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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.

The proced ) e are
described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may-be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explarjation on the meaning of ISO specific terms and expressions related to conformity assesgment,
as well as information about ISO’s adherence to the World Trade ©rganization (WTO) principles fn the
Technical Bafriers to Trade (TBT) see the following URL: wwwziso.org/iso/foreword.html

This document was prepared by Technical Committee~ISO/TC 164, Mechanical testing of metals,
Subcommitt¢e SC 5, Fatigue testing.

This third edition cancels and replaces the second edition (ISO 1099:2006), which has been techrfically
revised.

It shall be nofed that this document does not address safety or health concerns, should such issues|exist,
that may be gssociated with its use or application. The user of this document has the sole responsjbility
to establish gny appropriate safety and-health concerns as well as to determine the applicability pf any
national or I¢cal regulatory limitations regarding the use of this document.

iv © ISO 2017 - All rights reserved
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Introduction

This document is intended to provide guidance for conducting axial, constant-amplitude, force-
controlled, cyclic fatigue tests on specimens of a metal for the sake of generating fatigue-life data (i.e.
stress vs. cycles to failure) for material characterization.

Nominally identical specimens are mounted in an axial force-type fatigue-testing machine and
subjected to the required cyclic force conditions that introduce any one of the types of cyclic stress
as illustrated in Figure 1. The test waveform should be of constant amplitude and sinusoidal unless
otherwise specified.

The fi
of ea
of str
temp

NOTE
arere

ess cycles have been exceeded (See Clauses 4 and 13). Tests are typically conducte
erature (ideally between 10 °C to 35 °C).

quired, ISO 554:1976, 2.1 applies.

brce being applied to the specimen is along the longitudinal axis passing through|the centroid
h cross-section. The test is continued until the specimen fails or until a predetérmjned number

d at ambient

The results of a fatigue test can be affected by atmospheric conditions andwhere controlled conditions

© IS0 2017 - All rights reserved
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Metallic materials — Fatigue testing — Axial force-
controlled method

1 Scope

Thls document spec1f1es the conditions for conductlng axial, Constant-amplltude force-controlled,

conce tratlons The ob]ect of testmg whlle employlng this document is to pr0v1de fatlgue

such

as the relation between applied stress and number of cycles to failure fora ‘gi

condikion, such as hardness and microstructure, at various stress ratios.

Whilg
descr

NOTE
notch
can b

NOTE
quotig
tempd

2 N

the form, preparation and testing of specimens of circular and rectangular cros
ibed, component testing and other specialized forms of testing are not included in th

1  Fatigue tests on notched specimens are not covered by this document since the sha
bd test pieces have not been standardized. However, fatigue-test proecedures described in {
applied to fatigue tests of such notched specimens.

2 Throughout this document, the engineering stress is employed. Engineering stress is

nt of the axially applied force to the cross-sectional area ofithe test specimen, S = Force/Af
rature.

ormative references

The fpllowing documents are referred to in the text in such a way that some or all of

const
undat

ISO

Testin

ISO

Tensiq

ISO 2

tutes requirements of this document."For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

4965-1, Metallic materials — Dyhamic force calibration for uniaxial fatigue testin

g systems

500-1, Metallic matekials — Verification of static uniaxial testing machines
n/compression testing machines - Verification and calibration of the force-measuring s

B788, Metallic materials — Verification of the alignment of fatigue testing machines

3 Terms and definitions

For th
ISO a

3.1

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

aduced stress
information,
ven material

5-section are
s document.

be and size of

his document

Hefined as the
ea, at the test

their content
applies. For
ents) applies.

g — Part 1:

Part 1:
ystem

databasecs faoruse in standardization at the
GHABaSESH HSeH-SahadiaiAaHehat

ddresses:

TorTiro oo c e T Tt T It

hdJVEC maintain fnrmInnlngIP 1 Aolln"n'ring

[EC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

test specimen diameter

d

diametric distance or width of the specimen or test piece where the stress is at a maximum

3.2

grip diameter

D

diameter of the specimen at grip end

© IS0 2017 - All rights reserved
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thickness of test section

t

thickness of reduced section of rectangular test specimen

3.4

width of test section

w

width of reduced section of rectangular test specimen

3.5
parallel len

oth

Lp
length in the
and is parall

3.6
specimen le
L,

overall lengt

3.7

fillet radius
r

radius betwe

Note 1 to entr]

gauge test section of a specimen or test piece that has equal test diameter or-test
|

ngth

h of test specimen

en the parallel length and the grip end of test specimen

y: The curve need not be a true arc of a circle over the‘'whole of the distance between the end

parallel length and the start of the grip end.

3.8
maximum s

Smax
greatest algs

Note 1 to entr]

3.9

mean stresg
Sm

one-half the

Note 1 to entr]

3.10
minimum st

fress

braic value of stress in a stress cycle

y: See Figure 2.

hlgebraic sum of themaximum stress and the minimum stress in a stress cycle

y: See Figure2.!

ress

Smin

width

of the

least algebralicvalue of stress in a stress cycle

Note 1 to entry: See Figure 2.

3.11

stress amplitude

Sa

one-half the algebraic difference between the maximum stress and the minimum stress

Note 1 to entry: See Figure 2.
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stress range

AS

algebraic difference between the maximum and minimum stress

AS = Smax = Smin

Note 1 to entry: See Figure 2.

periodically

have a life of

3.13
stress ratio
R
ratio pf minimum to maximum stress during any single cycle of fatigue operation
R§ = Smin/Smax
Note 1 to entry: See Figure 2.
3.14
stresp cycle
variation of stress with time, repeated periodically and identically
Note 1 to entry: See Figure 2.
3.15
number of cycles
N
number of smallest segments of the force-time, stress-time, etc., function that is repeated |
3.16
fatigue life
Nt
number of applied cycles to achieve adefined failure criterion
3.17
fatigue strength at N cycles
SN
value|of the stress amplitude at a stated stress ratio under which the specimen would
N cycles
4 Test plan
4.1 |General outline
Before commencing testing, the fotfowing shatt be agreed by the parties Concerned, umni

otherwise in the relevant product standard:

a) the form of specimen to be used (see 5.1);

b) the R-ratio(s) to be used;

c) the objective of the tests, i.e. which of the following is to be determined:

— the fatigue life at a specified stress amplitude;

— the fatigue strength at a specified life;

— a full Wohler or S-N curve.

d) the number of specimens to be tested and the testing sequence;

© IS0 2017 - All rights reserved
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e)
f)

In the light of recent research, it is of importance to note that metals generally do not exhibit a “fatigue
limit” per se, that is, a stress below which the metal will endure an “infinite number of cycles”. Typically,
the “plateau(s)” in stress-life are referred to as the conventional “fatigue limit(s)”, but failures below
these levels have been reported and do occur. See, for example, References [6] to[9].

the number of cycles at which a test on an un-failed specimen shall be terminated;

the testing temperature if different from the requirements given in 5.2.

4.2 Presentation of fatigue results

4.2.1 Genéral

The design qf the investigation and the use to be made of the results, govern the choice-of)the
suitable method of presenting the results from the many available, graphically and etherwise
results of fatligue tests are usually presented graphically. In reporting fatigue data, the’test condjitions

should be cl

rly defined. In addition to graphical presentations, tabulated numericaldata are des

where the prjesentation format permits.

4.2.2 Wohler or S-N curve

The most general method of presenting the results graphically is to plot the number of cycles to fz

N, as absciss
any other st
experiment
cycles and t
experimente
are usually

Figure 3, wh

4.2.3 Mea

The fatigue s
constantlife
stress amplit

a and the values of stress amplitude or, depending on ‘the type of stress cycle, th
Fess, as ordinate. The curve drawn smoothly as an.approximate middle line throug

points is called a Wohler or S-N curve. A logarithmic scale is used for the numl
e choice of whether a linear or logarithmic scaleis used for the stress axis lies wi
r. Individual curves are plotted for each set of fests for each R-ratio. Experimental r
blotted on the same figure. An example ofdhese graphical representations is sho
bre a linear stress scale is used.

h stress diagrams

most
. The

irable

ilure,
bse of
h the
ber of
h the
psults
wn in

trengths derived from the Wohler or S-N curve are plotted in fatigue strength diagr
ines. The results can be represented by a graph giving directly, for particular fatigue li

stresses against the mean stress, as shown in Figure 5; or by plotting the maximum stress again|

minimum stx

5 Shape

5.1 Form

Generally, a s

ess, as shown in Figure’6. Experimental results may be plotted on the same figure.

and size of specimen

pf specimens

pecimen having a fully machined test section is of the type shown in Figure 7 for a sy

S as

ves, the

;

ude against the mean stress/as shown in Figure 4; or by plotting the maximum and minfmum

st the

nooth

cylindrical-typegaugesectiomn:

The specimens may be of the following:

with a continuous radius between the ends (i.e. “hourglass” specimen);

fillets between the test section and the gripped ends (see Figure 8).

circular cross-section with tangentially blending fillets between the test section and the ends, or

rectangular cross-section of uniform thickness over the test section with tangentially blending

Specimens commonly known as “hourglass” specimens may be employed for testing with caution. In
such specimens, there is a continuous radius between grip ends with a minimum diameter or width of
the test section centrally located between these ends for cylindrical and flat specimens respectively.
Unlike a smooth, constant diameter or width, gauge section where a volume of material is equally
under stress, the hourglass specimen permits sampling only of a thin planar element of material at

4 © IS0 2017 - All rights reserved
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the minimum cross section. Thus, the fatigue results produced may not represent the response of
the bulk material where, particularly in the long-life fatigue regime, inclusions govern behaviour in
high hardness metals and there is a duality in crack initiation from surface to subsurfacel2l. In fact,
such results may be non-conservative particularly in the longer life regime where the largest micro
discontinuity may not lie in the planar section of greatest stress.

It is important to note that for specimens of rectangular cross-section, it may be necessary to reduce
the test section in both width and thickness. If this is necessary, then blending fillets will be required in
both the width and thickness directions. Also, for a rectangular-section specimen, where it is desired
to take account of the surface condition in which the metal will be used in actual application, then at
least one surface of the test section of the test piece should remain unmachined. It is often the case, for
fatigire-testsconductedusingarectanstarsectionplece thattherestsare netatwaysepmparable to
those|determined on cylindrical specimens because of the difficulty in obtaining an adequate surface
finish{ or because fatigue cracks initiate preferentially at the corner(s) of the rectangular t¢st piece.

5.2 [Specimen temperature measurement

Tests|are typically conducted at ambient temperature (ideally betweeny10 °C to 35 °(). For tests
condycted at non-ambient temperatures, the specimen temperature.shall be fully docimented and
measfired using thermocouples or other appropriate devices in contact with the specimen surface, be
accurpte to within #2 °C.

6 Geometry

6.1 |Bars and flat sheets >5 mm thick

The gauge portion of the specimen in a fatigue tesSt represents a volume element of the material under
study} This implies the geometry of the specimeén shall not affect the use of the test results

This geometry shall fulfil the following conditions:

ovide a uniform cylindrical gauge portion;

inimize the risk of bucklingin compression to avoid failure initiation at the transitign radius;

Therg shall be no undereutting due to machining of the parallel length at the transition radii or
elsewhere on the gauge’section. This feature may be checked with an optical comparator at reasonable

into account these requirements, the experience gained by a large number of labgratories and
the results-of calculations taken from different types of specimens (see References [10]|to [19]), the

a) diameter of cylindrical gauge length: 5mm<ds< 10 mm
b) parallel length: Lp>2d

c) transition radius (from parallel length to grip end):  r=2d

d) diameter of grip end: D=2d

e) length of reduced section: L-<8d

Other geometric cross-sections and gauge lengths may be used for specimens provided that uniform
distribution of stress in the gauge length is ensured.

© IS0 2017 - All rights reserved 5
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Recommended end connections are as follows:

smooth cylindrical connection (with hydraulic jaws);

button-end connection.

The test fixture should locate the specimen, provide axial alignment and exclude backlash. Design of
the test fixture will depend on the specimen end details. A number of examples are given in Figure 9.

Designs of fatigue specimens in which alignment may depend on screw threads are not recommended.

6.2 Flat sheets

6.2.1 Geng¢ral

In general, t
products. Hg
buckling.

Because low
The gripping
latter type o

In general, the width of the specimen is reduced in the gauge length to.avoid failures at the specimer

interface or Y
grip end thic

In the case d
sure they arg

6.2.2 Thid
[t is possible

A possible ge

6.2.3 Thic
The use of ajf

A number of
restraint and
use of a poly
solution to th
are not recoj

e considerations discussed in the preceding paragraphs also apply to tests“on the
wever, these tests require specific geometries and fixtures in order to.avoid proble

forces are generally applied, more sensitive force transducers thanusual may be req
system may necessitate the use of flat mechanical or hydraulic jaws. However, wi
[assembly it is difficult to ensure correct alignment.

vithin the grips. In some applications, it might be neéessary to add end tabs to increa
kness as well as to avoid failure in the grips (see Figure 10).

f flat specimens located in grips with parallel-sided jaws, care should be taken to
centrally aligned within the jaws. Index midafks or stops may facilitate this.

knesses between 5 mm and 2,5 mm
to conduct these tests without anti*buckling restraints.

ometry for a flat specimen is'shown in Figure 8.

knesses <2,5 mm
ti-buckling restraints may be necessary and may limit the maximum test temperatu

precautions_areé required to limit the increase in force induced by friction betwee
specimen.\This friction shall not at any time create a force increase greater than 2 9
tetrafluoroethylene (PTFE) film approximately 1 mm thick, for example, offers a p
is problem, as does boron nitride powder as a dry lubricant. Hydrocarbon-based lubr
nmended as they may affect the test results.

hbove
ms of

lired.
h the

1/grip
se the

make

re.

n the
bh. The
artial
cants

The frictional forces may vary from one specimen to another. They shall be measured before each test
from the force-displacement curves recorded in the elasticity range of the material in tension with and

without anti-

buckling restraints. An example of an anti-buckling restraint is shown in Figure 11.

6.3 Preparation of specimens

In any fatigue-test program designed to characterize the intrinsic properties of a material, it is
important to observe the following recommendations in the preparation of specimens. A deviation from
these recommendations is possible if the test program aims to determine the influence of a specific
factor (surface treatment, oxidation, etc.) that is incompatible with these recommendations. In all cases,
these deviations shall be noted in the test report.

© ISO 2017 - All rights reserved
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6.3.1 Machining procedure

The machining procedure selected may produce residual stresses on the specimen surface likely to
affect the test results. These stresses may be induced by heat gradients at the machining stage or they
may be associated with deformation of the material or microstructural alterations. Their influence is
less marked in tests at elevated temperatures because they are partially or totally relaxed once the
temperature is maintained. However, using an appropriate final machining procedure, especially prior
to a final polishing stage, should reduce such residual stresses. For harder materials, surface grinding

rather than tool operation (turning or milling) may be preferred.

NOTE

This

The in
Every

NOTE

The

Exam
therefpre be avoided in the products used (cutting fluids,cef€aning fluids such as alcohols, acidji
N

etc)

6.3.2

The

on the
full k

The

mark
mach

6.3.3

h
machi}ﬁling. It can be a matter of a change in metallurgical phase or, more frequently, of surface rec

Grinding: from 0,1 mm of the final diameter at a rate of no more than 0,005 mm/pass.

Pplishing: remove the final 0,025 mm with papers of decreasing grit size. It is recomme

final direction of polishing be along the specimen axis.
1  Alteration in the microstructure of the material.

enomenon can be caused by the increase in temperature and by the strain-hardenin

hmediate effect of this is to render the test invalid as the material tested’is no longer the in
precaution should therefore be taken to avoid this risk.
2 Introduction of contaminants.

nlechanical properties of certain materials deteriorate in, the'presence of certain elements g

bles of this are the effect of chlorine and hydrogen on steels and titanium alloys. These elg

insing and degreasing of the specimens in appropriate fluids prior to storage is recommend

Sampling and marking

hmpling of test materials from a semifinished product or a component may have a ma
e results obtained during the test-1tis therefore necessary for this sampling to be car
howledge of the situation. A sampling drawing, attached to the test report, should ing

Ie characteristic direetions in which the semi-finished product has been worked
plling, extrusion, etcs,ds appropriate), and

S

—

e position of each of the gpecimens,

-

(=

he marking/identifying of each of the specimens.

specimensshall carry a mark/identification during each different stage of their prepat
identification may be applied using any reliable method in an area not likely to disa

ning'orlikely to adversely affect the quality of the test (e.g. both ends of the test pieg

hded that the

g induced by
ystallization.

itial material.

r compounds.
ments should
c compounds,
bd.

jor influence
ried out with
licate clearly

(direction of

ation. Such a
ppear during

e).

C 'y ez £l 3
SUlIdLT LUIIUIUIVIT UT T SPTUIIITII

The surface conditions of the specimens have an effect on the test results. This effect is generally
associated with one or more of the following factors:

the specimen surface roughness;
the presence of residual stresses;
alteration in the microstructure of the material;

introduction of contaminants.

The recommendations below allow the influence of these factors to be reduced to a minimum.

© IS0 2017 - All rights reserved
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The surface condition is commonly quantified by the mean roughness or equivalent (e.g. ten-point
roughness or maximum height of irregularities). The influence of this variable on the results obtained
depends largely on the test conditions, and its influence is reduced by surface corrosion of the specimen
or plastic deformation. It is preferable, whatever the test conditions, to specify a mean surface
roughness of less than 0,2 pm R, (or equivalent). See ISO 4287 and ISO 4288.

Another important parameter not covered by mean roughness is the presence of localized machining
scratches. Finishing operations on cylindrical specimens should eliminate all circumferential scratches
produced during turning. Final grinding followed by longitudinal mechanical polishing is particularly
recommended. A low magnification check (~ x20) shall not show any circumferential scratches within
the gauge length.

If heat treatment is to be carried out after rough finishing of the specimen, it is preferable to earty out
the final polishing after the heat treatment. If this is not possible, the heat treatment should-be carried
out in a vacuum or in inert gas to prevent oxidation of the specimen. This treatment shall‘not altpr the
microstructyral characteristics of the material under study. The specific conditions ofheat treament
and machining procedure shall be reported with the test results.

6.3.4 Dimensional checks

The dimensipns should be measured on completion of the final machining stage using a method of
metrology tHat does not alter the surface condition.

6.3.5 Storage and handling

After preparption, the specimens should be stored so as to prevent any risk of damage (scratching by
contact, oxidation, etc.). The use of individual boxes or tubes with end caps is recommended. In c¢rtain
cases, storage in a vacuum or in a desiccator filled with. silica gel is necessary.

Handling shquld be reduced to the minimum necessary. Particular attention shall be given to mgrking
the specimerns. Identification shall be applied to each’end of the specimen before testing.

7 Apparatus

7.1 Test machine

The tests shdll be conducted using a tension-compression machine designed for a smooth start-up with
no backlash when passing thfeugh zero. The machine shall have lateral rigidity and accurate aliggment
(see ISO 23788, Annex C),

The complete machige;loading system (including force transducer, grips, specimen, etc.) shall have
lateral rigidity ands<be”capable of controlling and measuring force when applying the recommended
wave cycle.

The testing rachirreforee-meastt ius o_yotcnu shalbe-rerified otati\.a}}_y iraceordanece-with-1S6 7500'1,
Class 1. It shall be ensured that incremental dynamic force-measurement errors do not exceed +1 % of
the demanded force range. It is recommended that ISO 4965-1 is used as a method to make the check.

NOTE1 Itis very important to recognize the importance of dynamic (inertia force) errors introduced by the
mass between the force transducer and the test specimen. Inertia force error = the grip mass multiplied by its
local acceleration. Inertial force errors, expressed as a percentage of force range, can be expected to vary with
the square of the frequency and are influenced strongly by specimen compliance. The testing machine (rigid
body) resonance on its mountings can be a dominant error source.

8 © IS0 2017 - All rights reserved
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The test machine with the specific force transducer, grips and couplings used for dynamic testing and
a strain-gauged specimen or dynamometer, of similar compliance to the test specimens, should be

verified for dynamic force measurement over the frequency range of interest.

NOTE

2 To avoid dynamic errors > #1 % of the force range, it may be necessary to create an

correct the dynamic force range of the testing machine.

error table to

The machine shall be equipped with a cycle-counting system accurate to 1 % and with error trips to
shut down the machine when the specimen fails.

When reversed force is involved in the test series, the load-train shall be free from backlash.

7.2

Bend
laterd
is gen

a)
b)
‘)
d)

The t
to the

fatigu

a
a
a

i

7.3

The f
applie
The il
final

varia
force;
shall

of ful

7.4
The ¢

Alignment check

ng in a test machine due to misalignment in rigid-grip systems is generally caused |
1 offsets of the grips or a combination of both. Bending due to misalignmentiin rigid-
erally caused by:

h angular offset of the specimen grips,
lateral offset of the loading bars (or test piece grips) in an ideally rigid system,

h offset in the force-train assembly with respect to a non-rigid system, or

1 the case of servo-hydraulic machines, an actuator rod:with side-play in the bearings.

est machine alignment shall be checked before each,series of tests and any time a ch
 load train in accordance with ISO 23788 Metallic materials — Verification of the
e testing machines.

Force transducer

brce transducer shall have axial ard lateral rigidity. Its capacity shall be suitable f|
d during the test. It shall be fatigue rated and suitable for the forces applied du
ndicated force as recorded at.the output from the computer in an automated system
butput recording device in~any non-automated system, shall be within the specified
ion from the actual force,-The force transducer capacity shall be sufficient to cover
measured during a/test to an accuracy of better than 1 % of the reading. The forg
be temperature compensated and not have zero drift or sensitivity variation greater
scale per 1 °C.

Gripping'of specimen

rripping. device shall transmit the cyclic forces to the specimen without backld

longit

the specimen to buckle. The geometric qualities of the device shall ensure correct alignn

udinal axis. The distance between the grips shall be as small as possible to avoid th

y angular or
orip systems

hnge is made
alignment of

pr the forces
ing the test.
, or from the
permissible
the range of
e transducer
han 0,002 %

sh along its
e tendency of

nent in order

to meet the requirements specified in 7.2. It is therefore necessary to limit the number of components
of which these gripping devices are composed, and to reduce the number of mechanical interfaces to a
minimum.

The gripping device shall ensure that the assembly of the specimen is reproducible. It shall have surfaces
ensuring the alignment of the specimen and surfaces, allowing transmission of tensile and compressive
forces without backlash throughout the duration of the test.
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8 Instrumentation for test monitoring

8.1 Recording systems

It is common for modern fatigue test equipment to be computer controlled and equipped with digital
data acquisition systems. Basic software platforms provided in modern digital systems provide
accurate test control as well as report generation. They are typically equipped to provide real-time
numerical displays in either the digital or analog domain of test data as well as generation and storage
of graphical and tabular test results.

In such a typical digital system, the sampling frequency of stress (force)-time data points shall be
sufficient to Ensure correct definition of the peak Stresses (forces) Imposed upon the specimen,

Since there gre a number of analog systems still in use, the following shall be considered-a8 minfmum
requirement|for the analog recording of data:

— arecordgr for stress (force) - time;

— apeak-tp-peak detector.

8.2 Cycle founter

A cycle counter is essential for recording the number of cycles.

9 Checking and verification
The testing rhachine and its control and measurement systems should be checked regularly.
Specifically, ¢ach transducer and associated electronics'shall always be checked as a unit.

The temperdture measuring system(s) shall bélverified according to the relevant ISO or nafional
standard.

10 Mounting of specimen

Care should pe taken to ensure that €ach test piece is located in the upper and lower grips so thpt the
force is appllied axially, and thatjthe intended stress pattern is properly imposed. With rectarjgular
test pieces, if may be importdnt'to ensure that the force is evenly distributed over the test piece ¢ross-
section. Althpugh not recommended, where test pieces of circular cross-section are screw-type pt the
ends, the grip design shalkensure that no (or minimal) torsional stress is imparted to the test pie¢e due
to tightening of the locking nuts. In instances where threaded-end specimens are used, some forced
mating of fldts and<of a concentric surface may be employed along the threads to minimize pofssible
tightening t(1rques.

11 Rate of testing

The frequency of the force cycle will depend upon the type of testing machine employed and, in many
cases, upon the stiffness of the test piece.

The frequency chosen shall be that most suitable for the particular combination of material, test piece
and testing machine. If the frequencies are determined from the dynamic characteristics of the test
piece and testing machine combination, it may be necessary to measure the stiffness of the test piece
before testing is started.

NOTE1 Thefrequencyrange of axial force controlled fatigue-testing machines in common use is approximately
1 Hz to 300 Hz.
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At high frequencies, substantial heating of the specimen can occur that could affect the test result of
fatigue life and strength. If heating occurs, it is advisable to decrease the test frequency. If the specimen
temperature exceeds 35 °C, the temperature shall be recorded.

NOTE 2  Ifthe influence of the environment is significant, the test result is likely to be frequency dependent.

12 Application of force

The general procedure for attaining full-force running conditions shall be the same for each test piece.
The mean force and force range shall be maintained to within +1 % of the force range, over and above
the static errors specified in ISO 7500-1. See Clause 8.

13 Recording of temperature and humidity
The maximum and minimum air temperature and humidity shall be recorded.daily for the duration of

the test.

14 (riterion of failure and test termination

14.1(Criterion of failure
Unlesks agreed otherwise, the criterion of failure shall be test\piece separation.

NOTE In particular applications, other criteria, for example, occurrence of a visible fatigue|crack, plastic
defornation of the test piece, rate of crack propagation or frequency change can be adopted.

14.2 |Test termination

The tgst is terminated when either the speéeimen fails or a predetermined number of cycles have been
appli¢d, as agreed upon by the concerned parties.

15 Test report
The test report shall include the following information for the test series, if available:
a) a|reference to thisdecument, i.e. ISO 1099;

b) njaterial testéd,its metallurgical characteristics, mechanical properties and any hefat treatment
glven to the tést piece(s);

c) location.of the test piece(s) in the parent material;

d) f¢rmvand nominal dimensions of the test piece(s);

e) surface condition of the test piece(s).

The test report shall include the following information for each individual test piece:
— cross-sectional dimensions;

— minimum and maximum peak force applied;

— applied stress conditions;

— frequency and fatigue life;

— description of testing machine used: type, serial number, load cell and serial number, number and
load train description;
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— temperature of the test piece if heating occurs (i.e. >35 °C);
— maximum and minimum air temperature and relative humidity;

— criterion of the end of the test, i.e. its duration (for example, 107 cycles), or complete failure of the
test piece, or any other criterion;

— any special observations or deviations from the required test conditions.

Additionally, the test results can be presented graphically.
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Figure 1 — Types of cyclic stress
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Figure\2 — Fatigue stress cycle
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Figurée.3 — Wohler or S-N curve
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Figure 5 — Maximum and minimum stresses (Smax and Sin) against mean stress (Spy)
[Smith diagram]
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Figure 6 — Maximum stress (Smax) against minimum stress (Spin) [Ros diagram]
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Dimensions in millimetres

NOTE[1  For definitions of symbols for geometrical tolerances, see ISO 5459.

NOTE[2  The perpendicularity requirement applies to any gripping parts used for alighiment.
Figure 7 — Recommended geometry of cylindrical specimen

Dimensions|in millimetres
L,

!
|
|
|
|
|
W £0,02

NOTE|1  For definitions of symlols‘for geometrical tolerances, see ISO 5459.

NOTE|2  The perpendicularity requirement applies to any gripping parts used for alignment.

Figure 8 — Possible geometry of flat-sheet specimen
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