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Foreword

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

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

The main task andards
adopted by the technical committees are circulated to the member bodies for voting. Publication/jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be thetsubject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9513 wag prepared by Technical Committee ISO/TC 164, Mechanical testing of-metals, Subcommittee
SC 1, Uniaxidl testing.

This third editlon cancels and replaces the second edition (ISO 9513:1999), which has been technically rgvised.
It also incorpgrates the Technical Corrigendum ISO 9513:1999/Cor.1:2000:-
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Introduction

513:2012(E)

This International Standard sets out criteria for the calibration of extensometer systems, covering general
principles, the calibration equipment to be used, pre-calibration inspection and the measurement of
gaugelength for various types of extensometer systems. Aspects of the calibration process are addressed,

as are the assessment of the results, uncertainties, calibration intervals and reporting. Criteria
apparatus, their calibration and grading are addressed, complemented by a Bibliography coverin

for calibration
g a number of

important papers related to extensometer systems and their application [t [10] Work is in progress to develop
processes for dynamic extensometer calibration, however these have not reached, at the time of writing of this

International Standard, the level of development appropriate for inclusion within this International
further_information, refer to Reference [6]

Standard. For

Informative annexes address calculation of uncertainties of measurement for an extehso
calibration (Annex A), calibration of calibration apparatus (Annex B) and an example afja’cali
(Anneix C). Subsequent annexes address examples of extensometer system configurations (A
extengsometry (Annex E), video extensometry (Annex F), full field extensometry (Anpex G) and G
crosslhead measurement system (Annex H).

meter system
pration report
nnex D), laser
alibration of a
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INTERNATIONAL STANDARD

ISO 9513:2012(E)

Metallic materials — Calibration of extensometer systems used
in uniaxial testing

1 Scope

This International Standard specifies a method for the static calibration of extensometer systems used in
uniaxial testing, including axial and diametral extensometer systems, both contacting and non-contacting.

2 T
For th
21

extenEometer system

equip

NOTE
Some

extens
gauge

2.2

gauge¢ length

portio

3 S
Symb

brms and definitions

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

ent used to measure displacement or strain on the surface of a test piece

For the purpose of this International Standard, the term “extehsometer system” includeq
extensometers indicate strain directly (e.g. laser extensometers, ordigital image correlation tech
ometers indicate the change in gauge length of a test piece; this\is ‘eonverted into strain by dividing
length.

h of a test piece where extension is measured

ymbols and designations

bls used throughout this International Standard are given in Table 1 together with their deg

Table 1 — Symbols and designations

the indicator.
niques). Other
by the relevant

ignation.

$ymbol Designation Unit
Le Nominal gauge length of extensometer mm
Le Megasured gauge length of extensometer mm
Imax Maximum limit of calibration range mm
Imin Minimum limit of calibration range mm
I Displacement indicated by extensometer um
A Displacement given by calibration apparatus um
qr, Relative gauge length error of the extensometer system %
qrb Relative bias error of the extensometer system %
qb Absolute bias error of the extensometer system um
r Resolution of the extensometer system pm
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4 Principle

The calibration of extensometer systems involves a comparison of the readings given by the extensometer with

known variations in length provided by a calibration apparatus.

NOTE 1 The user can define the displacement range(s) over which the calibration is to be performed. In this way, the

performance of the extensometer system can be optimized. For example, for strain-controlled low cycle fatigue,

only a

small portion of the operating range of the extensometer is typically used. Hence, it would be appropriate, in this case, to

concentrate the calibration on the centre portion of the operating range.

The calibration process compares the known displacement from the calibration device with the out
the extensometer system. This output can range from manual readings of high precision dial gauges
displacement[imdicationm of a transducer/efectronics/data-toggimyg SystenT. i the tatter tase, the extensy
system outpuf would include any data curve fitting applied by the electronics/data-logging system.

NOTE 2  For certain types of extensometer systems, the calibration and classification will also be dependent up
ability of the eqtensometer system to define the gauge length.

5 Calibration equipment

5.1 Calibration apparatus

The calibratioh apparatus, which allows a known displacement /; to be appliedto the extensometer, may g
of a rigid frame with suitable coaxial spindles or other fixtures to which the extensometer can be attache
calibration apparatus shall comprise a mechanism for moving at least:one of the axial spindles together

put of
to the
meter

on the

onsist
H. The
with a

device for acdurately measuring the change in length produced. These variations in length can be measured by,

for example, gn interferometer, a linear incremental encoder or gauge blocks and a comparator, or a micro

NOTE Special attachments to the calibration apparatus \spindles are utilized for the calibration of dig
extensometers|

The calibration apparatus should be calibrated in agcordance with Annex B and should meet the perforr
requirements|given in Table B.1.

Annex B givels a recommended calibration procedure for the calibration apparatus and details perforn
criteria that indicate that the apparatus is(suitable for calibrating extensometer systems in accordance w
International $tandard.

5.2 Calibration traceability

The calibratign apparatus<@nd’ the supporting equipment (such as micrometers, callipers, optical proj
microscopes)|shall be calibrated using standards that are traceable to the International System of Unit
The uncertairnty associated with any measurements made by the supporting equipment shall not exces
third of the permissible error of the extensometer system being calibrated (see Table 2). The tempsg
measuremen{ instrument shall have a resolution of 0,1 °C.

meter.

metral

nance

hance
th this

ection
s (SI).
d one
rature

6 Pre-calibration inspection

6.1 Objective

Prior to the calibration of the extensometer system it shall be inspected. This shall comprise, but not be limi

ted to,

inspection of the mechanical components for, for example, free movement, damaged parts, worn knife edges,

and worn gauge length setting pins/fixtures. For extensometer systems incorporating electronic transd
the cabling and connectors shall be examined for damage, wear, etc.

ucers,

The extensometer system shall be calibrated in the as-found condition if at all possible. The results shall be assessed
and, if necessary, the system shall be adjusted and re-calibrated. In this case, both data sets shall be reported.
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6.2 Records of the inspection

Records of the pre-calibration inspection shall be kept, identifying the “as-found” condition of the extensometer
system, when the inspection was performed and who performed it. These pre-calibration inspection records
can take the form of either a written report or a completed “pro-forma” checklist.

6.3 Identification of extensometer system elements

The extensometer shall be uniquely identified. Parts that may be changed by the user during normal use of the
extensometer that affect the calibration of the extensometer shall also be uniquely identified where possible.
However, this requirement does not extend to clamping devices used to attach the extensometer to the test

H Tla H H| - ' £ YR 1) ol ) n & 4
pIeCG IOt UTTiyuT TUTTIUNCativlis TUTTIT palrt UT U TT TTULUTUS TUT LT TALTTISUITITITT Sy OSLTTTT.

7 Measurement of extensometer gauge length
7.1 [Fixed gauge length extensometry

7.1.1| The measured gauge length, L, of a fixed gauge length extensometer shall be determjned by either

direct|or indirect means. In both cases, the extensometer setting pin @©r gauge fixture is used to set the
extengometer contact points to their pre-set displacement.

NOTE Variability of the measured gauge length might be experienceddue to excessive play/wear in the gauge length
setting mechanism.

7.1.1.1 Direct measurement of the gauge length, L, is‘performed between the extensometer ¢ontact points,
using ja calibrated measuring instrument such as a caliper or a shadowgraph/projection microscope.

7.1.1.2 Indirect measurement of the gauge length, L, is performed by placing the extensometer on a soft

metal|test piece in such a way that the bladés or points of the extensometer leave their mafks. Once the
extengometer is removed, the distance between the marks on the test piece shall be measured, us{ng equipment
with ah accuracy consistent with the required class of extensometer.

7.1.2 | The relative error on the gauge length, i, calculated from Formula (1) shall meet the|requirements

given fin Table 2.

q =L9L;Le><1oo (1)

e
e

7.2 |ariable-gauge length extensometry

7.2.1 | “The gauge length of a variable gauge length extensometer shall be measured either directly, or indirectly.

7.2.1.1 Direct measurement of the gauge length is performed by setting the extensometer to the required
gauge length using jigs, fixtures or other tools, followed by measurement between the extensometer contact
points, using a calibrated measuring instrument such as a calliper or a shadowgraph/projection microscope.

7.2.1.2 Indirect measurement of the gauge length, Lg is performed by attaching the extensometer to a soft

metal test piece in such a way that the blades or points of the extensometer leave their marks. Once the
extensometer is removed, the distance between the marks on the test piece is measured, using equipment with
an accuracy consistent with the required class of extensometer.

7.2.2 Extensometers commonly used in creep, elevated temperature tensile or stress relaxation testing have
their gauge length defined by small ridges machined on the parallel length of the test piece, to which the

© 1S0O 2012 — All rights reserved 3
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extensometer is clamped. The gauge length for such extensometers shall be determined directly from the test
piece and shall be to an accuracy consistent with the required class of extensometer.

7.2.3 The relative error on the gauge length, 9Lg- calculated from Formula (1), shall meet the requirements

given in Table 2.

7.2.4 Where an extensometer sets or measures the gauge length, the relative error on the gauge length shall
be determined. If features on the test piece define the gauge length, the relative error on the gauge length does
not need to be determined.

7.25 Wherr an extensometer automatically sets the gauge Tength, the maximum and minimum gauge léngths
used, plus thiee more gauge lengths between the minimum and maximum, shall be measured. Where|fewer
than five gauge lengths are used, all gauge lengths shall be measured.

7.3 Non-contacting extensometry

The gauge I¢g¢ngth for non-contacting extensometry is established in accordance-~with the manufacjurer’s
instructions.

7.4 Extengometer gauge lengths established using setting gauges

Where an extensometer gauge length is set using a removable gauge,-the'relative error on the gauge Iength,
- calculated from Formula (1) shall not exceed the values given irkTable 2.

The uncertainty of measuring the gauge length shall be three timesbetter than the allowable error in gauge length.

8 Calibration process
8.1 Environmental considerations

8.1.1  The ambient temperature during the calibration of the extensometer system shall be recorded.

In general, the calibration of the extensometer system should be carried out at a temperature stable to|within
+ 2 °C, the target temperature being within the range 18 °C to 28 °C. Temperature changes during the calilration
process may|add to the uncertainty of the calibration and in some cases may affect the ability to prpperly
calibrate the ¢xtensometer.

8.1.2 For ektensometers~used for uniaxial testing at temperatures outside the range 10 °C to 35 °[C, the
calibration shpuld be carried out at or near the test temperature, if facilities exist.

8.1.3 The gxtensometer shall be placed near the calibration apparatus, or be mounted on it, for a sufficient
Iength of time P tor-to-ts-catibrationso-thatthe pai’to ofthe-extensometet oyotcl and-ofthe-catibration app ratus

which are in contact stabilize at the calibration temperature.

8.2 Position of the extensometer

The extensometer shall be placed, wherever feasible, in the calibration apparatus in a similar orientation to that
in which it will be used during uniaxial testing to avoid errors due to loss of equilibrium or to deformation of any
part of the extensometer.

The extensometer shall be attached in a similar way as during uniaxial testing.
8.3 Calibration increments

8.3.1  Theuser shall establish the range of displacements over which the extensometer system shall be calibrated.

4 © 1S0 2012 — All rights reserved
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8.3.2 The number of calibration points, and the number of ranges over which calibration is performed, shall
be based upon the relationship between the minimum displacement at which a property is determined, /min, and
the maximum displacement at which a property is determined, /max.

8.3.3 For monotonic tests, the following series of readings shall be made.
a) If (Imax/Imin) is less than or equal to 10, one range of at least five increments shall be recorded.

b) If (lmax/Imin) is greater than 10 but less than or equal to 100, two ranges (/min t0 10/min and 10/min t0 Imax),
or (Imin to 0,1/max and 0,1/max to Imax), €ach of at least five increments, shall be recorded.

c) If (lmax/lmin) is greater than 100, three ranges (/min 0 10/min, 10/min 0 100/min, 100/min t0 lmax), OF (Imin to
0[{01/max, 0,01/max t0 0,1max, 0,1 /max t0 Imax), each of at least five increments, shall be recorded.

For each of the three categories [a), b), ¢) above], the increment between any two adjacent ppints shall not
exceed one third of the range. Examples of these increments are shown in Figure 1.

N R e

series a)

| a) A

: —

| o

| -7
series a)+b) -

| al | b) A

| .

| [ ~

| "

|/ -

N -

j -

LA | )
series al,b)+c)

la)+b) o) !

11

Key
1 calibration points

Figure 1 — Schematic diagram showing calibration point distribution

NOTE 1 A tensile test measuring, from the extensometer, the modulus and proof stresses only, would fall into category
a). A tensile test, establishing proof stresses and elongation at failure from the extensometer, or a creep to rupture test,
would fall into category b) or category c).

NOTE 2  For fatigue tests, a range of at least five increments (with the increment between any two adjacent points not
exceeding one third of the range between /min and /max) is used.

NOTE 3  The values derived from the above calculations can be adjusted to the nearest convenient increments to match
those of the calibration apparatus.

8.3.4 When establishing /max and /min, operational factors such as thermal expansion of elevated temperature
tests and additional displacement contingencies to cover matters such as test to test set-up variability shall be
taken into account.

© 1S0O 2012 — Al rights reserved 5
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8.4 Calibration process

8.4.1

The calibration shall be undertaken in the as-found condition without special cleaning.

8.4.2 When the temperature has stabilized, it is recommended that, before calibration and by means of the
calibration apparatus, the extensometer be exercised twice over the calibration range of the extensometer
system. If possible, the displacement is taken to a slightly negative value and returned to zero. Where appropriate,

reset the exte

8.4.3 Thec

nsometer system to zero.

alibration consists of two series of measurements with the increments as defined in 8.3.

The first

placed back on the calibration apparatus.

A second

Depending or
in length or fg

series of measurements is then made in the same manner as the first.

the expected use of the extensometer, the two series of measurements arénade for incr
r decreases in length, or for both.

8.5 Determination of the characteristics of the extensometer system

8.5.1 Resol
8.5.1.1 The
8.5.1.2 For

between the v
(scale interva
not be smallg
between two

Lition
resolution, r, is the smallest quantity which can be read on the instrument.

bxtensometers with analogue scales, the resolutionof the indicator shall be obtained from th
idth of the pointer and the centre-to-centre distance between two adjacent scale graduation
), multiplied by the physical dimension which one scale increment represents. The resolutio
I than one fifth of the physical dimensian represented by one scale interval unless the dis
adjacent marks is greater than or equalbito 2,5 mm, in which case the resolution may be as

as one tenth ¢f a scale interval.

8.5.1.3 For
maximum and
values shall b
equal, the res|

8.5.2 Bias ¢

8.5.2.1

The relative b

extensometer systems with™an electronic display, the output shall be observed for 10 s a

minimum values recorded. One half the difference between the maximum and minimum obs
e established and recorded as the resolution, ». Where the minimum and maximum valu
plution shall be one ‘digit on the display.

rror

Relqdtive bias:€rror

ias.error, grp, for a given displacement, 4, is calculated from Formula (2):

series of measurements is performed and recorded; the extensometer is removed amli then

leases

e ratio
marks
h shall
stance
small

hd the
erved
BS are

I,-1

drp =
t

t %100

8.5.2.2 Absolute bias error

The absolute

bias error, gy, for a given displacement, /4, is calculated from Formula (3):

qp =i = 1)

(2)

©)
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9 Classification of the extensometer system

9.1 Input data

The required input data for the classification of the extensometer system are:

a) the relative error of the gauge length (see 7.2.5);

b) the resolution (absolute and/or relative) of the extensometer system (see 8.5.1);

c) for each calibration data point, the bias error (absolute and/or relative) (see 8.5.2);

He confirmation that the calibration apparatus fulfilled the requirements of this International Standard for
epch calibration data point.

d)

—

9.2 |Analysis of the data
The cpllated data are assessed as follows:
a) the relative error of the gauge length is compared to the limits in Table 27anhd a grading is obtained;

b) the resolution of the extensometer system for each calibration data’ point is compared tp the limits in
Thble 2 and a grading obtained;

c) fqreach calibration data point, the bias error is compared to:the limits in Table 2 and a gradirjg is obtained.

9.3 [Classification criteria

Table P gives the maximum permissible values for the relative gauge length error, the resolution and|the bias error.

Table 2 — Classification of the extensometer system

Class of Relative error of Resolution @ Bias errqr @
extEnsometer the gauge length Percentage of Absolute Relative Absolute
ystem reading value value value
9Le (r/1)100 r qrb li- 1l
Y% % um % pgm
0,2 +0,2 01 0,2 +0,2 +0,6
0,5 +0,5 0,25 0,5 +0,5 +1,5
1 +1,0 0,5 1,0 +1,0 13,0
2 2,0 1,0 2,0 +2,0 6,0
a Whigheveér is greater.

9.4 Assessment of the results

9.4.1

The data specified in 9.2 are collated and the maximum classification value for each o

is determined:

a) the relative error of the gauge length;

b) for each calibration data point the resolution of the extensometer system;

c) for each calibration data point the bias error;

d) for each calibration data point the classification of the calibration apparatus.

f the following

This maximum value of these four parameters is defined as the ISO 9513 classification for the extensometer system.

© 1SO 2012 — All rights reserved
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9.4.2 Whenever adjustments are needed for the extensometer to comply with class requirements for its
intended use, the calibration provider can, with laboratory approval, make such adjustments to enhance the
extensometer system performance. The records from the initial calibration shall be retained and supplied as part
of the calibration documentation. The post-adjustment results shall be reported on the calibration certificate.

10 Uncertainty determination

10.1 Uncertainty of the calibration

Many elements contribute to the uncertainty of the calibration process. The following shall be assessed and

incorporated
a) calibratio
b)

c) inter-ope
d) gaugele
e) gaugele

For further inf

10.2 Uncert

The uncertain
for an extens

NOTE Th
extensometers
by some accre
counting of the
ensure that thg
Class 0,5 does|

11 Extensq

1.1
standard and

recommended that calibration be carried out at intervals of approximately 12 months. This interval sh

exceed 18 m
system shall
ISO 204, the

ambient femperature fluctuations during calibration;

The time between two, ealibrations depends on the type of extensometer system, the mainte

P emeiporchepd i + 1 b
MU uic uriceridirity buuyct Laibuiatiurl.

n uncertainty of the calibration device;

Fator variability where more than one person performs calibrations within a laboratory;
hgth setting;
ngth measurement equipment.

ormation, refer to Annex A.

ainty budget determination

ty shall be determined. An example calculation, showing how to perform an uncertainty eval
bmeter system, is presented as Annex A.

b requirements of this International Standard limit the major components of uncertainty when cali
By complying with this metrological standard, uncertainty is explicitly taken into account as rq
ditation standards. Reducing the allowable, bias by the amount of the uncertainty would result in
uncertainty. The classification of an extensometer calibrated and certified to meet a specific class d
accuracy including uncertainty will-beless than a specific value. For example, an extensometer ni
not necessarily have a bias including uncertainty of less than 0,5 %.

pmeter system calibration intervals

the number ©ftimes the extensometer system has been used. Under normal condition

bnths unless the test is expected to last more than 18 months; in such a case the extensd
be calibrated before and after the test. Where long-term creep tests are performed accorg
calibration interval for their extensometer systems, based upon extensive practical experie

Lation

brating
quired
double
es not
eeting

nance
it is
all not
meter
ing to
nce, is

P

ndard

three years;

similar situation exists for Inng term stress relaxation fncﬁng Inthese cases the fncfing std
- y

requirement shall take precedence over the calibration intervals defined in this clause.

11.2

of measurements.

12 Calibration certificate

12.1 Mandatory information

The calibratio

a)

n certificate shall contain at least the following information:

reference to this International Standard, i.e. ISO 9513;

The extensometer system shall be calibrated after each repair or adjustment which affects the accuracy

© 1SO 2012 — All rights reserved
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k)

Items|on the certificate may be presented in a referenced report.

12.2 Data presentation

ISO 9513:2012(E)

name and address of the owner of the extensometer system;

identification of the extensometer (type, gauge length, mark, serial number and mounting position);
type and reference number of the calibration apparatus;

temperature during the calibration process;

nature of the variations of length for which the calibration was carried out, i.e. either for increases and/or
for decreases in length;

date of calibration;

>

bme of the person who performed the calibration, plus the name or mark of the calibratingl organization;
a|l results from the calibration (as-found condition and, if adjusted, after adjustment measurgements);
a|statement of uncertainty;

classification for each range of the extensometer.

The r¢sults of the calibration shall be tabulated in the certificatesand shall include individual values of the bias

error associated with each calibration point.

A graphical presentation of the results from the calibration'\may be presented as part of the certificate.

© 1S0O 2012 — All rights reserved 9
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A.1 Intro

Annex A
(informative)

Uncertainty of measurement

duction

The approac
associated wj
uncertainties

The uncertai
correspondin

a) environm
b) drift of th
c) interpola

These quanti
need to inclug

Among the m
the following

— axiality o
length va
relative u
gauge le
relative d
repeatab
resolutio

temperat

It is possible

th the overall measurement performance of the length measurements. These perforr
reflect the combined effect of all the separate uncertainties.

nty of measurement of the reference instruments (calibration equipment) ds. indicated
h calibration certificate. Factors influencing these quantities include:

ental effects such as temperature deviations;
b displacement standard;
ion deviation of the reference device.

ies should be considered. Depending on the design of the calibration equipment, there is
e the position of the extensometer related to the gauge length axis of the testing machine

easured variables of the extensometer, which are, relevant for the estimation of the uncer
components should be considered:

[ the extensometer to the calibration devieg;

riation indicator;

ncertainty of measurement due to the resolution of the calibration device;
hgth error;

eviation of the calibration ‘device;

lity of the indicatorof the extensometer;

n of the extensometer;

Lre influences.

h for determining uncertainty, presented in this annex, considers only those uncertainties

nance

in the

also a

tainty,

me of

te- calculate the uncertainty of the extensometer systems for uniaxial testing, at the t

calibration, ei
in the followin

g sections.

ther from the specification limits or from the readings obtained These calculations are detailed

Since the accuracy error, as a known bias, is usually not corrected during calibration, if it falls within specifications
of Table 2, the range within which the estimated relative error, E, could reasonably be expected to lie, should
be E = ¢ + U, where ¢ is the relative accuracy error defined in 8.5.2 and U is the expanded uncertainty [111[12],

The condition of a calibration is fulfilled if the relative gauge length error, qr, (see Table 2), lies within the

given tolerance.

10
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A.2 Calibration apparatus

The standard uncertainty related to the calibration apparatus, ustq, is given by:

2 2 2 2
Ugtq z\/uca|+uA +MB +UD (A1)

where

ucal is the standard uncertainty, equal to 0,5 times the expanded bias of the calibration apparatus,
determined from the calibration certificate or other relevant information;

uff bhation

temperature of the extensometer and the calibration temperature of the calibration appfratus;

(oA Clt
] =% (A.2)
a is the temperature coefficient of the calibration appardtus according to {he
manufacturer’s specifications;
dtemp is the temperature deviation between the calipration temperature of the

extensometer and the calibration temperature ‘of the calibration apparafus;
up is the relative standard uncertainty due to long-term instability (drift) of the calibration gpparatus;

ug = Zsensitivy (A.3)

5

Asensitivity is the long-term instability-(drift) of the calibration apparatus;

<

b is the relative standard uncertainty due to the linear approximation to the polynomial curve (if

required);
ugh = ade\\}i%tion (A.4)
A deviatiof is the relative deviation due the linear approximation of the polynomial gurve of the

calibration apparatus.

A.3 | Resolution

The standard uncertainty related to relative resolution, u;, is derived from a rectangular distribution:

_ Yresolution (A.5)

U, = ————
r 2\/5

where apesoution 1S the relative resolution of the extensometer.
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A.4 Repeatability

The standard uncertainty related to repeatability, up, is the relative standard deviation of the estimated relative
mean error value:

Uy = \/n(n;—ﬂ :(‘]i —5)2

where

1

n is the number of readings;

(A.6)

gi isth

g isth

A.5 Rela

The uncertair

_ |2
Uq =+Ur

b measured bias error (%);

b mean measured bias error (%).

live mean error of the extensometer system

ty of the relative mean error of the extensometer system, uq, is given by:

2 2
[t Up +Ugig

_ Ju?
A.6 Expa3

Once all the r
above), the cq
Itis recomme
degrees of frg
Hence, Uis g

Uzk-uq

where
k isth

The estimated mean relative error, E, could reasonably be expected to lie within the range:

E=qxU

+u§+u§a| +u£ +u§+u|%

nded uncertainty

blevant standard uncertainties have been allowedfor (including the other contributions men
mbined uncertainty, uq, is multiplied by a coverage factor, £, to give the expanded uncertai

edom based on the principles laid down irrISO/IEC Guide 98-3 ['] (see E.4.2, E.4.3 and (
ven by

b coverage factor;

b combined uneentainty.

(A7)

tioned
nty, U.

hded that a value of k = 2 be used, although+#% may also be calculated from the number of effective

5.4.2).

(A.8)

(A.9)

A.7 Typical values of uncertainty

In the past, measurement uncertainty was not taken into account for the purpose of classification. However, the
uncertainty should be calculated and may be taken into account. This may affect the classification of existing
extensometer systems because the maximum permissible values have not been modified.

To take the uncertainty of measurement into account, it is practical to make use of the newly defined criteria
with permissible values of uncertainty, shown in Table A.1. So, the whole range of the maximum permissible
bias error can still be applied.

12
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Table A.1 — Typical maximum values of uncertainty for extensometer systems

Class of extensometer Typical maximum uncertainty 2
system Relative Absolute
value value

U U

% pm

0,2 0,12 0,3

0,5 0,3 0,8

1 0,6 1,7

2 1,2 3,3

@ Whighever value is greater.

A.8 | An example of an uncertainty budget for an extensometer system
Calibrption of a 10 mm extensometer system in the range of 0,1 mm to 10 mm (Tables A.2, A.3 and A.4):
Elxpanded bias of calibration equipment: 0,2 ym for <2 mm; and 1,0 gm for > 2 mm
Temperature coefficient of the calibration apparatus: a = 1 x 10781/K

Temperature of calibration: 25 °C

Temperature of calibration from calibration apparatus: 20 °C

Lpng-term stability of the calibration apparatus: asgnsitivity = 4 X 104

Resolution of the extensometer system: aresolution = 0,000 1 mm

Nominal value of gauge length of extensometer Le = 20 mm

Measured value of gauge length of extensometer L's = 20,06 mm

Number of calibration runs = 2

So, the following can be calculated:

aempZSK

IS}

dtemp = 5x 10_6

Relative errofion the gauge length qr, = 0,3%

© 1S0O 2012 — All rights reserved 13
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Table A.2 — Results of the calibration of an extensometer system over the range 0,1 mm to 10 mm

Refe- | Measured Relative Measured Relative | Average of | Average | Average Relative Relative
rence value bias error value bias error | measured of of standard standard
value 1st run of the 1st 2nd run of the 2nd values relelltive absPIute uncertainty | uncertainty
run run bias bias of of repeat-
resolution ability
ur acc. (A.5) | up acc. (A.6)
mm mm % mm % mm % um % %
0,1 0,099 6 -0,40 0,100 2 0,20 0,099 9 -0,10 -0,10 0,03 0,300
0,2 0,199 4 -0,30 0,200 4 0,20 0,199 9 -0,05 -0,10 0,01 0,250
0,4 0,399 6 -0,10 0,401 4 0,35 0,400 5 0,12 0,50 0,01 0,225
0,7 0,698 8 -0,17 0,701 3 0,19 0,700 1 0,01 0,05 0,00 0,1Y9
1 0,997 9 -0,21 1,001 7 0,17 0,999 8 -0,02 -0,20 0,00 0,190
2 2,001 1 0,06 2,008 0 0,40 2,0046 0,23 4,55 0,00 0,12
4 4,008 7 0,22 4,021 9 0,55 4,015 3 0,38 15,30 0,00 0,165
7 7,042 0 0,60 7,063 8 0,91 7,052 9 0,76 52,90 0/00 0,196
10 10,064 6 0,65 10,095 8 0,96 10,080 2 0,80 80,20 0,00 0,196
Table A.3 — Uncertainty calculation for the 0,1 mm displacement of the-extensometer system
Quantity Sources of Uncertainty Probability | Divisor Standard Sensitivity Relatjive
Uncertainty contribution | distribution measuring coefficient uncerttEinty
value uncertainty contribution
u [11]
Ucal Mgasurement 0,1 um normal 1 0,1 um 0,01/ ym 1,00E+03
UA Tgmperature 5,00E-06 rectangular 33 2,89E-06 1 2,89E-06
ug Sensitivity drift 4 00E-04 rectangular. V3 2,31E-04 1 2,31E}04
up Cdirve fit 0 Single pgint 1 0 1 0,00E00
ur repolution 0,1 um rectangular V12 0,029 um 0,01/ ym 2,89E-04
up repeatability 3E-03 normal 1 3,00E-03 1 3,008-03
relative combined uncertainty 3,18E-03
expanded reldtive uncertainty (k = 2) 6,36E-03
TIabIe A.4 — Results of the expanded uncertainty for the extensometer system
Nominal value Relative bias Relative uncertainty Absolute bias Absolute
uncertainty
mm % % pm pm
0,1 -0,10 0,64 -0/ 0,6
0,2 -0,05 0,51 -0,1 1,0
0,4 0,12 0,46 0,5 1,8
0,7 0,01 0,36 0,1 2,5
1 -0,02 0,38 -0,2 3,8
2 0,23 0,35 4,6 7,0
4 0,38 0,33 15 13
7 0,76 0,32 53 22
10 0,80 0,32 80 32

14
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Annex B
(informative)

Calibration of the calibration apparatus

B.1 Procedure

Prior {o the calibration, the calibration apparatus should be exercised a minimum of two times,gver the entire
calibration range. The calibration apparatus should then be operated to generate a series of nOminal extensions
over the required calibration range, with one nominal extension close to a value of 0,33 mm [the transition
from absolute to relative performance criteria) if this lies within the range. A measurefment of egch generated
extengion should be made by the calibration laboratory, using equipment traceable, to the SI, jwith a known
uncerfainty of measurement. If possible, no adjustments should be made to the_calibration apparatus prior to
this injitial series of measurements, and if any adjustments are subsequently-made, the calibratjon procedure
shouldl be restarted. The measurement process should be repeated a minimum’ of two times, giving a minimum
of thrge series of results.

B.2 | Results and uncertainty calculation

In eagh series and at each nominal extension, the difference between the value indicated by the calibration
apparptus and the extension measured by the calibrationaboratory should be calculated. The m¢an difference
at eadh nominal extension should then be determined.

An expanded uncertainty value should then be caleulated at each nominal extension. The steps for calculating
this value are as follows.

1) Determine the standard deviation.\of the differences obtained in all of the measurement series at
the nominal extension. This value is an estimate of the standard uncertainty assocjated with the
repeatability of the calibration apparatus.

2) Determine the standard-tncertainty associated with the calibration laboratory’s melasurement of
extension at the nominal extension.

3) If the design ofthe-Calibration apparatus is such that it is unable to set a nominal extensipn but instead
displays thewalue of an extension applied to it (for example, by the use of a gauge block), determine a
standard dneertainty component relating to the resolution with which this extension can|be read. This

uncertainity component is equal to r/\/g (where r is equal to the resolution of the displdyed value).

4) Combine the standard uncertainty components determined in steps 1, 2, and (if agplicable) 3 in
quadrature (i.e. take the square root of the sum of their squares) and multiply the result by a coverage

fastor-ofe=2-

5) Perform a least squares fit (of appropriate order) of mean difference against extension.

6) Add the result from step 4 to the absolute magnitude of the deviation between the mean difference and the
value determined from the fit. This is an additional uncertainty contribution associated with the goodness
of fit which, due to its systematic nature, cannot be summed in quadrature with the other components

The value thus obtained is the expanded uncertainty associated with using the fitted value to estimate the
expected difference at this nominal extension. 95 % of measured differences should lie within the range of the
fitted value * this expanded uncertainty.

This approach is only valid when measurements are made at a sufficient number of extensions, both to avoid
the data being overfitted and to enable the use of k£ = 2 to be justified. Where only a small number of extensions
are measured, or where there appears to be limited correlation between nominal extension and measured
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differences, an alternative uncertainty determination approach should be used: follow only steps 1 to 4 above,
ignoring steps 5 and 6, but calculate the coverage factor k required in step 4 based on the effective degrees of
freedom (for example, if only 3 series of measurements are made and the repeatability is the only significant
uncertainty component, a value of £ = 4,53 is needed).

B.3 Classification

At each nominal extension, the absolute magnitude of the estimated difference obtained from the least squares
fit (or, for the alternative uncertainty approach, the absolute magnitude of the mean difference between the
extensions measured by the calibration apparatus and the laboratory’s equipment) is to be added to the
expanded uncertainty value determined in Clause B.2; the sum of these two numbers. termed the “Expanded
bias”, should hot exceed the value given in Table B.1 in order for the calibration apparatus to be classiffed for
the calibration of extensometer systems to the specified class.

Table B.1 — Expanded bias criteria of the calibration apparatus

Expanded bias of the calibration apparatus f
Glass of extensometer system Relative Absolute
value value
% pum

0,2 +0,08 +0,27

0,5 +0,20 +0,67

1 +0,40 +1,3

2 +0,80 +2,7

@  Whichever|value is greater. The expanded bias values include an element for uncertainty of measurement which was not thg case
in the previous gdition of this International Standard.

B.4 Calibration interval

The calibration interval for the calibration apparatus should not exceed 26 months.
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Annex C
(informative)

Example of a report of the calibration of calibration apparatus

General

This gnnex contains two examples of how the results from the calibration of calibration apparptus could be
presepted. Figure C.1 gives example data and an associated graph from a calibration where|the standard
uncerfainty approach is used. Figure C.2 gives example data and an associated graph from a calipration where

the alfernative uncertainty approach is adopted.
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Com-
. . . . . Stan- bined Ex-
Nominal Exp-a.nde.d Bla.s ] Difference in Readings dard Std. Unc. Stan- ] Fit |panded Ex- Classifi-
Ex- Classification Limit . of Ex- Fit panded R
X Devia- K dard Error | Uncer- . cation
tension um um X tension R Bias
tion Uncer- tainty
tainty
mm Class | Class | Class | Class Run1|Run 2 |Run 3| Mean nm nm nm Hm um Hm um
0,2 0,5 1 2
0,03 0,27 | 0,67 | 1,30 | 2,70 | -0,04 | -0,09 | -0,03 | -0,05 32 16 36 -0,01 | 0,04 0,11 0,13 Class 0,2
0,07 0,27 | 0,67 | 1,30 | 2,70 | -0,06 | 0,02 | 0,08 0,01 70 16 72 -0,01 | -0,02 0,17 0,18 Class 0,2
0,15 0,27 | 0,67 | 1,30 [ 2,70 | -0,04 | 0,08 | 0,01 0,02 60 16 62 0,00 | -0,01 0,14 0,14 Class 0,2
0,33 027 L o6z | 130 [ 270 1004 | 008 | 009 004 72 17 74 004 | 000 015 019 Class 0,2
0,60 048 | 1,20 | 2,40 | 4,80 | 0,02 | 0,21 | 0,15 0,13 97 17 99 0,12 | -0,01 0,21 0,32 Clags 0,2
1,08 086 || 2,16 | 432 | 864 | 0,19 | 0,38 | 0,34 0,30 100 28 104 0,30 | -0,01 0,22 0,51 Clags 0,2
2,08 1,66 || 4,16 | 832 | 16,64 | 0,60 | 0,87 | 0,76 0,74 136 30 139 0,78 | 0,04 0,32 1,10 Clags 0,2
3,08 246 || 6,16 | 12,32 ( 24,64 | 1,16 | 1,52 | 1,32 1,33 180 31 183 1,29 | -0,04 0,41 1,70 Clags 0,2
4,08 3,26 || 8,16 | 16,32 | 32,64 | 1,45 | 1,85 | 1,67 1,66 200 33 203 1,67 | 0,02 0,42 2,10 Clags 0,2
5,08 4,06 || 10,16 | 20,32 | 40,64 | 1,55 | 1,96 | 1,80 1,77 207 35 210 1,77 | 0,00 0,42 2,19 Clags 0,2
3.0
25
20
% 1.5
1.0
0.5
0.0 ]
0.5 4 )
0.01 0470 1.00 10.00
X
Key
X extension (mm) 4 class 2
Y difference {um) 5 readings
1 class 0,2 6 fit
2 class 0,5 7 expanded bias
3 class 1

Figure C.1 — Example of results analysis using the standard uncertainty approach
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Com-
. . . . " Stan- Std. bined Ex-
Nominal Exp-a-nde-d Bla-s ) Difference in Readings dard | Unc. of | stan- ] Fit |panded Ex- Classifi-
Ex- Classification Limit . Fit panded .
X Devia- Ex- dard Error | Uncert . cation
tension um um X X . Bias
tion |tension | Uncer- ainty
tainty
mm Class | Class | Class | Class Run1|Run2|Run 3| Mean nm nm nm um um um um
0,2 0,5 1 2
0,03 0,27 | 0,67 | 1,30 | 2,70 | -0,04 | -0,09 | -0,03 | -0,05 32 16 36 3,1 3,31 0,12 0,17 Class 0,2
0,07 0,27 | 0,67 | 1,30 | 2,70 | 0,05 | 0,02 | 0,08 | 0,05 30 16 34 3,3 3,31 0,11 0,16 Class 0,2
0,15 0,27 | 0,67 | 1,30 | 2,70 | -0,04 | -0,08 | -0,06 | -0,06 20 16 26 5,5 2,65 0,07 0,13 Class 0,2
0,33 0727 0767 530 2770 o712 0708 O t5 o712 35 t7 39 30 %53 o718 29 Class 0,2
0,60) 048 | 1,20 | 2,40 | 480 | 0,77 | 0,25 | 0,15 | 0,19 53 17 56 2,4 4,53 0,25 044 Class 0,2
1,08 086 | 2,16 | 432 | 864 | -0,19 | -0,38 | -0,34 | -0,30 100 28 104 2,3 4,53 0,47 o77 Class 0,2
2,08] 1,66 | 4,16 | 832 | 16,64 | 0,60 | 0,87 | 0,76 | 0,74 136 30 139 2,2 4,53 0,63 1)37 Class 0,2
3,08 2,46 | 6,16 | 12,32 | 24,64 | 0,05 | 0,12 | 0,18 | 0,12 65 31 72 3,0 3,34 0,24 0} 36 Class 0,2
4,08 3,26 | 8,16 | 16,32 | 32,64 | -0,45 | -0,35 | -0,05 | -0,28 208 33 211 21 4,53 0,95 1}24 Class 0,2
5,08] 4,06 | 10,16 | 20,32 | 40,64 | 1,55 | 1,96 | 1,80 1,77 207 35 210 21 4,53 0,95 2472 Class 0,2
B.0
— |
b ¢ s — s =]
P 5 4 — I_'I
—-— e 3 II.'
D 0 4 - e 4 »
X 5 | =
Y 5 4 o 6 :.’II i
.0 A
D A
O—
D.0 ¥ = !
$
D5 - / X
0.01 0.10 1.00 10.00
X
Key
X extension (mm) 4 class 2
Y difference (umm) 5 readings
1 clgss 0,2 6 fit
2 cl3ss 0,5 7 expanded bias
3 classd

Figure C.2 — Example of results analysis using the alternative uncertainty approach

© 1SO 2012 — All rights reserved

19


https://standardsiso.com/api/?name=0c6959337f8771d9f848590bc9c2cf03

ISO 9513:2012(E)
Annex D
(informative)

Examples of extensometer system configurations

D.1 General

Extensometef systems may be categorized as follows:

Type A Extensometer to be applied on the test piece without reference point on the\caliration
apparatus

Type B Extensometer to be applied on the test piece with a fixed reference point-en the calijration
apparatus

Type C Extensometer to be applied on the test piece with a movable reference point on the calihration
apparatus

Type D Combination of extensometer systems

Type E Extensometer used to measure the crosshead travel of piston—stroke. Calibration apparatus of

the machine is eliminated.

Type F Extensometer on compression plates to measuré the relative movement between the lupper
and lower plate. Deformation of the machineds eliminated.

D.2 Type A extensometers

D.2.1 Desgcription

Type A extenpometers are clamped on the,test piece and supported by it. There is no reference point pn the
loading framg of the calibration apparatus. Figures D.1 to D.3 show various designs of this type.

The extensonjeter may be positionedon the measuring system, either one-sided or two-sided. The displacement
can be read gither as separate(values or as a mean value. Figures D.1 to D.3 show one-sided systems only.

D.2.2 Caljbration procedure

The movable pnd fixed*contact points of the extensometer are placed on the movable and fixed elements|of the
calibration equipment (“divided sample” as principle). If the extensometer has two movable contact points, the
second contact-point is placed on the fixed part of the calibration equipment.

The calibrated range is set by the calibration equipment in a series of 10 stages; the applied and measured
displacements being recorded from the calibration equipment and the extensometer system output.

D.2.3 Determination of the extensometer nominal gauge length L¢

The extensometer nominal gauge length, L, is verified using a calibrated plug gauge.
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Figure D.1 — Extensometer with a.pivoted contact point
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Figure D.2 — Extensometer with a flexure contact point
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Figure D.3 — Extensometer with a guided contact.point in linear bearing

D.3 Type B extensometers

D.3.1 Desgcription

Type B extengometers have two movable contactpoints or optical sensors mounted on the test piece whjle the
reference point is on the frame. The sensors are“aligned with the test piece gauge marks and are displaged as
extension ocdurs.

Figures D.4 t¢ D.8 illustrate various designs of type B extensometers.

Elongation is|the difference in length’between the contact points G and H caused by test piece loading. As
the test piecq is held at one endyby a fixed grip and at the other by a movable grip, elongations /1 and|l> are
unequal. Two|absolute measurements or one differential measurement are carried out and /4 is calculafed as
the differencqg I — /1.

D.3.2 Caljbration“procedure

D.3.2.1 Assumptions

For a given distance between grips, S, and an extensometer nominal gauge length, Le, and assuming that the
extensometer is mounted at equal distance between the grips of the calibration equipment and that the strain of
the test piece is uniform, the ratio of displacements of the upper and lower blades of the extensometer should
be calculated as follows:

12_S+le

_otle D.1
i S—Lg (B4)

D.3.2.2 Procedure

To verify the performance of the blades individually, place the blade to be verified on the movable part of the
calibration equipment and the other blade on the fixed part or if an optical extensometer is being verified, on the
gauge marks. For a given verification range, a series of 10 measurements for each blade is to be carried out
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individually. The relative bias error of the extensometer is then to be calculated for each measurement point by

deducting
EXAMPLE

the displacement of the lower blade from the displacement of the upper blade.

Verification range =2 mm

Distance b

etween grips, § =150 mm

Extensometer nominal gauge length, Le = 80 mm

lp _150+80 329 3

L,_150-80 1 1

=1

If an gxtensometer with two non-averaging transducers (see Figure D.5) is to be verified, a furth
proceflure should be carried out to check whether both transducers have the same degree of a

blade$ sh
discrete d

The chplibration procedure may be simplified by using calibration equipment with two movable p
the rafio of displacement /2 / /1 may be previously set.

D.3.283

The extensometer nominal gauge length Le, can be measured by placing the extensometer
piece|(e.g. copper or cardboard) in such way that the/blades of the extensometers leave their ma
extengsometer is removed, the distance between the marks should be measured.

I4=3 mm;

mm

er verification
ccuracy. Both

ould be placed on the movable part of the calibration equipment an@-the equipment use¢d to carry out

isplacements. If both transducers behave identically, the apparatus'should read O.

Determining the extensometer nominal gauge length between ¢

arts on which

bn a soft test
rks. Once the

If the pauge length of an optical extensometer is to be measured, a device should be used to npake marks at

desirdd intervals on the test piece. In orderio verify Le, the distance between the marks may be
the dqvice itself (e.g. by using a micrometer gauge).

ly

Figure D.4 — /> and /4, ratio, distance between grips, S, and nominal gauge length, Le
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gure D.5 — Extensometer with two blades and two non-averaging transducers
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Figure-D.6 — Extensometer with two blades and a differential transducer
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Figure D.7 — Extensometer with two guided blades.and two non-averaging transducers

NIN

Figure D.8 — Extensometer with two guided movable blades and one differential transducer
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D.4 Type C extensometers

D.4.1 Description

Type C extensometers are provided with two movable blades which are displaced as a consequence of test
piece elongation. As the tensile stress increases, the blades move apart leaving the transducer at the centre
of the test piece.

The movement of the blades may be guided by a roller or by a servomotor which is controlled by the strain or
by the travel of the crosshead.

D.4.2 Caljbration-precedure

The principle for type B extensometers applies. If, for instance, the movement of the blades is linked to g roller
(see Figure D|9) and the displacement (travel) of the crosshead is equal to s, then the displacement of the|blade
is equal to s/4.

If the extensgmeter has been clamped at an equal distance between the grips of the_calibration equigment,
then /4 equalg /o.

D.4.2.1 Determining the extensometer nominal gauge length

See D.3.2.3.
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Figure D.9 — Extensometer with two blades and movable reference point

D.5 Type D extensometers
This type of extensometer combines a series of characteristics provided by different systems. The extensometer

illustrated in Figure D.10 is provided with a leaf spring for microstrain measurements. Beyond a certain strain
level, a displacement transducer is used for averaging measurements.
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Figurg D.10 — Combination of extensometers of type A (cf. Figure D.2) and type B (cf. Figures$ D.7 and D.8)

For specifications regarding the test principle and accuracy of extensometer nominal gaugg length, see
D.2.2land D.2.3.

D.6 | Type E extensometers

D.6.1] Description

Type E extensometers are used totneasure the piston stroke of hydraulic testing machines or thie travel of the
crosshead of mechanical testing machines. Owing to the location of the transducers, strain measfirements may
be falgified by deformation occurring in the loading frame, by load application, or by the force meaguring system.

D.6.2| Calibration.procedure

Verifigation is to bg.carried out using a transducer and measurements are either taken continuously (e.g. using
a dialjgauge) of.in'stages (e.g. using gauge blocks).

D.7 | (Fype F extensometers

D.7.1  Description
The transducers are clamped on the compression platens of the loading device and used to measure the

change occurring in the distance between the platens. Although a deformation of the loading frame is unlikely,
measurements may be compromised if the compression platens are bent.

D.7.2 Calibration procedure

See D.6.2.
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Figur

b D.11 — Transducer used for strain measurements betweerni.compression platens
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Laser extensometry
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E.1 Laser extensometer working principles
A set pf at least two coding stripes are printed on the test sample. A laser beam driven by a rot:liting deflector
scans| continuously along the main axis of the sample. Diffuse scattering or reflection of the\a
place jon the stripes and is detected by a photo-receiver (see Figure E.1).
/:_ S
— \
G u
/f \:: \\ —
1 3 | |_
|
\
|| 2
Key
1 scpnner
2 sample with contrasting stripes
3 regeiver
4 pgrsonal computer with multi*stop-counter
Figure E.1 — Working principle

In addition, the‘speed of the rotating deflector is measured. From the time behaviour of the dete
crossgs the {WO stripes, and with the known speed of the deflector, the length of the distance b
two mlarks.is calculated.

ginning of the

experiment for the unextended test piece. On the basis of changes in strain, the extension or compression
between the coding stripes is measured as percentages or absolute values. These measurement results are
available as analogue or digital values.
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Figure E.2 — Measuring principle

Through the yse of laser scanners in the visible range, the area to be scanned can be regulated with the paked
eye. For coding,taped stripes contrasting to the background are applied at fixed distances, or paint or [layers
of powder is gprayed on using templates.

E.2 Calibration possibilities and influences on laser scanners

Basically, laser extensometer scanning can be calibrated with the usual calibration methods (gauge blocks,
mechanical and optic measurement sensors, interferometric methods) as with mechanical displacement
gauges. This is carried out as with the calibration of mechanical pick-ups between a fixed and a movable
element or two movable ends of a calibration device, which are positioned in discrete increments. At least one
coding stripe is placed on each of these fixed or movable elements. The measurement deviations are thus
determined as absolute or relative deviations from the position in the scanning area.

In addition to these static errors, there are a series of further influences which are produced by the operational
behaviour of scanners, receivers and their environments. These include the trigger behaviour of the
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electronics, the contrast of the coding marks, the influence of constant or alternating light, air turbulence and
electromagnetic induction.

The measurement of these influences consists in measuring the behaviour of the scanner when the test piece
is at rest. In this case, the statistical behaviour of the measurement of stripe positions is analysed. Under
optimal conditions, the distribution for the entire measurement system should thus not be greater than a value
corresponding to a deviation of £ 1 base unit of the timing device of the scanner.

A significant parameter for the scanner is the maximal scanning rate and the speed at which the laser beam
travels over the surface of the test piece. Together with the frequency of the timing device and the local movement
of the coding stripes in the direction of the strain, these provide the dynamic error in the measurement. These
can be determined through calculations and minimized by means of compensatory functions.

Furthlr influences are produced by the scanning principle utilized, and are described in Clauseq E.3 and E 4.

E.3 | Laser extensometer of the angular scanner type

E.3.1l Working principle for the angular scanner

pa

Key

1 stfain

2 contrasting stripes
3 longitudinal strain
4 lateral strain

5 scanner

Figure E.3 — Working principle of the angular scanner

The laser extensometer of the angular scanner type operates as follows: at least two, or an entire set, of
measurement markings are positioned on the unextended test piece. The laser beam is directed on to the
central point of rotation of a rotating mirror or polygon and deflected radially from this point over the test piece.
At the markings which are positioned on the test piece, the laser light is either scattered in a diffuse manner
or reflected in a focused manner. The receiver analyses this light, determines die reference length(s) on the
unextended test piece and then the changes in length and in the case of several markings, their distribution
under the impact of the forces being tested. An additional horizontally operating scanning centre simultaneously
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determines the lateral expansion if required. In the case of an angular scanner, the test piece must be level and
the working distance to the test piece must remain constant during the experiment.

E.3.2 Angular scanner, measurement values and influences on precision

Key

1 deflector ufit
2 stop-diode

3 start-diode

2 ——
|
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|
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Figure E.4 — Measurement values for an angular scanner

Figure E.4 shpws the principal measurement values and parameters produced during a measurement befween
two stripes. The following values should-be taken into consideration:

Os—s Start-stop-angle*~=/Angle between the start diode and stop diode

Os—s1 Start-stripe~1~angle — Angle between the start diode and stop diode and first stripe

Os—s2 Start-stripe 2-angle — Angle between the start diode and second stripe

Os—m Start-middle-angle — Angle between the start diode and the middle axis of the gystem

(the middle axis is positioned perpendicular to the axis of the test piece)

o5 Angle of stripe 1 — Angle between the middle axis and the first stripe
) Angle of stripe 2 — Angle between the middle axis and the second stripe
P Position of stripe 1 — Position relative to the middle axis (signed)

Py Position of stripe 2 — Position relative to the middle axis (signed)

s Distance between the centre of deflection and the test piece surface

/ Measurement length — Distance between the markings on the test piece
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The position P4 and P2 of both stripes is determined by the angle and by the distance s. The angle is measured
with the aid of a timing device. For the position of any stripe sk, the following applies

t
sk
Psk = s - tan (O‘s—s T as—m]

(E.1)

Corresponding to this equation, the following values are necessary in order to calculate the position of a stripe:

ts—s start-stop-time
ts—s1 start-stripe-time
ok—s start-stop-angle
Ok-m start-middle-angle

N

The a

working distance

psolute and the relative expansion can be determined from the position of both stripes.

The tgsting and calibration of a laser extensometer of the angular scanner type is a procedure fgr determining
the parameters specific to the device and the connection of the extensometer to the testing device. The

paraneters to be observed in this case are usually supplied by the manufacturer:

[0
N

The te
site. O
ofap
carrie

Ok—s the start-stop-angle

L —m the start-middle-angle
the operating distance from the front edge of the test piece to the scanning cent
etermining the start-middle-angle and the operating distance s from the scanning centre is d

Finciple in which a reference test with two\precisely defined contrasting stripes with a kno
H out parallel to these and perpendicular;to the optical axis, and is measured by the angular

e

sting, and if necessary, the readjustment and measurement of the start-stop angle, can be garried out on-

pne by means
vn distance is
scanner. Each

measIrement produces two stripe positionls and a distance between stripes. On this basis, regpective start-

middl

angles are determined and optimized for all measurements by means of a statistical procgdure.
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Figure E.5 — Parallel scanner, many stripes

ensometer of the parallelyscanner type works as follows: at least two, or an entire §
markings are positioned on the unextended test piece. The laser beam is directed on
bf rotation of a rotating horizontal glass flat. During entry and exit, the laser beam is refrag
planes of the opfical flat, which results in respective identical refractive angles. By the rg
flat, the laserbeam is deflected in parallel to itself and thus moves over the test piece.
ned on the test piece, the laser light is either scattered in a diffuse manner or precisely refl
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Figure E.6 — Parallel scanner measurement values

Figur¢ E.6 shows the principal measurement-values and parameters produced during a measurement
betwgen two stripes.

The calculations for a parallel scanner are tTather more complex than those for an angular scanner) Furthermore,
the significance of the “start-stop” angle and “start stripes” are not easy to determine.

As forl the angular scanner, the. deflector unit is attached to a “rotating element”. This rotating element should
posseiss a “neutral position”( This is the position in which the beam is not deflected, when it passés through the
opticzl flat. This is in fact\{he case if the edges of the optical flat are positioned parallel or perpendicular to the
optical axis. In the aboev&lillustration a situation is depicted, which is arrived at from a mathematically positive
rotatign along the angle agk from the neutral position. Through the “appropriate” rotation of the deflector unit,
the lager beam can-be directed onto the start diode or the stop diode. The angle which the defl¢ctor unit thus
forms|corresponds to the “start-stop angle” of the calibration parameters.

As fon thelahgular scanner, time measurement begins when the laser beam reaches the start giode. @z now
depicts‘the angular velocity of the deflector unit. This, on the other hand, remains constant.

The following parameters are required for the calculations:

Os—s start-stop-angle
Ols—s1 start-stripe 1-angle
Os—g2 start-stripe 2-angle
Os—m start-middle-angle
o1 angle of stripe 1
Qas2 angle of stripe 2

© 1S0O 2012 — All rights reserved 35


https://standardsiso.com/api/?name=0c6959337f8771d9f848590bc9c2cf03

	CVP_Secretariat_Loca
	Annex D
(informative)

Examples of extensometer system configurations
	Annex E
(informative)

Laser extensometry
	Annex F
(informative)

Video extensometry
	Annex G
(informative)

Full field strain measurement video extensometry
	Annex H
(informative)

Calibration of a cross-head measurement system
	Bibliography
	Foreword
	Introduction
	1	Scope
	2	Terms and definitions
	3	Symbols and designations
	4	Principle
	5	Calibration equipment
	5.1	Calibration apparatus
	5.2	Calibration traceability
	6	Pre-calibration inspection
	6.1	Objective
	6.2	Records of the inspection
	6.3	Identification of extensometer system elements
	7	Measurement of extensometer gauge length
	7.1	Fixed gauge length extensometry
	7.2	Variable gauge length extensometry
	7.3	Non-contacting extensometry
	7.4	Extensometer gauge lengths established using setting gauges
	8	Calibration process
	8.1	Environmental considerations
	8.2	Position of the extensometer
	8.3	Calibration increments
	8.4	Calibration process
	8.5	Determination of the characteristics of the extensometer system
	9	Classification of the extensometer system
	9.1	Input data
	9.2	Analysis of the data
	9.3	Classification criteria
	9.4	Assessment of the results
	10	Uncertainty determination
	10.1	Uncertainty of the calibration
	10.2	Uncertainty budget determination
	11	Extensometer system calibration intervals
	12	Calibration certificate
	12.1	Mandatory information
	12.2	Data presentation
	Annex A
(informative)

Uncertainty of measurement
	Annex B
(informative)

Calibration of the calibration apparatus
	Annex C
(informative)

Example of a report of the calibration of calibration apparatus
	Annex D
(informative)

Examples of extensometer system configurations
	Annex E
(informative)

Laser extensometry
	Annex F
(informative)

Video extensometry
	Annex G
(informative)

Full field strain measurement video extensometry
	Annex H
(informative)

Calibration of a cross-head measurement system
	Bibliography

