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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.

are

The procedt
described in
different tyy
editorial rul

Attention is
patent right
any patentr
on the ISO li

Any trade n
constitute a

For an expl
expressions
the World

WWW.iS0.0r4

res used-to r‘nvn]np this document and thase intended for its further maintenanc

the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed’fg
es of ISO documents should be noted. This document was drafted in accordance,wit
bs of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may; be the subj
5. SO shall not be held responsible for identifying any or all such patént'rights. Detd
ghts identified during the development of the document will be in the)Introduction a1
5t of patent declarations received (see www.iso.org/patents).

ime used in this document is information given for the conyenience of users and dosg
1 endorsement.

anation of the voluntary nature of standards, the mieaning of ISO specific term;
related to conformity assessment, as well as information about ISO's adheren
[rade Organization (WTO) principles in the .Fechnical Barriers to Trade (TBT)
/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee S

Composites d

(CEN) Technical Committee CEN/TC 249, Plastics,”in accordance with the Agreement on tech

cooperation

This third e
minor revisi

The main ch
— symbols
symbols

symbols

arefere

on.

nd reinforcement fibres, in collaborationcwith the European Committee for Standardiz

between ISO and CEN (Vienna Agte€ement).

dition cancels and replaces thé.second edition (ISO 527-4:2021), of which it constity

anges are as follows:

Figures 1 and 5 have been updated to match the text;

in Table B.2have been updated for consistency (upper case to lower case);
in Annex E‘have been updated for consistency (upper case to lower case);

nce has-been added to the bibliography.

rtSin the ISQ 527 series can be found on the ISO website

r the
h the

bct of
ils of
nd/or

S not

and
re to
see

»

C 13,
ation
nical

tes a

A list of all

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2023 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=542154b7079082fad9d6537fd697c2ce

ISO 527-4:2023(E)

Introduction

This document introduces a new test specimen, type 4, with a tapered geometry for use without
end tabs. The geometry has been developed to overcome difficulties with bonding end-tabbed test
specimens, especially when testing materials based on a thermoplastic matrix.

Guidance on gripping, including grip face design, is also added.
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INTERNATIONAL STANDARD ISO 527-4:2023(E)
Plastics — Determination of tensile properties —

Part 4:

Test conditions for isotropic and orthotropic fibre-
reinforced plastic composites

1 Scope

This document specifies the test conditions for the determination of the tensile propertie§ of isotropic
and prthotropic fibre-reinforced plastic composites, based upon the genethal principles given in
SO 5[27-1.

NOTH1 Unidirectional reinforced materials are covered by ISO 527-5.

The methods are used to investigate the tensile behaviour of the test specimens and for

the t
relat

The 4

f]
1]
1

=

= 0

\
f]

The 1

fibres

ensile strength, tensile modulus, Poisson's ratios and other aspects of the tensile
onship under the defined conditions.

est method is suitable for use with the following materials:

bre-reinforced thermosetting and thermoplastie“composites incorporating non-u
einforcements such as mats, woven fabrics, woveh rovings, chopped strands, combin

einforcements, hybrids, rovings, short or milled fibres or preimpregnated materials (
OTE2 Injection moulded specimens arelcovered by ISO 527-2.

ombinations of the above with uniidirectional reinforcements and multidirectiong
haterials constructed from unidiréctional layers, provided such laminates are symme

OTE3  Materials with completely or mainly unidirectional reinforcements are covered by
inished products made from materials mentioned above.

einforcement fibres)covered include glass fibres, carbon fibres, aramid fibres and d

D

2

The follewing documents are referred to in the text in such a way that some or all of
constitutes requirements of this document. For dated references, only the edition cited

ormative references

alt

determining
btress-strain

idirectional
ions of such
brepregs);

]l reinforced
trical;

SO 527-5.

ther similar

heir content
applies. For

undafed references, the latest edition of the referenced document (including any amendments) applies.

ISO 5
[SO1
[SO 2
ISO1

27-1:2019, Plastics — Determination of tensile properties — Part 1: General principles
268 (all parts), Fibre-reinforced plastics — Methods of producing test plates
818, Plastics — Preparation of test specimens by machining

6012, Plastics — Determination of linear dimensions of test specimens

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

©ISO
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

gauge length

Ly

initial distance between the gauge marks on the central part of the test specimen

Note 1 to entry: It is expressed in millimetres (mm).

Note 2 to entfy: The values of the gauge length that are indicated for the specimen types in the different|parts
of ISO 527 represent the maximum relevant gauge length.

[SOURCE: ISP 527-1:2019, 3.1]

3.2
thickness
h

smaller initipl dimension of the rectangular cross-section in the central partief a test specimen

Note 1 to entyy: It is expressed in millimetres (mm).
[SOURCE: ISP 527-1:2019, 3.2]

3.3
width
b
larger initial dimension of the rectangular cross-section:in the central part of a test specimen

Note 1 to entyy: It is expressed in millimetres (mm).
[SOURCE: ISP 527-1:2019, 3.3]

3.4

test speed
v

rate of sepaiation of the grippingjaws

Note 1 to entyy: It is expressed immillimetres per minute (mm/min).
[SOURCE: ISP 527-1:2019¢3:5]

3.5
stress
o

<en ineeril’l" aormal Foron mar it nveng AF b N gl A oo cnedtia azithan th A i Jopath (2
g 5 TITUTTIITAT TUITI CU l.l\,l Uit drea vl uvaIicv vl lslll“l CIUOO OCLUCLlIUIT VVvILIIIIlI vIIce yuugu ll(ll&l,ll LJ-47

Note 1 to entry: It is expressed in megapascals (MPa).

Note 2 to entry: In order to differentiate from the true stress related to the actual cross-section of the specimen,
this stress is frequently called “engineering stress”.

Note 3 to entry: o for “1"-direction specimens is defined as o, and for "2"-direction specimens as o, (see 3.9 and
Figure 2 for definitions of these directions).

[SOURCE: ISO 527-1:2019, 3.6, modified — Domain “<engineering>" and Note 3 to entry have been
added.]
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strength

O .
maxil

mum stress observed during a tensile test

Note 1 to entry: It is expressed in megapascals (MPa).

[SOU

3.6
strai
£
incre

Note
[SOU

3.6.1
strai
gm

strai

Note
[SOU

3.7
tensi
modj
Eq
slope
Note

Note
regre

Note
Note

[SOU

©ISO

RCE: ISO 527-1:2019, 3.6.2]

n

ase in length per unit original length of the gauge

[ to entry: Itis expressed as a dimensionless ratio, or as a percentage (%).

RCE: [SO 527-1:2019, 3.7]

In at strength

h at which the strength (3.5.1) is reached
[ to entry: It is expressed as a dimensionless ratio, or as a percentage (%).

RCE: [SO 527-1:2019, 3.7.3]

le modulus
1lus of elasticity under tension

[ to entry: Itis expressed in megapascals (MPa).

2 to entry: It may be calculated either as the chord modulus or as the slope of a linear
5sion line in this interval.

B to entry: This definition'ddes not apply to films.
t to entry: See Figure?D.
RCE: 1SO 527-152019, 3.9]
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Figure 1 — Stress-strain curve

3.8
Poisson's ratio

u
negative ratjo of the strain changeAgy, in one of the two axes normal to the direction of extension,

to the correpponding strain change Ag, in the direction of extension, within the linear portion ¢f the
longitudinal|versus normal strain-eurve

Note 1 to entyy: It is expressedras’a dimensionless ratio.

Note 2 to entfy: Since thellateral strain change Ag is a negative number and the longitudinal strain changeAg, is
positive, the Poissonsatio as defined in ISO 527-1:2019, 3.10 is a positive number.

[SOURCE: ISP 5271:2019, 3.10]

3.9
specimen coordinate axes

1,2,3

axes, where “1"-direction is normally defined in terms of a feature associated with the material
structure or the production process, such as the length direction in continuous-sheet processes (see
Figure 2) and the “2"-direction is perpendicular to the “1"-direction.

Note 1 to entry: The “1-direction is also referred to as the 0° or longitudinal direction and the “2’*-direction as the
90° or transverse direction. The “3-direction” is perpendicular to the plane of the “1-direction” and “2-direction”.
The “3-direction” is also referred to as the “through-thickness” direction for planar systems.

Note 2 to entry: For unidirectional materials covered by part 5 of this International Standard, the direction

parallel to the fibres is defined as the “1"-direction and the direction perpendicular to the fibres (in the plane of
the prepreg/plate) as the “2"-direction.

4 © IS0 2023 - All rights reserved
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Figure 2 — Fibre-reinforced plastic composite showingaxes of symmetry

3.10
failure position
Ug
failure location of specimen type 4 within the local coordinate system (u, v) of the tapered pection
Note [ to entry: It is expressed in millimetres (mm).

Note P to entry: See Figure 5.

4 Principle
According to ISO 527-1.

5 Apparatus
The gpparatus shall conform to ISO 527-1:2019, Clause 5, except for the following.

The hicrometre or its-equivalent (see ISO 16012:2015, 5.5) shall read to 0,01 mm or better|It shall have
a suitable-size ball;ended anvil if used on irregular surfaces and a flat anvil if used on flat,[smooth (e.g.
machined) surfages.

When usingzextensometers with specimen type 4, use a gauge length of 25 mm (see ISQ 527-1:2019,
5.1.5).

I : dod & 1 1 1: ol ] H J.1 s 4 3 | 21 J s A A
t 1S recommenaea to CIretK dIIgHIIITIIU U LT SPTLIIITIT AT TUAUTITS LT alll 45 UTSLTITUTU TIT A1 nex .

6 Test specimens

6.1 Shape and dimensions

Four types of test specimen are specified for use with this document, as detailed and illustrated in
Figure 3 (type 1 B), Figure 4 (types 2 and 3) and Figure 5 (type 4).

Type 1B is for testing fibre-reinforced thermoplastics. Type 1B specimens may also be used for
fibre-reinforced thermosets if they break within the gauge length. Type 1B shall not be used for
multidirectional, continuous-fibre-reinforced materials.

© IS0 2023 - All rights reserved 5
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Type 2 is rectangular without end-tabs, and Type 3 is rectangular with bonded end-tabs. They are
for testing fibre reinforced thermosets and thermoplastics. Specimens with unbonded end tabs are
considered as type 2.

The preferred width of type 2 and type 3 specimens is 25 mm, but widths of 50 mm or greater may be
used if the tensile strength is low due to the particular type of reinforcement used.

Type 4 is tapered without end-tabs and for testing fibre-reinforced composites, especially for testing
multidirectional, continuous-fibre reinforced thermoplastics. Please refer to Annex B.

The thickness of type 2, type 3 and type 4 specimens shall be between 2 mm and 10 mm.

To decide W
(specimen tJ
specimens k
(specimen ty
using fine g

NOTE Co
strength of tH
to counter hig

The recomif
compressior
no point dev

hether to use specimen with or without tabs, first carry out tests without using
fpe 2 [rectangle] or type 4 [tapered]) and, if the tests are not successful, i.e. if dlmg
reak in the grips (see Clause 7), perform test with bonded end tabs on the)speci
pe 3). Refer to Annex C for guidance on unbonded tabs or gripping conditiofywithou
ip faces and careful control of the gripping force.

ntinuous fibre reinforced composites typically have high fracture forges due to high t
eir fibres. Using specimen thicknesses larger than 4 mm can require andncreased clamping |
th clamping pressures.

hended specimen thickness for continuous-fibre-reinforced composites is 2 mm
-moulded materials, the thickness between the end-pieces.of any type of specimen sh
iate from the mean by more than 2 %.

tabs
st all
mens
tabs

ensile
ength

. For
all at
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Symbol Name Dimeénsions in millimetres
3 Overall length 2 2150
Length of narrow parallel-sided portion 60,0+0,5
r Radius b 260
b, Width at ends 20,0+0,2
by Width of narrow portion 10,0 £ 0,2
h Thickness 2to 10
Lo Gauge length (recommended for extensometers) 50,0 + 0,5
L Initial distance between\grips 115+1
2 FHor some materials, the length of the tabs can'be extended (e.g. so that I; = 200 mm) to prevent breakagg or slippage of
the specimen in the jaws.
b 5I should be noted that a thickness of-4 mm gives a specimen which is identical to the type 1B specim¢n specified in
ISO 5p7-2.

Figure 3 — Type 1B specimen

- Ea

L1 L1
| L |

a) Type 2 specimen

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=542154b7079082fad9d6537fd697c2ce

ISO 527-4:2023(E)

L,
L
X -
Ny : 1
2
A
N —
\iii : !
L3

b) Type 3 specimen

Key
1 centringd holes (optional), ¢ D
2 jaws
Symbol Name Dimensions in millimetres
Type 2 Type 3
Lq Overall length =250 =250
L, Distance between end tabs — 1501
by Width 25+0,50r50+0,5 25+0,50r50+0,5
h Thickness 2to 10 2to 10
Ly Gpuge length (recommended for extensometers) 501 50+1
L Initial distance between grips(nominal) 150+1 1501
Ly Length of end tabs — =50
hy Thickness of'end tabs — 1to3
D Diameter efcentring holes 3+0,25 3+0,25
NOTE Rdquirements omspecimen quality and parallelism are given in ISO 527-1:2019, 6.4.

Figure 4 — Type 2 and type 3 specimens

© IS0 2023 - All rights reserved
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Symbol Name Dimensions in mi]limetres

Type 4

Lg Total length 2300

b4 Width of parallel mid-section 25+0,5

b, Width at ends 28+0,5

H Thickness 2to0 10

Ly Gauge length (recommendedfor extensometers) 251

L Initial distance in between grips (nominal) 200

Py Bézier curve control,point in (u, v) coordinates (0; 0)

P; Bézier curve control pointin (u, v) coordinates (4,86; 0)

P, Bézier curve.control point in (u, v) coordinates (13,0; 0)

P, Bézier curyve control point in (u, v) coordinates (87,5; 1,5]

C Edge is a Bézier curve

j Clamping jaws

NOTH

Formulae (1) and (2) are the Bezier curve specifically resolved for the specimen type 4 t

Requirements on specimen quality and parallelism are given in ISO 527-1:2019, 6.4.

Figure 5 — Type 4 specimen

b calculate a

polyl

ne being applicable on most LNU machines. I'hey derine the local coordinates (u, v) o

the tapered

section’s edge depicted in Figure 5. The transformation into the specimens coordinate system (x, y) is
depicted in Figure 5. The variable t should not exceed increments higher than 0,05 to avoid a course
partitioned polyline. A more detailed description on how to construct the type 4 specimen is given in

B.2.

u(t)=63,08t> +9,84t% +14,58¢

v(t)=1,5t3

with te[0,1] with At <0,05

© IS0 2023 - All rights reserved
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6.2 Preparation of specimens

6.2.1 General

In the case of moulding and lamination materials, prepare a panel in accordance with ISO 1268 (all parts)
or another specified/agreed procedure. Cut individual specimens, or groups of specimens in the case of
type 3 specimens (see Annex D), from the panel.

In the case of finished products (for example, for quality control during manufacture or on delivery),
take specimens from flat areas.

Parameters
specimens i{

For machini

Formulae (1

6.2.2 End

The ends of {
fibre/resin |
1 mm and 3

Alternative {
strength an
recommend
fastened tah
grip faces w

6.2.3 Applications of end tabs for type 3 specimens

Bond the en

NOTE TH

6.3 Gaugyd
The gauge m

Mark the p

the centre o
from the cer
specimen. In

£ ) - . 1 111 —don o 1CO. 2010 h ) d=l A |
139J8 llldl,lllllllls leUl,llllUllb S11dIl DT dS5 apcuuu—:u I 10U 2010. T'UI L1ITI Buludllbc Ull LYy
given in Annex D.

hg of type 4 specimens only, a polyline of the required profile can be calculated usin

) and (2).

tabs for type 3 specimens

he specimen shall be reinforced, preferably with end tabs made of\cross-ply or fabric §
nminate with the fibres at +45° to the specimen axis. The tab(thickness shall be bet
mm, with a tab angle of 90° (i.e. not tapered).

abbing arrangements are permissible, but shall be showh, before use, to give at least
1l no greater coefficient of variation (see ISO 527-1:2019, 10.5 and ISO 3534-1) tha
bd tabs. Possible alternatives include tabs made from the material under test, mechan

thout tabs as described in Annex C.

| tabs to the specimen with a high-stretch adhesive in accordance with Annex D.

e same procedure can be used for individual specimens and for a group of specimens.

b marks

arks shall conformrtoIS0O 527-1:2019, 6.3.

the parallelmid-section. Two additional marks shall be placed in a distance of 12,!
tre (see Eiglire 6). The marks indicate the width and thickness measurement points
additionythe outer marks indicate the extensometer placement positions.

Ly/2 Ly/2

tting

g the

rlass-
ween

pqual
n the
ically

s, unbonded tabs made of rough materials (sueh 'as emery paper or sandpaper), and fine

rallel mid-section’of the specimen when using specimen type 4. The first mark indicates

b mm
bf the

Figure 6 — Positions of supporting marks

6.4 Checking the specimens

The specimen checking shall conform to ISO 527-1:2019, 6.4.

10
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6.5 Anisotropy

The properties of fibre-reinforced plastic composites frequently vary with direction in the plane of the
sheet (anisotropy). For this reason, it is recommended that two groups of test specimens be prepared
with their major axes parallel and perpendicular, respectively, to the direction of some feature which
is inferred from a knowledge of the structure of the material or its method of manufacture (see 3.10).

7 Number of specimens

The number of specimens shall conform to ISO 527-1:2019, Clause 7, except the following.

Specimens that slip or break inside the grips or at the grips edge regions are invalid. Thege specimens
shall|be discarded and further specimens shall be tested.

8 (onditioning

Condjtioning shall be in accordance with ISO 527-1:2019, Clause 8.

9 Procedure

9.1 [Test atmosphere

Test atmosphere shall be in accordance with ISO 527-1:2019, 9.1.

9.2 | Measurement of specimen dimensions
The measurement shall conform to ISO 527-1:2019, 9.2, except for the following.

For specimen type 4, record the width, thickness and total length in accordance with ISQ 16012. The
width and thickness shall be measured:at the specimen’s centre and within a distance|of 12,5 mm
from|the centre equally on both sides/{see positions of gauge marks defined in 6.3). The|total length
shall|be measured to the nearest 9,5'mm for a failure location related tensile strength estimation (see
[SO 327-1:2019, 10.1). Use the/mean values of measured width and thickness to calculate the cross-
sectipn of the test specimen’s measurement area.

9.3 | Clamping

The dlamping shall.cenform to ISO 527-1:2019, 9.3.
NOTH1 Invalid'failure (see Clause 7) of the test specimen inside the grip or at the grips edgp regions can
often|be avoided by adjusting the gripping force or pressure (e.g. via torque or manometer dependir|g on gripping

systemn used) so that it does not cause fracture or crushing of the test specimen. Misalignment of fpecimen can
also Hefareason for the invalid failure described.

NOTE 2  For testing with specimen without tabs (type 2 and 4) invalid failure can be caused by crushing or
significant damage of the fibres in the outer layers of the specimen, which can be avoided by a low gripping
surface roughness in the range of emery paper (e.g. P400 according ISO 6344-1).

9.4 Prestresses

The prestress shall conform to ISO 527-1:2019, 9.4.

9.5 Setting of extensometers and strain gauges and placing of gauge marks

The strain measurement setting shall conform to ISO 527-1:2019, 9.5. Measure the gauge length to an
accuracy of 1 % or better.

©1S0 2023 - All rights reserved 11
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9.6 Speed of testing

9.6.1 For type 1B test specimens

a) 10 mm/min for routine quality control;

b) 2mm/m

in for qualification tests:

— when measuring the maximum elongation,

— when determining the tensile modulus of elasticity.

9.6.2 For type 2, type 3 and type 4 test specimens

a) 5S5mm/
b) me/:[

in for routine quality control;

in for qualification tests:

— when measuring the maximum elongation,

— when determining the tensile modulus of elasticity.

9.7 Recording of data

The recording of data shall conform to ISO 527-1:2019, 9.7.

10 Calculation and expression of results

10.1 Calculation of all properties for parallel sided specimens

The property calculation shall conform to ISO 527<1:2019, Clause 10, except that the definitions giyen in

Clause 3 apply and strain values shall be reperted to three significant figures.

If Poisson’s rjatio is required, calculate it at the strain values given in 3.8.

10.2 Failure location related calculation of tensile strength for type 4 specimens

The tensile dtrength shall be calculated based on the failure location for specimen type 4 in accordlance

with Annex E. All other properties of type 4 specimens shall be calculated according to 10.1.

11 Precis

See Annex B

on

12
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12 Test report

The test report shall include the following information:

ISO 527-4:2023(E)

a) a reference to this document, including the type of specimen and the test speed, written in the

following format:

Tensile test

1S0527-4/2/5

Type of specimen

Test speed in millimetres per minute

(ol

b)

£/

e.g. mat) in 12 b);

r) fpilure mode and location of failure for each specimen.

p q) see ISO 527-1:2019, Clause 12, b) to q), including fibre type, fibre content'and fibre geometry

© IS0 2023 - All rights reserved
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Annex A
(informative)

Alignment of specimens

It is recommended that the alignment situation of the tensile-testing machine be checked in accordance
with ISO 23788, or ASTM E 1012, using a thin rectangular alignment gauge, instrumented with strain

gages applie

The result o
the position
expected sit
reinforced p
to serve as 1

d at 5 planes (A, b and C) and 4 strain gages per plane.

F the alignment verification depends on the dimensions of the alignment gauge-being jused,
5 of the strain gages and their stiffness. Therefore, the alignment gauge only réflects the
Liation when testing with specimen, if it is similar in shape, dimensions and material. [Fibre
olymer composites normally show localized deformations and are therefore not adapted
haterial for alignment gauges. Steel of a yield stress of >800 MPa and.a-tensile modujus of

approximategly 200 GPa, free of significant internal stresses, is considered to be-aeceptable.
L
S
c +— Q8 E3
SRION@) OO
/I:I — —
'I &
m m M |
4
i N R N
A
NN
B~ Lf
Key
1  strain gapge
Symbol Name Dimensions in millimetres
L Overall length 254
h Height 3,2
b Width 25,4
L, Tab length 64
h; Tab height 4,5
m Strain gauge distance from specimen’s edge in 5
transverse direction
Strain gauge distance from tab in specimen’s
ny loneitudi . . 25
ongitudinal direction
n Distance between strain gauges in specimen’s 38
2 longitudinal direction

Figure A.1 — Example of a standard alignment gauge equipped with 12 strain gages and
exchangeable protection tabs

14
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In order to avoid multiple alignment verifications related to each of the specimen shapes and dimensions
being used for testing, it is acceptable to verify the testing machine and its loading train by using the
alignment gauge shown in Figure A.1. This alignment gauge is in accordance with the Nadcap Audit
Criteria AC7122-1 and -R, Appendix A which is broadly used in the aerospace industry. Results for
bending and percent bending obtained using this gage are higher than results obtained with alignment
gauges produced in accordance with the specimen dimensions shown in this document.

Verify the alignment situation in at least two positions of the gage, normally turned by 180° around the
centre axis of the alignment gauge. Optionally, measurements in top-down position of the alignment
gauge can be carried out. In accordance to ASTM E 1012 and ISO 23788, it is important to:

For static tensile tests, percent bending shall not exceed 8 % atian’axial alignment gauge de
1000 um/m.

Repept the alignment verification annually, in case of,doubts and after any major mo
the testing machine that may impair the alignment\situation, such as delocalization, n
calibration or re-installation of grips or load cells.it is normally not required to repeat t}
verification after a simple change of grip inserts:

[t is highly recommended to use specimen ehd-stops in order to ensure that the specimen i
the grips in a way that the centre axis of the specimen exactly conforms to the centre axis ¢
machine.

7araall ctrain gagac 11 2 fron hanagin
JeTro—ooTra ooy T T et

es hanging position-of theali ament g
residual bending;

measure bending (Lm/m) in clamped position at zero load or a small preload;

—

heasure bending (um/m) and Percent Bending (%) at 1 000 microstrains (pm
eformation. When using the standard alignment gauge, a load of appro%imately 16,5 |
gt this deformation;

(@)

gdpen the lower grip and measure again the bending (um/m) ina free hanging positi
hat the alignment gauge was not altered during the measuremeént.

(o d

m) of axial
¢N is applied

bn to ensure

formation of

dification of
haintenance,
le alignment

5 placed into
f the testing
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Annex B
(informative)

Testing with tapered tensile specimen geometry without tabs

(type 4)

B.1 Over

This annexd
is a challeng
temperature
tabs in many
applied to t}
and is very 1f

B.2 Type
The type 4 s

There are se¢
accessible.

Method 1: L

The specimg
527/-4/ed-3

view

escribes tensile testing using the tapered tensile specimen geometry (type 4). Applying
ing and time-consuming process especially for thermoplastic based composites. Morg
or media have a large influence on the behaviour of adhesives and the functioning
r cases. Due to the slightly tapered geometry, no tabs and therefore no adhesives need
le specimen. This testing method is more efficient, prevents tab debonding during t¢
obust against clamping failures.

4 specimen’s geometry
pecimen tapered section has a shape based on a cubic Bézier curve.

veral possibilities to get the type 4 specimens shapé; depending on the technical equip

ownload the specimen geometry

n geometry (defined with polylines) can’'be downloaded at https://standards.iso.org

r tabs
over,
f the
to be
sting

ment

/iso/

en/. If this URL is not reachable at the given time, then choose method 2 or method 3.

Method 2:

By using thg

CAD Softwalre. It is recommended (to partition the resulting Bézier curve into a polyline for b

compatibilit
to Bézier cul
to check hov

Method 3:

If the available technical equipment or application is not able to directly construct a Bézier curve

the control

onstruct the type 4 specimen using CAD software

control points P, P, Pycaitd P; defined in 6.1 a Bézier curve can be constructed w

y with other computéeryaided systems like CNC machines. Some CAD Software might
ves differently, for‘example, as cubic splines. The CAD software manual is the best log
y Bézier curves.can be constructed in that particular software.

alculate the‘polyline based on the Bézier curve

ointsPy, P, P, and P defined in 6.1, the local Bézier curve’s points (u, v) can be calcy

using a stat

ithin
etter
refer
ation

using
lated
e art

e 0f the art spreadsheet program (e.g. MS Excel, Libre Office Calc, etc.). State of th

machines ar

dprogramrs cam hamdte Himear potytines:

Calculate the u-coordinate using Formula (1) and v-coordinate using Formula (2). The recommended
linear step of the variable tis less than or equal to 0,025 to avoid a course polyline.

In most cases CAD software should be able to support translation and mirroring of polylines on planes.
If in rare cases such features are not available, Figure 5 depicts the transformations for each of the
four specimen type 4 edges of the tapered sections. These can be easily applied using state of the art
spreadsheet program before importing the transformed polylines into the CAD program.

B.3 Comparison of type 4 and type 3 geometry

An interlaboratory test was conducted to compare type 3 and type 4 geometry results. Equivalent
accuracy in test results together with much higher efficiency and robustness of the type 4 geometry in
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comparison to the rectangular specimen geometry with tabs (type 3) were obtained for two different
materials. The materials consisted of glass fibre fabric reinforced thermoplastics where glass fibres
were aligned in two major material directions indexes as 1 and 2, from which the major direction 1 was
tested.

In Table B.2 the statistical properties used are:

s, = within-laboratory standard deviation,
Sg = between-laboratory standard deviation,
£ = O5-Oo-repeatabityHmt=—28-5;
R = 95 % reproducibility limit = 2,8 s.
NOTE1  Two fabric materials described in Table B.1 were tested from 5 different laboratories. Ea

tested 10 x type 4 specimens cut centrally by micro water jet cutting as well as 10 x type'3 and 10 X

each |
of typ
(strai
(robu

NOTH
comp
type 1
clamy

h gauge, optical strain gauge, etc.), cutting procedures as well as perSennel and maching
tness). The RRT results are shown in Table B.2.

aboratory’s in-house techniques (milling or water jet cutting). The goal was to-cempare the t
e 3 specimen with the type 4 (accuracy) and determine the influences of differént measureme

2 The results showed the same accuracy of the type 4 geometry in terms of testi
hrison to the type 3 specimens, due to the same measured modulus and tensile strength. In
L geometry is more robust to user created variations (i.e. thickness of bond, type of bond, bor
ing of specimen, type of clamps, grip surface) For type.4‘specimens: ~96 % of tested sped

ch laboratory
type 4 cut by
esting results
nt techniques
ry influences

ng results in
addition, the
ding process,
imen showed

valid failure; while for type 3: ~56 % of tested specimen showed valid failure). Moreover, type 4 gepmetry shows
highef efficiency (lower testing effort and faster specimenpreparation) than the type 3 specimen geometry.
NOTH3  Table B.2 shows tensile strength 0,4 and Young’s modulus E;; of the material direction| 1. The round
brackets state the percentage distribution of the glass fibres in the material direction 1 and 2.

NOTH4  Detailed data are available in Reference [8].

Table B.7 — Materials tested in research

Fibrg Glass fibre(GF) Glass fibre (GF)

Matrjx Polypropylene (PP) Polyamide 66 (PA66)

Fibrg volume fraction 47 % 47 %

Fabric Balanced (50/50) Unbalanced (80/20)

Thickness of plate 2 mm 2 mm

Testd¢d specimen$s — 10 type 3, cut by each test — 10 type 3, cut by each tesft laboratory
per laboratory laboratory

— 10 type 4, water jet cut - prganiser
— 10 type 4, water jet cut - organiser supplied
supplied
— 10 fypn 4 _cut hy ecach teg laboratory
— 10 type 4, cut by each test
laboratory
©1S0 2023 - All rights reserved 17
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Table B.2 — Precision data of round robin test with 5 participating laboratories

. Tensile Repeatability conditions Reproducibility conditions
Material . Mean result
properties s, r Sp R
specimen type 3
GF/PP 011 25,01 70,04 25,14 70,39 428,33 MPa
balanced
(50/50) E|q 0,63 1,75 0,84 2,35 19,90 GPa
GF/PA6 011 21,78 50,98 23,38 65,47 593,50 MPa
unbalanced
(80/20) Eiq 0,62 1,74 0,91 2,55 30,21 GRa
specimen type 4
GF/PP 011 23,22 65,03 24,07 67,39 426,36 MPa
balanced
(50/50) E|q 0,98 2,73 1,42 3,98 20,10 GPa
GF/PA6 011 27,01 75,62 29,39 82,28 603,30 MPa
unbalanced
(80/20) Ei4 0,73 2,05 1,27 3,54 30,42 GPa
18
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Annex C
(informative)

Unbonded tabs or gripping condition without tabs using fine grip

face

C1

This pnnex describes test methods (1) using unbonded tabs, or (2) without tabs u§ing fin
For the latter case, special consideration should be given to the gripping condition./€are sho
sure that damage to the material in the gripping regions is prevented; when testihg specimen

to en
types
gripy
of un
to th
or sa

specimen.

C.2

See (
gripp

C.3
Tests

Emer
contd

C4

NOTH

Overview

with unbonded tabs are used or those are tab-less. Final fracture atthe edge or
ing regions, tab-debonding and damage during the tab application(piocess are typi(

e correct selection and use of (1) unbonded tabs made of rough.materials (such as {
hd paper), or (2) grip faces with fine teeth and appropriate gripping force, to avoid d3

Test specimens

ing conditions as well as alternative tabbing:arrangements according to 6.2.2.

Unbonded tabs

with unbonded tabs are carried out as follows.

y papers or sandpapers are-inserted between the grip face and specimen, where ro
ct specimen surfaces. Twelayers of papers are recommended.

Gripping condition without tabs using fine grip faces
irip face withfime roughness is recommended for this test condition.

rip forcg.should be controlled with care taken to not damage the surface of the specimg
ripping.should be used for better control over grip force.

For thermoplastic matrix composite materials, unbonded tabs or gripping without t3

e grip faces.
uld be taken

nside of the
al examples

satisfactory damage that may occur before and during the tests,Consideration shopld be given

bmery paper
image to the

lause 6, except for the description about end tabs (see 6.2.2 and 6.2.3). This annex permits less

igh surfaces

n. Hydraulic

bs using fine

grip f.

TES give better testresutts forT

— tests of composite materials made of thermoplastic matrix resin which has difficulty in bonding;

— warpage in laminates are often observed for composite materials made of thermoplastic matrix. In this case,
process of tab bonding brings unnecessary damage and cracks to the specimens.

©ISO

2023 - All rights reserved
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C.5 Comparison of grip conditions

Three test methods are selected which can give equal strength to that with tabs. These methods are
decided based on the subtraction of the standard deviation from the average strength for tests with
tabs.

1) Two layers of emery papers (P 400 to P 600) are inserted between the grip face and specimen.

Condition 1 in Table C.2 and Figure C.1.

2) Only one layer of emery papers (P 400 to P 600) is inserted between grip face and specimen and
the grip faces have a similar morphology to that of the emery paper.

Conditign 2 in Table C.2 and Figure C.1.

3) No unbo¢nded tab is used. Grip surfaces have similar morphology to emery paper,Thé fac¢ saw
pitch is |ess than 0,25 mm, and the gripping force is controlled with care not to giveddamage o the
specimdn.

Conditign 3 and 4 in Table C.2 and Figure C.1.

NOTE Ddgtailed data are available in References [9] to [11].

See Table C.1.

Table C.1 — Material used for evaluation

Fibre PAN based carbon fibre
Matrix Polyamide 6

Fibre volume fraction approx. 43 %

Tape thickness 0)18 mm

Moulding process Hot press

Number of layers 7

Specimen number 5

Table C.2 — Comparison of test methods for unbonded tabs (emery papers), and gripping
condition without tabs using fine grip faces

Gripping cpnditions 1 2 3 4 5 6 7 8 9 10 11

Force control: M H M M

H = Hydrauljc M H . . H H M . H . M
:Precise :Precise :Precise :Precise
M = Manual pcrew

Roughness of grip
face:
L = Large (>1Lmm) M E E F M F M M M L M
M = Middle (<1 mm)
F = Fine (<0,25 mm)
Abrasive paper?

Y =Yes

N =No

:double
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Figure C.1 — Comparison of maximum stress.(strength) at final fracture of specimen

©1S0 2023 - All rights reserved 21


https://standardsiso.com/api/?name=542154b7079082fad9d6537fd697c2ce

ISO 527-4:2023(E)

Annex D
(normative)

Specimen preparation for type 2 and type 3

D.1 Machining the specimens

In all cases take the following precautions.

— Avoid working under conditions that would create a large build-up of heat in the speeimen (the
use of a|coolant is recommended). If a liquid coolant is used, dry the specimens immediately|after
machining.

— Check that all cut surfaces of the specimen are free from machining defects,

— Maching the specimens in accordance with 1SO 2818.

D.2 Preparation of specimens with bonded end tabs

A recommerlded method is as follows.

Cut out from the material under test a sheet having the length.of the intended specimens and of a yidth

suitable for the number of specimens required.

Identify the ['1"-direction of the material in the sheet.

Cut out rectangular strips of the required length-and width for the tabs.

Attach the strips to the sheet as follows.

a) If requifed, rub with fine abrasivespaper or blast with suitable sand all the surfaces to yhich
adhesive will be applied.

b) Remove|all dust from thesesurfaces and clean them with a suitable solvent.

c) Bond thg strips in placealong the ends of the sheet, parallel to each other and normal to the l¢gngth
direction of the specimens, as shown in Figure D.1, using a high-stretch adhesive and stfictly
followi:]g the adhesive manufacturer’s instructions.

It is recommlended;that a film adhesive with a thin carrier be used. The adhesive should preferablylhave

a shear strength greater than 30 MPa. It is desirable that the adhesive used be flexible in nature|with

an elongation at break greater than that of the material under test

d) Keep the bonded parts at the pressure and temperature recommended by the adhesive
manufacturer for the time recommended by the manufacturer.

e) Cutthe sheet, together with the strips constituting the end tabs, into test specimens (see Figure D.1).

22
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