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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, Part 2.

The main ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 28704 w

5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting. Publication 3s an
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the 'subject of gatent
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 206, Fine ceramics.
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INTERNATIONAL STANDARD

ISO 28704:2011(E)

Fin

e ceramics (advanced ceramics, advanced technical

ceramics) — Test method for cyclic bending fatigue of porous
ceramics at room temperature

1 Scope

This [International Standard spedifies a test method for determining the cyclic four-point bendi
porodis ceramics in air at room temperature.

2

The following referenced documents are indispensable for the application 6f] this documen

refer
(incly

ISO

metrglogical characteristics of mechanical dial gauges

ISO
orien

ISO
exter]

ISO

I1ISO 4
and 3

ISO
stren

I1ISO ]

ISO 4
fatigy

ormative references

nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

163, Geometrical Product Specifications (GPS) — Dimensional, measuring equipment —

1101, Geometrical Product Specifications (GPS) — Geometrical tolerancing — Toleran
fation, location and run-out

B611, Geometrical product specifications (GPS) —\Dimensional measuring equipment: Mig
hal measurements — Design and metrological characteristics

599, Vernier callipers reading to 0,1 and 0;05 mm

1287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Ternj
urface texture parameters

14704, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test metho
pth of monolithic ceramics atyoom temperature

P0507, Fine ceramics (@dvanced ceramics, advanced technical ceramics) — Vocabulary

2214, Fine ceramics-(advanced ceramics, advanced technical ceramics) — Test method for G
e of monolithiciceramics at room temperature

ISO

3

0000-1, Quantities and units — Part 1: General

erms and definitions

ng fatigue of

t. For dated
ed document

Design and

ring of form,

trometers for

s, definitions

0 for flexural

yclic bending

For the purposes of this document, the terms and definitions in ISO 20507 and the following apply.

341
poro

us fine ceramics

ceramics with a porosity of typically 30 % to 60 % and a pore diameter of 1 yum to 100 um, for applications such as
filters, catalyst carriers, humidity sensors or molecular sieves, excluding structured honeycomb cellular channels

3.2

fatigue test
test wherein a test piece is subjected to repeated stressing to a set stress level, and the number of cycles to
fracture is determined

©1SO

2011 — All rights reserved
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3.3

four-point bending stress

maximum value of stress generated in flexure in a bar-shaped test piece when supported at two support points
near its ends and loaded symmetrically by two loading points between them

3.4

cyclic stress

stress which is simply and cyclically loaded between a specific maximum value and a specific minimum value
(see Figure 1)

3.5
maximum stress

O
max
maximum value of cyclic stress (see Figure 1)

3.6
minimum stress
min . :
minimum vallie of cyclic stress (see Figure 1)

YA

Key
X time
Y stress
1 Omin
2 Oomax
Figure 1 — Cyclic stress
3.7
minimum to maximum/'stress ratio
R

ratio of mininhum‘stress to maximum stress

R= O min (1)
O max

3.8

number of cycles

n

number of cycles of stress in the fatigue test

3.9

number of cycles to failure

N

number of cycles of stress until fatigue failure occurs

2 © 1SO 2011 — Al rights reserved
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3.10
failure time
loading time until fatigue failure occurs

31

S-N plot

diagram wherein the maximum stress, S, is taken as an ordinate and the fracture number of cycles, N, is taken
as an abscissa

NOTE An example is given in Figure 2, where the number attached to the data point indicates the number of test
pieces and the data with a right-pointing arrow indicates a “run-out”.

Y
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50 =
T T T T T T T T
40 2
QO OO (@]
(@] O OG» (@] (@]
30 — (23 [oco) NG —5
(@] (@] O
2
(@] O
20
10 | | | | | | | -
10 100 1¢ 10 16t 100 10 19 16t X

Key
X1 npmber of cycles to failure, N
X2 time to failure (s)

Y nmjaximum stress (MPa)

2 nbmber of superimposed points

Figure 2 — Example of S-N plot

4 Testingmachine and equipment

4.1 | Testing machine

A testing machine shall be so constructed that a cyclic bending stress can be applied to a test piece, and a
force or moment other than the cyclic bending stress is not applied. The testing machine shall be equipped with
apparatus for measuring or indicating the maximum and minimum load, apparatus capable of measuring the
number of cycles until the test piece is broken, and a mechanism wherein when the testing machine is stopped
for reasons of power failure or others, its automatic reactivation is prevented.

4.2 Loading precision

The fluctuation of the maximum stress shall be within +1 % of the chosen value, and that of the minimum to
maximum stress ratio shall be within +5 % thereof, as specified in ISO 22214.

© 1SO 2011 — Al rights reserved 3
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4.3 Test fixture

A four-point flexure fixture of the type and function shown in ISO 14704 shall be used (see Figure 3). The use
of a semi- or fully-articulating fixture is required to prevent torsional deformation. Bearings supporting the test
piece at the support points and loading the test piece at the loading points shall be of equal shape and have a
length exceeding the width of the test piece. The material of the bearings shall have an elastic modulus of at
least 140 GPa, and shall be free from plastic deformation; the bearing shall never break during the test. The
radius of curvature at the tip of the bearings shall be 2,0 mm to 3,0 mm, and their surface roughness, Ra, as
specified in ISO 4287, shall be not greater than 0,40 ym.

The test piece and/or its bearings may move during the test. Precautions should be taken where possible to

ini H h m t3 itk t3 friot: tha fl (W2 H 1 + £ 1 h - H 13
minimise sughrevemenrtwithoutrestretingthelexurataisplacementterexample by provigingsuppoartrpllers
) P > Y P GSHpPP

with restrainf against a stop in the correct position.

12 2

\

2 L2 L2 £, b

Key

test piece
external spipport

internal sypport

roller diameter (4 to 6 mm)

outer spar:[\ (L =60 mm + 0,5 mm)
inner span (/=30 mm + 0,5 mm)

~ Ny W N -

Figure 3 — Four-point flexure fixture

4.4 Micrometer callipers for measurement of external dimensions

Micrometer talliperS_for the measurement of external dimensions with the same accuracy of 0,01 mm as
specified in IBO/3611, or better, shall be used.

4.5 Dial gauge

Dial gauges with the same accuracy of minimum reading of 0,01 mm as specified in ISO 463, or better, shall be used.

4.6 Vernier callipers

Vernier callipers with the same accuracy of minimum reading of 0,05 mm as specified in ISO 3599, or better,
shall be used.

4 © 1SO 2011 — All rights reserved
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5 Test piece

5.1 Test piece size

The shape of a test piece shall be a beam of uniform rectangular cross-section. Its standard dimensions
shall be 70 mm £ 0,5 mm in total length, 8,0 mm £ 0,1 mm in width, and 6,0 mm £ 0,1 mm in thickness. The
parallelism between the upper and lower surfaces of the test piece shall be better than 0,02 mm, as specified
in ISO 1101. The longer edges shall be rounded or chamfered by an amount of 0,1 mm to 0,3 mm, as given in
Figure 4. This chamfering shall be carried out with caution so as not to introduce defects resulting in a fracture
initiation site. The chamfering is not necessary when the grain size of material is larger than 0,1 mm. Before
carrying out the test, the width and thickness of the test piece shall be measured to the nearest 0.1 mm by using
micrgmeter callipers (4.4).

If, forjany reason, different test piece dimensions have to be used, they shall be stated in the’test report.

SR QQ\]

T b

~
—
@D

ngth of test piece (Lt =70 mm + 0,5 mm)
idth of test piece (b =8,0 mm £ 0,1 mm)
hickness of test piece (d = 6,0 mm £ 0,1 mm)

o e
O = =

hamfer or rounding (¢ = 0,1 mm to 0,3 mm)

Figure 4 — Test piece dimensions and chamfering of ridge line

5.2 | Test piece preparation

The surface shall be finished by grinding with a wheel of grain size 20 um or smaller. The contgmination by
wax, fif any, should be removed-by organic solution or by heating at 773 K (500 °C) for 1 h to evaporate wax.

6 Test method

6.1 | Waveform'ofloading stress

The yaveformsshall be sinusoidal and the ratio of minimum to maximum stress R = 0,1. The frequency shall be
selegted byragreement between parties, with 20 Hz being recommended. For other cases, the wayeform of the
Ioadivrg stress shall be stated in the test report. A series of tests shall be carried out using the same strgss waveform.

6.2 Loading method

6.2.1 The distances between internal support points and external support points shall be measured by a
calliper before the tests.

6.2.2 The test piece shall be centrally positioned in the test fixture.

6.2.3 The number of cycles from the start of loading to the end of adjusting to a specific cyclic loading stress shall
be as few as possible. In this case, the stress during initial adjusting shall not exceed the specific maximum stress.

© 1SO 2011 — Al rights reserved 5
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6.2.4 The test shall, as a rule, be carried out without a pause on the same test piece from start to end.
However, when the test is interrupted for any reason, the number of cycles to the interruption and the duration
of interruption shall be recorded.

6.2.5 The fatigue test shall be carried out on at least three test pieces at each of at least three maximum

stress levels.

6.3 Number of cycles for interruption

Unless otherwise specified, if the test piece is not fractured by 107 loading cycles, the test may be halted, and

the result de

6.4 Reuse of test piece

Do not reusg

6.5 Recommended test procedure in fatigue test

When the m
between the

6.5.1

In order to o
a test piece
measuremer|
speed of a crf
from the mea

6.5.2 Stress level in fatigue test

Determine th
obtained by

high, and pre
tested at the
stress level f
the results o
stress levels

6.6 Test ¢nvironmeht

The moisturs
in air or othe

Measjurement of flexural strength

omed-to be a “run-out” and-indicated on the plnf of results with g righf-pnini‘ing arrow

a test piece which has been used once.

aximum stress and the number of test pieces in a fatigue test are, not’previously agreed

ptain the standard value of the maximum stress in a fatigue test, measure the flexural stren
brior to the fatigue test. Use the test piece of the same shape as that of a fatigue test pieg
t of flexural strength, and obtain it by the same loading method as that of the fatigue test. Allg
pss-head in the measurement of flexural strength1o be 0,5 mm/min. Calculate the flexural str
sured maximum forces of respective test pieces.

e maximum stress in a fatigue test'by referring to the arithmetic mean value of the flexural str

purchaser and the supplier, the test may be carried out according toythe following procedure.

upon

gth of
e for
w the
ength

ength

he measurement in 6.5.1. Start the fatigue test from a condition wherein the maximum strgss is

ferably measure the life of at\least three test pieces by the same stress. When all the test p
same stress are unfailed at’the selected number of cycles for test termination, select a h
pr the next group of test,pieces. Do not carry out tests at a lower stress level. It is preferre
a test programme_should contain at least three valid failures at each of at least three max

content’in the test environment may have an influence on the cyclic fatigue behaviour. For

eces
igher
i that
mum

tests

' gaseous environments, the test temperature and humidity should be measured and repor

least at the b

eginning and the end of each test, or hourly if the test duration is longer than 1 h.

ed at

7 Treatm

71

ent of test result

Maximum stress

Calculate the maximum stress according to the following equation from the measuring values of respective test
pieces, and round off to three significant figures in accordance with ISO 80000-1.

2)
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Omax 1S the maximum stress, in magapascals (MPa);

Prax is the maximum force, in newtons (N);

/ is the distance between internal support points, in millimetres (mm);
L is the distance between external support points, in millimetres (mm);
b is the width of the test piece, in millimetres (mm);

d is the thickness of the test piece, in millimetres (mm).

Number of cycles to failure

mumber of cycles shall be counted by starting from when a load on a test piece reaches.a sy

stresp. If the stress is adjusted during the test, the cycles for adjustment shall be included.ih N. R
number of cycles of the test result by, for example, multiple of 10" such as 2,34 x 10€)and roun
significant figures.

7.3

S-N plot

Draw| a S-N diagram by taking the maximum stress or its logarithmic value as the ordinate, and th
valug of the number of cycles to failure as the abscissa. When theife is displayed in time, th
cycles to failure is scaled on the underside of the abscissa, and the failure time is scaled on the

the apscissa. A point expressing the test result for the test piece.that is not broken is marked wit
arrow. An example of the S-N diagram is given in Figure 2.

NOTH 1 In the S-N diagram, when at least two points are Superimposed, the number of points is clearly
arrows are marked by the number of points as shown in Figure 2.

ecific testing
epresent the
d off to three

e logarithmic
e number of
Lipper side of
N a rightward

described, or

NOTH 2 When the arrow is superimposed on a marked'line, the arrow is marked clearly by drawing it upward or downward.

8 Testreport

The
a)
b)

c)

Ist report shall include the following information:
ame and class of material;

dimensions (mean values) of the test piece;

lame of testing.machine and its type;
st environment, including temperature and humidity;

Ipading“conditions (loading method, loading waveform, loading frequency, minimum to ma
ffatiof.and the number of cycles to the moment when a test is temporarily stopped midway and

imum stress
ts stop time);

[stoftestTesuits(the maximunrstressand-the fracture umber of Tyctes);

S-N plot;

if appropriate, manufacturer’s name of the material and its date of manufacture;
if appropriate, name of the material, kinds of additive, and sintering method;

if appropriate, porosity and mean pore size of the material;

if appropriate, chemical composition of material;

if appropriate, sampling conditions of test piece made from the material and its machining conditions

(when a test piece is heat treated, its conditions are included);
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