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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 22459:2020(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Reinforcement of ceramic composites —
Determination of distribution of tensile strength and
tensile strain to failure of filaments within a multifilament
tow at ambient temperature

1 $cope

This|document specifies the conditions for the determination of the distribution of sfrength and
ruptfire strain of ceramic filaments within a multifilament tow at room temperature by performing a
tensile test on a multifilament tow.

This|document applies to dry tows of continuous ceramic filaments thatare assumed to a¢t freely and
independently under loading and exhibit linear elastic behaviour up“to failure. The outiputs of this
method are not to be mixed up with the strengths of embedded tews-determined by using 1SO 240461).

2 ormative references

The following documents are referred to in the text.iy such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 1500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tenslon/compression testing machines — Calibration and verification of the force-measuring jystem

ISO 10119, Carbon fibre — Determination of density

EN 10007-2, Advanced technical ceramics — Ceramic composites — Methods of test for reinfqrcements —
Part P: Determination of linear deyisity

3 erms and definifions

ddresses:

3.1

gauge length

Ly

initial distance between two reference points on the tow

Note 1 to entry: Usually the gauge length is taken as the distance between the gripped ends of the tow.

3.2

initial cross-section area
So

cross-section area of the tow

1) Under preparation.

© IS0 2020 - All rights reserved 1
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tow elongation

A

increase of the gauge length during the tensile test

3.4.1
total compl
Ct

iance

ratio of the measured displacement to the corresponding force during the tensile test

3.4.2

load train
G

ratio of the
during the t

3.5

strain

£

ratio of the {

3.6

q=
uulpuau\,c

load train elongation, excluding the specimen contribution, to the corresponding
bnsile test

ow elongation 4 to the gauge length L,

filament rupture strain

Ej
strain at ste

3.7

filament st
Oy
ratio of the
parts of the

3.8
average fil3

Oy

statistical ajverage strength of the filaments in the tow for each test determined from the Wg

strength dig
3.9

p j in the non-linear parts of the force-displacement curve
rength
tensile force to the cross-section area of allunbroken filaments at step j in the non-l

force-displacement curve

iment strength

tribution parameters of the filaments

mean filament strength

Or
arithmetic 4

4 Princi

hean of the'\average strengths

plé

force

near

ibull

A multifilament tow is loaded in tension at a constant displacement rate up to rupture of all the filaments
in the tow. The force and displacement are measured and recorded. From the force-displacement curve
the two-parameter Weibull distribution of the rupture strain and of the strength of the filaments is
obtained by sampling the nonlinear parts of the curve at discrete intervals, j, which correspond to an
increasing number of failed filaments in the tow.

5 Significance and use

Because measurement of the displacement directly on the tow is difficult, it is usually obtained
indirectly via a compliance measurement which includes contributions of the loading train, the
grips and the tabbing materials. These contributions have to be corrected for in the analysis. When
it is possible to measure the tow elongation directly (by using a suitable extensometer system) this

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=58fe28422ba34ea895940ce27e1ffe52

ISO 22459:2020(E)

correction is not needed. The calculation of the results in Clause 10 also applies in this case by setting
the load train compliance equal to zero.

The evaluation method is based on an analysis of the nonlinear domain of the force-displacement curve,
which is caused by progressive filament failure during the test. The size of this domain is promoted by
higher stiffness of the loading and gripping system. When the force-displacement curve does not show
this nonlinear domain, the evaluation method of this document cannot be applied.

The distribution of filament rupture strains does not depend on the initial number of filaments for those
tows that contain a large number of filaments; hence, it is not affected by the number of filaments which
are broken before the test, provided this number remains limited. The determination of the filament

stre
filam
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ent diameters, which affects the strength values, is not accounted for.

Weibull parameters determined by this test method and extrapolated to the|respg

D 19630 because of variability in test conditions[l.

A\pparatus

Tensile testing equipment

isplacement, or directly the tow elongation. The machine shall conform to grade 1
500-1. The grips shall align the specimen with the-direction of the force. Slipping of t
e orips shall be prevented.

The use of a displacement transducer placed*at the ends of the grips(=lle] (see Figure 1)

ence increase the accuracy.

variation in

ctive gauge

h cannot be compared directly with those obtained from tensile tests on menofilamengs according

est machine shall be equipped with a system for measuring the force applied to the specimen and

or better in
e specimen

br on the tow

4][5][6] will probably limit the contribution of different parts of the load train to the measured displacement,
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=—

Key
1 displacement transducer

2 grip
3  testspedimen

Figure 1 — Test setup (principle sketch)

6.2 Datafrecording

A calibrated recorder shall be used to record force-displacement curves. The use of a digital|data
recording system is recommended.

7 Test specimen

7.1 Genefal

Specimens With a gaugelength of 200 mm shall be used to establish the filament strength and filament
rupture strqin distiibutions. Specimens with gauge lengths of 100 mm and 300 mm shall be usgd to
determine the lodd-train compliance. Examples of two types of test specimen are given below.

7.2 Windowtype specimen

A window type specimen is shown in Figure 2. A stretched tow is fixed between two identical plates
of material, each containing a central window. When the displacement is not measured directly on the
tow, the height of the window defines the gauge length.

NOTE This type of specimen has the advantage of easy handling.

4 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=58fe28422ba34ea895940ce27e1ffe52

ISO 22459:2020(E)

N
}

!
N

A
4 5 4
Key
1 plates
2 tow
3 dlue
4  gripped end
5 dauge length
Figure 2 — Window type specimen (principle sketch, side’'view)
7.3 | Cylindrical end type specimen
A cylindrical end type specimen is shown in Figure 3. Both ends of a stretched tow are fiked in small
diameter cylindrical tubes generally made of metal. When thé.displacement is not measured directly on
the tpw, the distance between the inner ends of the tubes with the tow in a stretched cond|tion defines
the gauge length. Tube length shall be such that adhesion ‘ef tow specimen to tube is optimjzed. Length
larggr than 30 mm is recommended.
Va4 ,
1 2 1
Key
1 tube
2 dauge length
Figure 3= Cylindrical end type specimen (principle sketch)
8 Test specimeénpreparation
8.1 | General
Extremé.care shall be taken during specimen preparation to ensure that the procedure iy repeatable
from| Specimen to specimen. When glue is used, the same type and the same bonding lenfgth shall be

used for the preparation of all test specimens of a given series. Specimens shall be handled with care to
avoid breaking filaments.

High repeatability in specimen preparation is required in order to allow a correct determination of the
load train compliance.

A sizing agent is present on certain fibres. It protects the filaments against damage during handling
or prevents inter-filament friction during the tests. It should not be removed. Owing to its low Young’s
modulus, it does not contribute to load sharing. Care should be taken that the glue will not run into the
tow outside the frame. Epoxy or resin that exhibit excellent wetting properties with SiC and Alumina-
based ceramics are appropriate.

© ISO
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8.2 Window type specimen

An untwisted multifilament tow is glued between two identical plates made of cardboard or another
suitable material. The filaments shall be stretched. To achieve this, both ends of the two plates are well
soaked by the glue, then the tow is placed on the centreline of one of the plates under a small axial
prestress. The ends of the tow extending beyond the plate are fixed by adhesive tapes onto a support
(see Figure 4) and the parts of the tow in the gripping area are soaked with glue. The second plate is

then presse

Key
1 adhesive|tapes
2 gripped

3 gaugelepgth, L,

8.3 Cylin

The specim

d face to face with the first one.

bnd

Figure 4 — Window type specimen, preparation(principle sketch)

(rical end type specimen

bns are prepared on a support provided with alignment grooves in which the cylindrical

tubes are placed. The untwisted multifilament towis introduced into the tubes, stretched and glued
(see Figure p). The diameter of the cylindrical tubes shall be as small as possible, compatible with the

size of the t

Key
1 support

W.
1
| | ¥
o — 2
M —
- ——
| e
I] ! ! ”(
3

2 groove for alignment

3 adhesive tapes

Figure 5 — Cylindrical end type specimen, preparation (principle sketch)
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Number of test specimens

For the establishment of the distribution of filament strength and filament rupture strain, three valid
tests, as specified in 9.7, of specimens with a 200 mm gauge length are needed. When the elongation
of the tow is not measured directly, an additional three valid tests at the other two gauge lengths of
100 mm and 300 mm, as specified in 9.7, are required for the establishment of the load train compliance.

9 Test procedure

9.1

Determination of the initial cross-section area

Fort
spec
calcu
inIS
and 1

9.2
The §

9.3

The
as p
displ
way

he purpose of determining the filament strength distribution, as well as the elasticmo
mens with a 200 mm gauge length, the initial cross-section area of the multifilament
lated from the linear density determined according to EN 1007-2, and from the.density|
D 10119. Alternatively, the initial cross-section area can be determined by.theasuring
he average diameter of the filaments in the tow, for instance through image analysis.

Determination of the gauge length

rauge length shall be measured with an accuracy of + 0,5 mm.

Gripping

specimen shall be placed in the test equipment in_such a way that axial alignment is
pssible. During gripping, care shall be taken wot to load the specimen in tension
acement is not measured directly on the tow, the specimen shall be inserted in the gr
Lhat the distance between the grips is equal®o or less than the gauge length (see Figur

3

b M

dulus on the
tow shall be
determined
the number

as accurate
. When the
ps in such a
 6).

t
t

U s W N

© ISO

acceptable
not acceptable

grip

ube
ow

Figure 6 — Test specimen mounting (principle sketch)
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9.4 Selection of strain rate

A strain rate around 10-*s1 shall be used for all the tests. The corresponding crosshead displacement
rate shall be determined from a test on a specimen with the largest gauge length of 300 mm performed
according to 9.5. The force-displacement curve obtained from this test shall have the appearance shown
in Figure 7. In particular, the curve shall have a linear followed by a nonlinear rising part, as well as a
nonlinear decreasing part. It shall furthermore meet the validity requirements of 9.7. When the force-
displacement curve does not meet these criteria, tests at lower crosshead displacement rates shall be
performed until this is the case. Calculate the strain rate from the displacement rate and check whether
it falls in the required range. If not, decrease the crosshead displacement rate until this is the case. Use
this crosshead rate in all subsequent tests, irrespective of the gauge length of the specimen.

9.5 Test procedure

Mount the specimen in the load train. Set the displacement rate on the machine. When,d-window|type
specimen is|used, carefully cut both sides of the supporting plates. Start the load versus’'displacement
recording. Load the specimen up to failure under constant displacement rate~Remove the failed
specimen frpm the grips. Check the validity requirements of 9.7.

It is recommended that a lubricant is introduced in the tow in order to reducé¢’inter-filament fri¢tion.
Lubricant oil and petrol have been used on SiC fibres.

9.6 Determination of load train compliance

Repeat step$ 9.2, 9.3 and 9.5 three times for each of the gauge lerigths of 100 mm, 200 mm and 300, mm.

9.7 Test yalidity

The test is ifvalid in the following circumstances:

— failure to specify and record test conditions;

— the linefir region in the rising part of thé force-displacement curve is lacking;

— one or rhore load drops with an amplitude larger than 5 % of the maximum force occur in the 1jising
part of the force-displacement curve;

— filamenf rupture occurs preferentially in the grips or near the gripped ends (the test is valid when
both parts of the test specimen after failure have a significant number of filaments, but nqt all,
extendihg beyond halfof+the gauge length);

— one or more load dteps at constant strain with an amplitude larger than 5 % of the maximum force
occur beyond the.point of maximum force of the force-displacement curve (this restriction dods not
apply far theidetermination of the load train compliance);

— the nonlinéar domain at the origin of the curve exceeds 10 % of the displacement corresponding to
the maximum force.

10 Calculation of results

10.1 Calculation of the load train compliance C,

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 7). Calculate
the average value C, , at each of the three gauge lengths.

Plot (,:t‘0 against L, (see Figure 8).

8 © IS0 2020 - All rights reserved
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Perform a linear regression analysis of Et o versus Ly and determine the load train compliance C; from

the interceptat L, = 0.

Y | 1/Ct,0
/
/
i /
/
/
| /
/
/
/
Il Il Il Il Il Il Il
X
1
Key
X  force F(N)
Y displacement (mm)
1  frue origin
Figure/7 — Force displacement curve and determination of true origin

© IS0 2020 - All rights reserved 9


https://standardsiso.com/api/?name=58fe28422ba34ea895940ce27e1ffe52

ISO 22459

:2020(E)

Key

X  gauge length L, (mm)

Yo G

When the di

10.2 Calcu
gauge leng

10.2.1 Det

Figure 8 — Determination of load train compliance

splacement is measured directly on the tow, €, = 0.

lation of probability of filament rupture P, front the tests on specimens with a
th of 200 mm

ermination of the true origin

The true origin of the force-displacement curve is défined by the intersection of the linear rising part of

the curve w

10.2.2 Con|

For each tes
local maxim
excluding tH
through the

th the abscissa (see Figure 7).

struction of envelope curve and determination of instantaneous compliance C;;

t draw the envelope to thé nionlinear part of the force-displacement curve containing all the
a. Select at least 30 poiht$ on the envelope curve uniformly distributed along the abs¢issa,
e linear part (see Figure 9). For each point calculate C;; from the slope 1/C,; of thg line
pointj and the trugerigin of the force-displacement curve.

10
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X  fprce F(N)
Y displacement (mm)
1 ¢nvelope

10.2{3 Probability of filament rupture

Calcylate the probability of filament rupture P; using Formula (1).

Figure 9 — Construction of the envelope curve and instantaneous compliance

e8]

P is the probability of filament rupture at step j;

C.; isthe total compliance at step j, in millimetres per newton (mm/N);

Cio istheinitial total compliance determined from 10.1, in millimetres per newton (mm/N);

C is the load train compliance calculated from 10.1, in millimetres per newton (mm/N).

© IS0 2020 - All rights reserved
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10.3 Distribution of filament rupture strain

10.3.1 Calculation of filament rupture strain

Calculate the filament rupture strain ¢, for each point j using Formula (2).

r,j

where

[ —e —e —
L L W 9]

[
L

_ (Ct.j G )Fi

Ly

(2)

the filament rupture strain at step j;

the total compliance at step j determined from 10.2.2, in millimetres per newton’' (mm
the force applied on the specimen at step j, in newtons (N);

the load train compliance calculated from 10.1, in millimetres per néwton (mm/N);

the gauge length, in millimetres (mm).

10.3.2 Filament rupture strain distribution

To plot the g
is recomme
failure P; gi
as the ordm ate and ¢,; as the abscissa. The ordinate axis shall be labelled as probability of fallu
Similarly, thi

onsistent experimental distribution of filament failurestrain data, the following proce
hded. Assign to each failure strain data obtained from laboratory testing a probabil
ven by Formula (1). To create a graph representing the data P; as a function of ¢,

e absc1ssa 'shall be labelled as failure strain.

For each teqt i (i = 1, 2, 3) with a gauge length of 200 mm, determine the shape parameter (mod|
and the scale parameter of the two-parameter/Weibull distribution of the filament rupture s
distributionfaccording to Formula (3):

SL "
P=1-eqp ol &
Vo &

where

P
€
€0
S
Ly

Vo

is t
is t
is t

is

he probability<of filament rupture;
he filament(train;

he scale' parameter;

ednitial cross-section area of the filament, in square millimetres (mm?);

/N);

dure
ty of
plot P]-
re Pp.

ulus)
train

(3)

is the gauge length, in millimetres (mm);

is the reference volume, in cubic millimetres (mms3).

The estimated statistical parameters are such that the values of probability of fracture calculated
from theoretical Formula (3) fit the cumulative distribution of failure strains constructed using
experimental strain data [Formula (2)] and associated values of probability given by Formula (1).
Various fitting techniques can be used, like the method of least squares. The best fit in the least-squares
sense minimizes the sum of squared residuals, a residual being the difference between an observed
value and the fitted value provided by a model.

For the purposes of this document the determination of the confidence intervals on the Weibull
parameters may be omitted. Instead, the average values m, and g are determined from the three tests.

12
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10.4 Distribution of filament strength

10.4.1 Initial cross-section area

Calculate the initial cross-section area of the tow according to Formula (4).

§,=103 =
p

where

Formula (3) does not apply when image analysis is used for the determinatiolr of S,.

10.4{2 Calculation of filament strength

Calcyilate the filament strength corresponding to each pointj using Formula (5).

where

10.4{3 Filament strength distribution

To

recommended. Assigh to each strength data obtained from laboratory testing a probabili
P; giyen by Formula (1). To create a graph representing the data P; as a function of o,
ord%ate and @) 'as the abscissa. The ordinate axis shall be labelled as probability of failure

the

For dach,testi (i = 1, 2, 3) with a gauge length of 200 mm, determine the shape parameter (n

§, istheinitial cross-section area of the tow, in square millimetres (mm?);

@ isthe density in grams per cubic centimetre (g/cm3) according to 1ISO 10D10.

F}
rj—
So(1-5)
¢.; Iisthe filament strength at step j, in megapascals (MPa);
I is the force applied to the specimen at step j, in newtons (N);

]

3o is the initial cross-section area of the tow from 10.4.1, in square millimetres (mn

P is the probability of fifament rupture at step j determined from 10.2.3.

9:2020(E)

(4)

¢ isthelinear density of the fibre in tex (grams per thousand metres) determined-from EN 1007-2;

(5)

12);

scissa shall be labelled as failure stress, preferably using units of MPa.

y of failure
lot P]- as the
P. Similarly,

dlot the consistént experimental distribution of strength data, the following [}ocedure is

odulus) and

I b ol | b b AL -1 11l A PR | d £ 4l £21 e b o | :
the scate parameter o e tWO-pdIr dIIeter VVeToull UIs I TOUCION Ol CIT ITIdIIeIIt STremg Ut dCCOI'dlng to

Formula (6):

SL "
P=1-exp i}
Vo | 9

where

P isthe probability of filament rupture;
o isthe filament strength, in megapascals (MPa);

0, isthe scale parameter in megapascals (MPa);

© IS0 2020 - All rights reserved
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