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Foreword

ISO (the International 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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ISO 21819-1:2018(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Characteristic of piezoelectric properties
under high-load conditions —

Part 1:

g impedance analysers.

e ceramics
mechanical
requencies

2 [Normative references

The following documents are referred to in the text.in‘such a way that some or all of thpir content
conftitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
IEC|60584-1, Thermocouples — Part 1: Reference tables

[EC|60584-2, Thermocouples — Part 2: Tolerances

EN p0324-1, Piezoelectric propertiesoficeramic materials and components — Part 1: Terms and definitions
EN [50324-2, Piezoelectric properties of ceramic materials and components — Part 2:|Method of
medsurement — Low power,

EN |50324-3, Piezoelectric properties of ceramic materials and components — Part 3: |Method of
medgsurement — High'pewer

3 |Terms and definitions

For|the puitposes of this document, the terms and definitions given in EN 50324-1, EN 5(0324-2 and
EN p0324-3 and the following apply.

[SOand TEC aintain terminotogical databases for Use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

resonant-antiresonant method
method where the ratio of mutual conversion between electrical energy and mechanical energy is
measured based on the resonance frequency and antiresonance frequency of piezoelectric fine ceramics
and other piezoelectric devices

© ISO 2018 - All rights reserved
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3.2

resonance frequency

fr

lower of two frequencies at which admittance or impedance between electrodes of a transducer
achieves zero phase in the vicinity of the target vibration mode

3.3

antiresonance frequency

fa

higher of two frequencies at which admittance or impedance between electrodes of a transducer

achieves zero phase in the vicinity of the target vibration mode

4 Symb

AK(D)
ke

k1

ols

Rate of change of electromechanical coupling coefficient (%)

the test temperature * 2 °C

the test temperature * 2 °C

5 Pringiple

Under high
and there i
takebotht
coupling cd
point wher

Note that
and/or res
the measu
due to the

e the high-temperature conditions are reached.

base of measurement.

6 Speci

ens

Electromechanical coupling coefficient after holding for ¢t min after the'test piece reaghes

Electromechanical coupling coefficient after holding for 1 min.after the test piece reaghes

-temperature conditions, the polarization within¢piezoelectric ceramics becomes unstable
5 thus a risk that the piezoelectric properties might deteriorate as time advances. In orddgr to
he high-temperature environmentand elapseditime into consideration, the electromechartical
efficient is measured in a high-temperatureenvironment as a function of time from the tfime

bther methods of measuring piezoelectric properties, such as electric field-induced stfain
bnance vibration displacement, ¢amralso be considered. However, this document makes ude of
rement of the electromechanical coupling coefficient via the resonant-antiresonant method

This measfirement method-is not limited to the measurement of materials, but can also be appliefl to
all piezoeléctrics and other piezoelectric devices that are intended to operate in a high-temperature

environm

t.

7 Measprément equipment

7.1 General

This clause details the apparatus used for measurement. Figure 1 explains the configuration of the
measurement apparatus.

© ISO 2018 - All rights reserved
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temperature measurement
thermocouple
through-hole

test piece

impedance analyser
thermostatic chamber

Figure 1 — Schematic diagram of measurement apparatus configuration

Impedance analyser,

nstrument for obtainingthe impedance, which is a ratio of voltage and current, and the 4

ices while scannihg through a range of frequencies.

Thermeostat chamber

dmittance,

ch is the inverse, by applying alternating voltage to piezoelectric fine ceramics and piezoelectric

fro

ambient temperature to test temperature, with a temperature fluctuation range of + 5 °

and have a structure that allows recording the internal temperature continuously using ther

or better,
ocouples.

ermostat chamber used for this method shall be fit to be used in the full service temperaElre range,

It is recommended that the thermostat chamber is equipped with an air blower inside, allowing forced
air ventilation/circulation in order to be able to keep the temperature within the chamber uniform.

7.4

Thermocouple

Thermocouples prescribed by IEC 60584-1 and IEC 60584 -2.

7.5

Recorder

An instrument capable of recording temperature continuously.

© ISO 2018 - All rights reserved
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7.6 Test

piece holder

No particular shape is specified for a test piece holder, but consideration shall be given such that the
holder does not affect the target vibration mode of the device under test.

8 Measurement conditions

The measurement temperature conditions and measurement items are as follows. Note that the test
temperature shall be at the Curie point or lower.

a) Measuf
tempe
b) Testte
c) Progrgd
d) Test
tempe
e) Measu
tempe
f) Measu
freque
[t is permi
the equiva

dielectricl

NOTE ]
example, Fa

electromechanical coupling coefficient k in the notéd-vibration mode.

k= |1

where
k

Jfr
fa

is
is

is

9

rature).

m for raising temperature (rate of temperature change): within * 10 °C/min,

biece temperature (temperature measured by a thermocoupley reaches the
ature * 2 °C).

rement end temperature (temperature of test piece at test end): (25 £ 5 °C) (amb
rature).

fement items: test piece temperature, electromechanieal. coupling coefficient, resond
ncy and antiresonance frequency.

5sable to measure the admittance values at the resonance and antiresonance frequen
ent circuit constants at the target vibration mode, as well as the relative permittivity
bss at 1 kHz as required.

'he electromechanical coupling coefficient is~defined according to the object to be measured,
rmula (1) is defined by using resonant frequency f; and antiresonance frequency f; and this i

f2
£.2

the electromechanical coupling coefficient;
'he resonantfrequency;

the antirésonance frequency.

plient

mperature (temperature measured at the test piece or near the test piece): 100 °C or higher.

test

lent

nce

ies,
and

For
the

M

Meas

rément procedure

The measurement is carried out according to the following procedure.

a)
b)

Place a test piece in a thermostatic chamber.

data can continuously be obtained from the test piece placed in the thermostatic chamber.

Connect the test piece and an impedance analyser, for example using a test piece holder, such that

[t is recommended that a short lead wire is used for the test piece holder because measurement
values obtained using a long lead wire might be different from those obtained when the test piece

and th

e impedance analyser are connected without using a lead wire.

other connections on the measurement results.

Calibrate the impedance analyser to eliminate any impact from the impedance in the lead wire and

© ISO 2018 - All rights reserved
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d) Attachathermocouple to the testpiece or place it near the test piece. At this point, itis recommended
that the thermocouple is connected to a recorder in order to record the temperature continuously.

e) Measure the initial value at ambient temperature [measurement item listed in Clause 8 f)].
NOTE This temperature is equivalent to the test piece temperature at the test start, in Clause 8 a).

f) Raise the temperature in the thermostatic chamber to the test temperature as described in
Clause 8 d) and measure the temperature 1 min after the test piece temperature reaches the test
temperature * 2 °C.

NAOTLD TL i £ & + P2 N s s 1aa-cli +aod L AN +h ot L t
NOTE Hre—testtemperature—and—the—temperature—indicated—by—the—thermestatie—ehamper are no

necessarily the same. Moreover, there are cases where the temperature indicated by the/thermostatic
chamber and the test piece temperature might be different.

g) |Keep the test piece temperature at the test temperature * 2 °C and measure the'value at|least three
more times at sufficient time intervals [measurement items listed in Clause 8f)].

NOTE Sufficient intervals refer, for example, to 1 min later, 10 min later, L0O\umin later or 1 000 min later.

h) |Lower the temperature in the thermostatic chamber to the ambient temperature anfd measure
the value when the test piece temperature drops down to 25-+ 5 °C (ambient tefnperature)
[measurement item listed in Clause 8 f)]. In addition, record cthe time required for th¢ test piece
temperature to drop down to the ambient temperature at wiich the measurement is mdde.

This temperature is equivalent to the test piece temperature at the test end in Clause 8 e)| It is better
to wait for a sufficient period of time before making.the measurement to allow the temperature to
settle, rather than measuring immediately after ghé test piece temperature reaches the ambient
temperature.

10|Calculation procedures of measured results

10.1 Calculation of measurementdata
Roynd off resonance frequency and antiresonance frequency to three decimal places.

Roynd off electromechanical(coupling coefficient, each admittance value, equivalent circuif constants
and) dielectric loss at 1 kHzto'two decimal places.

Roynd off relative permiittivity at 1 kHz to the integer number.

10.2 Rate of change of electromechanical coupling coefficient

Obtpin the\electromechanical coupling coefficient k based on the resonance frequenpcy f; and
antjresofiance frequency f; defined by Formula (1) and then obtain the rate of change in electrojnechanical
coupling -coefficient Ak(t) using Formula (2), rounding off Ak(t) to two decimal places.

k. —k
Ak(t)ztk_l
1

(2)

11 Test report

The following items shall be reported for measurement:
a) the number of this document, i.e. [ISO 21819-1:2018;
b) measurement date, testing supervisor;

c) measurement data of type, material, shape and thickness of test piece;

© IS0 2018 - All rights reserved 5
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d)

f)

g)
h)

j)

impedance measurement apparatus (part number, manufacturer name, presence of protective
circuitry) and thermostatic chamber (part number, manufacturer name);

temperature measurement method (type of temperature sensor, allowable measurement range
and position of temperature sensor);

start temperature, test piece temperature from the test start to end, time duration of holding the
test piece temperature at the test temperature, temperature rise program (rate of temperature
change when it is rising), time elapsed from when the test piece temperature drops down to the
ambient temperature to when the measurement is made;

numbdr of test pieces measured and number ol measurements;

measurement data obtained in Clause 9 €) to h) (electromechanical coupling coefficient, rfésongdnce
frequency, antiresonance frequency, each admittance value, equivalent circuit constants; relafive
permiftivity and dielectric loss at 1 kHz) (see Annex A);

average rate of change of electromechanical coupling coefficient (see Annex A);

other poteworthy information concerning measurement conditions.

© ISO 2018 - All rights reserved
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Annex A
(informative)

Example of a data evaluation

Table A.1 — Measurement results

1SO 21819-1:2018(E)

Attest | 1Minafter | 160°C, 160 °C, 160 °C, A;‘(’lst
Mgasurement items | Unit reaching 10 min 100 min 1 000’ min
start o (10h
160 °C later later later
later)

fosf plece tempera- | o 28,7 159,1 159,1 159,0 158,8 27,2
Eleptromechanical % 37,71 36,61 36,50 36,22 35,77 36,32
coupling coefficient

Ak % — — -0,30 -1,07 -2,29 —
Regonance frequency | kHz 166,351 165,823 165,894 166,181 166,613 166,603
(‘;ﬁ‘e rilrce;"“ance fre- | vz | 176,525 175,333 1753 %4 175,491 175,701|| 175,995
Adpittance value of | o | g0 3 77,07 77,66 80,54 80,69 186,61
respnance frequency

Adpmittance value of

antjresonance fre- us 21,98 109,04 108,33 103,15 96,38 24,22
qugncy

Eqyivalent circuit Q 5,11 12,95 12,85 12,40 12,07 5,33
conjstant: R1

Eqyivalent circuit oF | 272,61 369,86 367,71 358,39 34532| 252,46
constant: C1

Eqgivalent circuit | |y 3356 2,49 2,50 2,56 2,64 3,612
constant: L1

Eqyivalent circuit nf 2,16 3,14 3,14 3,11 3,08 2,18
constant: CO

Relative permittivity 791 1192 1190 1175 1153 788
(1 KHz)

Didlectric loss (b-kHz) | % 1,07 3,75 3,69 3,60 3,23 1,08
© ISO 2018 - All rights reserved 7
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