Caravan people mover with tyres that

had 8mm (full) and 4mm and a 1997 Ford Ranger pickup with tyres that had

tread depths of 10mm (full) and 5mm. The vehicles were braked from 72km/h

and the distance to drop to 8km/h was measured.

These data show a slight trend towards increased stopping distance with
under-inflated tyres. On dry roads the stopping distance tended to be less w
the worn tyres and the reason for this is not clear. On wet roads the results
were mostly an increase in stopping distance with the half worn tyres but
there was one exception.

ith

Referring to the Staughton graph, it is not that surprising that tyres with 4mm

tread depth gave mixed results.
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