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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This| document was prepared by Technical Committee ISO/TC 38, Textiles, Subcommittee SC 24,
Condjtioning atmospheres and physical tests~for textile fabrics, in collaboration with the European
Compmittee for Standardization (CEN) Technical Committee CEN/TC 248, Textiles and textjile products,
in acfordance with the Agreement on te¢hnical cooperation between ISO and CEN (Vienna Agreement).

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

© IS0 2020 - All rights reserved v


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/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=bd8b711f81fc541f6f9a81c8459fbdbd

ISO 21765:2020(E)

Introduction

The determination of the deformation characteristics is relevant for all production processes in which
flat textile fabrics (including reinforcement textiles) are formed into a three-dimensional shape. This
example is the case for upholstery applications or the majority of current liquid composite molding
(LCM) processes. Knowledge about the development of deformation effects such as changes in fibre
orientation, undulation, and gaps in the textile is crucial for the safe design of processes and components.

vi © IS0 2020 - All rights reserved
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Textiles — Determination of fabric deformability by forced
mechanical distension

1 Scope
This document specifies a method for the automatic determination of the deformability of textile fabrics,
inclugimngtomtimuous-fibre Teimforcement textites T his method s ot appticable to Tesim impregnated

fabriks.

The method is suitable for use with fabrics such as woven or knitted fabrics, nonweveng, non-crimp
fabrics, fabrics made of glass rovings or untwisted carbon filament yarns interded for reinforced
composite materials. When applying the method to multi-axial non-crimp fabries, the evalfiation of the
fibre|orientation and gaps only incorporates the uppermost layer.

The method can be used for fabrics treated with powder binder.

2 Normative references

The following documents are referred to in the text in such'a way that some or all of their content
consfitutes requirements of this document. For dated reférences, only the edition cited |applies. For
unddted references, the latest edition of the referenceddocument (including any amendmepts) applies.

ISO 139, Textiles — Standard atmospheres for conditioning and testing

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO dnd IEC maintain terminological'databases for use in standardization at the following gddresses:

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

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

3.1
reinforcement textile
fabric whose fibres are used to absorb and transfer the mechanical loads within a fibre-reinforced
composite material

3.2
deformabhility

conformability for forced three-dimensional deformation

3.3
specimen plane
plane which is defined by the inserted undeformed test specimen

3.4

specimen holder

device consisting of a retaining ring and a ring-shaped fitting body that retains the test specimen
during deformation with a settable, evenly distributed pressure

© IS0 2020 - All rights reserved 1


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=bd8b711f81fc541f6f9a81c8459fbdbd

ISO 21765:2020(E)

3.5

deformation body

rotationally symmetrical body that deforms the test specimen centrally out of the specimen plane (3.3)
in a vertical upward direction

3.6
deformation level
level with specified height to which the deformation body (3.5) elevates out of the specimen plane (3.3)

3.7
deformation force

l 3 f o £ 11 £l doL £a L PR Y o 1 mih WO B PGS ' A | 4 doF 4
resu tlng oreeactmgvertcany ontneaejornrationvoay(o-g tirat artsesatrigaerorfirationt

3.8
fibre orientation
orientation pf the fibres or filaments of the test specimen, determined in the textile plang’using iljnage
processing

3.8.1
fibre-angle|change
change of the global fibre orientation (3.8), determined using image processing

3.8.2
undulation
local changg of the fibre orientation (3.8), determined using imageprocessing

39

gap
open area between adjacent yarns, determined using image processing

EXAMPLE Non-crimp fabric gap, woven/knitted fabricgap.

3.10

waviness
continuous deformation over a certain region (>2 cm?) diverging from the textile plane, determjined
using laser riangulation

3.11
loop formation
deformation of individual yarn'sout of the textile plane, determined using laser triangulation

3.12
out-of-rounldness
deviation of the confour of the test specimen from a circular shape of equal area, determined ysing
image procgssing

3.13
overall image
image recorded with the overall image camera for determining the contour of the test specimen

3.14

detail image

image recorded by the detail camera with a minimum size of 1 000 mm?2 and a minimum resolution of
64 pixels per millimetre

3.15

non-crimp fabric

fabric made of several unidirectional layers of straight multifilament yarns which are bonded using an
auxiliary stitching thread or chemical means

Note 1 to entry: The expression “non-crimp fabric” is commonly used in the composite sector.

2 © IS0 2020 - All rights reserved
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residual deformation
continuous deformation of the sample diverging from the support surface, determined using laser
triangulation, measured after completion of the deformation and return of the deformation body (3.5)
below the support surface

3.17
anis

otropy

measure for the orientation of fibres in a nonwoven

Note 1 to entry: Values are between 1 (all fibres parallel to reference direction) and -1 (all fibres perpendicular to

refer
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Principle

document specifies a method by which the textile fabric (including reinforcement te
lined is forced to be deformed in a defined manner by a rotationally symmetrical

Key figures and characteristic values that describe the-textile to be examined r
mability are determined. For this, the mechanical resistance to a defined three-
mation is measured and the resulting structural faults.in the mesostructure and mag
xamined using a digital image analysis system and lasér triangulation.

test is carried out on a circular test specimen, which the testing instrument - H
pumatic specimen holder - holds in positioni'with a defined force, which is equal
mference of the retaining ring. During thetest, the test specimen is incrementally de|
mation body acting from below and measured after each deformation level.

Fal images of the original undeformed test specimen and later of the deformed test s
‘ded with a detail camera on a.central circular path and evaluated. For non-crimp fabr
tation as well as the occufrence of gaps between the yarns of the non-crimp fabric are
voven fabrics, the angle between the warp threads and weft threads as well as t
prtion of the woven \fabric gaps are determined. For knitted fabrics, the area and p
aps is determined.‘For nonwovens, the anisotropy and thinning-out are determined
dness of the testspecimen is additionally determined with an overall image camera.

Fionally, deformations out of the textile plane may be recorded on the rotating test spe
br triangulation sensor and output as numerical values for the waviness and the loop fi

Apparatus

orce acting vertically on the deformation body caused by the deformation is measured.

xtiles) to be
Heformation
boarding its
dimensional
rostructure

y means of
around the
formed by a

becimen are
ics, the fibre
determined.
he area and
roportion of
The out-of-

cimen using
brmation.

5.1 Mechanical cutting equipment, to produce the circular test specimen from the laboratory sample.

NOTE Examples of suitable mechanical cutting equipment include punches and ultrasound cutters.

5.2 Deformability test apparatus

Test device in which the test specimen is inserted and uniformly retained over the entire circumference
using a specimen holder, whereby the retaining pressure can be specified in the range of 0 MPa to
0,1 MPa (i.e. 1 bar). The test device has a rotation device for motor-driven rotation of the test specimen
at variable speed [maximum speed (10,0 + 0,1) min'l], a motor-driven vertically moving deformation
body [elevation 0,00 - (100,00 + 0,01) mm], a force sensor (0 N to 500 N with an accuracy of +0,5 %)
to record the vertical force acting on the deformation body, an overall image camera to record the top
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view of the entire test specimen, a detail camera to record detail images of the test specimen to detect
fine structural faults, as well as a laser triangulation sensor (sampling time shorter than 20 ms from
data acquisition to data storage) to record the deformations varying from the textile plane.

The deformation body features a spherical contact surface with a diameter of (100,0 + 0,1) mm. This
deformation body can be black or white. The black deformation body is used to test light-coloured
materials and the white deformation body to test dark materials. The white deformation body can be
backlit.

The equipment for retaining the test specimen and for defined deformation is shown in Figure 1.

Key QQ<<

1 testspedimen

2 deformation body G\Q\\
3 support purface \"QQ)

4  retainingring $

5 fitting bddy A\Q)

O
Figure 1 — Specimen a@her and deformation body

>
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xO
letail camera N~
pser triangulation sensor C)\\O
verall image camera .

Figu(’e)(;— Schematic diagram of the optical sensors
e 2 illustrates t%?r?rangement of the optical sensors. It shows a detail camera with|

1l image camq1 r recording the complete test specimen, as well a laser triangulati
'd the test s en topography?.

x A sho n example of images of laser triangulation measurements.

s

6

lighting, an
bn sensor to

[éSt specimen

A circular test specimen with a diameter of (327 * 3) mm shall be used which is mechanically cut out of
alaboratory sample. It shall especially be noted here that no test specimens are taken from the selvedge
region or damaged areas of the laboratory sample. No thermal cutting procedure shall be applied to
prevent adhesions and influences at the edges of the test specimen.

When producing the test specimen, it shall especially be ensured that all yarns are completely cut
through and that the structure of the test specimen is not displaced.

1) Anapplicable tester is the “DRAPETEST” supplied by Textechno Herbert Stein GmbH & Co.. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of the product

name

© ISO

d. Equivalent products may be used if they can be shown to lead to the same results.
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The direction of production and top/bottom side of the test specimen shall be recognizable or shall be
marked accordingly.

7 Procedure

7.1 Inserting the test specimen

The test specimen is placed on the support surface of the specimen holder and aligned so that the
direction of production runs parallel to the side panels of the tester and the test specimen lies centrally
on the round display area. It shall be ensured that all test specimens within a test series are inserted

with the de
image of th
ring is appli
To make th
specimen th
without add
uniformly o
pressed aga

7.2 Specifications of the test

7.2.1 Tesf

a) Retainil
0,1 MP4q

b) Deform
the leve]
c¢) Numbej
depend
directio

angular
of recor

1) For
4 di

2) For
3) For

d) Range,
measur

sired side (top/bottom) pointing upwards. The overall image camera then recorg
b undeformed test specimen and determines the out-of-roundness from it. The feta

s possible, the retaining ring is equipped with several fixing positions for{different
icknesses. The first position shall be selected, where the holding devices ean’still be c

h all sides. A check is then made to ensure that all holding devices ofthe’retaining rin
nst the holder.

[ parameters

g pressure with which the test specimen is retained during the test. The standard va
(i.e. 1 bar).

htion levels at which the textile surface is méasured. The standard value is 10 mm bet
s beginning at 0 mm. The standard valuefor the highest deformation level is 80 mm.

of recordings of the detail camera perrevolution. The number of recordings per revol
5 on the textile architecture. limages at each fibre direction and at the interme
ns should be selected. The minimum value of the directions to be considered is 4
distance between the images.is the same and should not be smaller than 30°. The nu
dings is twice the number of'directions.

0°/90° architectures,” 45° angle steps are to be provided (0° 45° 90° 1
rections / 8 images

0°/+60°/-60°.architectures, 30° angle steps are to be provided: 6 directions / 12 imag
0°/90°/+45¢/-45° architectures, 45° angle steps are sufficient 4 directions / 8 images

resolution and rotation speed of the triangulation. Standard values are 360
ements for each angular degree and 1 min-1.

itionally compressing the test specimen. A pneumatic retaining pressyre is then apEIied

S an
ning

ed and fixed using the holding devices without additionally compressing the test specimen.

test
osed

are

ue is

iween

1ition
diate
The

mber

35°):

, 10

7.2.2 Evaluation parameters

a) Imagee

dge width to be ignored. The standard value is 0 pixels.

b) Maximum distance for fusing gaps along the fibre orientation. The value depends on the application.
Standard value is 0 mm.

c) Filter criteria for gaps, specified as minimum length in mm, minimum width in mm, and minimum
area in mmZ. The minimum values are selected depending on the application.

d) Classification limits for gaps and fibre orientation can be specified depending on the application.

e) Detection threshold for regions with loop formation. Standard value is 4,5 mm.
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f) Parameterization of the laser triangulation. Maximum number of measurement dropouts of the
laser triangulation between two valid values to be interpolated. Standard value is 0 measurement
points, i.e. no interpolation.

7.3

Test procedure

The tests should take place in a suitable standard atmosphere according to ISO 139. The test specimens
should be adjusted to the standard atmosphere before the test. The testing atmosphere shall be stated
in the test report.

NOTE

The standard atmosphere described in ISO 291 (temperature of 23 °C, relative humidity of 50 %) is

inclu

At ed
spec
surfd
using

Aftel
surfa

To m

touching or moving the test specimen. First, the retaining ringShall be removed and kept

led 1n the ISO 159.

ce of the test specimen at the same distance. Subsequently, the recording ofthe surfa
b the laser triangulation sensor takes place.

all measurements at the last deformation level, the deformation bady returns below
ce level.

easure the residual deformation and roundness, the following-steps shall be carried

ich individual level, the force measurement and the image recording of the stinface of the test
men along a central circular path take place, whereby the detail camera automatically follows the

ce structure

the support

out without
removed for

a relaxation period of (30 £ 3) s, after which an image of the test specimen is recorded with the overall
image camera to determine its out-of-roundness. Subsequently, the ring shall be applied 3gain within
3 s. Next, the residual deformation is measured by meansof laser triangulation.
All ithages are saved to be able to achieve traceability'and calculate changes to the charactefristic values
due o changed evaluation parameters.
8 Calculation and specification.of the results
8.1 | Non-crimp fabric
8.1.1 General
Tabl¢ 1 gives characteristi¢ value names, symbols and units used to calculate specificatjons of non-
crimp fabrics.
Anngx A shows examples of images of a non-crimp fabric made of carbon at the deformation levels
80 mm and 40 rini.
Table 1 — Non-crimp fabric application case

Characteristic value name Symbol Unit
Deformation force F N
Maximum gap width Gy, max mm
Average gap width weighted by the G mm
length w
Gap portion G, %
Gap shape G, -
Fibre-angle change A, °
Undulation Aoe °
Loop formation 0 mm?
Waviness A mm
© IS0 2020 - All rights reserved 7
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Table 1 (continued)

Characteristic value name Symbol Unit

Out-of-roundness (¢] %

8.1.2 Deformation force

The deformation force, F, is measured for all selected deformation levels. The force measured at the first
angle position is evaluated. The deformation force is determined depending on the deformation level.

8.1.3 Ga idth

From each detail image, the maximum gap width, G,, ,,,,, and the average gap width weighted by the
length G, gf all valid gaps are determined. The gap widths, G and G, , are determined|depending

on the deforjmation level and the angle position.

w, max

8.1.4 Gap portion

From each detail image, the area of all valid gaps is determined and set in relation to the total area o¢f the
image. The gap portion, G, is determined depending on the deformation level and the angle positipn.

8.1.5 Gap shape

The gap shape, G, is a dimensionless aspect ratio of the valid gaps»It is formed from the ratio betyeen
the gap length and width. The value is 0 for a circle and approaches 1 for thin gaps. It is averfaged
over each detail image. The gap shape is determined depending on the deformation level and the
angle positipn. It is calculated for an approximation of the'gap by an ellipse according to the following

Formula (1)

212
652& ?) (M

a

a is tIe semi-major axis of a gap;

b isthe semi-minor axis.0Pa gap.

8.1.6 Fibre-angle change

The fibre-arjgle change A, describes the change of the average orientation of all fibres of the uppermost
layer within a detail image compared with the undeformed state. The fibre-angle change is deternjined
depending dn/the deformation level and the angle position.

8.1.7 Undulation

To determine the undulation A, the detail image is divided into at least 25 partial images with a size
of at least 40 mm? and an aspect ratio of approximately 4:3, and the fibre orientation in the respective
partial image is compared with the global fibre orientation of the complete detail image. The absolute
deviations of the local fibre orientation in each partial image from the global fibre orientation are
averaged over all partial images and result in the undulation value. The undulation is determined
depending on the deformation level and the angle position.

8.1.8 Loop formation

The regions with loop formation (2 are extracted from the height data of the laser triangulation. The area
of these regions is the value for the loop formation. The loop formation can be determined globally for

8 © IS0 2020 - All rights reserved
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the entire test specimen or in sectors. It is then determined either depending only on the deformation
level or on the deformation level and angle position.

8.1.9 Waviness

The waviness, 4, is determined from the height data of the laser triangulation. The deviation of the
measured surface from an ideally deformed surface is measured and the absolute values are averaged
over the entire circumference of the test specimen. The waviness is determined depending on the
deformation level.

8.1.10 Out-of-roundness

The put-of-roundness, 6, of the test specimen is calculated before and after the deformatjon. For this
purpose, the perimeter of the test specimen is determined by means of image processing from an
image recorded by the overall image camera arranged centrally above the test-Specimen| The out-of-
roundness is determined as the average value of all absolute deviations of the'individual points of the
peritneter to an associated circle of the same area, divided by the radius of thecircle, in %.

8.2 | Woven fabrics

8.2.1 Characteristic value names, symbols and units

Tabl¢ 2 gives characteristic value names, symbols and units used to calculate specifications of woven
fabrigs.

Anngx A shows an example of images of a woven fabgic'made of carbon at the deformation level 40 mm.

Anngx B shows statistical data obtained on glassgyoven fabric.

Table 2 — Woven fabric application case

Characteristic value name Symbol Unit
Defofmation force F N
Gap portion G, %
MaxJmum gap area Gp max mm?
Averpge gap area EA mm?
Gap shape G, -
Fibr¢-angle changé A, °
Undylation Aoc °
Shea|ring angle B °
Wav|ness A mm
Out-af-ronndness A %
Residual deformation A, mm

8.2.2 Deformation force

The deformation force, F, is measured for all selected deformation levels. The force measured at the first
angle position is evaluated. The deformation force is determined depending on the deformation level.

8.2.3 Gap portion

From each detail image, the area of all valid gaps included is determined and set in relation to the total
area of the image. The gap portion, G, is determined depending on the deformation level and the angle
position.

© IS0 2020 - All rights reserved 9
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area

The area of each individual valid gap is recorded in each detail image. The maximum gap area, G, .y
and average gap area, G4, in each image are calculated. G, .., and G, are determined depending on

the deformation level and angle position.

8.2.5 Gap

shape

The gap shape, G, is a dimensionless aspect ratio of the valid gaps. It is formed from the ratio between
the gap length and width. The value is 0 for a circle and approaches 1 for thin gaps. It is averaged over

each detail

image. The gap shape is determined depending on the deformation level and the

ngle

position. Iti
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5 calculated for an approximation of the gap by an ellipse according to the Formula (1)

r‘e-angle change

bn respectively within a detail image compared with the undeformed state. The fibre-
termined depending on the deformation level and angle position.

ulation

e the undulation, A, the detail image is divided into at Jéast 25 partial images with 4
D mm? and an aspect ratio of approximately 4:3, and thefibre orientation in the respe
e is compared with the global fibre orientation of the\complete detail image. The abs

er all partial images and result in the undulation value. The undulation is detern
n the deformation level and the angle positions

aring angle

ientation of the warp threads and-the weft threads is measured. The deviation of the
etween warp threads and weft(threads from the angle difference between warp thr
reads in the initial or undeformed state is the shearing angle . The shearing ang
depending on the deformatioen level and angle position.

riness

5s, /, is determined from the height data of the laser triangulation. The deviation g
irface from arfideally deformed surface is measured and the absolute values are aver
s is determinéd depending on the deformation level.

of-roundness

oundness, 0, of the test specimen is calculated before and after the deformation. Fo

gle change, A, describes the average change of the orientation of all fibres\inn the warp and

ingle

| size
ctive
plute

f the local fibre orientation in each partial image from the global fibre orientation are

lined

ingle
eads
rle is

f the
hged.

this

purpose, the perimeter of the test specimen is determined by means of image processing from an image
from the overall image camera arranged centrally above the test specimen. The out-of-roundness is
determined as the average value of all absolute deviations of the individual points of the perimeter to
an associated circle of the same area, divided by the radius of the circle, in %.

8.2.11 Residual deformation

The residual deformation, A,, is determined from the height data of the laser triangulation. The
deviation of the measured surface from the initially measured surface is determined and the absolute
values are averaged.
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Knitted fabrics

8.3.1 Table with characteristic value names, symbols and units

Table 3 gives characteristic value names, symbols and units used to calculate specifications of knitted

fabrics.
Table 3 — Knitted fabric application case

Characteristic value name Symbol Unit
Deformationforee K N
Gap portion G, %
MaxJmum gap area Gp max mm?
Averpge gap area EA mm?2
Gap shape G, -
Wavjness A mm
Out-pf-roundness 0 %
Resiflual deformation A, mm

8.3.2

Deformation force

The dleformation force, F, is measured for all selected deformation levels. The force measure

angle

8.3.3

Froni
area
posit

8.3.4

The
and ¢

defou

8.3.5

The
the g
each

Gap portion

| each detail image, the area of all valid gaps included is determined and set in relatior
of the image. The gap portion, G, is detérmined depending on the deformation level a
ion.

Gap area

irea of each individual falid gap is recorded in each detail image. The maximum gap
average gap area GA in)each image are calculated. G, ,,, and G, are determined depe

mation level and-angle position.

Gap shape

pap shapeyG,, is a dimensionless aspect ratio of the valid gaps. It is formed from the ra
ap length and width. The value is 0 for a circle and approaches 1 for thin gaps. It is ay
detail image. The gap shape is determined depending on the deformation level ar

d at the first

 position is evaluated. The deformation force is detérmined depending on the deformafion level.

to the total
nd the angle

area G ax
hding on the

tio between
eraged over
d the angle

cealenlatnd £ o0 tpmaation ~fthn oo Ty o Allicon o0 rding ta tha Do
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8.3.6 Waviness

ula (1).

The waviness, 4, is determined from the height data of the laser triangulation. The deviation of the
measured surface from an ideally deformed surface is calculated and the absolute values are averaged.
The waviness is determined depending on the deformation level.

8.3.7 Out-of-roundness

The out-of-roundness, 0, of the test specimen is calculated before and after the deformation. For this
purpose, the perimeter of the test specimen is determined by means of image processing from an image
from the overall image camera arranged centrally above the test specimen. The out-of-roundness is

© ISO
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determined as the average value of all absolute deviations of the individual points of the perimeter to
an associated circle of the same area, divided by the radius of the circle, in %.

8.3.8 Residual deformation

The residual deformation, A,, is determined from the height data of the laser triangulation. The
deviation of the measured surface from the initially measured surface is determined and the absolute
values are averaged.

8.4 Nonwovens

8.4.1 TabLe with characteristic value names, symbols and units

Table 4 gives characteristic value names, symbols and units used to calculate specifications of
nonwovens.

Table 4 — Nonwoven application case

Characteristic value name Symbol Unit
Deformatior| force F N
Anisotropy X —
Thinning-oult K %
Waviness A mm
Out-of-roundness o %
Residual defprmation A, mm

8.4.2 Defprmation force

The deformattion force, F, is measured for all selected deformation levels. The force measured at thq first
angle positipn is evaluated. The deformationAforce is determined depending on the deformation level.

8.4.3 Anisotropy
From each detail image, the anisotropy of all detected fibres is determined.

By means of image analysis, thé/fibre the orientation of each detected fibre is determined and s¢rted
into a histogram (range * s, Class width 1°). The anisotropy is the number of fibres in the biggest|class
divided by fhe number ¢fiall detected fibres. The anisotropy is a number in a range between 0 ajnd 1,
which becomes 1 in case-of a perfect alignment of all fibres, and 0 if all fibres are randomly distributed.
The anisotrpy y is determined depending on the deformation level.

8.4.4 Thinning-out

The thinning-out, k, is determined by means of image processing from an image from the overall image
camera arranged centrally above the test specimen. The thinning-out is analysed along concentric
circles, where the maximum diameter is 100 mm. It is determined as the coefficient of variation of the
image brightness long a circle, in relation to the corresponding coefficient of variation of the undeformed
test specimen; in %. The thinning-out, k, is determined depending on the deformation level.

8.4.5 Waviness

The waviness, 4, is determined from the height data of the laser triangulation. The deviation of the
measured surface from an ideally deformed surface is measured and the absolute values are averaged.
The waviness is determined depending on the deformation level.
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Out-of-roundness

The out-of-roundness, 0, of the test specimen is calculated before and after the deformation. For this
purpose, the perimeter of the test specimen is determined by means of image processing from an image
from the overall image camera arranged centrally above the test specimen. The out-of-roundness is
determined as the average value of all absolute deviations of the individual points of the perimeter to

an as

sociated circle of the same area, divided by the radius of the circle, in %.

8.4.7 Residual deformation

The residual deformation, A,, is determined from the height data of the laser triangulation. The
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devigtion, and maximum value are reported for each angle'position and each deformation le

tion of the measured surface from the initially measured surface 1s determined and
s are averaged.

Evaluation

eck for damage on the test specimen, recording errors (overexposure/underexposu
pssing errors. If necessary, the image can either be substituted by®he’image taken at
[180°) or it is excluded from the evaluation.

easurement results are represented separately for each individual characteristic valy

on the number of test specimen for each laboratory sample, the average valy

the absolute

ralues shall be checked for plausibility. For suspicious values, the original images shall e inspected

'e) or image
the opposite

e.
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representation can be reduced to selected important angle positions for simplification. Aflternatively,
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1

b) 1

dividual values can be reported.

ditional diagram can be created for each;characteristic value as a function of the im
neters.
Up to a deformation level of 80 mmyyit is assumed that the test specimen is retained evenl
jgher deformation levels, the test specinten can slip out of the specimen holder at individual loc
bsults compared with the smaller deformation can be systematically changed. If the test speci

specimen holder, the appropriate ‘deformation level should be taken out of the evaluation an
cordingly in the test report.

[est report
est report shallinclude the following information.
Feneral:

) awxeference to this document, i.e. [SO 21765:2020.

Deformability test apparatus specifications:

pacting test

y on all sides.
htions so that

men slips out

1 commented

1y
2)
3)
4)
5)
6)
7)

© ISO

test apparatus: manufacturer, type, serial number;

lighting used for the overall image camera, number of segments;

detail camera: utilized camera type and camera resolution, exposure times;
utilized lighting for the detail camera;

utilized laser type;

utilized deformation body (geometry, colour, internal lighting);

2020 - All rights reserved

overall image camera: utilized camera type and camera resolution, exposure times;
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8) software version.
c¢) Material:
1) complete description of the laboratory sample:
i) fibre material;
ii) textile structure (woven or knitted fabric, nonwoven, non-crimp fabric);

iii) fibre layer structure, fibre orientations;

iv) rassessedfabricfacetrermotinmcontactwithrthedeformrmatiomrbody):
d) Test:
1) operator;
2) testdate;
3) number of test specimens.
e) Testpafameter:
1) stapdard atmosphere used and reference to the appropriate standard (ISO 139);
2) retaining pressure used;
3) megsured deformation levels;
4) measured angle positions;
5) explosure times of the detail camera;
6) exposure times of the overall image caméra;
7) scahned range and resolution of the\tfiangulation sensor;
8) posjitioning parameter of the trfiangulation sensor (bottom, centre, top):
9) rotational speed of the sample during laser triangulation.
f) Evaluatjon parameter:
1) Imdge edge width'te be ignored;
2) Maximum distance for fusing gaps along the fibre orientation;

3) Filtpr critéria for gaps:

1) Mihimum - agan lenath-
SRR RARRAEEREREE o oY

ii) Minimum gap width;
iii) Minimum gap area.
4) Classification limits for gaps and angular misalignment;
5) Maximum number of measurement dropouts to be interpolated by the laser triangulation;
6) Detection threshold for regions with loop formation
7) Number and radii of concentric circles for measurement of thinning-out on non-wovens.

g) Deviations to this document.

14 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=bd8b711f81fc541f6f9a81c8459fbdbd

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Apparatus
	6 Test specimen
	7 Procedure
	7.1 Inserting the test specimen
	7.2 Specifications of the test
	7.2.1 Test parameters
	7.2.2 Evaluation parameters
	7.3 Test procedure
	8 Calculation and specification of the results
	8.1 Non-crimp fabric
	8.1.1 General
	8.1.2 Deformation force
	8.1.3 Gap width
	8.1.4 Gap portion
	8.1.5 Gap shape
	8.1.6 Fibre-angle change
	8.1.7 Undulation
	8.1.8 Loop formation
	8.1.9 Waviness
	8.1.10 Out-of-roundness
	8.2 Woven fabrics
	8.2.1 Characteristic value names, symbols and units
	8.2.2 Deformation force
	8.2.3 Gap portion
	8.2.4 Gap area
	8.2.5 Gap shape
	8.2.6 Fibre-angle change
	8.2.7 Undulation
	8.2.8 Shearing angle
	8.2.9 Waviness
	8.2.10 Out-of-roundness
	8.2.11 Residual deformation
	8.3 Knitted fabrics
	8.3.1 Table with characteristic value names, symbols and units
	8.3.2 Deformation force
	8.3.3 Gap portion
	8.3.4 Gap area
	8.3.5 Gap shape
	8.3.6 Waviness
	8.3.7 Out-of-roundness
	8.3.8 Residual deformation
	8.4 Nonwovens
	8.4.1 Table with characteristic value names, symbols and units
	8.4.2 Deformation force
	8.4.3 Anisotropy
	8.4.4 Thinning-out
	8.4.5 Waviness
	8.4.6 Out-of-roundness
	8.4.7 Residual deformation
	8.5 Evaluation
	9 Test report
	Annex A (informative)  Example images
	Annex B (informative)  Statistical data
	Bibliography

