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INTERNATIONAL STANDARD © SO

ISO 11566:1996(E)

Carbon fibre — Determination of the tensile properties of

single-filament specimens

1 Scope

This Interngtional Standard specifies a method of test

3 Definitions

For the purposes of-this International Standard, the

for the determination of the tensile properties of a
single-filament specimen.

The methof is applicable to single filaments of carbon

fibres, take
staple fibrg

n from multifilament yarns, strands, tows,
s, staple yarns, woven fabrics, braids and

definitions given inkJSO 527-1 apply, together with the
following.

3.1 system compliance: That portion |of the indi-
cated, extension contributed by the load frain system
and the specimen-gripping system.

knits.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this Interngtional Standard. At the time of publication,

3.2 specimen mounting: A thin sheet

made of pa-

per, metal or plastic with a slot whose length corre-

sponds to the gauge length of a test spec

4 Principle

men.

the editior]s indicated were valid. All standards are

subject to

revision, and parties to agreements based

on this International Standard are @ncouraged to in-
vestigate the possibility of applying the most recent
editions of| the standards indi€ated below. Members

of IEC and
ternational

ISO maintain registers of currently valid In-
Standards.

ISO 291:1977, Plastics'— Standard atmospheres for
conditioninlg and testing.

ISO 527-1:
properties

1993, Plastics — Determination of tensile

A single-filament specimen is loaded in ftension at a
constant speed by a suitable mechanical testing ma-
chine until failure and the force-extensipn curve re-
corded.

The tensile strength and tensile modulusg of elasticity
are calculated from the force-extension| relationship
and the specimen cross-sectional area.

The tensile modulus of elasticity is calculgted by divid-
ing the difference in stress at two defingd points by
the corresponding difference in strain at {hese points,

— Part 1 General principies.

ISO 10548:1994, Carbon fibre — Determination of
size content.

ISO 10618:—"), Carbon fibre — Determination of
tensile properties of resin-impregnated yarns.

ISO 11567:1995, Carbon fibre — Determination of
filament diameter and cross-sectional area.

1) To be published.

which may be two stress levels {method A) or two
strain levels (method B). The difference in strain is
corrected for the system compliance. The cross-
sectional area is determined independently.

The relationship between stress and strain may not be
linear, hence a chord modulus has to be defined. The
two methods (A and B) represent two distinct
methods of defining the position of the chord and may
not give identical results.
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5 Apparatus and materials

5.1 Tensile-testing machine, operating at a con-
stant crosshead speed, equipped with force- and
extension-recording devices. The accuracy of the
force indication shall be better than 1 % of the re-

corded value.

The movement of the crosshead shall be recorded in
order to calculate the specimen extension. The grips

shall have flat surfaces.

5.2 Speci

1

paper, flexiple metal or plastic, with slot of length

25 mm £ 0,4
The sheet

minimize m
A thickness

mm, as shown in figure 1.

shall be as thin as possible in order to
salignment of the specimen at the grips.
of 0,1 mm is recommended

5.3 Adheslve: any epoxy resin, rosin or sealing wax

which is sui
mounting.

fable for bonding the filament firmly to the

5.4 Adhesive tape, to fix the filament temporarily to

the mountin

6 Tests

Prepare at
tary unit, to

Removal of

becimens

g (no special requirements).

past 20 test specimens from each elemen-
enable 20 measurements to be made for
each result feported.

any size present makes it easier to pre-

pare good ppecimens. To remove the Size, use the

solvent-extraction,

chemical-digestion._or pyrolysis

methods specified in ISO 10548.

7 Procedure

7.1 Test atmosphere

© SO

Carry out the test in one of the standard atmospheres

defined in ISO 291.

7.2 Measurement of cross-sectional area

7.2.1 Measure the cross-sectional area
5] ] 2] y by ©
ISO 11567 (microscopic determinatiot

of the fila-
ds given in
for trans-

versely cut specimens; calculation from thg number of
filaments, density and linear density of thg yarns; cal-
culation from the diameter as (determined by optical
microscopy; or calculation from the diampter as de-

termined by laser diffractometry).

When the cross-sectional area is determin
diameter measured by optical microscopy
fractometry, the same test specimens can

¢d from the
or laser dif-
be used for

the measureément of both cross-sectiongl area and

tensile propérties.

7.2.27)In cases where the cross-sectional
fibres is known to vary widely within a

area of the
given fibre

bundle or tow, ensure, if judged necessafy, that the
tensile strength is determined on filaments for which
the cross-sectional area has been measured. In this

case, prepare the test specimens and de
cross-sectional area in accordance with

ermine the
ISO 11567

using optical microscopy or laser diffractometry.

Take care when measuring the cross-sectipnal area to

avoid damage to the filaments.

Dimensions in millimetres

|
o } Adhesive—_|
ER
/ \ Single-filament
" 1 test specimen N\
<)
H .
A I | ™
!
w Adhesive \N)
o |
|
I
10
20

a) Dimensions of mounting

b) Mounting with specimen bonded in place

Figure 1 — Mounting for single-filament test specimen
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7.3 Tensile testing
7.3.1 System compliance

The system compliance K is a correction coefficient
applied to the indicated extension to correct for the
contribution from the load train system and the
specimen-gripping system (see 3.1) and hence give
the true specimen gauge-length extension. The pro-
cedure for the determination of the system compli-
ance is given in annex A.

Determine the system compliance experimentally for

ISO 11566:1996(E)

8 Expression of results
8.1 Tensile strength

For each test specimen, calculate the tensile strength
o;, expressed in megapascals, of the filament using
the equation

_Fk

o= (M)
f

where

each comiination of test machine conditions, grip sys-
tem and sgecimen mounting. Subtract the compliance
from the ipdicated extension to give the true speci-
men gaugg-length extension [see 8.2, equations (2)
and (3)]. Check the compliance at regular intervals as
recommended in the product specification or by the
person reguesting the test.

7.3.2 Performing the test

7.3.2.1 Place a single-filament specimen over the
centre of the slot of a mounting (5.2). Temporarily fix
one end of| the specimen to the mounting with a piece
of adhesivp tape (5.4). Lightly stretch the specimen
across the|slot and fix the other end to the other end
of the moynting with a piece of adhesive tape.

7.3.2.2 Apply a drop of adhesive (5.3) to the speci-
men at edch end of the mounting slot to bordd the
specimen firmly in place.

7.3.2.3 S¢t the crosshead speed (of"*the tensile-
testing mdchine (5.1) to a value between 1 mm/min
and 5 mm/min.

7.3.2.4 Clamp the mounting’in the grips so that the
specimen |s aligned with-the loading axis of the test
machine.

7.3.2.5 Before ‘applying the load, i.e. with the
mounting pinstrained, cut or burn through both sides

F; is the maximum tensile force;inhewtons;

A¢ s the cross-sectional area; in fsquare milli-
metres, of the filament({see 7.2),

8.2 Tensile modulas of elasticity
8.2.1 Method A{see figure 2)
In this method, the tensile modulus of elasticity E 4,

expressed<in gigapascals, is calculated using the
equation

A JLAL
Ejp =222 y1073 (2
1_K(AFA]
ALA
where

AFp is the difference in force, in neyvtons, corre-
sponding to load limits of 400|mN/tex and
800 mN/tex;

Af is the cross-sectional area, in |square milli-
metres, of the filament (see 7.2)

L is the gauge length, in millimgtres, of the
specimen;

AL, is the difference in length, in millmetres, cor-
responding to load limits of 40Q mN/tex and
800 mN/tex;

of the mounting at mid-gauge. If burning is used, care
must be taken to avoid exposing the specimen to the
flame. As the filament is very fragile, the specimen
breaks occasionally during this step.

7.3.2.6 Start the recording equipment and load the
test specimen to failure.

7.3.2.7 If the test specimen fails within the grips,
discard the result and repeat with a fresh specimen.

K is the system compfliance, In millimetres per
newton, calculated in accordance with an-
nex A.

8.2.2 Method B (see figure 2)

In this method, the tensile modulus of elasticity Ex g,
expressed in gigapascals, is calculated using the
equation
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AR (L
EfBJAf)k 8/ 10-3 )
T k()
\ALg )
where

AFg is the difference in force, in newtons, corre-
sponding to the strain limits selected, de-

pending on the nominal strain at break of the
fibre, as specified in table 1;

: T~
Af (5]

© SO

Table 1 — Selection of strain limits

Values in percent
Nominal strain at break, ¢ Strain limits
12<e 0,17t 086
06=<e€e<1,2 0,1t00,3
03=<e<06 0,051t0 0,15

NOTE — The nominal strain at break (or percent elon-
gation at maximum load) of commercially available prod-
ucts may be calculated from the nominal tensile strength
and tensile modulus of elasticity values for the type of
carbon fibre under test.

N . s .
T Livoo-ocuuiuiial aica, 1l oyuaic i

melres, of the filament (see 7.2);

L is the gauge length, in millimetres, of the
spgcimen;
ALg is the difference in length, in millimetres,

corfresponding to the strain limits seiected,
depending on the nominal strain at break of
thel fibre, as specified in table 1;

K is the system compliance, in millimetres per

10

T
i

II%
a)

b)

c)

d)

f)

a)

h)

Test report

tac
co

tr articulars:
ariiculars:

a reference to this-International Standdrd;

all details necgessary for identification pf the fibre
sample tested;

the cross-sectional area of the filamgnt and the
method used to determine it;

the adhesive used;
the crosshead speed used in the tensile test;
the system compliance K;

the number of specimens tested, including the
number of specimens discarded;

the individual and mean values of |the tensile
strength and tensile modulus of elastidity;

the method used to calculate the tengile modulus
of elasticity, i.e. method A or B;

the date of the test;

the atmospheric conditions used in the test;

any deviation from the procedure spgcified likely
to-have-had-a-bearin .

neyvton.
z
g
£ /
F2
w
<
Fq
AL
L4 L,
Extension (mm)
Figure 2 — Relationship between force and exten-
sion during a tensile test
9 Precision

The precision of this method is not known because
interlaboratory data are not available. Interlaboratory
data are being-obtained and a precision statement will
be added at the following revision.
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