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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

Fine ceramics are widely used in various fields, such as machinery, electronics, chemistry, construction,
energy, aerospace and the nuclear industry, and in environmental applications. Fibre-reinforced
ceramic matrix composites (CMCs) have been the subject of extensive research and development. CMCs
are lightweight, have suitable chemical and thermal stability, and exhibit high strength, elastic modulus
and creep resistance. These composites have been applied in devices and components in the aerospace
industry and in high-temperature applications.

CMCs have been put to practical use as co

mponents in the jet engines of passenger planes and are also
being Hie i ~ atioH

The [reliability of CMCs is influenced by the properties of the reinforcing fibre. High reliability is
particularly important for jet engine parts. The mechanical properties of these fibres|also rfequire fixed
valugs and distribution.

This|document establishes a method for the measurement of mechanical-properties sugh as tensile
strength, elastic modulus and strain at the maximum force of a resin<impregnated yann specimen
preppred from the reinforcing ceramic fibre in CMCs.

Fibr¢ and CMC manufacturers will be able to use this method to, peérform quality control and relative
comparison of ceramic fibres used as the reinforcement of CMCs-

© IS0 2022 - All rights reserved v
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Fine ceramics (advanced ceramics, advanced technical

ceramics) — Methods of tests for reinforcements
— Determination of the tensile properties of resin-
impregnated yarns

1 $cope

This|document specifies a method for the determination of the tensile strength,.tens
of elpsticity and strain at the maximum force of a resin-impregnated yarn specimen

ile modulus
at ambient

temperature. This method is applicable to yarns of ceramic fibres that are usedas reinfgrcements in

composite materials. The test results obtained by this method are applicablefor quality
comparison of the ceramic fibres.

The putputs of this method are not to be mixed up with the strength of-filaments derived
tests{on dry tows specified in ISO 22459.

2 ormative references

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

ISO 1889, Reinforcement yarns — Determination\of linear density

ISO 1500-1, Metallic materials — Calibration and verification of static uniaxial testing machin
Tenslon/compression testing machines <='Calibration and verification of the force-measuring 4

ISO 10119, Carbon fibre — Determination of density

ISO 10548, Carbon fibre — Determination of size content

control and

from tensile

heir content
applies. For
hts) applies.

es — Part 1:
ystem

Iresses:

3.1
gauge length
L

distance between reference points on the test specimen during the tensile test

3.2

initial gauge length

Ly

distance between reference points on the test specimen at zero load

[SOURCE: ISO 22459:2020, 3.1, modified — term and definition revised and Note 1 to entry

© IS0 2022 - All rights reserved
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longitudinal deformation

A

increase of the initial gauge length (3.2) during the tensile test

[SOURCE: IS
3.4

0 19630:2017, 3.7, modified — definition revised.]

maximum tensile force

F

m
greatest ten

sile force applied to the test specimen when tested to failure

[SOURCE: IS

3.5

tensile stre
Ot
maximum te

[SOURCE: IS
3.6

0 19630:2017, 3.4, modified — definition revised.]

ngth
nsile force (3.4) divided by the initial total cross-sectional area of the dryryarn (3.9)

0 19630:2017, 3.6, modified — definition revised.]

total compliance

Ct
ratio of the 1

[SOURCE: IS

3.7

load train ¢
G

ratio of the
during the t

[SOURCE: IS

3.8

tensile mog
E¢

slope of the

3.9

initial total
S¢

linear densit]

measured displacement to the corresponding force during the tensile test

0 22459:2020, 3.4.1]

ompliance

load train elongation, excluding the ‘specimen contribution, to the corresponding
ensile test

0 22459:2020, 3.4.2]

Julus of elasticity

force-deformationleurve divided by the initial total cross-sectional area of the dry yarn

cross-sectional area of the dry yarn

y of the:dry yarn (3.11) divided by the density of the dry yarn (3.13)

[SOURCE: IS

0,22459:2020, 3.2, modified — term and definition revised.]

force

(3.9)

3.10

strain at maximum force

€tm

ratio of the greatest longitudinal deformation (3.3) to the initial gauge length (3.2)

3.11
linear dens
Tif

ity of the dry yarn

mass of the dry yarn without a sizing agent divided by its length

[SOURCE: ISO 1889:2009, 3.1, modified — term and definition revised and Note 1 to entry removed.]
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linear density of the impregnated yarn

T;

i

mass of the test specimen divided by its length

3.13

density of the dry yarn

P

mass of the dry yarn without a sizing agent divided by its volume

4

A fib
spec
until
an e
COrr{

tabb

The {
the f
and |
the s

5 ]

5.1

The
of th
achie
thred

rincinlae
TIICTpTC

men at a constant displacement rate by a suitable mechanical testing machine-and
failure. The longitudinal deformation of resin-impregnated yarn is measured direc
ktensometer or is determined from the displacement between two grips using a
ection. The correction takes into account the contributions of the loading train, the g
ng materials.

ensile strength, tensile modulus of elasticity and the strain at nfaximum force are calc
prce—deformation relationship. For ceramic fibre yarns in epexy-matrix, the relation bg
ongitudinal deformation is linear and, hence, the tensile ipdulus of elasticity is cald
lope of the force-deformation curve.

Apparatus and material

Resin

mpregnating resin shall be compatible’with the sizing agent and the type of yarn. T
e resin or resin solution shall be sueh-that sufficient resin pick-up and uniform imprg
ved. The failure strain of the cured resin should be at least twice as large, preferabl
e times as large, as that of the.specimen. In this respect, thermosetting epoxy-resin

suitable (see Annex A, Table A.1f0r an example) as is any formulation capable of giving teg

that

5.2

Test
spec

Fulfil the requirements of this document.

Impregnation apparatus

specimens can‘\be prepared by any method that produces a uniformly impregna
men.

An ijnpregnatien apparatus consists of a yarn bobbin holder, an impregnation bath, rollg

impr

egnation and removal of excess resin, and an impregnated yarn winder.

An ir

e yarn impregnated with an epoxy resin is used as the specimen. A tensile forcevisapplied to the

grip system
tly by using
compliance
rips and the

ulated from
tween force
ulated from

he viscosity
gnation are
y more than
systems are
t specimens

ted, smooth

brs for resin

npregnation apparatus may consist of:

5.2.1 Yarn bobbin holder for the sample yarn bobbin, with yarn-tensioning devices.

5.2.2

tensi

oning bars.

Impregnation bath with temperature-control devices and impregnation rollers or yarn-

5.2.3 Roller for removal of excess resin from the impregnated yarn, that passes its rollers covered

with

5.2.4

fabric, paper or felt through a die.

Impregnated yarn winder to wind up the impregnated yarn, preferably made

of wood or

metal coated with rubber. Examples of impregnation apparatuses are given in Annex B, Figure B.1.

©ISO
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5.3 Curing oven with temperature control

A fan circulation oven is preferable to ensure uniform curing of the resin.

5.4 Tensile-testing machine and extensometer

5.4.1 Ten

sile-testing machine

Use a tensile-testing machine (with a constant cross-head speed) equipped with force- and extension-
recording devices. The machine shall conform to grade 1 or better in ISO 7500-1. The accuracy of the

force indica
ensure that
in Annex C,

0

the test specimen is aligned with the axis of the test machine. A suitable example is’s
Figure C.1.

5.4.2 Ext{

Use an ex{
extension W
extensomet
the specime

is supported, for example by using a thread, in order to prevent bending of the specimen and co

forces.

The gauge lg
a tolerance
to increase {

The extensd
required ex

Examples of
optical or la

5.5 Balay

Use a balan
impregnate

5.6 Rulei

Use a gradu
distance bef

bnsometer

ensometer linked to a continuous-recording device that automatically recordg
ithin the gauge length of the extensometer as a function of force on(the test specimen|

ns with long gauge section lengths, it is recommended that theyeight of the extensorn

ngth of the extensometer shall be atleast 25 mm. The gatige length shall be determined
f+1 %. The use of an extensometer with a gauge length as long as possible is recomme]
he accuracy of the measurement.

meter shall have a tolerance on deviation from linearity of not more than 0,1 % ove
fension measurement range.

suitable extensometers are given innAnhex C. Other strain-measuring instruments, sy
Ker instruments, may be used if suitable.

jCe

e readable to 0,1 mg to weigh the test specimens to determine the linear density g
1 yarn.

ated ruler or-other measuring device with a precision of +0,5 mm to determine the i
ween twegrips, i.e. the gauge length of the specimen.

6 Test speCimens

er should be sufficiently light to induce only negligible stresses-in_the test specimen.

shall
own

the
. The
For
heter
ntact

with
nded

r the

ch as

f the

hitial

6.1 Number of test specimens

Prepare a sufficient number of test specimens to perform five determinations. If any of the specimens
fails within the grips at the tabs, or because of damage caused by the extensometer, discard the result
and carry out a repeat determination on a fresh test specimen.

6.2

Impregnation of test specimens

The procedure for using the impregnation apparatus described in 5.2 is as follows:

a) Placeth

e yarn bobbin on the holder.

© IS0 2022 - All rights res

erved
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b) Pour the impregnating-resin mixture into the resin bath (see 5.2.2) and adjust the temperature and
viscosity to the desired values.

c) Draw the yarn from the bobbin holder through the rollers, resin bath and system designed to
remove the excess resin while ensuring adequate resin impregnation (see 5.2.3).

d) Adjustthe unwinding tension by applying a force of 80 gram-force (gf) to 130 gf.

e) Wind the impregnated yarn onto the frame (see 5.2.4).

f) Place the frame in the oven (see 5.3).

0
6.3

6.3.1

In or
prop

6.3.2

Dete

6.3.3

Dete

6.3.4

Dete
6.4

6.4.1

Each
spec

Lure the resin In accordance with the resin manufacturer’s imstructions.

(Vhen the resin has been cured, remove the frame from the oven. After removing the i
rarn from the frame, cut off a sufficient number of test specimens.

elect the test specimens according to the criteria given in 6.4.1.
Determination of other fibre properties

General

der to perform the calculations of tensile strength and ténsile modulus given in (
erties specified from 6.3.2 to 6.3.4 shall be determined.

Linear density of the yarn

Size content of the yarn

Fmine the size content of the yarnwusing the method given in ISO 10548, method C.

Density of the ceramic{ibre

Fmine the density of thé.ceramic fibre using one of the methods given in ISO 10119.
Criteria for selection of the test specimens

Specimens

men shall be uniform in appearance and without any of the following defects:

'mine the linear density of the yarn using the:method given in ISO 1889 for carbon fiby

mpregnated

lause 9 the

e.

test specimen shall be confirmed as straight by checking with a metallic measuring ruler. The

1

b lean £1laanntc.
Droxehtait

TITCS,

— resin droplets;

— fibre misalignment.

6.4.2 Resin content of the specimens

The resin content shall be at least 30 % by mass. The resin content of the specimens is calculated from
the linear densities of the specimen and dry yarn using Formula (1):

m, = 100 x

©ISO
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where

m. 1S

Ty s

Ty is

6.4.3 Imp

the resin content of the test specimens, in per cent;
the linear density of the test specimen, in mg/m;

the linear density of the dry yarn, in mg/m.

regnated yarn

The yarn shall be uniformly impregnated. No excess resin beads shall form on the surface of the

specimen.

7 Atmos

During the

conditioning. The preferred conditions are 23 °C £ 5 °C and 50 % +* 20 % relative humidity.

8 Procedure for tensile testing

8.1 Proce¢dure

a) Clamp 4

between the specimen and flat faces of the grips to avoid specimen slippage.

The usg
specimg

The len
atleast

b) Measur
of +0,5

c) Whent

extensometer (see 5.4.2) carefully on the test specimen.

d) Setthe
displacg

failure in 60 s. The recommended rate is 5 mm/min for any length of specimens.

e) Start th
head di

pheres for conditioning and testing

est, the apparatus and specimens shall be maintained at the same conditions as use

test specimen in the grips of the test machine. Equip two sheets of abrasive paper

n mounting.

50 mm and the recommended lengthis 200 mm #* 5 mm.

e the gauge length of the specimeh, i.e. the distance between two grips with an accy
mm.

he longitudinal deformatien of the specimen is measured by an extensometer, mourn

fross-head speed-of.the tensile-testing machine (see 5.4.1). Set the tensile force at a con
ment rate betWweén 0,1 mm/min and 60 mm/min. Select a loading rate to produce

e recording device and load the test specimen to failure. Record the applied force, c
splacement and elongation of the specimen.

d for

tabs

of air-pressure or hydraulic grips is recommended to avoid specimen damage dyiring

bth of the gauge section of the specimer,.i.e. the distance between two grip ends, shoulld be

[racy

t the

stant
final

ross-

8.2 Dete

mimationrof tfoad-traimcomptiance

When longitudinal deformation of resin-impregnated yarn is determined from the displacement
between two grips, the load train compliance shall be determined. Repeat step 8.1 three times for each

of the gauge

lengths of 100 mm, 200 mm and 300 mm.

8.3 Testvalidity

The following circumstances invalidate a test:

— failure to specify and record test conditions;

— thetest

specimen fails within the grips or because of the extensometer;

© IS0 2022 - All rights reserved
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— any slippage in the force-displacement curve.

9 C(Calculation of results

9.1 Tensile strength

For each test specimen, calculate the tensile strength of the resin-impregnated yarn using Formulae (2)

to (4).

o= (2)

¢ is the tensile strength, in megapascals;
I is the maximum tensile force, in newtons;

3 is the initial total cross-sectional area of the dry yarn, in square millimetres, given by|[Formula (3).

T,
o =—1 %1073 (3)
Pt

Lo

wherte

Ty  is the linear density, in mg/m, of the dry,yarn without a sizing agent that is caldulated from
the linear density determined in accordance with ISO 1889 and the size content|determined
in accordance with ISO 10548;

Pe is the density of the dry yarn without a sizing agent, in grams per cubic centimetre)determined
in accordance with ISO 10119,

If using a sized specimen, calculate the linear density, in grams per kilometre, using Formula (4).

mx10% _(100-S.)
T = X < 4
tf ; 100 (4)

wherte

m is the mdss, in grams, of the specimen;

| is the length, in metres, of the specimen;

§.C+ 15 the sizing content, in per cent, of the specimen;

If the size content is sufficiently low for no error to be introduced, then the linear density and density of
the yarn with a sizing agent may be used.

9.2 Calculation of the load train compliance

The load train compliance shall be determined when longitudinal deformation of the specimen is
obtained from the grip displacement. The longitudinal deformation shall be calculated according to 9.3.

Calculate the initial total compliance C,, (mm/N) for the tests at each of the gauge lengths from the
slope 1/C, , of the linear rising part of the force (N)-displacement (mm) curve (see Figure 1). Calculate
the average value C, ; at each of the three gauge lengths.

©1S0 2022 - All rights reserved 7


https://standardsiso.com/api/?name=11c40ae3caa247681e2ab995898f3a3f

ISO 24046:2022(E)

Plot Et,O against L (see Figure 2).

Perform a linear regression analysis of C, , versus L and determine the load train compliance C, from
the interceptat L, = 0.

F A 1/C,

F force
X displac¢ment

p true origin

Cio initial tptal compliance

Figure 1 — Force-displacement curve and determination of true origin

Ceo
G
0 Lo
Key
C 0 average of initial total.cofiipliance
t)

G load frain compliance
Ly initia] gauge lefigth

Figure 2 — Determination of load train compliance

9.3 Calculation of instantaneous total compliance and longitudinal deformation of
resin-impregnated yarn

Calculate the instantaneous total compliance C ; from the slope 1/C;; of the line through the points on
the force-grip displacement curve and the origin of the curve.

The longitudinal deformation during the tensile loading of the specimen is calculated using Formula (5):

A=(Ce;i—-C))F (5)

8 © IS0 2022 - All rights reserved
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A isthe longitudinal deformation of the specimen, in millimetres (mm);

Cy; isthis the instantaneous total compliance, in millimetres per newton (mm/N);

C, istheload train compliance, in millimetres per newton (mm/N);

F  isthe force applied on the test specimen, in newtons (N).

9.4 Tensile modulus of elasticity

For each test, plot the force against the longitudinal deformation measured directly by the eXtensometer

or dgtermined from the grip displacement with the compliance correction.

The force-deformation curves of resin-impregnated yarns are usually linear untilfailure. [A schematic
diagram of the methods for determining the tensile modulus of elasticity is reported in Fighre 3.

The tensile modulus is the slope calculated between the two points in(the force-deformption curve.
These two points shall lie between 10 % and 90 % of the maximum tetsile force. The varjation of the

forcg between the two points shall be more than 20 % of the maximum tensile force.

F 4
Fm
1) o
AF 2 0,2F,
AA
0,1F, 5
0 A
Key
F force
A longitudinal deformation
F, maximum tensile for¢e

AF variation in force-Corfresponding to the variation in the longitudinal deformation
AA variation in the longitudinal deformation corresponding to the variation in force

Figure 3 — Calculation of the tensile modulus of elasticity from the force-deformafiion curve

For gach)test specimen, calculate the tensile modulus of the yarn using Formula (6):

e
AA

where

Ey

)

AF

L
k0 %1073 (6)
St

is the tensile modulus of elasticity, in gigapascals;

is the slope calculated between two points in the force-deformation curve;

is the variation in force, in newtons, corresponding to the variation in the longitudinal
deformation;

©1S0 2022 - All rights reserved 9
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AA is the variation in the longitudinal deformation, in millimetres, corresponding to the var-
iation in force;

S¢ is the initial total cross-sectional area of the dry yarn, in square millimetres;

Ly is the initial gauge length at zero force, determined from the intersection of the linear rising
part of the force-gauge length curve and abscissa, in millimetres (see Figure 4).

To determine the initial gauge length L, plot the force against the gauge length L during the tensile test
(see Figure 4).

Whenane)( SO eTe S—Sea—Tto castre TCTOTTE C atro O e—speci 5 auge
length L is flefined as the gauge length of the extensometer during the test. When an extensometer
is not used, the L is defined as the sum of the initial distance between two grips and the longitufdinal
deformation of the specimen.

The L, shall{be determined by the intersection of the linear rising part of the force-gauge length qurve
with the abgcissa, as shown in Figure 4.

o1
0 Lo Ln L

Key

F force

L gauge|length

Ly initial|gauge length at zero force

L, gauge|length at maximum force

Figure 4 — Determination of L, from the force-gauge length curve

9.5 Tenslile strain atdnaximum force (percentage elongation at failure)

9.5.1 Calqulation method (1)

The strain at ataximum force is calculated using Formula (7):

Ly —L,
€ m :mL—°x1oo (7)
0

where
€ m isthe strain at maximum force;
L

m 1S the gauge length at the maximum force, in millimetres;

Ly  isthe initial gauge length at zero force, determined from the intersection of the linear rising
part of the force-gauge length curve and abscissa, in millimetres (see Figure 4).

10 © IS0 2022 - All rights reserved
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9.5.2 C(Calculation method (2)

For the specimens with liner force-deformation behaviour, the strain at the maximum force can be
calculated using Formula (8):

o
Eem =E—§><o,1 (8)

where

& m isthe strain at maximum force;

D¢ is the tensile strength, in megapascals;

e is the tensile modulus of elasticity, in gigapascals.

10 S$tatistics

For each series test, calculate the mean, standard deviation and céefficient of variation for each
meagured value according to Formulae (9) to (11):

2 ?:1X"

-+ mean X= " 9
> REXY
-+ standard deviation S= = 1 (10)
n_
-+ coefficient of variation C :ﬂ (11
o X

where

TN

represents the measuked values;

Ne

n is the number of valid tests;

§ isthe standard deviation;

¢, 1isthe coefficient of variation, in per cent.

11 Test report

The testreportshattinctude thefottowing:

a) areference to this document, i.e. ISO 24046:2022;

b) all details necessary for complete identification of the yarn tested;
c) the linear density of the yarn;

d) the density of the yarn;

e) whether the longitudinal deformation of the specimen was measured by the extensometer or was
determined from the grip displacement with compliance correction;

f) whether the strain at maximum force was determined from the gauge length at maximum force
and initial gauge length or calculated using the tensile strength and modulus;

©1S0 2022 - All rights reserved 11
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g)
h)

j)
k)

12

the number of tests carried out and the number of valid tests;

the results obtained from the determination tensile strength, tensile modulus of elasticity and, if
required, the individual results for each test specimen and strain at maximum force;

the method of calculation of the tensile modulus of elasticity;
any additional details that have possibly had a bearing on the results obtained;

the date of the test.
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(informative)

ISO 24046:2022(E)

Examples of heat-curable epoxy-resin systems

Table A.1 — Examples of heat-curable epoxy-resin systems

Resin system Amount Cure conditionfs
1) 3,4-Epoxycyclohexyl 3,4-epoxycyclohexanecar- 100 g 125°Cfor1h
boxylate?
3g or
Boron trifluoride monoethylamine (BF;MEA) 4g 130 °C for 30161
2-Propanone or ethanol
2) Diglycidyl ether bisphenol A (DGEBA)P with A vis- [100 g Room temperature for 10 h
cosity of 11 000 mP-s to 14 000 mP-s at 25 °C and o
an epoxy equivalent of 184 g/equiv to 194 g/equiv 908 follewed by 90 °C for 42 h
Methyl nadic anhydrique (MNA)¢ lgto2g gnt'then 150 °C for 4 h
Benzyldimetylamine >8 or
Room temperature for 10 h
2-Propanone
followed by 100 °C for 2 h
and then 150 °C for 2 h
3) Epoxy resin: same as in Example 2) 100 g 80 °C for 1 h followed by 20p °C for 2 h
Bis(4-aminophenyl)sulfone 20g
Boron trifluoride monoethylamine (BEsMEA) 15¢g
Solvent Arbitrary
a THe structure is as follows:
CO—0—CH,
0 0
b The structure is as follpws:
CH, CH,
I I
CH, CHCH) {o—@— c—@— 0 — CH, CHCH, + 0 —@— C —@—0 — CH, CH(H,
N/ \/
0 | | n | 0
CH OH CH,
¢ Mgthyl 5¢norbomene-2,3-dicarboxylic. anhydride.
©1S0 2022 - All rights reserved 13
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