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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 I1ISO

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 $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft Interpational Stardards
adopted by the technical committees are circulated to the member bodies for voting: Publication fas an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d

rights. ISO shiall not be held responsible for identifying any or all such patent rights:.

awn to the possibility that some of the elements of this document may be the subject of patent

ISO 1143 wag prepared by Technical Committee ISO/TC 164, Mechanical testing of metals, Subcommittee

SC 5, Fatigue

This second 6

testing.

dition cancels and replaces the first edition (ISO 1143:1975), which has been technically r¢vised.
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Metallic materials — Rotating bar bending fatigue testing

1 Scope

This |
The te

2 N
The f
refere

docun

ISO 3

testing machines

sts are conducted at room temperature or elevated temperature in air, the specimencbeing

ormative references

bllowing referenced documents are indispensable for the application)of this docume
hces, only the edition cited applies. For undated references, the latest edition of th
hent (including any amendments) applies.

/6, Metallic materials — Calibration of force-proving instrameénts used for the verificati

hternational Standard specifies the method for rotating bar bending fatigue testing of metellllic materials.

rotated.

ht. For dated
e referenced

bn of uniaxial

application of

ISO 1P99, Metallic materials — Fatigue testing — Axial foree-controlled method

ISO 1R106, Metallic materials — Fatigue testing — Axial-strain-controlled method

ISO 1R107, Metallic materials — Fatigue testing = Statistical planning and analysis of data

ISO 2B718, Metallic materials — Mechanical-testing — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1099, ISO 12106, ISO 12107,
ISO 23718 and the following apply.

3.1

fatigue

process of changes in properties which can occur in a metallic material due to the repeated
stresses or strains and which can lead to cracking or failure

3.2

fatigue Tife

Ny

number of cycles of a specified character that a given specimen sustains before failure of a specified nature
occurs

3.3

S-N diagram

diagram that shows the relationship between stress and fatigue life

3.4

bending moment

M

multiplication between force and force arm length
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3.5

section modulus

w

ratio of the moment of inertia of the cross-section of a beam undergoing flexure to the greatest distance of an
element of the beam from the neutral axis

3.6

machine lever ratio

My . . . .
ratio between the force applied to the weight hangar and the force applied to the specimen

3.7
force arm length
L
distance between the supporting point and the loading point

See Figures 1to 7.

NOTE L, phould equal L, for the four-point loading condition.

3.8
endurance sfress limit
fatigue limit
cyclic stress range applied to specimens that do not fail upon application.of\a given number of cycles

NOTE 1 Thé cycle number limit selected, e.g. 107 or 108 cycles, shall be-specified along with the stress range.

NOTE 2  For a specified fatigue life, “endurance stress limit” has<been supplanted by “fatigue limit” as the preferred
term.

4 Symbojs and designations

Symbols and| corresponding designations are given in Table 1, or elsewhere in this International Stgndard
where they appear.

Table 1 — Symbols and designations

Symbol Designation Unit

D Diameter of gripped or loaded end of specimen mm

d Diameter of specimen where stress is maximum mm

N Fatigue life, cycles to failure cycle

r Radir:Js at ends of test section which starts transition from mm
test diameter d

5 Principle of test

Nominally identical specimens are used, each being rotated and subjected to a bending moment. The forces
giving rise to the bending moment do not rotate. The specimen may be mounted as a cantilever, with
single-point or two-point loading, or as a beam, with four-point loading. The test is continued until the
specimen fails or until a pre-determined number of stress cycles have been achieved.

2 © 1SO 2010 — All rights reserved
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6 Shape and size of specimen

6.1

Forms of the test section

The test section may be

a) cylindrical, with tangentially blending fillets at one or both ends (see Figures 1, 4 and 5),

b)

c)

tapered (see Figure 2), or

hourglass-type (see Figures 3, 6 and 7).

143:2010(E)

In ead

The fi
hourg
loadin
show,

The v

h case, the test section shall be of circular cross-section.

brm of test section may be dependent on the type of loading to be employed..While
ass-type specimens may be loaded as beams, or as cantilevers with either single-point o
g, the tapered form of specimen is used only as a cantilever with single-pqint loading. |
in schematic form, the bending moment and nominal stress diagrams forthe various pract

blumes of material subjected to greatest stresses are not the same for different forms of s

cylindrical or
I double-point
Figures 1 to 7
cal cases.

pecimen, and

they fnay not necessarily give identical results. The test in which the ‘largest volume of material is highly

stress

Exper
grippi

In tes
heatin

ed is preferred.

ence has shown that a ratio of at least 3:1 between the cross-sectional areas of the test p
ng regions of the specimen is desirable.

s on certain materials, a combination of high stress and high speed may cause excess
g of the specimen. This effect may be reduced-by subjecting a smaller volume of the n

specifjed stress. If the specimen is cooled, the test. medium should be reported.

6.2

All the
and td

For th
diame
meas

On cy
shall

sectio
the te
the cd

Dimensions of specimens

specimens employed in a test series for a fatigue-life determination shall have the sam
lerance of diameter.

e purpose of calculating_the force to be applied to obtain the required stress, the ac
ter of each specimen(shall be measured to an accuracy of 0,01 mm. Care shall be tak
irement of the specimen prior to testing to ensure that the surface is not damaged.

indrical specimens subject to constant bending moment (see Figures 4 and 5), the parall
pe parallel within 0,025 mm. For other forms of cylindrical specimen (see Figure 1), th
h shall beg parallel within 0,05 mm. For material property determination, the transition fillets
5t section*should have a radius not less than 3d. For hourglass-type specimens, the sect
ntinUous radius should have a radius not less than 5d.

prtion and the

ve hysteresis
haterial to the

e size, shape

fual minimum
en during the

b| test section
b parallel test
at the ends of
on formed by

Figure 8 shows the shape and dimensions of a typical cylindrical specimen. The recommended values of d are
6 mm, 7,5 mm and 9,5 mm. The tolerance of diameter should be <0,0054. Figure 9 shows a typical hourglass

specimen suitable for fatigue testing at elevated temperature.

Fatigue tests on notched specimens are not covered by this International Standard, since the shape and size
of notched specimens have not been standardized. However, fatigue test procedures described in this
International Standard may be applied to fatigue tests of notched specimens.
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7 Preparation of specimens

7.1 General

In any rotating bar bending fatigue test programme designed to characterize the intrinsic properties of a
material, it is important to observe the following recommendations in the preparation of specimens. A possible
reason for deviation from these recommendations is if the test programme aims to determine the influence of
a specific factor (surface treatment, oxidation, etc.) that is incompatible with the recommendations. In all cases,

any deviation

shall be noted in the test report.

7.2 Selection of the specimen

The location,| orientation and type of specimen shall be taken from the related product standard;|or by
agreement with the customer.
The sampling of test materials from a semi-finished product or a component may have a major influerjce on

the results ob
drawing be pr

the positi

extrusion
the uniqu

The unique m
may be appli
adversely affe
of each speci

7.3 Machi

7.31

If heat treatn
polishing be ¢
out in a vacuy
This treatmer
the heat treat

Heat freatment of test material

epared. This shall form part of the test report and shall indicate clearly

bn of each of the specimens removed from the semi-finished product .er component,

etc., as appropriate), and
e identification of each of the specimens.

ark or identification of each specimen shall be maintained at each stage of its preparatior
ed using any reliable method in an area not likely to disappear during machining or liK
ct the quality of the test. Upon completion of the machining process, it is desirable for botf
men to be uniquely marked so that, after failure of a specimen, each half can still be identifi

ning procedure

ent is to be carried out .after rough finishing of the specimens, it is preferable that th
arried out after the theat treatment. If that is not possible, the heat treatment should be g
m or in inert gas o prevent oxidation of the specimen. Stress relief is recommended in thi
t shall not altef, the micro-structural characteristic of the material under study. The speci
ment and machining procedure shall be reported with the test results.

7.3.2 Mach

n
The machininL

ing criteria

procedure selected may produce residual stresses on the specimen surface likely to affe

tained during the test. It is therefore necessary for this sampling to be recorded and a sampling

the chargcteristic directions in which the semi-finished product has-bgen worked (direction of folling,

. This

ely to
ends

ed.

e final
arried
5 case.
fics of

bct the

test results. These siresses may be induced by heat gradienis at the machining stage or they may be
associated with deformation of the material or micro-structural alterations. Their influence is less marked in
tests at elevated temperatures because they are partially or totally relaxed once the temperature is attained.
However, they should be reduced by using an appropriate final machining procedure, especially prior to a final
polishing stage. For harder materials, grinding rather than turning or milling may be preferred.

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

Polishing: remove the final 0,025 mm with abrasives of decreasing grit size. The final direction of
polishing shall be along the test specimen axis.

The phenomenon of alteration in the microstructure of the material may be caused by the increase in
temperature and by the strain hardening induced by machining. It may be a matter of a change in phase or,
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more frequently, of surface re-crystallization. The immediate effect of this is to make the test specimen no
longer representative of the initial material. Hence, every precaution should therefore be taken to avoid this
risk.

Contaminants can be introduced when the mechanical properties of certain materials deteriorate in the
presence of certain elements or compounds. An example of this is the effect of chlorine on steels and titanium
alloys. These elements should therefore be avoided in the products used (cutting fluids, etc.). Rinsing and

degreasing of specimens prior to storage is also recommended.

7.3.3

The s

Inspection of specimens

aof cne an-the-ta
OTrtrc—tc

0 ot raculic Thic ~ff
OoTopPT 3

wfaca canditian elmana-hacan offact act o _annarally o
T CC—COTTaTtIOT oo oot oot ST TOOUtS— o T TS gorCrany oy

o

sociated with

one o
th
th

a

—

I,
The re
The s
or ma

on the

It is p
(oreq

Anoth

scratd
abnor|

7.3.4
Thed

diame
be pe

7.4

The s
the re

more of the following factors:
e specimen surface roughness;
e presence of residual stresses;
teration in the microstructure of the material;
e introduction of contaminants.
commendations below allow the influence of these factors t6,bé& reduced to a minimum.
Lirface condition is commonly quantified by the mean roughness or equivalent (e.g. 10 po
ximum height of irregularities). The importance of thistvariable on the results obtained de

test conditions, and its influence is reduced by surface corrosion of the specimen or plast

referable, whatever the test conditions, to specify a mean surface roughness, Rz, of les
uivalent).

er important parameter not covered-by mean roughness is the presence of localiz

hes. A low-magnification check (at_approximately x20) shall not show any circumferentia
Mmalities.

Dimensional checks
ameter shall be measured on each specimen. In the case of specimens with a parallel gau

ter shall be measured at a minimum of three positions along the gauge length. The meas
[formed using.a\method that does not damage the specimen.

Sampling’and marking

bmpling of test materials from a semi-finished product or a component may have a majo

int roughness
pends largely
c deformation.
5 than 0,2 ym

bd machining
scratches or

ge length, the
urement shall

r influence on

Sults obtained during the test. It is therefore necessary for this sampling to be recorded a

nd a sampling

drawing to be prepared. This shall form part of the test report and shall indicate clearly

e

xtrusion, etc., as appropriate), and

the unique identification of each of the specimens.

the position of each of the specimens removed from the semi-finished product or component,

the characteristic directions in which the semi-finished product has been worked (direction of rolling,

The unique mark or identification of each specimen shall be maintained at each stage of their preparation.
This may be applied using any reliable method in an area not likely to disappear during machining or likely to
adversely affect the quality of the test. Upon completion of the machining process, it is desirable for both ends
of each specimen to be uniquely marked so that, after failure of a specimen, each half can still be identified.
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7.5 Storage and handling

After preparation, the specimens shall 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 certain cases, storage
in a vacuum or in a dessicator containing silica gel may be necessary.

Handling shall be reduced to the minimum necessary. In all instances, the gage length or test section should
not be touched. However, if this happens, cleaning the specimen with alcohol is allowed.

8 Accuracy of the testing apparatus

A number of different types of rotating bending fatigue machine are used. Figures 1 to 7 show the principles of
the main typgs of machine. Figure 11 shows the schematic of a kind of rotating bend fatigue-fachine. Its
operation shdll satisfy the following requirement: the accuracy of the applied bending moment, shall be within
1% (see Anngx A).

9 Heating device and temperature measurement

9.1 The spgcimen is heated with a furnace or equivalent device.

9.2 The temperature of the furnace shall be kept uniform throughoutthe test, complying with the| limits
defined in 10J5.3. The temperature gradient along the test section of the.specimen in the furnace shall pot be
greater than 15 °C.

9.3 To mepsure or record temperature, the thermocouple,” compensating wire, and controlling and
measuring temperature meter that are used shall be calibrated together as a system. The calibration interval
shall be in acgordance with the product standard, customerirequirements and good metrological practice.

9.4 The temperature indicator shall have a resofution of at least 0,5 °C and the temperature measuring
equipment shpll have an accuracy of +1 °C.

10 Test prpcedure

10.1 Mountjng the specimen

Each specimgn shall be mounted in the test machine such that stresses at the test section (other than[those
imposed by the applied forfee) are avoided. If the bearings transmitting the force are secured to the specimen
by means of split collets,\in certain cases it may be desirable for these to be positioned and fully tightened
before the spgcimen.isimounted in the test machine, in order to prevent an initial torsion strain being impgarted.
A similar practicemay be necessary if the method of securing is by means of an interference fit.

To avoid vibratioa-during-the-test—alighmentof the-specimen-and-the-driving-shaft of the-test machine-shall be
maintained within close limits. Permissible tolerances are +0,025 mm at the chuck end and +0,013 mm at the
free end for single-point and some types of two-point loading test machines. For other types of rotating
bending fatigue test machines, the permissible tolerance on eccentricity measured at two places along the
actual test section is no greater than +0,013 mm. The required degree of alignment shall be established
before applying any force.

NOTE These measurements are typically made using a dial gauge.

6 © 1SO 2010 — All rights reserved
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10.2 Application of force

The lever ratio shall be calibrated according to Annex A. The test stress is calculated according to Table 2.

Table 2 — Derivation of weight to be applied to test machine loading system

Machine type Loading system S F Conversion of F to
applied mass
. ) . , M 16F(L-x a3
Single-point bending Direct load S=—= # F=§—1¢ x 1,0
w nd3 16(L—x)
M 16F(L-x) nd> Divide by the lever
Single-point bendin Fixed ratio lever S=—=——~—7-—= F=S——"— 1.
9P 9 W ad® 16(L—x) ratio, M.
. . _ . M 16F(L-x) o nd® Set to " on the load
Single-point bending Lever and poise S = W nd—3 F= Sm scale bn the lever.
T int bendi Direct load 5= _10FL F aid® 1,0
w@-point bendin irect loa =—= =5 — x 1,
P 9 W d® 161
M 16FL a3 Divide| by the lever
A . . . S _ o :
Twag-point bending Fixed ratio lever A E F= T6L r3tio, M.
M _16FL d® Set to  on the load
. : i §="= g
Twa@-point bending Lever and poise W ad F=S 6L scale bn the lever.
, ) , M 32FL nd3
Four-point bending Direct load S=5-=—>3 F=8§—_ x 1,0
W nd 321
M  32FL 43 Divide by the lever
DO - i i S="—= _qk .
Fouf-point bending Fixed ratio lever TARE F 321 r3tio, M,.
. . , _ M _32FL nd® Set to [ on the load
Fouf-point bending Lever and*poise v a3 F = SE scale bn the lever.
wherg
N is the required test stress;
M is the bending moment;
K is the applied force;
1 is theforce arm length (see A.4.2);
dq is the specimen diameter;
W_s the section modulus;

is the machine lever ratio (see also A.4.3);

x is the distance along the specimen axis from the fixed bearing face to the stress measurement plane.

© 1SO 2010 — All rights reserved 7
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The general procedure for attaining full-force running conditions shall be the same for each specimen. The
test machine shall be switched “ON” and the desired speed attained before application of force is commenced.
The force shall then be applied incrementally or continuously until the required value is attained, without shock
or impact, and as quickly as is convenient. Small adjustments in operating speed can then be made if a
particular frequency is required.)

10.3 Frequency selection

The frequency chosen shall be suitable for the particular combination of material, specimen and test machine.
The testing speed should be the same for the given test series. It is necessary to avoid abnormal vibration of

the specimen

when testing.

Tests are nor
At high frequ
self-heating o

the specimen
exceed:

0,3TH =

NOTE

10.4 End of

The test is cd
108). Where t

mally performed at a frequency between 15 to 200 Hz (i.e. from 900 to 12 000 rev/min).

encies, self-heating of the specimen can occur and could affect the resulting fatigue
Cccurs, it is advisable to decrease the test frequency. In room temperature testing, self-hea

Ttest

melt

If the influence of the environment is significant, the test result is likelyte be frequency-dependent.

test

ntinued until specimen failure or until it has reached the required number of cycles (e.g.
ne failure location is outside the specimen gauge length, the test result is considered invali

10.5 Procedure for testing at elevated temperature

10.5.1 Due' t
possible. If th
manner.

10.5.2 Tom
The first appr

is not directly|
method, the

p the nature of rotating bar bending fatigue testing, direct temperature measurement may
is is the case, it is essential to" use indirect temperature measurement, calibrated in a
pbasure the temperature-ofithe specimen two approaches are possible.

pach, which is the-preferred method, uses indirect measurement, i.e. the tip of the thermo

aboratory shall-establish a relationship between the specimen surface temperature an

shown by th

measuring thermocouple. This relationship shall be used to derive a correction fac

establishing the specimen temperature.

The second pppreach uses direct measurement, i.e. the thermocouple tip is directly in contact wi

specimen surface. Use of this approach requires the test machine to be stopped periodically, the load

should be monitored and recorded. The specimen temperature, Ty, in Kelviri (K), shod

in contact withcthe’specimen surface, but kept about 1-2 mm distance from it. When usir

life. If
fing of
Id not

107 or

hot be
static

touple
g this
d that
or for

th the
to be

removed and

NOTE Sel

then the temperature of the specimen surface to be measured.

f-heating of the specimen is not considered in this procedure.

1)

references thereto.

It is recognized that plasticity is present in the low-cycle region. For details, see Reference [2], Chapter 7 and

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=f0880b404435d773491e657c4fb0f878

ISO 1143:2010(E)

10.5.3 The specimen shall be heated to the specified temperature and stabilized for approximately half an
hour prior to starting the test. During the entire test cycle, the fluctuation in the indicated specimen
temperature shall be within the following specified limits:

Test temperature Permissible temperature fluctuation

<600 °C £3°C
600-900 °C t4°C
900-1 200 °C £6°C

The temperature (gradient) on the testing section of the specimen in the furnace body length shall not be

greatd

Estab
use a
and a
When
derive

10.5.4
tempsg

rthan 15 "C.

ishing the gradient along the specimen gauge length is typically machine-specific-One 4
specimen with three thermocouples along the gauge length, inserted into the test maching
ssociated control/monitoring thermocouples are installed and the furnace heatedto the tes
the furnace has stabilized at the required temperature, the temperatures are measured g
d.

The temperature-measuring device should be stable within £4°C over all change
rature.

speci
may b

10.6

The p
being
such
shape
horizg
stress
plann
the dg

NOTE
steels
exhibit
of cycl
but fail

Durin
theseI

the test, if there is a significant decrease in the furnace temperature for a short time (

ed temperature (i.e. >10 % N;) and specimen fracture occurs or other abnormal phenomer
e considered as invalid.

Construction of the S-V diagram

pproach is to
. The furnace
temperature.
nd a gradient

s in ambient

. <10 % M),

cycle numbers may be deducted from the total cycle numbers. If the control temperaturg exceeds the

on, this result

redetermined number of cycles at which.'@ test is discontinued will generally depend on the material

tested. The S-N curve for certain matetrials shows a distinct change in slope in a given nun
hat the latter part of the curve is-essentially parallel to the horizontal axis. With other
of the S-N curve may be a continueusly decreasing slope that will eventually become asy
ntal axis. Where S-N curves of\the first type are experienced, it is recommended that thg
limit that is used as a basis'be at 107 cycles and, for the second type, 108 cycles. Fg
hg a fatigue test, see ISQ 12107. The specified number of cycles (e.g. 107 or 108) shall be|
termined “endurance”(sStress limit range.

Commonly employed “endurances” are, for example: 107 cycles for structural steels and 108
and non-ferrous @lloys. In light of recent research, however, it is of importance to note that metals d
an endurancestress limit or fatigue limit per se, i.e. a stress below which the metal will endure an
es.” Typicallyy the “plateau(s)” in stress-life are referred to as the convenient fatigue limit(s) or end
ures below'these levels have been reported and do occur.

nber of cycles
materials, the
mptotic to the
e “endurance”
r guidance in
included with

Cycles for other
enerally do not
infinite number
urance limit(s),

11 P

11.1

tation-offatiate test ’

Tabular presentation

It is desirable but not required that the fatigue test results be reported in tabular form. When used, the tabular
presentation shall include, at minimum, the specimen identification, test sequence, testing stress range,
fatigue life or cycles to end of test.
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11.2 Graphical presentation

The most common graphical presentation of fatigue test data is the S-N (stress-life) diagram (see Figure 10).
The dependent variable, fatigue life, N, in cycles, is plotted on the abscissa as a logarithmic scale. The

independent

variable, maximum stress, S .

stress range, S, or stress amplitude, S, expressed in

megapascals (MPa) is plotted on the ordinate, an arithmetic or logarithmic scale. A best-fit curve is fitted by
regression analysis or similar mathematical techniques to the fatigue data. The procedure described above
develops the S-N diagram for 50 % survival when the logarithms of the lives are described by a normal
distribution. However, similar procedures may be used to develop S-N diagrams for probabilities of survival

other than 50

Minimum info

% (e.g. 5 and 95 %).

rmation to be presented on the S-N diagram should include the designation, specificat

jon or

proprietary, g
of notch wher

12 Testre

In reporting fz
the following i

a) material
Internatig

b) method g
c) type, dim
d) frequenc

e) testtemp

f)  daily max
g) criterion
specimer

h) any devig

i) testresu

rade of the material, tensile strength, surface condition of specimen, stress concentration
applicable, type of fatigue test, test frequency, environment and test temperature.

port

tigue data, the test conditions shall be defined clearly and the test report-shall include det
tems:

ested and its metallurgical characteristics — reference can usually be made to the apprg
nal Standard to which the material was produced;

f stressing and the type of machine used;

ensions and surface condition of the specimen and‘the points of load application;
of the stress cycles;

eratures and the temperature of the specimen if self-heating occurs (i.e. greater than 35 °Q

imum and minimum values of air temperature and relative humidity;

for the end of the test, i.e, its\duration (e.g. 106, 107, 108 cycles), or complete failure
, or some other criterion;

tions from the required-conditions during the test;

t.

factor

ails of

priate

of the

10
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L  fdrce arm length x . distance along specimen axis from fixed bearing face
to stress measurement plane
Figure 1 — Parallel specimen — Single-point loading
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Figure 2 — Tapered specimen — Single-point loading
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Figure 3 — Hourglass specimen — Single-point loading
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Figure 4 — Parallel specimen — Two-point loading
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Figure 5 — Parallel specimen — Four-point loading
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Figure 6 — Hourglass specimen — Two-point loading
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r radius|(see Table 1)
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Figure 7 — Hourglass specimen — Four-point loading
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Figure 8 — Cylindrical smooth specimen
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Figure 9 — Cylindrical hourglass specimen
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Figure 10 — S-N curve diagram
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Figure 11 — Schematic of a rotating bend fatigue machine
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Verification of the bending moment of rotating bar bending fatigue

Two

uses ¢

This a
or strg

A.2 Verification equipment

A.21

A ran
forceg
incorp

machines

pproaches to verification of rotating bar bending fatigue machines are in common use, The first method
limensional measurement and subsequent calculations; the second a strain-gauged |[specimen.

nnex specifies verification equipment, pre-verification inspection, verification processes (either dimensional

in gauge methods), assessment of the verification data and subsequent acceptance criterip.

General

e of equipment is used to verify the performance of rotating bar bending fatigue machings. Traceable

are generated by either calibrated masses or calibrated force transducers. Where the
orates a lever and poise loading arrangement.the forces are verified using a combir]

test machine
ation of both

calibrﬁed masses and force transducers. Dimensional measurements are made with calibrated measuring

instru

A.2.2

The masses used to apply the forces*during the verification shall have an accuracy equal to

0,19

A.2.3

Wherg¢ a force transducer(s), i.e. load cell or cells are used to verify applied forces, these shall b

accor

A.2.4 Dimensional measurement

The n

ents, typically either micrometers and/or measurement callipers.

Masses

, verified at least every five years and traceable to national standards.

Force transducers

lance with ISQ%376 and shall be equal to or superior to Class 1.0.

br better than

p calibrated in

nicrometer(s) or measuring calliper(s) used to establish dimensional measurements from the rotating

bend festmachine shall have a resolution of at least 0,01 mm and an accuracy of at least 0,03 m

A.3 Inspection of the test machine prior to verification

m.

Prior to verification, the component parts of the machine shall be inspected for wear and replaced if necessary.
Any such replacement shall be recorded in the machine maintenance record.

© 1SO 2010 — All rights reserved
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A.4 Verification procedure — Verification by dimensional measurement

Rotating bar bending fatigue machines can be verified using a combination of dimensional measurements and
force measurements. The various lever arms which convert the applied force to an applied moment on the
specimen need to have their lengths measured very accurately (see A.4.2). The method of verification of the
applied force will be dependent upon the load application system — whether it comes from a series of masses,
a steelyard and poise system or a loading system utilizing a load cell. It may be necessary to utilize test
machine specific fixtures, such as are shown in Figure A.1, to verify the applied force.

A.4.1 Temperature stabilization

Allow sufficiefttime for the verification equipment 1o equitibrate and attaiin a stable temperature. Recqgrd the
temperature gt the beginning and end of the verification process.

A.4.2 Measprement of mean force arm length

Measure, on |each side of each arm, the force arm length (s), L — or Ly and L, in_thé.case of fouf-point
bending machines — using a micrometer or vernier calliper (see Figures 1 to 7_.and A.2). Repeat|these
measurements three times. Calculate the average value and record as the mean dorce arm length, |L; the
individual megsurements should not vary by more than 5 %. Where the machine applies four-point bending,
the measured mean values of L, and L, shall be within 1 % of each other.

The mean forjce arm length(s) are used in conjunction with the equations‘given in Table 2 for calculating the
forces necesdary to generate the required test stresses.

A.4.3 Measprement of loading arm lever ratio

Some designs of machine incorporate a lever arrangement to magnify the effective load or to inyert a
downward force into an upward one. Where such levers form part of the test machine, their effectivg lever
ratio shall be [determined. This calibration can be achieved by either precise dimensional measurement|of the
lever arm(s) and pivot distances, or by determination using a loadcell and calibrated masses. The resgulting
magnification|ratio is recorded and is used in alltest load calculations.

1
n

NOTE Guldance in the use of force transdugers for making lever ratio measurements can be found in ISO 750
A.4.4 Calcdlation of required characteristics — Relative force accuracy error, ¢

A.4.41 Mac¢hines incorporating force transducer(s); i.e. load cell(s)

The relative force accuraey: error, ¢, expressed as a percentage of the mean value, F, of the true fdrce is
given by Equation (A.19:

'l
g=21_16400 (A1)

where F; is the force applied by the test machine to be verified.

A.4.4.2 Machines using test masses

The relative force accuracy error, g, for machines using test masses, is the percentage error reported in the
calibration certificate for the test masses.

Where the machine incorporates loading levers, ¢ is calculated by multiplying the percentage error of the test
masses by the lever magnification ratio.
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A.4.4.3 Machines using steelyard and poise loading

The relative force accuracy error, ¢, for steelyard and poise machines comprises two elements. The first of
these, ¢, relates to the percentage accuracy of the measured mass of the poise weight, obtained from its
calibration certificate. The second, d, relates to the discrimination of the scale on the steelyard (and any
vernier on the poise weight).

The smallest discernable mass of the lever and poise system, m,, is established by converting 2 mm of

displa

cement on the scale into a corresponding load increment.

Where a load vernier is incorporated into the poise weight, then m, is equal to the vernier load increment.

Small
dividin

The tv

A.4.5

pst discernable mass m, Is converted to input & for the relative force accuracy error.
g it by the lowest working test load for the machine, expressed as a percentage.

vo elements ¢ and d are combined using Equation (A.2):
SRS

Calculation of required characteristics — Relative force repeatability error,

calculation by

(A.2)

S

A.4.5/1 Machines incorporating force transducer(s); i.e. load-celi(s)
The r¢lative force repeatability error, b, for each discrete force)is the difference between the maximum and
minimum values measured with respect to the mean value oftrue force. It is given by Equation (A.3):
F — F
p=-max___min . 100 (A.3)
A.4.52 Machines using test masses

The relative force repeatability error, b, for machines utilizing test masses, is based upon the a

test m
their n

A.4.5)

asses. This is established by reviewing the calibration certificate for those test masses an
netrological grading. This is/then expressed as a percentage of the test mass.

3 Machines using steelyard and poise loading

The relative force repeatability error is established by experimentation, based upon the ability of

to set
the m
to me

the poise weight to a defined position on the steelyard scale. To establish the repe
bchine is set.Up to incorporate a force measurement system calibrated to ISO 376, Class 1
hsure the/applied force as indicated by the loadcell system. Each operator sets the machi

ccuracy of the
d establishing

the operators
htability error,
.0, to be used
he, five times,

to the| specified-load on the steelyard and a colleague records the resulting applied force. The|relative force
repeatabilitycerror, b, is the difference between the maximum, F,,,, and minimum, F.., values measured with
respe¢tdo, the mean value. It is given by Equation (A.3).

A.4.6 Calculation of required characteristics — Relative force arm accuracy error, ¢’

The relative accuracy error, ¢', for the force arm is given by Equation (A.4):

g =Lt 100 (A.4)
L
where
Ly is the force arm nominal value;
L is the mean of the measured force arm length(s).
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A.4.7 Calculation of required characteristics — Relative moment accuracy error, ¢”

The relative moment accuracy error, ¢”, is given by Equation (A.5):

"

9 =9+q =

F—F Ls-L

F L

’

|

:|><'|00

A.4.8 Required performance characteristics

The maximum permissible error values are as follows:

(A.5)

a)
b)
c)

d)

A.5 Verific

A.5.1 Gene

A second ap
similar in deg
(highest stres
piece has twq
using a verifi
applied force
diameter, d,

calculated sps

relative szrce accuracy (q)
relative force repeatability (b)
relative fgorce arm accuracy (¢q')

relative mpoment accuracy (¢")

+1 % maximum;
1 % maximum;
+0,3 % maximum;

+1,3 % maximum.

ation procedure — Verification using strain-gauged specimen

ral

broach to verifying rotating bar bending fatigue machines is to use a strain-gauged spe
ign to that used in testing. When preparing such'a verification specimen, the critical dig
S location) shall be measured prior to the application of strain gauges. A typical verificatig

axial strain gauges 180° apart (gauges nes. 1 and 2). The technique may also be perf
cation specimen with only one strain, gauge (gauge no. 1). Convert strain gauge outp

using the elastic modulus of the:.strain-gauged, test-piece material, the measured
and the appropriate equation found*in Table 2. From this relationship of applied forc
bcimen force, the applied force for.all subsequent tests can be determined.

A.5.2 Templerature stabilization

Allow sufficie
temperature

necessary, a
provided in th

A.5.3 Pre-v

In order to €

nt time for the verifi€ation equipment to equilibrate and attain a stable temperature. Recg
bt the beginningCand end of the application of each series of force measurements.
bply temperafure) corrections to the deflections of the proving devices using the equ
b |SO 376 calibration certificate for the verification equipment.

prification conditioning

cimen
meter
n test
brmed
uts to
Critical
e and

rd the
\Where
ations

nsure the machine is in good working condition, it is necessary to install a strain-g

auged

specimen and exercise the fatigue test machine and calibration equipment/fixtures three times between the
initial force and the maximum force to be verified. After the third application, return the applied force to zero. If
the calibration equipment/fixtures incorporate a force-proving device, then reset the output to zero.

A.5.4 Selec

tion of test forces

Calculate a series of at least five, approximately equally spaced, forces between 20 % of the force range and
the full force of the machine or between the minimum and maximum forces to be used.

20
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A.5.5 Cantilever machines

A.5.5.1 Install the strain-gauged specimen in the machine at the motor end, the bending arm end
remaining unconnected. Connect the strain gauges to the strain-gauge conditioning box and check for
continuity of signal; subsequently, allow the specimen, machine components and electronics to stabilize
thermally for 30 min. After this period, zero the electronics and strain gauge output.

A.5.5.2 Attach the bending arm to the specimen and link to the loading system. Then rotate the strain-
gauged specimen until the output from the single gauge (or gauge no. 1 in a sample with two gauges) is a
maximum; record the strain gauge output(s). Repeat this process at each applied force condition, rotating the
strain-gauged specimen slightly to ensure the maximum bending is measured at each of the applied force
conditions

A.5.5]
“steel
steely|

3 Force increments are achieved by application of known masses; where foree\is
ard & poise” system the force increments are achieved by movement of the pdise” we
ard.

applied by a
ght along the

A.5.5/
bendi
force
three
a sing

but leave the
completion of
i sequence of
in the case of

4 When the initial force increments cycle is completed, remove the applied forces
hg arm in place); then repeat the sequence for force increment cycles nos.’2 and 3. Upon
ncrement cycle 3, rotate the strain-gauged specimen approximately, 180°. Initiate a secon
force increment cycles, at each measurement maximizing the output from gauge no. 2 or,
e gauge specimen, maximizing the compressive strain output.

Upon completion of these measurements, remove the loading system and the
a final measurement of the strain-gauge output(s)y"Then convert the recorded |strain gauge
measlirements to applied specimen force using the appropfiate equation in Table 2 for thig type of test
machine, the appropriate elastic modulus, E, for the strain-gauged specimen, and the measured gauge
sectioh diameter, d, for this specific strain-gauged specimen.

bending arm;

A.5.6| Four-point bending machines

A.5.6/1 Carry out an identical process(to that set out in A.5.5 for the verification of four-point bending

machines, with the exception of initial specimen set-up in the test machine. In this case, install g
strainigauged specimen in the test machine at the motor end, with the other end remainin

Connect the\non-motor end of the specimen to the test machine, and link eve
system. Now_begin the subsequent verification process, including maximizing and recor

modulus, Fi-for the strain-gauged specimen, and the measured gauge section diameter, d, fo
strainjgatged specimen, as per A.5.5.5.

ne end of the
g free at the
r continuity of

stabilize for

r'ything to the
jing the strain
n recorded for

bpriate elastic
r this specific

A.5.7 Machines verified using a strain-gauged specimen

The data obtained from the verification process using strain gauges is used to establish the “tare” (minimum
specimen force) when the machine has zero applied weight, and the relationship between applied force and
specimen force. This relationship is subsequently used to establish the test forces required for specified test

stresses, and also to determine the pertinent inputs to the machine classifications set out in A.5.8 and A.5.9.
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