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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
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Publication
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task of technical committees is to prepare International Standards. Draft Internatignal

adopted by the technical committees are circulated to the member bodies for vof
| as an International Standard requires approval by at least 75 % of the member bo
hte.

s drawn to the possibility that some of the elements of this document may be the subjeq
ts. ISO shall not be held responsible for identifying any or all such patent rights.

8 was prepared by Technical Committee ISO/TC 6, Paper, board-and Pulps.

This second edition cancels and replaces the first edition (ISO<¢11093-8:1997), which has b
technically
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Part1
Part 2
Part 3
Part 4
Part5
Part 6
Part 7:
Part 8
Part9

revised.

ronsists of the following parts, under the general titlePaper and board — Testing of cores}:

Sampling

Conditioning of test samples

Determination of moisture content using the oven drying method

Measurement of dimensions

Determination of characteristies of concentric rotation

Determination of bending-strength by the three-point method

Determination of flexural modulus by the three-point method

Determination-0fnatural frequency and flexural modulus by experimental modal analy

Determination of flat crush resistance
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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

Thip part of ISO 11093 specifies a method for the determination of the flexural-modulus by using
experimentally measured natural frequencies in the free-free mode of transverseyibration of|cylindrical
paper and board cores, which meet the following criteria:

— linternal diameter: 50 mm to 350 mm;
— |minimum wall thickness: 0,02 x internal diameter or not léss'than 2,0 mm;
— |minimum length of core: 8 x internal diameter.

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

2 |Normative references

The following referenced documents are indispénsable for the application of this document. For dated
refdrences, only the edition cited applies. Eor undated references, the latest edition of the [referenced
document (including any amendments) applies.

[SO|11093-1, Paper and board — Testing of cores — Part 1: Sampling
ISO[11093-2, Paper and board —"Testing of cores — Part 2: Conditioning of test samples

[S0|11093-3, Paper and bodrd=— Testing of cores — Part 3: Determination of moisture content using the
oven drying method

3 |Terms anddgefinitions
For|the purposés of this document, the following terms and definitions apply.

3.1
natpralfrequency
f
first frequency which is the lowest natural frequency a structure vibrates in, depending on its material,
shape and supporting system, when an impulse is applied to it

3.2

flexural modulus

E

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

© IS0 2012 - All rights reserved 1
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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

equal resonance frequency

NOTE 2

The higher the speed factor the higher the resonance frequency.

Cores with equal dimensions, eccentricity and speed factor deliver at identical chucking conditions an

4 Pl‘inﬂiplc

In the expq
theory for
of rotary i
test piece i
calculated

5 Appa

5.1 Test

The basici
ensure fre
hanging w

brimental modal analysis, the test piece is considered as a “beam” and Timoshenko's b
sotropic materials is applied in evaluating transverse vibration. In this theory thelinflug
hertia and shear deformations on transverse vibrations are included. Duripg, the test,
s suspended so that it is free to vibrate in the transverse direction. The flexyral modulu
as described in 8.1.

ratus

-piece suspension

lea is to measure the first natural frequency in the free-fr'ee mode of transverse vibratior
b-free boundary conditions in the lateral direction, the)test piece is supported by a wire
th its axis in the vertical direction (see Figure 1). The minimum length of the support wirg

is about 3

The angle

Pam
nce
the
s is

. To
and

@)

0 mm. The supporting system consists of two clamps and the wire. An example of attaching
the clamps|is shown in Figure 2. The mass of the clamps should be less than 0,01 x mass of the test pi

(see Figure 2) should be more than 45°. Thedistance of the fixing screw from the edge of

core shouldl be 5 mm to 10 mm.

5.2 The

The firstn
in the dire
The impuls
with its ax
100 mV/g;
signal is an
determine

experimental 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
eresponse is measuredby-a piezoelectric accelerometer at one end of the test piece mouy
is in the Z-direction/(see Figure 1). The sensitivity of the accelerometer shall be 8 mV,

the frequency range)limit of the accelerometer shall be 0,1 Hz to 10 000 Hz. The measu
alysed using a signal analyser and the frequency of the lowest mode of bending vibratior
] from the frequency response function.

6 Test piece

6.1 Sampling

Pce.
the

mer
e 1).
ted
b to
red
S is

Samples shall be taken in accordance with ISO 11093-1, butithas to be ensured that the core is not damaged.

6.2 Test
The minim
NOTE1 I
NOTE 2

Regarding

-piece size
um length of the test piece shall be 8 times the internal diameter of the core.

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

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

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

© ISO 2012 - All rights reserved
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— 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 of the test
piece shall be measured in accordance with ISO 11093-3.

In dractice, the test piece shall be conditioned and dried such that the moisture content shall pe equal to
that specified for the lot.

© IS0 2012 - All rights reserved 3
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Accelerometer

Figure 1 — Schematic drawing of the test
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Dimensions in millimetres

410

In

L - _K
3
4

Key

1 |Support wire

2 |Clamps

3 |Testbolt

Figure 2 — Schematic drawing of the test-piece supension

7 |Procedure
Carfy out the test under the same atmospheric conditions as those used to condition the test 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 dhown in Figure 1. Aftef the impact, the first natural frequency in bending shall be read from the
frequency response of thexanalysis. The obtained value f7 is used in Formula (1) to calculate fhe flexural
modlulus of each tested-test piece.

8 [Calculation

8.1 Calculation of the flexural modulus

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

’mL'L4'Q

2
E=7,88x10"8 x/1 1)
L

where
f1 is the natural frequency of the first order, expressed in hertz;
my, is the length-related mass, expressed in kilograms per metre;
L isthe length of the core, in millimetres;

Q isthe dimensionless coefficient.

© IS0 2012 - All rights reserved 5
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The second

moment of inertia, I (mm#), of the core cross section is calculated according to Formula (2):

1=" % (D* - a*%)

64

where

D is the outer diameter of the core, in millimetres;

d isthe internal diameter of the core, in millimetres.

The dimengiertessceefficient-G-Hscalerlatedaceordingto-Formua{3:
82,661
O=—1- +1
AL
where A4 is[the area of the core cross-direction, in mm?2, calculated according to Formuia, (4).
2_ 2
D —d
a=g L7247
4
8.2 Calculation of the rotational speed factor

The rotatig

5=k
p
where
E is
p s
NOTE p c4

nal speed factor Sy, is calculated by using Formula (5):

the flexural modulus, expressed in megapascals (MPa);

is[the density, expressed in kilogramsper cubic metre.

n be calculated as mass divided by‘valume.

9 Test geport

The test re
a) arefer
b) typea

c) placed

port shall include thefollowing information:
ence to this partef SO 11093;
hd designation of the cores tested;

nd dateof sampling;

d) placed

nd-date of testing;

e) number of test pieces tested;

f) core dimensions;

g) measu

red moisture content;

h) Landf;

i) individual and mean values for E;

j) rotational speed factor;

k) date and signature;

(2)

(3)

(4)

(5)
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1) any deviation from this part of ISO 11093 that may have affected the results.
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