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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 ISQ _also take part in the work ISQ collabarates closely with the International Fle

ctrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

The main fask of technical committees is to prepare International Standards. Draft International Stand
by the teg¢hnical committees are circulated to the member bodies for voting. Publication as an
Standard fequires approval by at least 75 % of the member bodies casting a vote.

ards adopted
International

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17561 was prepared by Technical Committee ISO/TC 206, Fine c€ramics.
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INTERNATIONAL STANDARD ISO 17561:2002(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for elastic moduli of monolithic
ceramics at room temperature by sonic resonance

1 Scope
This Interpational Standard describes the method of test for determining the dynamic elastic” moduli of fine

ceramics @t room temperature by sonic resonance. This International Standard is for fine ceramics that are elastic,
homogengous and isotropic.

2 Normative references
The followjng normative documents contain provisions which, through referencetin-this text, constitute [provisions of
this Interrfational Standard. For dated references, subsequent amendments*to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this_Ifiternational Standard are epcouraged to
investigate the possibility of applying the most recent editions of the fiormative documents indicated below. For
undated references, the latest edition of the normative document reférred to applies. Members of |SO and IEC
maintain registers of currently valid International Standards.
ISO 3611,|Micrometer callipers for external measurement

ISO 6906,| Vernier callipers reading to 0,02 mm

3 Terms and definitions

For the purposes of this International Standard;the following terms and definitions apply.

31
dynamic ¢lastic moduli
adiabatic ¢lastic moduli, which are dynamic Young's modulus, shear modulus and Poisson's ratio

NOTE Adiabatic elastic meduli“are obtained by the sonic resonance method.

3.1.1
Young's modulus (E)
elastic mofulus in tension or compression

E=dls

where
E is Young's modulus in pascals;
o is the tension or compression stress in pascals;
¢ is the tension or compression strain.

3.1.2

shear modulus (G)

elastic modulus in shear or torsion

G=rtly
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where

G

T

e

3.1.3

is the shear modulus in pascals;
is the shear or torsional stress in pascals;

is the shear or torsional strain.

Poisson's ratio (1)
ratio of transverse strain to the corresponding axial strain resulting from uniformly distributed axial stress below the

proportional

NOTE
equation:

In

v=E/2

3.2
Vibrations

3.21
flexural vibr
those vibratid

NOTE Al
3.2.2
torsional vik

those vibratipns apparent when the oscillation in each cross-section plane of a slender bar is such that

twists around

NOTE Al
3.3
resonance

the state if, W
the resultant

NOTE TH
dimensions of

IMIT Oof the material

G)-1

ptions
ns apparent when the oscillation in a slender bar is in plane ‘riormal to the length dimension

50 defined as vibrations in a flexural mode.

rations
the length dimension axis

50 defined as vibrations in a torsional mode-

displacements for a given amount of driving force are at a maximum

the test piece.

4 Summ

This test method{measures the flexural or torsional frequencies of test specimens of rectangular prism or
geometry by [exeiting them at continuously variable frequencies. Mechanical excitation of the specimens i

through the

ry of test method

hen a slender bar driven(into’one of the above modes of vibration, the imposed frequency is

e resonant frequencies are natural vibration frequencies which are determined by the elastic modulug

isotropic materials, Young's modulus (E), shear modulus (G) and Poisson's ratio (v) are related by the following

the plane

such that

, mass and

cylindrical
5 provided
on the test

piece. A second transducer senses the resulting mechanical vibrations of the test piece and transforms them into
an electrical signal. The amplitude and the frequency of the signal are measured by an oscilloscope or other means
to detect resonance. The peak response is obtained at the resonant frequency. The fundamental resonant
frequencies, dimensions and mass of the specimen are used to calculate the dynamic elastic moduli. The Young's
modulus is determined from the flexural resonance frequency, and the shear modulus is determined from the
torsional resonance frequency, together with the test piece dimensions and mass. Poisson's ratio is determined

from the You

ng's modulus and the shear modulus.
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5 Apparatus
5.1 General

There are various techniques that may be used to determine the resonant frequency of the test piece. The test
piece may be excited by direct mechanical contact of a vibrator, or it may be suspended by a wire from a vibrator. It
may be driven electromagnetically by attaching thin foils of magnetic material to one surface, or electrostatically by
attaching an electrode to one surface.

One example of the test apparatus is shown in Figure 1. The driving circuit consists of an oscillator, an amplifier, a
driver and a frequency counter. The detecting circuit consists of a detector, an amplifier and an oscilloscope.
Figure 1 s£ows the suspension style of the apparaius. The direct contact support style of the test appTatus, shown

in Figure 2, is also possible. It consists of a variable-frequency audio oscillator, used to generatela sinusoidal
voltage, ahd a power amplifier and suitable transducer to convert the electrical signal to a-mechanical driving
vibration. A frequency meter (preferably digital) monitors the audio oscillator output to provide accurgte frequency
determination. A suitable suspension coupling system supports the test piece. A transducér-detector ICtS to detect
mechanical vibration in the specimen and to convert it into an electrical signal which is passed through an amplifier
and displgyed on an indicating meter. The meter may be a voltmeter, a microammeter or an osc|lloscope. An
oscilloscope is recommended because it enables the operator to positively identify)resonances, including higher
order harronics, by Lissajous figure analysis. If a Lissajous figure is desired,\the output of the osdllator is also
coupled td the horizontal plates of the oscilloscope.

0,2241

Key

Frequency counter
Oscillator
Amplifier

Driver
Oscilloscope
Detector

N o b ON -

Suspending string

Figure 1 — Example of the test apparatus and the suspension for fundamental flexural resonance
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Key

1 Driving
2 Detecting
3  Flexural

Figure 2

— Example of the direct contact support of the test piecefor fundamental flexural resonance

5.2 Oscillator

The oscillato
maximum fre

I shall be able to vary the frequency from 100.Hz to 20 kHz, with a frequency resolution of
quency drift of 1 Hz/min.

5.3 Amplifier

The audio ar
specimen th
impedance-n

5.4 Drivel

The driver sh
transducer a
occurs.

NOTE For fle

hplifier shall have a power output sufficient to ensure that the type of transducer used can
e mass of which falls within_a. specified range. A power amplifier in the detector circu

-

all be able to cenvert electrical vibration to mechanical vibration. The frequency response o
cross the frequency range of interest shall have at least a 6,5 kHz bandwidth before — 3 dB

ibilitysintesting, the bandwidth can, with advantage, be at least as large as the frequency range given

5.5 Detec

tor

natched with the type of detector transducer selected and shall serve as a prescope amplifief.

Hz and a

excite any
t shall be

the driver
bower loss

n Table 1.

The detector shall generate a voltage proportional to the amplitude, velocity or acceleration of the mechanical
vibration of the specimen. The frequency response of the detector across the frequency range of interest shall have

atleasta 6.5

NOTE
Table 1.

kHz bandwidth before a — 3 dB power loss occurs.

For flexibility in testing, the bandwidth can, with advantage, be at least as large as the frequency range given in
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Table 1 — Examples of the test piece size and the calculated resonant frequencies

Where the density = 3 g/cm3
E =200 GPa E =300 GPa E =400 GPa
Lxb(d)x
v =0,25 v=0,25 v=0,25
ff=4453 Hz 5453 Hz 6 297 Hz
75x15x3 .
f1=12706 Hz 15561 Hz 17 969 Hz
100 % 20 2 ff=1676 Hz 2053 Hz 2371 Hz
X X
/,=5016 Hz 6 143 Hz 7 094 Hz
520 %2 J§=2977 Hz 3 646 Hz 42106z
X X
f{=6688Hz 8191 Hz 9 458Hz
Where the density = 6 g/cm3
E =200 GPa E =300 GPa E =400 GPa
Lxb(d)xt
v=0,25 v=0,25 v=0,25
ff=3148 Hz 3 856 Hz 4 453 Hz
75x15x3
ft=8984 Hz 11 004 Hz 12 706 Hz
100 % 20 x 2 ff=1185Hz 1 452'Hz 1676 Hz
S /= 3547 Hz 4344 Hz 5016 Hz
ff=2105Hz 2578 Hz 2977 Hz
75x20x2
h= 4729 Hz 5792 Hz 6 688 Hz
whdre
L is the length in millimetres;
b is the width in millimetres;
d is the diameter in millimetres;
t is the thickness in millimetres.

5.6 Frefjuency counter
The frequegncy counter, preferably digital, shall be able to measure frequencies to within + 1 Hz.

5.7 Spdcimen suspension means

Any meth@d of specimen support shall be used that permits the free vibration of the test piece with po significant
effect on fheAibration frequencies. Test pieces are commonly supported either by suspension frof threads or
wires, or gnidirect contact supports. If the test piece is to be supported from beneath, the support shall be made of
rubber, cor € test piece is
suspended from the driving and detectmg transducers, fine thread or metal wires shall be used The vibrating mass
of the suspension system shall have negligible mass compared with the mass of the test piece. For the
electromagnetic or electrostatic method, the mass of any magnetic foil or electrode attached to the test piece shall
be negligible compared with the mass of the test piece.

5.8 Micrometer

A micrometer with a resolution of 0,002 mm or 0,1 % of the specimen, in accordance with ISO 3611, shall be used
to measure the thickness, width and diameter of the test piece. Alternative dimension measuring instruments may
be used that have a resolution of 0,002 mm or finer.

© ISO 2002 - All rights reserved 5
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5.9 Vernier calliper
A vernier calliper with a resolution of 0,05 mm or 0,1 % of the specimen, in accordance with ISO 6906, shall be

used to measure the length of the test piece. Alternative dimension measuring instruments may be used that have
a resolution of 0,05 mm or finer.

5.10 Balance

A balance with a resolution of 1 mg or 0,1 % of the specimen or finer, shall be used to measure the weight of the
test piece.

6 Test pjeces

The test piege shall be a rectangular prism or a bar with a circular cross section. A bar with a circular crgss section
shall be usefl only for the flexural resonance test. This test method is not satisfactory for test -pieces| that have
major discontinuities, such as large cracks (surface or internal) or internal voids.

a) For flexdral resonance, the length of the specimen (L) shall be greater than 40 mm, ‘and the ratio df length to
thicknes (¢), L/t, or length to diameter (d), L/d, shall be greater than 20.

b) For torsional resonance, L shall be greater than 40 mm, L/t shall be greater-than 20, and the ratio of the width
(b) to the thickness, b/, shall be in the range of 3 to 10 (5 is recommended).

c) The parpllelism of the specimen shall be within 0,1 % across the iength and the width, and shal| be within
0,5 % agross the thickness.

d) The surface of the test piece shall be smooth and flat. The sufface shall be finished using a fine grind (400 grit
or finer)| The machining procedure shall not affect the test results.

e) The edges of the specimen shall not be chamfered. However, if the chipping of the specimen from|the edges
affects the results, the edges may be chamfered; but the amount of the chamfering shall be a$ small as
possible

f)  For the |suspension method, the mass of the specimen is, with advantage, at least 5g in ordef to assist
keepingla suspension system straight.

7 Test procedure
7.1 Measurement of the size;and the mass

Dry the spe¢imen until themass is constant. Weigh the specimen to the nearest 1 mg or 0,1 % (whichever is
greater). Megsure the thickness and the width, or the diameter, to the nearest 0,002 mm or 0,1 % (wlichever is
greater) at three points\on the test piece, and determine the average of the three measurements. Mé¢asure the
length to the |nearest-0,05 mm or 0,1 % (whichever is greater).

7.2 Positiloning of the specimen

Position the specimen properly. If the fundamental mode of the flexural resonance is measured, the vibration nodes
appear at a distance of 0,224 of the total length from each end. If the specimen is suspended by threads or wires
that will be used to drive and detect vibration, position the threads outside the nodal points, as shown in Figure 1
(distance of 0,2 of the length from each end is recommended). If the specimen is to be supported from below,
position two supports at the nodal points, as shown in Figure 2. If the fundamental mode of the torsional resonance
is measured, the vibration nodes appear as shown in Figure 3. If the specimen is supported from below, position
one support at the centre of the specimen, as shown in Figure 3. If the specimen is suspended by threads, position
the supports at diagonally opposed corners of the specimen, as shown in Figure 4. The suspending devices shall
permit the free vibration of the test piece.

Cotton thread is recommended for suspending the specimen. Cork or rubber is recommended for supporting the
specimen.
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Key

1 Driving
2 Detecting
3 Nodal

Figure 3 — The nodes and the direct contact support on the fundamental torsional resorjance

Key
1 Driving
2 Detecting

Figure 4 — Suspension for the fundamental torsional resonance
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7.3 Measurement of resonant frequency

Activate the equipment so that the power adequate to excite the specimen is delivered to the driving transducer.
Set the gain of the detector circuit high enough to detect vibration in the specimen and to display it on the
oscilloscope screen with sufficient amplitude to accurately measure the frequency at which the signal amplitude is
maximized. Adjust the oscilloscope so that a sharply defined horizontal baseline exists when the test piece is not
excited. Scan frequencies with the audio oscillator until test piece resonance (flexural or torsional) is indicated by a
sinusoidal pattern of maximum amplitude on the oscilloscope or by a single closed loop Lissajous pattern. It is
recommended that the frequency scan start at a low frequency and then increase. To verify that the frequency is

fundamental and not an overtone, either the node/antinode locations or one or more overtones should be

identified.

If a determination of the shear modulus is made, offset the coupling to the transducers so that the torsional mode of

vibration ma

NOTE THe proper identification of the fundamental flexural mode is important as spurious frequenci€s: inhg
system may irjterfere, especially when greater excitation power and detection sensitivity are required for worl with
that has a pogr response. One method of locating the nodes on the test piece is to move the detector-aleng the I4
test piece; a node is indicated when the output amplitude goes to zero. An anti-node is indicated when the outpu
reaches a locgl maximum. Another node location method (used often with string suspensions) is to lay a thin rod acr
piece at a presumed node or anti-node location. If the output amplitude is not affected, then the rod is on a node;
amplitude goes to zero, then the location is an anti-node. It is also possible to locate the nodes by spreading fine,
powder on th¢ top surface of the test piece and observe its alignment at the nodal points./When several reson
frequencies have been identified, the lowest frequency can be verified as the fundamental if the numerical ratiog
three overtong frequencies to the lowest frequency are: 2,7; 5,4 and 8,9. Note that these ratios are for a Bernoulli-Eu
beam under ideal conditions. Typically the ratios will be slightly lower.

8 Calculptions

8.1  Calculgate the dynamic Young's modulus from the followingformula for a rectangular prism;
2 2
E =0,946 5ﬂ(£j 1+ 6,585(Lj
b \t L

where
E is the dynamic Young's modulus in\pascals;
m is tHe mass of the specimen inkilograms;
fi is the fundamental flexural resonant frequency in hertz;
b is the width of théspecimen in metres;

L is the length-ef'the specimen in metres;

t is thecthickness of the specimen in metres.

erent in the
B specimen
ngth of the
t amplitude
pss the test
f the output
free-flowing
ant flexural
of the first
ler (simple)

8.2 Calculate the dynamic Young's modulus for the following formula for a bar with a circular cross section;

2 I3 d 2
E =1,606 7(mft°) vy 1+ 4,939[—)
d L

where d is the diameter of the specimen in metres.
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