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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.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for determining elastic modulus
of thick ceramic coatings at elevated temperature

1 Scope

This
mon
metH
colle

This

test
gene

document specifies a method of test for determining the elastic modulus of“th
player coatings (thickness > 0,03 mm) at elevated temperatures, using the impuls
od. Procedures for test piece preparation, test modes and rates (load rate or displacs
ction, and reporting procedures are given.

document applies primarily to brittle ceramic coatings on ceramic~0r) metal subg
method can be used for material research, quality control, and charactérization and
Fation purposes.

2 Normative references

The
cons
unda

ISO 3
exter

ISO

following documents are referred to in the text in such*a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced@document (including any amendme

611, Geometrical product specifications (GPS) == Dimensional measuring equipment: Mid
nal measurements — Design and metrologicdlcharacteristics

| 7561, Fine ceramics (advanced ceramics;) advanced technical ceramics) — Test methg

mod

li of monolithic ceramics at room temperature by sonic resonance

IEC 40584-1, Thermocouples — Part I-EMF specifications and tolerances

3

erms and definitions

For the purposes of thisdocument, the following terms and definitions apply.

ISO gnd IEC maintainytérminological databases for use in standardization at the following ¢

3.1

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing platform: available at http://www.iso.or

ick ceramic
e excitation
bment), data

trates. This
Hesign data-

heir content
applies. For
hts) applies.

rometers for

d for elastic

ddresses:

elastic modulus

ratio
Note

3.2

of plane stress to plane strain

1 to entry: Also known as Young’s modulus.

flexural vibrations
vibrations that occur when the displacements in a slender rod or bar are in a plane normal to the length
dimension

3.3

thickness ratio

ratio

© ISO

of the coating thickness to the substrate thickness
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4 Principle

The elevated temperature elastic modulus of ceramic coatings on metal or ceramic substrates is
deduced by comparing the elastic moduli of coated and uncoated samples, under the precondition that
the interface between the coating and the substrate is continuous and without a debonding zone. The
elastic modulus of ceramic coatings can be calculated from three parameters, i.e. the elastic modulus
of the uncoated sample or substrate (Es), equivalent elastic modulus of the coated sample (Eq), and the
ratio of the coating thickness to the substrate thickness (R = h/H). The value of Eq and E; are determined
by the impulse excitation technique.

5 Appargtus

5.1 Elastic modulus testing machine

A suitable impulse excitation testing system capable of applying impulses at elevated’temperatures
shall be usedl, which shall be in accordance with ISO 17561. Since the test piece is required by ISO 1j7561
to be homogeneous and isotropic, the measured modulus using the coated test piecé is then described
as an equivglent elastic modulus.

5.2 Heating system

5.2.1 Genleral

The heating system, usually a furnace, shall be capable of heating the test fixture and test piecg¢ and
maintaining a uniform and constant temperature during the{impulse excitation test. The furnace|shall
have the capability for containing air, inert gas, or a vacuui environment as required for the test.

5.2.2 Tenpperature stability

The furnace|shall be controlled by a device capable of maintaining a constant temperature within #2 °C
or better wjthin its working space during the time when the elastic modulus of test pieces is being
measured.

5.2.3 Test temperature uniformity

The furnac¢ shall be capablecf-maintaining a uniform test piece temperature. It shall previpusly
be determined that the temperature of the test piece does not vary by more than 0,5 % of thq test
temperatur¢ after a 15 mif hold time at the required test temperature measured in °C.

5.2.4 Furhace heating rate

The furnace control device shall be capable of maintaining a heating rate of the furnace of 5 °C/nlin to
10 °C/min apdpreventing temperature overshoots.

5.2.5 Furnace stability

The time for the system to reach thermal equilibrium at the test temperature shall be determined for
the test temperature to be used.

5.3 Temperature measuring and indicating instruments

5.3.1 General

The thermocouple temperature measuring equipment shall have a resolution of at least 1 °C and an
accuracy of 5 °C or better. Optical pyrometers, if used, shall have a resolution of better than 5 °C and an
accuracy of 5 °C or better.
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https://standardsiso.com/api/?name=c0810494deaf835109f3c1158e96504e

IS0 20343:2017(E)

5.3.2 Thermocouples

Thermocouples in accordance with IEC 60584-1 shall be used. The thermocouple shall exhibit
low thermal inertia (the diameter of the wires shall not be greater than 0,5 mm). The measuring
thermocouple tip shall be less than 2 mm from the test piece, but never contact the test piece.

5.3.3 Verification of the thermocouple temperature measuring system

Thermocouples shall be calibrated periodically against national standards since calibration may drift

with usage or contamination.

5.4 | Dimension-measuring device

A Vefnier caliper with a precision of 0,02 mm according to ISO 3611 should be used“to measure the
dimgnsions of the test piece. The thickness of the coating shall be measured By using|a traceably
calibjrated optical or scanning electron microscope (SEM) with magnification of-} 000 timels or better.
5.5 | Test fixture

5.5.1 General

The fixture shall be suitable for the installation of the test piece as recommended in ISO[17561 with
platihum hanging wires and for impulse excitation and signal acquisition in the furnace.[The fixture
shalljmaintain the position of the test piece during the test.

5.5.2 Fixture material

The fixture shall be manufactured from a material that is inert under the testing conditions used. The

fixture shall be oxidation-resistant if the testing is conducted in air. The fixture shall hay

chenf

L

6

6.1
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dimd
be 14
40 m
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long
piecd
(400
shall

Key
1
2
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ical reaction with and shall not contaminate the test piece.

[est pieces

Test piece size

tangular test bar with coating on one of the two largest faces only is required. The
nsions of the coated sample are displayed in Figure 1. The thickness ratio, R (R =3
rger than 1/300. For flexural resonance, the length of the specimen (L) shall be g
m. The ratio<f length to thickness of substrate, L/H, shall be greater than 20. The r3
ickness_of\substrate, B/H, shall be in the range of 3 to 10. The parallelism tolerance
tudinal-faces is 0,015 mm. Table 1 shows the recommended dimensions of a ceramid
. The'surface of the test piece shall be smooth and flat. The surface shall be ground usi

re negligible

geometrical

h/H), shall
reater than
tio of width
on opposite
-coated test
hg a fine grit

grit or finer). Any machining procedure used shall not affect the results. The edges of t

he test piece

not be chamfered.

coating
substrate

Figure 1 — Schematic illustration of the rectangular test pieces
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Table 1 — Recommended dimensions for coated test piece

Dimensions in millimetres

Dimension Description Value Tolerance
L Length of the bar >40 +0,5
B Width of the bar 8to 20 +0,1
H+h Total thickness of the bar 2to4 +0,05
An approximate ratio for L:B:(H + h) = 20:5:1 is recommended for elastic modulus measurement of thick ceramic coating
with h> 0,03 mmand 1>h/H>0,01.

6.2 Test piece preparation and storage

The test pie

a) The tes

piece to

The tes{
be meas;
applyin
after co
unstres

b)

Ces may be obtained using one of the two approaches.

L pieces are cut from some coated components, carefully grinding and polishing thg
keep the surfaces parallel and flat.

pieces are prepared by coating a substrate; in this case, the modulus of the substrate
ured before depositing the coating. The detailed test procedure isdescribed below. B
b the coating, mark each test piece substrate with a unique identifier which will be v
ating. Measure the flatness of each uncoated test piece, far example, by mounting
sed state on the x-y stage of a calibrated optical microscope and measuring the z coord

of the syirface with an accuracy of +2 um at 10 equally spaced poSitions along its length. Recor

results

The test pi
preparation

A minimum

7 Testp

7.1 Meas

Dry the tesf
0,1 % (whig
nearest 0,05
nearest 0,0(

Measure thg
precision of
measureme
to 5.5 (at th

for each test piece.

pces shall be handled carefully to avoid thepjintroduction of damage after test
The test pieces shall be stored separately and\not allowed to impact or scratch each o

of 5 test pieces is required for the test.

rocedure

urement of the size and.mass of the test-pieces

pieces until their mass_is constant. Weigh each of the test pieces to the nearest 1 n
hever is greater) using a calibrate scale. Measure the length of coated test piece t
mm or 0,1 % (whichever is greater). Measure the thickness of coating and the substrg
1 mm or 0,1 %~(Whichever is greater).

e dimensions of the test pieces using a Vernier caliper complying with ISO 3611 and

0,02 mm )or better, or other calibrated measuring device providing the same or b
t accurdcy. Measure the width and thickness at three points along its length accol
e nfiddle and two ends of the bar) and determine the average of the three measurem

Coating thig

Kriess shall be measured by using a calibrated optical or scanning electron micros

test

shall
bfore
sible
n an

inate
d the

biece
ther.

hg or
b the
te to

with
etter
rding
ents.
cope

(SEM) with magnification of 1 000 times or better.

The variation in coating thickness between the thickest and thinnest values measured shall be less than
or equal to 10 %. If the variation is more than this, prepare new test pieces meeting this requirement.

Care needs to be taken with the preparation of the side of the sample so that good contrast is obtained
between the coating and substrate so that good measurements of coating thickness can be obtained.

7.2 Measurement of elastic modulus of coating at elevated temperature

Suspend one of the test pieces, supported by a heat-resisting material like platinum wire in accordance
with ISO 17561, as shown in Figure 2, in the furnace. The suspending devices shall permit the free
vibration of the test piece. The elastic modulus of the substrate shall be known, or be measured at the
temperature or temperatures of interest, using an uncoated sample.
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b) Recommended support system

support system

Flgure 2 — S¢hematic illustration of impulse excitation testing method and recommended

Heat|the'test piece to the testing temperature and hold it at this temperature for a sufficient fime (15 min
is re¢ommended) for the specimen temperature to reach equilibrium. The time allowed for|this shall be

stated in the test report. The temperature measured by the thermocouple or other measuring device
shall not vary during the time of the testing by more than +0,5 % of the test temperature measured in
°C. Excite flexural resonance of the samples by applying an impulse and measure the frequency of the
resonance generated. Determine the elastic modulus of substrate, Es, and the elastic modulus of coated
test pieces, Eq, according to ISO 17561, respectively. Test results shall be obtained from at least 5 coated

test pieces, all of which were coated at the same time by the same process.
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8 Calculation of results

8.1 Standard formula for elastic modulus of coating

The standard formula for the elastic modulus of the coating, E, is given by Formula (1):

~A+VA*+C
E. :—3-ES @8]
2R
where
R=h/H (2)
F=(1+R)*-(E, /Ey) (3)
A=4R*l+6R+4-F (4)
C=4R*{(F-1) (5)
where
h  isthe thickness of ceramic coating, in mm;

H isthe thickness of the substrate, in mm;

Eq isthe elastic modulus of coated specimen, in GPa;

Es isthe elastic modulus of substrate, in GPa-:

Determine t

he thickness ratio, R, using Formula (2) and the stiffness ratio of the substrate sample tpo the

coated sample, F, using Formula (3). Calculate the values of A and C using Formula (4) and Formula (5),

respectively
Thus, the te
a) Measur
b) Test thg

c) Calculat

8.2 Mean

5t procedure for coating’s modulus has three steps.

modulus of the’substrate varying with temperature.

e the modulus of the coating at different temperatures.

value and standard deviation for elastic modulus

. The elastic modulus of the\coating, E, can then be obtained using Formula (1).

e the modulus of.coated test piece varying with temperature.

The mean elastic modulus, E , and the standard deviation, s, are given by Formula (6) and Formula (7):
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E=1= 6)
n
N 1/2
> (Ei-E)’
G| =1 (7)
n—1

where

F; isthe elastic modulus of the ith test piece;

n isthe total number of test pieces.

8.3 | Variation of elastic modulus with temperature

As it|is unlikely that the temperature of operation of the ceramic coating will be well-established or
even|constant, it is usual to determine the elastic moduli of'coated and uncoated specimens under a
rangg of temperatures to enable a plot of modulus versus temperature to be obtained. At pach testing
temperature, the elastic modulus of the ceramic coating should be deduced, from which the curve of
the rjelationship between the elastic modulus of the«¢oating and testing temperatures carn be derived.
Figure 3 shows schematic results of elastic modulus for coated sample (Eq) and subs{rate (Es) at
diffefent temperatures by the impulse excitation'tests and the calculated elastic modulus of the coating
(E¢) at these temperatures.

YA

————

\

Key
X  testing temperature (°C)
Y elastic modulus (GPa)

Figure 3 — Schematic results of elastic modulus of coating (E.) changed with the elastic
modulus of coated test piece (Eq) and substrate (E;) at different temperatures (T)
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