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Tire Pressure Monitoring Systems for Light Duty Highway Vehicles

Foreword
The field of application of this document is as listed below:

a. Light truck and passenger car tires
b. Tubelesp conventional and run-flat tires

Normal tire maintenance procedures must be followed regardless of whether a tire pressurg monitoring
system (TPMS) is used or not. Tire pressure adjustments must be-performed even in the abgence of any
TPMS indication in order to have the optimum tire performance.{A TPMS acts only as an aid|to the driver
detecting preéssure changes during operation.

All trademarks used are owned by their respective owners
1. Scop

To establish|overall performance guidelines, {ést methods, and minimum performance levels|for a TPMS.
The system|shall visually indicate the tire inflation pressure status. These guidelines include], but are not
limited to:
a. A test methodology for a device which monitors tire inflation, that is located in/on the tire/wheel

environment.
b. Recommended performance guidelines for a TPMS.

1.1 Rationale

Not Applicable.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2004 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.
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2.

2.1

References

Applicable Documents

The following publications form a part of this recommended practice to the extent specified herein.
Unless otherwise specified, the latest issue of SAE publications shall apply.
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2.2 Related Publications

The following publications are provided for informational purposes only and are not required as part of
this document. Unless otherwise specified, the latest issue of the publications shall apply.
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3.

3.1

Definitions

Conventional tire

All pneumatic tires not defined as run-flat.
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3.2 Cold inflation pressure

Tire inflation pressure at the prevailing atmospheric temperature that does not include any
pressure build-up due to vehicle operation.

3.3 Functionality

Operation within the parameters as defined by the specification of the device under test.

tire inflation

3.4 Grossl vehicle weight rating
The value specified by the vehicle manufacturer as the maximum loaded weight of acsingle ve
3.5 Lightly loaded

Unloaded vehicle weight plus 180kg, including test driver and instrumentation.
3.6 Run-f]at tire

A tire, which is capable of running a certain, limited distance undér prescribed conditions in t
complete logs of inflation pressure. A run-flat tire is similar te a conventional tire in that it is i
cold inflation] pressure.

3.7 Test ipflation pressure

The tire prepsure at which the system is to be activated to indicate a low tire pressure cg
vehicle.

3.8 Tire placard

A placard, germanently affixed to-the vehicle as required by FMVSS110. The placard disp
other informption, the vehicle manufacturer's recommended cold tire inflation pressure.

3.9 Tire Pressure Monitoring System

hicle.

e event of a
flated to the

ndition on a

ays, among

A system that measures the tire inflation pressure or a parameter(s) that adequately corr¢lates to tire

inflation pregsure.

3.10 Symbotsand-Abbreviations

DUT—Device Under Test
EMC—Electromagnetic Compatibility
IRI—International Roughness Index
p-p—Peak-to-peak

RF—Radio Frequency

TPMS—Tire Pressure Monitoring System
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4. Technical Requirements

Section 4.1 applies to electronic device(s) that are mounted in/on the tire/wheel environment. This
section describes characteristics of the expected environment that impact the performance and reliability
of such devices. For those components of the TPMS that are mounted other than in/on the tire/wheel
environment, SAE J1211 Recommended Practices for Electrical Equipment Design shall apply. Section
4.1 of this document addresses those requirements that are not defined in SAE J1211.

Devices thafsense-tire-inflation-pressure-by-othermeans—{e-g—induetive-sensers—ete-meayfall under the

appropriate BAE J documents.

Section 4.2 shall apply to the complete TPMS.
41 Test Methods and Environmental Conditions

As electronics have been in vehicles for many years, the details of the effects of the efvironmental
conditions are widely known. However, if more information is desired 6n the effects of the pnvironment
on electroni¢ devices, refer to SAE J1211.

a. Test Sequence—This section does not define a test sequence; it is left to the designer. I{is the intent
that eleftronic device(s) that are mounted in/on thectire/wheel environment shall beg capable of
successfully completing all the tests defined within this, section. The functionality of the device under
test (DUT) shall be verified before and after testing . Additionally, each DUT shall be visually
inspectdd for damage after testing.

b. General|Conditions—Unless otherwise specified, the DUT shall be at ambient atmosphgric pressure
and relative humidity for each test.

4.1.1 OPERATIONAL TEMPERATURE

The DUT Iqcated in the tire/wheel* environment is exposed to a wide range of tempergtures. The
operational [temperature range disted should not be construed as totally inclusive of gll operating
temperaturep that the DUT ,eould experience. Measurements should be taken in the application to
understand the full thermal environment of the DUT and the effects those extreme tempergptures could
have on the|device.

It is recommended-hat environmental tests be developed using the operational temperaturel of —40°C to
+85°C as a guidelipe for the minimum and maximum values.

4.1.2 THERMAECYCEE

Exposure to a number of temperature cycles can aid in predicting the effect of stresses expected in the
device over its design life. These stresses can affect the device both electrically and mechanically.

The recommended thermal cycle profile is shown in Figure 1. The DUT shall be placed in a thermal
chamber that is cycled over the temperature range as determined in 4.1.1. Repeat the profile for 100
cycles. The complete thermal cycle test is 1,200 hours in length. The DUT shall be testedat T, and T,
for functionality after the completion of 1200 hours.
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T max
Chamber
Air o
Temp. 25°C
T min

0.5 55 6.5 11.5," 112
Time (hours)

FIGURE 1—THERMAL CYCLE PROFILE
41.3 THERMAL SHOCK

In the tire/wheel environment, thermal shock can be experienced whefla vehicle has run fof a period of
time and thgn is exposed to cold water or ice, or when going from-a.garage to outside in extremely cold
climates.

The DUT shall withstand the 100 thermal shock cycles in*air according to the profile in Figure 2. The

temperature| extremes should be those determined in sggtion 4.1.1. The time between trarsitions is 30
minutes and| the transition time between each temperature shall be less than 2 minutes.

—» <4 <2 nin

T max

Chamber 4550¢ 4
Air Temp.

T min

30 60
Time (Minutes)

FIGURE 2—THERMAL SHOCK PROFILE

41.4 EXTREME TEMPERATURE

There could be isolated conditions in which the temperature within the tire/wheel environment can spike
higher than the operational temperatures of section 4.1.1. Extreme temperature is one of the main
factors in premature failure in one or more components, e.g. loss of battery life. It is recommended that
this test be performed prior to thermal cycle and thermal shock tests.
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Place the DUT in the thermal chamber at 125°C and soak for one hour.

chamber and let soak at ambient for one hour.

Repeat the above procedure for —40°C for the same DUT.

415

HumiDITY

Remove the DUT from the

Though the DUT is not exposed to the amb|ent hum|d|ty as W|th other veh|cle mounted components, it

does have its
water ingres

The DUT s
condensing.
functionality
416 FRO

During norn
formation of

Operating ¢
while the ve
humidity cha
from chamb
41.7 PRO
Though the

device can |
inflation duri

A recomme
greater of 8(
30 minutes,
41.8 RAP

Within somqg

S prior to assembly or through water vapor from air compressing.

nall be exposed to 96 hours of 95% (+/-5%) humidity at 65°C. Humidity sho
Operating condition of the DUT during humidity testing shall be represent

of the device during vehicle motion.

ST

al vehicle operation, a combination of high humidity and low temperature will

pndition of the DUT during testing shall be représentative of the functionality @

imber at 10°C and a minimum of 90% relative humidity (RH) for 15 minutes. R
Y,

OF PRESSURE

application for most TPMS is(as specified on the tire placard, there are instanc
e exposed to pressure levels above those listed. One such application is tire n
ng the vehicle assembly process. The device must be able to survive this proces
nded test method-is-to mount the DUT in a pressure vessel. Pressurize the
0 kPa or 150%.0fthe DUT’s maximum operating pressure. Maintain the applied

then releasg-to-ambient atmosphere.

D DEFLATION

embly due to

uld be non-
ative of the

result in the

frost. This recommended procedure verifies the operation of the DUT in a frost efivironment.

f the device

hicle is stationary. Soak the DUT at —40°C for 8 hours. Transfer within one minute to the

emove DUT

bs when the
ounting and
S.

essel to the
pressure for

assembly.

TPMS devices, there is a pressure sensor that measures the pressure within t:r

e tire/wheel
assembly.

The DUT shall be exposed to a pressure of 620 kPa for a minimum of 16 hours. Taking proper

precautions,

subject DUT to depressurization to atmospheric within 1 second.

4.1.9 ALTITUDE

During normal air shipments, it is possible that the device can be exposed to extreme cold temperatures
and low atmospheric pressure.
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The recommended altitude test method is performed with the DUT in the shipping mode. Place the DUT
in a partial vacuum of less than 20 kPa (absolute) at -50°C for 12 hours. Remove and let soak for one
hour at ambient conditions.

4.1.10 CONTAMINATION

The DUT may be exposed to a variety of media (e.g. tire lube, compressor oil, soap, and water). All
possible contaminates are not listed in this section since contaminant exposure is dependent upon the

application. atier—of-any—appheable—medisa o—-the—desig & all always be
included.

The recommended test method is to completely immerse the DUT in each media selected. A|different set
of DUTs shpll be used for each media. Completely submerge the DUT in the media in[each of six

orientations
4.1.11 SAL]
Any device
devices may

trapped with

The recomn
exposed pef

4.1.12 DRO
This test is fi

The recomnm
three princip

for five minutes. Remove the DUT and let set for 24 hours. Repeat'foreach meq
[ FOG - CORROSION

mounted in the tire/wheel environment could have direct,contact with salt. Thou
not protrude external to the tire, those mounted internally can be exposed wh

n the tire/wheel assembly.

ended method for testing to salt fog utilizes the current ASTM procedure. The [

ASTM B117 for a minimum of 96 hours. Remove the DUT and let set for 1 houi.

P

ia selected.

ph all TPMS
en salt gets

DUT shall be

br component drops similar to those encountered in shipping and handling applications.

ended test method is a one meter drop onto concrete. The DUT shall be droppe
le axis. For the test, each drop shall be performed with a different DUT.

H on each of

4.1.13 ME(JHANICAL SHOCK
Any device mounted in_the tire/wheel environment will experience mechanical shocks as a fesult of any
number of situationsy™\Such situations could include road damage, striking a curb, moynting wheel

weights, or

may experignce._\The designer should evaluate whether this test profile will cover foreseeah
which may qccur.

ropping-the rim assembly. This pulse is only representative of a shock pulse that the device

le scenarios

The recommended test method utilizes a fixture that will produce a half sine mechanical shock waveform.
The waveform shall be 2000g peak acceleration for 0.5 millisecond duration. The DUT shall be able to
withstand three shock pulses along each principle axis, for a total of nine shocks per DUT.
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4.1.14 MECHANICAL VIBRATION

The amount of vibration seen by any device on a vehicle is dependant upon many factors. Some of
these factors include location, type of vehicle, and mass of the DUT. In SAE J1211, there are some
representative power spectral density graphs for a few defined areas within the vehicle. However, for the
tire/wheel environment, this is more difficult to define. The vibration levels in this section are only
representative of what might be experienced. Most damage due to vibration occurs at frequencies less
than 1000 Hz. The designer is encouraged to determine what vibration levels are appropriate on the

t' I nhiootion ona Lon thio tnfarraatian e Aovalanina o v abvotian oot ~eafil
pal’ ICcular a| PHCatUTT AU oST TS T ToTT iAo T QU vVCTOPT Y A vioTatoT T tC ST PTUTCT

The recommended test method requires a test fixture to vibrate the DUT at the designated pdwer spectral
density proflfle. The DUT shall be tested along each of the three principle axisc\The DUT shall be
exposed to the vibration profile as shown in Table 1.

TABLE 1—VIBRATION PROFILE

Time per Number of
Sweep Sweep Sweeps
Frequency Acceleration (g) or Type (Minutes) per Axis
(Hz) Displacement (mm) (All Freq.) (All Freq.) (All Freq.)
5-81.4 10 mm p-p Log 20 18
31.4-50 209
501100 459
10Q - 200 39

4.1.15 VEH|CLE SPEED

The centrifupal forces exerted on a device maunted in/on the tire/wheel can be severe. Noj all vehicles
operate ovef the same speed range. When developing a test procedure, consideration should be given to
the maximum speed the vehicle can operaté and the time spent at that speed over the life of fhe vehicle.

The DUT shall be mounted in a fixture that can rotate the DUT in the same orientation as the tire/wheel.
The DUT sghall be exposed toya minimum 1500g centrifugal force for eight hours at|an ambient
temperature|of 65 °C. It is nat'required that the fixture/DUT be pressurized.

4.1.16 ELECTROMAGNETJC-COMPATIBILITY (EMC)

If the DUT |is anr electronic device, it can be affected by electromagnetic fields or be g source of
electromagnieticiradiation. As with other electronic devices on the vehicle, this device is |expected to
operate to g specified level when exposed to EMC, and conversely, not adversely affect other electronic
devices.

The recommended test methods for EMC are specified in the various SAE J1113 documents. Not all
SAE J1113 documents may be applicable. The designer shall determine which portions apply and then
test the DUT accordingly.

4.2 Tire Pressure Monitoring System Performance
This section sets forth guidelines for which the TPMS shall operate as a system and provides

recommendations for interface to the driver as to the status of both tire inflation pressure and the TPMS.
The TPMS may be implemented using different technologies.
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4.2.1  SYSTEM INDICATORS AND LAMP STRATEGY
Minimum indicator for an under-inflated tire shall be one of the following options:

4.2.1.1 A single indicator within clear view of the driver as shown in Figure 3. The symbol is defined in
ISO 2575 as symbol #K08, Low Tire. Color shall be yellow, in accordance with SAE J2402 and

ISO 2575.
(-!-)
]

FIGURE 3—LOW TIRE

4.2.1.2  Algraphic symbol within clear view of the driver as shown in Figure4. Color shall be yellow.
This symbol must be used if individual tire location is specified:

FIGURE 4—LOW TIRE BY LOCATION

4.2.1.3 An alphabetic indication including the words “LOW TIRE.” The text or background must be
ydllow in color.

The indicatgr shall be tested upon ignition on for integrity. Additional alphanumeric display &nd symbols
may be proyided. An audible/’warning device may be used in addition to one of the visupl indicators
described alpove.

Known systeém failures-should be indicated to the driver.

4.2.2 VEH|CLE\TO VEHICLE INTERACTION

The TPMS shall utilize information only from tires/wheels associated with the installed vehicle. The
system shall continue to function properly in close proximity of other vehicles with TPMS.

4.2.3 OPERATIONAL CONDITIONS

This section defines the typical operational conditions for which TPMS should function properly (during
both calibration and detection modes, including avoidance of false detections). TPMS should be designed
to effectively monitor as many driving situations as possible. A high priority should be placed upon
prevention of false detections in all driving conditions.

-10 -
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