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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
ical standardization.
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INTERNATIONAL STANDARD ISO 9867:2022(E)

Textiles — Evaluation of the wrinkle recovery of fabrics —
Appearance method

1 Scope

This document specifies a method for evaluating the appearance of textile fabrics after induced
wrinkling

This document is applicable to all kinds of textile fabrics.

NOTE A digital description of the ISO wrinkle replicas is given in Annex A.

2 Normative references

The fpllowing documents are referred to in the text in such a way‘that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document\(including any amendmg¢nts) applies.

ISO 105-A03, Textiles — Tests for colour fastness — Part A03:Grey scale for assessing staininy

ISO 189, Textiles — Standard atmospheres for conditioning,and testing

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

[SO and IEC maintain terminological databases for use in standardization at the following jpddresses:

et

$0 Online browsing platformsavailable at https://www.iso.org/obp

— 1EC Electropedia: availableat https://www.electropedia.org/

31
wrinkle recovery
propdrty of a fabricavhich enables it to recover from wrinkling deformations

4 Principle

A test specimen is wrinkled under a specified atmospheric condition in a wrinkling devicefunder a pre-
determined load for a prescribed period of time. After reconditioned, the test specimen|is evaluated
for appearance by comparison with three-dimensional wrinkle recovery replicas or wrinkle rating
description.

5 Apparatus and materials

5.1 Wrinkle tester (see Figure 1), consisting of the following parts:

a) acircular top flange and a circular bottom flange, with the diameter of (89,0 + 0,5) mm, and the
distance of (110 + 1) mm between the initial position of the top flange and the bottom flange to
ensure that the top flange can rotate (180 * 1)° while moving down to the bottom. The mass of the
top flange is approximately 500 g;

b) aweight-piece, with a mass of 3 500 g;

©1S0 2022 - All rights reserved 1
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c) specimen clamps, for holding the test specimen;
d) locking pin, for fixing the top flange in the initial position.

NOTE Equivalent devices can be used if they can be shown to lead to the same results.

Key

1  top flangg

2 specimer] clamps
3 bottom flange

4 locking pjn

5 testspecimen

6  weight-plece

Figure 1 — Wrinkle tester

5.2 Threetdimensional wrinkle recovery replicas (see Figure 2).

5.3 Lighting and evaluation area, in a darkened room, using the overhead lighting arrang¢ment
illustrated ir Figure 3 and comprising the items described in the following list. The lamp dimerjsions
should be chpsen to €xtend beyond the overall surface of the test specimen and replicas, when usgd for
the assessmg¢nt.

a) Two cogl‘white (CW) fluorescent lamps, without a baffle or glass, a minimum of 2 m in length
each, placed side by side.

b) One white enamel reflector, without a baffle or glass.

c¢) One thick plywood viewing board, painted grey to match the Grade 2 on the grey scale for
assessing staining in accordance with ISO 105-A03.

5.4 Clothes hangers with clips, to hang test specimens for conditioning and grading.

2 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=f7a94f08344ffab779813cd01fd75549

5.5 Timer, with an accuracy of 0,2 s.

WRINKLE RECOVERY REPLICAS
For wse with AATCC Test Method 128
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Figure 2 — Wrinkle recovery replicas
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Figure 3 — Lighting equipment for viewing test specimens
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6 Atmospheres for conditioning, testing and evaluation

The atmospheres for preconditioning, conditioning, testing and evaluation shall be as specified in

ISO 139.

7 Test specimens

7.1 Preparation

The test specimens shall be taken not less than 150 mm from the fabric selvedge. No test specimens are

taken fromt

Cut three tes
the long dim
or the direct|
side.

Cut the test
unavoidably
conditioning

7.2 Condi

Precondition

8 Proced
8.1 Raiset

8.2 Wrap

(see 7.2) aro
outside, and
specimen so

8.3 Wrap {
described in

8.4 Adjust
between the

8.5 Withds

1 . 1 1 1 .
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t specimens from the fabric to be tested, each measuring 150 mm x 280 mm, and-eac
bnsion parallel to the warp direction (woven fabric), or the wale direction (knitted

specimens from an area of the fabric that is free from wrinkles-Af any wrinkle
present in the test specimens, press each test specimen lightly with a steam iron

kioning

and then condition the test specimens in accordancé.with ISO 139.

ure

he top flange of the wrinkle tester (5.1)@nd hold it in the top position with the lockin

bne long edge (i.e. the 280 mm side) of a preconditioned and conditioned test spe
und the top flange of the wrinkle tester, with the face side of the test specimen ¢
clamp it in position using the'steel spring and clamp provided. Arrange the ends of tH
that they are opposite the.opening in the spring clamp.

he opposite long e€dge of the test bspecimen around the bottom flange and clamy
8.2.

top andbottom flanges.

aw.the locking pin. The top flange is lowered gently to the bottom flange while horizo

f{bric),
ion marked “length” (nonwoven fabric). Identify each specimen along oneedge of the face

with

s are
efore

g pin.
rimen

n the
e test

it as

the test specimen by pulling on its bottom edge so that it lies smooth without sagging

ntally

rotating (1808==5°

8.6 Immediately place a weight-piece with the mass of 3 500 g on the top flange and record the time.

There can be differences in the weights supplied with different wrinkle testers. If necessary, add
additional weights to the top flange to achieve a total mass of 3 500 g on the top flange.

8.7 After (20,0 = 0,1) min, remove the weight-piece, the springs and the clamps. Raise the top flange
and gently remove the test specimen from the wrinkle tester so as not to distort any induced wrinkles.

8.8 With a minimum of handling, place the shorter edge (i.e. the 150 mm side) under the clips on the
clothes hanger (5.4) and allow the test specimen to hang vertically in the long direction.
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8.9 After 24 hin the standard atmosphere (see Clause 6), gently remove the hanger with the specimen

and t

ransfer it to the evaluation area (5.3).

9 Evaluation

9.1

Three trained observers shall rate each test specimen independently.

Since previous tests have proven that specimens change in appearance during the first few hours, it is
important that accurate times be observed and that a minimum time elapse while the three observers
are evaluating the specimens. Because of these changing conditions, the duration of recovery before

ratin

9.2
wale

one o

left s

The o
in thd

It has
board
or th

inter

9.3
theb

NOTE

rforthisrethod as beenrstamdardizedat 241

§

Mount the test specimen on the viewing board [5.3 c)] as illustrated in Figure\3, w
or marked “length” direction vertical. Place three-dimensional wrinkle récovery r
h each side of the test specimen, to facilitate comparative rating. Mountreplicas 1,
ide and 2 or 4 on the right side.

verhead fluorescent light shall be the only light source for the viewing board, and al
room shall be turned off.

been the experience of many observers that light reflected\from the side walls neat
can interfere with the rating results. It is recommended that the side walls be p
ht blackout curtains be mounted on either side of the viewing board, to eliming
flerence.

The observer shall stand directly in front of ttie specimen, 1,20 m away from the bo
ard.

1,50 np eye level have no significant effect on the rating given.

It has been found that normal variations in the height of the observer above and below

th the warp,
eplicas (5.2),
B or 5 on the

[l other lights

the viewing
hinted black,
te reflective

ttom front of

the arbitrary

9.4 |Assign the number of the replica which most closely matches the appearance of the tpst specimen
(see Table 1). If the rating appears.between two ratings, intermediate rating can be used ih increments
of a hplf for a rating (for example, No. 3,5).
NOTE A No. 5 rating is. equivalent to the WR-5 replica and represents the smoothest appearfance and best
retenTon of the original appearance. A No. 1 rating is equivalent to the WR-1 replica and represenits the poorest
appeafance and pooresttétention of the original appearance.
9.5 |Similarly,the observer independently rates the other two test specimens. The other tyvo observers
proceed in the'same manner, assigning ratings independently.
Table 1 — Fabric smoothness ratings
Rating No. Fabric appearance
5 no change, equivalent to the WR-5 replica
4 slight wrinkles, equivalent to the WR-4 replica
3 clear wrinkles with no distinct wave, equivalent to the WR-3 replica
2 obvious wrinkles with distinct wave covering a large proportion of specimen surface, equivalent
to the WR-2 replica
1 severe wrinkles with distinct wave covering the whole specimen surface, equivalent to or worse
than the WR-1 replica
© IS0 2022 - All rights reserved 5
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10 Expression of results

Calculate the average of the nine observations for each sample and express the results to the nearest
half-rating.

11 Test report

The test report shall include the following information:

a)
b)
‘)
d)
e)
f)

areference to this document, i.e. ISO 9867:2022;

all detai

the aver

the condfitioning atmosphere used for testing;

details o

date of t

s necessary Ior the identirication or the sample tested;

hge of the nine observations made for each sample, to the nearest half-rating;

f any deviation from the specified procedure;

ne test.
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Annex A
(informative)

Digital description of the ISO wrinkle replicas

A.1 General

This dnnex provides the digital description of 3-dimensional (3D) replicas. The data arengt intended to
be used to assess specimens. When assessing specimens, the 3D replicas are to be used:

A.2 |Processes of measurement and analysis

A.2.1] A 3-dimensional scanning system was used to measure digital itrages of ISO wrinklle replicas as
showh in Figure A.1. Specifications for the scanning system are given‘in Table A.1.

Figure A.1 — 3-Dimensional scanning system

Table A.1 — Specification of the 3-dimensional scanning system

1 024 x 768 pixels, black and white
Camera PRI
(B/W)
Special pattern Structural beam by halogen lamp
Adjustment of focus Using the laser-point light source
Measurement time Approximately 70 sto 80 s
Resolution +0,05 mm

A.2.2 The measuring area is shown in Figure A.2.

© IS0 2022 - All rights reserved 7
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Dimensions in millimetres
255

127

Key
1  measurin

A.2.3 The
intentionally

o lines

Figure A.2 — Measuring area of wrinkle replica

3-dimensional measured images are separately stored as six regions to be divided
for analysis. See Figure A.3.

© IS0 2022 - All rights reserved
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Key
1 njeasuring area and number of sections
a  6lareas (1) to (6)).

Figure A3 Six regions for wrinkle replica analysis

A.2.4] A geometric shape.of each standard replica is measured using a 3-dimensional laser scanning
systemn at an interval of.3’mm. The number of measuring points along each line is deteriined by the
intervyals.

To anjalyse the replicas, define six shape parameters that have an influence on the gragle of replica.
Thesg parameters are mean values of heights, maximum values of heights, variation of heights, mean
valuep of height frequency, maximum values of height frequency and variation of height filequency. For
each region, six parameters can be obtained.

A.3 Analysis of wrinkle with 1 mm measurements

A.3.1 Measured images of wrinkle replicas

Figure A.4 shows measured images of wrinkle replicas using a 3-dimensional scanning system at
intervals of 1 mm.

©1S0 2022 - All rights reserved 9
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a) Grade1l b) Grade 2

c¢) Grade3 d) Grade 4

e) Grade5

Figure A.4 — Measured images of wrinkle replicas

A.3.2 Analysis of parameters

A.3.2.1 Mean value of height ()

An analysis of variance (ANOVA) test and Tukey's method were performed to confirm differences
in this parameter between grades. From the results of the ANOVA test, the difference in grades
was confirmed at the 95 % confidence level. The results of Tukey's method indicated no significant
differences between grades 3 and 4 and between grades 4 and 5. The parameter is transformed to a
logarithmic form to minimize this actual state. The transformed parameter is also analysed with the
ANOVA test and Tukey's method. While differences in the transformed parameter between grades are
again confirmed at the 95 % confidence level in the ANOVA test, the difference between grades 3 and
4 remains unconfirmed in the same conditions in Tukey's method. Figure A.5 presents the relationship
between wrinkle grade and original mean value of height. Figure A.6 shows the relationship between
wrinkle grade and transformed mean value of height.

10 © IS0 2022 - All rights reserved
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Figure A.6 — Relationship between grade and transformed h

A simple regression analysis is performed to verify the apparent linear relationship between grades of
replicas and both the original and transformed mean value of height. From the results of this analysis,
the R-squared value of the original data rises from 74,10 % to 84,40 % with the logarithmic transformed
data, as given in Table A.2.

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=f7a94f08344ffab779813cd01fd75549

ISO 9867:2022(E)

Table A.2 — Results of a simple regression analysis on h

Original data Transformed data
Regression equation |Grade = 4,67 - 2,23 x h Grade = 1,96 - 2,01 x In( h )
R-squared value 74,10 % 84,40 %
A.3.2.2 Maximum value of height (h, )
An ANOVA te 110 TRCY 5 Ot Were perto Slommue. O i vdrffere SEmY i D eter

between grafles. While the difference was confirmed at the 95 % confidence level with the ANOVA test,

the 95 % corffidence level with Tukey's method.

Figure A.7 shows the relationship between the wrinkle grade and the originalPmaximum value of height.

Figure A.8 shows the relationship between the wrinkle grade and the zransformed maximum vallue of
height.
Y A
4
35
.
25 |
2
1,5 :
1t ¢ :
05
0 - >
0 1 2 3 4 5 6 X
Key
X grade
Y  hpax

Figure A.7 — Relationship between grade and original h,,
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ple regression analysis is performed to confirm the linear relationship between
as and both the original and transformed maxiprum value of height. The results ind
ared value with the original data rises from 68;30 % to 72,00 % with the logarithmic
hs given in Table A.3.

Table A.3 — Results of asimple regression analysison h .,

the grade of
cate that the
transformed

Original data Transformed d

ata

Regression equation Grade = 5,10 - 1,30 x h,,, Grade = 3,79 - 2,29 x

In(h

max)

R-squared value 68,30 % 72,00 %

A.3.2

The A
betwj

Whild
the di
with
aloga

3 Variation of height'(h

Var)

NOVA test and Tukey's method were performed to confirm differences in the variaf
ben grades.

the differeénce between grades is confirmed at the 95 % confidence level with the
fference-between grades 3 and 4 and grades 4 and 5 is not confirmed at the 95 % cor
[ukéy's method, as was the case with the mean value of height. Each value was also tr

ion of height

ANOVA test,
fidence level
insformed to

rithmic form, and similar analyses were conducted. While the ANOVA test with tran

tformed data

has results thatare equivalent to the original data, the differences between grades Z and 3 and grades 3
and 4 are still not confirmed at the 95 % confidence level with Tukey's method for the transformed
data. Figure A.9 shows the relationship between the wrinkle grade and the original variation of height.
Figure A.10 shows the relationship between the wrinkle grade and the transformed variation of height.
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Figure A.10 — Relationship between grade and transformed h,

Both the original and transformed data were again analysed using simple regression analysis to verify
the linear relationship between both grades and the variation of height. From the results, the R-squared
value with the original data rises from 69,90 % to 77,40 % with the logarithmic transformed data, as

given in Table A.4.

Table A.4 — Results of a simple regression analysison h, .

Original data

Transformed data

Regression equation

Grade = 4,16 - 9,90 x h, .

Grade =0,017 - 1,11 x In(h

va I‘)

R-squared value

69,60 %

77,40 %

14
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A.3.2.4 Mean value of height frequency (dh)

The ANOVA test and Tukey's method were performed to confirm differences in the mean value of height
frequency between grades.

While the difference between grades was confirmed at the 95 % confidence level with the ANOVA test,
grades 3 and 4 and grades 4 and 5 are not classified at the 95 % confidence level with Tukey's method.

Each value was also transformed to its natural logarithmic form, and similar analyses were performed.

With the ANOVA test and Tukey's method, all grades with transformed data are clearly distinguished
at the 95 % confidence level. Figure A.11 shows the relationship between the wrinkle grade and the
original mean value of height frequency. Figure A.12 shows the relationship between theywrinkle grade
and the transformed mean value of height frequency.

Y A
0,16

0,14 |
0,12 | }
0,10 |
0,08 |
0,06 |
0,04 | $

0,02 | =
0

(@]
=
pO
w
~ b
Ul
(@)
>V

X  grade

Q.
=

Figuré A.11 — Relationship between grade and original dh

© IS0 2022 - All rights reserved 15


https://standardsiso.com/api/?name=f7a94f08344ffab779813cd01fd75549

ISO 9867:2022(E)

Key
X grade
Y In(dh)

Both the ori
the linear rel
transformed

From the res
91,10 % with

>V

Figure A.12 — Relationship between grade and transformed dh

binal and transformed data were analysed with _the simple regression analysis to
ationship between grades and the mean value ofheight frequency of both the origin
data.

ults of this analysis, the R-squared value with the original data increases from 72,2(
the transformed data, as given in Table-A.5.

Table A.5 — Results of'a.simple regression analysis on dh

verify
hl and

% to

Original data Transformed data
Regressipn equation Grade = 4,42 - 30,70 x dh Grade = -3,18 - 1,83 x In(dh )
R-squdred value 72,20 % 91,10 %

A.3.2.5 Makimum value‘ofheight frequency (dh

The ANOVA {
of height fre
confidence 14
95 % confidg

max )

est and TuKey's method were performed to confirm the difference in the maximum
quency-between grades. While the difference between grades was confirmed at the
velcwith the ANOVA test, grades 3 and 4 and grades 4 and 5 are not distinguished

value
95 %
at the

nce level with Tukey's method. Each value was transformed to a logarithmic form a|nd an

identical ana

tysitswas conducted:

While the difference between grades was confirmed at the 95 % confidence level with the ANOVA test,

grades 3 and

4 were still not distinguished at the 95 % confidence level with Tukey's method.

Figure A.13 shows the relationship between the wrinkle grade and the original maximum value of
height frequency. Figure A.14 shows the relationship between the wrinkle grade and the transformed
maximum value of height frequency.
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