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FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standardization c|
tional electrotechnical committees (IEC National Committees). The object of AEC/is to|
htional co-operation on all questions concerning standardization in the electrical and, electronic
hd and in addition to other activities, IEC publishes International Standards, Fechnical Sped
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafier referred to
ation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee

subject dealt with may participate in this preparatory work. Internatiohal, governmental

mental organizations liaising with the IEC also participate in this preparation. IEC collaboratg

nent between the two organizations.

rmal decisions or agreements of IEC on technical matters express,/as nearly as possible, an int
hsus of opinion on the relevant subjects since each technical committee has representatiol
Eted IEC National Committees.

ublications have the form of recommendations for intérnational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are_made to ensure that the technical contq
ations is accurate, IEC cannot be held responsible for the way in which they are used g
erpretation by any end user.

er to promote international uniformity, IEC _National Committees undertake to apply IEC Pu
arently to the maximum extent possiblesin®their national and regional publications. Any d
bn any IEC Publication and the corresponding national or regional publication shall be clearly in
ter.

elf does not provide any attestation”of conformity. Independent certification bodies provide (
Ement services and, in some ar€as, access to IEC marks of conformity. IEC is not responsib
bs carried out by independent-certification bodies.

ers should ensure that they have the latest edition of this publication.

bility shall attach to IEC-or its directors, employees, servants or agents including individual eX
ers of its technical.committees and IEC National Committees for any personal injury, property d
damage of any natlire whatsoever, whether direct or indirect, or for costs (including legal
ses arising out\'of the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn to the Normative references cited in this publication. Use of the referenced publi
Ensablésfor the correct application of this publication.

on’is~drawn to the possibility that some of the elements of this IEC Publication may be the

pmprising
promote
fields. To
ifications,
as “IEC
nterested
and non-
ks closely

he International Organization for Standardization (ISO) in accordahce” with conditions detefmined by

prnational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

onformity

e for any

perts and
amage or
fees) and
pther IEC

cations is

bubject of

patent

rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard I|EC 62969-3 has been prepared by IEC technical committee 47:
Semiconductor devices.

The text of this International Standard is based on the following documents:

FDIS Report on voting
47/2461/FDIS 47/2480/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62969 series, published under the general title Semiconductor
devices — Semiconductor interface for automotive vehicles, can be found on the |IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it| contains colours which are considered to be useful-‘for the ¢orrect
undersfanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The IEC 62969 series is composed of four parts as follow:

IEC 62969-1, Semiconductor devices — Semiconductor interface for automotive ve
Part 1: General requirements of power interface for automotive vehicle sensors

IEC 62969-2, Semiconductor devices — Semiconductor interface for automotive ve

hicles —

hicles —

Part 2: Efficiency evaluation methods of wireless power transmission using resonance for

automotive vehicle sensors

IEC 62969-3, Semiconductor devices — Semiconductor interface for automotive ve

hicles —

Part 3: Shock driven piezoelectric energy harvesting for automotive vehicle sensors

IEC 62969-41, Semiconductor devices — Semiconductor interface for automotive
— Part 4: Evaluation method of data interface for automotive vehicle sensors

The IEG 62969 series covers power and data interfaces for sensors in automotive V
The first part covers general requirements of test conditions such as temperature, h
vibration, etc for automotive sensor power interface. This part also includes various €

perform

sensors| noises, voltage level, etc. The second part covers “Efficiency evaluation me

wireless

covers [Shock driven piezoelectric energy harvesting for automotive vehicle senso
fourth part covers “Evaluation methods of data interface for automotive vehicle sensor

1

vehicles

ehicles.
umidity,
lectrical

bnces of power interface such as voltage drop from powef|source to automotive

hods of

power transmission using resonance for automotive vehicle sensors “. The third part

s”. The

L
p .

To be published
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SEMICONDUCTOR DEVICES -

SEMICONDUCTOR INTERFACE FOR AUTOMOTIVE VEHICLES -

Part 3: Shock driven piezoelectric energy harvesting
for automotive vehicle sensors

1 Scope

This pgdrt of IEC 62969 describes terms, definitions, symbols, configurations, and test

method

that can be used to evaluate and determine the performance character

mechanjcal shock driven piezoelectric energy harvesting devices for automoftive

sensor

This do

pplications.

cument is also applicable to energy harvesting devices for motorbikes, auto

buses, trucks and their respective engineering subsystems applicatiopsiwithout any li

of devic

2 Nol

The foll
content
cited ap

e technology and size.

mative references

pwing documents are referred to in the text ifi/such a way that some or all
constitutes requirements of this document.\For dated references, only the

any ame¢ndments) applies.

IEC 607
Steady-

IEC 607
Mechan

IEC 607
Vibratio

IEC 628
generat

49-5, Semiconductor devices —._Mechanical and climatic test methods —
State temperature humidity bias life test

49-10, Semiconductor deyices — Mechanical and climatic test methods —
jcal shock

49-12, Semiconductor devices — Mechanical and climatic test methods —
h, variable frequency

30-1, Semiconductor devices — Semiconductor devices for energy harvest|
on — Part\t: Vibration based piezoelectric energy harvesting

stics of
vehicle

obiles,
itations

of their
edition

plies. For undated references, the latest edition of the referenced document (ipcluding

Part 5:

Part 10:

Part 12:

jng and

3 Ter

ms.and definitions

For the purposes of this document, the terms and definitions given in IEC 62830-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following

address

e |EC
e |[SO

es:

Electropedia: available at http://www.electropedia.org/
Online browsing platform: available at http://www.iso.org/obp
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3.1 General terms

3.11

shock

sudden acceleration or deceleration resulting in transient physical excitation; characterized by
the peak acceleration, the duration, and the shape of the shock pulse (rectangular, half-sine,
sawtooth, etc.)

Note 1 to entry: The fundamental frequency of the automotive vehicle shock is varied from 0,5 Hz to 20 Hz.

Note 2 to entry: Mechanical shock pulses are sinusoidal, rectangular, half-sine, sawtooth, etc. waves. Detailed
explanation of mechanical shock pulses with an analysis of shock amplitude and duration/frequency of automobile
and conventional shaker have been included in Annex A (informative).

3.1.2
shock driven energy harvester
generatpr that responds to the applied mechanical shock, transforms shocK |into yibration
(mechanical oscillation), and converts the vibration to the electricity

Note 1 to| entry: The generated power depends on the characteristics of applied ,shock and, mechgnical and
electrical characteristics of the generator itself.

comprised of inertial mass, spring, and piezoelectric transducer as shown in Figufe 1. The piezoelectric tfansducer
contains fwo electrodes and a piezoelectric film. Vibration is induced in\response to the applied shock that
introduce$ a reciprocating motion to the mass. The spring which suspends\the mass is bended and the Hending of
spring intfoduces tensile and compression of piezoelectric film. The topand bottom electrodes of piezoelgectric film
harvest ggnerated charges from the piezoelectric effect.

Note 2 to| entry: Shock energy harvester to convert shock to electricity by/using piezoelectric transLducers is

Note 3 to|entry: Shock driven energy harvester is represented as shown in Figure 2. It is configured|by mass,
spring, dgmping, and piezoelectric transducer. The piezoelectric-transducer is generally viewed as dampirg.

Electrodes

Piezoelectricfilm —

| Output
Spring
Fixed base n
l Shock
IEC
Key
Configuration of energy harvester Components to operate a energy harvester
Mass Inertial mass to induce mechanical Shock Transient physical excitation supplied
oscillation responding to applied shock to vibrate the mass of energy
harvester
Spring To couple the induced vibration to the R External load

mass by suspending it

Piezoelectric Body layer of piezoelectric transducer for
film energy harvester

Figure 1 — Shock driven energy harvester using cantilever
with piezoelectric film
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Piezoelectric
transducer

/

Damping Shock
IEC
Key
Configuration of energy harvester Components to opérate an energy harvestdr
Damping Reduction of the acceleration of Piezoelectric  'RPower generator via piezoelegtric
oscillation of mass transducer effect

Figure 2 — Conceptual diagram of shock.driven piezoelectric
energy harvester

3.2 Pliezoelectric transducer

3.2.1

piezoelrctric effect

phenom

enon in which a mechanicaly deformation produces an electric polarizg

piezoelgctric material, and converse€ly an electric polarization produces a me
deformdtion

[SOURCE: IEC 60050-121:1998, 121-12-86, modified]

3.2.2
piezoel
polariza

Note 1 to
electric fi

bctric charge 'constant
tion generated per unit of mechanical stress applied to a piezoelectric material

entry: The first subscript to d indicates the direction of polarization generated in the material

tion of
chanical

when the

pld is zera qQr Qltnrnati\/nly is the direction of the alnlnlipnl field Qtrpngth The second subsc

ipt is the

direction of the applied stress or the induced strain, respectively. dj,: induced strain in direction Z-axis per unit
electric field applied in direction Z-axis. d;,: induced strain in direction X-axis per unit electric field applied in
direction Z-axis.

3.2.3

electromechanical coupling coefficient

k

value to describe the conversion rate of electrical energy to mechanical form or vice versa

Note 1 to entry: The coefficient is a combination of elastic, dielectric and piezoelectric constants which appears
naturally in the expression of piezoelectric transducer as following

d

k=

(1)
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d is the piezoelectric charge constant

s is elastic compliance (inverse of Young's modulus) at constant electric field

¢ is permittivity of the piezoelectric material at constant stress

Note 2 to

33 C
3.3.1

entry: The relationship of electromechanical coupling coefficient with compliance and Young’s modulus
have been elaborated in Annex B (informative).

haracteristic parameters

equivalent circuit

arrange
those of

Note 1 to
as shown
element |
constant

electrical
and trans
external |

Key
Mechan

m

ment ol ideal circuil elements that has circuit parameters, electrically equi
a shock driven piezoelectric energy harvester

entry: Shock driven piezoelectric energy harvester can be divided into mechanicahand elect
in Figure 3. The mechanical part consists of series elements m, k, b, andstransformer
etween mechanical and electrical parts)- where m, and b, represent the_effective ma
of spring, damping, respectively; and piezoelectric ef’fject to convert mechanically induced
charge density with coupling coefficient k. The electrical part is comprised of parallel connec
ormer- where C and R represent the capacitance between two electrodes of'piezoelectric trans
bad.

m ksp bm
A(1) @ Co=—= R

Nechanical part Electrical part
I
cal part Electrical part
effective mags Cp capacitance of piezoelectric
transducer
springc«constant R external load

damping coefficient

induced vibration in response to the
applied shock

alent to

ical parts
(coupling
s, spring
strain to
ed Cp, R,
Hucer and

Figure 3 - Equivalent circuit of shock driven
piezoelectric energy harvester

[SOURCE: IEC 60050-521:2002, 521-05-35, modified]

3.3.2
natural
Opn

frequency

free vibration frequency of the mass-spring-damping system of the energy harvester to
generate largest output power

(2)
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3.3.3

damped natural frequency

Dy

frequency of free vibration of the mass-spring-damping system of the energy harvester
incorporating damping in response to the shock excitation

03 = o 1-¢° (3)

where (' is the damping ratio determined by logarithmic decrement of output voltage waveform,
normalized from electrical and mechanical damping.

3.34
shock gxcitation amplitude
acceleration amplitude of the random applied shock to the energy harvester)for maximum
duratior] as measured on the enclosure over which the energy harvesterwill not|sustain
permangnt damage though not necessarily functioning within the specified.tolerances

4 Esgential ratings and characteristic parameters

4.1

dentification and type

The shgck driven energy harvester shall be clearly and.durably marked in the order given
below:
a) year|and week (or month) of manufacture;
b) manpufacture’s name or trade mark;

c) termfinal identification (optional);

d) serigl number;

e) factgry identification code (optional).
4.2 Ljmiting values and operating conditions

The chdracteristic parameters.should be listed as shown in Table 1. The manufactuter shall
clearly announce the opefating conditions and their limitation for energy harvesting. [Limiting
value is[the maximum jnduced vibration to ensure the operation of vibration energy harvester
for power generationwwithout any damage.

Table 1 — Specification parameters for shock driven
piezoelectric energy harvesters

Measluring
conditions

Parameter Symbel Min- D Unit

Insert name of
characteristic
parameters
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4.3 Additional information

Some additional information should be given such as equivalent circuits (natural frequency,
internal impedance, output voltage and power, etc.), handling precautions, physical
information (outline dimension, terminals, accessories, installation guide, etc.), package
information, PCB interface and mounting information, and other information, etc.

5 Test method

5.1 General

Basically, general test procedures for shock driven energy harvester are performed as shown
in Figure 4. After the energy harvester is being mounted on a test fixture, it is meagured by
using voltage, current, and LCR meters. Since the input impedances of these 'meiers are
usually (10 MQ, miniaturized or micro sized energy harvesters should not be"charagterized
accurately due to their large internal impedance. For measuring and characterizing these
devices|accurately, the ultra-high-impedance meters should be used.

Before ¢onnecting the energy harvester to the test fixture, meter, cable; and vibration exciter
shall bg calibrated. After calibration, connect test cable with mounted energy harvester test
fixture gn shaker table (shock exciter). The reading of output vgoltage or current on digplay of
the meters is carefully taken with applied shock which is measured by the accelerometer.

NOTE Shock driven energy harvester can be measured as shown,‘in Figure 4. After mounting the energy
harvester|onto a shaker table, electrical characteristic are measuréd by using a meter or equivalent equipment. If
the measjurements are satisfactory, reliability test for temperature range with thermal cycling and mlechanical
failure with various shock and vibration, is performed for commeregially use.
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Capacitarjce 5.2.2 Shock excitation 3.3.4 and 5.3.1
Output voltage 5.2.5 Mean-time-to-failure 5.3.3

Output pgdwer 5.2.7

Figure 4 - Measurement procedure of shock driven
piezoelectric energy harvester
5.2 Ellectrical characteristics

5.21 Test procedure

Figure $ shows a test setup of the electrical characteristic of a shock driven piezgelectric
energy harvester. To measure the electrical characteristics of a shock driven piezgelectric
energy harvester—the-deviceshallbea d-en-a-sha 3 WA 5. When
a particular type of shock with specified acceleration amplitude is applied to the device, an
output voltage or current across an external load is measured.

The following test procedure is performed:

a) A specified shock is induced to the energy harvester.

b) The voltage or current across the external load which is connected to the terminals of the
energy harvester is measured using a voltage or current meter.

c) The voltage and current are measured with various acceleration amplitude of shock by
adjusting the amplifying ratio of power amplifier.

d) The maximum voltage and current are derived from various external loads to find the

optimal load.
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power is obtained. Figure 6 shows the typical output voltage waveform of
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Figure 6 — Output waveform and its frequency.component
of a shock driven piezoelectric energy‘harvester

5.2.4 Damping ratio

It is a measure of how the output decays with time after a single shock impulse is applied to
the energy harvester. It is a dimensionless quantity that is calculated from the logarithmic
decrement of the output voltage response by using the following formula:

1 a
¢ =-—In — (4)
2r \a,
where af; and a, are the two consecutive peak amplitudes of the voltage waveform.

5.2.5 Output voltage

It is the |peak-peak/rms‘voltage for specified duration measured across the terminals of energy
harvest¢r with a‘specified external load in response to applied shock. Figure 7 shpws the
graphical shape.of measured output voltage versus external resistive load connectefl to the
terminal of energy harvester. The open circuit voltage is the measured peak-peak/rms|voltage

for spegified duration when there is no external load connected to the terminal of| energy
harvestérata Qpnhifir\ shock excitation
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Figure 7 — Output voltages of shock excited piézoelectric
energy harvester at various external loads
5.2.6 Output current
It is thg current measured through the specified external load connected to the terminal of
vibration energy harvester at the specified shock-excitation. Figure 8 shows the graphical
shape of measured current versus output voltage of energy harvester. The short circuit
current from the terminal of the energy harvestér is the measured current when the|voltage
across the energy harvester is zero.
3 I
= 1
o .
5 09F
o
3 08
= i
© o7
0,6
0,5
0,4
n"z
0,2} \
o 02 04 06 08 1 1,2 1,4 16 1,8 2 -
Output voltage (V)
IEC
Figure 8 — Output currents of shock driven piezoelectric
energy harvester at various output voltages
5.2.7 Output power

Output power (peak/average) is calculated from the measured output voltage and current for
specified duration of energy harvester with external load.
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P=1V[W]

(5)

Figure 9 shows the graphical shape of measured output power (peak/average) versus external
load of energy harvester.
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Figure 9 — Output power of shock driven piezoelectric energy
harvester at various external loads
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Figure 10 — Output power and voltage of shock drivén,piezoelectric
energy harvester at various shock amplitudes
5.3 Mechanical characteristics

5.3.1 Test procedure

Figure 11 shows a test setup of the reliability of a-shock driven piezoelectric energy hgrvester.
The harjesting device shall be repeatedly operated until the failure of device. When a|specific
type of|shock excitation is applied to the. device, output voltage or current is mpasured
through|an external load connected to the device.

To test the reliability, the following test:procedure is performed:

a) A sHock impulse is inducedt0.the energy harvester.
b) Theloutput voltage or current of energy harvester is measured by the meter.
c) Thefltest is continuously-performed for a few months.
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Voltage meter (V) To detect a voltage Power amplifier To supply a specified lgvel of
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Ampere meter (4) To detect a current Electrodynamic shaker To supply a specified Igvel and
through thesexternal load type of mechanical shofk to a
piece of DUT
Temperature controlled To keep a specified temperature
environment chamber value of a piece of DUT
Figure 11 - Block diagram of a test setup for evaluating the reliability
of shock driven piezoelectric energy harvester
5.3.2 Temperature range
The objeetive-ef-thistestisto-evaluate-itsreliability-bylowfhigh-temperature—eyelingtest. The

temperature range should be specified from the apphca’uons First, the test is performed at the
temperature cycling test chamber, and second, by placing the finished energy harvester in an
oven. The performance characteristics are monitored by a meter.
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5.3.3 Shock magnitude

The objective of this test is to evaluate its reliability by high input acceleration for specified
duration. The operating range should be specified from the application. First, the test is
performed as repetitive test of shock excitation with various acceleration and duration.
Second, by placing the finished energy harvester on the shock exciter. The performance
characteristics are monitored by a meter.

IEC 60749-12 applies.

5.3.4 Temperature and humidity testing

IEC 60749-5 applies.

5.3.5 Mechanical reliability (shock) testing

IEC 60749-10 applies.
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Annex A
(informative)

Mechanical shock pulses

Mechanical shock pulses are sinusoidal, rectangular, half-sine, sawtooth, etc. waves. The
damage potential of a shock pulse depends upon its peak amplitude, duration and waveform.
The peak amplitude is measured in units of “g” where g = 9,8m/s2. The waveform is described
in three ways, namely frequency, duration, and velocity change (AV). Frequency describes
the time as compared to cycles per second and the unit of measurement is Hertz (Hz).
Duration describes the time as compared to seconds and the usual unit of measure is

shock. If directly relates to the energy contained in the shock. The higher the velocity-g

mnnsecwwwmww
the highler the energy content.
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electrodynamic shaker: (a) the peak acceleration exceeds the critical acceleration, ang
of the peak half sine curve exceeds the critical shock duration, or the freqyiency is

duration
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a) General shock patterns b) Shock pattern from automobile

Figure A.1 — Comparison of general shock patterns and shock pattern from automobile
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Annex B
(informative)

Electromechanical coupling

B.1 Compliance and coupling coefficient relation

The relation between elastic compliance and piezoelectric coupling coefficient is the following:

5P :SE(1—k2)

where

sD is th
sE is th
k is th

B.2 Y

The rel
followin

where
YD is th
YE is th

The pig
boundai

e compliance at constant dielectric field D (open circuit);
e compliance at constant field strength E (short circuit);
e piezoelectric coupling coefficient.

foung’s modulus and coupling coefficient relation

ation between Young’s modulus and the piezoelectric coupling coefficien

:
g2 E
Fr it o ey

Y? v

e Young's modulus at open circuit;
e Young's modulus at short circuit.

y conditions (short circuit or open circuit). Since & is always less than 1.0, t

is the

zoelectric material has-\two different Young's moduli, depending on the electrical

e open

circuit modulus Y2 is always$.greater than the short circuit modulus YZ. The physical r¢ason is

as folloy

Consids
Part of
goes to
materia
field did

VS.

r an open_ecircuit piezoelectric material that is subjected to a compressive

force F.

he energy of compression goes toward deforming the piezoelectric material and part

ivard establishing an electric field (i.e., a charge separation due to the piezq
's capacitance). Now if the piezoelectric material is short circuited then the
appears. The energy of the electric field also disappears but, because t

conserv

electric
electric
Nis is a

tiva-svstam that aneravmust ha convertaed-into another form of anerawv -t
tHe—sfste—thatehelrgydste-cohverteaHtoaRothe—teHR—o+Hehefrgy H—+

his case,

addition

al deformation of the piezoelectric material. Thus, the piezoelectric material
compresses more at short circuit than at open circuit. So, the Young's modulus at short circuit
(YE) must be lower than the Young's modulus at open circuit (Y?).
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semiconducteurs.

Le texte

de cette Norme internationale est issu des documents suivants:
FDIS Rapport de vote
47/2461/FDIS 47/2480/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abouti a

I'approbation de cette Norme internationale.
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Cette document a été rédigée selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 62969, publiées sous le titre général Dispositifs
a semiconducteurs — Interface a semiconducteurs pour les véhicules automobiles, peut étre
consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatives au document recherché. A cette date, le document sera

e reconduit,

° supprimé

e remplacé par une édition révisée, ou

e amehdé.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de“couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme ytiles a
une bo{ne compréhension de son contenu. Les utilisateurs‘devraient, par consédquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

La série IEC 62969 est composée des quatre parties suivantes:

o |EC 62969-1, Dispositifs a semiconducteurs — Interface & semiconducteurs pour les
véhicules automobiles — Partie 1. Exigences générales de Iinterface d’alimentation
destinée aux capteurs de véhicules automobiles

o |EC 62969-2, Dispositifs a semiconducteurs — Interface a semiconducteurs pour les
véhicules automobiles — Partie 2: Méthodes d’évaluation du rendement de la transmission
d’énergie sans fil par résonance pour les capteurs de véhicules automobiles

e |EC 62969-3, Dispositifs a semiconducteurs — Interface a semiconducteurs pour les
P . . - . AR . uite par

véhir

les ghocs pour les capteurs de véhicules automobiles

e |EC62969-41, Dispositifs a semiconducteurs — Interface a semiconducteurs {
véhicules automobiles — Partie 4: Evaluation methods of data interface~for auf
vehitle sensors (disponible en anglais seulement)

La sérig
présents
des con
I'interfag

différenties performances électriques de l'interface d’alimentation telles que la ch
tension |[entre la source d’alimentation et les capteurs automobiles, les bruits, le ni

tension,
transmis

La troisiéme partie couvre la «récupération de I’énergie piézoélectrique produite par le

pour leg
d’évalus

tion de l'interface de données destinée‘aux capteurs de véhicules automobiles

our les
omotive

IEC 62969 couvre les interfaces d’alimentation et de données‘destinées aux gapteurs
dans les véhicules automobiles. La premiére partie couvre‘les exigences genérales

ditions d’essai telles que la température, I'humidité; \les vibrations, etq

., pour

e d’alimentation des capteurs automobiles. Cette “partie traite également de

ute de
eau de

etc. La deuxieme partie couvre les «méthodes’ d’évaluation du rendement de la
sion d’énergie sans fil par résonance pour.les- capteurs de véhicules autompbiles».

s chocs

capteurs de véhicules automobiles». La" quatrieme partie couvre «les mgthodes

1T A para

itre

>

.
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DISPOSITIFS A SEMICONDUCTEURS -
INTERFACE A SEMICONDUCTEURS
POUR LES VEHICULES AUTOMOBILES -

Partie 3: Récupération de I’énergie piézoélectrique produite
par les chocs pour les capteurs de véhicules automobiles

1 Domaine d’application

La prés
les mét
de perfq
chocs 1
automo

Le prés

les motos, les automobiles, les bus, les camions ainsi que leurs\@pplications d’ingéni

sous-sy

2 Réflérences normatives

Les dog
des exi

s’appliq
s'appliq

IEC 607
Steady-

IEC 607
climatiq

IEC 607
climatiq

IEC 628
récupér,

ente partie de 'IEC 62969 décrit les termes, définitions, symboles, configurg
nodes d’'essai pouvant étre utilisés pour apprécier et déterminer les caractél
rmance des dispositifs de récupération de I’'énergie piézoélectrique ‘produite
hécaniques pour des applications mettant en ceuvre des capteurs de v
iles.

ent document est également applicable aux dispositifs de frecupération d’éner

5teémes, sans restriction concernant la technologie et |a\taille des dispositifs.

uments suivants cités dans le texte constituent, pour tout ou partie de leur g
gences du présent document. Pour:des références datées, seule I'éditig
Lle. Pour les références non datées, la derniere édition du document de ré
e (y compris les éventuels amendements).

49-5, Semiconductor devices:“— Mechanical and climatic test methods —
State temperature humidity bias life test (disponible en anglais seulement)

49-10, Dispositifs, a, semiconducteurs — Méthodes d’essais mécaniq
/es — Partie 10: Choc¢s mécaniques

49-12, Dispositifs a semiconducteurs — Méthodes d’essais mécaniq
ies — Partie12: Vibrations, fréquences variables

30-1;\.Dispositifs a semiconducteurs — Dispositifs a semiconducteur
htion-et production d’énergie — Partie 1: Récupération d’énergie piézoélectriqu

tions et
istiques
par des
Ehicules

jie pour
brie aux

ontenu,
n citée
férence

Part 5:

ues et

ues et

s pour
e basée

sur des

vibrations

3 Ter

mes et définitions

Pour les besoins du présent document, les termes et définitions de I'l[EC 62830-1 ainsi que
les suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC
e |SO

Electropedia: disponible a I'adresse http://www.electropedia.org/

Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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3.1 Termes généraux

3.11

choc

accélération ou décélération soudaine engendrant une excitation physique transitoire; elle est
caractérisée par l'accélération de créte, la durée et la forme de l'impulsion de choc
(rectangulaire, semi-sinusoidale, en dents de scie, etc.)

Note 1 a l'article: La fréquence fondamentale du choc d’un véhicule automobile varie de 0,5 Hz a 20 Hz.

Note 2 a I'article: Les impulsions de choc mécanique sont des ondes sinusoidales, rectangulaires, semi-
sinusoidales, en dents de scie, etc. L’explication détaillée des impulsions de choc mécanique avec une analyse de
'amplitude de choc et de la durée/fréquence d'un excitateur automobile et conventionnel a été incluse dans
I’Annexe (infnrmnfi\/n)

3.1.2
récupérateur d’énergie produite par les chocs
générateur qui répond a un choc mécanique appliqué, transforme ce chocfen-'une yibration
(oscillatjon mécanique), puis convertit la vibration en électricité

Note 1 3| l'article: La puissance générée dépend des caractéristiques du choc/ appliqué ainsi |que des
caractérigtiques mécaniques et électriques du générateur lui-méme.

Note 2 a ['article: Le récupérateur d’énergie produite par les chocs, congu pelr/convertir un choc en élgctricité a
I'aide de|transducteurs piézoélectriques, est composé d’'une masse inerte, d’'un ressort et d’'un trapsducteur
piézoélecfrique comme représenté a la Figure 1. Le transducteur piézeélectrique contient deux électrofles et un
film piézoglectrique. La vibration est induite par le choc appliqué qui praduit un mouvement alternatif de Ja masse.
Le ressoft suspendant la masse est plié, cette torsion engendre une traction et une compressiop du film
piézoélecfrique. Les électrodes supérieure et inférieure du film piézoélectrique récupérent les charges|générées
par I'effet|piézoélectrique.

Note 3 a [farticle: Un récupérateur d’énergie produite par |€s;chocs est représenté a la Figure 2. Il est formé d’une
masse, d'un ressort, d'un dispositif d’amortissement\et du transducteur piézoélectrique. Le trapsducteur
piézoélecfrique est généralement considéré comme un dispositif d’amortissement.

Electfodes

Film, piézoélectrique -

\ - ‘ J— Sortie
R

~ T

Ressort

Base fixe n
l Choc
IEC
Légende
Structure du récupérateur d’énergie Composants pour exploiter un récupérateur
d’énergie

Masse Masse inerte destinée a induire une Choc Excitation physique transitoire

oscillation mécanique en réponse a un appliquée pour faire vibrer la masse

choc appliqué du récupérateur d’énergie
Ressort Destiné a coupler la vibration induite a R Charge extérieure

la masse en suspendant celle-ci
Film Couche de corps du transducteur
piézoélectrique piézoélectrique pour le récupérateur

d’énergie

Figure 1 — Récupérateur d’énergie produite par les chocs utilisant
un cantilever avec un film piézoélectrique
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Ressort

Transducteur
piézoélectrique

/

Y
i
Amortissement Choc
IEC
Légende
Structurd du récupérateur d’énergie Composants pour exploiter un récupérateufr
d’énergie
Amortissgment Réduction de I'accélération de Transducteur Générateur de puissance via |'effet
'oscillation de la masse piézoélectrique % piézoélectrique

Figure 2 — Modéle conceptuel d’un récupérateur.d’énergie piézoélectrique
produite par les chocs

3.2 Transducteur piézoélectrique

3.21
effet piezoélectrique
phénomiéne selon lequel une déformationmécanique produit une polarisation électrique d'un
matériali piézoélectrique et, inversement, une polarisation électrique produit une défqrmation
mécanique

[SOURCQE: IEC 60050-121:1998,,121-12-86, modifié]

3.2.2
constante de charge piéZzoélectrique
ds:

polarisation génépée par unité de contrainte mécanique appliquée a un rmatériau
piézoélactrique

Note 1 a ['article? Le premier indice de d indique la direction de la polarisation générée dans le matériqu lorsque
le champ [électrique est nul ou, éventuellement, la direction de I'intensité de champ appliquée. Le deuxieme indice
correspond a Ta direction de la conirainie appliquee ou de la deformation duite. d,,: contrainte induite dans la
direction de I'axe Z par unité de champ électrique appliqué dans la direction de I'axe Z. d4,: contrainte induite dans
la direction de I’'axe X par unité de champ électrique appliqué dans la direction de I'axe Z.

3.2.3

coefficient de couplage électromécanique

k

valeur décrivant la vitesse de conversion de I'énergie électrique en une forme mécanique, ou
inversement

Note 1 a I'article: Le coefficient est une combinaison des constantes élastique, diélectrique et piézoélectrique qui
apparait naturellement dans I’expression du transducteur piézoélectrique, comme suit

=9 (1)

(Sg)‘I/Z


https://iecnorm.com/api/?name=00badff94c17e69aedcadcdc57f21947

- 34 - IEC 62969-3:2018 © IEC 2018

ou
d estla constante de charge piézoélectrique

s est la c