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Foreword

52:2021(E)

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
ISO collaborates closely with the International Electrotechnical Commission (IEC) on a
electrotechnical standardization.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriam

patenft rights. ISO shall not be held responsible for identifying any or all such patent righ
any pptent rights identified during the development of the document will be'in the Intrody
on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

in the work.
1l matters of

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

For explanation of the voluntary nature of standards)the meaning of ISO specific terms and

expregssions related to conformity assessment, as wellvas information about ISO's 3
the World Trade Organization (WTO) principles im~the Technical Barriers to Trade
wwwliso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 164, Mechanical testir
Subcdmmittee SC 4, Fatigue, fracture and toughness testing.

This third edition cancels and replaces.the second edition (ISO 1352:2011), which has bee
revised.

The mpain changes are as follows:

— afdition of the test apparatus and procedure for the elevated temperature testing;

QO

Hdition of measurement uncertainty estimation.

Any feedback or quéstions on this document should be directed to the user’s national stanc
compjete listingw®fthese bodies can be found at www.iso.org/members.html.
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(TBT), see

g of metals,
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Metallic materials — Torque-controlled fatigue testing

1 S

cope

This document specifies the conditions for performing torsional, constant-amplitude, nominally elastic
stress fatigue tests on metallic specimens without deliberately introducing stress concentrations. The
tests are typically carried out at ambient temperature or an elevated temperature in air by applying a
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3.1
maxi

Tmax
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Note 1

$0 Online browsing platferm: available at https://www.iso.org/obp

Couple to the specimen about 1ts longitudinal axis.

the form, preparation and testing of specimens of circular cross-section and tubular

bscribed in this document, component and other specialized types of testing’are
irly, low-cycle torsional fatigue tests carried out under constant-amplitude-ghgular
bl, which lead to failure in a few thousand cycles, are also excluded.

ormative references

bllowing documents are referred to in the text in such a-yay that some or all of
jtutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

h4:1976, Standard atmospheres for conditioning andfor testing — Specifications

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

erms and definitions

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

[ross-section
hot included.
lisplacement

their content
applies. For
ents) applies.

1d [EC maintain terminology«databases for use in standardization at the following addresses:

C Electropedia: available at https://www.electropedia.org/

Imum stress

5t algebraic value of shear stress at the outer diameter in the stress cycle

toentry: See Figure 1.

3.2

minimum stress

Tmin

lowest algebraic value of shear stress in the stress cycle

Note 1 to entry: See Figure 1.

3.3

mean stress

Tm

static

component of the shear stress

Note 1 to entry: It is one half of the algebraic sum of the maximum shear stress and the minimum shear stress:

© IS0 2021 - All rights reserved
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T = Tmax T Tmin
m 2
3.4
stress amplitude

T
a
variable component of shear stress

Note 1 to entry: It is one half of the algebraic difference between the maximum shear stress and the minimum
shear stress:

Tmaf *min
T,=—F——
2 2

3.5
number of cycles
N
number of cycles applied at any stage during the test
3.6
stress ratio
R

algebraic ratjo of the minimum shear stress to the maximum shear sttess in one cycle

Note 1 to entrjy: It is expressed as:

R= Tmin
Tmax
3.7
stress rangg
At

range betwegn the maximum and minimum shear stresses

Note 1 to entrjy: It is expressed as:

AT =Tk —Tiin -
3.8
fatigue life at failure
Ny
number of stfress cycles'to failure in a specified condition
3.9
fatigue strehgth at N cycles
TN

value of the shear stress amplitude (3.4) at a stated stress ratio (3.6) under which the specimen would
have a life of N cycles

3.10

torque

M

twisting couple producing shear stress or twisting deformation about the axis of the specimen

2 © IS0 2021 - All rights reserved
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Tmax

S
[
Tm
Tmin
X
Key
X time
Y sfress
1 ohe stress cycle
Figure 1 — Eatigue stress cycle
4 Symbols and abbreviated terms
D diameter or width acress-flats of the gripped ends of the specimen
NOTH1 The value of D may.bke different for each end of the specimen.
d diameter of sp€eimen of circular cross-section
d, outer dijameter of test section of specimen of tubular cross-section
d; innérdiameter of test section of specimen of tubular cross-section
L, axial separation of strain gauges
Lp pdal ch} }custh
r transition blending radius at ends of test section which starts the transition from d to D

(see Figures 3 and 4)

NOTE 2 This curve need not be a true arc of a circle over the whole of the distance between the end of
the test section and the start of the enlarged end for specimens of the types shown in Figure 3.

t wall thickness in the test section of the thin-walled tube specimen

T specified temperature at which the test should be performed

T; indicated temperature or measure temperature on the surface of the parallel length of the
specimen

© IS0 2021 - All rights reserved 3
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linear normal strain in the 0° directions of the 45° strain rosette

ECI

£ linear normal strain in the 45° directions of the 45" strain rosette
£, linear normal strain in the 90° directions of the 45° strain rosette
€00 circumferential strain

£,, longitudinal strain

Yoy shear strain

5 Principle of test

Nominally identical specimens are mounted on a torsional fatigue testing machine and subjécted fo the
loading condlition required to introduce cycles of torsional stress. Any one of the types.of cyclic $tress
illustrated i} Figure 2 may be used. The test waveform shall be constant-amplitudée sinusoidal, ynless
otherwise sylecified.

In an axially pymmetrical specimen, change of mean torque does not introduce a different type of $tress
system and rpean stress in torsion may always be regarded as positive in/sign.

The torque i applied to the specimen about the longitudinal axis passihg through the centroid pf the
cross-section.

The test is cdntinued until the specimen fails or until a predetefiined number of stress cycles hag been
exceeded.

NOTE Typically, cracks produced by torsional fatigue testing are parallel or orthogonal to the longitpdinal
axis (shear stiess driven) or helical at approximately +/-45° to the longitudinal axis (principal stress drivep).

Tests condudted at ambient temperature shall be-performed between 10 °C and 35 °C unless othefwise
agreed with fhe customer.

The results [of fatigue testing can be_affécted by atmospheric conditions, and where contfolled
conditions are required, ISO 554:1976(2;1, applies.

Y Tmax > 0> T Tmax = 0

|
\/ v v
V N
1 2
Key
X time
Y stress
1 reversed
2 fluctuating

Figure 2 — Types of cyclic stress

4 © IS0 2021 - All rights reserved
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Before commencing testing, the following shall be agreed by the parties

ISO 13

Test plan

modifications shall be mutually agreed upon:

a)
b)

c)

d)
e)

the form of specimen to be used (see Clause 7);
the stress ratio(s) to be used;
the objective of the tests, i.e. which of the following is to be determined:

the fatigue life at a specified stress amplitude;

52:2021(E)

concerned and any

tile fatigue strength at a specified number of cycles;

alfull Wohler or S-N curve;

(=

Ie number of specimens to be tested and the test sequence;

the number of cycles a specimen is subjected to before the test is terniinated.

NOTE|1  Some methods of data presentation are given in Annex A. See 1S@ 12107[3] for details,
analygis procedure and statistical presentation.

NOTE[2 Commonly employed numbers of cycles for test terminationvare:

7

7.1

[uny

D7 cycles for structural steels, and

[En

D8 cycles for other steels and non-ferrous alloys.

Shape and size of specimen

Form

Generally, a specimen having a fully machined test section of one of the types shown in Fig
shoulf be used.

The specimen may be of:

The

splid circular cross-Section, with tangentially blending fillets between the test section
(3ee Figure 3); or

tybular cross*section, with tangentially blending fillets between the test section and t}
oputer surfacg (see Figure 4).

urglass specimen is not recommended because the crack under torsional loads may

450 tq theloading axis.

ncluding data

rures 3 and 4

and the ends

le ends in the

propagate at

For tubular specimens, the diameter of the inner surface at the ends may be greater than or equal to
that at the test section. For a specimen having an inner diameter at the ends greater than that at the test
section, crack initiation or failure outside the test section invalidates the test, which should be counted
as a discontinued (stopped) test at the number of cycles completed.

Fatigue test results determined using the specimen of tubular cross-section are not always comparable
to those obtained from the specimen of solid circular cross-section (due to absence or existence of
elastic constraint). Therefore, caution should be exercised when comparing fatigue lives obtained on
the same material from specimens having different cross-sections.

Typical specimen ends are shown in Figure 5. It is recommended that ends suitable for meeting the
alignment criterion be chosen.

© IS0 2021 - All rights reserved
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®0

Figure 3 — Specimens with circular cross-section

L

Figure 4 — Specimen with tubular cross-section

© IS0 2021 - All rights reserved
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L O

% N/ N7 N7

SRSRS

Figure 5 — Typical specimen ends

7.2 |Dimensions

7.2.1| Specimens of circular cross-section

It is recomimended that the geometric dimensions given in Table 1 be used (see also Figurdg 3).

Table t—Dimensioms forspecimens of tircular cross-section

Diameter of cylindrical parallel length, in millime- S<d<12
tres
Parallel length L,=<5d
Transition radius (from parallel section to grip

rz3d
end)
External diameter (grip end) Dz2d
The tolerance on d shall be +0,05 mm.

To calculate the applied torque loading, the actual diameter of each specimen shall be measured to an
accuracy of 0,01 mm. Care should be taken not to damage the surface when measuring the specimen
prior to testing.

©1S0 2021 - All rights reserved 7
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[t is important that general tolerances of the specimen respect the two following properties:

These values

parallelism: 0,005d or better;

concentricity: 0,005d or better.

are expressed in relation to the axis or reference plane.

7.2.2 Specimens with tubular cross-section

In general, the considerations applicable to specimens of circular cross-section also apply to tests on
tubular specimens.

The specime
violating the
is required.

Itis recomm

8 Prepar

8.1 Gener

n wall thickness shall be large enough to avoid instabilities during cyclic loading w
thin-walled tube criterion, i.e. a mean diameter-to-wall thickness ratio of 10:1\or gi

bnded that the geometric dimensions given in Table 2 be used (see also Eigure 4).

Table 2 — Dimensions for specimens of tubular cross-section

Wall thickness in test section, t 0,05dg £0%0,1d,
Outer diameter of test section d,
Transition radius (from parallel section to grip

=>3d
end), r o
Parallel length, L, 1d, to 3d,
External diameter (grip end) D=1,5d,
Concentricity between the outer diameter, d,, and the inner diame-
ter, d;, should be maintained within 0,01t.

ation of specimens

al

In any fatigue test programme designed to characterize the intrinsic properties of a materia

important to
these recom
factor (surfa
Specimens s
customer.

8.2 Machi

observe the following’recommendations in the preparation of specimens. Deviation
mendations is permitted if the test program aims to determine the influence of a sy
Ce treatment, gxidation, etc.). In all cases, any deviations shall be noted in the testr
hould be machined from normally stress-free material unless otherwise agreed wi

ning'procedure

thout
reater

, it is
from
ecific
bport.
h the

Machining th

€ Specimens can Induce residual Stress on the Specimen surface that could aifect the test

results. These stresses can be induced by heat gradients at the machining stage — stresses associated
with deformation of the material or microstructural alterations. However, they can be reduced by
using an appropriate final machining procedure, especially prior to a final polishing stage. For harder
materials, grinding rather than tool operation (turning or milling) may be preferable.

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

Polishing: remove the final 0,025 mm with papers of decreasing grit size. It is recommended that the
final direction of polishing be along the specimen axial direction.

For tubular specimens the bore should be fine-honed, so that surface finish on the internal surface
of the bore is either equal to or better than the surface finish on the external cylindrical surface in
the parallel sectionl4],

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=34f8eae0c72ba553e8519af6160ad816

ISO 1352:2021(E)

Failure to observe the above can result in alteration in the microstructure of the material. This
phenomenon can be caused by an increase in temperature and by the strain-hardening induced by
machining; it can be a matter of a change in phase or, more frequently, of surface recrystallization. This
invalidates the test as the material mechanical properties are changed.

Introduction of contaminants: the mechanical properties of some materials deteriorate when in the
presence of certain elements or compounds. An example is the effect of chlorine on steels and titanium
alloys. These elements should therefore be avoided in the products used during specimen preparation
(cutting fluids, etc.). Rinsing and degreasing of specimens prior to storage is also recommended.

8.3 Sampling and marking

The spmpling of test materials from a semi-finished product or component can have amgjor influence
on the results obtained during the test. It is therefore necessary to clearly identify the [location and
orientation of each specimen.

A sanjpling drawing, attached to the test report, shall indicate clearly:

(=

]:e position of each of the specimens;

(=

e characteristic directions in which the semi-finished produet has been worked |(direction of
plling, extrusion, etc., as appropriate);

—

(=

he marking of each of the specimens.

Specimens shall carry a unique identifying mark throughout their preparation. This mdy be applied
usinglany reliable method in an area not likely to disappéar during machining or to adversely affect the
quality of the test.

Ident{fication shall be applied to each end of the'specimen before testing.

8.4 |Surface conditions of specimen

The surface conditions of the specimens can affect the test results. This is generally asdociated with
one of more of the following factofis:

— specimen surface roughness;
— plesence of residualstresses;

— a|teration in themicrostructure of the material;

troduction.of contaminants.

—

To minimizethe impact of these factors, the following is recommended.

The impact of surface roughness on the results obtained depends largely on the test condftions and its
effectis reduced by surface corrosion of the specimen or inelastic deformation.

It is preferable, whatever the test conditions, to achieve a mean surface roughness of less than 0,2 pm
Ra (or equivalent) within the parallel section. This includes both internal and external surfaces for a
tubular specimen.

Another important parameter not covered by mean roughness is the presence of localized machining
scratches. Finishing operations should eliminate all circumferential scratches produced during turning.
Final grinding followed by mechanical polishing is highly recommended. A visual inspection at low
magnification (approximately x20) should only show polishing marks appropriate to the grade of the
final polishing medium.

It is preferable to carry out a final polishing operation after 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

©1S0 2021 - All rights reserved 9
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surface. This treatment should not alter the microstructural characteristics of the material under study.
The details of the heat treatment and machining procedure shall be reported with the test results.

8.5 Dimensional checks

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

8.6 Storage and handling

After preparation, the specimens should be stored so as to prevent any risk of damage (scratching

by contact, ¢
should be re
recommende

Handling shqd

of the specimen. Identification shall be applied to each end of the specimen before testing.

9 Apparg
9.1 Testin

9.1.1 Gend

xidation, etc.). If there is any damage on the surface of the specimen during ster
moved by repolishing the specimen. The use of individual boxes or tubes with ehd ¢
d. In certain cases, storage in a vacuum or in a desiccator is necessary.

uld be reduced to the minimum necessary. Particular attention shall be-givén to m4

jtus
g machine

bral

hge, it
aps is

rking

The tests shall be carried out on a testing machine hawing a clockwise/anticlockwise (coyinter-

clockwise) tq
The test star
for reaching

The maching

The complet
controlling aj
unconstraing

The testing
calibration a

[t is imports
between the
range, can b
For details, s
principles th

rsional loading capability, with smooth startand no backlash when passing through
L settings shall allow the required level to bereached without any overload. The time
the required level should be as short as reasonably possible.

should have adequate lateral and tersional stiffness and alignment.

d in the axial direction td prevent extraneous forces being introduced.

machine torque meaSuring system shall be verified statically using a suitable met}
hd shall be traceabléto certified national standards.

nt to recognize’the potential effect of dynamic errors introduced by the inertial
torque cellsand the specimen. Inertia torque errors, expressed as a percentage of t
e expected to vary with frequency and are strongly influenced by specimen compl
ee 1S04965-1 and 1SO 4965-2[1.2], which, although intended for axial fatigue testing,)
ht also apply to torsional fatigue testing.

Zero.
rame

e machine loading system (including torque cell, grips, and specimen) shall be capable of
Ind measuring torque when«he recommended wave cycle is applied. The specimen sh

all be

1od of

mass
prque
iance.
gives

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

9.1.2 Torque cell

The torque cell shall be fatigue rated. The indicated torque, as recorded at the output from the computer
in an automated system, or from the final output recording device in a non-automated system, shall
be within specified limits. The torque cell capacity shall be sufficient to cover the range of torque
measured during a test to a measurement error of 1 % of the reading or better. The torque cell shall be
temperature-compensated and should have a zero drift no greater than 0,002 % of full scale per degree
Celsius. Sensitivity variation should not be greater than 0,002 % of full scale per degree Celsius.

The torque cell shall be calibrated at least once a year.

10 © IS0 2021 - All rights reserved
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9.1.3 Gripping of specimen

The gripping device shall transmit the cyclic torques to the specimen without backlash along its
circumferential direction for the duration of the test. The geometric qualities of the device shall ensure
correct alignment so that it is in accordance with 9.1.4.

The gripping device shall enable repeatable assembly and have surfaces that ensure alignment of the
specimen. It shall also allow transmission of reversed torque without backlash throughout the duration
of the test.

NOTE The gripping device (for example, collet, chuck style, socket style, wedge, and Morrison grips,[2]) can
be chosen appropriate to the specimen ends (See Figure 5 and 6) and testing machine type.

Key

1 specimen

2 sfandard balls

3 standard rollers
4  r¢acted torque
5 applied torque

Figure 6 — Example of Morrison torsion gripl[€l

9.1.4| Alignment check

It is Jmportant that the best uniform stress distribution be obtained for every fatigue test. Axial
alignment of the test machine for both axial fatigue machines and torsional fatigue macHlines shall be
measpired usingISO23788. The alignment verification shall be done every time a change i$ made to the
load frain.

NOTE[1 ¢ Aiinex B briefly describes the alignment check methodology.

on,itisimportant to document the applied stress distributic the bf the fatigue
specimen. This applied stress uniformity is controlled by both the test machine and the specimen.
NOTE 2  Annex C describes a procedure for measuring and documenting the applied stress uniformity for
torsional tests.

The stress uniformity may be checked before each series of tests or whenever a change is made to the
load train.

9.1.5 Axial force

For torsional testing, the axial force on the specimen shall be controlled such that the magnitude of
axial stress shall be less than 1 % of magnitude of the maximum cyclic shear stress.

NOTE The axial stress can be calculated or estimated during the alignment verification procedure.

© IS0 2021 - All rights reserved 11
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9.2 Heating system

For the elevated temperature tests, the heating system shall be capable of heating the specimen to the

temperature,

T, specified on the testing program.

Electric furnace, induction heating system or equivalent device may be used for heating system.

The permitted deviations between the specified temperature T and the indicated temperatures T, and
the maximum permissible temperature difference along the parallel length of the specimen, are given

ire

in Table 3.
Table 3 — Permissible deviations between T, and T and maximum pnrmiccihln temperat
difference along the parallel length of the specimen
Permissible deviations between Maximum permissible
bpecified Tand T temperature difference/along
temperature T oC the parallel length ofthe spec-
o imen
C

oC

T<600 +3 3

600 < T<800 +4 4

800 <T<1000 5 5

1000<T<1100 +6 6

For the elect
specimen, it

The specime
temperature

For thermod
without caug
spot welding

Fic furnace, in order to minimize the temperature gradient along the testing section
s recommended to use three zone control.

n temperature may be measured using thermocouples, pyrometers, RTDs, or othel
-measurement devices.

ouples, the thermocouple is recomimended to be directly contacted to the spe
ing incipient failure at the pointoficontact. Direct contact may be achieved by resist
, which should be done outside the gauge length, and by binding or by pressing a she

thermocouple against the specimen surface.

The specimg
appropriate

The temper3
indicator shg

9.3 Instru

9.3.1 Recd

n temperature is recommended to be measured using three thermocouples or
Hevices, one at each €nd and one in the middle of the gauge length of the specimen.

ture indicator shall have a resolution of at least 0,5 °C and the temperature meas
Il have a maximdm measurement error of 1 °C.

mentation for test monitoring

of the

such

rimen
ance-
athed

other

uring

rding system

Computerized data collection systems shall have collection rates fast enough to meet this requirement;
non-computerized data collection systems may need a high-speed recorder or storage device, which
can then be played back at a slower rate to determine the peak and valley torque magnitude for each

cycle.

9.3.2 Cycle counter

A cycle counter is essential for recording the number of cycles applied; it shall stop automatically on
specimen failure.

12
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Checking and verification

52:2021(E)

The proper operation of the testing machine and its control and measurement systems should be
checked annually or more frequently if required. The time interval between verifications shall not
exceed 13 months, except for testing machines being used in long-term tests that exceed this period, in
which case the test machine shall be verified upon completion of the test.

Speci

fically, each transducer and associated electronics shall always be checked as a unit.

The torque measuring system(s) shall be traceable to a national standard.

10 Testprocedure

10.1

Care
botto
mach

minin

mach

10.2
The f

progy
of ma

At hig

life a

includ

speci

NOTE

10.4

Mounting of specimen

hould be taken to ensure that each specimen is located in the drivencand station
, left and right) grips so that the axis of the specimen lies along the axis of torsion
ne and the intended stress pattern is imposed. Care should also be_taken to ensur
hal) axial stress is applied to the specimen during the mounting of the specimen o
ne.

Frequency of testing

‘equency of the torque cycle will depend upon the t{pé of testing machine employed
amme requirements. The frequency chosen shall.be that suitable for the particular
terial, specimen and testing machine.

h frequencies, substantial heating of the spetimen can occur, which could affect th
nd strength results. In such cases, it is-advisable to record the increase in temper
le it in the test report. If the test programme allows, the test frequency should be r
men temperature increase is excessive for the material.

If the influence of the environment is significant, the test result is likely to be frequency

Heating for the isothermal elevated temperature test

ary (top and
bf the testing
e that no (or
n the testing

and the test
combination

b test fatigue
Qture and to
bduced if the

-dependent.

temperature
tate prior to
permissible

ralues should

Application of torque

The general procedure for attaining full torque running conditions shall be the same for each specimen.
The mean torque and torque range shall be maintained within +1 % of the torque range.

10.5

Calculation of nominal torsional (shear) stress

Torsional (shear) stress, 7, results from the torque, M, applied to the specimens of circular and tubular
cross-sections. The torsional stress is always largest at the outer diameter of the test section. Under

© IS0 2021 - All rights reserved
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elastic loading conditions, the nominal torsional stress varies linearly from zero at the axis of twist to
a maximum at the outer diameter, and the following calculation of torsional stress, 7, is recommended:

16M
T=— at the outer diameter for solid specimens of circular cross-section;
nd
16Md, _ _ )
T=——— 5 at the outer diameter for specimens of tubular cross-section.
n(dg —d;')
10.6 Recording of temperature and humidity

The maximu
of the test.

If specimen
shall be mon

10.7 Failun

10.7.1 Faily
Unless other

In particular
deformation
extend, by h
fatigue life, |

As a result, f
increase of e
specimen ab

The failure ¢
appropriate,

NOTE1 In

proportional t
of the test ma
this rotationa

NOTE2 Th|

10.7.2 Tern

m and minimum air temperatures and the humidity shall be recorded daily for the du

self-heating at room temperature testing is of concern, the temperature of)the spe
tored and recorded.

e and termination criteria

Ire
wise agreed, the criterion for specimen failure shall be specimen separation.

applications, other criteria (for example, the occurferice of a visible fatigue crack, p
of the specimen or the rate of crack propagation) may be adopted. Fatigue cracl
elical growth, over a significant portion of thé.test specimen gauge length, so th
[, cannot be precisely determined.

atigue life shall be specified as: either gycles to complete separation, or cycles up f{
ther the measured rotational amplitude of the test machine actuator or compliance
pve the steady state value.

riterion shall be recorded in thé test report together with the values of N; and,
X

o diameter to the poweér of four, it is reasonable to assume that the measured rotational amp
thine actuator corresponds closely to the angle of twist applied to the test specimen. An incrg
amplitude is indjeative of reducing torsional stiffness of the test specimen due to cracking.

e preferred yalue of X is 10.

hination

The test sha

Fation

Fimen

lastic
(¢ may
ht the

0 X%
of the

where

a torque testing system,\where the torsional stiffness of round loading bars and speciten is

litude
ase in

I%be terminated when either the specimen fails or a predetermined number of cy

rles is

completed, asagreed by the concerned parties.

11 Measurement uncertainty

The test results shall be determined according to the procedure specified in 10.2, and are recommended
to be expressed with the measurement uncertainty. The uncertainty can be evaluated according to

Annex D.
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12 Test report

52:2021(E)

The test report shall include reference to this document as well as the following information for the test
series, if available:

The test report shall include the following for each individual specimen:

f)
g)
h)

Additjonally, test results may be presented graphically.

material tested, its metallurgical characteristics, mechanical properties, and any heat treatment

given to the specimen(s);
location of the specimen(s) in the parent material;

form and nominal dimensions of the specimen(s);

sfirface condition of the specimen(s):

closs-sectional dimensions;

minimum and maximum peak torque applied;

jo5)

bplied stress conditions;

frequency and fatigue life;

jo5)

description of the testing machine used, its type and §gerial number, the torque cg
number, number and load train description;

t¢mperature of the specimen if self-heating occurs (iZe. greater than 35 °C);

naximum and minimum air temperatures and relative humidity;

O

Fiterion for ending the test, i.e. its duration-{e.g. 107 cycles), or complete failure of the
hy other criterion;

QO

QO

hy special observations or deviations from the required test conditions.

bl and serial

specimen, or

© IS0 2021 - All rights reserved
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Annex A
(informative)

Presentation of results

A.1 General

The design ¢
suitable met
The results
conditions sk

A.2 Wohl

f the investigation and the use to be made of the results govern the choice of-the
nod for presenting the results, graphically or otherwise, from the many availableymet
of fatigue tests are usually presented graphically. In reporting fatigue data, th
jould be clearly defined.

er or S-N curve

The most ge

as the abscigsa and the values of stress amplitude or (depending on thédype of stress cycle) th
any other stifess as the ordinate. The curve drawn smoothly as an apppoximate middle line throug

experiment
and the choic

Individual C]T

plotted on t

A.3 Mean

The fatigue s
The results
amplitude ag

eral method of graphically presenting the results is to plot thehumber of cycles to f]

points is called a Wohler or S-N curve. A logarithmic sgale is used for the number of
e of using either a linear or logarithmic scale for the‘stress axis lies with the experim
rves are plotted for each set of tests for each R ¥atio. Experimental results are u
e same figure. An example is shown in Figure Al;where a linear stress scale is used

stress diagrams

trengths derived from the Wohler o1°S-N curve are plotted as fatigue strength diag
can be represented by a graph ,giving directly, for particular endurances, the
ainst the mean stress, as shown in Figure A.2 (Haigh diagram), or by plotting the max

most
hods.
b test

hilure
bse of
rh the
Cycles
enter.
sually

[rams.
stress
imum

and minimuin stresses against the mean:stress, as shown in Figure A.3 (Smith diagram). Experinmjental

results may |

pe plotted on the same figure.
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Figure A.1 — Wohler or S-N curve
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Figure A.2 — Stress amplitude against mean stress — Haigh diagram
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Figure A.3 — Maximum and minimum stresses against mean stress — Smith diagram
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Annex B
(informative)

Verification of alignment of torsional fatigue testing machines

B.1 The alignment check shall be carried out using a standard axial alignment specimen or bar

evice. The bar alignment device is illustrated in Figure B.1, and the axial alignment

alignment d
specimen, sh
recommende

B.2 Theba
in the test s
should consi
sleeve and b{

B.3 Inords
axial strain-
illustrated in
the gripping
adjustments

in both the upper and lower grips.

B.4 The gauged specimen should be loaded in torsioito a maximum tensile strain of 0,4 %, g

torque corre
if this value
calculated ad
into the ma
the machine
adjustments

a repetition ¢f the procedure until 50 microstrains is achieved.

Itis recomm
of the alignm

Care should
because the
specimen. T}

determined yising'‘another specimen with the same dimension and material as the gauged specim

own in Figure B.2, should be of a geometry similar to the specimens being tested
d that the alignment specimen be made from a hardened heat-treated steel.

ystem both qualitatively and relatively quickly. The device, as illustnated in Figuy
5t of a split bar and a sleeve, both made to precise tolerances. It is reeommended th
ir be made of the same materials.

r to check the misalignment due to angular offset, lateral offset and/or load train offs
bauged alignment specimen should have resistance strain‘gauges secured at the loc
Figure B.2. With the top or bottom (not both) of the strain-gauged specimen secu
arrangement, the temperature should be allowed toyequilibrate and the zero refe
to the bridge amplifiers be made. At this time, the-alignment specimen should be g

sponding to the maximum torsional strain to be imposed on specimens in the test

CItis

ralignment device, as a non-strain-gauged device, may be useful for checking the alignment

e B.1,
at the

bt, the
hitions
red in
rence
ipped

r to a
series

does not exceed 0,4 % strain of the gauge specimen. The maximum bending strai

contribution exceeds 50 microstrains in one or more of the two instrumented p
should be made in the testframe actuator or fixtures and/or force transducer, follow

ended that the general’procedure for preparation of the alignment specimen and chg
ent follow that deseribed in ISO 23788.

be taken when“applying a series of torsional loads or torsional strains to the spe
axial strain gauges cannot sense the torsional strain or deformation imposed o
lereforenit’is recommended that the torsional loads to be imposed on the specimen b

S are

cording to the scheme described inISO 23788, in which the bending strains are sepdrated
chine contribution and the specimen contribution. If the maximum bending strajn for

anes,
ed by

cking

Cimen
n the
e pre-
b1,

B.5 The pr

ocedure should be repeated In reversed torsion to ascertain that the alignmentis v

that specified (i.e. < 5,0 %).

B.6 Ifthec

and

geometr

20

heck is not satisfactory:

ic accuracy.
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Figure B.1 — Examyjile of alignment bar
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Figure B.2 — Strain-gauged specimen
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