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(4) Changes in Operating Conditions: If GROWS significantly changes the treatment process
or the chemicals used in the treatment process, GROWS may not manage the treatment
sludge filter cake generated from the new process under this exclusion until it has met the
following conditions: (a) GROWS must demonstrate that the waste meets the delisting lev-
els set forth in Paragraph 3; (b) it must demonstrate that no new hazardous constituents
listed in Appendix VIII of Part 261 have been introduced into the manufacturing or treat-
ment process: and (c) it must obtain prior written approval from EPA and the Pennsyl-
vania Department of Environmental Protection to manage the waste under this exclusion.

(5) Reopener:

(a) If GROWS discovers that a condition at the facility or an assumption related to the dis-
posal of the excluded waste that was modeled or predicted in the petition does not occur
as modeled or predicted, then GROWS must report any information relevant to that condi-
tion, in writing, to the Regional Administrator or his delegate and to the Pennsylvania De-
partment of Environmental Protection within 10 days of discovering that condition.

(b) Upon receiving information described in paragraph (a) of this section, regardless of its
source, the Regional Administrator or his delegate and the Pennsylvania Department of
Environmental Protection will determine whether the reported condition requires further ac-
tion. Further action may include repealing the exclusion, modifying the exclusion, or other
appropriate response necessary to protect human health and the environment.

[FR Doc. 01-18533 Filed 7-25-01; 8:45 am)]
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SUMMARY: The Transportation Recall
Enhancement, Accountability, and
Documentation Act of 2000 mandates a
rulemaking proceeding to require motor
vehicles to be equipped with a tire
pressure monitoring system that warns
the driver a tire is significantly under-
inflated. In response, this document
proposes to establish a new Federal
Motor Vehicle Safety Standard No. 138
that would require tire pressure
monitoring systems to be installed in
new passenger cars and in new light
trucks and multipurpose passenger
vehicles.

This document seeks comment on two
alternative versions of the new standard.
One alternative would require that the
driver be warned when the tire pressure
in one or more tires, up to a total of 4
tires, has fallen to 20 percent or more
below the vehicle manufacturer’s
recommended cold inflation pressure
for the vehicle’s tires, or a minimum
level of pressure to be specified in the

new standard, whichever is higher. The
other alternative would require that the
driver be warned when tire pressure in
one or more tires, up to a total of 3 tires,
has fallen to 25 percent or more below
the vehicle manufacturer’s
recommended cold inflation pressure
for the vehicle’s tires, or a minimum
level of pressure to be specified in the
new standard, whichever is higher.
DATES: Comments must be received on
or before September 6, 2001.
ADDRESSES: You may submit your
comments in writing to: Docket Section,
National Highway Traffic Safety
Administration, 400 Seventh Street,
SW., Washington, DC 20590.
Alternatively, you may submit your
comments electronically by logging onto
the Docket Management System (DMS)
website at http://dms.dot.gov. Click on
“Help & Information” or “Help/Info” to
view instructions for filing your
comments electronically. Regardless of
how you submit your comments, you
should mention the docket number of
this document. You can find the number
at the beginning of this document.

FOR FURTHER INFORMATION CONTACT: For
non-legal issues, you may call Mr.
George Soodoo or Mr. Joseph Scott,
Office of Crash Avoidance Standards
(Telephone: 202—-366—-2720) (Fax: 202—
366—4329).

For legal issues, you may call Mr.
Dion Casey, Office of Chief Counsel
(Telephone: 202—-366—2992) (Fax: 202—
366—-3820).

You may send mail to these officials
at National Highway Traffic Safety
Administration, 400 Seventh Street,
SW., Washington, DC 20590.

You may call Docket Management at
202-366—9324. You may visit the
Docket from 10 a.m. to 5 p.m., Monday
through Friday.
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I. Executive Summary

This document proposes to establish
a new Federal Motor Vehicle Safety
Standard that would require tire
pressure monitoring systems (TPMSs) to
be installed in new passenger cars and
in new light trucks and multipurpose
passenger vehicles. Each vehicle’s
system would include a warning telltale
that illuminates to inform the driver
when the vehicle has a significantly
under-inflated tire.

This document seeks comment on two
alternative versions of the new standard.
One alternative would require that the
driver be warned when the tire pressure
in one or more tires, up to a total of 4
tires, has fallen to 20 percent or more
below the vehicle manufacturer’s
recommended cold inflation pressure
for the vehicle’s tires, or a minimum
level of pressure to be specified in the
new standard, whichever pressure is
higher. The other alternative would
require that the driver be warned when
tire pressure in one or more tires, up to
a total of 3 tires, has fallen to 25 percent
or more below the vehicle
manufacturer’s recommended cold
inflation pressure for the vehicle’s tires,
or a minimum level of pressure to be
specified in the new standard,
whichever pressure is higher.

To meet the first alternative, vehicle
manufacturers would likely need to
install direct TPMSs. Direct TPMSs
have a tire pressure sensor in each tire.

To meet the second alternative,
vehicle manufacturers could install
either direct or indirect TPMSs. Indirect
TPMSs do not have tire pressure
sensors. Current indirect TPMSs rely on
the presence of an anti-lock braking
system (ABS) to detect and compare
differences in the rotational speed of a
vehicle’s wheels. Wheel speed
correlates to tire pressure since the
diameter of a tire decreases slightly as
tire pressure decreases. The second
alternative would require only warnings
about pressure loss in up to three tires
since most indirect TPMSs cannot
detect when all four tires lose pressure
at roughly the same rate and become
significantly under-inflated.

NHTSA anticipates that vehicle
manufacturers would minimize their
costs of complying with the second

alternative by installing indirect TPMSs
in vehicles currently equipped with
ABSs and direct TPMSs in vehicles
currently not so equipped. For vehicles
already equipped with an ABS, the cost
of modifying that system to serve the
additional purpose of indirectly
monitoring tire pressure would be
significantly less than the cost of adding
a direct TPMS to those vehicles. For
vehicles not so equipped, adding a
direct TPMS would be the less
expensive way of monitoring tire
pressure.

NHTSA has two sets of data, one from
Goodyear and another from the agency’s
Vehicle Research and Testing Center
(VRTC), on the effect of under-inflated
tires on a vehicle’s stopping distance.
The Goodyear data indicate that a
vehicle’s stopping distance on wet
surfaces is significantly reduced when
its tires are properly inflated, as
compared to when its tires are
significantly under-inflated. The VRTC
data indicate little or no effect on a
vehicle’s stopping distance. For
purposes of this rulemaking, NHTSA is
using the Goodyear data to establish an
upper bound of benefits and the VRTC
data to establish a lower bound. The
estimates below are the mid-points
between those upper and lower bounds.

NHTSA estimates that the first
alternative would prevent 10,635
injuries and 79 deaths at an average cost
of $66.33 per vehicle.! Since
approximately 16 million vehicles are
produced for sale in the United States
each year, the total annual cost of the
first alternative would be about $1.06
billion. However, if the average per
vehicle fuel and tread life savings
($32.22 and $11.03, respectively) over
the lifetime of the vehicle are factored
in, the average net cost of the first
alternative drops to $23.08 per vehicle,
and the total annual cost drops to about
$369 million ($1.06 billion— ($516
million + $176 million)) . The second
alternative would prevent 6,585 injuries
and 49 deaths at an average cost of
$30.54 per vehicle.2 Since
approximately 16 million vehicles are
produced for sale in the United States
each year, the total annual cost of the
second alternative would be about $489
million. However, if the average per
vehicle fuel and tread wear savings
($16.40 and $5.51, respectively) over the
lifetime of the vehicle are factored in,
the average net cost of the second
alternative drops to $8.63 per vehicle,

1The range of injuries prevented would be 0 to
21,270, an the range of deaths prevented would be
0 to 158.

2The range of injuries prevented would be 0 to
13,170, an the range of deaths prevented would be
0to 97.

and the total annual cost drops to about
$138 million ($489 million — ($263
million + 88 million). The net cost per
equivalent life saved would be $1.9
million for the first alternative and $1.1
million for the second.

The agency believes the proposals
would also result in other benefits, such
as fewer crashes resulting from tire
blowouts, adverse effects on vehicle
handling due to inflation pressure loss
and hydroplaning, from fewer crashes
involving vehicles that had been
stopped by the side of the road because
of a flat tire, and the prevention of the
property damage that results from these
crashes. NHTSA has not attempted to
quantify those benefits. Those
unquantified benefits would be greater
for the first alternative than the second
alternative.

The agency believes the proposals
may also result in additional costs, such
as the cost of replacing worn or
damaged TPMS equipment and the cost
of the time it would take for a driver to
react to a low tire pressure warning by
pulling over to a gas station to check
and inflate the vehicle’s tires. NHTSA
has not attempted to quantify those
costs.

II. Background

A. The Transportation Recall
Enhancement, Accountability, and
Documentation Act

Congress enacted the Transportation
Recall Enhancement, Accountability,
and Documentation (TREAD) Act on
November 1, 2000.2 Section 13 of the
TREAD Act mandates ‘““a rulemaking for
a regulation to require a warning system
in new motor vehicles to indicate to the
operator when a tire is significantly
under inflated” within one year of the
TREAD Act’s enactment. Section 13 also
provides that the regulation must take
effect within two years of the
completion of the rulemaking.

B. Previous Rulemaking on Tire
Pressure Monitoring Systems

NHTSA first considered requiring a
“low tire pressure warning device” in
1970. However, the agency determined
that only warning device then available
was an in-vehicle indicator, and that its
cost was too high.

During the 1970s, several
manufacturers developed inexpensive
on-tire warning devices. In addition, the
price of in-vehicle warning devices
dropped significantly.

On January 26, 1981, NHTSA
published an Advanced Notice of
Proposed Rulemaking (ANPRM)

3Public Law 106—414.
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soliciting public comment on whether
the agency should propose a new
Federal motor vehicle safety standard
requiring each new motor vehicle to
have a low tire pressure warning device
which would “warn the driver when the
tire pressure in any of the vehicle’s tires
was significantly below the
recommended operating levels.” (46 FR
8062).

NHTSA noted in the ANPRM that
under-inflated tires increase the rolling
resistance of vehicles and,
correspondingly, decrease their fuel
economy. Research data at the time
indicated that radial tires under-inflated
by 10 pounds per square inch (psi)
reduced the fuel economy of the vehicle
on which they were mounted by 3
percent. Because of the worldwide oil
shortages in the late 1970s and early
1980s, NHTSA was interested in finding
ways to increase the fuel economy of
passenger vehicles (i.e., passenger cars
and multipurpose passenger vehicles).
Since surveys conducted by the agency
showed that about 50 percent of
passenger car tires and 13 percent of
truck tires were operated at pressures
below the vehicle manufacturers’
recommended inflation levels, the
agency believed that low tire pressure
warning devices would encourage
drivers to maintain their tires at the
proper inflation level, thus maximizing
their vehicles’ fuel economy.

Moreover, a 1973 study by Indiana
University concluded that under-
inflated tires were a probable cause of
1.4 percent of all motor vehicle
crashes.# Based on that figure, and the
approximately 18.3 million motor
vehicle crashes then occurring annually
in the U.S., the agency suggested that
under-inflated tires were probably
responsible for 260,000 crashes each
year (1.4 percent x 18.3 million crashes).

In the ANPRM, the agency sought
answers from the public to several
questions, including:

(1) What tire pressure level should
trigger the warning device?

(2) Should the agency specify the type
of warning device (i.e., on-tire, in-
vehicle) to be used?

(3) What would it cost to produce and
install an on-tire or in-vehicle warning
device?

(4) What is the fuel saving potential
of low tire pressure warning devices?

4Indiana Tri-Level Study of the Causes of Traffic
Accidents, 1973.

(5) What studies have been performed
which would show cause and effect
relationships between low tire pressure
and auto crashes?

(6) What would be the costs and
benefits of a program to educate the
public on the benefits of maintaining
proper tire pressure?

NHTSA terminated the rulemaking on
August 31, 1981. (46 FR 43721, August
31, 1981). The agency did so because
public comments on the ANPRM
indicated that the low tire pressure
warning devices available at the time
either had not been proven to be
accurate and reliable or were too
expensive. The comments indicated that
in-vehicle warning devices had been
proven to be accurate and reliable, but
would have had a retail cost of $200 (in
1981 dollars) per vehicle. NHTSA
stated, “Such a cost increase cannot be
justified by the potential benefits,
although those benefits might be
significant.” (46 FR 43721). The
comments also indicated that on-tire
warning devices cost only about $5 (in
1981 dollars) per vehicle, but they had
not been developed to the point where
they were accurate and reliable enough
to be required. The comments also
suggested that on-tire warning devices
were subject to road hazards, such as
scuffing at curbs, ice, mud, etc.
However, NHTSA said that it still
believed that “[m]aintaining proper tire
inflation pressure results in direct
savings to drivers in terms of better gas
mileage and longer tire life, as well as
offering increased safety.” (46 FR
43721).

III. Problem Description

Drivers’ infrequent monitoring of their
vehicles’ tire pressure, combined with
the difficulty of visually detecting when
a tire is several psi below the
recommended inflation pressure and
with typical tire pressure losses due to
natural leakage and seasonal climatic
changes, contribute to many vehicles’
having under-inflated tires.

A. Infrequent Consumer Monitoring of
Tire Pressure

Surveys have shown that most drivers
infrequently check the inflation
pressure in their vehicles’ tires. One
such survey was the omnibus survey
conducted by the Bureau of
Transportation Statistics (BTS) in
September 2000 for NHTSA. The BTS
conducted 1,017 household interviews.
One of the questions posed was: “How

often do you, or the person who checks
your tires, check the air pressure in your
tires?”” The answers indicated that 29
percent of the respondents stated that
they check the air pressure in their tires
monthly; 29 percent stated that they
check the air pressure only when one or
more of their vehicle’s tires appears
under-inflated; 19 percent stated that
they only have the air pressure checked
when the vehicle is serviced; 5 percent
stated that they only check the air
pressure before taking their vehicle on

a long trip; and 17 percent stated that
they check the air pressure on some
other occasion. Thus, 71 percent of
drivers stated that they check the air
pressure in their vehicles’ tires less than
once a month.5

In addition, NHTSA’s National Center
for Statistics and Analysis (NCSA)
conducted a survey in February 2001.
The survey was designed to assess the
extent to which passenger vehicle
drivers are aware of the recommended
air pressure for their tires, if they
monitor air pressure, and to what extent
actual tire pressure differs from that
recommended by the vehicle
manufacturer.

Data was collected through the
infrastructure of the National Accident
Sampling System—Crashworthiness
Data System (NASS-CDS). The NASS—
CDS consists of 24 Primary Sampling
Units (PSUs) located across the country.
Within each PSU, a random selection of
zip codes was obtained from a list of
eligible zip codes. Within each zip code,
a random selection of two gas stations
was obtained.

A total of 11,530 vehicles were
inspected at these gas stations. This
total comprised 6,442 passenger cars,
1,874 SUVs, 1,376 vans, and 1,838 pick-
up trucks. For analytical purposes, the
data were divided into three categories:
(1) passenger cars with P-metric tires;
(2) pick-up trucks, SUVs, and vans with
P-metric tires; and (3) pick-up trucks,
SUVs, and vans with either light truck
(LT) or flotation tires.

Drivers were asked how often they
normally check their tires to determine
if they are properly inflated. Their
answers are in the following table:

5 The agency notes that it seems likely that the
respondents overstated the frequency with which
they check tire pressure, particularly given the fact
that this survey was conducted during the height of
publicity in the fall of 2000 about tire failures on
sport utility vehicles.
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Drivers of pas- Drivers of pick-up trucks, SUVs and
senger cars vans
How often is tire pressure checked? (%) (%)
P-metric tires P-metric tires LT o;irg)statlon
WWEEKIY ettt 8.76 8.69 8.16
MONTNLY et ettt e et e e snn e e sann e e 21.42 25.19 39.88
When they SEEM TOW ......eiiiiiiii ittt e e 25.63 23.58 15.59
WHREN SEIVICEA ...ttt 30.18 27.72 25.54
FOF 1ONG P ot 0.99 2.39 2.17
(@1 =T TSROSO 6.46 8.27 6.97
DO MOt CRECK ..ottt 6.56 4.16 1.69

These data indicate that only about 30
percent of drivers of passenger cars, 34
percent of drivers of pick-up trucks,
SUVs, and vans with P-metric tires, and
48 percent of drivers of pick-up trucks,
SUVs, and vans with either LT or
flotation tires claim that they check the
inflation level in their tires at least once
a month.

B. Loss of Tire Pressure Due to Natural
and Other Causes

According to data from the tire
industry, 85 percent of all tire air
pressure losses are the result of slow
leaks that occur over a period of hours,
days, or months. Only 15 percent of tire
air pressure losses are rapid air losses
caused by contact with a road hazard,
e.g., when a tire is punctured by a large
nail that does not end up stuck in the
tire. Slow leaks may be caused by many
factors. Tires typically lose air pressure
through natural leakage and permeation
at a rate of 1 pound per square inch (psi)
per month. In addition, seasonal
climatic changes result in air pressure
losses on the order of 1 psi for every
10°F decrease in the ambient
temperature. Slow leaks also may be
caused by slight damage to a tire, such
as a road hazard that punctures a small
hole in the tire or a nail that sticks in
the tire. The agency has no data
indicating how often any of these causes
results in a slow leak.

C. Percentage of Motor Vehicles With
Under-Inflated Tires

During the tire pressure survey,
NASS—CDS crash investigators
measured tire pressure on each vehicle
coming into the gas station and
compared the measured pressures to the
vehicle manufacturer’s recommended
tire pressure. They found that about 36
percent of passenger cars and about 40
percent of light trucks had at least one
tire that was at least 20 percent below

the vehicle manufacturer’s
recommended cold inflation pressure.
About 26 percent of passenger cars and
29 percent of light trucks had at least
one tire that was at least 25 percent
below the vehicle manufacturer’s
recommended cold inflation pressure.
The agency notes those levels of under-
inflation because they are the threshold
levels at which the low tire pressure
warning telltale would have to be
illuminated in the two alternatives
proposed in this NPRM.

D. Consequences of Under-Inflation of
Tires

1. Reduced Vehicle Safety

When a tire is used while
significantly under-inflated, its
sidewalls flex more and the air
temperature inside it increases, making
the tire more prone to failure. In
addition, a significantly under-inflated
tire loses lateral traction, making
handling more difficult. The agency also
has received data from Goodyear
indicating that significantly under-
inflated tires increase a vehicle’s
stopping distance on wet surfaces.

NHTSA'’s crash files do not contain
any direct evidence that points to low
tire pressure as the cause of any
particular crash. However, this lack of
data does not imply that low tire
pressure does not cause or contribute to
any crashes. It simply reflects the fact
that measurements of tire pressure are
not among the vehicle information
included in the crash reports received
by the agency and placed in its crash
data bases.®

The only tire-related data element in
the agency’s data bases is “‘flat tire or
blowout.” Even in crashes for which a

6 These crash data bases are the National
Automotive Sampling System—Crashworthiness
Data System (NASS—CDS) and the Fatality Analysis
Reporting System (FARS).

flat tire or blowout is reported, crash
investigators cannot tell whether low
tire pressure contributed to the tire
failure.

The agency examined its crash files to
gather information on tire-related
problems that resulted in crashes. The
National Automotive Sampling
System—Crashworthiness Data System
(NASS-CDS) has trained investigators
who collect data on a sample of tow-
away crashes around the United States.
These data can be weighted to generate
national estimates.

The NASS—CDS General Vehicle
Form contains a value indicating
vehicle loss of control due to a blow out
or flat tire. This value is used only when
a vehicle’s tire went flat, causing a loss
of control of the vehicle and a crash.
The value is not used for cases in which
one or more of a vehicle’s tires was
under-inflated, preventing the vehicle
from performing as well as it could have
in an emergency situation.

NHTSA examined NASS-CDS data
for 1995 through 1998 and estimated
that 23,464 tow-away crashes, or one-
half of one percent of all crashes, are
caused by blowouts or flat tires each
year. This is significantly fewer crashes
than estimated by the 1973 Indiana Tri-
Level study. However, the 260,000
crashes estimated in that study
represented all crashes in which under-
inflation was a probable or possible
cause. The 23,464 crashes estimated
from the NASS—-CDS data are tow-away
crashes caused by tire failure only.
Further, in 1977, only 12 percent of
vehicles were equipped with radial
tires, while today over 90 percent of
vehicles are equipped with radial tires.
Radial tires are much more structurally
sound than the bias-ply tires that were
widely used in 1977. Thus, the current
estimate of 23,464 crashes and the 1977
estimate of 260,000 crashes are not
comparable.
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The agency placed the tow-away
crashes from the NASS—CDS files into
two categories: Passenger car crashes
and light truck crashes. Passenger cars
were involved in 10,170 of the tow-
away crashes caused by blowouts or flat
tires, and light trucks were involved in
the other 13,294.

NHTSA also examined data from the
Fatality Analysis Reporting System
(FARS) for evidence of tire problems
involved in fatal crashes. In FARS, if
tire problems are noted after the crash,
the simple fact of their existence is all
that is noted. No attempt is made to
ascribe a role in the crash to those
problems. Thus, the agency does not
know whether the noted tire problem
caused the crash, influenced the
severity of the crash, or simply occurred
during the crash. For example, a tire
may have blown out and caused the
crash, or a tire may have blown out
during the crash when the vehicle
struck some object such as a curb.

Thus, while an indication of a tire
problem in the FARS file gives some
clue as to the potential magnitude of tire
problems in fatal crashes, the FARS data
cannot give a precise measure of the
causal role played by those problems.
The very existence of tire problems are
sometimes difficult to detect and to
code accurately. Further, coding
practices vary from State to State.
Nevertheless, the agency notes that,
from 1995 to 1998, 1.10% of all light
vehicles involved in fatal crashes were
coded as having tire problems. Over 535
fatal crashes involved vehicles coded
with tire problems.

Under-inflated tires can contribute to
other types of crashes than those
resulting from blow outs or tire failure,
including crashes which result from: an
increase in stopping distance; skidding
and/or a loss of control of the vehicle in
a curve or in a lane change maneuver;
or hydroplaning on a wet surface.
However, the agency does not have any
data on how often under-inflated tires
cause crashes or contribute to their
occurrence.

Tires are designed to perform at a
specific inflation pressure. When a tire
is under-inflated, the shape of its
footprint and the pressure it exerts on
the road surface are both altered. One
consequence of this alteration can be a
reduction in the tire’s ability to transmit
(or generate) braking force to the road
surface, at least on wet surfaces.” Thus,
under-inflated tires may increase a
vehicle’s stopping distance on wet

7On dry surfaces, stopping distance seems to be
only mildly affected by inflation pressure. Thomas
D. Gillespie, Fundamentals of Vehicle Dynamics,
Society of Automotive Engineers, 1992, p. 57.

surfaces. This is discussed more fully in
the Benefits section below.

2. Reduced Tread Life

Unpublished data submitted by
Goodyear indicate that when a tire is
under-inflated, more pressure is placed
on the shoulders of the tire, causing the
tread to wear incorrectly. The Goodyear
data also indicated that the tread on an
under-inflated tire wears more rapidly
than it would if the tire were inflated to
the proper pressure. The agency
requests comment on this issue.

The Goodyear data indicate that the
average tread life of a tire is 45,000
miles, and the average cost of a tire is
$61 (in 2000 dollars). Goodyear also
estimated that a tire’s average tread life
would drop to 68 percent of the
expected tread life if tire pressure
dropped from 35 psi to 17 psi and
remained there. Goodyear also assumed
that this relationship was linear. Thus,
for every 1 psi drop in tire pressure,
tread life would decrease by 1.78
percent (32 percent/18). This loss of
tread life would take place over the
lifetime of the tire. Thus, according to
Goodyear’s data, if the tire remained
under-inflated by 1 psi over its lifetime,
its tread life would decrease by about
800 miles (1.78 percent of 45,000 miles).

As noted above, data from the NCSA
tire pressure survey show that 36
percent of passenger cars had at least
one tire that was under-inflated by at
least 20 percent. The average level of
under-inflation of the four tires on these
cars was 6.1 psi. Thus, on average,
passenger cars could lose about 4,880
miles (6.1 psi x 800 miles) of tire life
due to under-inflation, if their tires were
under-inflated to that extent throughout
the life of the tires.

As also noted above, data from the
NCSA tire pressure survey also show
that about 40 percent of light trucks had
at least one tire that was under-inflated
by at least 20 percent. The average level
of under-inflation of the four tires on
these light trucks was 7.7 psi. Thus, on
average, those light trucks could lose
about 6,160 miles (7.7 psi x 800 miles)
of tire life due to under-inflation, if their
tires were under-inflated to that extent
throughout the life of the tires.

3. Reduced Fuel Economy

Under-inflated tires increase the
rolling resistance of vehicles and,
correspondingly, decrease their fuel
economy. According to a 1978 report,8
fuel efficiency is reduced by one percent
for every 3.3 psi of under-inflation.

8 The Aerospace Corporation, Evaluation of
Techniques for Reducing In-use Automotive Fuel
Consumption, June 1978.

More recent data provided by Goodyear
indicate that fuel efficiency is reduced
by one percent for every 2.96 psi of
under-inflation.

NHTSA notes that there is an
apparent conflict between the Goodyear
data indicating under-inflated tires
increase a vehicle’s stopping distance
and the data indicating under-inflated
tires increase a vehicle’s rolling
resistance. Since an under-inflated tire
typically has a larger tread surface area
(i.e., tire footprint) in contact with the
road, the vehicle should have more
traction, and its stopping distance
should be reduced.

The larger footprint does result in an
increase in rolling resistance on dry
road surfaces due to increased friction
between the tire and the road surface.
However, the larger tire footprint also
reduces the tire load per unit area. On
dry road surfaces, the countervailing
effects of a larger footprint and reduced
load per unit of area nearly offset each
other, with the result that the vehicle’s
stopping distance performance is only
mildly affected by under-inflation.

On wet surfaces, however, under-
inflation typically increases stopping
distance for several reasons. First, as
noted above, the larger tire footprint
provides less tire load per area than a
smaller footprint. Second, since the
limits of adhesion are lower and
achieved earlier on a wet surface than
on a dry surface, a tire with a larger
footprint, given the same load, is likely
to slide earlier than the same tire with
a smaller footprint because of the lower
load per footprint area. The rolling
resistance of an under-inflated tire on a
wet surface is greater than the rolling
resistance of the same tire properly-
inflated on the same wet surface. This
is because the slightly larger tire
footprint on the under-inflated tire
results in more rubber on the road and
hence more friction to overcome.
However, the rolling resistance of an
under-inflated tire on a wet surface is
less than the rolling resistance of the
same under-inflated tire on a dry surface
because of the reduced friction caused
by the thin film of water between the
tire and the road surface. The less tire
load per area and lower limits of
adhesion of an under-inflated tire on a
wet surface are enough to overcome the
increased friction caused by the larger
footprint of the under-inflated tire.
Hence, under-inflated tires cause longer
stopping distance on wet surfaces than
properly-inflated tires.

IV. Tire Pressure Monitoring Systems

There are two types of tire pressure
monitoring systems (TPMSs). Direct
systems directly measure the pressure in
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a vehicle’s tires, while indirect ones
estimate the pressure. Both types inform
the driver when the pressure in one or
more tires falls below a pre-determined
level. Unless the TPMS is connected to
an automatic inflation system, the driver
must stop the vehicle and inflate the
under-inflated tire(s), preferably to the
pressure recommended by the vehicle
manufacturer. Currently, TPMSs are
available as original equipment on a few
vehicle models. They are available also
as after-market equipment, but few are
sold.

NHTSA'’s Vehicle Research and Test
Center (VRTC) evaluated six direct and
four indirect TPMSs that are currently
available.? The VRTC found that the
direct TPMSs were accurate to within
an average of + 1.0 psi, and indirect
systems were accurate to within an
average of + 1.1 psi.10 This leads the
agency to believe that current TPMSs
are more accurate than the systems that
were available at the time of the
agency’s 1981 rulemaking on TPMSs.

Following is a description of the two
types of TPMSs and their advantages
and disadvantages.

A. Indirect TPMSs

Indirect TPMSs typically work with
the vehicle’s anti-lock brake system
(ABS). The ABS employs wheel speed
sensors to measure the rotational speed
of each of the four wheels. As a tire’s
pressure decreases, the rolling radius
decreases, and the rotational speed of
that wheel increases correspondingly.
Most indirect TPMSs compare each
wheel’s rotational speed with the
rotational speed of the other wheels. If
one tire becomes significantly under-
inflated while the others remain at the
proper pressure, the indirect TPMS can
detect it because that wheel’s rotational
speed is higher than the rotational speed
of the other wheels. This information is
conveyed to the driver by a simple
telltale. The telltale indicates that a tire
is under-inflated, but cannot identify
which tire is under-inflated. Current
vehicles that have indirect systems
include the Toyota Sienna, Ford
Windstar, and Oldsmobile Alero.

B. Direct TPMSs

Direct TPMSs use pressure sensors,
located in each wheel, to directly
measure the pressure in each tire. These
sensors broadcast data via a wireless
radio frequency transmitter to a central

9 An Evaluation of Existing Tire Pressure
Monitoring Systems, May 2001. A copy of this
report is available in the docket.

10 This is not to say that the systems were able
to detect a 1.0 psi drop in pressure. The systems
were accurate within +1.0 to 1.1 psi once tire
pressure had fallen by a certain percentage.

receiver which analyzes the data. The
central receiver is connected to a
display mounted inside the vehicle. The
type of display varies from a simple,
single telltale to a display showing the
pressure and temperature in each tire,
sometimes including the spare tire.
Thus, direct TPMSs can be linked to a
display that tells the driver which tire

is under-inflated. An example of a
vehicle equipped with a direct system is
the Chevrolet Corvette.

C. Advantages and Disadvantages

1. Indirect TPMSs

Indirect TPMSs have several
advantages. First, they are less
expensive than direct TPMSs for
vehicles already equipped with an ABS.
If a vehicle is already equipped with an
ABS, the vehicle’s manufacturer will
only have to add the capability to
monitor the wheel speed sensors, a low
tire pressure warning telltale, and a
reset button, and make some software
changes. Making these additions and
changes in a way that produces indirect
systems like those currently on motor
vehicles would cost about $12.90 per
vehicle. However, as explained below,
the agency is uncertain whether such an
indirect TPMS would comply with
either of the alternatives proposed in
this NPRM.

NHTSA tested four current ABS-based
indirect TPMSs. None of the four met
the proposed requirements for either
alternative. These TPMSs had problems
detecting two significantly under-
inflated tires on the same axle and on
the same side of the vehicle. They also
did not illuminate the low tire pressure
warning telltale when the pressure in
the vehicle’s tires decreased to 20
percent, or even 25 percent, below the
vehicle manufacturer’s recommended
cold inflation pressure. NHTSA does
not know whether improving current
indirect TPMSs to meet the
requirements of either alternative would
result in additional costs. The agency
requests comments on this issue.

Pickup trucks comprise about 40
percent of light truck sales. Some
percentage of pickup trucks that have
ABS have only one wheel speed sensor
for the rear axle. In order to meet the
requirements of either proposed
alternative, NHTSA believes vehicle
manufacturers would have to add a
fourth wheel speed sensor to these
trucks at an estimated cost of $20 per
vehicle. The agency assumes for this
analysis that about 10 percent of all
light trucks, or 7.5 percent of all light
vehicles with ABS, would be in this
category. However, the agency requests
comment on the percentage of pickup

trucks that would need this
modification.

For vehicles currently without ABS,
there are two indirect measurement
choices. First, the vehicle manufacturer
could add ABS and the necessary TPMS
features to the vehicle. NHTSA
estimates that this would cost about
$240 per vehicle. The agency does not
expect manufacturers to make this
choice unless they are already planning
for other reasons to add ABS. Second,
the vehicle manufacturer could add
wheel speed sensors and the necessary
TPMS features to the vehicle. NHTSA
estimates that this approach would cost
about $130 per vehicle.

Second, the wheel components of
indirect TPMSs are more robust and less
likely to sustain damage than the wheel
components of direct TPMSs. The wheel
speed sensors of indirect TPMSs are
located behind the brakes and often are
integrated into the wheel hub assembly.
This generally shields them from road
damage. In addition, the entire brake/
hub assembly would rarely be removed.
In contrast, the pressure sensors of
direct TPMSs are located inside the tire/
wheel cavity, potentially subjecting
them to road damage. These sensors also
may be subject to damage during tire
maintenance, i.e., rotating or changing
the tires.

Finally, indirect TPMSs do not need
an independent power source. They are
powered by the car’s battery.

Indirect TPMSs also have several
disadvantages. First, since most indirect
TPMSs calculate tire pressure by
comparing the wheel speeds, they
cannot detect the loss of pressure if all
four tires lose pressure at similar rates.
In its evaluation of four indirect TPMSs,
the VRTC found that none of them were
able to detect when all four of the
vehicle’s tires were equally under-
inflated. The VRTC also found that none
of the indirect TPMSs were able to
detect when two tires on the same axle
or two tires on the same side of the
vehicle were equally under-inflated.

Second, most indirect TPMSs cannot
detect small pressure losses. The VRTC
found that since reductions in tire
diameter with reductions in pressure are
very slight in the 15-40 psi range, most
indirect TPMSs require a 20 to 30
percent drop in pressure before they are
able to detect under-inflation. The
VRTC also found that those thresholds
were highly dependent on tire and
loading factors.

Third, vehicles must be moving for
indirect TPMSs to detect an under-
inflated tire. Thus, if a vehicle’s tire is
already under-inflated when a person
gets in and begins to drive that vehicle,
an indirect TPMS will not be able to
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alert the driver until after the vehicle
begins moving.

Fourth, most indirect TPMSs need
substantial time to calibrate the system,
i.e., to “learn” the variables associated
with distinct tire types under varying
driving conditions. The VRTC found
that the four indirect TPMSs it
evaluated took anywhere from several
minutes to several hours to calibrate.
Calibration is necessary when a vehicle
is first driven. Recalibration is necessary
when the pressure in a tire is changed
and when the tires are rotated or
replaced. Indirect TPMSs do not
indicate that the system is in calibration
mode. During the calibration mode, the
system is not monitoring tire pressure.
Thus, if one or more tires becomes
significantly under-inflated while the
system is calibrating, the driver would
not be alerted. Moreover, the agency
notes that the calibration process is
prone to human error. For example, a
driver may accidentally press the reset
button when one or more of the
vehicle’s tires is under-inflated, but not
under-inflated enough to illuminate the
low tire pressure warning telltale. This
would re-calibrate the system so that it
accepts the under-inflated condition as
normal. The indirect TPMS then would
not be able to detect an under-inflated
tire until one or more tires was even
more under-inflated than it already was.
The agency requests comments
specifically addressing the issue of
human error that may occur with
indirect TPMSs.

Fifth, apart from the time needed to
calibrate, indirect TPMSs also need
several minutes to detect an under-
inflated tire. The VRTC found that the
four indirect TPMSs it evaluated took
one to ten minutes to detect an under-
inflated tire.

Sixth, indirect TPMSs cannot tell the
driver which tire is under-inflated.

Seventh, indirect TPMSs sometimes
incorrectly indicate that a vehicle has an
under-inflated tire when the vehicle is
being driven on gravel or bumpy roads,
is being driven at high speeds, e.g., over
70 mph, or has mismatched tires or a

tire that is out of balance or out of
alignment.

2. Direct TPMSs

Direct TPMSs have several
advantages. First, since direct TPMSs
actually measure the pressure in each
tire, they are able to detect when any
tire or combination of tires is under-
inflated, including when all four of the
vehicle’s tires are equally under-
inflated.

Second, since most direct TPMSs are
battery-operated, they can operate while
the vehicle is stationary. Thus, if a
vehicle’s tire becomes significantly
under-inflated while the vehicle is
parked, a direct TPMS can alert the
driver as soon as he or she starts the
vehicle.

Third, direct TPMSs can detect small
pressure losses. Some systems can
detect a drop in pressure as small as 1

si.
P Fourth, direct TPMSs can be linked to
a display that tells the driver which tire

is under-inflated and the actual pressure
in each tire.

Fifth, direct TPMSs will not give false
positives if the vehicle is being driven
on gravel or bumpy roads, or has
mismatched tires or a tire that is out of
balance or out of alignment.

Direct TPMSs also have
disadvantages. First, they are more
expensive than indirect TPMSs for
vehicles already equipped with ABS.
There are two main costs associated
with direct TPMSs: sensors and a
receiver. There is a wide disparity in
costs for sensors, depending on what
type of information is sensed.?
Providing only pressure sensors, as
proposed to be required by both
alternatives proposed in this NPRM,
would cost from $5 to $10 per wheel, or
$20 to $40 per vehicle.

The costs associated with a receiver
depend upon whether the vehicle
already has a receiver capable of
receiving and processing the
information coming from the sensors.
NHTSA estimates that about 60 percent
of vehicles currently have such a
receiver. Making some software changes

and adding a display showing the
pressure for each tire would cost about
$25 per vehicle. The 40 percent of
vehicles without such a receiver would
have to be equipped with a receiver
incorporating the necessary software
and with the display. The agency
estimates that this would cost about $40
to $50 per vehicle.

The agency estimates that the total
cost of adding a direct TPMS to a
vehicle that is already equipped with a
receiver would be $49 to $69.12 For a
vehicle that is not already equipped
with a receiver, the cost would be $64
to $94. This is more than the cost of
adding an indirect TPMS to a vehicle
already equipped with an ABS, but less
than the cost of adding wheel speed
sensors or an ABS and an indirect
TPMS to a vehicle not already equipped
with an ABS.

Second, the wheel components of
direct TPMSs are less robust and more
likely to sustain damage than the wheel
components of indirect TPMSs,
especially when tires are taken off the
rim. This issue is discussed above in the
section on the advantages of indirect
TPMSs. The agency notes, however, that
it has not received any information
indicating that direct TPMSs have
sus