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Foreword

This document (EN 1007-7:2010) has been prepared by Technical Committee CEN/TC 184 “Advanced
technical ceramics”, the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by January 2011, and conflicting national standards shall be withdrawn at
the latest by January 2011.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes CEN/TS 1007-7:2006.

EN 1007, Advanced technical ceramics — Ceramic composites. Methods of test for reinforcements, has been
prepared in 7 parts:

— Part 1: Determination of size content;

— Part 2: Determination of linear density;

— Part 3: Determination of filament diameter and cross-section area;

— Part 4: Determination of tensile properties of filaments at ambient temperature;

— Part 5: Determination of distribution of tensile strength and of tensile strain to failure of filaments within a
multifilament tow at ambient temperature;

— Part 6: Determination of tensile properties of filaments at high temperature;

— Part 7: Determination of the distribution of tensile strength and tensile strain to failure of filaments within a
muiltifilament tow at high temperature.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, lItaly, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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1 Scope

This European standard specifies the conditions, apparatus and procedure for determining the distribution of
tensile strength and tensile strain to failure of ceramic filaments in multifilament tows at high temperature in air,
vacuum or a controlled inert atmosphere.

This part of EN 1007 applies to tows of continuous ceramic filaments, which are assumed to act freely and
independently under loading and behave linearly elastic up to failure.

Two methods are proposed depending on the temperature of the ends of the tow:

a) hot end method;
NOTE 1 The application of the hot end method is restricted by ceramic glues with sufficient shear strengths at the
test temperature. Current experience with this technique is limited to 1 300 °C, because of the maximum application
temperature of ceramic glues.

b) cold end method.

NOTE 2 The cold-end method is limited to 1 700 °C in air and 2 000 °C in inert atmosphere because of the limits of
furnaces.

Both methods allow for a failure rate in the determination of distribution of tensile strain and tensile strength.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

N 1007-4, Advanced technical ceramics — Ceramic composites — Methods of test for reinforcement —
Part 2: Determination of linear density

CEN/TR 13233:2007, Advanced technical ceramics — Notations and symbols

N 60584-1|, Thermocouples — Part 1: Reference tables (JEC 60584-1:1995)

N 60584-4, Thermocouples; Part 2: tolerances (IEC 60584-2:1982 + A1:1989)

EN ISO 7500-1:2004), Metallic materials — Verification of static uniaxial testing machines — Part 1: Tension/
compression testing machines — Verification and calibration of the force-measuring system (ISO_7500
1:2004)

SO 10119, Carbon fibre — Determination of density
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in CEN/TR 13233:2007 and the following

apply.

31

test temperature

T

temperature of the filament at the centre of the gauge length

3.2

lengths

initial distances between two reference points on the tow, disregarding thermal and mechanical strains
3.21

gauge length

Ly

part of the tow between the gripped ends, where the temperature variation is within 20 K of the test
temperature

3.2.2

test specimen length

Ly

initial distance between the gripped ends of the tow

3.23

uniformly heated length

L,

length of the heated zone within which the temperature variation is within 20 K of the test temperature

3.24

cold zone length

Lc

length of the tow, which is not uniformly heated

3.3

initial cross sectional area

Ao

sum of the cross sectional areas of all the filaments in the tow

34

tow elongation

AL

increase of the gauge length between the two reference points on the tow

3.5

tow strain

£

ratio of the tow elongation 4L to the gauge length L,

3.6
tow maximum tensile force

Ftow
highest recorded tensile force on the test specimen when tested to failure
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3.7
tow strength

o
tow
ratio of the tow maximum tensile force to the cross sectional area of all unbroken filaments at maximum

tensile force, F,,,

3.8

force at step j

Fj

force applied on the test specimen at step ;

3.9

filament strain

§

strain at step j in the non-linear parts of the force-displacement curve

3.10

filament strength
gj
ratio of the tensile force to the cross sectional area of all unbroken filaments at step j in the non-linear parts of

the force-displacement curve

3.1
average filament rupture strain

£,
statistical average rupture strain of the filaments in the tow for each test determined from the Weibull strain
distribution parameters of the filaments

3.12
overall average filament rupture strain

&,
arithmetic mean of the average filament rupture strains

3.13
average filament strength

o,
statistical average strength of the filaments in the tow for each test determined from the Weibull strength

distribution parameters of the filaments

3.14
overall average filament strength

Oy

arithmetic mean of the average filament strengths

3.15 Compliances

3.15.1

initial total compliance

Cy

inverse slope of the linear part of the force-displacement curve
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3.15.2

instantaneous total compliance

Cij

inverse slope of the secant at any point j in the non-linear part of the force-displacement curve

NOTE The slope is taken from a line through any point of the force-displacement curve and the intersection point of
the line of the initial total compliance with the abscissa (true origin).

3.15.3

load train compliance

G

ratio of the cross head displacement to the force, excluding any contribution of the test specimen to the
displacement during the tensile test

3.15.4

cold zone compliance

CC

ratio of the increase in test specimen length in the cold zone length L_ to the corresponding force during the
tensile test

3.15.5

hot zone compliance

Ch

ratio of the increase in test specimen length in the uniformly heated length L, to the corresponding force
during the tensile test

4 Symbols and abbreviations

Ciow s the instantaneous total compliance of the tow at maximum tensile force.
E, is the elastic modulus (Young’s modulus) of the uniformly heated part of the tow.

E

c is the elastic modulus (Young’s modulus) of the cold part of the tow.

5 Principle

A multifilament tow is heated to the test temperature and loaded in tension. The test is performed at a
constant displacement rate up to failure. Force and cross-head displacement are measured and recorded
simultaneously. When required, the longitudinal deformation is derived from the cross-head displacement
using a compliance correction. From the force-displacement curve, the two-parameter Weibull distribution of
the rupture strain and distribution of the rupture strength of the filaments is obtained by sampling the non-
linear parts of the curve at discrete intervals j, which correspond to an increasing number of failed filaments in
the tow. The test duration is limited to reduce time dependent effects.

Two methods can be used. The first method (hot-end method) consists of heating the tow over its total length.
The second method (cold end method) consists of heating only a part of the test specimen length, the
temperature profile of which is used to define the gauge length. The application of this method requires the
realisation of three different heated zone lengths.
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