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FOREWORD

ISO (the Interrjational Organization for Standardization) is a worldwide federation
of national stdndards institutes (ISO member bodies). The work of developing
International Standards is carried out through ISO technical committees. Every
member body interested in a subject for which a technical committee has been set
up has the righf to be represented on that committee. International organizations,
governmental apd non-governmental, in liaison with 1SO, also take part in the work.

Draft Internatipnal Standards adopted by the technical committees are circulated
to the membeér bodies for approval before their acceptance as International
Standards by tHe I1SO Council.

International PBtandard 1SO 4965 was developed by Technical Committee
ISO/TC 17, Steel/, and was circulated to the member bodies in December 1976.
Subsequently, fesponsibility for this document was transferred to 1SO/TC 164,
Mechanical testjng of metals, which was set up in 1975.

It has been appfoved by the member bodies of the following countries :

Australia Hungary Sweden

Austria India Switzerland
Belgium Iran Turkey

Brazil Italy United Kingdom
Canada Mexico USA

Chile New Zealand USSR
Czechoslgvakia Poland Yugoslavia
Denmark South-Africa, Rep. of

France Spain

The member podies of the'following countries expressed disapproval of the
document on tgchnical grounds :

Germany, F.R.
Romania
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INTERNATIONAL STANDARD

1SO 4965-1979 (E)

Axial load fatigue testing machines — Dynamic force
calibration — Strain gauge technique

0 INTRODUCTION

0.1 It is fecognized that whilst calibration services are
offered byl some laboratories, it is frequently more
expedient for fatigue machine users to undertake the
regular callbration of their machines themselves. More
especially {s this so in organizations where technically
qualified staff and suitable instrumentation are readily
available, alpeit for wider engineering applications. In such
instances, machine calibration can be conveniently phased
to suit the gperating needs of a particular fatigue machine.

0.2 This Ipternational Standard is particularly concerned
with the |[calibration of axial load machines as the
procedures | for their calibration are generally more
complex. The calibration of rotating bending and torsional
fatigue testjng machines can usually be carried out.simply
by direct measurements of the effective test piece length
and by dirgct verification of the applied force or displace-
ment.

0.3 A straln gauge test bar should always be used to check
axial load fatigue machines, even though the machine may
rely upon a|strain gauge load cell'for its force measurement,
since the [force measuring—~system may have its own
mechanical pnd electrical dynamic characteristics.

1 SCOPE AND FIELD OF APPLICATION

1.3 This International Stahdard applies [both to the
calibration of new testing ‘machines by the| manufacturer
and to the verification ofymachines in servicg. In the latter
case, it may not be‘necessary to apply all the procedures
required for the overall calibration of a machipe.

1.4 The calibration of special-purpose machines and test
rigs are “not’ specifically covered in this| International
Standatd,but procedures similar to those dlescribed may
be applied to suit particular applications.

2 REFERENCES

ISO/R 147, Load calibration of testing machines for tensile
testing of steel.

ISO/R 373, General principles for fatigue testfng of metals.
1SO 1099, Metals — Axial load fatigue testing.

3 SYMBOLS AND DEFINITIONS

In this International Standard the followinf symbols are
used. Further symbols and definitions relafing to fatigue
testing are given in ISO/R 373.

3.1 Calibration bars (see also figures 1 and 2

1.1 This International Standard lays down guidelines for
dynamic force calibration of fatigue testing machines
including special attachments, for example grips, which
may affect the calibration of the machine. It deals
exclusively with axial load machines in which test pieces,
usually symmetrical about a longitudinal axis, are subjected
to fluctuating and reversed forces along that axis (see also
1SO 1099).

1.2 Whilst it recognized that unsymmetrical specimens
(components and structures), are sometimes tested, it is
common practice to determine stresses within them from
measurements by strain gauges applied to the test
specimens as required, and in such cases dynamic force
calibration of the machine may not be necessary.

Symbol Definition

D The diameter of the gripped end of the test piece

d The diameter of the test piece where the stress
is @ maximum

L. The parallel length of the test piece

[ The total length of the electrical resistance strain
(ERS) gauges used, i.e. the length of the gauge
backing material

r The transition radius from the parallel length
to the gripped ends

a The thickness of test section of a rectangular
cross-section

b The width of a rectangular cross-section where
the stress is @ maximum

B The width of a rectangular cross-section at the
gripped end
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3.2 Fatigue machine forces (see also tables 1, 2 and 3)

5.2 Successful application of the procedure is dependent

on a satisfactory design of calibration bar, on th

e correct

use of suitable strain gauges and on the choice of

(see also

4 OBJECT OF CALIBRATION

4.1 Whilst it is [relatively simple to carry out a calibration
of the forces applied by a fatigue testing machine under
static conditions, it is essential to establish that the
dynamic forces gctually applied to the test piece are those
indicated by the machine within acceptable limits of
accuracy.

4.2 As some fptigue machines operate over a range of
testing frequencies, the inertia effects of moving parts are
not constant byt vary. For such machines, a dynamic
correction factof may therefore have to be applied to the
indicated forces [to obtain the force actually effective at.the
test piece. This|factor is a function, for example, of the
vibrating mass df the machine, of the test piece, stiffness
and the operating frequency, and the correction.data are
customarily supplied by the manufacturer of the testing
machine. Thus, | the object of fatigue testing machine
calibration is to compare indicated forces, multiplied by an
appropriate corrgéction factor where applicable, with actual
test forces over the operating range.of the machine.

5 PROCEDUR

5.1 Calibration |bars, appropriate to the dimensions of the
testing machine . sha
instrumented by the application of electrical resistance
strain (ERS) gauges. Each calibration bar shall be subjected
to incremental loading in a static testing machine of known
accuracy, and the electrical strain outputs from the gauges
recorded. The calibration bar, as calibrated statically, shall
then be used for direct measurement of the forces applied
by the fatigue testing machine and compared with the
indicated forces.

The procedure assumes identical performances of the
strain-gauged bar, or load-cell, and instrumentation under
static and dynamic conditions : this assumption is essentially
valid over the range of frequencies covered by fatigue
machines in general use.

2

Symbol Definition compatible dynamic strain recording instruments
clauses 6, 7 and 8).

Fmax The maximum force of the machine

Fm The mean force

Fm max The maximum mean force of the machine

Fg The dynamic force range 6 CALIBRATION BARS

Fg max The maximum dynamic force range of the
machine 6.1 General

Fa max Themaximum force amplitude of the machine 6.1.1 Calibration bars of any suitable geom
(Z"FR max) material may be used but it is recommended" th

possible, they be of similar form to thetest'piece
being tested in the particular fatigue machine. The
of circular, square or rectangular Cross-section, a
case of circular and square-bars a hollow-s

ERS load-cells which satisfy. the recommendatio
sub-clause and of sub-clauses 6.1.2 and 6.1.3 ma
used.

permissible to facilitate the /measurement of smT/I forces.

6.1.2 As a guide to the selection of material and t
of the bar, the'maximum stated capacity should
that 150 %, of that capacity does not exceed th

etry and
ht, where
normally
y may be
hd in the
bction s

s of this
also be

he design
be such
e 0,01 %

proof stfess (non-proportional elongation method) of the

material.

6.1.3 It is recommended that, at the rated maxim
range at which the bar is to be used, the strain
should be approximately 1200 pm/m either in
or in compression.

6.2 Proportions

The proportions of calibration bars which have be
satisfactory for use in axial load fatigue testing
are as follows :

6.2.1 Bars of circular cross-section (See note 1)
L shall be at least d + /. (See also note 2.)
r and D should be equal to or greater than 2 d.

r should be at least equal to D.

um force
imposed
tension

en found
machines

at least equal to D.

6.2.2 Bars of square and rectangular cross-section
L. shall be at least b + /. (See also note 2.)

r and B should be equal to or greater than 2 b.

jhould be

Where possible, the length of the gripped end should be

at least equal to B.

NOTES
1 Bars of square cross-section may have circular ends.

2 L should not be such that buckling will occur if the s
goes into compression.

train cycle
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6.3 Machining

6.3.1 Barsshall be machined in accordance with 1ISO 1099,
sub-clauses 7.1 to 7.4 inclusive.

6.3.2 The corners of square and rectangular calibration
bars shall be dressed to a radius of at least 1,5 mm. The
surface of the bar shall not have any stamp marks on
critical areas.

1SO 4965-1979 (E)

axis of symmetry of each of the four faces, or symmetrically
with respect to the axis. Where it is not possible to position
the gauges on the narrow faces of thin flat bars, they shall
be placed symmetrically about the axes of the wide faces.

7.2 Suitable techniques should be used to compensate for
variations in output signal due to temperature changes. It
is recommended that gauges be fixed to the bar in a
direction transverse to the applied force within the test
section for the purpose of temperature compensation. The

7 STRAIN GAUGES

7.1 A sufficient number of active longitudinal strain
gauges shdll be attached to the calibration bar at mid-length
to ensure [that an average of the strain can be adequately
ascertainedl. /n no case shall the number of active gauges

transverse—gauges—shal—be—peositioned—en the axes of
symmetry or symmetrically with respect|to these axes.
Recording instruments which allow \the use of full
Wheatstone bridges, made up exclusivély of gauges bonded
to the calibration bar, are to bé/preferred] However, with
certain types of recording dnstruments, it may only be

attached tp the bar be less than four. For bars of square or possible to use longitudinal<gauges, in which case these
rectangulaf section, the gauges shall be positioned on the should be self-compensating for temperaturg.
a
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FIGURE 1 — Calibration bar of circular cross-section or square
cross-section with circular ends
¢ a
A —_— - — —_ -
[ \/ S ]
! |
| |
@ | < |
' |
|
| |
! |
' |
| —_—————e— ] e —— e e e e e
. L,

FIGURE 2 — Calibration bar of rectangular cross-section
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7.3 Gauges should be affixed to the bar in accordance
with the manufacturer’s instructions for their optimum
performance. The surfaces of the calibration bar should be
such as to ensure an adequate bond between the strain
gauge and the bar. Care should be taken when affixing the
strain gauges to ensure that the surfaces of the bar and
gauges are free from contamination by oil, grease, etc.

7.4 All gauges should be protected from mechanical
damage and environmental influence by the application of
suitable materialg,~whi d er—sighificantly
affect the stiffne

8 RECORDING INSTRUMENTATION

The calibration bar, gauges and associated equipment shall
be capable of r¢solving force changes of one-fifth of the
maximum machine errors allowed in the calibration
(see 11.1). The design shall be such that the response to
fluctuating and | reversed forces at the frequencies and
waveforms to be| used can be predicted, from the response
to steady forced, with an uncertainty of not more than
one-fifth of the[maximum machine errors allowed in the
calibration (see cJause 11).

9 CALIBRATING THE CALIBRATION BAR

9.1 Preliminary|check

Prior to static cqlibration, it is desirable for the calibration
bar to be moynted in a fatigue testing machine and
subjected to a spifficient number of cycles to ensure that
the strain gaudes are functioning satisfactorily under
dynamic conditigns.

9.2 Testing ma

The bar shall He calibrated in™<a” static testing machine
complying with grade 1.0 requirements of ISO/R 147. The
machine shall ngt be uséd \below one-fifth of its scale in
any of its force ranges.

ine for calibrating‘the bar

If the lowest intrement or increments give rise to forces

9.4 Calibrating procedure

The sequence for the procedure shall be as follows :

9.4.1 Connect the recording instruments to the calibration
bar strain gauges and, after switching on, allow the requisite
period for stabilization of all instrumentation. Before
commencing calibration, apply and remove several times a
force of 1,1 times the maximum force which is to be
applied during calibration.

e vV ero orce dppliea O e d
strain-recording instrument to indicate zero straip.
the maximum calibration force and obsérve the strain
produced, then restore the applied force to zero and after a
period of not less than 1 min observerahy indicatéd strain.
The difference between the two( 5tfain readings made
at zero force shall not exceed 1.% '0f the strain observed at
maximum force. Note shall-be’ taken of any fuxiliary
masses, for example gripping.afrangements, attachpd to the
bar at the zero force setting\(see 10.2.2.2).

9.4.3 Re-set the strain-recording instrument to|indicate
zero strain at zero force. Apply static forces in not|[less than
five approximately equal increments up to the maximum
of the range,and down to zero again in the same §teps. At
each increment and decrement, with the force mgintained
precisely and steadily, record the electrical straif output
fromythe calibration bar.

If the bar is to be used in tension and compressiof, it shall
be calibrated in both tension and compression.

If the lowest increment or increments employ fordes which
are less than one-fifth of the machine force rangelin use, a
lower force range may be used for these ingrements,
provided that at least one of the force levels emgdloyed in
the higher machine force range is repeated. For agreement
of the strain readings at the repeated force level, dee 9.4.7.

9.4.4 Off-load the machine and record zero-load ¢lectrical
output from the calibration bar.

9.4.5 Repeat operations 9.4.3 and 9.4.4 twice tp obtain
three series of incremental and decremental cdlibration
readings. Between the second and third series of feadings,

less than one-fi Rine force range In use, a
lower force range may be used to obtain these, provided
that this repeats at least one of the force levels employed in
the higher machine force range (see 9.4.7).

9.3 Mounting of the calibration bar in the static testing
machine

The calibration bar shall be mounted in the machine so
that the force centreline of the machine lies through the
centreline of the bar and in such a manner that it cannot
change its position during the application of the series of
calibration forces. In certain types of machine, the loading
head is movable and also has to be centralized.

4

the recording instruments shall be disconnected and the
calibration bar removed from the testing machine, and then
re-mounted in accordance wth 9.3. Re-commence calibra-
tion from 9.4.1.

9.4.6 The static calibration of the bar shall be obtained
from the average of the difference of the electrical strain
outputs from zero force for the corresponding increment
and decrement of force in each of the three series of
readings. At each calibration force, the incremental and
decremental readings shall be averaged and adjustment for
the averaged zero force reading shall be applied. The
relationship between force and strain should be essentially
linear.
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9.4.7 For each series, at each calibration force the
difference between the strain readings in the two directions
should be not greater than 1 % of the strain at maximum
force.

Where two machine force ranges have been employed
(see 9.4.3), the difference beween strain readings, at those
forces common to the two machine ranges, shall be taken
as the difference between the highest and lowest readings
of the three or four readings recorded.

9.4.8 At each calibration force, the difference between
the high '
outputs
maximu

hall not exceed 1 % of the average strain at
force.

9.5 Recilibration of bar

If it is sybsequently necessary to verify the calibration of
the bar, the procedure described in 9.4 may be reduced to
a single get of readings, i.e. steps 9.4.1 to 9.4.4, provided
that the [relationship between force and strain does not
differ from the original calibration at each of the
calibration forces by more than 0,5% of the original
calibration strain at maximum force. Otherwise, the full
procedur¢ described in 9.4 shall be carried out.

The timqg interval between the verifications will depend
upon theg amount of usage; it is recommended that the
verificatigns be carried out at intervals not exceeding
12 montHs.

10 PROCEDURE FOR CALIBRATING MACHINE
TESTING

10.1 General

The ovetfall calibration consists of procedures covering
both stafic and dynamic operating conditions. Prior to
the calibrtion, it should be ascertained that the machine is
in good |working order and it/ should be operated in
accordange with the manufactGrer’s instructions. For the
calibratioh of a fatigue machine over its entire range of
force and| operating frequency, it is usually necessary to use
several calibration bars.“No calibration bar shall be used for
a force rapge spanning less than 20 % of its capacity.

10.2 Dypamiccalibration of mean forces and force ranges

10.2.1 Fpf~the calibration of dynamic forces, the

1SO 4965-1979 (E)

c) testing machine configuration, which shall include
load cell and grips;

d) frequency;
e) load range in use.

The calibration shall be repeated twice at each mean force
to give three series in all. It will be necessary to repeat this
procedure if calibration for a different fixed set of
conditions is required.

TABLE 1 — Tension-(or compression)-fatigue testing machines
with F5 max < Fmax (for example F nax|~ 0,5 Fmax)

F 0,2 0,4 0,5 0,6 0,8
Fmax
Fr 0,1 o/ 0,1 0,1
F o 0,2 0,2 0.2 0,2 0,2
0,3 0,3 0.3 0,3
(0,4) 04 0,4 0.4 04
0,5 0,5
0,6 0,6 0,6
0,7 0,7
(0,8) 0.8 0.8
(1,0)

TABLE 2 — Tension-compression-fatigue testirlg machines with
Famax < Fmax (for example F3 max = P,5 Frmax)

F. -1,0 | -05 0 +05 | +1,0

Fm max

Fe 0,2 0,2 0,2 0,2 0,2

Fg max 04 04 04 04 04
0,6 0,6 0,6 0,6 0,6
0,8 0,8 0,8 0,8 0.8
(1,0) 1,0 1,0 1,0 (1,0)

TABLE 3 — Tension-compression-fatigue testing machines
with F3 max = Frmax

F -06|-04|-02| 0 |H402|+04|+06

04 {04 {04 |04 |P4 |04 |04
F 08|08 (08|08 |p8 |08 |08
12 112112 |12 1,2

following procedure shalt be adopted -

At a number of mean forces, distributed approximately
equally throughout the range of mean forces available in
the normal operation of the testing machine, several cali-
brations are performed using different dynamic force ranges.
Depending on the type of axial load fatigue testing machine,
the mean forces and dynamic force ranges given in table 1,
2 or 3 shall be used for carrying out calibration. The test
series given in these tables shall be regarded as the minimum
for any given set of conditions. The fixed conditions, which
shall be specified, consist of :

a) waveform;

b) specimen compliance and geometry;

16 | 16 | 1,6
2,0

NOTES

1 For definition of symbols used in the tables, see 3.2.

2 The values given in parentheses cannot be obtained in the

majority of machines. In such cases, the last dynamic force range
shall equal the full range available at that mean force.

10.2.2 The sequence for the dynamic calibration
procedure shall be as follows :

10.2.2.1 Fit the appropriate calibration bar into the
machine, observing the requirements of 9.3.
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10.2.2.2 Connect the recording instruments to the calibra-
tion bar strain gauges and, after switching on, allow
sufficient time for stabilization of all instrumentation. The
gauge readings at the zero force condition shall be checked
and allowance made for any difference arising from
gripping attachments of different masses to those used in
the static calibration.

10.2.2.3 Adjust the force and speed ranges of the machine
as appropriate.

13 CALIBRATION CURVES

13.1 Preparation

The results obtained from the full procedure described in
clause 10 shall be used for establishing basic calibration
curves for the testing machine. A curve shall be plotted of
the force indicated by the calibration bar against the force
indicated by the machine covering each operating
frequency selected.

10.2.24 Apply ihe mean force and the various dynamic

force ranges, an

at each dynamic condition check the

operating frequdncy and record the maximum and

minimum values
from the calibrati

10.2.2.5 Repeat
level as described

bf the fluctuating electrical strain output
bn bar.

operation 10.2.2.4 for each mean force
hbove, repeating as required by 10.2.1.

10.2.26 Off-load the machine and check zero-load
electrical outputs jof the calibration bar.

10.2.2.7 Repeat|operations 10.2.2.3 to 10.2.2.6 for any
additional selectedl operating frequencies.

10.2.2.8 Where [necessary for determining a dynamic
correction factof, the testing machine/calibration bar
stiffness shall be pbtained during the calibration by measur-
ing the ratio of ufit length increase between the jaws of the
machine to the urnit force increase.

11 ASSESSMENT OF MACHINE PERFORMANCE

11.1 Repeatability

For a given indigated force, maximum oryminimum, the
difference between the highest and the‘lowest of the three
strain outputs shdll not exceed 1 % 6fthe average strain at
maximum force.

11.2 Accuracy

shall be compared with' the force readings (corrected as

The results obtained from.the procedure described in 10.2
necessary, see 4.3)d indicated by the machine. The errors in

13.2 Presentation of results

in the machine shall be stated on the calibration| curves
supplied with the machine. By interpolation, furthef curves
may be derived to cover forces and‘opérating frequencies
other than those selected for calibration purposes.

Details of the calibration bar and its method ©of att:[hment

NOTE — The calibration curves-described above do not take
account of differing mass/freqéency relationships of the tpst piece
and attachments. Where reQuired, appropriate dynamjc force
correction factors (see 10.2,2.8) shall be provided either in the form
of a graph or by a formula.

14 RE-CALIBRATION OF MACHINE

For machines in service, it may be necessary to c3rry out
a (further calibration, in which case the procedures
described in clauses 9 and 10 should be followéd. The
machine should comply with the requirements for
repeatability and accuracy given in clause 11. If th¢ results
obtained are not within these accuracy requirements,
further calibration curves as described in clause 13 should
be prepared.

15 VERIFICATION OF MACHINE

15.1 Procedure

It is permissible, when verifying a machine which !;las been
previously calibrated, to cover only the range of forices and
frequencies at which the machine is to be subsefjuently
employed.

the maximum and minimum forces under consideration
shall not exceed 2% of the maximum tensile or
compressive force of the machine scale in use.

NOTE — This requirement for accuracy is not absolute as the error
in the calibration equipment is not taken into account.

12 INITIAL CALIBRATION OF MACHINE

Provided that the requirements for accuracy given in
clause 11 are met, the readings indicated by the machine
may be used for subsequent tests. If the requirements of
clause 11 are not met, calibration curves shall be prepared
(see clause 13) and these curves shall be used in subsequent
tests.

15.2 Accuracy of verification

At the conditions selected for verification purposes and
applying the calibration curves described in clause 13, as
appropriate, the errors found should not exceed the
requirements stated in clause 11. If errors greater than
those stated in clause 11 are apparent, the testing machine
should be completely re-calibrated as described in clause 14
and new calibration curves prepared.

NOTE — Errors greater than those stated in clause 11 may be due
to wear in moving parts, misalignment of optical parts, slip of
indicator needles, overstraining of springs, etc. It is accordingly
recommended that the advice of the testing machine manufacturer
be sought if significant errors are found during re-calibration or
verification.
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15.3 Intervals between verification

The time between verifications will depend on the type of
testing machine, the standard of maintenance and the

amount of usage.

Under normal

circumstances,

it

is

ISO 4965-1979 (E)

recommended that verifications be carried out at intervals
not exceeding twelve months. A machine should in any case
be verified if it is moved to a new location necessitating
dismantling or is subject to major repairs or adjustments.
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