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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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Introduction

Determining the dynamic modulus of elasticity of specimens made of carbonaceous or graphite materials
(solids) at room temperature allows conclusions to be drawn on the elastic deformation behaviour and
thermal shock resistance of the material under test.

This International Standard is based on the DIN method, DIN 51915:1997-10.

© IS0 2014 - All rights reserved v
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Carbonaceous materials for the production of primary
aluminium — Baked carbon bodies — Determination of
the dynamic elasticity modulus by the resonance method
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Normative references

Terims and definitions

International Standard specifies a method to determine the dynamic modulus of.
mens made of solid carbonaceous or graphite materials at room temperature by“th
od.

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including@ny amendments) appl

611 — Geometrical product specifications (GPS) — Dimensional measuring equipment:
xternal measurements — Design and metrological characteristics

259, Petroleum products — Determination and applicdtion of precision data in relation t|

007-1, Carbonaceous materials used in the production of aluminium — Sampling plans 4
individual units — Part 1: Cathode blocks

007-2, Carbonaceous materials usedifi-the production of aluminium — Sampling plans d
individual units — Part 2: Prebaked-anodes

007-3, Carbonaceous materials used in the production of aluminium — Sampling plans a

3385-1:2011, Geometrigalproduct specifications (GPS) — Dimensional measuring equip
lipers; Design and metrological characteristics from individual units — Part 3: Sidewall

B62, Vernier callipérs*— Technical requirements and testing

B63-1, Micrometers — Standard design micrometer callipers for external measurement
rements, testing

elasticity of

e resonance

ent and are
For undated
es.
Micrometers
b methods of
nd sampling
nd sampling
nd sampling

ment — Part
locks

— Concepts,

Fort

31

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

modulus of elasticity
Young’s modulus

E

quotient of the stress, 0, and the strain, ¢, of a body

Note 1 to entry: Under static loading, the modulus of elasticity can be determined as static modulus of elasticity

and expressed by the following formula:
(o2
E=— (1)
)
© ISO 2014 - All rights reserved 1
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where
E  is the modulus of elasticity;
o isthe stress;
& isthe strain.

3.2

dynamic modulus of elasticity
modulus of elasticity determined from the sound velocity

Note 1 to enfry: The dynamic modulus of elasticity is determined dynamically from the sound velocity 4nd is
expressed by|the following formula:

2
Edyn:Vs XPRr (2)

where
Edyn is the dynamic modulus of elasticity;
vs is the sound velocity of the specimen;
PR is the apparent density of the specimen.
Note 2 to entfy: The relationship between stress and strain is notlinear in the case of carbonaceous and grgphite
materials. The static modulus of elasticity, which is determinedifrom the slope of the straight line from the grigin

to a stress/sfrain data point to be defined (secant modulus)’is always smaller than the dynamic modujus of
elasticity whjch is derived from the tangent in the origin of the stress-strain curve (tangent modulus).

4 Principle

A rod-shaped specimen of uniform crdss ‘section and length, I, is excited to perform longitufinal
oscillations|The excitation frequencyis varied until the specimen oscillates with maximum ampljtude
(fundamentpl resonance frequency_ fo). The frequency fy is used to calculate the sound velocity in
accordance with Formula (3):

v =2XIX f, (3)

where

[ ist

vs is tIe sound velocity in the specimen, in m/s;
elength of the specimen, in mm;

fo is the fundamental resonance frequency, in Hz.

2 © ISO 2014 - All rights reserved
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This shall be used to obtain the dynamic modulus of elasticity in accordance with Formula (4):
2 2
Egyn = 4X1"X fo X pR (4)

where
Egyn is the dynamic modulus of elasticity, in GPa;
1 is the length of the specimen, in mm;

fo isthe fundamental resonance frequency, in Hz;

AR is the apparent density of the specimen, in g/cm3.

5 Apparatus

The apparatus used (see Figure 1) shall consist of the following componefts:
— frequency generator and receiver;

— yibration generator;

— yibration pickup;

— gpecimen support;

— linear measuring instrument accurate to within 0,2 %, e.g. vernier calliper in accofdance with
ISO 13385-1 or DIN 862 or micrometer callipér in accordance with ISO 3611 or DIN 863-1.

© ISO 2014 - All rights reserved 3
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L 6 —

Key
1 adjustable counterweight
2 vibration pickup
3  vibration generator
4  specimen
5 support wires
6  support

Figure 1 — Principle mechanical layout of test apparatus
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d sample preparation shall be in accordance with ISO 8007-1 or ISO 8007-2 or ISO 8(
wise agreed.

hmpling and method of sample preparation are agreed, then the specific procedures
‘ribed in thetest report.

7.1 Rod-s

haped specimens of uniform cross section, preferably of circular or rectangular cross se

07-3

used

'tion,

shall be used. The end faces shall be perpendicular to ‘the longitudinal axis. The length shall be at least
three times the largest cross-sectional dimension of the specimen. In no direction shall the specimen be
smaller than two times the diameter of the largest particle size.

7.2 Some experimentation can be necessary to determine a suitable specimen length in accordance
with 7.1 and the capability of the equipment.

8 Procedure

To achieve an undisturbed vibration, the specimen shall be supported at quarter length of the specimen
from the ends (nodes of the first harmonic). Thin wires or foamed plastic strips have proven successful

as supports

(see Figure 1).

© ISO 2014 - All rights reserved
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The vibration generator and the pickup shall be set with their probe tips touching the faces of the
specimen approximately in the middle. To enable the specimen to be reliably excited to oscillate, the
contact force of the probe tips shall be adjusted to a suitably low force, for example, by adjusting a
counterweight.

The resonance frequency of the fundamental mode or of the first harmonic of the specimen is found
by varying the frequency of the frequency generator until the receiver indicates a maximum value. To
determine whether the resonance frequency found is actually the fundamental mode of the specimen,
verify by measurements carried out at half and twice the frequency.

NOTE If the resonance frequency sought cannot be clearly detected, e.g. under unfavourable excitation
COHd fionc tha Aynqmin maduluc aofalacticityy can ho datarmainad l-.y wliracaonic o oo an tc
...... ~the-dyramicmodulus-efelasticitrcanbe-determined-by-ultrasenicmeasurements:

9 Evaluation

The Hynamic modulus of elasticity?), Egyn, expressed in GPa, shall be calculated in accopdance with
Formula (8):

Hagn=4-10"2.1% £ - py (8)

wheie
AR is the specimen apparent density, in g/cm3;
]|  isthe specimen length, in mm;

flo isthe resonance frequency of the fundamental mode of the specimen, in Hz.

10 Test report

The test report shall include the following information:

a) areference to this International Standard (i.e. ISO 18142:2013);

b) any agreed deviations frem this International Standard;

c) the date of the test;

d) dletails necessary for the complete identification of the material tested;
e) the numherof test specimens;

f) the dithensions of test specimens;

g) individual values and mean values of dynamic modulus of elasticity, Fg.,, in GPa, rounded to the

nearest 0,1 GPa.

11 Precision

The reliability of the test results is determined in accordance with ISO 4259.

11.1 Repeatability (one operator, same apparatus)

If two results are obtained under repeatability conditions by the same operator, both results shall be
considered acceptable and in conformity with this International Standard, if they differ by no more than
the values given in Table 1.

1) 1GPa = 1kN/mm?2
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