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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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Oken method

This
appsa

allp
2

The
refe]
docu

ISO 1
100

ISO

ISO
mon

ISO 1

For 1

ISO

3.1

Scope

document specifies the Oken method for determining the smoothness of papéer-and bo4

rd using an

ratus which complies with the Oken method, as defined in this part of ISO,8791. It is applicable to

Finting papers and boards.

Normative references

following referenced documents are indispensable for the application of this documenft. For dated

ences, only the edition cited applies. For undated referefices, the latest edition of the
ment (including any amendments) applies.

18, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between
RDH)

| 86, Paper and board — Sampling to determine-average quality

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

1662, Rubber, vulcanized or thermoplastic — Determination of rebound resilience

Terms and definitions
he purposes of this.do¢ument, the following terms and definitions apply.
ind [EC maintaifrterminological databases for use in standardization at the following a

SO Online growsing platform: available at https://www.iso.org/obp

EC Eleetropedia: available at http://www.electropedia.org/

referenced

/0 IRDH and

rocedure for

ddresses:

oken-singethness
time required for a specific volume of air to leak from the gap between the flat measuring lands of the
Oken tester and the surface of a test piece under specified conditions

Note

1 to entry: Oken smoothness is expressed in seconds per 100 ml (s/100 ml).

4 Principle

A test piece is placed between a rubber plate and measuring lands.

The air pressure on the inlet side of a narrow capillary of controlled dimensions is maintained at a
constant value above atmospheric pressure. The air passes through the capillary and then leaks
between the surface of the test piece and the measuring lands. The air pressure between the outlet
side of the capillary and a test piece depends on the rate of flow of air between the measuring lands

© IS0 2020 - All rights reserved
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and the surface of the test piece. It is measured and converted to Oken smoothness. For further details

regarding the measurement principle, see Annex A.

For details regarding the test method precision, see Annex B.

5 Apparatus

5.1 Oken Smoothness apparatus (two types)

Use either the water column type described in 5.2 or the electronic sensor type described in 5.3.

5.2 Watdr column type

5.2.1 Thg water column type, see Figure 1, consists of an air compressor, filter, pressure regulator,

water column regulator, capillary, water column manometer, measuring head, and scaléplate.

5.2.1.1 The measuring head, see Figure 2, consists of a loading weight, rubber(plate, and sensing head.

5.2.1.1.1 [The loading weight and rubber plate, the loading weight has @circular even surface o
less than 48 mm in diameter and a mass that clamps the test piece at'a pressure of (98,1 + 1,0)
The rubber|plate has a diameter of not less than 48 mm, a thicknessvof (4 £ 0,2) mm, a hardne
(50 £ 5) IRHD in accordance with ISO 48, and a rebound resiliencé of not less than 62 % in accord
with ISO 4662.

f not
kPa.
5s of
ance

5.2.1.1.2 [he sensing head, has 10 concentric measuring lands and nine grooves. The outermost
measuring land has a width of (0,5 + 0,03) mm, and an@iitside diameter of (46 + 0,03) mm. The width

of the otherf nine measuring lands is (1 * 0,03) mm. The inside diameter of innermost measuring
is (9 + 0,03) mm. All grooves have a width of (1 £.0,03) mm, and a depth of 0,5 mm to 1,2 mm.

land
Five

grooves have air outlet holes and four grooves have air inlet holes arranged alternately. A tube connects

the sensing|head to the pressure measuring ehamber.

5.2.1.2 The air compressor and regulator, supply compressed and filtered air. The air is contr
to approximjately 10 kPa by the air regulator.

5.2.1.3 The water column regulator and capillary, provide a constant pressure. The water col
regulator c@nsists of a watet-tank with an internal diameter of approximately 100 mm and a heig
approximatgly 700 mm, and’a constant pressure chamber with a side tube. The open end of the side
is (500 = 0,%) mm below the water surface.

blled

umn

ht of
tube

The air at japproximately 10 kPa introduced into the constant pressure chamber is controlled to
(4,90 £ 0,01) kPa((500 + 1 mmH,0) and transferred to the pressure measuring chamber through the

capillary.

The capillary consists of a narrow tube made of stainless material with an inner diameter of
approximately 0,3 mm and a length of approximately 50 mm. The capillary length shall be strictly

adjusted so that constant K in Formula (1), see 5.2.1.4, is 100.

2 © IS0 2020 - All rights res
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5.2.1.4 The water column manometer and scale plate, comprise the pressure measurement system.
The water column manometer is connected to the water tank at a depth greater than 500 mm below
the surface of the water in the water tank by a pipe with a diameter large enough (with a minimum of
3 mm) to allow water to transfer smoothly between the manometer and water tank. The manometer is
connected to the sensing head and capillary. The scale plate for reading smoothness is marked in the

units of seconds per 100 ml. The scale of smoothness is determined by Formula (1):

e8]

K*P
T=
P.—P
F—is-the-Okensmoothness;
[ isthe constant;
P is the pressure at the pressure measuring chamber;
P. is the pressure at the constant pressure chamber.
The gcale shall cover the range 0 s to infinity (co s) with scale readings of 0)s/100 ml at a pr
of zgro (0 mmH,0), 100 s/100 ml at the midpoint 250 mm below thestrface level in the t:

s/100 ml at a pressure of 4,90 kPa (500 mmH,0).

[
»

NOT
area
outd

High or low air resistance type of Oken tester with différent capillary dimensions or n
b are available for shorter measurement time or higher precision. However, these types of Ok
f the scope of this part of ISO 8791.

bssure drop
ink and (o)

neasurement
bn tester are
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1  air compressor 9\ test piece
2 filter 10 sensing head
3  pressur¢ regulator 11 rubber plate
4  water cqlumn regulator / constant pressure chamber 12 loading weight
5 capillary 13 example of scale plate
6  water cqlumn regulator / pressure measuring chidmber sensor P; approximately 10 kPa
7  water tank P, 4,90kPa
8 scale pldte
Figure 1 — Diagram of water column type Oken tester
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Dimensions in millimetres

246 £0,03

1 sectional view X-X

2 air

3  specified ring shape
4  testpiece
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5 rubber plate 12 airinlet hole
6 loading weight 13 A1-A4 Passage connected air supply
7  sensing head 14 B1-B4 Passage leading to atmosphere

Figure 2 — Diagram of measuring head

5.3 Electronic sensor type

5.3.1 The-ele

constant py
display.

structure is

g head, and

y

ensor, sensor amplifier, measurin

d

5.3.1.1 The measuring head, consists of a loading weight, rubber plate, and sensing head.| The
the same as the measuring head (5.2.1.1) for the water column type.
5.3.1.2 The air compressor and regulator, supply compressed and filtered-air. The air is contrplled

to approxin

5.3.1.
type (5.2.1.

measuring

5314 T
display, co

measuring ¢
and second

3 T%e constant pressure chamber and capillary, are the same\as those for the water column

e
Ilprise the electronic sensing system. The digital display shows the pressure of the pres

ately 10 kPa by the air regulator.

). Air at the pressure controlled by the electronic pressuré regulator is transferred t¢ the

ead through the capillary

pressure measuring chamber, electronic pressure sensor, amplifier, and digital
sure
hamber and Oken smoothness calculated frdin the pressure, as units of kilopascal or mmH,0

5 per 100 ml, respectively.
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Key

1  pir compressor 8 _{estpiece

2 filter 9") “vsensing head

3 plectronic pressure regulator 10 rubber plate

4  ponstant pressure chamber 11 loading weight

5 rapillary P, approximately 10 kPa
6  pressure measuring chamber / electronic pressuresensor P, 4,90 kPa

7  pmplifier / digital display

Figure 3 — Diagram of electronic sensor type Oken tester

6 PBampling
If the mean quality of a Iot is to be determined, sampling shall be in accordance with ISQ 186. If the
testg are made on another type of sample, make sure that the test pieces taken are representative of the
sample received.

7 Conditioning

Condlition\the sample in accordance with ISO 187.

8 Preparation of test pieces

Prepare the test pieces in the same atmospheric conditions as those used to condition the sample. Cut
no less than 10 test pieces for each side to be tested. An adequate test piece size is 100 mm x 100 mm,
and their surfaces shall be identified in some convenient way (e.g. side one and side two).

The test area shall be free from folds, wrinkles, holes, watermarks or defects not inherent in the sample.
Do not handle the part of the test piece which will become part of the test area.

9 (alibration

Calibrate the apparatus according to instructions of the manufacturer.

© IS0 2020 - All rights reserved 7
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Check the pressure displayed by the water column manometer or the digitally displayed pressure
without placing anything on the measuring head. The reading shall be 0 + 0,01 kPa or 0 + 1 mmH,0,
respectively. For the water column type, if the water column manometer does not read zero, adjust the
water column manometer by adjusting the volume of water in the water tank, whereas the electronic
regulator automatically calibrates the pressure.

The apparatus shall be tested for air leakage. Clean the rubber plate and sensing head. Place the rubber
plate directly on the sensing head and the loading weight on the rubber plate. The reading should exceed
4,88 kPa or 498 mmH,0. If the pressure is lower than that specified pressure, leakage is the likely cause.
Check the sensing head, rubber plate and tubes for defects and repair or replace as necessary.

10 Proce

Carry out the test in the same atmospheric conditions as those used to condition the samples.

Tests shall
test pieces.

Clamp a tes
the sensing
digital disp
If required,
the procedy

11 Expre

11.1 Repd

Calculate th

11.2 Stang

If the stand

coefficient ¢f variation of smoothness;to two significant figures for each side tested.

dure

be performed according to the instructions of the manufacturer. Test ayminimum ¢

t piece between the sensing head and rubber plate with the surface to’be measured ag4
head. Read the Oken smoothness value on the scale plate, for, thewater column typ
ay, for the electronic type instrument, once the reading becomés'stable.

determine the smoothness of the other side of the sample\with 10 more test pieces. Re
re until 10 valid measurements are obtained for each side.

ssion of results

rting the results

e mean of the smoothness readings, to two significant figures for each side tested.

lard deviation and coefficient of variation

ard deviation or coefficient of variation is required, calculate the standard deviatig

pport
ort shall include the following information:

ce to thisdocument, e.g. ISO 8791-5:2020;

place of testing;

f 10

ninst
e, or

peat

n or

12 Testr
The test rej]
a) referen|
b) datea
c) allthei
d) the con
e)

f)

g)

h) ifrequi
i)

8

niformation necessary ror complete identirication o the sample;

ditioning atmosphere used;

the number of test pieces tested;
the type of Oken tester used;

the mean smoothness for each side, as specified in 11.1;

red, the standard deviation or coefficient of variation for each side, as specified in 11.2;

any deviation from the specified procedure which may have affected the result.
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Annex A
(informative)

Measurement principle of Oken smoothness

The principle for the calculation of Oken smoothness from measured pressure to graduate the scale
plate or display smoothness digitally is described below!(®l.

A.1| Definitions of Oken smoothness

The |Oken tester is designed to measure Oken smoothness T, assuming that air b€haves as a laminar
flow] Oken smoothness T is time in seconds required for the volume V, = 10@ml of air, theasured at
roorp pressure, under the pressure difference P, = 2,36 kPa to pass through the gap betwleen the flat
meapuring lands and surface of a test piece.

A.2| Adjustment of the capillary length

The Jair flow rate Q (ml/s) through the capillary from the cénstant pressure chamber at the pressure
(P.) ko the pressure measurement chamber at a pressure {R) is equal to the air flow rate through the
gap petween the flat measuring lands and surface of a test piece, expressed as Q (ml/s) aq well, when
the felevant air volume is measured at room pressure{see Figures 1 and 2). A rate of lamipar air flow
would be proportional to the pressure difference, and Formulae (A.1) and (A.2) apply.

D=K_(P.-P) (A1)

=K *P (A.2)
whefe

K. is the coefficient of air flow ability [ml/(s kPa)] of the capillary and the gap betwepn the flat

measuring landsand surface of a test piece;

is the coefficient of air flow ability [ml/(s kPa)] of the gap between the flat measuting lands
and surfaece of a test piece and assumed to be specific to the test piece, and not dependent on
the ptessure P;

For Pken sfifoothness T and air flow rate (Q,) (ml/s) in the specified condition — 2,36 kPa and 100 ml],

D=k *p, (A.3)

© IS0 2020 - All rights reserved 9
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=t _ 100
Qk Kst

When Formula (A.1) and subsequently Formula (A.2) are substituted into Formula (A.4), Formula (A.5)
is obtained.

(A4)

;_100P _ 100P 100, P

P
= = — *
Q*Pk KcPk(Pc_P) KcPk (PC_P)

(PC_P)

(A.5)

where

100

K H

A.6)

K

For the Oke
leads to K =

n tester, the scale is graduated so that T = 100 at P = 0,5P,. In this condition, Fermula

100 and Formula (A.6) leads to

A.5)

A7)

This mean§
P =0 and Fi
of air is sua

Formula (A

that the capillary length shall be adjusted so that K. satisfies.Formula (A.7). In this

prmula (A.1) becomes Q = K_P... By definition, time T,(s), reqiiired for the passage of 10
h that T, = 100/Q = 100/K_P_, and when this relationship/is“substituted into Formula (
8) is obtained.

rase,
|0 ml

h.7),

Pk
P

C

T. =100 A.8)

Therefore, {
P, =2,36 kR

he capillary length should be adjusted so that T, = 48,2 s, which is calculated by substity
aand P, = 4,90 kPa into Formula (A.8):

iting

A.3 Graduation of Oken smoothness from the measured pressure

If the relat
the scale pl

shown by H

column ma

formula T 4

T=100x3

10

onship between pressure-difference P and Oken smoothness T is known, graduatio
pte or digital display of/T,will become possible. This relationship is T = T} = K*P/(P_-H
ormula (A.5). If a pressiire difference P is expressed in water surface depth in the w
hometer, P. = 500 mnH,0 (equivalent to 4,90 kPa) and K = 100. Therefore, the conver

00/(500-300).2 D50 (s).

n on
), as
rater
sion

100P/(500-P) applies. For example, a water surface depth of 300 mmH,0 corresponds to
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