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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Paper and board — Testing of cores —

Part 8:
Determination of natural frequency and flexural modulus
by experimental modal analysis

1 (Scope

This document specifies a method for the determination of the flexural modulus by, using expg¢rimentally
megsured natural frequencies in the free-free mode of transverse vibration 6f\eylindrical| paper and
boajrd cores, which meet the following criteria:

— linternal diameter: 50 mm to 350 mm;
— |minimum wall thickness: 0,02 x internal diameter or notless than 2,0 mm;
— |minimum length of core: 8 x internal diameter.

NOTE For the determination of the flexural modulus by the\three-point method, see ISO 11093-7.

2 |Normative references

The following documents are referred to in_the text in such a way that some or all of their content
conktitutes requirements of this documenty For dated references, only the edition cited gpplies. For
undated references, the latest edition of.the'referenced document (including any amendments) applies.

1S0|11093-1, Paper and board — Testing of cores — Part 1: Sampling

1SO|11093-2, Paper and board < Testing of cores — Part 2: Conditioning of test samples
[SO[11093-3, Paper and board — Testing of cores — Part 3: Determination of moisture conteft using the
oven drying method

3 |Terms and'definitions

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

[SO|and [E€ maintain terminological databases for use in standardization at the following addresses:

— USA Online hrnurcing p]aff:nrm- available ot hffD-l/l/unnnnr iso ""f_"/"h‘:}

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

3.1
natural frequency

fi
first frequency which is the lowest frequency a structure vibrates in, depending on its material, shape
and supporting system, when an impulse is applied to it

© IS0 2017 - All rights reserved 1
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3.2

flexural modulus

E

material property which, together with core dimensions, describes the resistance of the core to bending

deflection

3.3

rotational speed factor

St

core E-modulus divided by its density (E/p) which can be used to estimate vibration performance of cores

Note 1 to ¢
conditions 4

Note 2 to enftry: The higher the speed factor, the higher the resonance frequency.

4 Pringiple
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brimental modal analysis, the test piece is considered as a “beam” and Timoshenko’s be
sotropic materials is applied in evaluating transverse vibration. ki this theory, the influg
hertia and shear deformations on transverse vibrations are ingluded. During the test,
s suspended so that it is free to vibrate in the transverse direction. The flexural moduly
as described in 8.1.

ratus

piece suspension.

dea is to measure the first natural frequency in the free-free mode of transverse vibraf
[ree-free boundary conditions in the lateral direction, the test piece is supported by a V
|g with its axis in the vertical direction (see Figure 1). The minimum length of the sup
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he clamps is shown in Figure 2: The mass of the clamps should be less than 0,01 x mass of
The angle, a, (see Figure 2)should be more than 45° The distance of the fixing screw f
the core should be 5 mm 010 mm.

rimental modal analysis system.

htural frequency,is measured with a signal analyser. The test piece is impacted by a ham
‘tion (Z-direction) perpendicular to the plane of the support wires (XY-plane) (see Figur
e response\is measured by a piezoelectric accelerometer at one end of the test piece mouf
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6 Test piece

pling

Samples shall be taken in accordance with ISO 11093-1, but it has to be ensured that the core is not

6.1 Sam
damaged.
2
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6.2
The

NOTE 1

1SO 11093-8:2017(E)

Test-piece size

minimum length of the test piece shall be 8 times the internal diameter of the core.

NOTE 2  The calculated flexural modulus, E, is more accurate for long test pieces.

Regarding the dimensions of the test piece, the following tolerances are specified:

— length of the core, L: +1 mm;

— |outer diameter of the core, D: +0,1 mm;

— [internal diameter of the core, d: +0,1 mm.

6.3| Conditioning

The test piece shall be conditioned in accordance with ISO 11093-2. The moisture content|
piege shall be measured in accordance with ISO 11093-3.

In gractice, the test piece shall be conditioned and dried such that-the moisture content sha
to that specified for the lot.

©IS

02017 - All rights reserved

If the test piece is too short, it is not possible to read the response of the frequency analysis.

of the test
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X
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Figure 1 — Schematic drawing of the test

© ISO 2017 - All rights reserved
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Dimensions in millimetres

In

L - _K
3
A

Key]

1 |support wire

2 |clamps

3 |testbolt

4 |test piece

Figure 2 — Schematic drawing of the test-piece supension

7 |Procedure
Carfy out the test under the safne’atmospheric conditions as those used to condition the tesf piece.

Imgact the test piece in_the/Z-direction in the middle of the length of the test piece by means of a
hammer as shown in Eigure 1. After the impact, the first natural frequency in bending shpll be read
from the frequency résponse of the analysis. The obtained value, f1, is used in Formula (1) to calculate
thelflexural modulus-of each tested test piece.

8 |Calculation

8.1| c€alculation of the flexural modulus

The flexural modulus, E, in megapascals, is calculated by using Formula (1):

2 4
m LA
E=7,88x10_8xw 1)

© IS0 2017 - All rights reserved 5
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where
f1 isthe natural frequency of the first order, expressed in hertz;
my, is the length-related mass, expressed in kilograms per metre;
L  isthelength of the core, in millimetres;
Q isthe dimensionless coefficient;
I  is the second moment of inertia, in mm#.
The second moment of inertia, I (mm#), of the core cross section is calculated according to Formula |(2):
T 4 4
I=—x (D" -d 2
) ( ) (2)
where
D isthe outer diameter of the core, in millimetres;
d istheinternal diameter of the core, in millimetres.
The dimengionless coefficient, Q, is calculated according to Formula{(3):
82)66-1
Q=" +1 3)
Al L
where A is[the area of the core cross-direction, in mm?2, cglculated according to Formula (4):
p?-d?)
A=n-+—F 4
2 (4)
8.2 Calculation of the rotational speed factor
The rotatignal speed factor, Sy, is caleulated by using Formula (5):
E
Sp=— (5)
p
where
E isthe flexurdl modulus, expressed in megapascals (MPa);
p isthedensity, expressed in kilograms per cubic metre.
NOTE p can be calculated as mass divided by volume.

9 Testreport

The test re

a) arefer

port shall include the following information:

ence to this document, i.e. ISO 11093-8;

b) the type and designation of the cores tested;

c)

the place and date of sampling;

d) the place and date of testing;

6
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f)
g)
h)

j)
k)
D)

© IS0 2017 - All rights reserved
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the number of test pieces tested;
the core dimensions;

the measured moisture content;
L andf;

individual and mean values for E;

the rotational speed factor;

the date and signature;

any deviation from this document that may have affected the results.
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