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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.
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Introduction

It is the aim of this document to provide methodologies to verify the error in indicated measurement
relative to the actual temperature of the specimen test piece. Therefore, it is essential to account for all
factors, inclusive of environmental effects; not limiting the assessment to, for example, the performance

of arecording system and the thermoelectric coefficient of a batch of thermocouple wire.

Certain types of test and advanced simulation rely on accurately controlled and rapidly changing
temperature during the test, usually synchronised with control of mechanical loading. Within the scope

of this document that would nclm”y be athermao-mechanical f:\fignp test

Where temperature varies deliberately and rapidly during the test, it is appropriate to verifythe degree

either the apparent temperature accuracy or the phase accuracy may need to be unrecessaril

of fime lag in system temperature reading. Without this evaluation (and implicitly a‘¢orrection) then

y reduced.

Thjis document has been written with the intention of using congruent language and approgch to that

us¢d for calibration of extensometers[l] and verification of force measurement(?1[3],
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Temperature verification method applied to dynamic
fatigue testing

of
Th

Th

terpperature at the point of measurement. It cannot be used to specify theé correct method or
mdasurement.

NOTE The methodologies could be found applicable to test types beyond mechanical fatigue of
thdt is outside the remit of this document.

Thiere are no normative references in this document:

Fo

ISQ and IEC maintain terminology databases for use in standardization at the following addr

3.1
test system

eq

utillised.

No
w

stdbility of temperature measurement for materials testing equipment. These procedures.ars
for|the expected use in fatigue tests on metals where these characteristics are importantyto t|

fests at high or varying temperature.

is document is for the end-to-end verification of registered value compared with “true”

Normative references

Terms and definitions

" the purposes of this document, the-following terms and definitions apply

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

lipment used~to perform the (fatigue) test during which this temperature measuremer

fe 1 taentry: This includes the gripping or fixtures, a representative specimen, the heating syster

yonse, and
specified
he fidelity

e principles set out include sufficient provision for both contacting and non-€dntacting mpethods of
tethperature measurement.

specimen
ocation of

metals, but

PSSes:

It is to be

n (all parts

ich’influence the measurement), measurement conditioning device (e.g. thermocouple conditionilllg system),
datja recording device and software.

Note 2 to entry: This verification is expected to take place on a complete test system, but it does not strictly
require the presence of the load frame provided that all parts influencing the specimen environment are held in
arepresentative configuration.

Note 3 to entry: The operating environment of the test system should be considered as part of the verification,
because changes in temperature of conditioning electronics can affect the measurement, especially if the cold
junction of a thermocouple or the detector array of a thermo-optical device is not at constant temperature.

Note 4 to entry: to entry:: Good laboratory conditions would typically be maintained by some form of climate
control, but that is not always possible and it does not guarantee to prevent local problems for specific
instruments.

©lI
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3.2
representative specimen
test piece to be used in the verification process

Note 1 to entry: It should be of the same dimensions and material as the specimen(s) to be tested. In certain cases
this may be unfeasible so a very similar geometry to that expected in the final test schedule, with comparable
conductivity and emissivity should be used. Ideally, this would be an actual test specimen, but some deviation is
acceptable, provided it does not significantly affect the heat transfer characteristics of the system.

3.3
reference system
independ¢nt measurement system to be used to verify the test system (3.1)

Note 1 to gntry: This should have a resolution at least 3 times smaller than that which will be published)for the
verification (preferably more than 5 times) and should be traceable to a certified constant reference;

3.4
resolutiop
resolutiopn of the temperature measurement system
fluctuatiop amplitude (half of the difference between maximum and minimum-indicated values) of the
noise on tr}lle indicated temperature, over a period of 30 s or 30 consecutive.readings at the intended
rate of dafa acquisition (whichever is larger)

Note 1 to eptry: expressed in K or °C.

Note 2 to pntry: Stated for specific temperature test point(s),or may be described as a function of indicafed
temperatufe.

3.5
bias erroy
bias error of the temperature measurement system
differencq between indicated temperature and reference measurement, for the mean average of valyies
measured over 30 s or 30 consecutive readings<at’the intended rate of data acquisition (whichever is
larger) at fonstant temperature

Note 1 to eptry: expressed in K or °C.

Note 2 to gntry: Alternatively, the average' of values during one complete loading cycle may be used for sloyer
isothermal cycles, whose duration exceeds 30 s.

Note 3 to entry: Stated for specific temperature test point(s), or may be described as a function of indicafed
temperatufe.

3.6
measurement drift
maximum variation between indicated temperature and reference measurement, during| a
representptive¢est period

Note 1 to ephtry: expressed in K or °C.

Note 2 to entry: Stated for specific temperature test point(s), or may be described as a function of indicated
temperature.

3.7

time lag

delay, between a known change in specimen temperature and the resultant change in indicated
temperature

Note 1 to entry: expressed in seconds.

Note 2 to entry: This determination is made on the basis of delay in rate of temperature change, thus requires a
method of heating capable of significant changes in specimen heating rate within a few seconds.

2 © IS0 2022 - All rights reserved
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stabilisation time
amount of time after a change in temperature ramp rate, during which the combination of heating
system and measurement device leads to an additional level of error in reading

:2022(E)

Note 1 to entry: This is pertinent to variable temperature tests (typically thermo-mechanical fatigue) where
certain combinations of temperature control system and measurement device can lead to a temporarily unstable
or significantly inaccurate measurement, at points when there is a significant change in heat flow into or out of
the specimen. It will generally not be relevant to isothermal test scenarios.

3.9

in kitu verification

vel

ification performed with the complete test system (3.1) in a fully assembled state, with

coiponents which will be present in the test

No

No
int

Fid
in
ob

fe 1 to entry: including (but not limited to):
Mechanical grips or other fixtures used to introduce loads to the specimen
Furnace or temperature chamber or other environmental enclosure
Transparent or open ports used to allow access to for other monitoring-or measurement devices
Baffles or wadding used to prevent unintended convective heat loss
Shields or sheathing or other materials used to protect transdugers
Cooling systems such as fans or water circulators
Transducer extension cables

fe 2 to entry: The purpose of using a fully représentative verification is to capture errors wh
roduced by “parasitic” heating or cooling effects’en the measurement device.

Measurement behaviour

ure 1 provides a schematic représentation summarising the characteristic behaviours
this document, as described by the terms defined in 3.4 to 3.9, in the context of how they
served during a ramp-dwelDtest.

hll system

ch may be

f interest
would be
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Annex A provides general information on common temperature measurement techniques for specimg

in fatigue
system an

5 Representative verification equipment

5.1 Ref

S: temperature

axis: time
model specimen temperature
indicated specimen temperature corresponding to madel
time lag
resolution (of the temperature measurement system)
isothermal bias error

Figure 1 — illustration of temperature measurement characteristics

htry a separate time lag will also Be present between the command signal of the temperature conf

although a similar quantificatienr method is possible.

test systems. Theselare intended to assist in consideration of techniques for both the t
d the reference system,

erence measurements

rol

the specimen temperature. This is not the same as the time lag to be measured by the methods in this

tns
est

The refer

bnee system should be r‘qpthp of prmriding a measurement whaose centre can be localis

ed

within < 2 mm from the central measurement point to be verified and should be < 1 mm where possible.
Where possible, any aspect of area-averaging should be comparable between the reference and the test

system.

The verified accuracy and resolution of the test system cannot exceed that of the reference system.
(That is to say, an isothermal accuracy of 0,1 °C could not be verified using a reference system whose
resolution is only 0,5 °C).

The reference system should be stable (or have a proven, repeatable, drift correction) to better than
1 % of reading in °C, over the duration of the verification process at the selected temperature(s). For
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thermocouple-based references, the cold junction temperature should be appropriately controlled, for

ex

NOTE

ample using a “triple point” bath or similar device.

Detailed discussion of laboratory equipment, resolution and uncertainties in the

thermocouple verification can be found in ASTM E2846[Z1.

5.2 Direct physically connected thermocouples (welded to specimen)

context of

At the time of writing, an unsheathed thermocouple, with thin wires (<0,25 mm), welded to the
surface of a specimen is generally considered the most reliable, practical method of measuring the skin

ter
fat]

Fo
of
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tes
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vel
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igue testinglZl.

" that reason, it should be acceptable to verify this type of measurement on the basis|ef a s
errors, which should include (but not be limited to) errors generated by:

thermocouple conductor composition

use of thermocouple compensating cables
conditioning electronics calibration

cold junction temperature stability

TM E2846l7Z] provides some guidance on use of this;\approach and developing an
certainty. ASTM E220019] provides a normative calibration method for an individual thet
fore integration into the test system.

cement of wires and good, clean, conductive weld points. It is necessary to eliminate sourc
F, by ensuring close interlinking of earth between specimen and test system (note that a i
t frame does not always have an earth.link to the temperature measurement electroni
l avoiding unbalanced induced current'effects from passing thermocouple conductors neat
ctromagnetic fields.

t all possible, the system should be subject to a full in situ verification, even if freque
ifications are performed on.system components off-line.

3 Contacting thermocouples and other contacting devices not welded to spec

ull in situ verifieation should be performed if a contacting device is used (as opposed tg
rmocouple).

ny fatigue tests are performed using temperature “probes” contacting the specimen, but n
Lhe surface (see Annex A). This can take the form of:

a‘sheathed thermocouple, whose tip is gently spring-loaded against the surface

for use in

lmmation

expanded
mocouple

is method of determination is not infallible anid great care should be taken in ensuripg correct

es of stray
techanical
Cs in use),
" to strong

nt partial

men

a welded

ot welded

an unsheathed thermocouple, bead welded and tied onto the specimen

an unsheathed thermocouple, with its junction point held against the specimen by tensioning the

wires

other devices and placement methods

This can be a more practical solution than welding, due to the fact that it allows the measurement
location to be placed within the parallel length or gauge length, without, in theory, interfering with
the surface condition of the specimen (which the normative references mentioned in this document
require to be tightly controlled). Furthermore, performing a good, clean thermocouple weld demands
considerable skill on the part of the operator. However, in this case, environmental effects could add
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significantly to the total error. For example, the insulating effect may be measurable if a binding of
ceramic cord is used to hold the probe in place.

5.4 Non-contacting thermo-optical devices

A full in situ verification should be performed if a non-contacting device is used. If not, then the
verification should be performed with an optically equivalent path (i.e. apertures and lenses) between
source or target and detector.

Calibration methods and guidance on use of this type of equipment may be found in ISO 10880[11] and

ISO 18251

5.4.1 Constant emissivity coatings

In the cas

a similar methodology to that given in 5.2 for welded thermocouple systems is acceptable. In this c

a summat
from:

— varial
— black
— trans
—  viewi
— refled

Nonetheld
the surfa
this happ
specimen

NOTE
practitione

542 N

For some
condition
resulting

S ASTM E 1933t defines a normative method for Measuring emissIviTy.

e that an infrared camera or pyrometer system is in use with a constant emissivity coati

ion of errors should be used, which should include (but not be limited to) ertors identifia

ility in coating emissivity and thickness
body transducer calibration

Jucer element temperature stability

hg angle of surface

ted radiation from other sources

ss, care should be taken, since problems can‘occur with coatings due to disbonding fr
e and flaking under high strains or prolonged exposure to very high temperature. W}
ens, the coating will no longer retain the same relationship to the bulk temperature of

Use of a coating over the entire specimen surface will affect the result of a mechanical test and

htive surfaces

ng at test temperature under an oxidising atmosphere. This can provide a stable oxide lay
in constant emissivity needed for reliable readings. However, this is not always reliable

reasons i
due to hig
beneficial
during a tp

cluding: change in chemical composition; change in layer thickness; roughening or spall
h strains“or prolonged exposure to very high temperature. Pre-oxidised surfaces may
for some tests, but in general, it cannot be assumed that it provides guaranteed stabil
st.

r needs to consider whether it affects how representative or comparable the data generated will b¢.

l’lg,
hse
ble

en
he

the

tests, a native surface’may be usable, typically oxidised prior to mechanical testing by pjre-

er,
for
ng
be
ity

6 Basicisothermal verification methods

6.1 Equipment set up

For isothermal verification in situ, the test system should be set up with a representative specimen,
in the intended test configuration. This should include any data acquisition features in hardware or
software, which could affect the measurement performance, such as expected signal range, data
acquisition rate, or signal filtering.
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The temperature control system should be set to maintain the temperature at the required target,
the specimen heated to that set point and a suitable soak period allowed before commencing the
measurement procedure.

6.2 Measurement of system resolution

At a stable temperature, data should be collected from the test system for not less than 30 s or
30 consecutive readings (whichever provides the larger sample).

System resolution should be declared as the amplitude [(maximum - minimum)/2] of this data set.

6.3 Summation of component bias errors

Idgntify the measurement system components or blocks which can be measured -and aftribute a
component bias error to each and a component resolution for the digital signal eonditioning and data

ac
m4
/o)
fol

Th

uisition. These may be measured directly off-line, or in situ, or it is acceptableto use a do
nufacturer’s specification. Data acquisition system error may be assessed by use of a high
tage source to simulate the designated thermocouple output at the temperature(s) of intg
owing the procedures in 6.2 and 6.4 of this document.

e estimated system resolution and system bias error should bé:the summation of all the

component values at the temperature(s) of interest.

Fo
in
us

- thermocouple-based measurement systems, it is acceptable to use the procedures for v
h calibration laboratory that are laid out in ASTM E2846,I7] but note that this does not m4
e of the same signal conditioning and data acquisition-électronics. These should be accoun

should the influence of thermocouple attachment tothe specimen.

6.4

At
%
%

Sy
thd

6.5
For

sp
as
the

| Single point measurement of system;bias error

a stable temperature, data should be cgllected concurrently from the test system and the

tems.

stem bias error should be deglared as the difference between the mean of the test system
mean of the reference system data.

b Multiple point assessment of resolution and bias error

ecimen temperature. Therefore, for verification of systems intended to run at varying tem
eries of no‘fewer than 3 single-point readings may be taken, as detailed above, and a cury
relationship with temperature.

If

ore than 5 single point readings are collected and a function can be identified with a ¢

co¢ffivient better than 0,98 then this relationship may be declared. If fewer than 5 points arg

cumented
precision
rest, then

identified

brification
indate the
ted for, as

reference

tem for not less than 30 s or 30 consekutive readings (whichever provides the larger sample) on both

data from

some measurément systems, both resolution and bias error vary as a continuous fiinction of

beratures,
e fitted to

prrelation
available

or if a good correlation cannot be identified, then a simple straight line should be applied such that all
data points fall below it (i.e. the resolution or bias deduced from this line for any given temperature will
ensure a conservative value in an uncertainty budget).

This pair of functions may be used to estimate the system resolution and bias error at intermediate
temperatures. They should not be used to extrapolate to temperatures lying outside the range of single-
point data available.

This clause should not be used where measurement drift (as per 6.2) exceeding 2 °C or 2 % of reading
in °C (whichever is greater) is expected to take place during the time required to conduct the full series
of verifications.
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7 Evaluation of long term measurement drift

7.1 Single point method (Post-test measurement)

For the best confidence in the achieved accuracy of measurement during a test (single or series) of any
significant duration, the isothermal bias error verification (Clause 5) should be performed immediately
before and after the test.

Note 1 In the context of isothermal fatigue testing, the consideration of a significant duration typically
would be exceeding 100 h. However, some combinations of test piece and measurement device might only cause
readings t¢ dTiit significantly with a much [onger or a much a Shorter time span.

The isoth¢rmal temperature achieved for the post-test verification should be within £5 °C of thatused in
the origingl verification, according to the reference measurement system. This provides some/atityde
for the effectiveness of the temperature control system, while retaining a comparable measurement
point. Thd measurement drift should then be determined as the difference between the‘measurement
accuracy ¢leterminations before and after test.

The singlg point drift value should be used only as a contribution to the total measurement uncertaipty
for test conditions. It should not be used to make corrections to recorded data!

Note 2 This evaluation would not generally be feasible for every test. It has advantages in terms of certaipty
of what hag happened during the specific test of interest, and using a simplerassessment, only when needed. The

key disadvpntage is that it provides no information on the time distribution of'the drift; that is to say that 90 % of
the measufement drift might have occurred during the first 10 % of the test time.

7.2 Time profile method (System assessment)

For a gendral assessment of drift, a representative specinien and measurement system may be subjected
to a serie§ of verification measurements during one ¢ontinuous period held at temperature (or cycled
for thermp-mechanical fatigue systems).

The température verification point used should-be maintained within +5 °C for all data included within
the profile. Each measurement drift point'should be determined as the difference in measurement
accuracy ¢leterminations relative to the initial accuracy at test start.

The drift|profile may be used tomake corrections to the data record of a test conducted undler
comparablle conditions.

8 Verification of dynmamic temperature measurement
8.1 Time lag

8.1.1 C¢ntinuous ramp method

This method requiresa mnlfipln pointassessment of biaserror ('—'i ?) to have been conducted

The temperature control system should be set to a moderate ramp rate, such that both test system
and reference system are capable of recording at least 10 readings per 5 °C of temperature increase or
decrease. Data should be collected continuously by the test system and the reference system.

The bias error vs temperature relationship determined as per 5.2 should be used to correct the test
system data. The data from the reference system should be used to identify a section of the data where
temperature changes linearly with time over a range of at least 20 °C; time lag can be determined as
the time difference between the when the reference system data and the corrected test system data
crossed the midpoint of this temperature range.

8 © IS0 2022 - All rights reserved
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8.1.2 Turning point method

This method requires a temperature control apparatus which is capable of significantly vari
rates in temperature.

2022(E)

able ramp

The temperature control system should be set to a suitable ramp sequence, consisting of at least two

consecutive ramp rates at whose temperature time gradient differs by at least a factor of 2

(this may

be in the same direction, or ramp then dwell, or reversing). The rate and duration should be such that
both test system and reference system are capable of recording at least 30 consecutive readings during
each ramp stage Data should be collected contmuously by the test system and the reference system.

The time lag should be declared as the time difference between the turning point‘absery
reference system and that observed by the measurement system (a schematic representatiol
sh¢own in Clause 4, Figure 1).

NOTE This approach to time lag determination could also be applied tothe“lag between t
cotnmand and the resulting change in surface temperature, but that is outsidesthe’scope of this dod
otHer complications can be generated by the control and heating devices.

8.2 Stabilisation time

Ceftain combinations of temperature control system and medsutrement device can lead to a te
unktable or significantly inaccurate measurement, at points when there is a significant chan
flow into or out of the specimen.

The stabilisation time should be determined as:the’ time between the identified turning

temnperature command signal and the re-establishment of a constant time lag or bias error.
NOTE In the present version, this document\does not mandate a quantification of the magnitu
or under-reading. The reader is advised that™use of an alternative measurement method is likely

sinpplest solution. However, if this is not feagible then it can sometimes be possible to introduce correc
temperature control waveform, if the behaviour is sufficiently repeatable.

9 | Reporting

The report should include the following information as appropriate to the verification:
—| Test system bias.error, at specified temperature(s)

—| Test system-resolution, at specified temperature(s)

— | Test system drift, at specified temperature(s)

—| Testsystem details

tmg rates,

ed by the
h of this is

he control
ument and

mporarily
ge in heat

point in

de of over-
to be the
Fions to the

— | _Reference system details

— Heating system details

— Specimen geometry and clamping method details

— Specimen material(s)

Additionally, a report for dynamic temperature measurement should include:
— Test system time lag

— Lag time determination conditions and method used

— Test system stabilisation time, at specified temperature(s)
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Annex A
(informative)

Specific considerations for specimen temperature measurement

A.1 Thermocouple attachment methods

A11 D

This has been shown to be a highly reliable method of taking specimen temperature measurements us

thermoco

temperatyre control systems.

The key 1

during fatigue tests

rectly welded to specimen

iples. Equipment manufacturers recommend this, especially for feedbackymeasurements

ng
for

isk is that welding will lead to unacceptable surface damage to-thié specimen. Additionally,

spot weldjing of thermocouples is a moderately skilled task, which is stillkmore challenging for small

specimeng

Guidance

A.1.2 Sheathed thermocouples

In a signi
specimen
so operat

This apprpach could perform poorly in verification according to this document . In broad terms t
would terld to be caused by the thermocouple sheath experiencing more effective heating as well

lower con

A.1.3 Welded bead tied’to specimen

This appr

It permitq the usef. to benefit from the low thermal mass and lesser susceptibility to parasitic effe
which are| available by direct spot-weld, but with minimal risk of introducing damage to the specinj

surface.

operator gKill, with consequent effects on repeatability.

P .

pach is a compromise between welding to the specimen and using a self-supporting desi

owever, the efficacy of contact with the specimen can be quite variable and dependent up

is provided on appropriate placement and wire separatien’in the European Code of Practiice
for TMFI2]

Ficant number of cases, laboratories performing high volumes of isothermal tests on smnjall
5, prefer to use thin, sheathed thermocouples. They can be self-supporting and mallealle,
brs perceive them to be robust and easy to re-use and to put in contact with the specinjen
surface. Typically, the tip is held against the specimen by the elastic flexure of the sheath, or in so
cases a stiffer device is used with a spring-loading system.

me

his
as

Huctive losses compared with the specimen. The user should anticipate that these effects will
vary signifficantly with both tafget temperature and with specimen size.

on.
cts
en
on

A.2 Parasitic effects on reading

Protruding thermocouple wires can cause over-reading during heating, especially if large diameter
conductors or metallic sheaths are used, due to the effects of additional heat absorption and conduction
into the thermocouple junction. Additionally, the thermocouple wires can shield the specimen from
cooling air blast resulting in the measurement not being representative of the entire specimen. This
effect is of particular concern when using radiant lamp heating systems and air blast cooling for cyclic
temperature control, such as for thermomechanical fatigue[14],

10
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