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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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INTERNATIONAL STANDARD

ISO 17142:2014(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic composites
at high temperature in air at atmospheric pressure —
Determination of fatigue properties at constant amplitude

1

$cope

This|International Standard specifies the conditions for the determination of properxties
amplitude of load or strain in uniaxial tension/tension or in uniaxial tension/compuesSion ¢

of ce

in aif at atmospheric pressure.

This

unidjrectional (1D), bi-directional (2D), and tri-directional (xD, where2< x < 3).

The

purpose of this International Standard is to determine thecbehaviour of CMC when

mechanical fatigue and oxidation simultaneously. Tests for thé determination of fatigue p
hightemperature in inert atmospheres differ from those in oxidative atmospheres. Contrar
atmqgsphere, damage in an oxidative atmosphere accumulates due to the influence of purely
fatighe and to chemical effects of the material’s oxidation.

2
The

Normative references

following documents, in whole or in pdrt, are normatively referenced in this docunj

indigpensable for its application. For dated references, only the edition cited applies. |
referfences, the latest edition of the referenced document (including any amendments) appl

ISO

3611, Geometrical product spegifications (GPS) — Dimensional measuring equipment: Mid

extennal measurements — Design and metrological characteristics

[SO75500-1, Metallicmaterials~=Verificationofstaticuniaxialtestingmachines— Part1: Tension
testimg machines — Verification and calibration of the force-measuring system

[SO 9513, Metallic niaterials — Calibration of extensometer systems used in uniaxial testing

at constant-
yclic fatigue

Famic matrix composite materials (CMCs) with fibre reinforcement for temperature up to 1 700 °C

International Standard applies to all ceramic matrix composites’ with fibre reinforcement,

bubjected to
roperties at
y to an inert
mechanical

ent and are
For undated
es.

rometers for

compression

ISO 4574, Fine ceramics (advanced ceramics, advanced technical ceramics) — Mechanical properties of
cerainic composites at high temperature — Determination of compression properties

ISO 14574, Fine ceramics (advanced ceramics, advanced technical ceramics) — Mechanical |

cera

broperties of

iC.composites at high temperature — Determination of tensile properties

ISO 15733, Fine ceramics (advanced ceramics, advanced technical ceramics) — Mechanical properties
of ceramic composites at ambient temperature in air atmospheric pressure — Determination of tensile
properties

[EC 60584-1, Thermocouples — Part 1: EMF specifications and tolerances

IEC 60584-2, Thermocouples — Part 2: Tolerances

CEN/TR 13233, Advanced technical ceramics — Notations and symbols
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3 Terms

:2014(E)

and definitions

For the purposes of this document, the terms and definitions given in CEN/TR 13233% and the following

apply.

3.1 General

3.11

test temperature

T

temperature of the test specimen at the centre of the gauge length

3.1.2
calibrated |
|

part of the t

3.1.3

gauge lengt
Lo

initial distaj

3.1.4
controlled
partofthec

temperatur¢

3.1.5
initial cros
So

initial cross

Note 1 to ent

apparen

effectivd
So eff.

3.1.6
longituding
A

change in th

3.1.7
strain
£

ength

bst specimen which has uniform and minimum cross-section area

h

nce between reference points on the test specimen in the calibrated length

femperature zone
hlibrated length including the gauge length where the temperature is within 50 °C of th

h

5-section area

section area of the test specimen within-the calibrated length, at the test temperature
Fy: Two initial cross-section areas of the'test specimen can be defined:
[ cross-section area: this is the total area of the cross-section, S app;

cross-section area: this isthe total area corrected by a factor to account for the presence of a co

11 deformation

e gauge lerigth between reference points under an uniaxial force

P test

hting,

relative change in the gauge length defined as the ratio, A/L,

3.1.8
stress
o

force supported by the test specimen at any time in the test, divided by the initial cross-section area

Note 1 to entry: Two stresses can be distinguished:

apparent stress, oapp, When the apparent cross-section area (or total cross-section area) is used;

effective stress, gefr, When the effective cross-section area is used.

1
2

Intended to be substituted by a future International Standard.

© ISO 2014 - All rights reserved
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Note 2 to entry: Stress can be either in tension or in compression.

3.1.9

constant amplitude loading

in cyclic fatigue loading, constant wave form loading in which the peak loads and the valley loads are
kept constant during the test (see Figure 1 for nomenclature relevant to cyclic fatigue testing)

A
2
7 = /\
9
10 6
8 A
3
4
5
e
1
Key
1 fime 6 mean
2 dontrol parameter (test mode) 7  peak (maximum)
3 lx:iangular form 8 valley (minimum)
4 apezoidal form 9 amplitude
5 dinusoidal form 10 range
Figure 1 — Cyclic fatigue nomenclature and wave forms

3.2 | €yclic fatigue phenomena

NOTE Stress-strain curve parameters are defined as given in Figure 2.

3.2.1 Load ratio

3.2.1.1

load ratio

R

in cyclic fatigue loading, algebraic ratio of the two loading parameters of a cycle

Note 1 to entry: The most widely used ratios are
— R = (minimum load/maximum load), or

— R=(valley load/peakload).

© ISO 2014 - All rights reserved 3
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3.2.2 Cycl
3.2.2.1

:2014(E)

ic fatigue stress

maximum stress

Omax

maximum applied stress during cyclic fatigue

3.2.2.2

minimum stress

Omin

minimum applied stress during cyclic fatigue

3.2.2.3
mean stres
Om

average app

Note 1 to ent

3.2.2.4
stress amp
Oa
difference b

Note 1 to ent

S

lied stress during cyclic fatigue

L. & — 9max T Omin

y: O'm =
2

itude

etween the maximum stress and the minimum stress

O max ~“Omin

2

y: 0y = =Omax " Om =Om ~Omin

3.2.3 Cyclic fatigue strain

3.2.3.1
maximum

Emax
maximum a

3.2.3.2

train

pplied strain during cyclic fatigue

minimum strain

€min

minimum applied strain during ¢yelic fatigue

3.2.3.3
mean strai

€m
average app

Note 1 to ent

3.2.34

1l

lied strain'during cyclic fatigue

— gmax

[V €m =

+&
2

min

strain amplitude

€a
difference b

Note 1 to ent

etween the maximum stress and the minimum stress

) _ E
ry: €, = m ~€min

3.2.4 Fatigue parameters

3.2.4.1

number of cycles

N

total number of loading cycles which is applied to the test specimen during the test

4

© ISO 2014 - All rights reserved
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3.2.4.2
cyclic fatigue life

N

total number of loading cycles which is applied to the test specimen up to failure

3.2.4.3
time to failure

it

time duration required to obtain the number of cycles, Nt

4

A test specimen of specified dimensions is heated to the testing temperature and tested,in ¢
as follows:

The

resid
cyclg
dura

NOTH
using

5

This
subijd
toes
verslis stress (or strain) amplitude.

The
and

condjitions, or to measure thefatigue limit. In any case, the typical fatigue test is defined by cy
cons

To bd
meck
or ve
para

rincinlae
TIICTpTC

ethod A: the test specimen is cycled between two constant stress levels,at.d specified
ethod B: the test specimen is cycled between two constant strain levels'at a specified

fotal number of cycles is recorded. If strain is not determined, only the lifetime dur
ual mechanical properties can be determined. If strain is detesmined, a number of 3
s are recorded at specified intervals to determine damage-parameters, in addition to
Fion and residual mechanical properties.

the methods described in the appropriate International Standards.

N

bignificance and use

test method enables characterization ofthe cyclic fatigue behaviour at constant amplif]
cted to long duration loading. The simiplest way to determine the fatigue properties of
tablish lifetime diagrams. In these.diagrams, the time to failure (or the cyclic fatigue li

omplete lifetime diagramrrequires the use of a great number of test specimens, which
time consuming. Hence,it,is sufficient to know the cyclic-fatigue under specified stres

fant amplitude, environment, temperature, and frequency.

janical parameters from stress-strain curves. These parameters can then be plotted
rsus nuniber of cycles. This displays the damage evolution during the cyclic loading. T
meters:ean be considered (see Figure 2):

theresidual strain at zero load;

yclic fatigue

frequency;
frequency.

ation or the
tress-strain
the lifetime

Residual properties can be determined on the test specimens which have not failed dyring the test

ude of CMCs
h material is
fe) is plotted

is expensive
s (or strain)
rclicloading,

tter characterizg the mechanical behaviour during a fatigue test, it is possible to deteriine several

versus time
he following

the secant elastic modulus, or the relative damage parameters;
the area of the stress-strain hysteresis loop, or the internal friction;

the maximum strain, the minimum strain, or the difference between them for a selecte

d cycle;

some specific tangent elastic moduli, for example at the top or at the bottom of the stress-strain

loop.
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|
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' |
' |
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Key
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4 height (§)
Figurle 2 — Parameters that can be considered to assess the cyclic fatigue behaviour
6 Apparptus
6.1 Fatigpe testmachine
A hydraulic type or electric actuator driven test machine shall be used. It shall be load or strain co
operated.

The system for measuring the force applied to the test specimen shall be specially designed for fatigue
tests and shall conform to grade 1 or better, in accordance with ISO 7500-1. This shall apply during
actual test conditions. The machine shall be equipped with a cycle counter for the chosen test frequency.

6.2 Load

train

Theload train configuration shall ensure that the load indicated by the load cell and the load experienced

by the test s

pecimen are the same.

The load train performance including the alignment system and the force transmitting system shall not
change because of heating.

© ISO 2014 - All rights reserved
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The attachment fixtures shall align the test specimen axis with that of the applied force.
The grip design shall prevent the test specimen from slipping.

The use of hydraulic grips is recommended. In this case, the cooled grip technique where the grips are
outside the hot zone, is used.

NOTE In this technique, a temperature gradient exists between the centre which is at the prescribed
temperature and the ends which are at the same temperature as the grips.

6.3 Set-up for heating

The set-up for heating shall be constructed in such a way that the temperature in the controlled
tempjerature zone remains within 50 °C of the test temperature.

6.4 | Extensometer

If applicable, extensometry shall be capable of continuously recording the longitudinal deformation at
test femperature and compatible with the chosen test frequency. The extensometer shall conform to
clasg|1 or better, in accordance with ISO 9513.

The ¢ommonly used type of extensometer is the mechanical typet

In this case, the gauge length is the longitudinal distancé/between the two location§ where the
extefsometer rods contact the test specimen. The rods may be exposed to temperatures|higher than
the test specimen temperature. Temperature and/or envifronment induced structural changes in the rod
matgrial shall not affect the accuracy of deformation measurement. The material used for the rods shall
be cdmpatible with the test specimen material.

Care|should be taken to correct for changes in calibration of the extensometer which might occur as a
result of operating under conditions differentfrom those for calibration.

The ¢xtensometer performance shall nof change because of the test duration.

Rod |pressure onto the test specimen shall be the minimum necessary to prevent slipping of the
extepsometer rods.

6.5 | Temperature measurement

For tpmperature measurement, either thermocouples conforming to IEC 60584-1 and IEC 6P584-2 shall
be used, or, wherethermocouples not conforming to IEC 60584 or pyrometers are used, they shall be
apprppriately calibrated and the calibration data added to the test report.

6.6 | Datarécording system

A caljbrated recorder may be used to record force-deformation curve. The use of a digital dafa recording
system is recommended.

6.7 Micrometers

Micrometers used for the measurement of the dimensions of the test specimen shall conform to ISO 3611.

7 Test specimens

The lifetime of CMCs depends, among other factors, on oxidation for given levels of temperature and
stress or strain. Therefore, the configuration of the test specimen shall be designed to obtain a rupture
in the controlled temperature zone. For this purpose, a dog-bone test specimen shall be used as specified
in Figure 3 and Table 1.

© ISO 2014 - All rights reserved 7
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In addition, the choice of the test specimen geometry depends on the nature of the material and of the
reinforcement structure.

The volume in the gauge length shall be representative of the material. The total length, It, depends on
the furnace and the gripping system.

NOTE Generally, the total length is greater than 150 mm.

In case of 1D composites, dog bone specimens are not recommended. Specimens without shoulders
should be used.

In the case of tensile-compressive fatigue tests, the test specimen configuration shall be chosen to avoid
buckling failure, as defined in ISO 14544.

Within the gauge length, any temperature variation shall remain within 30 °C of the test temperatjire.

9%
™~

Figure 3 — Test specimen geonietry for 2D or xD (x > 2) reinforcement

Table 1 — Recommmended test specimen dimensions

Dimensions in millimetres

1D, 2D, and xD Tolerance

I, calibrated length 30to 80 +0,5

h, thickness >2 +0,2

b1, width in the calibrated length 8 to 20 £0,2
(x=2)

b3, width B2 =a by witha=1,2to2 +0,2
l,ladiua (A_Z) 30 +2
Parallelism of machined parts 0,05 —

8 Test specimen preparation

8.1 Machining and preparation

During cutting out, care shall be taken to align the test specimen axis with the desired fibre related
loading axis.

Machining parameters which avoid damage to the material shall be established and documented. These
parameters shall be adhered to during test specimen preparation.

8 © ISO 2014 - All rights reserved
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Number of test specimens

At least three valid test results, as specified in 9.4, are required for any condition.

9 Test procedure

9.1

Test set-up: temperature considerations

9.1.1 General

The f
be re
etc. |

9.1.2

Priofq

ollowing determinations shall be carried out under conditions representative of the te
peated every time there is a change in material, in specimen geometry, in gripping.cq
n establishing them, time shall be allowed for temperature stabilization.

Controlled temperature zone

to testing, the temperature gradient within the calibrated lengthinside the furn

established over the temperature range of interest. This shall be dgne by measuring tk

temp
a poi

To eq
also
the g

erature at a minimum of three locations, which shall be the two eéxtensometer referend

Int midway between the two.

tablish the length of the controlled temperature zone, it{i5 necessary to measure the
putside the gauge length. The temperature variation within the controlled temperaty
auge length shall meet the requirements of Clause 7"and 6.3 respectively.

Temperatures may be measured by any means conforming to 6.5. If thermocouples are usec
emperature at different locations of the specimen, they shall be embedded (and sealed if necessary)

thet
into
inser

9.1.3

Duri
spec

In th
the c
of tel

NOTH
temp

9.2

the specimen to a depth approximately equal to half the specimen dimension in the
tion.

Temperature calibration

hg a series of tests, the test témperature can be determined either directly by measurg
men itself, or indirectly from the temperature indicated by the temperature control d¢

e latter case, the relationship between the control temperature and test specimen ten|
entre of the gauge length shall be established beforehand on a dummy test specimen oy
mperature of intérest.

5ts and shall
nfiguration,

hce shall be
le specimen
e points and

emperature
re zone and
to measure

direction of

ment on the
bvice.

iperature at
er the range

The relationship between the temperature indicated by the temperature control system and the test

prature issusually established simultaneously with the controlled temperature zone.

Measurement of test specimen dimensions

The

TOSS-SECHION ared sirath bedetermined at tie cermntre of tie specimen and at eacit end

length.

f the gauge

The cross-section area varies with temperature and the variation is very difficult to measure. For this
reason, the cross-section area shall be measured at room temperature.

Dimensions shall be measured to an accuracy of £0,01 mm. The arithmetic means of the measurements

shall

© ISO
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9.3 Testing technique

9.3.1 Specimen mounting

Install the test specimen in the gripping system with its longitudinal axis coinciding with that of the test

machine.

Care shall be taken not to induce flexural or torsional loads in the test specimen.

9.3.2 Setting the extensometer

In the case
output shall

In the case
mechanicall
at test temp

9.3.3 Hea

Raise the te
for a period
readout. Twj
specimen it
directly the
test specimg
test specimg

9.3.4 Mea
zero thd

zero the

for met]
for metl]
set the f
start th

for

set the maximum number of cycles;ii;

where a contacting extensometer is positioned at ambient temperature, the extenson
be adjusted to read zero after the stabilization period at the test temperature.

where the material has a high thermal expansion coefficient, it is recommendsg
y pre-set the extensometer taking expansion into account in order to be close to zero
prature.

ting the test specimen

5t specimen temperature to the required test temperature and_maintain this tempery
Lo allow for temperature stabilization and, if applicable, for stabilization of the extensor
p procedures are possible: if test specimen temperatureds measured during the test o
self, this temperature shall be used to control the furnace. If it is not possible to med
test specimen temperature during the test, then it ishécessary to use the relation bet)
n temperature and furnace temperature, which hds’been established in 9.1. Ensure th4
bn stays in the initial state of stress during heating.

surements
load cell;

extensometer, if applicable;

nod A, set the maximumand minimum stress values;
nod B, set the maximum and minimum strain values;
requency and, the wave shape;

b fatiguedest:

method A, in load control mode;

for

heter

d to
when

iture
neter
n the
sure
veen
tthe

ethod B in strain control mode;

record the number of cycles, N, or Nf;

if an extensometer is used, record the stress-strain loops up to the total number of cycles:

A specific computer program is recommended to control the test. Depending on the computerized
facilities used, all the loops can be recorded. If this is not possible, the following sequence can be

used to

record stress versus strain:

— every cycle for the first 10 cycles;

— one

— one

10

cycle every 10 cycles between 10 and 100 cycles;

cycle every 100 cycles between 100 and 1 000 cycles;

© ISO 2014 - All rights reserved
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— onecycle every 1 000 cycles between 1 000 and 10 000 cycles;

— etc.

9.4 Test validity

The following circumstances shall invalidate a test for the determination of the lifetime duration:

In

failure to specify and record test conditions;

specimen slippage in the grips;

fupture in an area outside of the controlled temperature zone.

addition, the following circumstances shall invalidate a test for the determination of

parameter:

¢xtensometer slippage;

¢xtensometer drift.

10 Calculation of results

10.
Cal

wherte

tf (hours) =

]1 Time to failure, ¢

late the time to failure in accordance with the following formula:

Ny
Fx3600

Nt is the number of cycles required-to obtain failure of the test specimen;

/i is the frequency, in hertz (Hz).

10.Z Damage parameters

Calcyllate the damage parameter, Dy, for each recorded cycle, n, in accordance with the follow
E
B, =1--<%5%
El,app
wherre
Dy is the damage parameter at the nth fatigue cycle;
En,app is the secant modulus at the nth fatigue loop (see Figure 4);
E1,app is the secant modulus at the first fatigue loop (see Figure 4);
. o .
En,app is equal to ML (see Figure 4).

the damage

ing formula:

€max ~ €nresidual

1 TE€

Enresidual 1S equal to % [see Figure 4 b)].

© IS0 2014 - All rights reserved
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The damage parameters, Dy, Enmax, Enresidual, €an be plotted versus the number of cycles, N. For N, a log
scale is almost always used, although a linear scale can also be used. Figures 4 a) to c) represent three
cases of cyclic fatigue of CMCs.

NOTE

Annex A shows the schematic evolution of E under different circumstances of damage and creep.

10.3 Residual properties

When rupture does not occur before the end of the test, test specimen shall be tested to rupture in
accordance with ISO 14574 or ISO 15733.

12

2
E1 app
En ap
Omax [
/
Enresidual € max 1
aJR=0
2A
napp

b)R<0
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