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Extensometersalso called strain transducers or strain sensors, are measuring devices ﬁ
used in materials testing to measure the change in length or width directly on the material ¢ B
sample. The strain is determined on the basis of the deformation of the material. —
StrainA & (GKS YSIFadaNBYSyid OKFyySt i&)Nvlth&esykéééN;ll_ IR )

to the initial length ¢) of a body under load (shortening or lengthening). —r

(@ ... gauge length after fracture).

The test temperature must be taken into account, as temperature changes also resultin = = = &
thermal expansion/shrinkage of the specimen.
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If the dimensions of the body increase, as in the tensile test, this is called
positive elongation or stretching/extension. In the reverse case, for example in
the compression test, it is called negative elongation or compression. Yy

www.hegewald-peschke.de 3



Hegewald & Peschke Definition

N@» MeB- und Priiftechnik GmbH

i
In order to be able to fully describe the load on a tension rod, the
transverse straimust be taken into account in addition to the
longitudinal strain. If the tensile axis is designated as thgis, $
transverse strains in the-yand zdirections are at right angles to it. For |
NRPdzy R 4LISOAYSyas> d& &nleNdsefibed&SHE S &

relative change in diameter. Often the transverse strain is proportional
G2 G0KS 2y 3NddzRAYIE &GNFAY 0K

/z

The proportionality factor is called tHeoisson's ratid  and is a dimensionless quantity that is constant in
the elastic range and depends on the loaded material.

YQ i Yo
Q a
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common and particularly simple because the initial length is a constant. It is explicitly referred to as t
nominal engineering strain

So far, the change in length in relation to the initial gauge lengithés been discussed. This method is ﬁ

It has also already been mentioned that changes in the eses8on occur during a tensile test. Thus, the
specimen begins to constrict after reaching the max. tensile load (Ultimate Tensile StRehgtihis is

why plastic strain at maximum load is also calledform straind 2 FFA OA I £ £ &€ G LISNOSy il 3S
YFEAYdzy F2NDSE0

The technical stresstrain curve shows a pronounced maximum, since 4 S true fracture
the nominal stress is related to the constant initial cresstion. S hominal i

Since the total volume of the sample does not change, the true stress
can be calculated from the change in creggtion.
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The same applies to the true strain, which is based on the current timerT } :
varying initial gauge length instead of the constant initial length . L | i
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That is why it is often called logarithmic strain. [ﬁ ' 8
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Application:
Extensometers are used to determine the deformation directly on the specimen.
The measurement of the deformation is thus significantly more precise than via the crosshead travel.

All influencing factors such as the stiffness of the machine frame, set effects in the test setup like the
wedge closing effect in wedge grips do not lead to falsification of the measurement result.

Consequently, many standards, such as ISO-@862 tensile tests on metallic materials or DIN EN
ISO5271 for the determination of tensile properties on plastics, require the use of extensometers to
determine parameters such as the modulus of elasticity or the increase in the elastic straight line and
the resulting parameters such as the yield strength or the elongation at yield, etc.
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A requested results/characteristic values

A specimen material, shape/geometry and size

A measurement range

A measurement accuracy/resolution

AGSad Y2RS 60GSyarzys O2YLINBaaAzys
A test setup

A ambient test conditions

A required degree of automatization

A Test frequency and user comfort

A price and maintenance costs

www.hegewald-peschke.de
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Extensometer

Overview extensometer types

contact systems non-contact systems
tactile / mechanical optical
A 4 A 4 \ 4 A 4 \ 4 \ 4 \ 4
ClipOn extensometer Long distance|[High temperature Video Laser Specklg| Extensometer Laser
extensometer || extensometer extensometer [| Extensometer for Rebar extensometer

Lateral

Transversal

l
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contact systems

tactile / mechanical

Extensometer

Overview extensometer types

non-contact systems
optical

A 4

ClipOn extensometer

+ inexpensive solution

+ high measuring accuracy

+ vibratiorindependent

+ Emodulus determination (double
sided)

+ Strain control possible

- limited measuring range

- only for sufficiently stiff specimens
- manual application/removal

- not suitable for application till
fracture

Long distance extensometer

+ easy handlingfully/partially automated
+ high measuring accuracy

+ extended measuring range up to 1100r
+ determination of characteristic values ir
the elastic range and up to breakage

+ suitable for strain control

+ various specimen materials
(metal & rubber cutting, variable contact pressur

- not for thinnest and brittle materials

- conversion for different test modules
(tension / compression / bending)

(I

?)

Video / Laser Speckle
extensometer

+ no contact with sample necessdfylls
possible)

h+ high measuring accuracy

+ strain control possible
+ suitable for temperature chamber/oven
+ possible without specimen marking

+ longitudinal & transverse strain possiblg

+ strain distribution over entire parallel
length

- Dependent on optically stable condition
- Measuring range and resolution are
directly dependent

(n

Laser extensometer

+ no contact with sample necessary
(foils possible)

+ high measuring accura@yass 0.2)

+ suitable for strain control

+ suitable for maximum temperature
testing

+ suitable for automation

- measurement marking necessary
- setup effort- recommended as fixed
configuration for unchanged testing

- limited field of view
(for one system max. 300mm)

guantity in sales

www.hegewald-peschke.de
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ClipOn extensometer

Transversal Lateral

+ Transversal strain + Longitudinal strain

+ Class 0.2 + Class 0.2

+ Determination of vertical
anisotropy ( value) and
t2Aaa2yMQa NI GA
+ one or two measurement
points

+ (metals) Determination of elastic modulu:
E(double sided), slope of the elastic
straight linemg, proof stresRR,, yield
strengthR,

+ (polymers) Determination of tensile
modulusE, yield straing,

+ inexpensive

+ for metals and thermo plastics (flat and round specimens)

- limited measurement range

- has to be removed during test

- not suitable for brittle breaking materials like cast iron

exemplary videohttps://www.youtube.com/watch?v=W1TTjnzEwtY

K

i*

Price increases

Long distance extensometer

Transversal

+ Transversal strain

+ Longitudinal strain

+ up to Class 0.5 + Class 0.5

+ (metals) Determination of slope of the + Determination of vertical
elastic straight lineng, proof stresRR, yield  anisotropy ( value) and )
strengthR,, percentage plastic extensionatt 2 A aa 2 yMa NI u?/
maximum forceA,, elongation at fracturéh  + one or two measurement

+ (polymers) Determination of tensile points

modulusE, yield straing, strain at strength

€, hominal strain at brealg,

+ measurement range from 200mm (e.g. for metals) to 1100mm (rubber)
A suitable for metals, thermoplastics and elastomers (use rubber jaws!)
+ ideal for high test frequency and high test volume (manual, partially and
fully automated)

+ allows determination of elongation at fracture and (depending on accure
characteristic values of elasticity

exemplary videohttps://www.youtube.com/watch?v=VzB87L7JzHs
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video extensometer Laser extensometer Extensometer for rebar Laser Speckle extensomete

+ contactless measurement procedure

+ Class 0.5 + Class 0.2 + Class 1 + Class 1
. L ) + determination of strain on rebar  + Determination of longitudinal and
+ Determination of longitudinal and transversal strain : .
and rolled wires/rods transversal strain

+ measurement of tensile strain
according to DIN 488
+ software uses rips as patterns

+ suitable for tension, compression and bending tests

+ for tensile and compression tests
+ determination of slope of the elastic straight limg

+ slope of the elastic straight limag

+ i . . . .
works with natural patterns on the - specimen marking with high

specimens® normally no specimen + high resolution + no specimen marking necessary
; contrast necessary
marking necessary
+ strain control possible (low + strain control possible (high + extensometer especially for
sampling rate) sampling rate) measurement of rebar steel with rips

+ Suitable for combination with furnaces and temperature/climate chambers

+ large measurement range and hig - Speckle pattern is applied with

resolution/accuracy possible with Laser (Safety Class); detection takes
multiple camera systems place via camera system

20.07.2021 www.hegewald-peschke.de 11
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A Fast, reliable and accurate length measurement

T
A Insensitive to vibrations and shocks g = § =
A Defined thermal behaviour 8 & 5 g gg
Incremental A No influence on accuracy due to changes in air pressure or humidity g2 2 E ? g

-—— carrier

“

Mostly used in long distance extensometern (also in some measurment probes
and electrial drives) =

A Strain gauges are supplied with a stabilised DC current
A with additional electronics zero point of strain gauge is set

A any strain leads to change in resistance of strain gauge and brings the Tensiond resistancencreases
p \CI)VSteitts;ogrele:rl]ci?ﬁ/ out of equilibrium | | - wm e
. p ) . resistant agami ~———m_ |~ measured
strain gauge A temperature and mechanically sensitive lateral strain t &M | between
A only very small strokes (several %) - - these points

Compressioy Resistancelecreases

A Used in ClipOn extensometers

A The input signal (kinematic measurement and = angle or position) is U,
converted into a resistance change
_ _ A temp. / mechanically sensitive 3
SoEiilelnlEliflen s A supply voltage contributes to the measurement U,

A For measurement probes and as short distance measurement system in long
distance extensometers

Measuring basis is an optical measuring system: Used in:
A Accuracy dependent on wavelength A Video
A temporal comparison of image recordings or reflection information with A Laser
downstream mathematical algorithms to determine the strain. A Laser Speckle 12

Optical
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ClipOn extensometer

ClipOn extensometers are clamped to the tensile specimen prior to the test start. Usually, this type of extensometer

to determine the yield strengthR,;/ R../ Ry >/ Ry1 0/ Rosand the slope of the elastic straight line. Furthermore, it can be
used to determine the modulus of elasticity (dowuslieled). Due to the limited measurement range (e.g. <2 mm /< 25n
the devices are removed after determining these characteristic values during the test. Therefore, the term extenson
more precise than strain gauge.

In addition to MFA systems for axial strain, there are alsectlipxtensometers (MFQ) for transverse strain determination
with one or two measuring points.

+ inexpensive devices with high resolution/accuracy (Class 0.2 according 1ISO 9513 possible)
+ device is mounted directly on the specimen. Thus, no negative vibrations can be introduced into the extensometer
+ suitable for both: strain measurement AND strain control
+ suitable for utilization in temperature chambers
+ double sided version available for determination of elastic modulus
+ biaxial strain measurement (longitudinal and transversal) possible through combination of two ClipOn extensometers

- Removal of extensometer prior to specimen fracture is recommended (Mechanical stops protect against unintentional
overloading, even in the event of premature breakage of the specimen with the extensometer attached)
- not suitable for brittle breaking specimens (safety concerns) or very thin (and thus flexible) specimens due to influence by
weight/cutting edge
- not suitable for determination of elongation at fracture
- fixed initial gauge length, not suitable for variab}gISO 6892, A; zs0r Ay )

aSlkadaNBYSy{d LINAYOXLIBENXAY 3l daAS 2KSFdahgzy

different versions in regards of extensometer weight, edges (round/square, metal/rubber), measurement range
initial gauge length § between 10mm and 0 mm with spacers

(o)

+ suited especially for stiff specimer{metals, plastics, composites)
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Long distance extensometer

These transducers are in direct mechanical contact with the sample and can be used for extension measurement |
breakage.

Depending on the type, the devices have a high measuring resolution of up to 0.01 um. They are applied manuall

automatically before the start of the test and are used to determine elastic parameters, yield strengths, proof stres:
the uniform strain up to the elongation at break.

+ direct extension measurement
+ variable initial gauge length from 10mm (up to full measurement range)
+ excellent for tensile tests with strain control
+ large maximum measuring travel for determination of properties up to specimen break, even with soft plastics/elastomers;
also suitable for determination of elastic characteristics such as yield and equivalent yield strengths
+ Automatic attachment and removal of the measuring arms possible
+ use in temperature chamber possible (special measuring arms and slotted temperature chamber needed)
+ Different cutting systems possible (round/square; carbide/blunt/rubberised)

- Tactile measuring systencritical for brittle sensitive samples (foils, fibres)
maximum measurement range up 100 mm (minud,)

+ Depending on the test quantity, partially or fully automated systems should be used, which offer clear handling advainiag:
long distance extensometers are recommended for tests on metals and plastics where, on the one hand, the determination
elastic characteristic values is required and, on the other hand, the strain to break is to be determined. In additioafexutom
extensometers facilitate the testing process and are particularly recommended for higher test volumes.
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Features of long distance extensometers for tensile tests

Rubber knifes/edges
for plastic specimen

High strength steel double
knife edges:
one side for round specimel

—

one side for flat specimen

Various forms of
measuring arms and
measuring edges

Protected
measuring system
with electronics
and cable pull
holder with
counterweights

s

Measurement
knife ques

www.hegewald-peschke.de
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Springsystemfor
brittle breaking
specimens
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