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Paper and board — Testing of cores —

Part 8:

Deter
exper

1 Sco

This part

measurefl natural frequencies in the free-free mode of transverse vibration of cylindrical paper and b
which mget the following criteria:

— internjal 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 thesthree-point method, see ISO 11093-7.

2 Norr

The follo
ISO 1104
parties td
most rec
Internatid

ISO 1104

mination of natural frequency and flexural modulus by
imental modal analysis

DE

of 1SO 11093 specifies a method for the determination of the flexural”modulus by using ex

native references

ving standards contains provisions Which, through reference in this text, constitute provisions o
3. At the time of publicationsthe editions indicated were valid. All standards are subject to r
agreements based on this(part of ISO 11093 are encouraged to investigate the possibility of
bnt editions of the standards indicated below. Members of IEC and ISO maintain registers of cu
nal Standards.

3-1:1994, Paper.and board — Testing of cores — Part 1: Sampling.

berimentally
oard cores,

f this part of
bvision, and
hpplying the
rrently valid

ISO 11093-2:1994, Raper and board — Testing of cores — Part 2: Conditioning of test samples.

ISO 11093-3:1994y"Paper and board — Testing of cores — Part 3: Determination of moisture contept using the
oven drylng method.

ISO 11093-F1894—Raper-and-board—TFesting-of-cores—-PRart7-Determination-of-flexural-meduius-By the three-
point method.

3 Definitions

For the purposes of this part of ISO 11093, the following definitions apply.

3.1 natural frequency,

system, when an impulse is applied to it.

3.2 flex

f: First frequency a structure vibrates in, depending on its material, shape and supporting

ural modulus, E: Material property which, together with core dimensions, describes the resistance of the
core to bending deflection.
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4  Principle

©1SO

In the experimental modal analysis, the test piece is considered a “beam” and Timoshenko's beam theory for
isotropic materials is applied in evaluating transverse vibrations. In this theory, the influence of rotary inertia and
shear deformations on transverse vibrations is included. During the test, the test piece is supported so that it is free

to vibrate in

the transverse direction. The flexural modulus is calculated as described in clause 8.

5 Apparatus

5.1 Test-pi

The basic i
free-free bo
in the vertig
system con
the clamps
The distang

5.2 The €
The first na
direction (4
response is
Z-direction
limit of the

0,01 x mas
lowest mod

6 Testp
6.1 Samy

Samples sh

6.2 Test-

The minimu

NOTES

Hea is to measure the first natural frequency in the free-free mode of transverse vibration. T
undary conditions in the lateral direction, the test piece is supported by a wire and hanging wi
al direction (see figure 1). The minimum length of the support wire (1) is about 300 mm. The s
sists of two clamps and the wire. An example of attaching the clamps is shown ipfigure 2. The
should be less than 0,01 x mass of the test piece. The angle « (see figure 2) should be more
e of the fixing screw from the edge of the core should be 5 mm to 10 mm.

xperimental modal analysis system

tural frequency is measured with a signal analyser. The test-piece is impacted by a hamni
-direction) perpendicular to the plane of the support wir€s ‘(XY-plane) (see figure 1). The
measured by a piezoelectric accelerometer at one end «©f. the test piece mounted with its a
see figure 1). The sensitivity of the accelerometer shall\be 8 mV/g to 100 mV/g, the frequen
accelerometer shall be 0,1 Hz to 10000 Hz and thé&ymaximum mass of the accelerometer
5 of the test piece. The measured signal is analysed using a signal analyser and the frequen
b of bending vibrations is determined from the frequency response function.

ece
ling

all be taken in accordance-with 1ISO 11093-1.

biece size

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

1 If the test

0 ensure
h its axis
Lpporting
mass of
than 45°.

er in the
impulse
Kis in the
cy range
shall be
cy of the

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

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

6.3 Cond

itioning

The test piece shall be conditioned in accordance with ISO 11093-2. Measure the moisture content of the test piece

in accordan

ce with ISO 11093-3.

In practice, the test piece shall be conditioned and dried so that the moisture content shall be equal to that specified

for the lot.
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Dimensions in millimetres

300

Key

Support wire
Clamps

Test piece
Hammer
Accelerometer

a b~ 0N P

Figure 1 — Schematic drawing of the test
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Dimensions in millimetres

Figure 2 — Schematic drawing of the test-piece support

7 Procedure
Carry out tHe test under the same atmospheric conditions as those used to condition the test piece.

Impact the fest piece in the Z-direction in the middle of the length of the test piece by means of a hammer as shown
in figure 1. After the impact, the first natural frequency in bending shall be read from the frequency resporse of the
analysis. The obtained value f is used in formula (1) to calculate the flexural modulus of each tested test pigce.

NOTE — 1)2 and 3: see figure 1.

8 Calculption of the flexural modulus

The flexura] modulus E;<0r Young's modulus in bending, is calculated, in newtons per square millimetre, using the
formula

f2mo* m

E=788%x10" x |

(1)

f is the measured first natural frequency, in hertz;

m is the mass per unit length of the test piece, in kilograms per metre;
L isthe length of the test piece, in millimetres;

Q is adimensionless coefficient, which is calculated using formula (3);

I is the second moment of area of the core cross-section, which is calculated using formula (2), in
millimetres to the power four.
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