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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.
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Fent types of ISO documents should be noted. This document was drafted in acéorda

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria nep

Htenance are

ded for the
ce with the

Attention is drawn to the possibility that some of the elements of this documént‘may be the subject of

patel

any patent rights identified during the development of the document will’be in the Introdu
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any
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For 4
as w
Tech

The

[itute an endorsement.

hical Barriers to Trade (TBT) see the following URLiZwww.iso.org/iso/foreword.html.

fommittee responsible for this document is ISQ/TC 6, Paper, board and pulps.

it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of

ction and/or

frade name used in this document is information given for the-éonvenience of users gnd does not

In explanation on the meaning of ISO specific terms and expressions related to conformity|assessment,
]l as information about ISO’s adherence to the World-Trade Organization (WTO) pringiples in the
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ction

The automated off-line testing of cross direction (CD) profiles of paper and board was introduced in
the 1980s. The apparatus available then was equipped with various modules for the determination
of basic physical properties such as grammage, thickness, Bendtsen roughness, air permeance, etc. In
the 90s, more advanced modules were developed for tensile, tear and bending testing. Modules for the
measurement of the optical properties with the C/2°, D50/2° and D65/10° illuminants are also available.

The principal benefits of automated off-line testing are the speed with which the results are obtained
and the small number of staff required to operate the testing apparatus.

Testing wit
Automated

In most of the countries producing paper and board, some type of automated off-line’ testing ¢
profiles is carried out.

For the det

Internationgl Standards for the description and calibration of the equipment:required. The r¢
from autonjated off-line testing are widely accepted by the customers although the conditid

requiremen

Vi

h stand-alone instruments implies much longer time before the results are avai
ff-line testing improves the repeatability in testing as the operator dependency disapp

prmination of physical properties, this document refers, where possible, to the relg

[s stated in ISO 187 are not met.

able.
ears.

fCD

vant
sults
ning
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Paper and board — Automated off-line testing of physical
properties for CD (cross direction) profiles

1 Scope

This document specifies the procedures for determining the cross direction profiles of physical

mea
and

Int

prop
Som

The

chall

NOTH

instr

autor]
testir

inves

NOTH
for tr]

2

The
cons

unda
[SO 1
ISO 1

moni

ISO §
ISO §
ISO 1

urement, the relevant International Standard is referred to. It is applicable to most ki
oard, but is not relevant for tissue and corrugated board.

is document, it is left to the paper and board producer and the customer)to’ agree
rties are relevant. The results are reported as mean values or as profiles across t
properties are reported in index form.

esult obtained using the relevant ISO standard based on stand-alémne equipment is us
nge or dispute, if not otherwise agreed.

1
iments will, for some paper properties, differ from those ¢btained with unconditioned sy
hated off-line testers. An investigation was made to only:a.limited extent, where the auton
g was compared to stand-alone instruments, including‘the impact of conditioning. A sum
tigation is reported in Annex B.

2 Itis also possible to evaluate properties in_the machine direction (MD), but this is usua3
puble-shooting.

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of thistdocument. For dated references, only the edition cited
ted references, the latest gdition of the referenced document (including any amendme

86:2002, Paper and bogrd — Sampling to determine average quality

87, Paper, board-and pulps — Standard atmosphere for conditioning and testing and p
toring the atmGsphere and conditioning of samples

34, Paper-quiid board — Determination of thickness, density and specific volume

36, Paper and board — Determination of grammage

924-2, Paper and board — Determination of tensile properties — Part 2: Constant rate (

for a given
nds of paper

upon which
he machine.

bd in case of

The results obtained using specimens conditioned aceording to ISO 187 and stampd-alone test

ecimens and
hated off-line
mary of this

lly only used

heir content
applies. For
hts) applies.

rocedure for

f elongation

method (20 mm/min)

[SO 1924-3, Paper and board — Determination of tensile properties — Part 3: Constant rate of elongation
method (100 mm/min)

[SO 1974, Paper — Determination of tearing resistance — Elmendorf method

[SO 2469:2014, Paper, board and pulps — Measurement of diffuse radiance factor (diffuse reflectance factor)

ISO 2470-1, Paper, board and pulps — Measurement of diffuse blue reflectance factor — Part 1: Indoor
daylight conditions (I1SO brightness)

[SO 2470-2, Paper, board and pulps — Measurement of diffuse blue reflectance factor — Part 2: Outdoor
daylight conditions (D65 brightness)
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ISO 2471, Paper and board — Determination of opacity (paper backing) — Diffuse reflectance method

[SO 2493-1, Paper and board — Determination of bending resistance —Part 1: Constant rate of deflection

ISO 2758, Paper — Determination of bursting strength

ISO 2759, Board — Determination of bursting strength

ISO 5627, Paper and board — Determination of smoothness (Bekk method)

ISO 5631-1, Paper and board — Determination of colour by diffuse reflectance — Part 1: Indoor daylight
conditions (C/2°)

[SO 5631-2,
conditions (1

[SO 5631-3,
conditions (1

ISO 5636-3,
ISO 5636-6,

ISO 8254-1,
TAPPI methd

ISO 8254-2,
DIN method

ISO 8254-3,
beam, TAPP]

ISO 8791-2,
Bendtsen md

ISO 8791-4,
Print-surfm

ISO 9416, Pa
[SO 9895, P4
[SO 11475, H
ISO 11476, H

3 Terms

Paper and board — Determination of colour by diffuse reflectance — Part 2: Outdoor.day
D65/10°)

Paper and board — Determination of colour by diffuse reflectance — Part 3: Indoorillumin
D50/2°)

Paper and board — Determination of air permeance (medium range) — Part 3: Bendtsen m¢
Paper and board — Determination of air permeance (medium range)— Part 6: Oken met

Paper and board — Measurement of specular gloss — Part 1: 75° gloss with a converging H
d

Paper and board — Measurement of specular gloss —Bart 2: 75° gloss with a parallel }

Paper and board — Measurement of specular gloss — Part 3: 20° gloss with a conve
method

Paper and board — Determination ofsfoughness/smoothness (air leak methods) — P{
thod

Paper and board — Determination of roughness/smoothness (air leak methods) — Pq
bthod

per — Determination of lightscattering and absorption coefficients (using Kubelka-Munk th
per and board — Compressive strength — Short-span test
aper and board—=/Determination of CIE whiteness, D65/10° (outdoor daylight)

aper and beard — Determination of CIE whiteness, C/2° (indoor illumination conditions)

anddefinitions

Vlight

ntion

pthod
hod

eam,

eam,

rging

irt 2:

rt 4:

eory)

For the pur

UsES of thisdocurrent, the following termsamd defimitionsappty:

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

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

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

cross direction sample

CD sample

cut from edge to edge of a mother reel or post winder reel in the cross direction (CD), having a width in
the machine direction (MD) appropriate for the tests to be carried out

Note 1 to entry: A typical width along the machine direction is about 300 mm.

2
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4 Principle

This document describes the procedure for the determination of CD profiles of physical properties
of paper and board using the relevant automated off-line testers on the market which fulfil the
requirements of this document. The results are reported as mean values or as profiles across the

machine. Some properties are reported in index form.

5 Apparatus

5.1

Sample cutter

5.1.1
perp
meth
not v
for c
onto

5.1.2
of m

5.2

Ther
on e}
unity
test

valug

Somyd
along
resu

The

A motor driven cutter for cutting the CD samples, capable of accurately~cutt
endicular to the edges of the reel from edge to edge, and the width to an accuracy
ods which are sensitive to direction changes are not influenced. Control that the widt
ary so as to influence test methods which are sensitive to direction changesyMeans may
bntrolling the sample and feeding it to the test line, such as automated winding of th
a removable cylinder which can be inserted in the automated off-line(tester.

It is possible to use manual sample cutters. The sample can be'trimmed to the accur
btor driven sample cutters using a table top cutter.

Automated off-line testers

e are a number of automated off-line testers on theimarket for which testing in many c4
kisting International Standards. They are typically composed of an unwinder followe
placed sequentially, with the destructive test'measuring heads located at the end of th
ines are equipped with a moisture content module providing the possibility of co
s if needed.

e of the test methods are not the.same as those in the equivalent reference standard
e instruments. In these cases, correction factors and correction procedures can be §
ts that correlate with those ebtained using the reference standards.

bquipment shall be calibrated in accordance with the instructions in the relevant I

ng samples
so that test
h (MD) does
be provided
e CD sample

hcy required

ses is based
d by several
e line. Some
rrecting the

s for stand-
| way to get

hternational

alternative
ty, allowing

Stan
meth
due 1

Hards. Where this is notpossible, for example, in the case of non-standard testers o}
ods, advice may beprovided on calibration by the manufacturer or any suitable par
egard to the measihirement capability of the tester.

N

6 S$ampling

6.1 | General

The sampling of CD profiles s performed according to 1SO 186- If sampling according to the procedure
described in the main body of ISO 186 is impossible, impracticable or inappropriate, alternative
sampling procedures as described in ISO 186:2002, Annex A can be used.

Sampling can be performed using hand or motor driven cutters. Before taking the CD sample, remove
all damaged layers from the outside of the reel. CD samples are normally taken from every produced
reel, or according to some other specific routine decided at each mill. The number of CD samples taken
is determined by the number of tests to be performed and the amount of required material for later
follow-up testing. Normally, one CD sample is used for testing directly in the automated off-line testers.
When taking CD samples, ensure that the front side (FS) and drive side (DS), and top side and bottom
side are identified, e.g. by marking the FS and top side.

Care shall be taken in handling CD samples as contact with bare hands can appreciably affect the
chemical, physical, optical, surface and other characteristics of the paper or board. Use of cotton gloves

© ISO 2016 - All rights reserved
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is recommended during the sampling procedure. CD samples shall be free from wrinkles, folds and dirt
and protected from exposure to conditions which may change the relevant properties. Avoid contact
with the surface that is to be tested and place the CD sample on a clean table if necessary.

The average of a single CD profile for a specific sheet property may not be the same as the average

obtained by

the sampling procedures described in ISO 186.

Differences in average values may be due to the machine position (FS, DS or mid position) in which
the samples are taken, the variability in paper properties and the number of positions in which the CD
sample is tested, and not only the difference between sampling of reels in ISO 186 and in this document.

NOTE

Winding the reel too fighﬂv mighf cause prnhlpmc with other measurements (Pg he

nding

measuremen

6.2 Cuttil

Cut the CD s
required wi
defects.

7 Condit

As with non|
condition s3
meeting the
before testil

Ls) for high grammage grades such as liquid board and folding box board.

ng samples

ample (3.1) perpendicular to the machine direction from edge to edge of-tlie teel and ¢
dth using a sample cutter (5.1). The sample shall be clean, wrinkle-free*and free of atyj

lioning

f the
pical

fautomated testing, for quick feedback for the productiof/line, it is usually impractica

le to

mples according to ISO 187. Locate the automated off-line tester in a conditioned test foom
requirements of ISO 187 and allow sufficient time for-the CD sample to partially condition
g of properties sensitive to moisture content is.carried out. The time required will depend

on equipment available for rapid conditioning and the grammage of the sample. It is desirable for
preconditiohing to be carried out as the first step.

NOTE Ugually, the testing is started within 3 min to(h5 min from sampling in the machine hall.

A suitable method for accelerated conditioning is;described in Annex A.

The principle is that a CD sample is placed-orra bench where air, meeting the temperature and relptive
humidity rejquirements of 1ISO 187, passes through the sample by means of vacuum fans. The specific
time needed depends on the type of material and is more effective for lower grammages, <300 g/m?2.
Mechanical properties like bending resistance and tear resistance are sensitive to the moisture content.
In productipn, conditioning aecerding to ISO 187 may not be practicable, instead, an accelerated
conditioning can be used.

8 Procedure

8.1 Geneyal

A standard erientatienand-directionshotld-beselectedforfeeding Eh-samplesinto-theautemated off-

line tester. Ensure that the CD sample is fed into the tester with the ¢

h

Choose the right configuration for your testing including the following:

the mac
propert

step len

hine direction width of the CD sample;
ies to be tested;

gth between tests;

number of measurement points in the cross direction for each property;

profile and/or mean value of properties.

osen direction and orientation.
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The International Standards referred to in 8.2 to 8.18 are the currently most used and can be used in
agreements between concerned parties.

NOTE

the calculations made according to ISO/TR 24498I[1] and TAPPI T 1200 sp-07.[3]

Precision data, if available, are normally presented in the International Standard in question and with

8.2 Determination of single sheet thickness, density and specific volume (ISO 534)

ISO 534 shall be used for this test. Any deviations shall be reported. The number of measurements in
the CD is decided by the producer with consideration to the machine width.

EXp1
dens
cubid

NOTH
confd

8.3

ISO S
100

is us
cons

The §

The balance shall be shielded from air currents. The mass of the trimmed specimen shall be

to an

8.4

8.4.1
ISO 1

Varig
testd
and 1

NOTH
stren|

An e
ISO 1

Y t]llC ITS u}t fUl Dius}c D}lCCt t}lib}\llcbb ill lllibl UlllCtl S tU t}ll CcCT Disllifil,dllt fis urec,, d})
ity in grams per cubic centimetre to three significant figures and apparent specific,she
centimetres per gram to three significant figures.

In some countries, particularly in North America, the 50 kPa pressure is still widely used
rm to ISO 534 and different results will be obtained using this pressure.

Determination of grammage (ISO 536)

36 shall be used for this test with the following deviations; the area of the test piece she
'mZ and the area determined to an accuracy of 0,5 %. Any gther deviations, or if anof
bd, this shall be reported. The number of measurements in.the CD is decided by the pr
deration to the machine width.

brammage test area is normally trimmed by using a punch or a knife.

accuracy of 0,2 % and the grammage shall bereported to three significant figures.
Determination of tensile properties

Constant rate of elongation
924-2 or I1SO 1924-3 shall be-used for this test. Any deviations shall be reported.

us modules which do not conform with ISO 1924-2 or ISO 1924-3 are used in autom
rs. The user shall establish the correlation between properties measured using a ter
hose using a standard ISO test.

1 InAnnex)Cythe results of a comparison between stand-alone and automated off-line test
oth, strain atbreak and tensile energy absorption (TEA) are presented.

kamplesof a module is shown in Figure 1 (the figure presented is an example and

arent sheet
et volume in

, but does not

1l be atleast
her method
oducer with

determined

hted off-line
sile module

ng for tensile

differs from

924).\The tensile module cuts a specimen with a width of 15 mm from the sample and

two |

clamps it at

points located ata distance of 100 mm from each other. The specimen is then pushed upwards until

it breaks, and the module measures tensile strength, elongation at break and TEA.

© ISO
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NOTE 2
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Dimensions in millimetres

100

Figure 1 — Example of a tensile module

The results of the above test correlate quite well with [SO 1924-3, see Annex C.

ngth, tensile stretch and TEA of paper can be measured both in the machine directions

and cross directions (CD) of a paper sample if separate units are used in the tester.

Report the t|
grammage i

8.4.2 Altd

Other const
manufactur
to the relev
accordance

8.5 Detel

8.5.1 Gen

This proced
Correction fj

ensile strength, strain at break and tensile-ehergy absorption to three significant figuy
5 known, various indexes can be calculated.

rnative method

ructions of modules may be-«available on the market and shall be accurately described b
br. These can use different.types of procedures which do not give the same results comp
ant part of ISO 1924 and a correlation will then have to be performed on equipme
with ISO 1924.

'mination oftearing resistance

eral

ure‘ofitearing testing is often related to ISO 1974 Elmendorf method, but is not compay

(MD)

es. If

y the
ared
nt in

able.

actors are one way of getting results in conformity with ISO 1974. Another way is to r{

pport

the value ob

tained direct from the module.

The modules can use different types of procedures which do not give the same results compared to
ISO 1974 and a correlation will then have to be performed on equipment in accordance with ISO 1974.

8.5.2 Tear module type 1

An example

of a tear module for automated off-line measurements is shown in Figure 2.

The tearing module (see Figure 2), measures the tearing resistance of a paper sample, in the machine
directions (MD) and cross directions (CD). Two separate modules are needed if both directions are of

interest.

© ISO 2016 - All rights reserved
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Key
A testpiece
B tearing force

The {

The 1
is pr¢
relat
madyg
mach

The
obta

Ifac

i ul

whet|

—

Repd
sepa
figun
dired

Figure 2 — Example 1 of a tear module for automated off-line nieasuremen

pssed through the test piece. The tool is made of a material¢hat has a very low coefficie
jve to the paper. Tearing of the test piece occurs along four’lines simultaneously. The
e by a knife in the top of the tearing tool and the instritment has two separate units
line direction and one for the cross direction.

learing resistance, Fx tearing resistance, value obtained from the instrument x, can diff
ned using the Elmendorf tear tester. In these:eases, a correction factor may be used.

brrection factor is used, calculate Fgimendorf according to Formula (1):

Elmendorf = Fx tearing resistance % cf

f is the ¢orrection factor (depends on the design of the instrument);

Instrument x.

rt the tearingresistance (the tearing resistance can be reported as Fx tearing resistance O
Fately, if fequired, for the machine direction and cross-direction in millinewtons to thre

tiof.ih millinewton square metres per gram (mNm?2/g), to three significant figures.

earing test involves tearing by a force acting perpendicular to the'stirface of the paper}.

LS

est piece is held securely by a pneumatic clamping foot, and tearing is done by a V-shajped tool that

ht of friction
initial cut is
one for the

br from that

)

x tearing resistance_~.19'the tearing resistance value, in millinewton (mN), obtained from|the

" FEImendorf)
e significant

es. If required, calculate and report the tear index separately for the machine directiop and cross-

Figu
with

© ISO
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Key

A Ftype 1 foce transducer

B Ftype 1 fprce transducer
4

C Ftype 1 tedring force

Figure 3 — Tear module, geometry type)t

The instru]I:Lent, geometry as shown in Figure 3, provides mean\values of the tearing force, from the
four tear lines and calculates the reported Fiype 1 tearing resistafice (MN) value according to Formulde (2)
and (3).
F _ Ftype 1 force transducer \/ 2 2
typeltepring force — 4 x (2)
F )
type 1 tearing force
Ftypelte hring resistance = 2 (3)
where
Ftype 1 fgrce transducer 1S th€mean value of the force, in millinewton (mN), recorded by the
fotee transducer during the tearing process. Measured values are
eollected during a period of about one second, which corresponds
approximately to a 25 mm movement of the tearing tool;
Ftype 1 tparingforce is the tearing force, millinewton (mN), for each section perpendicular
to the face of the tool.
NOTE In the EImendorf method, the distance travelled by the moving clamp during tearing is equivalent

to twice the length of tear. In order for the instrument to report values corresponding to those when using the
Elmendorf method, Formula (1) is used.

8.5.3 Tear module type 2

Figure 4 shows an instrument with another type of geometry. In this instrument, tearing is done by a
V-shaped tool in an angle of 120°. The values corresponding to those when using the Elmendorf method
are obtained through calculations using formulae relevant for this type of instrument.

© ISO 2016 - All rights reserved
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The instrument geometry as shown in Figure 4, provides mean values of the tearing force and calculates
the reported FElmendorf (MN) value according to Formula (4).

FEImendorf = Ftype 2 transducer * cf 4)
where

Ftype 2 transducer is the measured force, millinewton (mN), from the instrument;

cf is the correction factor (depends on the design of the instrument).

AN

/@‘9\

-
P

Key

A testpiece

B dlamp

C tearing unit
D fprce sensor

Figure 4 — Tear module, geometry type 2

8.5.4 Other types of tear modules

Othefr canstructions of modules may be available on the market and should be accurately described
by theCmanufacturer. These can use different types of procedures which do not give the §ame results
compared to 1SO 1974 and a corretation will then have to be performed withh Tesuits obtained in
conformance with ISO 1974.

8.6 Determination of optical properties

Depending on the type of product, different optical properties are of interest. The instrument shall
fulfil the demands of ISO 2469 and shall be calibrated in compliance with the respective illuminant or
illuminants required. There are three illuminants, of interest, C/2°, D50/2° and D65/10°.

Some of the optical devices may be equipped with a magazine for backings and/or reference standards.

If the optical device is used as a module in the automated off-line tester, the backing cannot be changed
for every CD profile because it will cause a delay in testing. Mill guidelines on when to change the
backing shall be used. The backing shall conform to ISO 2469 in the number of sheets used, shall have
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the same nominal grammage as the material being measured and have a reflectance factor the same as
that of the sample being measured.

If sufficient sheets are not available or if it is desired to measure a background-dependent radiance
factor, select a suitable background and include a description of this background in the report. For
measurements on non-fluorescent materials, establish two working standards of opal glass, ceramic or
other suitable material with flat surfaces.

Instead of paper backing, a ceramic or other equivalent plates can be used. The shade of the plate
used shall be similar to the material to be tested. The use of backings rather than an optically thick

stack of test pieces should be reported in detail. Recipients of the results pro
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optically thij
when evalu

laboratories.

The use of i
the results t

The discrep
single sheef]
being withi
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obtained by

The impact
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ancies between the results obtained with an optically thick staek of test pieces 3
over a backing need not be large to be significant in a dispute. The difference bet]
 agreed tolerances or not is rarely a large step. In instances ‘of dispute, results obt4
ments made on an optically thick stack of test pieces will be, given precedence over re
evaluating a single test piece over a backing.

bf dust and dirt on the backing is important with respect to the accuracy in measuremn
placement of the ceramic plate once a day is often-éfiough. If a paper backing is used, it

ced material, width of the machine, amount,efidirt and dust, etc.

There are many different optical devices onthe market with different geometry, measuring

calibration routines, etc. especially for ‘online measurements. These instruments are 1
ith the description in ISO 2469.

Table 1 — Optical property

he required optical properties-using the relevant International Standard(s) from Tablg 1

duced should be under no
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b define and to decide how often replacement of the paper pad is required due to the impact
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ot in

=

Optical property International Standard
Determinatipn of optical properties C/2° 1SO 2470-1 ISO brightness
ISO 2471 Opacity
ISO 5631-1 Colour L* a*, b*
ISO 9416 Scatterring and absorption coefficient
ISO 11476 CIE whiteness
DeterminatibaefopticalprepertiesB56/22 1S6-5631+3 Colourti-akbx
Determination of optical properties D65/10° |ISO 2470-2 D65 brightness
ISO 5631-2 Colour L* a* b*
ISO 11475 CIE whiteness

8.7 Determination of bending resistance

8.7.1 General

ISO 2493-1 shall be used as a basis for this test. ISO 2493-1 is based on the two-point loading principle
for determining the bending resistance of paper and board within the range 20 mN to 10 000 mN. It is
not applicable to corrugated board, but can be applicable to the components of such board.

10
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8.7.2 Example of a bending resistance module

An example of a bending resistance module including the cutting device is shown in Figures 5 and 6.

The bending resistance module clamps and then cuts (see Figure 5) a total of four test pieces along three
sides, in order to measure (see Figure 6) both surfaces (up and down) in MD and CD directions. The
test piece should be cut so that the width of the test piece is 38 mm. Carry out the test with a bending
length of 50 mm. For test material having a bending resistance which is too low to be measured with a
bending length of 50 mm, an alternative module with shorter bending length, 10 mm, may be suitable.
Tolerances are given in ISO 2493-1.

piecesfor upward measurements shall be supported for downward movementa cutting. The
ieces should be horizontal when starting to apply the force of the load cell.

piece for downward measurement shall not be supported for downward moverients after cutting.

each test piece 15° from the horizontal starting position. For downward measurementsthe load cell
t need to travel a couple of degrees prior to touching the test piece. For upward measufements, the
load fell might be preloaded by the test piece at the start of the test. This sheuld be included in the report.

The bending resistance is the average of the upward and downward résult in millinewton.

If the maximum force is obtained before the test piece has be€n bent through 15° or a|break, kink
or crjease is observed, the test results are not valid. If more than 10 % of the test pieces|exhibit this
behayviour, use a bending angle of 7,5° and report the alteration in bending angle.

Figure 5 — Cutting device
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Figure 6 — Bending procedure

rmally performed with equal numbers of valid results witlf opposing surfaces toward
deflection.

jon, in newton or millinewton to three significantfigures.

| (N m6/g3) for each required principal direction to three significant figures.

sults obtained when using different bending lengths will not be comparable.

roportional to the bending angle,

er types of bending resistance modules for automated off-line measurements

se different types ©f procedures which do not give the same results as ISO 2493-1
vill then have te be performed on results obtained using ISO 2493-1.

 — Determination of bursting strength (ISO 2758)

b1l betused for this test. The number of measurements in the CD is decided by the proq
bration to the machine width.

s the

1d /or

uare

hip is

and

lucer

ISO 2758 is applicable to paper having bursting strengths within the range of 70 kPa to 1 400 kPa. All
components of solid and corrugated fibreboard, irrespective of bursting strength, should be tested
according to I1SO 2759.

The measur

ement can be done from both sides of the paper with separate measuring units.

Bursting strength is expressed in kilopascals, to the nearest kilopascal.

NOTE
procedures o

12

f1SO 2759 and this document will not necessarily give the same results.

Due to differences in the specification of the apparatus, tests made on the same material using the
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8.9 Board — Determination of bursting strength (ISO 2759)

ISO 2759 shall be used. The number of measurements in the CD is decided by the producer with
consideration to the machine width.

ISO 2759 is applicable to board having bursting strengths within the range of 350 kPa to 5 500 kPa.
For materials with bursting strengths less than 1 400 kPa, an alternative method, based on similar
principles, is specified in SO 2758.

The measurement can be done from both sides of the board with separate measuring units.

Bursting strength is expressed in Kilopascals, to the nearest Kilopascal.

NOTH Due to differences in the specification of the apparatus, tests made on the same natefial using the
procgdures of ISO 2758 and this document will not necessarily give the same results.

8.1 Determination of smoothness — Bekk method (ISO 5627)

ISO 627 shall be used for this test. The number of measurements in the €D is decided by the producer
with|consideration to the machine width and possible extended measureinent duration of this method.

Thisjmethod is not recommended for materials with thickness >500"im or very permeablg papers and
boarg, since the amount of air passing through the test piece canlihfluence the result.

BekK smoothness is dependent on the shape, total volume and distribution of the hollow spages between
the durface of the test piece and a theoretically ideal plane'under the specified conditionf of contact.
The greater the Bekk smoothness number, the smootherthe sample.

Test feach side, calculate and report the air flow réadings in seconds without decimals. Vjalues below
100 Bekk seconds should be reported with one decimal.

8.11 Determination of air permeance = Bendtsen method (ISO 5636-3)

ISO $636-3 shall be used. The numbey* of measurements in the CD is decided by the prpducer with
consjderation to the machine width:.

ISO §636-3 is applicable to papers and boards with air permeances between 0,35 um/(Pa-s)and 15 um/
(Pa-g). This corresponds to a‘range between 30 ml/min and 1 330 ml/min.

ISO $636-3 is unsuitable for rough-surfaced materials which cannot be securely clamped to avoid
leakage.

Therg is at least;one type of module which conforms with ISO 5636-3, the Bendtsen eledtronic flow-
meaguring dévice.

NOTHE 1 £ There is another type of module that measures air permeance of paper and boarfl, where the

valugsCobtained can be recalculated using algorithms to give air permeance values in accordajnce with the
Bendmﬁmﬁwmwmmmwmw based on

SCAN P 26:78.12] This device has a test area of 50 cm2 and a measuring range of 0 ml/min to 5 000 ml/min. The
values can be recalculated to a pressure of 1,47 kPa and a test area of 10 cmZ2. The reported value is in the range
0,3 ml/min to 8 800 ml/min.

Calculate the air permeance in micrometres per pascal second, normally for the top side, TS, to three
significant figures.

NOTE 2  This property is called air permeance, and not air permeability, because it is reported as a sheet
property and is not standardized with respect to thickness to give a material property per unit thickness.
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8.12 Paper and board — Determination of air permeance (medium range) — Part 6:
Oken method (ISO 5636-6)

ISO 5636-6 shall be used. The number of measurements in the CD is decided by the producer with
consideration to the machine width.

ISO 5636-6 is unsuitable for rough-surfaced materials which cannot be securely clamped to avoid
leakage.

There is at least one type of module in accordance with ISO 5636-6, the Oken electronic sensor device.

e (TS)

Calculate the ai
to two significant figures.

If the air registance is required, this shall be reported as “air resistance” (Oken) in seconds.)Report the
air resistange to two significant figures.

NOTE This property is called air permeance, and not air permeability, because it is ‘eported as a [sheet
property and is not standardized with respect to thickness to give a material property per unit thickness.

8.13 Measurement of specular gloss — Part 1: 75° gloss with a converging beam, TAPPI
method (I$0 8254-1)

[SO 8254-1 ghall be used for this test. The number of measurements iWthe CD is decided by the producer
with consideration to the machine width.

ISO 8254-1 gpecifies a method for measuring the specular glos§’of paper at an angle of 75° to the ngrmal
to the paper surface. Although it is mainly applicable to coated papers, it may also be used for glossy
uncoated pdpers such as supercalendered papers.

According t¢ ISO 8254-1, the specular gloss shall be deteérmined for all four directions, i.e. in the mag¢hine
direction aijd counter-machine direction and in, beth cross directions and the mean value shdll be
calculated. If the gloss of both sides of the paper(is being determined, data shall be recorded for the¢ two
sides of the paper separately. It is impractical te'carry out this procedure in the automated off-line t¢ster.

Measurements shall be performed in theMD and/or in the CD as well as TS and/or BS. One measurement
in each position is performed giving gloss for machine direction top side (MD/TS), machine direftion
bottom side|(MD/BS) or cross direction top side (CD/TS) and cross direction bottom side (CD/BS)

Calculate the mean value, for edach side if required, to three significant figures.

This method does not preyvide an assessment of image-reflecting quality and should not be used for|cast-
coated, lacquered, highly*varnished or waxed papers or for high-gloss ink films. For these purposes,
measuremehts should be made at other angles, for example as specified in ISO 8254-3.

8.14 Measurement of specular gloss — Part 2: 75° gloss with a parallel beam, DIN
method (1$6-8254-2)

ISO 8254-2 shall be used for this test. The number of measurements in the CD is decided by the producer
with consideration to the machine width.

ISO 8254-2 specifies a method for measuring the specular gloss of paper at an angle of 75° to the normal
to the paper surface. Although it is mainly applicable to coated papers, it may also be used for glossy
uncoated papers such as supercalendered papers.

According to ISO 8254-2, the specular gloss shall be determined for all four directions, i.e. in the machine
direction and counter-machine direction and in both cross directions and mean value shall be calculated.
If the gloss of both sides of the paper is being determined, data shall be recorded for the two sides of the
paper separately. It is impractical to carry out this procedure in the automated off-line tester.
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Measurements are performed in the machine direction (MD) or cross direction (CD). It is possible
to measure both sides of the sample if different units are used. One measurement in each position is
performed giving gloss MD/TS, MD/BS or CD/TS, CD/BS.

Calculate the mean value, for each side if required, to three significant figures.

This method does not provide an assessment of image-reflecting quality and should not be used for cast-
coated, lacquered, highly varnished or waxed papers or for high-gloss ink films. For these purposes,
measurements should be made at other angles, for example as specified in ISO 8254-3.

8.15 Measurement of specular gloss — Part 3: 20° gloss with a converging beam, TAPPI
method (ISO 8254-3)

ISO §254-3 shall be used for this test. The number of measurements in the CD is decided’by the producer
with|consideration to the machine width.

ISO §254-3 specifies a method for measuring the specular gloss of paper at anangle of 20° t¢ the normal
to thle paper surface. It is applicable chiefly to highly glossy surfaces, such*as cast-coated, lacquered,
highly varnished or waxed papers and high-gloss ink films.

Accofding to ISO 8254-3, the specular gloss shall be determined for all‘four directions, i.e. in the machine
diredtion and counter-machine direction and in both cross diréctions and the mean value shall be
calcylated. If the gloss of both sides of the paper is being determined, data shall be recorded for the two
sideq of the paper separately. It is impractical to carry out this procedure in the automated off-line tester.

Meagurements shall be performed in the MD and/or in the'CD as well as TS and/or BS. One measurement
in each position is performed giving gloss for machine‘direction top side (MD/TS), machihe direction
bott¢m side (MD/BS) or cross direction top side (CR/TS) and cross direction bottom side ((D/BS).

Calcuyllate the mean value, for each side if required, to three significant figures.

8.14 Determination of roughness/smoothness — Bendtsen method (ISO 879142)

ISO §791-2 shall be used for this test. The number of measurements in the CD is decided by the producer
with|consideration to the machinéwidth.

This|part is applicable to paper and board which have Bendtsen roughness values betjween about
50 ml/min and 5 000 ml/min when measured with electronic type testers.

The Bendtsen roughnéss can be determined using one or several measuring heads. Separate measuring
heads shall be used.iffboth sides of the sample are to be measured.

For each side~tésted, calculate and report the air flow readings in millilitre per minyte to three
significant figirres.

8.17 Determination of roughness/smoothness — Print-surf method (ISO 8791:4)

ISO 8791-4 shall be used for this test. The number of measurements in the CD is decided by the producer
with consideration to the machine width.

The print-surf roughness can be determined using one or several measuring heads. Separate measuring
heads shall be used if both sides of the sample are to be measured.

There are two types of print-surf testers. In automated off-line testers the impedance type is dominant.
The test piece is placed between a circular flat metal sensing surface and a resilient backing, most
commonly a soft backing.

There are two clamping pressure possibilities either 980 kPa + 30 kPa or 1 960 kPa * 30 kPa. The most
common clamping pressure is 980 kPa * 30 kPa.
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The print-surf roughness is expressed directly as the average value roughness, in micrometres, with
two decimals for each clamping pressure. If required, the print-surf compressibility can be measured
and reported in percent to three significant figures.

8.18 Compressive strength — Short-span test (ISO 9895)

IS0 9895 shall be used for this test. The number of measurements in the CD is decided by the producer
with consideration to the machine width.

The automated off-line tester can use different types of procedures which do not give the same results
compared to ISO 9895 and a correlation will then have to be performed on equipment in accordance

with ISO 98

IS0 9895 ha
of paper ang
paper and b
onasmalla
least 20 det

5.

5 been developed in order to specify the conditions for determining the compressivestrd
board used for the manufacture of containers and boxes. The method is recethmends
pard with a grammage from 100 g/m?2 to 400 g/m2. The compressive strength’is meag
fea of 0,7 mm x 15 mm. In order to minimize the influence of local variations'in the pap
brminations are prescribed, but not realistic in the automated off-line testing.
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done with a
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to the manu|

Sufficient st
uncertainty
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ation and expression of results

ment, all calculations and expression of results are based on International Standards
or in special cases like tear, tensile, air petimeance Bendtsen, bending resistance, refe
al from the supplier of automated off-lin@tester.

atistical data should be provided.td.allow a thorough assessment of the test measure
if the results have not been obtdinéd in accordance with the relevant standards.
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any unusual procedures used or features observed during the course of the test;

or regarded as optional, which might have affected the results and

ingle type is used) for each of the individual instruments/tests used.

areference to the relevant test methods used and the part of the standard applicable, if appropriate;

any operations not specified in this document, or in the International Standards to which reference

the manufacturer of the automated off-line tester including unit type and model number (if more
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Annex A
(informative)

Accelerated conditioning

General

annex describes a method for fast conditioning of CD samples to minimize the change

conte¢nt during the measurement process and produce moisture contents closer to those w
are gt equilibrium with its surrounding atmosphere. It is important to be able to conifpare
the vialues within a CD profile.

A2

Air o]
spec

Principle

ff temperature and relative humidity meeting the requirements for the conditioning atn

Figute A.1 shows an example.

A

in moisture
hen samples
and analyze

hosphere, as

fied in ISO 187, is drawn through the CD sample that is put 6n a screen by using a vacjilum system.

~
C
Key
A donditioned air from the laboratory
B D-sample
C Ld‘U}C WiLll vdLUulIIll b_ybLClll
Figure A.1 — Example of a system for accelerated conditioning
A.3 Apparatus

A screen is mounted on a table with a vacuum pump inside. The sample has to be placed flat against
the screen. The table and the screen have to fit the length and width of the CD sample. If the sample is
smaller, the visible area(s) of the screen needs to be covered to ensure adequate airflow through the
sample (e.g. by roller shutters). The intensity of the vacuum depends on the sample grade and should be
regulated so as not to damage the sample by pressing it too hard against the screen.
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A.4 Procedure

The lengths of time for which the sample needs to be placed on the equipment for conditioning to
produce moisture contents close to those resulting from_conditioning according to ISO 187 depends on
the properties of the grade (e.g. grammage and porosity). The time for conditioning required to achieve
moisture contents close to those resulting from following ISO 187 should be determined at the outset
by the user. Depending on the sample and the apparatus this procedure can take between less than
1 min on, for example, cigarette paper and 10 min or more on, for example, high grammage liner board.
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Annex B
(informative)

Comparison between stand-alone instruments and automated off-

line testing of CD profiles
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uments, including the impact of conditioning, was conducted in 2013.

following grades were tested; news print, copy paper, two types of sack papef, |coate
), liquid board and packaging board.

properties tested were grammage, thickness, tensile strength, stretch at break, tea
dtsen and print surf), optical properties, etc.

sting was done by each participating mill, with samples from their.own mill. No sampl
changed between the participants.

ollowing are the testing procedure used for the comparison between stand-alone instf
mated off-line testing of CD profiles:

24 h of conditioning on five profiles at 50 % r.h. and 23*°C and testing with stand-alone i
$everal sheets were cut from three positions: frent side (FS), mid and drive side (DS]
The width of the board and paper machines varied from around 3,5 m to about 10 m. T
gnd sheet size were specified for these conditions.

24 h conditioning on one profile at 50 % rh. and 23 °C and testing with an automated o

L&W Autoline, Metso Paper Lab, Technidyne PROFILE/Plus™1), etc.).

The mill's normal procedures \for conditioning and testing on the remaining p

jutomated off-line equipment(L.&W Autoline, Metso Paper Lab, Technidyne PROFILE/H

Temperature and r.h. in the'machine room were checked and reported.

results are limited, but.in certain tests there would appear to be a fair indication
mated testing of CDprofiles by both the mill procedure and 24 h conditioning correlate
ed out in accordance with the relevant International Standards using properly calib
b equipment. Best practice would require regular correlation with properly calibrated
bment used-ifi accordance with the relevant International Standards.

b examples of the results are presented in Figures B.1 to B.5.

i kraft back

, roughness

£s were sent

uments and

nstruments.
for testing.
he sampling

ff-line tester

rofiles with
lus™1), etc.).

n how well
with testing
rated stand-
stand-alone

Key llor Figures B.1 to B.5 is presented in Table B.1.

1) Examples of suitable products available commercially. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of these products.
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Table B.1 — Key to Figures B.1 to B.5

Key

[ | stand-alone 50 % r.h., 23 °C, 24 h 3 sack paper 2

(I mill procedure, automated tester 4 copy paper

[ | automated tester, 50 % r.h., 23 °C, 24 h 5 coated kraft back (CKB)

1 news 6  liquid board

2 sack paper 1 7  coated packaging board
400,0

Figure B.1 —@'ammage (g/m2) — Different paper and board grades
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