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Introduction

J AUTOMOTIVE

TPMS Will Be Mandatory by ECE-R 64 from 11/2012

Initial Situation

A Today ~ 15% of new vehicles are equipped with Tire Pressure Monitoring Systems
(TMPS)

A TPMS will be mandatory by the new regulation ECE-R 64 from 11/2012 for vehicle in
categories M1 (<3.5 T) and Niequipped with single tyres

A Direct and indirect TPMS are existing and could be used
A OEMs are motivated to push to the indirect TPMS systems in order to saving money

CHECK

TIRE
PRESSURE )
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TPMS Will Be Mandatory by ECE-R 64 from 11/2012

Challenges
A Indirect TPMS are cheaper but lead to extreme testing effort

A Huge numbers of vehicle variants, loads, driving conditions, road conditions, tire
variants etc. must be approved to guarantee a robust system

A Sophisticated simulation tools for virtual test drive can support to reduce time and
money within the whole validation process.

A A powerful simulation platform, a comprehensive test concept as well as reliable
models 1 especially a reliable tire model i are needed
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Direct TPMS Systems

Technology

A Tire pressure sensor mounted either on the inside
of the rim or on the end of the valve stem inside the
tire or outside.

A Information transmitted wirelessly to the receiver -\ L
module using radio frequency communication

Fahrerinformationsdisplay
Drivers information display

Characteristics Liafth e LIRS e

T.35°C T:20C g

A Higher costs

A Absolute pressure values, sometimes also the tire
temperature

A Battery of the sensor has to be changed for such
systems

........

1 Zentrales Steuergerit
1 Central control unit

2 Reifenmodule
2 Tire modules

Source : Continental
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Indirect TPMS System | Wheel speed

‘ul}ll. sensor (*4)
Technology " )
A Indirect TPMS are embedded as ESC function

A TPMS function uses the wheel speed sensor
signals to detect a possible under-inflated tire

ESP
ABS  ASR

Characteristics

A Cheaper

A No absolute pressure values, only relative
A have to be reset by the driver once the tires are checked and all |

pressures adjusted correctly
A sensitive to the influences of different tires and external influences
like road surfaces and driving speed or style

)l
A\ /
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J Direct and Indirect TPMS Systems

A U T O 'MAOTINVE

T O RN
Detection Methods of the Indirect TPMS
Un-inflated tire detection by wheel circumference comparison i, V\ég?‘isf?ej)d

Different tire pressure

Inflction

Lead to different roll radius

Circumference Effect
A Pressure loss only in one tire detectable

— A APositionofun-i nfl ated tire co
B T TR e T e e N
v oo exactly detected

A Tire slip influences the detection quality

Source : Michelin

Which lead to different wheel speeds
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Detection Methods of the Indirect TPMS

Un-inflated tire detection using spectrum analysis

A

Tyre mode shapes

posential BELOW BETWEEN ABOVE
30 HZ 30 AND 250 HZ 250 HZ
The tyre behaves as At certain At these frequencies, the vibrations
a near-pure spring. frequencies, ; are strongly damped and ROS
It does not vibrate and the tyre vibrates cannot propagate around the tyre.
the forces which it transmits according to The tyre mainly vibrates in front

to the wheel and its natural modes. of and behind the contact patch.

then to the vehicle mainly
depend on its radial stiffness.

Frequency Effect
A Eigen-frequency is tire individual 35-50Hz
A Shift of eigen-frequency could be detected

A Position of inflated tire could be detected
A Pressure loss of more tire are detectable

Hz
(log scale)

»

Frequency ' ' ' ' } — '
1 10 30 100 ZSOj © 1000 10000
Source : Michelin ’ :

Eigen-frequency oscillation due to Inflation pressure variation

Frequency f
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J AUTOMOTIVE Regulation ECE 64

TPMS Test Procedure According to ECE R-64

Ambient and road condition
A Ambient temperature between 0 C and 40 C

A Road test surface with good grip and dry during the test
Vehicle conditions
A Usual load condition
A Vehicle speed
A Speed range from 40 km/h and 120 km/h for puncture test

A Speed range from 40 km/h and 100 km/h for the diffusion test and the malfunction
test

A The whole speed range shall be covered during the test.
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J AUTOMOTIVE Regulation ECE 64

TPMS Test Procedure According ECE R-64

Warm-up Procedure and learning phase

A Drive the vehicle for a minimum of 20 minutes within
the speed range and with an average speed of 80 km/h
(+/-10 km/h)

A At the discretion of the Technical Service, where the
driving test is undertaken on a track (circle/oval) with only
turns in a single direction, then the driving test should be
equally split (+/-2 minutes) in both directions

A Within the 5 minutes of completing the learning phase,
measure the warm pressure of the tyre(s) to be deflated.
The warm pressure shall be taken as the value Pwarm.
This value will be used for subsequent operations.
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J AUTOMOTIVE Regulation ECE 64

TPMS Test Procedure According ECE R-64

Puncture teSt Scheme of test procedure.
A Deflation phase e Deflaion
A Deflate one of the vehicle's tyres within 5 | ™™ | | Loumiagpiue j oo Non defaed
min until Puam -20% (Pees)) or min. of 150 kPa - A \/'}
- . . . rec) =
A stabilization period 2-5 minutes ¢ | —~ i TI’/
A Low tyre pressure detection phase @memwm r
. . . . Daffusion: 20 per ces
ATPMS ghall illuminate thg warning signal T " —_— e
< 10 minutes after reducing the pressure e ¢ /
Diffusion test
A Deflation phase
A Deflate all four tyres within 5 minutes until T e
Pwarm _ 20% _ 7 kP a (Ptest) Detection test with vehicle running

A Stabilization period 2-5 minutes

A Low tyre pressure detection phase

A TPMS shall illuminate the warning signal

< 60 minutes after reducing the pressure
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J AUTOMOTIVE Regulation ECE 64

TPMS Test Procedure According ECE R-64

Malfunction test
A Test procedure
A Simulate a TPMS malfunction, for example, by

— disconnecting the power source to any
TPMS component, or

— disconnecting any electrical connection
between TPMS components, or

— installing a tyre or wheel on the vehicle that
Is incompatible with the TPMS.

A Drive the vehicle for up to 10 minutes

A Failure detection

A TPMS shall llluminate the warning signal
< 10 minutes after generating the failure
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J AUTOMOTIVE Requirements for Indirect TPMS HIL Application

Context : a Huge Variety of Configurations

A huge validation effort is needed due to the large number of variants

A Tire / wheel combination A Roads

A Load conditions A Uneven

A Vehicle variants A Even

A Chassis variants A Cross-country winding roads
A Speed A Autobahn

A Ambient conditions (temperature) Aé
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J AUTOMOTIVE Requirements for Indirect TPMS HIL Application

Requirements : a Powerful HIL Simulation Platform

Software & Model Environment HIL Tool Environment

A Vehicle A FailSafeTester tool
A Driver and maneuver A Diagnostic tool support
A Road A CCP/XCP and flash tool
A Analysis tools A CAN/FlexRay/LIN tools
A Test automation A HIL instruments

A é

CLEF

Manufacturer a [k

g
System E 08 000 000 00
Application [0 [ oo
Version [0 1a
Editi [ 0505 [ os0a
File N [F=1520 [ea1520

M Compatibility Test _| Stop after D
_i Mo RDBLID 80 - E I

Status Telechargem |

IPG Automotive GmbH

HIL Testbench for ESP

A Simulation of all I/O signals

A CAN Communication

A Hydraulic signal acquisition

A Accurate wheel speed sensor
module

>
-
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J AUTOMOTIVE Requirements for Indirect TPMS HIL Application

Requirements : a Reliable Tire Model

A reliable tire model is required

A High accurate physical tire model with realistic behavior.

A Temperature signal of inflation medium

A Tire Pressure modeling

A Physical pressure effect E

A Tire pressure, which is function of tire temperature

A as input quantity of the tire model (not only parameter) p
A Tire eigen-frequency modelling, which is pressure dependent Frequencyf
Wheel speed
[rpm]

480 520 560 200 &40 630 720 780

120 160 200 240 280 320 360 400 440
[=]
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TameTire for ITPMS-in-the-Loop @TameTlre

eeeeee 1 by Michelir

TameTire model structure TameTire Data Base
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