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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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INTERNATIONAL STANDARD ISO 20407:2017(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for interfacial tensile and shear
fatigue properties of ceramic joining loaded in constant
amplitude at room temperature

1 $cope

This|document specifies a test method for determining interfacial tensile/tensile or-shearfshear cyclic
fatighe properties of ceramic-ceramic, ceramic-metal, and ceramic-glass joining loadéd in the constant
amplitude at room temperature. Procedures for test piece preparation, test modes and rat¢s (load rate
or dipplacement), data collection and reporting procedures are given.

This|document applies primarily to ceramic materials, including monoljthicfine ceramics ahd whisker-,
fibref or particle-reinforced ceramic composites. This test method can-be used for materfal research,
quality control, and characterization and design data-generation purposes.

2 ormative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 3611, Geometrical product specifications (GRS) — Dimensional measuring equipment: Midrometers for
extennal measurements — Design and metrolégical characteristics

ISO 1500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines.=* Calibration and verification of the force-measuring gystem

ISO 13124, Fine ceramics (advanted ceramics, advanced technical ceramics) — Test method for interfacial
bond|strength of ceramic materials

3 Terms and definitions
For the purposes®fthis document, the following terms and definitions apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— [SOQnline browsing platform: available at http://www.iso.org/obp

— [E€CEtectropediaavaitabte at ittp//www.etectropedia-org/

3.1
cross-bonded test piece
test sample in the form of a symmetrical cross

Note 1 to entry: Prepared by joining two rectangular bars with the same shape and size, as described in
[SO 13124.

3.2

average applied stress during cyclic fatigue

Om

average value between the maximum applied stress and the minimum applied stress during cyclic fatigue

© IS0 2017 - All rights reserved 1
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3.3

constant amplitude loading

under a given average applied stress, oy, keeping peak loads and valley loads constant for wave form
loading in cyclic fatigue loading, Ao = (6max = Omin)/2 = Omax = Om = Om — Omin

3.4

number of cycles

N

total number of loading cycles applied to the test piece during the test

3.5

cyclic fatigwe tife
Nt
total number of loading cycles until the test piece is up to failure

3.6
time to failyire
tf
time duratidn until the test piece is up to failure

4 Principle

A cross-bonlded test piece is cycled under a given average stress with’constant amplitude loadipg at
room tempegrature, which yields cyclic tensile/tensile or shear/shear stress in the interface. Tyjpical
cyclic loading waves including sine wave, triangular wave and trapezoidal wave are shown in Figyre 1.
Two different forms of mounting the cross-bonded test piece-iff a fixture are designed to measurg the
interfacial t¢nsile/tensile and shear/shear fatigue properties'by using compressive/compressive fagigue
loads, respertively. The total number of cycles is recorded; The lifetime duration including cyclic fatigue
time and time to failure or the residual interfacial bonding strength is determined.

o
1 2

) @)

Om

Opin |-

t

Key
1 sine wqve
2 triangylarwave
3 trapezoidal wave
o applied stress

omax Maximum applied stress during cyclic fatigue

omin Minimum applied stress during cyclic fatigue

om average applied stress during cyclic fatigue, oy, = (Omax + Omin)/2
t testing time

Figure 1 — Schematic illustration of three typical cyclic loading waves

NOTE1 The typical fatigue test is defined by cyclic loading, average stress, constant amplitude, environment
and frequency. The loading condition has the form o = o\ + Ao under a given frequency.

2 © IS0 2017 - All rights reserved
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The complete lifetime diagram is expensive and time consuming because of the use of a great number

of test pieces. It is sufficient to know the cyclic fatigue under specified stress conditions or to measure the
fatigue limit.

5 Apparatus

5.1

Fatigue test machine.

A hydraulic type or electric actuator driven test machine with load control operated mode shall be used.
The system for measuring the force applied to the test specimen shall be designed for fatigue tests and

shalmmﬁmmﬁﬁ‘ﬁﬁﬂfﬁrmﬁaﬂwmmm
frequency.

5.2
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5.3
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5.4
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the |
hard

andl;ﬁ;loveable and the width of the groove such that the cross-bonded test piece can be inse

Data recording system.

ibrated recorder shall be used to record a force-time curve. A digital(ddta recordir
mmended.

Micrometers.

bmeters used for measuring the specimen dimensions shall-conform to [SO 3611.

Testing fixture.

ketch of the testing fixtures is shown in Figure 2,.J0 avoid unsymmetrical stresses in {
b testing piece, the top of the pressure head is in the symmetrical axis of the pressure h
haped at two perpendicular directions, as shown in Figure 2 a). Thus, a point-contact
ressure head can be realized in the compressive process. The supporting fixture shal

e freely and with a smooth contact;as shown in Figure 2 b). The fixture shall remain
bad ranges used. The fixture should:be made of hard metal with elastic modulus over
ness (HV) over 3 GPa.

chosen test

1g system is

he interface
pad, and it is
at the top of
| be suitable
"ted into the
elastic over
00 GPa and
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The pressure head is designed for applying the tensile load in the interface during the tensile fatigue
properties test, not for the shear fatigue properties test. The weight of the pressure head should be

G b,

b) Sy

outer len
inner len
outer len
inner len
height of
height of
depth of
inner wi
outer wi

Fal
~1

re head used to apply cyclic load during interfacial tensile fatigue properties teg

L,

a3

AN

L,

pporting fixture for both interfaciaktensile and shear fatigue properties tests

gth of the pressure head

gth of the pressure head

gth of the supporting fixture
gth of the supportingAfixture
the supporting fixture

the pressure head

the groove invthe pressure head
th of thexsdupporting fixture
Hth,of the supporting fixture

width of|

the pressure head

Figure 2 — Schematic illustration of the testing fixture

added to the value of the final applied load for calculating the interfacial tensile stress.

To avoid the presence of unsymmetrical tensile stresses, the width of the pressure head shall be equal to
that of the test piece, i.e. b = b3. The parallelism tolerance on opposite longitudinal faces of the supporting

fixture shall not exceed 0,01 mm and both the upper and lower surfaces should be smooth planes.

NOTE

contact with two inner surfaces of the fixture, without friction when it moves.

4

© ISO 2017 - All rights reserved

While the cross-bonded test piece is put into the testing fixture, the inside bar would be in smooth


https://standardsiso.com/api/?name=0e353bc1ed41f5233546ac83f78a783a

IS0 20407:2017(E)

The thickness of the pressure head should be a little smaller than the width of the groove, and the depth
of the groove in the pressure head is larger than the thickness of the bar, i.e. b3 < b1, h3 > h.

6 Test pieces

6.1

Test-piece size

Rectangular test pieces with square or rectangular sections shall be prepared before bonding. The
angles of the cross-sections should be right-angles within *1°. The recommended dimensions of the
bars are 4 mm x 4 mm x 12 mm. The parallelism tolerance on the opposite longitudinal face is within

0,013
6.2

6.2.1

The

phys
least]
mate

Key
a
b

b mm. The bar test pieces shall not be chamfered.
Test-piece preparation

General

fechnique used for joining the bars, depending on the aims of measurement, can be
jcal bonding. For chemical diffusion joining, the contact surfaces\0fthe bars are polis
1200# SiC paper and then cleaned. Each pair of bars that need\to bond (sometimes
rial) is joined to form a symmetrical cross (Figure 3), as desCribed in ISO 13124.

\Q

ngles between two bars
vidth of the testpiece

h  Reight of the testpiece

Figure 3 — Schematic diagram of the cross-bonded test piece

chemical or
hed up to at
of the same

6.2.2 Test-piece storage

The test pieces shall be handled with care to avoid the introduction of damage after test-piece
preparation.

Test pieces shall be stored separately and not allowed to impact or scratch each other.

6.2.3 Number of test pieces

A minimum of three valid test results are required for any condition.
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7 Test procedure

7.1 Measurement of the test piece dimensions

The interfacial bonding area shall be determined before fatigue test. Dimensions of test piece size
and the bonding area size shall be measured to an accuracy of 0,02 mm. To evaluate the quality and
uniformity of the joining, the area for strength calculation can simply use the multiple of both bar-
widths. The arithmetic means of the measurements shall be used for calculations.

7.2 Measurement of the interfacial tensile fatigue properties

To measurg the tensile fatigue properties, put each test piece in the fixture using an arc*shaped
pressure hejad, as shown in Figure 4. The cross-bonded test piece should be inserted in the testing
fixture withjout any friction. The lower surface of the pressure head is stuck with a soft tape for ke¢ping
uniform cortact between the pressure head and the test piece. The width of the pressure head |shall
be the same|as that of the bar, and the pressure head should be parallel to the lowerdatr. Apply the test
force at the ppecified frequency and record the total cyclic number.

Figure 4 |— Schematic diagram of the cross-bonded test piece and fixture for measuring the
interfacial tensile/tensile fatigue properties

Measurements:

a) zero thg load.cell;

b) setthe llnaximum number of cycles, N;

c) setthe minimum force value, usually 2 N to 5 N recommended;

d) setthe maximum force value, usually 70 % to 90 % of the fracture load recommended;
e) setthe frequency and the wave shape;

f) startthe fatigue test in load control mode;

g) record the number of cycles, N, or cyclic fatigue life, Nt.

7.3 Measurement of the interfacial shear fatigue properties

To measure the shear fatigue properties, place each test piece in the fixture, as shown in Figure 5. It is
recommended that a small soft tape be stuck on the upper surface of the fixture close to the side of the

6 © IS0 2017 - All rights reserved
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interface to avoid the bending moment and to keep uniform contact between the pressure head and the
test piece. Apply the test force at the specified frequency and record the total cyclic number.

'i' k

Figure 5 — Schematic diagram of the cross-bonded test piece andfixture for meas

interfacial shear/shear fatigue properties

Meagurements:

a) zero the load cell;

b) getthe maximum number of cycles, N;

c) getthe minimum force value, usually 2 to 5 Nrecommended;

d) getthe maximum force value, usually 70% to 90 % of the fracture load recommended;
e) getthe frequency and the wave shape;

f) gtartthe fatigue test in load control mode;

g) 1ecord the number of cyclés)N, or cyclic fatigue life, Ny.

The maximum load can beéyalso given according to service requirement of a component.

computer program is réeommended to control the test. Depending on the computerized fa
all the loops can be récorded. If this is not possible, the following sequence can be used to r
versus testing time:

1y
2)
3)
4)

7.4

gvery cyeleyfor the first 10 cycles;

Ine every 10 cycles between 10 and 100 cycles;

ne‘every 100 r‘yr‘]pc between 100 and 1000 r‘yrlnc;

iring the

A specified
rilities used,
pcord stress

one every 1 000 cycles between 1 000 and 10 000 cycles, etc.

Residual properties

When rupture does not occur before the end of the test, the residual interfacial tensile or shear bonding
strength at room temperature shall be tested in accordance with ISO 13124.

7.5

Test validity

The following circumstances shall invalidate a test for the determination of the lifetime duration:

failure to specify and record test conditions;
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