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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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Introduction

Thermal barrier coatings (TBCs) are highly advanced material systems, generally applied to surfaces
of hot-section components made of nickel or cobalt-based superalloys, such as combustors, blades and
vanes of power-generation gas turbines in thermal power plants and aero-engines operated at elevated
temperatures.

The function of these coatings is to protect metallic components for extended periods at elevated
temperatures by employing thermally insulating materials which can sustain an appreciable
temperature difference between load-bearing alloys and coating surfaces. These coatings permit the

h' hl- gt Baratian-irclhialdio o 1 caraaaitetharalba: oo dio o b ot 120
lg cCrptratar CoOptTatioTr Uy STCTOTIT S cHCSCCOTITPOTICTICS, tIICTC Oy CATCTIOTITS CHCIT TV CSt

Althgugh Young’s modulus is an important property of TBCs, the existing ISO 1947 7-only| describes a
metHod for measuring this parameter at room temperature.

This|document specifies a method for measuring the Young’s modulus of TBCs that-consist of multilayers
formled on substrate by thermal spraying, from room temperature up to eleyated temperatpre.
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Metallic and other inorganic coatings — Measurement of
Young’s modulus of thermal barrier coatings at elevated
temperature by flexural resonance method

1 Scope

This

coatings (TBCs) formed on substrates, from room temperature up to 1 000 °C.
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Normative references

Terms and definitions

document specifies a method for measuring the in-plane Young’s modulus of they

following documents are referred to in the text in such a way that-sorhe 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

463, Metallic and oxide coatings — Measurement of coating thickness — Microscopical nf

611, Geometrical product specifications (GPS) — Dimensiohal measuring equipment: Mid
nal measurements — Design and metrological characteristics

3385 (all parts), Geometrical product specifications:(GPS) — Dimensional measuring eqt

14188:2012, Metallic and other inorganic coatings — Test methods for measuring t
tance and thermal shock resistance for therinal barrier coatings

| 7561:2016, Fine ceramics (advanced_ceramics, advanced technical ceramics) — Test
fc moduli of monolithic ceramics at:0om temperature by sonic resonance

9477, Metallic and other inorganic coatings — Measurement of Young's modulus of the
ngs by beam bending

he purposes ofthis document, the terms and definitions given in ISO 14188 and ISO 19
ving apply.

nd IEC maintain terminological databases for use in standardization at the following z
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mal barrier

heir content
applies. For
hts) applies.

ethod

rometers for

ipment

hermal cycle

method for

rmal barrier

477 and the

ddresses:

3.1

inPasemhl ~ 3 111 Ll g L/ 1 - - /
LU LEICCLIUPCUIA. AvdlldDIC dU L. /7 W W W.EIELLI UPDCUIL. UL 5/

thermal barrier coating

TBC

two-layer coating consisting of a metallic bond coat (BC) and a ceramic top coat (TC), in order to reduce
heat transfer from outside the top coat through the coating to the substrate of a heat-resistant metallic
material

Note

© ISO

1 to entry: See Figure 1.
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Figure 1 — Diagrammatic view of a section of a TBC

0 14188:2012, 3.1, modified — In the definition, “a cerami€ top coat” has replaced “an
d “to the substrate of a heat-resistant metallic material” has replaced “to the base matg
Jote to entry and figure have been used.]

ple

ental procedures for measuring the Young’s moduli of the substrate, BC and TC cons
ment of the resonance frequency of thrée types of specimens (substrate, substrate wif
fe with TBC) at an elevated temperature by a flexural resonance method, and of calcula
the theory of flexural vibration for:a composite beam[1[2][3]14],

atus for measuring resonance frequency

of the apparatus for measuring the resonance frequency is schematically shown in Figy
us consists of a flexurdl resonance system and a heating device. See Annex A.
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Figure 2 — Typical apparatus for measuring the resonance frequency

5.1 | Flexural resonance system, which shall be specified in accordance with ISO 17561.

The suspending thread shall be-a-heat-resistant material, such as an alumina yarn.

5.2 | Heating device, consisting of a furnace with a temperature control system.

6 $pecimen

6.1 | Shapé.and dimensions

The §hape and dimensions of the specimen shall be specified as follows.

a) Three types of specimens (the substrate, BC and TBC) shall be used. The substrate shall be the
same as the heat-resistant metallic material to which the TBC is applied.

b) The specimen shape is a beam type (see Figure 3) and the dimensions of the specimen shall be as
given in Table 1.

c) The thickness tolerance of the substrate shall be £0,01 mm.

d) The side surface of the BC and TBC specimens shall be polished to remove the coating deposited on
the side surface. The polishing shall be done cautiously so that it does not damage the coating.

© IS0 2021 - All rights reserved 3
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a) Substrate specimen

2

<
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A
1 <y
b) BC specimen (substrate with BC)
3 3}
2 <l &
4 b
A
¥ Y
c) TBC specimen (substrate with both BC and TC)
Key
1 substrate L  total length
BC b  width
TC hy  substrate thickness
h,  BCthickness
h.  TCthickness
Figure 3 — Shape of specimens
Table 1 %< Dimensions of specimens
Symbol Designation Dimension
L (mm) total length 70 <Land 20<L/(hg + hy + h,)
b (mm) [ |width 50<b<(1/6)L
hg (mm) substrate thickness 1,5<h,<2,5
hy, (mm) | [BC thickness 0,20 < hyand 0,10 < hy /h for BC specimen
h.(mm) | |TC thickness 0,40 < h.and 0,20 < h./(h + hy) for TBC specimen
6.2 Preheattreatment

Specimens should be heat-treated at the maximum test temperature for about 2 h in air prior to the
measurement in order to minimize the change of coating microstructures during the test, since the
Young’s moduli of as-sprayed BC and TC change remarkably depending on temperature history.

7 Measuring procedure

7.1 Dimension and mass of specimen
The dimensions and the mass of the specimen shall be measured as follows:

a) The total length of the specimen shall be measured in accordance with the ISO 13385 series.

4 © IS0 2021 - All rights reserved
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The width of the specimen shall be measured in accordance with ISO 3611.

The thickness of the substrate shall be measured in accordance with ISO 3611.

The thickness of BC and TC shall be measured on an image of the coating cross-section in accordance

with ISO 1463.

The mass of the substrate, BC and TBC specimens shall be measured.

Resonance frequency

cacananeca fraonaney oftho cnociman chall ho ymoacnirad Ao £allavac.
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.

[he specimen shall be suspended by threads connected to the driver and the d
guspending method shall permit the free vibration of the specimen.

The threads shall be positioned outside the nodal points as shown in Figur€-2, since t
nodes appear at a distance of 0,224 of the total length from each end.

The resonance frequency of the substrate specimen shall be measured at room ten|
jccordance with ISO 17561.

The substrate specimen shall be heated to a specified temperature in air and held for at
flo stabilize the temperature of the specimen.

The resonance frequency of the substrate specimen shallbe measured at the specified t

tthe same procedures as the substrate specimen. Their resonance frequencies can be dg
the resonance frequency of the substrate speeimen as shown in Figure 4.

Y A

<Y

btector. The

he vibration

perature in

least 15 min

Pmperature.

The resonance frequencies of the BC and the TBGspecimens shall be measured in accordance with

btected near

frequency

intensity

Shift.

resonance frequency of substrate specimen
resonance frequency of TBC specimen

Figure 4 — Schematic illustration of the resonance frequencies of substrate and TBC specimens
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8 Calculation of Young’s modulus

8.1 General

The Young’s moduli of the substrate, BC and TC shall be calculated according to 8.2 to 8.4, respectively.

8.2 Young's modulus of the substrate

The Young’s modulus of the substrate, E, shall be calculated in accordance with ISO 17561:2016, 8.1,
Formula (1), on the basis of the dimension, mass and resonance frequency of the substrate specimen, as

shown by Fermta{d}:

E,=0,9
where

f st

b, is the width of the substrate specimen (m);

h

8.3 Youn

The Young’q modulus of BC, E,, shall be calculatedin accordance with Formula (2) on the basis g
dimension, mass and resonance frequency of the BC specimen, and the E obtained in Formula (1):

s listhe mass of the substrate specimen (kg);

s Isthe total length of the substrate specimen (m);

s Isthe substrate thickness (m).

m.f2(L 3 h 2
1655—fS —= | |1+6,585| =
bS hS LS

e resonance frequency of the substrate specimen (Hz);

5’s modulus of BC

B2 —4AC

2A

4

p* [Eshs {Zhbz +3h,hg +2h? }] ~241 fy Pmge Lp? /bBC ]
Che* —48n? fo Pmp Ly Eh /bBC
0]

(M

f the

(2)

Eb=_B
where
A=B*hy
B=2h, |
C=B*E,
B=4,73
where
foc s
mpe s
Lgc is
bgc s
h, is

the resonance frequency of the BC specimen (Hz);
the mass of the BC specimen (kg);

the total length of the BC specimen (m);

the width of the BC specimen(m);

the BC thickness (m).
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8.4 Young's modulus of TC

The Young’s modulus of TC, E,, shall be calculated in accordance with Formula (3) on the basis of
the dimension, mass and resonance frequency of the TBC specimen, and the E; and E}, obtained in

Formulae (1) and (2), respectively:
~B+VB2-4AC

T 3)

where

F=p*n?
B*[ Eyhy (2h 2 +3h b +2h 2 )+E h {202 +3h h +6h2 +6h, (h.+h,)+2h2 ]
~247° frpc* Mg Lypc /bTBC

¢=p* {Ebzhb4 +2EyE hyhg (Zhbz +3h, b +2h? )+Eszhs4}_4877’-2fTBC2mTBCl’l‘BC3 (Ephy +Ehy )/bTBC
B=4,730

B=2h,

frec  is the resonance frequency of the TBC specimen (Hz);
Mrpc is the mass of the TBC specimen (kg);

Lrgc is the total length of the TBC specimenz{in);

brpc is the width of the TBC specimen<{(ni);

h. is the TC thickness (m).

9 Testreport

The test report shall contain the following items:
a) the document used.ie. [SO 23486;

b) gpecimen:

1) matetial of substrate;

) ~materials and spraying conditions of BC and TC;

B

Y nH 3 | £41 et 4 RC | RC 3
J UIIIITIISIVILS dIIU 111d55 U LT SUUSUIH AL, DU allu 1T DU SPTLIITITILS,

4) thickness of the substrate, BC and TC;

5) preheat treatment condition (temperature and time);
€c) measurement conditions:

1) type of measuring apparatus;

2) testtemperature and holding time at test temperature;
d) results:

1) resonance frequencies at test temperature of the substrate, BC and TBC specimens;
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2) Young’s moduli at test temperature of the substrate, BC and TC;
3) deviations from the procedure and unusual features observed, if any;

4) the date of the measurement.

8 © IS0 2021 - All rights reserved
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