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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 21750 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 22, Road vehicles:
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Introduction

A pneumatic tyre is a flexible component which is deflected when loaded. A tyre needs to be sufficiently
inflated in order to be used at a limited deflection adapted to carry the wheel load as part of an axle load at a
given speed and to transmit the expected longitudinal and transversal forces. The deflection is at the origin of
the fatigue of a pneumatic tyre. Repeated excessive deflection may lead to tyre failure.

In rezlal driving conditions, the physical parameter that most correlates to the tyre deflection is_the| tyre inflation

pressgure.

Thergfore, the inflation pressure surveillance of pneumatic tyres for road vehicles has)been identified as a

majo

The i

" way to increase the active safety of the vehicles in service and to reduce the risks for the ugers.

hflation pressure of pneumatic tyres for road vehicles shall be set by the~vehicle users acdording to the

car manufacturer's recommendations in coherency with the tyre standardsCwhich apply. The veghicle user is

respansible for setting the correct tyre inflation pressure and its maintenance:

One

for th

This

delivgred by a Tyre Pressure Monitoring System (TPMS)\described by this International Standard

The
inflat

This
grouy

Both
defin

Each
Interr

e intended service may permanently alter the tyre characteristics up to a sudden pressure lo
nternational Standard does not imply that the tyre will resist under all circumstances befo
brimary objective of a TPMS is to alert thedriver when an unsafe condition related to
on pressure is detected.

nternational Standard contains proposals for the definition of terms used in both standardiz
s dealing with TPMSs and extended mobility systems.

working groups are invited-iot make comments and proposals, the goal being to finally
tions.

International Standard-should contain the definitions which are typical to its subject and refg
ational Standards-forthe other definitions.

or more significantly under-inflated tyres reduce the vehicle~performances, especially the behaviour
relatgd to safety. Tyre pressures outside of the range recommerded by the tyre or the vehicle

manufacturer
5S.

e an alert is
ncorrect tyre
htion working

share these

r to the other
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INTERNATIONAL STANDARD

ISO 21750:2006(E)

Ro

ad vehicles — Safety enhancement in conjunction

with tyre inflation pressure monitoring

1 $cope

This

nternational Standard deals with electronic Tyre Pressure Monitoring Systems (TPMS)for t

in asgociation or not with an extended mobility system, with a reference pressure lower)or equa

fitted

in single formation on four wheeled vehicles. The systems are able to survey all tyres ir]

necessarily those in temporary use and provide information to the driver.

This

indep

nternational Standard establishes overall performance guidelines for the,systems and their

the tyre pressure, to compute the difference to the requested level and to)deliver a relevant infor
drivef if the pressure of one, several or all tyres needs corrective action for the intended service ¢

2

The

Normative references

following referenced documents are indispensable for the application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu

ISO

ment (including any amendments) applies.

1000, S! units and recommendations forithe use of their multiples and of certain other units

ISO 2575, Road vehicles — Symbols for.controls, indicators and tell-tales

IEC CISPR 22, Information techpology equipment — Radio disturbance characteristics — Limits
of mgasurement

IEC

CISPR 24, Informatieni technology equipment — Immunity characteristics — Limits ana

meagurement

ASTM B 117-73,.Standard Method of Salt Spray (Fog) Testing

Euro

bean Tyrer& Rim Technical Organization, ETRTO Standards Manual

ibeless tyres
to 375 kPa,
use but not

components,

endently of the physical principles and the technological solution which have been select¢d to monitor

mation to the
bnditions.

t. For dated
b referenced

and methods

methods of

3
For t
31
tyre

asse

3.2
tyre

erms and definitions

he purposes of this document, the following terms and definitions apply.

wheel assembly
mbly consisting of a wheel (rim and disc) fitted with a tyre, a valve, etc.

flexible component of the tyre wheel assembly made of rubber and reinforcing materials

© I1SO 2006 — All rights reserved
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NOTE

longitudinal and transversal forces. In the unloaded condition, the inflated tyre is essentially toroidal.

3.3
normal tyre

tyre designed for use in an inflated state

NOTE

3.4
spare unit

and should not be used in the sense of "usual, standard tyre".

Inflating the tyre with compressed gas enables it to carry the wheel load as part of an axle load and to transmit

“Conventional tyre” under the SAE means is defined by the ETRTO Standards Manual as a synonym of
“diagonal tyre”

tyre wheel a
lost some fu

3.5

Spare Unit §
SUSE
equipment i
wheel assen

3.6

extended m
assembly of
warning systj
thus equippse

NOTE A
vehicle do nof
otherwise suit
does not cons

3.7

Tyre Press
TPMS

any system
time and to t

NOTE A
sensing
informat

central i

human 1

isembly intended to be exchanged for a tyre wheel assembly already fitted on the vehicle tha

ctional efficiency

ubstitutive Equipment

bly failure

bbility system
specified functionally dependent components including, butnet limited to, a tyre and a flg
em, which together provide the specified performance granting “extended mobility” to a ve

o

single component or several independent componentsxfunctionally interacting with other elements
in and of themselves constitute an “extended mobilityssystem”. In addition, the assembly of compo
hble to compose a system, but which do not completely follow the specifications of a “systems man|
itute an “extended mobility system".

I.lre Monitoring System

tted on a vehicle, able to evaltiaté the pressure of the tyres or the variation of the pressurg
ansmit corresponding information to the user while the vehicle is running

TPMS is functionally compesed of:
devices;
on channelshardware;

nformation processing unit (CPU); and

t has

tended to maintain or restore, not replace, the basic tyre functions of a.tyre in case of a tyre

t tyre
ehicle

of the
hents,
ager”,

over

pachine interface (HMI).

3.8
Tyre Pressu
TPAS

re Alerting System

system and process of measuring the tyre inflation pressure and eventually internal temperature, or (a)
parameter(s) that directly correlate(s) to the pressure and delivering an information to the driver that a tyre has
reached a level of inflation pressure that requires a corrective action

NOTE

TPAS may also include a run-flat warning function.

© I1SO 2006 — All rights reserved
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3.9

Tyre Pressure Warning System

TPWS

TPAS also able to provide useful information, at least the actual relative tyre pressure condition of each tyre,
to the driver

3.10

Tyre Leak Alerting System

TLAS

system and process for detecting that the inflation pressure of one of the tyres in service has significantly
changed in comparison to the others and to the initial state, requiring a corrective action

3.1

Intelligent Tyre Pressure Management System
ITPMS

systgm which is able to monitor the pressure and the internal temperature of the tyre, to~adapt th¢ pressure by
incre@sing or decreasing the actual pressure in dependence on the real service conditions and fo restore the
correfct pressure in case of pressure loss

3.12
falselinformation
information provided to the user which is not consistent with the system's-specifications

3.13
learning phase
working condition where necessary values for TPMS/TLAS (data, parameter) are recognized, mgasured, and
respeactively verified to a sufficient statistical probability

NOTH The learning phase can include active and passive sections. During the learning phase the alerting/warning
sensibility increases from “zero” to target.

3.14
inflaled mode
normpl working state of a tyre, inflated at the cold inflation pressure recommended by the vehiclg (or the tyre)
manyfacturer for the intended service

3.15
flat tyre running mode
state|of a tyre, part of an extended mobility system operating at an inflation pressure lower than 7D kPa

3.16
cold tyre inflation_ préssure
tyre gressure at.ambient temperature, in absence of any pressure build-up due to tyre usage

um-cold tyre inflation pressure

conditions

3.18

recommended cold tyre inflation pressure

Prec

pressure recommended for each tyre position by the vehicle and/or the tyre manufacturer for the intended
service conditions of the given vehicle

NOTE P, is the same or higher than the minimum cold tyre inflation pressure.
3.19

set of recommended cold tyre inflation pressure
recommended cold tyre inflation pressure for the tyres of the front and the rear axle of a vehicle

© I1SO 2006 — All rights reserved 3
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pressure reserve
difference, for each tyre position, between the recommended cold tyre inflation pressure and the minimum
cold tyre inflation pressure

3.21
normal load
load applied

on a tyre
on an individual tyre by distributing to each axle its share of “kerb mass

the “normal occupant mass”

3.22

, “accessory mass” and

maximum vehiecle-load-enatyre

share of the

3.23

maximum axle load allowed by the vehicle manufacturer which applies on an individual tyre

tyre load reserve

for a given
manufacture

3.24
warning
any indicatio
conditions, a

3.25

alarm

any indicatig
immediate cq

3.26

tyre at a given pressure, the difference between the maximum load allowed by theg
’s standards and the maximum vehicle load on the tyre

n to the driver to inform him that one element of the vehicle is norlonger within the normal se
nd that a corrective action is recommended

n to the driver to inform him that one element of theé vehicle is now in a situation whe
rrective action is necessary

nuisance status indication

justified staty
could cause

3.27
false warni
anomaly of t

3.28
tyre intende
maximum ex

3.29
wheel fitted
WFC
enclosed de

s indication that occurs at a frequency that distracts or annoys the vehicle operator and
he vehicle operator not to take action'when necessary

g or alarm
e system leading to an unjustified warning or alarm

d service conditions
pected load, speed’and camber of a tyre in service for a given vehicle

component

ice.that measures physical parameters and conveys information to (downlink) a central unit

tyre

rvice

[€

an

vhich

fitted

i\,

in the car bo

NOTE
elsewhere.

3.30
external car
EFC

P4

body fitted component

A WFC may also be equipped with an uplink channel which could carry the pressure on demand inputs or

enclosed device mounted on the body structure of the vehicle outside of the passenger compartment or boot
which supports specific features of a TPMS and exchange information with WFC and/or IFC

NOTE EFC may perform signal processing.

© I1SO 2006 — All rights reserved
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3.31

internal car body fitted component

IFC

enclosed device mounted on the car body structure of the vehicle inside the passenger compartment or boot
which supports specific features of a TPMS and exchanges information with WFC and/or EFC

NOTE IFC may perform signal processing.

3.32
run-flat warning function

4 Symbols and abbreviations
CPU— Central Processing Unit

EFC |— External car body Fitted Component
EMC|— Electro-Magnetic Compatibility

FS — Full Scale

HM

+ Human Machine Interface

IFC + Internal car body Fitted Component

ITPMS — Intelligent Tyre Pressure Management System
RF — Radio Frequency

TLAS — Tyre Leak Alerting System

TPA$ — Tyre Pressure Alerting System

TPM$ — Tyre Pressure Monitering System

TPWE — Tyre PressuresWarning System

WFC|— Wheel Fitted\Component

5 Technical requirements and test procedures for system

5.1 —General

Any of the mentioned TPMS shall monitor the tyre pressures at speeds exceeding 25 km/h after a successful
learning phase if it does exist.

This learning phase will have a maximum duration of 30 min of cumulative driving above 25 km/h. In the case
it is not successful, the driver shall be warned by the malfunction tell-tale or optical indicator.

The learning phase shall be activated only after the system reset (new tyre fitting, pressure adjustment).

For all the tests, the TPMS shall be in their normal working state.

© I1SO 2006 — All rights reserved 5
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Any of the mentioned TPMS shall avoid false warnings or alarms. A warning or an alarm felt as unjustified by
the user cannot necessarily be considered as a false warning or alarm. It may be interpreted incorrectly by the
user. Therefore, the TPMS shall have a sufficiently clear human/machine interface to allow a correct
interpretation to maintain confidence in the system.

Test procedures and system performance are described for tyres according to the car manufacturer’s
recommendations for any legal tyre tread wear level.

5.2 Tyre Pressure Alerting System (TPAS)

5.2.1 Purpose of the TPAS

The purpose|of the TPAS is to avoid driving too often and/or too long distances and/or at too high spééd with
one, several for all tyres under-inflated/over-deflected by providing the driver with a warning or an alarm.

NOTE A [TPAS may also include a Flat-Tyre Warning function.
5.2.2 Systém performance

5.2.21 \ TPAS shall be able to give either a warning or an alarm according to the conditions.

5.22.2 The alert delivered by a TPAS shall be related to the actual tyre\pressure expressed either gs an
absolute or @s a relative pressure of at least one tyre under control. It §hall not only be related to prepsure
differences between tyres or to parameter differences between tyres, even if this parameter directly corr¢lates
with the tyre pressure.

5.2.2.3 he alert delivered by a TPAS may be global for all'tyres fitted on the vehicle. The identificatjon of
the tyre at the origin of the alert is optional.

5.2.2.4 TPAS should separately take into account the P for the tyres fitted on the front axle and for
the tyres fitteld on the rear axle.

In the case the corresponding minimum cold tyrejinflation pressure is higher or equal to the P of the sgcond
axle, a TPAY which is not able to differentiate’'both axles shall not be used.

5.2.2.5 If the car manufacturer has—decided to adopt more than one set of recommended presgures
correspondirlg to different load/speed service conditions, the following cases may occur:

— The eqipment is able to-recognize automatically which set of pressure applies in dependence on the
actual driving conditions. The P, and the minimum cold inflation pressures of this set apply for each tyre,
whether|the set is selected automatically or manually by the driver.

— The equipment.is.not able to recognize/verify that the right set has been selected in dependence dn the
actual dfiving ‘conditions. It is the driver’s responsibility to select the relevant P, taking into account the
tyre sizel and‘intended driving conditions.

rec’

— The equipment is not able to recognize/verify that the right set has been selected in dependence on the
actual driving conditions and has no selection possibility. Then the highest P, shall be taken into
account.

5.2.2.6 A TPAS shall not monitor the tyre pressure of the unfitted normal spare unit.

If the spare unit is in use, the TPAS shall either monitor it in the same conditions as for the other tyres or
inform the driver for partial monitoring of the vehicle tyres.

5.2.27 A TPAS shall be able to take into account all sensors of the vehicle and only those of the vehicle

(learn or auto-learn). The identification of the tyre position on the vehicle is optional (localization or
auto-localization).

6 © I1SO 2006 — All rights reserved
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5.2.2.8 Optionally, a TPAS may also monitor the tyre pressures when the engine is off.

5.2.3

Environmental system performance

A TPAS shall deliver the alert independently on:

— the category of the roads: motorways, highways, city roads, off-road, on bridges, inside tunnels;

—  t

— t

he nature of the roads: straight, bent, sloped, cambered;

he nature of the road surface: asphalt, concrete, cobblestone, off-road;

—
If ney

5.2.4

A TH
(thres

5.2.5
A TP
funct
in ca
In ca

5.2.6

5.2.6

Thes
deteq

All te
5.2.6
Use

Prod
a spg

he condition of the road surface: dry, wet, slippery, snowy, icy.

ertheless the system is not active or efficient, the user shall be advised (see 5.2.5),

Monitoring strategy

AS shall provide an alert if one or more of the tyres needs a corréetive action. The ale

tion thresholds for a specifie.vehicle.

5ts shall be performedtafter a successful learning phase.

2 First test‘for detection

a vehicle®ywhich has correctly inflated tyres at the recommended cold inflation pn

rt conditions

tem is out of
ding 25 km/h

®

hold levels, time, interface) shall be related to the criticity of the indiVidual situation to reducg the risk.
Diagnostic

AS shall include a self-diagnostic function delivering information to the user when the sys

on. The system shall be able to deliver information within 10 min in driving conditions excee

be of malfunction.

5e of conjunction of a TPAS malfunction and a puncture, the user may not be informed in time.
Outdoor test procedures

1 General

b tests are defined to check the functionality and accuracy of the system without any link w

ith the future

ice on-on€ tyre a gradual pressure loss between 10 kPa/min and 20 kPa/min and check w
ed exeeeding 25 km/h that the system delivers an alert at the latest for a pressure drop of 1

Repe

alert under the same conditions.

5.2.6.3 Second test for detection

essure P
ile driving at
0 kPa.

While the vehicle is stationary, adjust one tyre at a pressure below the threshold within a tolerance of 10 kPa.
The system shall deliver an alert within 3 min while driving at a speed exceeding 25 km/h.

Repeat this test by doing the same on all four tyres simultaneously and check that the system also delivers an
alert under the same conditions.

©I1SO
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5.3 Tyre Pressure Warning System (TPWS)

5.3.1

Purpose of the TPWS

The purpose of a TPWS is to allow the vehicle user to maintain the tyre pressures within the range of
pressures for optimized tyre and vehicle performances by providing a warning when corrective action is
recommended.

A TPWS sha

5.3.2 System performance

5.3.21

absolute or
differences
correlates wit

5.3.2.2
of the tyre at
5.3.2.3
5.3.24 Int

pressures co
— The eqy
actual d
whether

The equ
actual d
tyre size

The equ
actual d
into acc

5.3.2.5

The alert delivered by a TPWS shall be related to the actual tyre pressure expressed either

The alert delivered by a TPWS may be global for all tyres fitted on the vehicle. The identific

Il always be a complement to a TPAS or shall include a TPAS function.

bs a relative pressure of at least one tyre under control. It cannot only be related to”pre

h the tyre pressure.

the origin of the alert is optional.

\ TPWS shall take into account the different P, values between, frant and rear fitted tyres.

rec
ne case where the car manufacturer has decided to adopt more than one set of recomme
rresponding to different load/speed service conditions, thefollowing cases may occur:

ipment is able to recognize automatically which set ©f pressure applies in dependence o
iving conditions. The P, and the minimum cold inflation pressures of this set apply for eac
the set is selected automatically or manually by the driver.

ipment is not able to recognize/verify that the' right set has been selected in dependence o
iving conditions. It is the driver’s responsibility to select the relevant P, taking into accou
and intended driving conditions.

rec’

ipment is not able to recognize/verify that the right set has been selected in dependence o
riving conditions and has no selection possibility, in which case the highest P . shall be
punt.

\ TPWS does not survey the tyre pressure of the unfitted normal spare unit.

HS an
ssure

petween tyres or to parameter differences between tyres, even if this paraméier adeqdiately

ation

nded

n the
N tyre

n the
ht the

n the
aken

If the spare Uinit is in service, the* TPWS shall either survey it in the same conditions as for the other tyfes or

inform the dr|

5.3.2.6
(learn or au
auto-localiza

ver for uncompleted survey of the vehicle.

to-learn)=> The identification of the tyre position on the vehicle is optional (localizatid
ion).

A\ TPWS shall be able to take into account all sensors of the vehicle and only those of the véhicle

n or

5.3.2.7

ptuonally, a TFVVS may alSo Survey the tyre pressures wnen tne endine IS OlT.

5.3.3 Environmental system performance

A TPWS sha

Il deliver the alert independently on:

the category of the roads: motorways, highways, city roads, off-road, on bridges, inside tunnels;
the nature of the roads: strait, bent, sloped, cambered;
the nature of the road surface: asphalt, concrete, cobblestone, off-road;

the condition of the road surface: dry, wet, slippery, snowy, icy.

© 1SO 2006 — All rights re
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If nevertheless the system is not active or efficient, the user shall be advised (see 5.2.5).

5.3.4 Monitoring strategy

A TPWS shall provide an alert if one or more of the tyres need a corrective action. The actual pressure is not
necessarily compensated in temperature. The alert conditions (threshold levels, time, interface) shall be
related to the criticity of the individual situation to reduce the risk.

A TPWS shall only include the self-diagnostic function of the associated TPAS.

5.3.5 Test procedures

The

tht procedures are defined by the provider in dependence on the TPWS specifications.

5.3.6 Minimum request for the display

The

minimum request for the display is a warning provided by an orange, yellowror amber optica

the dpshboard.

5.4

Tyre Leak Alerting System (TLAS)

5.4.1| Purpose of TLAS

A TLAS is a system that monitors the pressure differences: between the tyres in use, or a p4g
adeqpately correlates, and delivers an alert if a significant pressure difference appears. The goal
to infprm the driver to take proper corrective actions as soon as possible.

5.4.2| System performance

5.4.2]1 All tyres positions of the vehicle shall be monitored by the TLAS.

indicator on

rameter that
of the alert is

5.4.2|12 The alert delivered by a TILAS may be unique for the set of tyres in use. The identification of the
tyre gt the origin of the alert is optional.

5.4.2{3 A TLAS does notneed to measure directly the pressure of each tyre. The informati
presqure may be estimated by .comparing all tyres in use. The system shall give an alert if one o

unde

5.4.2|4 A TLASCis not required to monitor the tyre pressure of the unfitted tyre wheel asse
sparg unit even when fitted.

5.4.2|5 The’ alert provided by a TLAS may not be related to the minimum cold inflat
recornmended by the tyre manufacturer’s technical standards in relation to service conditions, b
presgqures'set by the user when initializing the system. Therefore, a TLAS is not able to deliver

give

5.4.2.6

bn about tyre
f four tyres is

-inflated related to therother ones. It may also give an alert if two or more tyres are under-inflated.

nblies or the

on pressure
ut to the tyre
an alert at a

minimum absolute pressure threshold

A TLAS may use a reset program to tune the system. After all tyres in use have been inflated, the

reset button shall be activated. After a learning phase, the system will be able to detect when the pressure of
at least one tyre is below that of the others. The system is not able to detect that a wrong inflation pressure
has been set.

5.4.3 Environmental system performance

A TLAS shall deliver the alert independently on:

the category of the roads: motorways, highways, city roads, on bridges, inside tunnels;
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— the nature of the roads: straight, curved, sloped, normal camber;

— the nature of the road surface: asphalt, concrete, cobblestone (with the exception of off-road surfaces);

— the condition of the road surface: dry or wet (with the exception of slippery, snowy and icy conditions).

5.4.4 Monitoring strategy

After completion of the learning phase, a TLAS shall provide an alert within 10 min at a speed exceeding
25 km/h if corrective actions are needed.

5.4.5 Diaghostic

A TLAS sha
function. The

in case of malfunction.

5.4.6 Outdpor test procedures

5.4.6.1

These test p
the future de

Outdoor test

5.4.6.2
Use a vehic

Produce on
a speed excq

6 Techn

6.1 Gene

As described
not necessa
performance
technical sol

Table 1 illus

General

Tegst for detection

| include a self-diagnostic function delivering information to the user when the systent is ¢ut of

system shall be able to deliver information within 10 min in driving conditions exceeding 25

rocedures are defined to check the functionality and accuracyof the system without any lin
ection thresholds for a specific vehicle.

5 shall be performed after a successful learning phase:

e the tyres of which are correctly inflated at the recommended cold inflation pressure
bne tyre a gradual pressure loss between“10 kPa/min and 20 kPa/min and check while driv
eding 25 km/h that the system delivers;an alert at the latest for a pressure drop of 100 kPa.

cal requirements and-test procedures of system components

al

in the scope of thi9 International Standard, the system shall be able to survey all tyres in us
rily those intemiporary use, and provide information to the driver. This clause estab
guidelinestand test procedures for the components of the system, independently fron
Ition adopted to achieve its main tasks.

ratés ‘typical TPMS system implementations, relating the location of the component t

km/h

with

Prec-
ng at

B, but
shes
h the

b the

different fund

tionality of the TPM system:

Table 1
Sensing Communication CPU HMI
WFC X X
EFC X X
IFC X X X
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Wheel Fitted Component (WFC)

Functionality

WFCs measure physical parameters which are either directly or indirectly correlated with the inflating pressure
of the tyre. These parameters are sampled and transmitted according to specific strategies.

6.2.1.1  WFC information reporting strategy

The sensed values shall be reliably reported to a central unit. The WFCs shall be designed in such a way that

the in

formation will be transferred reliably within the reaction time required by the system.

Reg4d
way
524

6.2.1

WFC|
first,

6.2.1
WFC
regar
inforr

In ca

wher

6.2.1

Temperature: WFEs.shall be designed to survive at all temperatures they may be subjec

rdless of the technology employed, the communication channel hardware should be desigrn
o ensure the minimal performance level imposed by the general system requiremeénts gi
5.3.2,5.3.4,54.2and 5.4 4.

2 Lifetime

5 shall be designed to last at least for six years or 100 000 km for the carnof application whig
bn the fitted car.

3  Measurement accuracy

5 shall be designed in order to ensure that the overall minimal system accuracy is
dless of all tolerances which may come into effect, due to the elements which build
nation delivered to the final user.

5e of direct pressure measurement, the minimal’accuracy required should respect the followi
- 2 % FS between 0°C and +70°C, with a*maximum of + 10 kPa,

5 % FS elsewhere a maximum of+25 kPa,

b FS is the full pressure scale.

4 Environmental characteristics

heir operationallife’as specified.

185 °C.Ehe system shall be able to inform the end user of temporary unavailability
hformation.

N

ed in such a
ven in 5.2.2,

hever comes

guaranteed,
he pressure

hg criteria:

ed to during

Dperational:\The temperature range of full operation of WFCs shall be at least between —40°C and

of pressure

toaminarat e If tomam et re toide—tha obhaoava daceorh

aSarara—a L] arati oo Ok drana
TOATTTTOTT SOt vivar o pehatarc— i tCTptratircs arc™ OUtSiuC— e aboUve— Ut sSormotu—arnygty

a degraded

functionality is accepted, as long as normal functionality is resumed whenever conditions return to the
operational limits above.

— Maximum vehicle speed/acceleration: WFCs shall operate within the entire speed and acceleration profile
of the wheel of application.

— Maximum survival pressure: WFCs shall survive undamaged a pressure value of at least 1 200 kPa
applied for at least the time duration of the wheel assembly process.

©I1SO

2006 — All rights reserved
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Fluid (gas and liquid) and particles contamination resistance: WFCs shall comply with the contamination
profile designed for the wheel of application. It is possible to test resistance to contamination in final
application mounting conditions.

Electro-magnetic compatibility (EMC): According to the technology employed, WFCs shall comply with
the applicable EMC legislative and regulatory requirements.

Recycling: According to the technology employed, WFCs shall comply with the applicable recycling

legislative and regulatory requirements.

6.2.1.5 Mechanical requirements

The WFCs ghall be designed in order to be fully compatible with the application rims and tyres;\wjthout
compromising wheel balance or vehicle handling. WFCs shall be compatible with the manufacturing prgcess

and machindry of the wheel assembly. WFCs shall be designed in order to avoid any damage to.them
or the tyre ¢r any other wheel part during proper tyre mounting and dismounting operations, takin

Ives
into

account the|aftermarket tyre fitment practice. WFCs shall not in any way interfere with' the mechanical

characteristigs of the tyre, such as rolling resistance, wet grip, handling, noise, air sealing, etc. A mot
and dismounting procedure shall be clearly identified for the particular WFC of use allewing survivability
WEFC itself.

6.2.2 Test}— Work item No. 1 — Minimal test criteria for WFCs

6.2.2.1 General

WFCs shall comply with the application-specific validation test.. Fhe validation test shall attempt to repr
the lifetime (tilization of the device. It shall include test procedures to simulate extreme conditions und
environmentml and mechanical constraints. However, the minimal test criteria to be applied should follo
prescription hereafter specified. At the end of every specified test (from 6.2.2.2.4 to0 6.2.2.2.14) and at th
of the test sefquence, perform a physical examination and a functional test.

6.2.2.2 Tdst methods and environmental conditions

6.2.2.2.1 Test sequence

For the purppse of verifying compatibility of WFCs with the minimal technical requirements, no particula
sequence need be applied. However) identifying the most appropriate test sequence is not within the scg
this Internatigpnal Standard.

6.2.2.2.2 unctional test

This test verifies that'the WFC operates within the parameters defined by the WFC specification.

6.2.2.2.3 est samples

nting
bf the

bsent
er all
v the
b end

r test
pe of

At least 10 samples shall be used for each test and the same samples shall be used for all tests.
6.2.2.2.4 Temperature

6.2.2.2.4.1 Operational

All components of a TPM system shall remain fully functional when tested at both the upper and lower limits of

their operational temperature range for a minimum of 24 h. It is essential to verify functionality of the
during temperature exposure.

WFC
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6.2.2.24.2 Thermal cycle

Program the chamber to cycle WFCs according to the profile shown in Figure 1. Place the WFC in the
chamber and start. Continue for 100 cycles. After completion, perform the physical examination and functional

test. Failure is defined as any WFC exhibiting damage or degradation of performance.

°CA
100
Q5
25
-40
cY 50 min_*| 45min | 30 min_
P 4 h 45 min _
Figure 1 — WFC thermal cycle test
6.2.2|12.4.3 Thermal shock
+ [Place WFCs in chamber at 85 °C.
AHew-theWWHCto-soak-at-852CHfer-30-min:

— Within 1 min transfer all parts to another chamber at — 30 °C.
— Allow the WFCs to soak at — 30 °C for 30 min.
— transfer to ambient (typically 20 °C) for 30 min.

6.2.2.24.4 Survival

Compliance to survival temperature requirement is verified within the thermal cycle test detailed above.

© I1SO 2006 — All rights reserved
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6.2.2.2.5 Acceleration

WFCs shall remain fully functional when subjected to an acceleration of 1 100 g for four hours at 65 °C as
mounted in the final application.

6.2.2.2.6 Survival pressure

WFCs shall survive undamaged a minimum pressure of 1 200 kPa applied for minimum time duration of 5 s.

6.2.2.2.7 Humidity

The WFC shall be exposed for 120 hours to 95 % humidity at 65 °C. Humidity testing shall be dophe at
atmospheric [pressure. Electrical status of the WFC during humidity testing shall be representative of\the WFC

The WFC shall be exposed to —40 °C for 8 hours at atmospheric pressure, then moved to +10 °C, [90 %
relative hum|dity or greater for 15 min. Transition time should be less than 1 min-5The WFC shall bg fully
functional at fhe completion of the test. As a minimum, one such cycle is requested.

6.2.2.2.9 Fluid and particle contamination resistance

The specifications in this subclause need more experience and will bexcompleted at the next revision qf this
International|Standard.

6.2.2.2.10 Dust test

The specifications in this subclause need more experience and will be completed at the next revision qf this
International|Standard.

6.2.2.2.11 $hock/Drop

The WFC sHall be able to withstand thre€:100 g peak acceleration, half sine wave shocks of 20 ms dufation
along each aixis. No damage shall be pbserved after visual inspection. The WFC shall be fully functional at the
completion of the test.

The WFC shpll be able to withstand a drop from a height of 1 m onto a solid concrete floor. The drop shgll be
shall

Vibration also varies with Iocatlon A speC|f|caIIy de3|gned V|brat|on profile shall be used to verlfy vibration
resistance of WFCs. However, the minimum peak energy level shall be 2 g2/Hz over a frequency of 20 Hz with
the centre frequency determined by the application. The duration of the test shall be 10 hours per axis. The
vibration frequency shall be randomly distributed across the entire spectrum.

6.2.2.2.13 Salt fog

This procedure, described in ASTM B 117-73, demonstrates the WFC ability to withstand exposure to salt fog
or sea breezes. A salt-fog chamber shall be used.

— Prepare the unit for operation with a 5 % neutral salt concentration at 35 °C.
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