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Foreword 
 
This project is one of several performed under the provisions of Section 5117 of the 
Transportation Equity Act of the 21st Century (TEA -21). The primary objective of this project 
was to explore the performance of commercial vehicle tire pressure monitoring and 
maintenance systems. The work performed under the project included:  
  

 Conducting a market study to identify and select commercially available tire pressure 
monitoring and maintenance systems for testing.  

 Developing a test matrix and test procedures to profile the performance and operation of 
the selected systems. 

 Installing  selected systems on representative tractor-trailer and motorcoach test vehicles, 
along with a robust instrumentation system for collecting and recording test data.  

 Performing testing on a high-speed test track.  

 Analyz ing test data. 

 Presenting research findings at a public forum.  

 Developing a report detailing the results of the data analysis, observations, and conclusions 
(this document).  

 
The study focused on commercially available tire pressure monitoring and maintenance 
systems. This information should prove useful to motor carriers in evaluating the capabilities 
and limitations of these systems. The findings should also be helpful  to the systemsõ 
manufacturers and suppliers.  This is the final r eport of the study performed under Task Order 
8 of a multi -task research contract and does not supersede an earlier report on the subject.     
 

Notice 
 
This document is disseminated under the sponsorship of the U.S. Department of Transportation 
in the interest of information exchange. The U.S. Government assumes no liability for its 
contents or use thereof. 
 
The contents of this report reflect the views of the contractor who is responsible for the accuracy 
of the data presented herein. The contents do not necessarily reflect the official policy of the U.S. 
Department of Transportation.  
 
This report does not constitute a standard, specification, or regulation.  
 
The U.S. Government does not endorse products or manufacturers named herein. Trade or 
manufacturersõ names appear herein only because they are considered essential to the objective 
of this document.  
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ABSTRACT 
 
The overall objective of this research is to document the performance and operational 
characteristics of leading-edge technological approaches for monitoring and maintaining 
commercial vehicle tire pressures. Previous work sponsored by the Federal Motor Carrier 
Safety Administration (FMCSA) has documented the effects of improper tire inflation on both 
safety and direct operating costs. Improper tire inflation leads to accelerated tire wear (which 
subsequently leads to compromised braking, poor handlin g, and reduced stability), increased 
fuel consumption, increased propensity for catastrophic tire failures (blowouts), increase d 
dangerous roadside debris, and increased road calls to repair deflated tires. In addition, 
FMCSAõs research has shown that despite these well-understood consequences, many fleets do 
not practice or enforce adequate tire maintenance practicesñmostly because checking and 
maintaining proper inflation is a time -consuming, inconvenient chore. As a result, fleet 
operators are often unaware of tire pressure issues with their vehicles.  
 
Tire pressure monitoring and inflation systems provide a means for greatly simplifying the task 
of checking and maintaining tire pressure. However, there is significant product diversity in the 
marketplace in terms of tire inflation and monitoring system design and technological 
approach. Further, the performance, accuracy, and overall adequacy of these systems have not 
been well documented in a controlled and systematic fashion.  
 
This study focuses on testing and documenting the overall performance of a representative 
sample of commercial tire inflation and monitoring products. The study presents a technical 
examination of the accuracy, responsiveness, resolution, and reliability of the various tire 
pressure inflation and monitoring systems. This knowledge should prove useful to fleet 
operators in evaluating the capabilities and limitations of alternative approaches to tire pressure 
monitoring and maintenance, and may be helpful in determining specification s for future truck 
purchases. The information should also be useful to tire pressure maintenance and monitoring 
system suppliers and commercial vehicle manufacturers that are developing new tire pressure 
monitoring systems. To this extent, this studyõs objectives include providing fundamental 
research results to industry stakeholders concerning various means of monitoring tire pressure.  
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EXECUTIVE SUMMARY 
 

Project Funding 
 
Under Section 5117 of the Transportation Equity Act for the 21st Century of 1998 (TEA-21), 
Congress required the U.S. Department of Transportation (USDOT) to òconduct research on the 
deployment of a system of advanced sensors and signal processors in trucks and tractor trailers 
to determine axle and wheel alignment, monitor collision al arm, check tire pressure and tire 
balance conditions, measure and detect load distribution in the vehicle, and adjust automatic 
braking systems.ó The research program responding to this directive is called the Commercial 
Vehicle Safety Technology Diagnostics and Performance Enhancement Program (CV Sensor 
Study Program). 
 
This study was completed as a task under the CV Sensor Study Program. 
 

Background and Rationale 
 
Early research work sponsored by the Federal Motor Carrier Safety Administration (  FMCSA) 
indicates that a significant portion of fleet operators do not regularly perform tire pressure 
maintenance to the standards recommended by tire manufacturers.1 For example, FMCSA 
research has shown that:   

 Approximately 7 percent of all tires are under -infla ted by 20 psi or more. Only 44 percent 
(approximately) of all tires are within 5 psi of their target pressure. 

 Tire-related costs are the single largest maintenance cost item for commercial vehicle fleet 
operators. National average tire-related costs per tractor-trailer are about 2 cents per mile, or 
about $2,500 for an annual 125,000-mile operation.  

 For the average fleet operator in the United States, improper tire inflation increases the 
annual procurement costs for both new and retreaded tires by about 10 to 13 percent.  

 Improper tire inflation reduces fuel economy by about 0.6 percent.  

 Improper tire inflation is likely responsible for about one road call per year per tractor -trailer 
combination due to weakened and worn tires.  

 Improper inflation increase s total tire-related costs by approximately $600 to $800 annually 
per tractor-trailer combination.  

 
Commercial vehicle tire inflation and condition directly link to stopping distance and handling, 
and thus overall safety. Properly maintained and performing  tires aid drivers in preventing and 
mitigating crash situations. Properly inflated tires could help prevent or mitigate crashes even 
when the tires are not the initial cause of the crash. Eliminating or mitigating key mechanical 

                                                      
 
1 Federal Motor Carrier Safety Administration, Commercial Vehicle Tire Condition Sensors, United States Department of 

Transportation, Washington, DC, 2003. 
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problems, including tire i ssues, would likely yield a significant reduction in the number and 
severity of injuries sustained in commercial vehicle -related crashes.  
 
To address these issues, numerous types of tire pressure monitoring and inflation systems have 
emerged in the marketplace over the last decade. However, the market penetration of tire 
pressure maintenance equipment has remained comparatively low.   Tire pressure monitoring 
and inflation systems provide a means for simplifying the task of checking and maintaining tire 
pressure. However, there is significant product diversity in the marketplace in terms of tire 
inflation and monitoring system design and technological approach. Further, the performance, 
accuracy, and overall adequacy of these systems have not been well documented in a controlled 
and systematic fashion.  

 

Study Objective 
 
The overall objective of this research study is to document the performance, accuracy, and 
operational characteristics of leading-edge technological approaches to commercial vehicle tire 
pressure monitoring and maintenance systems (TPMS). The study focuses on the ability of the 
various sensors to present accurate tire pressure readings, to detect slow and rapid changes in 
tire pressure, and to maintain tire pressure under adverse conditions in cluding partial failure of 
the device. The study examines the following TPMS technology categories:  

 Dual tire equalizers to balance pressures between tires in a dual installation 

 Tire pressure monitors to keep track of the pressures in each tire 

 Tire pressure maintenance systems to maintain tire pressure at desired levels 
 
Equipping a commercial motor vehicle  (CMV ) with sensors and transmitters to accurately and 
reliably measure the pressure in each tire could offer the following benefits : 

 Warn the driver and/or maintenance personnel if tire pressure drops to an unsafe level ñand 
help with diagnosis of the problem  

 Provide information to enforcement personnel for use during roadside inspections  

 Reduce tire wear and increase service life 

 Alert the driver to a  catastrophic failure of a tire, as sometimes there is little feedback to the 
driver by noise or vibration during operatio n (e.g., a trailer tire failure)   

 
Systems that automatically (or continuously) maintain tire inflation pressure might offer even 
more benefits such as increased fuel economyñprovided they had a high level of reliability, 
were easy to maintain, and were considered òaffordable.ó 
 

Overview of Project Approach 
 
The study team installed a variety of tire pressure monitoring and automatic inf lation systems 
(collectively described as tire pressure management systems, or TPMS) on a conventional tractor-
trailer combination vehicle and on a motorcoach. The team tested both vehicles under controlled 
conditions on a test track at the Transportation Research Center (TRC) in Columbus, OH. This 
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approach facilitated objective, accurate comparisons of the systems, and eliminated problems 
associated with the repeatability of the  test procedures when comparing different systems.  
 
In addition,  the team contacted and interviewed  numerous industry stakeholders during the 
study. These stakeholders included suppliers of the various technologies examined, who assisted 
the team in compiling information about the various TPMS technologies  and their market 
penetration. The team used this information in recommending the systems for assessment. The 
stakeholders also assisted in developing the test program and the test procedures. The 
companies and individuals contacted  provided information  that was compiled  in this report.  
 

Summary of Results 
 
The following are key observations and results from the testing of the sensor technologies. 
 

Dual Tire Equalizers 

Tire pressure equalizer systems balance dual tire pressures by providing a pathway  for air to 
transfer between two ti res in a dual installation and also provide an indication of  tire pressure. A 
pressure actuated valve connected by hoses to the valve stems of the tires maintain s an open 
position  to allow air  to flow between the tires  when the combined pressure of the two tires is 
above a preset level (typically 90 psi ). The pressure actuated valve closes and isolates the tires 
during slow leaks or instantaneous air losses after the combined pressure of the two tires drops  
approximately 10 psi  to prevent both tires from go ing flat . A central fill  valve incorporated in  
these devices allows both tires in the assembly to be aired simultaneously . The use of equalizers 
should impro ve irregular tire wear (i.e. , cupping) caused by pressure differential s between dual 
tires. Visual indicators are also incorporated in the equalizers to provide the operator  with  a 
quick indication of the tire pressure levels during the pre -trip inspection without requiring the 
operator to perform a manual tire pressure check.  

 
The team installed dual tire equalizers from two different manufacturers on the tractor -trailer 
test platform. The following are some key observations and conclusions related to dual tire 
equalizers: 

 Dual tire equalizers are effective in balancing the pressures between the two tires. The 
equalization technologies function as designed under both static and dynamic conditions.  

 Both systems prevented the total loss of pressure in one or both tires in every failure mode 
implemented.  

 The two equalization systems were effective in isolating an intact tire from the adjacent tire 
with an artificially  induced major air loss.  

 A disablement test, where a hose was cut to simulate damage from road debris, produces a 
total loss of air from one tire in a dual installation , while the other tire w as protected by a 
check valve.  

 Both equalizer systems included a visual indicator that can provide a gross indication of tire 
pressure. They provide an indication that the tire pressure is  or is not within its target range . 
However, if the pressure falls below this range, they only show a òlowó pressure condition 
and do not indicate the extent of under -inflation .    
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 While the indicators provide a good visual indication of tire pressure, they can be difficult to 
read as they are mounted on the wheel and can become obscured by dirt. 

 

Tire Pressure Monitoring Systems 

Tire pressure monitoring systems consist of a valve stem, wheel- or tire-mounted sensor, 
antennae, receiver, and display unit. The battery-powered sensors mounted on each valve stem, 
wheel, or tir e on the vehicle transmit a radio frequency (RF) signal, which includ es the tire 
pressure data, to an antennae mounted on the vehicle. A receiver with an integrated electronic 
control unit (ECU) processes the signal transmitted to the antennae, and displays the tire 
pressure information on a driverõs cab-mounted display . The system also includes audible 
alarms and visible warning lights.  
 
The study team tested five different tire pressure monitoring systems  for  this project. These 
included one tire-mounted,  two valve-stem-mounted, and two wheel -mounted tire pressure 
monitoring system s. The following are some key observations and conclusions on the TPMS 
technology. 
 
General TPMS Observations  

 In general, each valve-, wheel-, or tire-mounted  system tested exhibited base-level 
functionality as specified by the manufacturer of the individual systems. 

 The tire pressure monitoring systems tested were generally accurate to within 2 to 3 psi from 
the values measured by the calibrated test instrumentation  pressure measurement 
transducers. 

 Low -pressure warning thresholds are òfactory setó on some systems, but user-configurable 
on others. For those systems with factory settings, different warning levels ranging from 12  to 
25 percent below target pressure were observed. Al l systems tested were generally within a 
2- to 3-psi range of the expected warning threshold (whether set at the factory or by the user). 

 Many of the TPMS tested used RF communications to transmit data between the sensors and 
the display unit or ECU . The relatively long length of typical CMVs means that additional 
on-board antennas are required for some of the systems to receive the sensor signals from 
trailer or tag axle tires. Disconnected or damaged antennas can lead to signal loss from the 
sensors. 

 
Val ve-Stem-Mounted TPMS Observations  

 Typically , valve-stem-mounted tire pressure monitoring systems  do not compensate for 
increases in tire pressure as a result of increased tire temperature from high-speed driving . 
However, one valve-stem-mounted system tested in this study  did include temperature 
compensation.  

 One of the systems tested initiated a warning when the pressure fell below a preset value 
(~20 percent below target); however, the warning remained active until the tire was inflated 
to a higher value (~15 percent below target). This pressure band between the alarm pressure 
and alarm deactivation pressure prevents intermittent warnings to the driver.   



 

ES-5 

 Valve-stem-mounted systems are susceptible to loss because they have to be removed during 
wheel mounti ng and dismounting for vehicle maintenance and inspection . Their relative ease 
of removal could also make them susceptible to theft.  

 
Wheel -Mounted TPMS Observations  

 The study teamõs understanding from a review of product literature was that wheel-mounted 
technology included temperature compensation, and typically provided the best 
performance in correcting for tire temperature . However, during the high -speed testing, both 
wheel-mounted systems tested had their active warnings disabled when the pressure 
increased in the tire as a result of increased tire temperature. This occurred intermittently 
between the various test runs on different axles, although the test data suggests that the 
systems were able to compensate for large increases in tire temperature (greater than 20 
degrees F) a majority of the time, but smaller increases with corresponding pressure increases 
were not compensated for. This could result in increasing tire temperatures preventing a low -
pressure warning . 

 The team discovered during the TPMS installations that the wheel -mounted technologies 
may be vulnerable to damage during tire mounting/demounting .  

 
Tire -Mounted TPMS Observations  

 The tire-mounted technology tested included temperature compensation , which, when read 
by the handheld reader, displayed both the temperature -corrected pressure and the 
uncorrected pressure at ambient tire temperature. 

 The tire-mounted technology tested required the use of handheld or gate reader devices to 
inspect tires (no in-cab display was provided with the s ystems). However, the system was 
unique among those tested in that it included an Internet-based tire maintenance and 
tracking database application hosted by the system manufacturer.  

 For the tire-mounted units, the gate reader clearances were very tight and required very slow 
vehicle speeds, less than 5 mph.  

 

Central Inflation Systems 

Constant central tire inflation systems (CIS) use the air from the vehicleõs air compressor that is 
stored in the air brake reservoirs (tanks) to maintain t ire pressure at a desired level. The CIS are 
plumbed to t he vehicleõs secondary reservoir that supplies air to the front brakes. The CIS do not 
take air from the primary reservoir that supplies air for the rear brakes, which  are responsible for 
the majority of the braking power  of the CMV . These systems are either plumbed through the 
axle, or externally through the use of a rotary union at the wheel hub . They automatically sense 
the tire pressures and inflate  the tires when air is lost. The benefits of these systems are the 
elimination of manual tire pressure checks and the ability to continue operating the vehicle with 
minor air leaks in the tires.   

CIS are available for all types of CMVs. In this test, one system was tested on the motorcoach and 
one was tested on the trailer of a tractor-trailer . The following are k ey observations and 
conclusions regarding  CIS. 
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Central Inflation System Observations  

 The tested CIS generally perform as designed and specified by the manufacturer. The 
systems performed well in both static and dynamic conditions.  

 In the testing involving leak rates, the motorcoach CIS was able to keep up with leak rates up 
to 5 to 8 psi/min . Ultimately , this systemõs performance was limited by the vehicleõs air 
compressor duty cycle and the compressed air supply and storage system design.  

 The CIS tested on the trailer could maintain adequate tire pressure with slow leak age rates 
(less than 1.0 psi/min), but would not maintain adequate tire pressure for higher leakage 
rates. This system appeared to be limited by its rate of air flow to the tires more than by a 
limitation of the on -board compressor and air system. 

 During testing with heavy braking and simultaneous tire leaks, the vehiclesõ primary and 
secondary air reservoir pressures remained above the level required for  safe brake operation. 
The compressor had no difficulty recharging the reservoirs without having to run 
continuously.  

 Both CIS tested protected the intact tires from deflating when a catastrophic air leak was 
simulated  in one of the other tires in the system. In this regard, the systems functioned in a 
manner similar to the dual tire equalizers isolation circuits.  

 

Summary of General System Performance and Test Observations 

Observations and conclusions about brake system performance and testing are as follows: 

 Vehicle air systems are not optimized to support a CIS with very high leakage rates; 
therefore, the functionality of the CIS is often limited by the vehicleõs air system. 
Additionally , there may be some long-term impact to the CMVõs air system when subjected 
to a high leakage rate from the secondary reservoir, which the CIS utilizes for its supply air . 
These leak rates would cause an increase in the duty cycle of the compressor, and would  
increase maintenance requirements and decrease compressor service life.  

 Installation time for systems vary . In general, valve-stem-mounted TPMS and dual tire 
equalizers were less time consuming to install (generally, several hours), followed by wheel-
mounted TPMS, tire-mounted TPMS, and CIS that requir e up to a full day  for installation .  

 Temperature compensation in TPMS requires further refinement . During high -speed driving, 
the warning indicators actuated intermittently on some systems as tire temperatures 
increased. The effect of increased temperature deactivating low -pressure alarms could 
prevent the system from alerting a driver to a low -pressure condition. 

 

Recommended Future Research 
 
This project has provided comprehensive baseline assessments of a variety of state-of-the-
practice tire pressure monitorin g and inflation systems. These assessments were performed 
under controlled test track conditions . Between test sequences, the study team checked and 
recalibrated the various sensors and systems as needed. In the òreal worldó of CMV operations, 
inspection and maintenance are generally performed at much longer intervals ñfor CMVs 
operating in interstate commerce, the mandatory periodic inspection interval is 12 months . 
Furthermore, the useful operating life of a heavy -duty truck or motorcoach can be 10 to 12 years 
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or longer, and the operating environment is much more severe than on the test track. Therefore, 
there is a need to subject tire pressure monitoring and maintenance sensors and systems to the 
rigors of operation that a CMV would experience during the c ourse of revenue service.  
 
FMCSA-sponsored field operational tests (FOT) involving t he use of a transit bus fleet and a 
commercial trucking fleet  are currently underway.  This study should provide useful information 
on longer-term utility, reliability , and maintainability.  
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CHAPTER 1. INTRODUCTION 

This chapter provides information on the following:  

 Background on the Commercial Vehicle Safety Technology Diagnostics and Performance 
Enhancement Program (CV Sensor Study Program) 

 Background and rationale for this research project 

 Current state of tire pressure technology development  

 Research objectives 

 Overview of process approach 
 

1.1 Background on the CV Sensor Study Program 

The purpose of the CV Sensor Study Program is to "define performance requirements, assess 
benefits, and accelerate deployment of driver and vehicle assistance products and systems and, 
in particular, advanced sensor and signal processors in trucks and tractor trailers with an 
emphasis in on-board diagnostic and improved safety -related products."  
 
The program involved s oliciting input from key industry stakeholders (fleet operators, 
manufacturers, and suppliers) on potential research initiatives that complement (rather than 
duplicate) efforts by private industry. Objectives of the research include evaluati ng the probable 
impact of selected vehicle technologies on improving overall trucking safety, and assessing their 
cost savings potential and/or operational benefits ñthus helping to create market demand and 
encourage commercialization.  
 
To help identify po ssible research areas, the study team completed the following tasks:  

 An extensive literature search of relevant technical journals and databases 

 Individual interviews and discussions with representatives from truck and trailer 
manufacturers, fleet operators, owner operators, and industry suppliers, as well as staff at the 
National Highway Traffic Safety Administration (NHTSA), FMCSA, and Federal Highway 
Administration (FHWA) who are involved in commercial vehicle safety research  

 A meeting of key industry st akeholders to review candidate research areas and make 
suggestions regarding future work under the CV Sensor Study  Program 

 
As a result of this background research and interviews, the team identified the  following 
candidate research areas: 

 Brakes and related controls 

 Tire inflation and condition monitoring systems  

 Truck and tractor alignment (òdynamic alignmentó) 

 Testing and analysis of high-speed data bus networks (J1939) 

 Cost, benefits, and implementation issues 

 òActive suspensionsó and other systems related to event data recorder suspension  
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 Advanced vehicle diagnostic and prognostic tools  

 Issues related to implementation of òSmart Copilotó on-board systems 
 
This list was meant to be a òwork in processó and to direct research. Project team members 
continu e to monitor and assess new technologies that could improve vehicle safety, and to 
engage industry in discussions regarding the appropriateness of specific research projects.  
 
The focus of this research effort is on the tire inflation and condition monito ring systems  
research area.  
 

1.2 Background and Rationale for This Research Effort 

TPMS technologies show significant promise for improving safety and reducing costs in the 
commercial vehicle industry. Improving tire pressure management directly relates to im proved 
vehicle stability, reduced tire wear and damage, better braking, improved fuel efficiency, and 
fewer roadside breakdownsñthus enhanced safety. Overall, i mproving tire pressure maintenance 
and general tire management can impact carrier productivity.  
 
FMCSA, in a prior task under the CV Sensor Study Program contract, completed a 
comprehensive survey of the tire pressure maintenance practices by fleets and owner operators. 
This prior study included a market assessment of TPMS available at the time and developed 
high -level cost-benefit analyses of TPMS based on preliminary estimates of the systemsõ 
effectiveness for improving the tire maintenance practice of various type of fleets. This p revious 
research work indicates that a significant portion of motor  carriers and other commercial vehicle 
fleet operators do not regularly perform tire pressure maintenance to the  standards 
recommended by tire manufacturers. Improper inflation increases total tire -related costs by an 
estimated $600 to $800 annually per tractor-trailer combination.  2 At the time the study was 
completed, diesel fuel cost approximately $1.50 per gallon.  
 
Many of the TPMS on the market today average between $1,000 to $1,500 per tractor-trailer. The 
conservative assumptions made in the 2003 study estimated a payback period for many fleets is 
likely less than 2 yearsñand almost certainly less than 3 years for most fleets. Despite this 
analysis, the market penetration rate of tire pressure maintenance equipment has remained 
comparatively low in t he intervening period ñfewer than 3 percent of for-hire fleets use tire 
pressure monitoring technology in regular operations. While the negative consequences of poor 
tire maintenance appear to be generally understood, there has been a lack of objective, accurate, 
independently conducted real -world test data concerning the effectiveness of current and 
emerging technologies focused on improving and simplifying tire pressure maintenance.  
 

1.3 Current State of Tire Pressure Technology Development 

Over the past decade, there has been significant investment by equipment suppliers  serving the 
commercial vehicle market in tire pressure monitoring and inflation systems. New products have 

                                                      
 
2 Federal Motor Carrier Safety Administration, Commercial Vehicle Tire Condition Sensors, Report # FMCSA-PSV-04-002, 
United States Department of Transportation, Washington , DC, 2003. 
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been introduced, other products have been refined, and (according to informal intervi ews with 
fleets) the development efforts of these companies have intensified. This section explores the 
current state of tire pressure monitoring and maintenance technology development.  
 

1.3.1 Dual Tire Pressure Equalizers 

Tire pressure equalizers are designed to balance the pressure between the two tires of a dual 
assembly. Equalizing the tire pressure reduces irregular tire wear and heat build up  and 
decreases rolling resistance, which improves fuel economy. By reducing the number of tire airing 
points, they also reduce the time needed to check and maintain tire pressure. Most systems also 
include a visual indicator to provide a means for pressure monitoring.  
 
Tire pressure equalizer systems balance pressure in dual tire configurations by allowing air to 
transfer between tires. Two hoses are plumbed to a check valve at one end and to the valve stems 
of each tire at the other. The check valve is mechanically bolted to the hub of the outer wheel. The 
valve opens to allow airflow between the tires, but closes and shuts the air off if there is an 
instantaneous air loss in either tire, which prevents both tires from going flat. In a slow leak 
situation, the valve isolates (i.e., closes) both tires after a pressure drop of approximately 10 psi. 
Exhibit 1.1 displays a simplified drawing of a dual tire equalizer with the equalizing valve in the 
open position and in the closed or isolating position . A spring and diaphragm assembly provides 
the equalizerõs functionality . The pressure level that causes the valve to close to isolate the tires is 
set by the pressure required to push the diaphragm off the valve seat of one of the tire lines. In 
the example in Exhibit 1.1, the equalization pressure is 90 psi or greater. 
 

Exhibit 1.1 ð Dual Tire Equalizer  Diagram  

 
 
Because these devices have a central valve to serve both tires in the dual assembly, they eliminate 
the need to check and add air to each tire separately. These systems also provide a visual 
pressure indicator that is visible to a driver during  a pre-trip inspection.  They generally do not 
provide numerical inflation pressures, rather they provide different types of go/no -go gauges 
that can indicate whether the tires are under-inflated, over -inflated, or at the correct pressure. 
This display feature is the primary difference between these systems and tire pressure 
monitoring systems .  
 
A problem with tire pressure equalizers, as reported by the informal interviews conducted with 
fleets as part of the 2003 study, is that the accuracy of the valves deteriorate as the internal 
diaphragms wear after a year or two. Hose breakage is also a relatively high maintenance item. 
 

Rotor Feed Hose  
For more information on the Federal  
Motor Carrier Safety Administration, check out 
our website at www.fmcsa.dot.gov. 
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1.3.2 Tire Pressure Monitoring Systems 

There are several types of tire pressure monitors. These systems can be categorized into the 
follow ing types: 

 Valve-stem-mounted tire pressure monitors  

 Wheel-mounted tire pressure monitors  

 Tire-mounted tire pressure monitors  
 
These systems monitor tire pressure through a device that senses the pressure and forwards an 
RF signal to a display unit. Displa ys may be mounted  inside the tractor cab, attached externally 
on the tractor or a handheld off -board reader can be used. Some of these systems also monitor 
temperature and convert the actual hot tire pressure to cold pressure so that meaningful data is 
related to the user (i.e., temperature compensation is included). Exhibit 1.2 shows a typical 
tractor trailer installation of a wheel-mounted tire pressure monitoring system.  
 

Exhibit 1.2 ð Example Wheel -Mounted Tire Pressure Monitoring System  

 
 

1.3.3  Tire Pressure Maintenance Systems 

There are basically two types of tire inflation systems. The first type uses air from the vehicleõs 
air system to inflate the tires. These systems are generally referred to as central tire inflation 
systems. The second type uses a pump that is separate from the vehicleõs air system to generate 
air. These systems are referred to as continuous tire pressure pumps. 
 
Central tire inflation systems use the air stored in the vehicleõs air brake wet tanks to supply air 
to the tires. Manufacturers of such systems use one of two general approaches for filling the tires 
with air during dynamic conditions (while the tires are rotating). Both approaches rely on the use 
of a rotating slip ring/seal arrangement. The Gio -Set Vigia , shown in Exhibit 1 .3, uses an air-
filled rotary union mounted externally on the center of the wheel hub. 
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Exhibit 1. 3 ð Rotary Union Style CIS  

 
An alternative approach, used by Arvin Meritor, uses the axle to deliver air to the wheel with the 
rotary union located  in the hubcap at each wheel end, as shown in Exhibit 1.4.  
 

Exhibit 1. 4 ð Hollow Axle Style CIS  

 
Central tire inflations systems can supply air to the tires either on demand via a manual request 
by the driver, or automatically triggered through sensors that monito r tire pressure. Central tire 
inflation systems can be broken down into two types ñconstant and variable.  
 
Constant central tire inflation systems  maintain tire pressure at a single preset level. They 
eliminate the need to check tire pressure manually and allow a vehicle to remain in service 
despite small air leaks in one or more of its tires. Constant tire inflation systems require no 
involvement from the driver. They automatically sense the pressure in the tires and inflate as 
necessary when the tires lose air. A drawback to these systems is that the external hoses or air 
supply tubes can get damaged and render the systems ineffective, and may even allow tires to 
deflate suddenly . Also, the slip ring seal that allows air to enter the rotating hub through t he axle 
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can become worn over time. An additional drawback is that a slow leak, such as from a nail hole 
through  the tread, could go undetected because the inflation system effectively òmasksó the 
problem. Over time, the presence of the foreign object could lead to tread separation.     
 
Variable central tire inflation systems  are designed to raise or lower tire pressures during 
vehicle operation to compensate for varying load and road conditions, in addition to maintaining 
tire pressure. These systems allow interaction from the driver such as changing the tire pressure 
on demand. They are usually used for on-off road operations such as logging, construction, 
mining, gravel hauling, concrete, exploration, and military . The costs of these systems tend to be 
higher than for tire pressure maintenance systems.  
 

1.3.4 Other Systems and Technologies 

In response to the Firestone tire recall of 2000, new and innovative systems and technologies are 
being explored to address the problem of tire failures. Some of these technologies do not fit the 
general category of tire pressure monitors, but do address detection of tire failures. Appendix A 
provides a listing of several new TPMS and tire failure monitoring technologies.  
 

1.4 Research Objectives 

The primary objective of this research study was to document the performance and operational 
characteristics of leading-edge commercial vehicle TPMS. 
 
This study focused on examining the ability of various TPMS to detect tire pressure, temperature 
(for the purpose of converting to cold pre ssure readings), and air leakage rates under a variety of 
test conditions and in a controlled test track environment. The study team examined inflation 
systems under dynamic conditions for their ability to maintain tire pressure under various 
simulated leak conditions , as well as performing selected failure mode tests of the systems. The 
study also included a limited review of driver acceptance issues associated with the various 
systems, and of reliability and maintenance issues. The purpose of the test was to assess the 
relative performance of different types of tire pressure monitoring and maintenance 
technologies, rather than to compare various manufacturersõ products. 
 
This study should prove useful to fleet operators in evaluating the capabilities and l imitations of 
alternative TPMS approaches, and in determining specifications for future truck purchases. The 
information should also be useful to TPMS suppliers and commercial vehicle manufacturers that 
are developing new tire monitoring and inflation syst ems.  
 
The following sections describe the specific objectives and questions addressed by the study.  
 

1.4.1 Dual Tire Pressure Equalizers 

The dual tire pressure equalizer research objectives for the program were to: 

 Validate that pressure is equalized between the two tires if pressure drops in one tire.  

  Determine the time to equalize pressure under various test conditions.  
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 Validate that the òisolatingó valve will engage to protect the other (non-leaking) tire if one 
tire experiences significant pressure loss. Also, measure the pressure threshold that the 
isolation valve engages.  

 Determine what happens when one hose is not attached to a valve stem (simulating a cut 
hose). 

 Determine whether both tires can be inflated through the central valve stem.  

 Determine whether the indicator shows changes due to pressure loss (i.e., was there a visual 
indication ?). 

 Observe the effects of weather (ambient temperature) on performance. 

 Determine whether the system works when the vehicle is parked as well as when it is in 
motion.  

 

1.4.2 Tire Pressure Monitoring Systems 

The tire pressure monitoring syste m research objectives for the program were to: 

 Determine at what pressure change an alert is sent to the in-cab monitor.  

 Determine the accuracy of the pressure monitor display (display r eadings versus actual 
readings), and the ability to display the correct wheel position and pressure on demand.  

 Determine whether the signal from the trailer can  consistently reach the tractorõs display. 

 Test the handheld reader for its accuracy and ability  to read pressures. Determine the 
maximum distance between the handheld reader and the tire transmitter that allows data to 
be read. 

 Determine what happens when the valve stem is bent or the sensor is otherwise damaged. 

 Determine what happens if the sensor is removed or falls off  the valve stem. 

 Observe the effects of the environment , such as temperature and rain, on performance. 

 Determine whether audio and visual display alerts are sufficient to notify drivers (e.g., loud 
enough, bright enough).  

 Determine whether the system advises the driver of failed sensors, missing sensors, or 
sensors that are operating with depleted batteries. 

 Determine whether the systems work when the vehicle is parked as well as when it is in 
motion.  

 For systems using gate readers, test to determine the maximum speed the signals from all 
wheel positions can be accurately sensed by the gate reader. Test the percentage and 
consistency of the reads. 

 Determine the systemõs response to the sensors separating from the valve, wheel, or tire . 
 

1.4.3 Tire Pressure Maintenance Systems 

The tire pressure maintenance system research objectives for the program were to: 
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 Determine at what pressure the indicator light on the trailer is illuminated to signal air 
delivery to trailer tires, and at what pressur e the driver is alerted (via the in -cab display) if 
tractor tires are being filled.  

 Determine the systemõs ability to correct low inflation conditions. 

 Determine what happens when an air line is not connected to the valve stem (simulate cut 
hose). 

 Determin e whether pressure is equalized between both tires if pressure drops in one tire. 

 Determine at what pressure the bypass valve closes to protect an intact tire if another tire 
suffers a rapid air loss. 

 Determine whether the pressure in the brake system is maintained during a òcatastrophicó 
air loss situation in a tire.  

 Observe the effects of ambient air temperature on performance. 

 Determine whether the system works when parked as well as when in motion.  
 

1.5 Overview of Experimental Approach 

The team installed the various tire pressure monitoring and inflation systems in a planned 
sequence on two types of commercial motor vehiclesñfirst, on a conventional tractor -trailer, and 
then on a motorcoachñand tested them under controlled operating conditions on a test tr ack. All 
work was conducted at the TRC in Columbus, OH. The study team considered installing all of 
the sensor systems on the vehicle at the same time, and then conducting each test (simulated 
leaks, failure modes, etc.) in sequence. Such an arrangement would have ensured that all of the 
TPMS were examined under identical conditions. However, such an arrangement was not 
feasible. For example, two RF systems cannot be operated side by side at the same time because 
of the possibility of interference between t he two systems. Similarly, it is not possible to connect 
and test two equalizing systems on the same wheel end at the same time due to lack of space and 
the inability to determine which system was influencing the pressure in the tires . Fortunately, 
technicians and engineers at TRC have considerable experience with conducting tests under 
consistent and repeatable conditions and the test conditions for all òrunsó in the test matrix were 
tightly controlled .  
 
The team recorded data from the TPMS using an on-board, PC-based data-logging system 
capable of recording digital, analog, and discrete sensor outputs. (This system is described in 
more detail in Chapter 3.) The team then processed the data off-board using conventional 
database and engineering analysis software. 
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CHAPTER 2. DESCRIPTION OF TESTED SYSTEMS 

The study team selected representative products from within the three categories of TPMS (tire 
equalization, tire pressure monitoring, and automatic inflation) for testing, as shown in Exhibit 
2.1. Tested products included two dual tire equalizers, four tire pressure monitoring systems, 
and two tire pressure maintenance systems (central inflation systems only since hub-mounted 
tire pressure pumps are currently unavailable). The selected systems represented a reasonable 
cross-section of technological approaches to tire pressure monitoring and inflation . All systems 
tested are commercially available, and none were prototypes.  
 

Exhibit 2 .1 ð Selected Systems for Testing  

Technology Tractor Trailer 
Motor-
Coach 

Recommended System for Testing 

Dual Tire Equalizers 

Equalizing Systems #1 X X  
Catôs Eye 

(Link Manufacturing, Ltd.) 

Equalizing Systems #2 X X  
Tire-Knight-S 

(V-Tech International, Inc.) 

Tire Pressure Monitoring Systems 

Direct Monitoring System #1 
(valve stem mounted) 

X X  
PressurePro 

(Advantage PressurePro, LLC) 

Direct Monitoring System #2 
(valve stem mounted) 

  X 
Integrated Vehicle Tire Pressure 

Monitoring (Meritor WABCO) 

Direct Monitoring System #3 
(wheel mounted) 

X X  
Tire-SafeGuard 

(HCI Corporation) 

Direct Monitoring System #4 
(wheel mounted) 

  X 
SmarTire 

(SmarTire Systems, Inc.) 

Direct Monitoring System #5 
(tire mounted) 

X X  
eTire 

(Michelin North America) 

Tire Pressure Maintenance Systems 

Central Inflation System #1  X  
PSI Tire Inflation System 

(Arvin Meritor) 

Central Inflation System #2   X 
Vigia 

(Gio-Set Corporation) 

 
The following is a brief explanation for including each of these systems in the test plan:  

 Catõs Eye (Link Manufacturing, Ltd.) is a dual -tire equalizer with a  visual  inflation conditio n 
reading at the wheel end.  

 Tire-Knight -S (V-Tech International, Inc.) is a uniquely designed dual -tire equalizer system. 
The Tire-Knight -S has separate valves and chambers for inflating and checking each tire 
separately.  

 PressurePro (Advantage PressurePro) is a representative valve-stem-mounted tire pressure 
monitor using an in -cab display.  
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 Integrated Vehicle Tire Pressure Monitoring, or IVTM, system (Meritor WABCO) is a valve -
stem-mounted tire pressure monitor developed cooperatively between Michelin a nd Meritor 
WABCO for commercial vehicles.  

 Tire-SafeGuard (HCI Corporation) is a representative wheel -mounted tire pressure monitor 
with in -cab display.  

 SmarTire (SmarTire Systems, Inc.) produces a wheel-mounted tire pressure monitoring 
systems for light -duty vehicles. They have recently launched a similar system for commercial 
vehicles and are marketing it through original equipment manufacturers (OEMs).  

 eTire (Michelin North America) is a passive tag, tire -mounted pressure monitoring system . 
Unlike the other monitoring systems, it does not have an in-cab display but uses a gate reader 
and/or handheld reader to read the tire pressures.  

 PSI Tire Inflation System (Arvin Meritor) is a representative central tire inflation system for 
trailers. 

 Vigia  (Geo-Set Corporation) is new to the North American market but has been used for 
many years in Central and South America . The system is unique in that it can be installed on 
both non-drive and drive axles.  

 
The project team recommended testing each of these systems on the proposed platforms in 
Exhibit 2.1, as they presented a good combination of representative systems and emerging 
technologies for the commercial vehicle industry. The following sections briefly describe each of 
the selected systems. 
 

2.1 Dual Tire Equalizers 

Link Manufacturing, Ltd.  produces the Catõs Eye Tire Pressure Maintenance System3 shown in 
Exhibit 2.2. A solid yellow indication on the air valve indicates that the tire pressure is +/ - 2 
percent of the recommended inflation level. As the pressure drops, a vertical black line, the 
òCatõs Eye,ó appears in the center of the display. As pressure drops further, the line widens until 
an all-black display indicates that tire pressure is approximately 10 psi below the specified level. 
The display is factory  set for a specific pressure and is non-adjustable. This system currently 
costs about $50 an axle end to the end-user with rubber hoses, and $60 an axle end with stainless 
steel hoses. The company has been marketing the Catõs Eye Tire Pressure Maintenance System 
since 1990, and estimates that it has sold 125,000 units to date. It now sells approximately 30,000 
annually.  
 

                                                      
 
3Link Manufacturing, Ltd., 223 15th Street, N.E., Sioux Center, IA 51250-2120, (800) 222-6283, Pat Coghlan, National 
Sales Director, www.linkmfg.com .  

http://www.linkmfg.com/
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Exhibit 2.2 ð Link Catõs Eye TPMS Dual-Tire Equalizer  

 
V-Tech International, Inc.  produces the Tire-Knight -S for dual -truck tires. 4 It i s similar to the 
Link system described above and to other equalizer systems, using a check valve assembly 
mounted on the wheel with hoses attached to the valve stems of both dual tires. Exhibit 2.3 
displays the V-Tech Tire-Knight -S Equalizer system. However, in the Tire-Knight -S system, each 
tire is connected to its own chamber and has its own valve for individual inflating and pressure 
checking in the unit. A bypass connects and equalizes the pressure in both tires when a piston 
opens or closes the bypass. (The piston is the only moving part in the unit.) The piston opens the 
bypass if both tires have a pressure greater than 85 to 90 psi. The piston closes the bypass if one 
tire experiences a sudden and catastrophic air loss, if one hose is unhooked or cut, or if both tires 
have a pressure of less than 80 to 85 psi. The position of the piston can be checked at a glance. In 
the event of an air loss in one tire of a pair of duals , the system configured as tested would not 
indicate which is leaking. V -Tech stated it has sold about 100 to 200 units in the Wisconsin area, 
including some to a major truckload motor carrier headquartered in that state. The retail price 
per unit is $80, or $640 for 16 positions.  
 

Exhibit 2.3 ð V-Tech Tire -Knight -S Dual -Tire Equalize r 

 

                                                      
 
4V-Tech International, Inc., 227 Barbie Drive, West Bend, WI 53090, (262) 306-1708, Gottfried Hoffmann, President, 
www.vtechint.com   

http://www.vtechint.com/
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2.2 Tire Pressure Monitors 

Advantage PressurePro LLC markets PressurePro (formerly known as Tire Mate). 5 The company 
began its entry into the tire pressure monitor market in 1992 with a device called Tire Mate , 
which fits over the valve stem like a valve cap and transmits an RF signal indicating the tire 
pressure.  
 
The companyõs current  product is called PressurePro. It is approximately 1 inch in diameter and 
¾ inch in length, weighs 0.25 ounce, is completely sealed, and fits over the valve stem. Exhibit 2.4 
displays the Advantage PressurePro TPMS valve-stem-mounted unit and display console . There 
is no RF òcross-talkó between systems on adjacent wheels as each sensor signal is uniquely 
identified by its own serial code. The sensors check tire pressure every 15 seconds. The 
PressurePro system can monitor 1 to 34 tires with pressure from 10 to 150 psi. The target pressure 
is set at the current tire pressure at the time of installation of the sensor on the valve stem.  
 
The receiver/monitor is battery operated.  The monitor is 6 inches wide x 3 inches tall and  
0.5 inch thick, and weighs just under 8 ounces. When tire pressure drops below the low trigger 
pressure set by the user, the monitor triggers an alert that displays tire location, low pressure 
reading, and battery power in the sensor. An audio and visual alert comes on when a tire is 10 
percent below target pressure, and a more aggressive alert identifies a tire that is 20 percent 
below. The driver can scroll through the display to check all tires on demand  as well. The battery 
life in the valve -stem sensors is expected to be 5 years in automobiles, 3 to 3.5 years in RV 
applications, and 2 years on commercial trucks. The life of the battery is dependent upon mileage 
since the sensor is activated by tire rotation. The RF signals from the trailer tires are linked to the 
tractor receiver with a relay box that fits on the front of the trailer and sends an RF signal to the 
cab.  
 
Alternatively, a handheld receiver called the PressurePro Wand can read sensors within one foot 
of the tire. A gate reader will be added to the product line as well. PressurePro is currently being 
field tested. The company has 600 units installed on a variety of commercial vehicles. The cost for 
an 18-wheel, tractor-trailer combination wil l be around $1,075 for the sensors and on-board 
receiver. Between 35,000 and 40,000 Tire Mate units have been sold, primarily to the RV industry 
and owner-operators. Advantage estimates that about 600 to 800 of the new PressurePro systems 
are operating on commercial vehicles at this time.  
 

                                                      
 
5 Advantage Pressure Pro LLC, Inc., 205 Wall Street, Harrisonville, MO  64701, (800) 959-3505, Phil Zaroor, President, 
www.advantagepressurepro.com  

http://www.advantagepressurepro.com/
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Exhibit 2.4 ð Advantage PressurePro TPMS 

 
Meritor WABCO and Michelin  developed the WABCO Integrated Vehicle Tire Pressure 
Monitoring (IVTM) System  for commercial vehicles.6 The IVTM system was launched in 2003; no 
unit sales numbers are available at this time. Each tire and wheel assembly is equipped with a 
wheel module that is attached to the outside of the wheel rim using two wheel bolts and nuts. It 
is connected to the tire valves using pneumatic hoses. Exhibit 2.5 displays the wheel-mounted 
module and dashboard display of the WABCO IVTM system . The system checks pressure 
constantly and transmits tire pressure via an RF signal every 15 minutes to the electronic control 
unit (ECU)  if tire pressure remains in the target range, or every 30 seconds if a tire exhibits a loss 
of pressure variation. RF operating frequency is 433 MHz. Power is supplied from a built -in 
lithium battery with a 5 -year service life.  
 
The IVTM ECU is mounted on the vehicle chassis attached equidistant between the front/rear 
axles and contains a built-in antenna to receive the pressure data from all tires. According to the 
manufacturer, this location eliminates the need for additional antennas in the wheel modules 
themselves. Trailers are equipped with their own ECU/transmitter, which sends the tire inflation 
pressure RF signals to the ECU on the tractor.  
 
The dashboard-mounted display warns the driver optically and acoustically when the inflation 
pressure of a tire on the tractor or trailer has decreased to a critical value. A yellow lamp 
indicates a slow rate of pressure loss or slight decrease in pressure; a red lamp indicates 
extremely low  pressure. The position of any instrumented tire  can be selected and its inflation 
pressure can be queried at the push of a button. If all tires are within an appropriate inflation 
pressure range, the display is blank.  
 

                                                      
 
6 WABCO GmbH, Vehicle Control Systems, Am Lindener Hafen 21, D -30453, Hanover, Postfach 91 21 62, Germany,  
49-511-922-2144, www.ivtm.com. 

http://www.ivtm.com/
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Exhibit 2. 5 ð WABCO Integrated Vehicle Tire Pressure Monitoring TPMS  

 
HCI Corporation  manufactures the Tire-SafeGuard tire pressure monitoring sy stem.7 This 
system alerts drivers of low -pressure situations by providing the location, temperature, and 
pressure readings via a display unit and an audible signal . The system has been on the market 
since 1991, and there are approximately 20,000 units in operation. Exhibit 2.6 displays the wheel-
mounted sensor and driverõs display of the Tire-SafeGuard TPMS. It monitors tire pressure 
continuously with detection of abnormal tire pressure even while the vehicle is parked. The Tire -
SafeGuard product for commercial vehicles (TPM-S206) uses a sensor mounted on the wheel rim 
inside the tire. The low -pressure and temperature warning is user adjustable and has a range of 
18 to 130 psi. The sensor transmitter automatically switches on when the vehicle is moving faster 
than 15 mph and reports pressure readings to the receiver using an RF signal. Pressure 
measurement accuracy is said to be +/- 1 psi. The sensor module has an operating temperature 
range of -40 to 250 degrees and a battery life of over 5 years. The receiver for the display can be 
plugged into a 12 VDC auxiliary power outlet or can be directly hardwired to the main power 
source. It is 3 ½ x 1 1/ 8 x 5/ 8 inches in size and weighs 1.5 ounces. The cost to equip a tractor  
(10 positions) is $650 or $1,245 for a tractor-trailer (18 positions). 
 

Exhibit 2. 6 ð HCI Tire -SafeGuard TPMS  

 

                                                      
 
7 HCI Corporation, 11245 E. 183rd Street, Cerritos, CA  90703, (562) 926-7123 x 212, Tim Glassford, Sales Manager, 
www.tiresafeguard.com . 

http://www.tiresafeguard.com/
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SmarTire Systems, Inc . 8  SmarTireõs system in the marketplace at the time of this study uses RF 
transmission of data to monitor the air pressure and temperature in tires. A small sen sor is 
strapped on each wheel and collects temperature and pressure data every 7 seconds. This data is 
transmitted via radio frequency to a receiver display located inside the vehicle that indicates 
individual tire pressure and temperature . Exhibit 2.7 displays the display and wheel-mounted 
sensor of the SmarTire system. The transmitted tire data is captured by the receiver  mounted in 
the cab, which in turn sends the information to the display unit. The display unit allows the 
driver to toggle through each wheel position and to select the type of information being 
displayedñtire pressure, temperature, or pressure deviation. The display incorporates a bright 
red LED light , which is activated whenever a tire pressure irregularity is detected or when the 
temperature of a tire goes above a preset level. SmarTire currently sells tire -monitoring products 
for the RV vehicle market and for the CMV market  and has had systems available on the market 
since 1985 (no unit sales numbers are available). These products monitor pressures up to 188 psi 
and accommodate up to 20 wheel positions. The cost for a motorcoach installation is $1,074  
(8 positions).  
 

Exhibit 2. 7 ð SmarTire TPMS  

  
Michelin North America  introduced its eTire  system for medium -duty trucks in October 2002. 9 
The eTire system uses Michelinõs battery-less InTire Sensors that the manufacturer states can be 
applied to any commercial truck tire using sidewall -mounted òSensorDocks,ó which are molded 
rubber pieces that chemically cure to the inside of the sidewalls, similar to tire sidewall repair 
units. The sensor unit slips over a knob on the rubber dock and locks into place. Once installed, 
the sensors are designed to last throughout the entire life of the tire carcass, including retread 
processes. The sensor is also designed to be removable and reused on a different truck tire 
equipped with a new SensorDock. The sensors measure temperature and pressure on demand 
and communicate this information along with wheel position, and a programmable identification 
number for its respective tire, to drive -by and handheld readers that power the sensors. Other 
sensors located on the tractor and trailer provide vehicle identification information at the same 
time. The sensors include an RF transmitter, pressure and temperature  sensors, and an antenna, 
which are encased in impact- and heat-resistant plastic. The unit measures 4 x 1.5 inches and 

                                                      
 
8 SmarTire Systems, Inc., Suite 150 ð 13151 Vanier Place, Richmond, BC, Canada V6V 2J1, (604) 276-9884 x 308, John 
Bolegoh, Product Manager, www.smartire.com. 
9 Michelin North America Inc., PO Box 19011, Greenville, SC 29602,  (864) 458-5476, Randy Clark , Vice President of 
Marketing, Truck Tire Unit , www.michelintruck.com. 

http://www.smartire.com/
http://www.michelintruck.com/
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weighs less than an ounce. Exhibit 2.8 displays the Michelin eTire TPMS system components 
including the sensor, handheld reader , and gate reader installation.  
 
Unlike the other systems, e-Tire does not use an in-cab display. Instead, readings are taken when 
the vehicle passes a gate reader or by using a handheld reader. The vehicle must travel about 5 
mph or less for the gate reader to receive the information from all the tire sensors. The sensors 
include a temperature compensation function. The information gathered for each fleet is reported 
via the Internet to a Michelin file server . The fleet accesses Michelinõs BIBTRACK web site that 
tracks tires and provides recommended actions to be taken on tires identified that require 
pressure adjustment. Fleets can get up-to-date information on their tires, track tire costs, and 
monitor inventories around the clock by going on -line. No data is stored on the sensors 
themselves. The InTire Sensors do not have 360-degree read capability so the handheld reader 
must be positioned over the sensor to read it. Michelin places an eTire label on the outside of the 
tire that visually locates the sensor. Each sensor unit costs about $30, but actual fleet cost will 
vary based on fleet size. Handheld readers are approximately $6,000, and gate readers are 
approximately $10,000 to $12,000. No unit sales numbers are available.  
 

Exhibit 2. 8 ð Michelin eTire TPMS  

 

2.3 Automatic Inflation Systems 

Arvin Meritor distributes  Pressure System Internationalõs (PSIõs) Tire Inflation System .10 This 
system currently addresses only trailer tires but the company stated that it was working on 
developing a system for tractors during th e time the tests were conducted. Since 1994, 500,000 
units have been sold, with the manufacturer reporting an average of 30,000 to 40,000 in annual 

                                                      
 
10 Arvin Meritor Commercial Vehicle Systems, Meritor Heavy Vehicle Systems, LLC, 2135 West Maple Road, Troy, MI  
48084, (800) 435-5560, www.arvinmeritor.com.  Pressure Systems International, 3023 Interstate Drive, San Antonio, TX  
78219, (210) 222-1926, Frank Sonzala, Executive Vice President. 
 

http://www.arvinmeritor.com/
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sales. The Tire Inflation System uses compressed air from the trailer to inflate any tire that falls 
below pre-defined specifications. Air from the existing trailer  supply tank for the air brakes is 
routed to a control box and then into each axle (see Exhibit 2.9). The hollow trailer axles carry the 
air through a rotary union assembly at the spindle end, which t hen distributes the air to each tire 
as needed. Tire pressure is constantly monitored. When a tire experiences a leak, an indicator 
light mounted on the trailer in a position visible by the driverõs mirror comes on to signal air 
delivery and that tires are  being inflated. A one -way check valve located in the hose connected to 
the valve stem protects each tire against air pressure loss. If a tire is punctured during operation 
and loses air pressure, the check valve prevents loss of pressure in the other tires. A pressure 
protection valve located between the shut-off valve and the reservoir allows air to flow to the tire 
inflation system only when the brakes have sufficient pressure to operate correctly. The 
estimated cost for this system is approximately $350 to $400.  
 

Exhibit 2. 9 ð Arvin Meritor PSI Tire Inflation System  

 
 
Gio -Set Corporation produces the Vigia  Automatic Tire Pressure System for tractor -trailer 
combinations and RVs.11  This system continuously reports and automatically regulates tire 
pressure. When the pressure falls 2 to 3 psi in one or more tires, the Vigia  system reports the 
existence and location of the problem to the driver via an in -cab display. At the same time, the 
inflation process starts to correct the pressure loss. In case of a tire blowout, the equipment 
automatically shuts down to protect the operation of the other air -powered components on the 
vehicle such as the brakes, clutch, suspension, etc. Air pressure is supplied from the secondary 
air reservoir. A dedicated air filter ab sorbs the impurities in the air  from the secondary reservoir. 
Once the air is filtered, it reaches the control panel and from there is redistributed to the tires  (see 
Exhibit 2.10). A small control panel in the truck cab controls all the functions in the s ystem. The 
lights indicate the normal function of the equipment, the loss of pressure in tires, the air circuit 
where the loss is taking place, and the low air pressure of the compressor. A separate control 
panel is placed on the front corner of the trailer so that the driver can readily see it. This system 

                                                      
 
11 Gio-Set Corporation, 37 Landing, Laguna Niguel, CA  92677, (949) 412-9393, Ruben Giosa, Distributor.  

www.gio-set.com. 

 

http://www.gio-set.com/
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costs $2,300 to $3,200 depending on the axle setup for a tractor and trailer combination. The Vigia  
system was first marketed in 1975 in South America, and 250,000 units have been sold in  
15 countries. 
 

Exhibit 2. 10 ð Gio -Set Vigia  Automatic Tire Pressure System  
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CHAPTER 3. TEST HARDWARE AND SE TUP 

All TPMS were installed on the test vehicles per manufacturersõ recommendations and 
instructions. The test vehicles were also equipped with a data acquisition system and other 
instrumentation such as fifth -wheel sensors, thermocouples, and pressure transducers. After 
installation, all systems were calibrated according to the manufacturersõ instructions. This 
chapter provides specifics on the test platform and instrumentation used to acquire, store, and 
analyze data for the study. TRC completed all test activities related to vehicle setup, 
instrumentation installation, and data acquisition setup and programming.  
 

3.1 Test Platforms 

The test vehicles were a 2001 Freightliner FLD tractor, shown in Exhibit 3.1, coupled to  a 2001 
Utility Trailer Manufacturing Co. 2000S  tandem axle flatbed semi-trailer and a 2003 MCI 
motorcoach, shown in Exhibit 3.3. The flatbed trailer design provided easy loading and 
unl oading with a forklift. Concrete blocks (4,300 pounds each) were chained to the deck of the 
semi-trailer to achieve an 80,000-pound maximum  gross combination weight rating  (GCWR). 
Exhibit 3.2 provides detailed specifications on the tractor and trailer. Exhibit 3.4 provides 
detailed specifications on the motorcoach. 
 

Exhibit 3.1 ð Tractor /Trailer Test Platform  

 
 

Exhibit 3.2 ð Tractor/Trailer Specification  

TRACTOR TRAILER 

Tractor Make Freightliner FLD Trailer Make Utility 2000S 

Model Year 2001 Model Year 2001 

Transmission Meritor 10-speed Manual Suspension Spring 

Front Suspension Spring Length (feet) 48 

Rear Suspension Spring Wheelbase (inches) 477 

GVWR (pounds) 80,000  

TEST TIRES 

 Steer Intermediate /Rear Drive Trailer 

Manufacturer Bridgestone Bridgestone Bridgestone 

Make/Type R250 M726 R195 

Size 295/75R22.5 295/75R22.5 295/75R22.5 

Pressure (psi) 100 100 100 
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WEIGHT DISTRIBUTION 

 Steer Axle Drive Tandem Trailer Axles Total 

GAWR/GCWR 12,500 38,000 40,000 80,000 

Loaded w/Trailer 11,950 33,640 34,030 79,620 

Empty w/Trailer 11,410 13,280 8,920 33,610 

Bobtail 11,210 8,350 N/A 19,560 

 
Exhibit 3.3 ð Motorcoach Test Platform  

 
 

Exhibit 3.4 ð Motorcoach Specification  

MOTORCOACH 

Coach Make/Model MCI/102EL3 E-Coach 

Model Year 2001 

Transmission Alison 5-speed Automatic 

Front Suspension Air 

Rear Suspension Air 

GVWR (pounds) 50,000 

TEST TIRES 

 Steer Drive Tag 

Manufacturer Bridgestone Bridgestone Bridgestone 

Make/Type R296 R296 R296 

Size 315/80R22.5 315/80R22.5 315/80R22.5 

Pressure (psi) 110 110 105 

WEIGHT DISTRIBUTION 

 Steer Axle Drive Tag Axles Total 

GAWR/GVWR         15,900         19,240        14,520         49,660 

  

3.2 Test Instrumentation Installation 

To acquire highly accurate pressure and temperature measurements (i.e., to establish òground 
truthó against which readings from the various test article could be compared), laboratory grade 
sensors were installed at each test wheel position. This required removing the wheels, machining 
replacement wheels for mounting thermocouples and pressure taps, and routing wire bundles to 
the data acquisition system (DAS) mounted in the cab of the truck and motorcoach. Exhibit 3.5 
shows a diagram of a tractor-trailer and motorcoach and illustrates the i nstallation location of 
each of the instrumentation packages.  
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Exhibit 3.5 ð Instrumentation Locations  

 

 
 

Reference Location Reference Location 

LFS Left front steer LFOT Left front outer trailer 

RFS Right front steer LFIT Left front inner trailer 

LFOD Left front outer drive RFIT Right front inner trailer 

LFID Left front inner drive RFOT Right front outer trailer 

RFID Right front inner drive LROT Left rear outer trailer 

RFOD Right front outer drive LRIT Left rear inner trailer 

LROD Left rear outer drive RRIT Right rear inner trailer 

LRID Left  rear inner drive RROT Right rear outer trailer 

RRID Right rear inner drive RTAG Right tag axle 

RROD Right rear outer drive LTAG Left tag axle 

 
Test equipment consisted of: 

 Internal tire temperature thermocouples  (9, analog) 

 Tire pressure transducers (2, analog) 

 Custom dual -flow combination rotary union and slip ring assemblies  (5) 

 Custom pressure control manifold (1) 

 Primary and secondary brake reservoir and treadle valve pressure transducer (3, analog) 

 Digital marker switch (for indicating when a warning was observed) (1, analog)  

 Non-contact fifth w heel (1, digital) 

 DAS (1) 
 
The following sections briefly describe this equipment.  
 

3.2.1 Thermocouples 

Type J thermocouples, with a range of -200 to 320 degrees Fahrenheit,  were installed in each of 
the test wheels (9 wheels for the tractor-trailer and 4 wheels for the motorcoach) as shown in 

RFOD 

RFID 

RROD 

RRID 

LFID 

LFOD 

LRID 

LROD 

RFOT 

RFIT 

RROT 

RRIT 

LFIT 

LFOT 

LRIT 

LROT 

RFS 

LFS 

TRACTOR-TRAILER 

RFOD 

RFID 

RTAG 

LFID 

LFOD LTAG 

RFS 

LFS 

MOTORCOACH 
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Exhibit 3.6. The thermocouples were used to assist in evaluating the systems, particularly 
understanding the effects of increased tire pressure as a result of heating due to sustained high-
speed driving. Additionally, the thermocouples provided a temperature reference to evaluate the 
performance of the systems under both normal and high-temperature conditions and to provide 
insight to the conditions in the tires during testing.  
 
This approach involved attaching the slip ring/rotary union assembly to the center of each 
instrumented wheel. A thermocouple was attached to the slip ring and fed into the wheel using a 
threaded connection separate from the normal valve stem. The voltage levels from the slip ring s 
were fed into the data acquisition system.  
 

Exhibit 3.6 ð Tire Temperature Thermocouples  and Pressure Lines 

 
 

3.2.2 Tire Pressure Transducers 

To perform the analysis, it was necessary to continuously monitor internal tire pressure in tires 
under test using a reference transducer at a data rate of 10 Hz. Pressure transducers, displayed in 
Exhibit 3.7, were connected to a tee in the pressure line in the control manifold. The pressure 
transducers were a 2-wire transmitter with a 0 to 200 psi range and a 0.5-percent accuracy rating.  
 

Thermocouples 
installed in each 

test wheel  

 
 

Pressure lines 
installed in each 

test wheel 
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Exhibit 3.7 ð Pressure Transducer 

 
 

3.2.3 Custom Dual-Flow Rotary Union and Slip Ring Assemblies 

During the development of the test matrix and test procedures, it became apparent that an 
instrumentation package was needed to allow test engineers to monitor and adjust tire pr essure 
within the tire and wheel assemblies while the vehicle was in motion (i.e., to simulate a 
puncture) . The team considered using wireless RF-type pressure monitoring systems, but did not 
due to concerns of possible interference with the RF-based TPMS technologies to be tested. A 
system of direct pressure measurement was therefore required.  
 
For dual wheel assemblies, it was also necessary that the technicians be able to monitor 
temperature and pressure and adjust the pressure in both wheels simultaneously. This 
functionally required a sophisticated custom -designed slip ring assembly capable of passing air 
and data signals from the rotating wheels to the non -rotating tractor -trailer frame and up to the 
cab. The thermocouple data was read directly by the DAS while the pressure lines were plumbed 
into a manifold to allow the selection of the tire(s) to be monitored by the pressure transducers . 
The use of the same lines to both monitor and adjust the tire pressures required the test engineer 
to periodically  close the exhaust valves when making adjustments to tire pressures to check the 
pressure of the tire being adjusted. This process, while somewhat inconvenient, minimized the 
number of pressure lines on the vehicle.   
 
The test team identified a manufacturer capable of supplying five of these slip ring assemblies in 
a rugged package designed for the vehicle environment, Dynamic Sealing Technologies 
Incorporated .12 

                                                      
 
12  Dynamic Sealing Technologies Incorporated, 13941 Lincoln Street NE, Minneapolis, MN 55304, (763) 786-

3758, www.dynamicsealing.com. 
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Exhibit 3.8 shows some photographs of the dual-flow rotary union and slip ring assembly.  
 

Exhibit 3.8 ð Dual -Flow Rotary Union and Slip Ring Assembly  

 

 
 

3.2.4 Custom Pressure Control Manifold 

The use of the slip ring assemblies required the design and assembly of a cab-mounted pressure 
control manifold. The control manifold provided the test engineer with the ability to regulate tire 
pressure by removing and adding air within the tire and wheel assembly while the vehicle is in 
motion. The control board also includ ed the pressure transducers.  
 
Exhibit 3.9 shows a schematic of the custom pressure control manifold, while Exhibit 3.10 shows 
a photograph of the assembled manifold.  
 

Thermocouple cable 

Pressure lines 

Lines and cables to 
manifold and data 
acquisition system 
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Exhibit 3.9 ð Pressure Control Manifold Schematic  

From LFID Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From LFOD Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From RRID Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From RROD Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From RFIT Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From RFOT Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From LRIT Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From LROT Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From RFS Slip Ring Assembly

5/16" OD Hard Plastic Air Line

From Tractor Air Supply

To Data 

Aquisition To Exhaust

Page 1

Manifold Assembly Option #2
Wednesday, November 03, 2004

1

2

2 2

2

3

10 10 44

5

7

To Data 

Aquisition 1

2 2

3

10 10 44

5

7

8

8

8

8

8

8

8

8

8

8

Component Description Manufacturer Part Number Quantity

Pressure Transducer STI PTL1C200PSIGE3WOPONOM1VOKOSO 2

Shutoff Valve Swagelok B-43S4 6

Metering Valve Swagelok B-4L-MH 2

Tee Swagelok B-400-3 4

Pressure Gauge REOTEMP PT45P1A4P20 2

1/4" to 5/16" Fitting Swagelok B-500-6-4 3

Switching Valve Swagelok B-43Z6FS2 2

1

2

3

4

5

6

7

6

1/8" to 5/16" Fitting Swagelok B-500-6-2 98

1/8" to 1/4" Reducer Swagelok B-400-R-2 29

9

9

6

To Exhaust

6

Female Tee Branch Swagelok B-400-3-4TTF 410
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Exhibit 3.10 ð Pressure Control Manifold and Metering Valve  

 
 

3.2.5 Brake Reservoir and Treadle Valve Pressure Transducers 

 
The failure modes test (Test #4) required that the air brake systems be monitored to determine 
whether the central tire inflation systems degraded the vehicleõs potential braking ability (see 
Chapter 4 for test matrix description) . It was necessary to monitor the air brake system pressure 
at three pointsñprimary air reservoir, secondary air reservoir, and application pressure. Three 
pressure transducers similar to those used for tire pressure monitoring were spliced into the 
brake lines at a tee in the following locations:  

 The primary air reservoir  

 The secondary air reservoir 

 The application pressure gauge line upstream of the gauge. 
 
Output  voltage levels from the transducers were then connected to the data acquisition system.  
 

3.2.6 Digital Marker Switch 

Many of the test procedures required recording when a warning indicator activates/illuminates. 
Since many of these products tested were a closed system design and could not be integrated 
with the DAS, a device was needed to allow the test engineer to electronically mark/tag the DAS 
data when a low -pressure warning was observed. This was accomplished by placing a simple 
switch at the control manifold  that placed a voltage signal on a channel in the DAS when 
pressed. (See Exhibit 3.11 for a photo of a digital marker switch.) 
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Exhibit 3.11 ð Digital Marker Switch Photo  

 
 

3.2.7 Non-Contact Fifth Wheel 

A non-contact (optical) fifth w heel was installed on the tractor and motorcoach to provide a 
reference vehicle speed. On both vehicles, the fifth wheel was hard -mounted to the driver  side of 
the vehicle just aft of the driverõs position. 
 

3.2.8 DAS 

The sensor data was electronically processed by a DAS manufactured by Link Engineering 
Company13 of Detroit, MI, as shown in Exhibit 3.12 . A PC-based laptop computer operates the 
system, stores data as it is acquired, and performs real-time analyses. The system software 
supports a variety of interfac e options ranging from direct user interaction with the system 
during measurement to completely autonomous operation based on various pre -programmed 
òtriggeró events that cause the system to begin data collection. The system is also capable of 
issuing prom pts to a test driver or an instrumentation technician.  
 

                                                      
 
13 Not associated with  Link Manufacturing , which produces the òCatõs Eyeó equalizer tested in this study. 
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Exhibit 3.12 - Link DAS   

 
 

The system is modular and, for this test program , was configured with eight multi -channel 
signal-processing modules. See Exhibit 3.13 for complete specifications.  
 

Exhibit 3.13 - Links DAS Specification  

Specification 

Model Number 2060 

Noise, Vibration and Harshness Channels 5-32 

Base Analog Channels 8 

Maximum Additional Analog Channels 64 

Maximum Samples per Second: 
   General Analog 
   High-Speed NVH (Noise/Vibration/Harshness) 

 
1,000 

51,200 

Temperature Channels 8-64 

Thermocouple Type J or K 

Real-Time Data Display Yes 

Heads-up Driver Display Yes 

Review Data in Vehicle Yes 

Continuous Data Sampling Yes 

Real-Time Spectrum Analysis 25,000 Hz for 5 channels sampled 
simultaneously 

Typical System Dimensions 11ò wide x 8.5ò deep x 5.5ò high 

Power Requirements ï Volts 9 to 15 

Power Requirements ï Amps 4 Max. 

 
The processing modules included three thermocouple modules, one pressure module, one force 
module, one frequency counter module, one network module, and the master module. The 
master module housed the power supply, computer, and heads-up display ports. A memory 
cache within the Link system stores one second of data before the beginning of the data logging 
event.  



 

29 

 
The Link 2060 DAS was set up to record the following information for each test:  

 Test tire pressures (and associated dual tire pressure where applicable) 

 Internal tire tempera tures 

 Primary and  secondary brake reservoir pressures 

 Treadle valve pressures 

 Vehicle speed 

 Warning indicator m arker (manually trigger ed marker used to indicate in the data when a 
warning is displayed by the system ).  

 
In particular, 16 data channels were recorded, as shown in Exhibit 3.14. 
 

Exhibit 3.14 ð Sensor Channels 

Channel # Description Units 

1 Non Contact 5th Wheel Speed mph 

2 Pressure Transducer #1 psi 

3 Pressure Transducer #2 psi 

4 Primary  Reservoir Pressure Transducer psi 

5 Secondary Reservoir Pressure Transducer psi 

6 Break Pedal Control Pressure Transducer psi 

7 Temperature Right Front Steer Tire degrees F 

8 Temperature Left Front Outer Drive Tire degrees F 

9 Temperature Left Front Inner Drive Tire degrees F 

10 Temperature Right Rear Inner Drive Tire degrees F 

11 Temperature Right Rear Outer Drive Tire degrees F 

12 Temperature Right Front Inner Trailer Tire degrees F 

13 Temperature Right Front Outer Trailer Tire degrees F 

14 Temperature Left Rear Outer Trailer Tire degrees F 

15 Temperature Left Rear Inner Trailer Tire degrees F 

16 Marker Switch On/Off 
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CHAPTER 4. TEST PLAN 

Each one of the TPMS was installed sequentially, first on the tractor-trailer and then on the 
motorcoach, and tested at loaded conditions based on a pre-defined test plan. As each test series 
was completed and the results analyzed, the test plan was modified by either eliminating certain 
planned test sequences that were not expected to generate new and useful data, or by adding 
tests to investigate specific issues or new areas of interest. This section of the report describes the:  

 Specific TPMS testing regimens performed under this program (the test matrix)  

 Processes used for collecting data  
 

All track testing occurred at the TRC in East Liberty, OH, using TRC drivers.  
 

4.1 Test Matrix 

The test program consisted of the following seven specific tests, not all of which were performed 
on each system or technology: 

 
Exhibit 4.1 shows an overview of the test matrix that maps each of the systems tested to the 
specific tests above.  
 

 Test #1: Functionality Tests  Test #5: Disablement Test 

 Test #2: Threshold Warning Test   Test #6: Operation Interface Evaluation 

 Test #3: Loaded Test at High Speed  Test #7: Gate-Reader Evaluation 

 Test #4:  Failure Mode Test  
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Exhibit 4.1 ð Test Matrix  

 
 

4.1.1 Functionality Test (Static and Dynamic) 

This is an overview or òshakedownó test phase that characterizes the operational, maintenance, 
and installation processes for each system. 
 
The major objective of this test phase was to evaluate the overall ability of the various sensor 
technologies to detect tire pressure problems or otherwise perform as intended.  
 

4.1.2 Threshold Warning Level Test 

This test determines the thresholds at which low tire pressure warnings are given. In the case of 
the automatic inflation systems, the test determines the leak rate (psi/min) in which the inflation 
system can no longer keep pace and a low tire pressure warning is given. 
 

4.1.3 Loaded Test at High Speed 

This test examines the effects of tire heating, due to sustained high-speed driving, on the warning 
indicator /light of the systems.  
 

4.1.4 Failure Modes Test 

This test phase determines whether, for automatic inflation systems, a large or catastrophic air 
leak depletes the air supply for the pneumatic brakes or forces the system to run continuously 
without giving the dr iver a warning that a tire has lost air. For systems where tires are 
interconnected (dual-tire equalizing and central inflation system technologies), the purpose is to 
ensure that loss of inflation pressure in a single tire does not affect the interconnected tires. 
 

Tractor 
Platform 
Trailer 1 2 3 4 5 6 7 

Dual Tire Equalizers 
Link Manufacturing Catôs Eye 

V-Tech International Tire Knight-S 

Tire Pressure Monitoring Systems 
Advantage Pressure Pro 
(valve stem mounted) 
WABCO IVTM 
(valve stem mounted) 
HCI Tire SafeGuard  
(wheel mounted) 
SmarTire Systems4 
(wheel mounted) 
Michelin eTire 
(tire mounted) 
Central Inflation Systems 
Arvin Meritor PSI  
(trailer-only) 
Gio-Set Vigia 

 

 
X X 

 
X X X X X X 

X X X X X 
 

X X 

X 
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X 
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X 

Technology 
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Test Number 

X 
 

X 
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4.1.5 Disablement Test 

This test determines the systemõs ability to provide a warning or some type of indication if/when 
it is disabled either by an intentional act or as a result of a failure of a system or component. At 
least five modes, in which each system could be disabled, were tested. 
 

4.1.6 Operator Interface Evaluation 

This test is a qualitative evaluation of the effectiveness of the driver interface. 
 

4.1.7 Gate Reader Evaluation 

This test evaluates the performance and reliability of the drive -thru gate readers used with tire -
mounted monitoring systems. The objective was to determine the speed and consistency of the 
gate readers in capturing pressures of all 18 tires.  
 

4.2 Data Collection Process 

The Link DAS system received information from 16 individual ch annels at a frequency of 10 Hz. 
Exhibit 3.13 provides a complete list of channels. A key stroke on the laptop activated the DAS at 
the beginning of each test run. Data was collected until the vehicle reached a complete stop. A 
memory cache built into the D AS recorded one second of data prior to the start of data recording.  
 
The actual data from each test run was stored in individual files on a Windows -based laptop 
computer installed in each test vehicle in turn. The average TPMS test lasted about 10 to 30 
minutes and generated approximately 5,000 to 10,000 data points. In total, the testing program 
generated approximately 450 Mb of data. 
 
The test engineer was responsible for manually recording the test identification number and 
other specific information i ncluding environmental conditions  and tire(s) under test, as well as 
any specific warnings or indications by the TPMS . This was necessary because the TPMS are all 
self-contained and were not connected directly to the Link DAS because they did not have signal 
outputs that could be tapped for direct recording.  
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CHAPTER 5. TEST RESULTS 

This chapter presents a summary of the results from the test program and offers some 
observations regarding the accuracy, sensitivity, and applicability of various TPMS technologies 
for determining tire pressure deficiencies. 

 
Due to the very large volume of data generated (450 Mb), it is not practical to plot data from all 
test runs and/or perform comprehensive comparisons among all TPMS for all test scenarios in 
this report. Therefore, this chapter presents analyses performed to assess the operational 
characteristics and limitations of the various TPMS technologies.  
 
The project team developed a test plan to address the various performance parameters of the 
TPMS technologies, which was reviewed by the project sponsor, TRC engineers and, where 
appropriate , by TPMS vendors. The initial test plans followed proposed test procedures .  The 
final test plans produced a test matrix that more efficiently utilized track time and incorporated  
modifi cations to the test procedures related to characteristics of the selected TPMS technologies. 
 
The results and observations presented in this chapter are not exhaustive; however, extensive 
data was collected and supports significant additional statistical a nalyses. Other tire researchers 
may wish to examine the data and draw independent conclusions on TPMS performance and the 
utility of the various systems examined in this program. 14  
 
This chapter is organized as follows: 

 An analysis of the data collected from the dual tire equalizers  

 An analysis of the data collected from the tire pressure monitoring systems  

 An analysis of the data collected from the central tire inflation systems  
 

5.1 Dual Tire Equalizers 

The following tests were performed on the  dual tire equalizers: 

 Static and dynamic functionality test s 

 Threshold warning te sts 

 Failure modes tests 

 Disablement modes tests 

 Operator interface evaluation  
 
These tests and the test results are described in detail in the following subsections.  

                                                      
 
14 Data can be obtained from the Federal Motor Carrier Safety Administration (FMCSA), Office of Bus and Truck 
Standards and Operations (MC-PSV), 400 7th Street, SW, Washington, DC 20590-0001. 
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5.1.1 Static and Dynamic Functionality Tests 

The static and dynamic functionality tests assess the ability of tire equalizers to equalize between 
tires of a dual installation as well as to isolate a good tire from a tire that has experienced a 
significant or total loss of pressure. The systems were tested both statically to determine basic 
functionality and dynamically to determine the effect of the vehicle operation on the equalizer 
systemõs performance.  
 
Exhibit 5.1 summarizes the dual tire equalizer functionality test procedure . Although equalizers 
can be installed on motorcoaches and trucks, the two equalizer systems were tested on the 
tractor-trailer because the larger number of dual wheel installations on the vehicle facilitated and 
improved efficiency of the testing.  
 

Exhibi t 5.1 ð Dual Tire Equalizer Functionality Test Procedures  

Step 
Number 

Procedure 

Static Functionality Check 

1 Set all tires to Cold Inflation Pressure (CIP=100 psi), Create new test file 

2 Set Manifold to Proper Positions 

3 Start Data Recorder, sample at 10 Hz 

4 Deflate RROD tire to 85 psi, using manifold 

5 Stop recorder when pressures have equalized for at least 1 minute or up to 10 minutes have elapsed. 

6 Record file name and stop number 

7 Examine display at wheel, Take digital photo, Record Photo File Name 

8 Re-inflate "giving" tire to 100 psi, Deflate RROD additional 10 psi below previous setting 

9 Repeat 1-8 until pressure reaches 55 psi or tires no longer equalize pressures 

10 Repeat 1-9 for LFID, and RFIT and LROT 

Dynamic Functionality Check 

11 Set all tires to Cold Inflation Pressure (CIP=100psi), Create new test file 

12 Set Manifold to Proper Positions 

13 Start Data Recorder, sample at 10 Hz 

14 Deflate RROD tire to 85 psi, using manifold 

15 Drive vehicle at 45 mph for 10 minutes (1 lap), stop vehicle in pit 

16 Stop Data Recorder 

17 Record file name and stop number 

18 Examine display at wheel, Take digital photo. Record Photo File Name 

19 Re-inflate "giving" tire to 100 psi, Deflate RROD additional 10 psi below previous setting 

20 Repeat 11-19 until pressure reaches 55 psi or tires no longer equalize pressures 

21 Repeat 11-20 for LFID, RFIT, and LROT 

 
Exhibit 5.2 shows the Link equalizer  equalizing a dual installation during a static test in which 
the left front inner drive (LFID) tireõs pressure was dropped to 75 psi and the corresponding left 
front outer drive (LFOD) tire was set at 100 psi. The low pressure and spikes in the LFID trace are 
due to the high rate of deflation and intermittent checking of the pressure  by the test engineer 
during the deliberate reduction to 75 psi . Due to the location of the transducer relative to the 
position  of the exhaust valve used to deflate the tire, the pressure reads lower than actual tire 
pressure during high deflation rates . The exhaust valve must be closed intermittently during 
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deflation to check the pressure in the tire being deflated. The tires begin to equalize immediately 
on the reduction of pressure as evidenced by the LFOD trace. The data show that the tires 
equalized at approximately 81 psi. The temperatures of both tires also show a decrease as their 
pressures dropped (as would be expected). The spike in the marker trace indicates the point 
where the LFID reached the 75 psi test point. 
 

Exhibit 5.2 ð Link Equalizer  Static Equalizer Fu nctionality Test LFID 75 psi  
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Exhibit 5.3 shows the Link equalizer  equalizing a dual installation during a static test in which 
the LFID tireõs pressure was dropped to 55 psi and the corresponding LFOD tire was set at  
100 psi. The low pressure and spikes in the LFID trace are due to the high exhaust rate and 
intermittent checking of the pressure by the test engineer during the deliberate reduction to  
55 psi. The tires begin to equalize immediately on the reduction of pressure as evidenced by the 
LFOD tr ace. The data show that the tires do not equalize but remain isolated by the check valve 
in the system. The LFID remains at approximately 58 psi and the LFOD remains at 
approximately 80 psi. The temperatures of both tires again decrease as their pressures drop. The 
spike in the marker trace indicates the point where the LFID reached the 55 psi test point. 
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Exhibit 5.3 ð Link Equalizer  Static Equalizer Functionality Test LFID 55 psi  
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Exhibit 5.4 summarizes the data from the Link equalizer  static functional ity testing. The system 
appears to equalize the pressure of the tire experiencing air loss until it decreases to 
approximately 80 psi. When a leaking tire deflates below 80 psi, the system will stop pressure 
equalization when the pressure of the intact tir e reaches 80 psi to prevent the total  loss of 
pressure in both tires of a dual installation.  
 

Exhibit 5.4 ð Link Equalizer  Static Functionality Test Data  

Tire Set Initial Pressure Equalized Pressures Isolated Pressures 

RROD/RRID 85/100 90/90 - 

 75/100 82/82 - 

 65/100 79/79 - 

 55/100 - 74/80 

LFID/LFOD 85/100 90/90 - 

 75/100 82/82 - 

 65/100 - 70/78 

 55/100 - 58/80 

RFIT/RFOT 85/100 86/86 - 

 75/100 78/78 - 

 65/100 - 66/80 

 55/100 - 55/80 

LROT/LRIT 85/100 89/89 - 

 75/100 85/85 - 

 65/100 79/79 - 

 55/100 - 62/82 
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Exhibit 5.5 summarizes the data from the V-Tech equalizer static functionality testing. Similar to 
the Link equalizer , the system appears to equalize pressures down to slightly below 80 psi. 
However, the equalizer on the LFID/LFOD tire set  did show a tendency to isolate the intact tire 
at pressures in the mid 90 psi range when presented with a larger pressure differential. Similar to 
the Equalizer System #1, when a tire deflates below 80 psi, the system will stop pressure 
equalization from the intact tire 80 psi to prevent the loss of pressure in both tires of a dual 
installation.  
 

Exhibit 5.5 ð V-Tech Equalizer  Static Functionality Test Data  

Tire Set Initial Pressure Equalized Pressures Isolated Pressures 

RROD/RRID 95/100 98/98 - 

 90/100 95/95 - 

 85/100 92/92 - 

 80/100 89/89 - 

 75/100 86/86 - 

 70/100 85/85 - 

 65/100 79/79 - 

 60/100 78/78 - 

 55/100 - 74/79 

LFID/LFOD 85/100 92/92 - 

 75/100 86/86 - 

 65/100 - 77/84 

 55/100 - 56/96 

RFIT/RFOT 85/100 92/92 - 

 75/100 86/86 - 

 65/100 78/78 - 

 55/100 - 71/75 

LROT/LRIT 85/100 93/93 - 

 75/100 85/85 - 

 65/100 79/79 - 

 55/100 - 62/82 

 
Exhibit 5.6 shows the V-Tech equalizer equalizing a dual installation, during a dynamic test at 45 
mph. During this test, the LFID tireõs pressure was dropped to 85 psi while the corresponding 
LFOD tire was initialized at 100 psi. The low pressure and spikes in the LFID trace are due to the 
high exhaust rate and intermittent checking of the tire pressure during the deliberate reduction 
to 85 psi. The tires begin to equalize immediately on the reduction of pressure as evidenced by 
the LFOD trace. The data show that the tires equalized at approximately 92 psi. This result was 
similar to the equalization pressure in the static functionality test. The temperat ures of both tires 
also show an initial decrease as their pressures dropped and then an increase as the vehicle was 
driven at a constant speed of 45 mph. This is indicated by the spike in the marker trace. 
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Exhibit 5.6 ð V-Tech Equalizer  Dynamic Equalizer Functionality Test LFID 85 psi  
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Exhibit 5.7 shows the V-Tech equalizer equalizing a dual installation during a dynamic test at 45 
mph. In this test, the LFID tireõs pressure was deliberately reduced to 55 psi and the 
corresponding LFOD tire was initially  set at 100 psi. Similar to the results shown in Exhibit 5.3, 
the low pressure and spikes in the LFID trace are due to the high exhaust rate and intermittent 
checking of the tire pressure by the test engineer during the deliberate reduction to 55 psi. The 
tires begin to equalize immediately when the reduction of pressure was detected, as shown by 
the LFOD trace. The data trace indicates that the pressures between the dual tires do not 
equalize, but that they remain isolated by the check valve in the system. The LFID pressure was 
increased to approximately 55 psi at the beginning of the equalization period and increased 
gradually to 56 psi. The LFOD dropped to approximately 96 psi at the beginning of the 
equalization sequence and gradually increased to approximately 97 psi. The isolation pressures 
were similar to the pressures observed in the static functionality tests for this case. The 
temperatures of both tires initially decrease as their pressures drop, but begin to increase as the 
vehicle is driven. The slight increase in pressure after the start of the test, as indicated by the 
spike in the marker trace, is due to the temperature increase in the tires as the vehicle is driven. 
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Exhibit 5.7 ð V-Tech Equalizer  Dynamic Equalizer  Functionality Test LFID 55 p si 
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Exhibit 5.8 summarizes the data from the Link equalizer  dynamic functionality testing. Similar to 
its static test behavior, the system appears to equalize pressures down to approximately 80 psi. 
However, the equalizers on the RROD/RRID and LROT/LRIT tire sets isolated the intact tires at 
pressures just below 90 psi when the low tireõs pressure set to 65 psi and 75 psi respectively. 
Again as in the static tests, when a tire deflates below approximately 80 psi, the system will halt 
pressure equalization from the intact tire at approximately 80 psi to prevent the loss of pressure 
in both tires of a dual installation.  
 

Exhibit 5.8 ð Link Equalizer  Dynamic Functionality Test Data  
Tire Set Initial Pressure Equalized Pressures Isolated Pressures 

RROD/RRID 85/100 91/91 - 

 75/100 82/82 - 

 65/100 - 66/88 

 55/100 - 71/80 

LFID/LFOD 85/100 90/90 - 

 75/100 81/81 - 

 65/100 - 70/78 

 55/100 - 58/80 

RFIT/RFOT 85/100 89/89 - 

 75/100 80/80 - 

 65/100 - 69/79 

 55/100 - 59/82 

LROT/LRIT 85/100 89/89 - 

 75/100 - 76/89 

 65/100 80/80 - 

 55/100 - 63/83 
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Exhibit 5.9 summarizes the data from the V-Tech equalizer dynamic functionality testing. Similar 
to its static test behavior, the system appears to equalize pressures down to approximately 80 psi. 
However, the equalizers on the LFID/LFOD tire set isolated the intact tires at 96 psi when the 
other tire dropped to 55 psi.  
 

Exhibit 5.9 ð V-Tech Equalizer  Dynamic Functionality Test Data  

Tire Set Initial Pressure Equalized Pressures Isolated Pressures 

RROD/RRID 95/100 97/97 - 

 90/100 95/95 - 

 85/100 92/92 - 

 80/100 89/89 - 

 75/100 86/86 - 

 70/100 85/85 - 

 65/100 79/79 - 

 60/100 78/78 - 

 55/100 - 74/79 

LFID/LFOD 85/100 92/92 - 

 75/100 86/86 - 

 65/100 - 78/84 

 55/100 - 56/96 

RFIT/RFOT 85/100 92/92 - 

 75/100 85/85 - 

 65/100 82/82 - 

 55/100 - 69/75 

LROT/LRIT 85/100 93/93 - 

 75/100 86/86 - 

 65/100 80/80 - 

 55/100 - 63/83 

 

5.1.2 Threshold Warning Tests 

The threshold warning tests evaluate the ability of tire equalizers to equalize inflation pressures 
between the two tires of a dual installation at slow leak rates, as well as to isolate an intact tire 
from a tire that has experienced a slow leak that results in a total loss of pressure. The systems 
were tested both statically to determine basic functionality and dynamically to determine the 
effect of the vehicle operation on the equalizer systemõs performance. Exhibit 5.10 presents the 
dual tire equalizer threshold warning test procedures.  
 

Exhibit 5.10 ð Dual Tire Equalizer Threshold Warning Test Procedures  

Step 
Number 

Procedure 

Static Slow Leak 

1 Set all tires to Cold Inflation Pressure (CIP=100 psi), Create new test file 

2 Start Data Recorder, sample at 10 Hz 

3 Begin slowly leaking RROD tire pressure at approximately 1.5 psi/min* 

4 Allow tire to deflate until pressure reaches 60 psi, stop deflation 

5 Stop Data Recorder 

6 Record file name and stop number 
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Step 
Number 

Procedure 

7 Repeat 1-6 for LFID, and RFIT and LROT 

Dynamic Slow Leak 

8 Start Data Recorder, sample at 10 Hz 

9 Begin slowly leaking LROT tire pressure at approximately 1.5 psi/min* 

10 Drive vehicle at 45 mph, until LROT tire pressure reaches 60 psi, or two hours have elapsed. 

11 Stop Data Recorder, Stop Leak 

12 Record file name and stop number 

*Do not exceed 40% below CIP for drive/trailer tires, or 25% below CIP for steer tires 

 
Exhibit 5.11 shows the Link equalizer  equalizing a pair of duals during a static test . During this 
test, the LRIT tireõs pressure slowly dropped due to an induced leak of approximately 1.5 psi  per 
minute and the corresponding LROT tire  was set at 100 psi. The tires begin to equalize 
immediately on the reduction of pressure as shown by both the LRIT and LROT traces. The 
LROT tire stabilized at approximately 78 psi, while the LRIT tire continued to deflate at a slightly 
higher rate because the check valve activated and discontinued the equalization process. The 
temperatures of both tires remained relatively constant during the slow leak process.  
 

Exhibit 5.11 ð Link Equalizer  Static Slow Leak Test  
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Exhibit 5.12 shows the Link equalizer  equalizing a dual installation during a dynamic test at  
45 mph. Here, the LRIT tireõs pressure slowly dropped due to an induced leak of approximately 
1.5 psi per minute, while the corresponding initial LROT was set at 100 psi. The tires begin to 
equalize immediately on the reduction of pressure as evidenced by both the LRIT and LROT 
traces. The data show that the LROT tire stabilized at approximately 75 psi, while the LRIT tire 
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continued to deflate at a slightly faster rate . As in the previous test, the check valve activated and 
discontinued the equalization process. The temperatures of both tires gradually increased during 
the slow leak process due to the heating induced by driving the vehicles.  
 

Exhibit 5.12 ð Link Equalizer  Dynamic Slow Leak Test  
Test #1 Dynamic - RROD
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Exhibit 5.13 summarizes the data from the Link equalizer  threshold warning testing. During the 
static and dynamic testing with a slowly leaking tire, the system appears to equalize pressures 
down to approximately 80 psi, although the pressures of the isolated t ires were in the mid to 
upper 70 psi range. Because the air loss rates were low, the equalizers on the RROD/RRID and 
LFID/LFOD equalized but did not isolate the intact tire of the dual pair  during the test period . 
 

Exhibit 5.13 ð Link Equalizer  Threshold W arning Test Data  

Tire Set Initial Pressures Equalized Pressures Isolated Pressures 

Static 

RROD/RRID 100/100 87/87 Test Period Expired 

LFID/LFOD 100/100 75/75 Test Period Expired 

RFIT/RFOT 100/100 - Continued Leak/79 

LROT/LRIT 100/100 - Continued Leak/78 

Dynamic 

RROD/RRID 100/100 - Continued Leak/74 

 
Exhibit 5-14 summarizes the data from the V-Tech equalizer threshold warning testing. During 
the static and dynamic testing with a slowly leaking tire, the system appears to equalize 
pressures down to approximately 80 psi. Similar to the Link equalizer , the pressures of the 
isolated tires were also in the mid to upper 70 psi range. 
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Exhibit 5.14 ð V-Tech Equalizer  Threshold Warning Test Data  

Tire Set Initial Pressures Equalized Pressures Isolated Pressures 

Static 

RROD/RRID 100/100 - Continued Leak/78 

LFID/LFOD 100/100 - Continued Leak/78 

RFIT/RFOT 100/100 - Continued Leak/73 

LROT/LRIT 100/100 - Continued Leak/74 

Dynamic 

LROT/LRIT 100/100 - Continued Leak/74 

 

5.1.3 Failure Modes Tests 

The failure modes tests for tire equalizers evaluate their ability to equalize between two tires of a 
dual installation at rapid leak rates as well as to isolate an intact tire from a tire that has 
experienced a rapid leak that results in total loss of pressure. The systems were tested both 
statically to determine basic functionality and dynamically to determine the effect of the vehicle 
operation on the equalizer systemõs performance. Exhibit 5.15 details the dual tire equalizer 
failure modes test procedures. 
 

Exhibit 5.15 ð Dual Tire Equalizer Failure Modes Test Procedures  

Step 
Number 

Procedure 

Static Rapid Leak 

1 Set all tires to Cold Inflation Pressure (CIP=100 psi), Create new test file 

2 Start Data Recorder, sample at 10 Hz 

3 Initiate air loss from RROD tire at the maximum rate (approximately 20 psi/min.) 

4 Wait until pressure in RROD reaches 0 psi and RRID pressure stabilizes for 1 minute 

5 Stop Data Recorder 

6 Record file name and stop number 

Dynamic Rapid Leak 

7 Set all tires to Cold Inflation Pressure (CIP=100 psi), Create new test file 

8 Start Data Recorder, sample at 10Hz 

9 Initiate air loss from RROD tire at maximum rate (approximately 20 psi/min.) 

10 Drive vehicle at 45 mph, until RROD tire pressure reaches 60 psi 

11 Stop Data Recorder, Stop air loss 

12 Record file name and stop number 

*Do not exceed 40% below CIP for drive/trailer tires, or 25% below CIP for steer tires 

 
Exhibit 5.16 shows the V-Tech equalizer equalizing a dual installation during a static test in 
which the LFID tireõs pressure rapidly dropped due to an induced leak  of 20 psi per minute . Both 
the LFID and corresponding LFOD tires were initially set at 100 psi. The tires begin to equalize 
immediately on the reduction of pressure as evidenced by both the LFID and LFOD traces. The 
data show that the LFOD tire stabilized at approximately 95 psi, while the LFID tire continued to 
deflate at a slightly faster rate because the check valve activated and discontinued the 
equalization process. The temperatures of the LFID tire initially dropped d ue to the decrease in 
pressure, while the temperature of the LFOD tire remained relatively constant. The large initial 
drop and relatively low pressure of the LFID trace is due to the effect of the large induced leak on 
the pressure transducer installation. 
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Exhibit 5.16 ð V-Tech Equalizer  Static Rapid Leak LFID Test  
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Exhibit 5.17 shows the performance of the V-Tech equalizer on a dual installation during a 
dynamic test at 45 mph where the LFID tireõs pressure rapidly dropped due to an induced leak of 
approximately 20 psi per minute . Both the LFID and the corresponding LFOD tire s were initially 
set at 100 psi. The tires begin to equalize immediately on the reduction of pressure as evidenced 
by the LFOD trace. The data show that the LFOD tire stabilized at approximately 95 psi, while 
the LFID tire continued to deflate until testing was terminated when the LFID tire reached 60 psi. 
The temperatures of both tires initially dropped due to the decrease in pressure and then 
gradually increased due to heat generated from driving the vehicle. As mentioned previously, 
the large initial drop and relatively low pressure of the LFID trace is due to the effect of the high  
induced leak rate on the pressure transducer installation, while the spikes are due to intermittent 
checks of the tire pressure. 
 



 

45 

Exhibit 5.17 ð V-Tech Equalizer  Dynamic Rapid Leak LFID Test  

 
 
Exhibit 5.18 summarizes the data from the Link equalizer  failure mode testing. During the static 
and dynamic testing with a rapidly leaking tire, the system appea rs to equalize pressures down 
to approximately 80 psi in the LFID/LFOD and RFIT/RFOT tire pairs. The RROD/RRID and 
LROT/LRIT pairs, however, stopped equalizing when the pressures of the isolated tires were in 
the high-80s psi range. 
 

Exhibit 5.18 ð Link Eq ualizer  Failure Mode Test Data  

Tire Set Initial Pressures (psi) Isolated Pressures (psi) 

Static 

RROD/RRID 100/100 Continuing Leak/88 

LFID/LFOD 100/100 Continuing Leak/80 

RFIT/RFOT 100/100 Continuing Leak/80 

LROT/LRIT 100/100 Continuing Leak/89 

Dynamic 

RROD/RRID 100/100 Continuing Leak/89 

LFID/LFOD 100/100 Continuing Leak/78 

RFIT/RFOT 100/100 Continuing Leak/80 

LROT/LRIT 100/100 Continuing Leak/88 

 
Exhibit 5.19 summarizes the data from the V-Tech equalizer failure mode testin g. During the 
static testing of a rapidly leaking tire in a pair, the system appears to equalize pressures down to 
a range of 88 to 95 psi.   During dynamic testing of a rapidly leaking tire in a pair, the system 
appears to equalize pressures down to a range of 90 to 95 psi. Safety requirements prevented 
continuing the dynamic testing beyond the point where the pressure of an affected tire went 


