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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
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Introduction

In a dynamic test, the force experienced by the test-piece (Ft) might differ significantly from the force indicated
by the testing system (Fj). The dynamic errors result from inertial forces acting on the force transducer and any
dynamic errors in the electronics of the force indicating system. Inertial forces equate to the grip mass (interposed
between the force transducer and the test-piece) multiplied by its local acceleration, and therefore depend on

a)

b)

the amplitude of motion

the frequency of motion, and

c)

The

testing system, including the compliances of the load train, the test-piece, the reaction. frame, 3

mou
resu
the d

he grip mass.

amplitude of motion will, in turn, depend on the applied force and the mechanical gonfigu

nting. For a given frequency and over a given force range, different combinationsof<compliandg
t in different amplitudes of motion [the motion of a grip holding a very compliantdest-piece m4
pposite direction (anti-phase) to that of the same grip holding a much stiffer{test-piece].
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For the purpose of this part of ISO 4965, there must be a linear relationship between the appli¢d force and
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isplacement of the actuator. Using Method A and the calculated corfection factor, the force nj
m will be dynamically calibrated to within 1 % of the applied-force range. Using Method

rated to within 1 % of the applied force range, if the actual tést-piece has a compliance betw
vo DCDs.

od A (Replica test-piece method) — This method is used for calibrating a dynamic testing s
, allowing errors of up to 10 % in the indicated force range to be corrected for, using a generate
r. The DCD must have the same compliance andimass as the specimens to be tested and th
must be the same as that to be used for the_ actual testing. Before commencing a new serie
, the correction factor relating the indicated force range (AFj) to the test-piece force range
mined using a strain gauged replica test-piece. This factor can be applied either as a corr
ts or to modify the force applied by the-testing system, reducing the dynamic force error to ||
correction factor is dependent on test frequency, and therefore will have to be determined ov
e of anticipated test frequencies.

od B (Compliance envelope-method) — This method is used to calibrate a dynamic testing syj
varying test-piece configuration, using two DCDs of different compliance. The low compliance
a compliance lowerthan that of any test-piece to be tested, and the high compliance DCD
mpliance above that\of any test-piece. An operating envelope of test-piece compliance vers
be established<for the testing system, within which dynamic errors are maintained to withi
ed force rangé.” It is assumed that the compliance of the load train is insignificant when co|
ompliance\of either DCD. If this is not the case, and the machine is to be used with varyi
bliancewvalues, additional calibration runs will need to be performed.
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Metallic materials — Dynamic force calibration for uniaxial
fatigue testing —

Part 1:
Testing systems

1

This|part of ISO 4965 describes two methods (see Introduction) for determining the relationship

dyn
rang
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and
they
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dyngmic testing system with those measured by the strain gauged dynamic calibration device (DCI

has

For

of frgquencies for that type of test-piece only. A frequency-dependent correction factor is appli
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valid
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2

The
refer

ISO

cope

between the

mic force range (AFt) applied to a test-piece in a uniaxial, sinusoidal, constant amplitude test and the force

b indicated (AFj) by the testing system.

e methods are applicable to dynamic testing systems operating away from system resonant
bre relevant to testing systems where the dynamic force measurement érrors are either unkng
are expected to exceed 1 % of the applied force range.

dynamic force measurement errors are determined by comparison of the peak forces indi

breviously undergone static calibration (see 5.2.1) against:the testing system indicator.

Method A (Replica test-piece method), the dynamicgcalibration is applicable over the vali

ction of dynamic force measurement errors oflup to 10 % of dynamic force range. By U
ction factor, the actual test-specimen dynamicforce measurement error will be reduced to I
e dynamic force range.

lethod B (Compliance envelope method); the dynamic calibration is applicable over the range of tes
hted for test-pieces whose compliance'lies between those of the two DCDs. No correction factor
ethod B does not permit dynamic force measurement errors above 1 % of the dynamic force rar

Annex A provides guidance on when the system should be re-calibrated by the methods deg
bf 1ISO 4965.

Normative reféerences

following reférénced documents are indispensable for the application of this documen

frequencies
wn or where

cated by the
D). This DCD

dated range
cable for the
sing such a
bss than 1 %

tfrequencies
s applicable,
ge.

cribed in this

. For dated

ences, onlyythe edition cited applies. For undated references, the latest edition of the referenced document
(inclgiding any*amendments) applies.

5001, Metallic materials — Verification of static uniaxial testing machines — Part 1: Tension/{

compression

testil

N \ Leviaids A L THN A bl o L £
I Iriacrinmres — Verimeatuurt arrfa vainorativrruriric TUTCC=ITICasurirng Sy SteTIT

ISO 4965-2, Metallic materials — Dynamic force calibration for uniaxial fatigue testing — Part 2: Dynamic

calib

ration device (DCD) instrumentation

3 Terms, definitions, and symbols

For the purposes of this part of ISO 4965, the terms, definitions, and symbols in ISO 4965-2 and the following
apply. Figure 1 gives a schematic diagram of the calibration set-up.
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Part 2
Calibration

Part 1
Calibration

31
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C
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Figure 1 — Schematic diagram of ISO 4965 calibration methodology

actor

n the dynamic force range determined by a DCD (AFpcp) andhthe dynamic force range indig
j system (AFj), at the same testing frequency

dynamic calibration device

strain-gaugsq
compliance

3.3
DCD force

Fpcop
force measu

d replica test-piece (or, for Method B, proving-device) that, for Method A, has the same mas{
As the specimens to be tested or, for Method B, is of known compliance

red by the DCD, calculated from ipcp after static calibration against the testing system

be Formulae (2) and (3).

lion
DCD instrumentation

5 the DED.Linstrumentation needs to have previously been calibrated against electrical standards, the
be in electrical units, such as mV or mV/V.

NOTE S
3.4

DCD indica
iDCD

output of the
NOTE A
indication will
3.5

DCD instrumentation
instrumentation used in conjunction with the DCD, including strain gauge bridge output conditioning
electronics and display

NOTE

as an mV/V ratio.

3.6

dynamic force range

AF

difference between the maximum (peak) and minimum (valley) values of force under cyclic conditions

ated

and

DCD

The DCD instrumentation may also supply the DCD energising voltage — it could then display the DCD output
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3.7

dynamic testing system

combination of actuator, reaction frame, load train, and instrumentation used to perform cyclic force testing,
indicating the applied peak and valley force values

3.8

indicated force

Fi

force measured by the dynamic testing system’s statically-calibrated force transducer and indicated by its
instrumentation, under both static and dynamic conditions

3.9
indi¢ation error
ej
diffefence in the force ranges indicated by the testing system instrumentation and the DCD instfumentation,
exprgssed as a percentage of the DCD force range

3.10
load|train
all components, excluding the specimen/DCD, that transmit the force between’ the actuator and|the reaction
framp of the dynamic testing system, including the force transducer, adaptors, grips, and other fixtures

4 General requirements

4.1 | Temperature

The pmbient temperature at which the dynamic calibration of the uniaxial dynamic testing system s performed
shalllbe recorded. It is recommended that the calibration be performed at a constant ambient tempgerature, and
care|should be taken to shield the DCD from draughts and direct sunlight.

4.2 | Dynamic testing system

4.2.1 Static calibration

The gynamic testing system shall have a current certificate of static calibration to ISO 7500-1, Class 1 or better,
for the relevant loading conditiens.

4.2.2 Calibration freguencies

The [dynamic testing system shall be dynamically calibrated over the range of frequencies where dynamic
testing is to be-performed, with the exception of any test frequencies at which a system resonancg affects the
forcg measurement accuracy, as specified in 5.1.1. It is also recommended that, to keep amplityde errors to
less than 0,2 %, the maximum test frequency should not exceed 25 % of the testing system instrimentation’s
bandwidih (see Annex B) for two pole filter systems, or 6 % of this bandwidth for single pole filter pystems.

Filtering of the measured forces directly affects the dynamic accuracy of these measured forces. Therefore,
any filters shall be added before conducting the dynamic calibration. The calibration is only valid with the filters
used at the time of calibration.

If Method B is used, the same frequency range shall be used for each of the two DCDs. System resonant
frequencies lead to localized areas of increased errors. Care must be taken to identify such areas, with both
DCDs, so that actual testing is not performed at frequencies where excessive errors occur.

4.2.3 Dynamic force range

The indicated force end levels used for the dynamic calibration procedure shall lie within the statically
calibrated force range of the dynamic testing system, and at the peak values anticipated for the test-piece. The
dynamic calibration force range shall also be in between 10 % and 100 % of each DCD’s dynamic rating. The
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dynamic force range shall be either through-zero, or tension-only, or compression-only. Tension-only dynamic
calibrations are not valid in compression and vice versa. Through-zero calibrations verify both tension and
compression. This part of ISO 4965 requires that, if a single force range is to be used for dynamic calibration,
there is at each test frequency a linear (though potentially different) relationship between applied force and
actuator displacement — one way to demonstrate this would be to record and then plot the actuator position as
a function of applied force during, or subsequent to, the machine’s static force calibration.

NOTE Inertial errors are proportional to acceleration and therefore also to displacement — a linear relationship
between force and displacement ensures that inertial errors are proportional to force and thus constant as a proportion of
force range, enabling the calibration to be performed over a single force range.

force

If there is nota li
range calibrations are needed before the system is determined to be dynamically calibrated.

The peak ar{d valley values used should be within the working range of the calibration device.

In Method Bj the dynamic force ranges used for the two DCDs can be different, but the same(frequency range
shall be usegl.

4.2.4 Load train

For Method A, the load train fixtures and fittings employed for the actual dynamig-testing shall be used, anf the
DCD must have the same mass, compliance, and damping as the specimens to be tested (i.e. it should|be a
standard spgcimen with strain gauges attached).

For Method|B, the calibration shall be performed using a load train\with the greatest mass to be usg¢d in
subsequent festing, as this should maximize the inertial errors generated. A significant change in the complignce
of the load tfain will also affect the dynamic errors generated.

If the machine is to be used to test specimens using load trains of different compliance values (for example, by
the insertion| of rods for use in a furnace), the followings steps shall be taken.

— Determine the compliance (C4) of the less compliant DCD (this value should be available from the
manufagturer).

— Determine the range of compliances (AC = Cmaximum — Cminimum) Of the load trains to be used (this cgn be
done byl actuator displacement measurement at the same force, with the same specimen).

— If AC > [C41/10, both DCDs shall be’used to calibrate the machine using both the load train of maximum
complignce and the load train‘of minimum compliance.

4.2.5 Mounting of dynamic)calibration device (DCD)

The DCD sHall be mounted in the load train and attached in the same location as the test-piece would dyring
actual testing.

4.2.6 Dyna]mic testing system

The dynamic testing system shall be capable of controlling and applying a repeated cyclic force onto the
specimen, and providing a read-out of this cyclic force. Typically, a waveform generator either integral to
the test system or externally connected to it is used to provide the cyclic waveform of the test. The achieved
test force range or end levels are measured and recorded. The dynamic testing system shall be capable of
consistently applying repetitive end levels during the entire test. The peak and valley forces as indicated by the
dynamic testing system shall repeat within 1 % of the applied force range for every cycle during the entire test.
Subclause 5.1.2 specifies the procedure employed to test whether this requirement is met.

4.2.7 DCD instrumentation

The DCD instrumentation shall have been calibrated in accordance with ISO 4965-2. For instrumentation
calibrated using a nominal excitation voltage and displaying in voltage units, this value of excitation voltage
shall be used during calibration of the testing system. For instrumentation that generates its own excitation
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voltage and gives an indication in mV/V, the same settings shall be used during the calibration of
testing system’s force measurement system as were used during the ISO 4965-2 calibration
instrumentation.

5 Procedure

5.1 Initial checks

5.1.1 System bandwidth

The Jpurpose of this check is to determine the range of frequencies over which the testing Sy
veriffed. One technique that can be used to check the dynamics of the entire measurement system
and glectrical effects) is to fracture a brittle test-piece (under displacement control) and record
charge in force signal. The bandwidth can then be calculated as in Annex B, which also gives
estimation of the testing system instrumentation’s bandwidth.

Another technique that can be used to determine valid frequency ranges is to_péerform a freque
this elps identify localized areas of error that don’t follow the general trend,~-due to the presence
resopant frequencies. Increase the testing frequency slowly, with the cyclic-force range fixed at
amplitude, in a continuous manner or in small steps from the minimumdo*the maximum of the te
calibration range, with each DCD mounted in the load train. Read and/record the peak and/or vall
the DCD, or the output of an accelerometer fixed within the load train,at each test frequency. Plot t
of the measured values against frequency, fit a curve to the datapoints, and identify individual

deviate from the underlying trend by more than 5 % of its valtée.> such transient variations may ind
resopance. If any transient variations are detected, reduceithe range of test frequencies to be ver
the gystem resonant frequencies. The resulting frequencyrange shall not span any system resona
Wheh Method B is being used, any system resonant-frequencies indicated during the use of eithg
be ayoided during the actual testing.

Itisr

boid system resonance, testing systems can be verified over more than one test frequency

significantly from the underlying trend, as illustrated in Figure 2.

y 12
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stem can be
(mechanical
the sudden
guidance on

cy sweep —
bf significant
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st frequency
by outputs of
he amplitude
alues which
cate system
fied to avoid
ht frequency.
er DCD shall

pcommended that the test frequency sweep be performed in force control to ensure sufficient contifol resolution.

range, thus

iding the critical system resonant frequencies. Subsequent actual testing shall also avoid these critical

of 0 Hz and

put deviates

U958
0.96
0.94
0.92

Key
X

y

frequency, in Hz
normalized output

Figure 2 — Example plot illustrating frequency range to be avoided due to resonant behaviour
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NOTE 1 Monitoring the waveform distortion at each test frequency in the sweep can be a helpful tool in identifying
system resonant frequencies, although the tools to do this comprehensively are quite advanced. If distortion is apparent
on a simple oscilloscope trace, the testing system is definitely not operating correctly.

NOTE 2  Alternative methods for determining the key frequency ranges of interest are being developed — these include
determination of the Fast Fourier Transform (FFT) of the machine’s force indication when a step input is applied to the
actuator, with no specimen present, and determination of the FFT of the force rate when a step force input is applied to a
specimen — and may also be used to determine the valid calibration frequency ranges. These methods can also be used
to determine the influence of crosshead position. Further details can be found in Reference [1].

NOTE 3  Another method which can give information about the presence of resonant frequencies is the plotting of force
against displacement while sweeping the frequency range. The area of the hysteresis loop is likely to increase significantly
close to a resprrarnce, and mmay everr extibita figure of 8 strapedue totigher frarmornics:

5.1.2 Appljed force repeatability

Establish thg applied force repeatability for the dynamic testing system as measured by its own force measurement
system. At gach verification frequency, cycle the dynamic testing system at least 50 times, "and record the
corresponding peak and valley end levels of each cycle, as measured by the force measufement system. These
end levels shall not vary by more than 1 % of the total force range being applied at all verification frequendies.

5.2 Calibration procedure
5.2.1 Statit calibration of DCD

5.2.1.1 Statically calibrate the DCD against the dynamic testing ‘system indicator, using the force range
determined ip 4.2.3, by slowly cycling the force between the seleeted upper and lower force levels at least three
times and then holding the force constant on the testing system and reading the DCD indication. Take readings
at the four fdllowing static force values:

a) peak fofce + 5 % of the force range (= [p + 5]);
b) peak force - 5 % of the force range (= [p —5])%
c) valley fqrce + 5 % of the force range (= [v.+ 5]);
d) valley fgrce - 5 % of the force range ( = [v — 5]).

When the dyinamic force range is_through-zero [i.e. tension (positive) and compression (negative)], use the end
levels listed pbove.

When the dynamic force range is tension-only and the [valley force — 5 % of the force range] value is below
zero, the zefo force value should be used.

When the dynamicsforce range is compression-only and the [peak force + 5 % of the force range] valpe is
above zero, thezero force value should be used.

Indicated foree BEB-indication
Fi[p + 5] (Peak Force + 5 % of the force range)  ipcp [p + 5]
Fi[p - 5] (Peak Force — 5 % of the force range) ipcp [p — 5]
Fi[v+ 5] (Valley Force + 5 % of the force range) ipcp [v + 5]
Fi[v-5] (Valley Force — 5 % of the force range) ipcp [v — 5]

5.2.1.2 Repeat 5.2.1.1 twice to generate three sets of readings, and then determine the average of the three
sets of readings.

5.2.1.3 If Method B is being used, repeat 5.2.1.1 and 5.2.1.2 for the second DCD.

6 © 1S0 2012 — All rights reserved
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5.2.1.4 For both peak and valley force levels, calculate the coefficients of the straight line, which joins the two
adjacent values to give the static force relationship between the DCD indication and the dynamic testing system

force

indication using the averaged values determined in 5.2.1.2.

For peak force levels,

Fpcp (p)=m, ipcp +¢,

where

Flp+5]-F[p-5]

For

whele

5.2.2

5.2.2.

the I
or lo|
midw
to th
appli

Allov

5.2.2

6

m a

= an
P ipep[p+5]-ipcp[ P —5]

» =Fi[p+5]—mp -iDCD[p+5]
alley force levels,

bep (v) =m,, -ipcp +¢,

_— Fi[v+5:|—Fi[v—5:|

v iDCDI:V+5:|—iDCD|:V—5:| ’

v ZFil:v+5j|—mv'l'DCD|:V+5:|

and

Dynamic calibration of testing system force indication

1 Take peak and valley readings .fronT the force indicator of the dynamic testing system
DCD (ipcp) at each of five increasing test frequencies approximately equally distributed (¢
parithmically) over the range determined in 4.2.2 and at four decreasing test frequencies a
ay between these test frequencies. Where the system is being calibrated over more than on
b presence of system resonant frequencies, three increasing and two decreasing test frequen
ed in each range. The foree amplitude of the test should be that determined in 4.2.3.

the testing system.to’settle at each new frequency before taking the peak and valley readin

.2 If Method'B'is being used, repeat 5.2.2.1 using the second DCD.

Calculation of results

M

Fi) and from
ther linearly
bproximately
P range, due
cies shall be

6.1

—Calcutate DCD forces and measured force ranges

Calculate the DCD force values (Fpcp) at each dynamic peak and valley from the DCD indications (ipcp) and
the coefficients determined in 5.2.1.4, and then calculate the DCD force range (AFpcp) using Formula (3) and
the indicated force range (AFj) using Formula (4).

AFpcp = Foep ()~ Foep (v)

© 1SO 2012 — All rights reserved
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6.2 Replica test-piece — Method A

Calculate the correction factor (C) at each frequency using Formula (5).

C= AFDCD (5)
AF

For operating conditions where the dynamic force error is less than 1 % of the applied force range (i.e. the

dynamic correction factors are between 0,99 and 1,01), no dynamic force range correction is required for

testing. For operating conditions where the dynamic force error is greater than 1 % but less than 10 % of the

applied force range (i.e. the correction factor is either between 0,90 and 0,99 or between 1,01 and 1,10), a

correction f%ctor Shall be applied. For operating conditions where the dynamic force error exceeds 10-7 (i.e.

the correctign factor is either below 0,90 or above 1,10), the dynamic testing system shall be deemed.to’have
failed calibration and should not be used for testing. Once the correction factor is applied, the~actual [test-
specimen dynamic force error will be reduced to less than 1 % of the dynamic force range.

The correctipn factor can be expressed either as a curve by plotting it against frequency (anidealised example
is given in Fjgure 3) or as a best fit function over the calibrated frequency range, avoiding-any critical sygtem
resonant frefjuencies identified in 5.1.2.

y 105
100 g—o—0———o *"V‘O\o\o\
0.95

0.90

IR I R £ [
/"/

Key
x  frequency
y  correctior) factor

Figure.3-— Example of a Method A calibration result

6.3 Compliance envelope — Method B

Calculate the indication error, ¢, at each frequency using Formula (6).

= DCD 100 (6)

€i=

The indication errors determined using the two DCDs are plotted against frequency in order to define the
calibrated range over which the dynamic testing system can be used for actual testing (see Figures 4 and 5).
The calibrated range of the testing system is that in which none of the dynamic force errors exceeds 1 % of
the applied force range. If the difference in compliance between the two DCDs is small, it is likely that they
will have similar shape curves as shown (in an idealised form) in Figure 4, where both errors can be either
increasing or decreasing with increasing frequency. If there is a large difference between their compliances,
then one DCD may have an error that increases with increasing frequency and the other may have an error
that decreases with increasing frequency, as shown (again, in an idealised form) in Figure 5. The actual test
frequency limits are determined such that the error does not exceed 1 % of the dynamic force range. No actual
testing is allowed at any frequency where the error for either DCD exceeds 1 % of the dynamic force range.
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Figure 4 — Typical calibration envelope for a small change’ in-~compliance between two low
compliance DCDs
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FiPure 5 — Typical calibration envelope for a large change in compliance between the two DCDs

7 Report

7.1 General information

The report shall include the following information:

a) the force indicators and the verified indication range;

b) the range of frequency over which the verification was attempted;

c) the testing system, including the manufacturer, model number, serial number and the identifiers for all
components which make up the load train;

© 1S0O 2012 — All rights reserved 9
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d) the mass of load train components between the load cell and test-piece;

:2012(E)

e) the geometry, material, compliance, and unique identifier for each dynamic calibration device used,

including the manufacturer and serial number;

f) the Standard to which static calibration of the testing system has been performed (i.e. ISO 7500-1:2004),

the class achieved, and the date of the static calibration;
g) the ambient temperature at the time of the calibration;

h) the name of the organization that carried out the calibration;

i) the datd

j)  areference to this part of ISO 4965, i.e. to ISO 4965-1.

7.2 Resu

The report shall include the following calibration results:

of the calibration;

ts of dynamic calibration

a) for Method A, the valid frequency range in which no correction factor is negded and, if applicablg, the

correctipn factor derived and its valid frequency range;

b) for Method B, the range of frequencies within which all dynamic indiedtion errors are less than 1|% of
the force range;

Cc) any observations, notes, or recommendations concerning the dynamic verification.

7.3 Re-c3

The report g

libration

hall include guidance concerning re-calibration, as given in Annex A.

10
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