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Traceable measurement capabilities for monitoring thermocouple
performance
Overview
This project brings together experienced European NMIs in Turkey, The Czech Republic, Hungrey and Norway
with emerging Balkan NMI’s in Bosnia and Herzegovina, Bulgaria, Croatia, Moldova, and Montenegro to share
knowledge and create improved capabilities in thermocouple traceability between 232 °C to 1084 °C. Novel
practical methods for introducing easy-to-use integrated miniature fixed point cells in thermocouple and dualtype thermometers and heater arrays for determining in-situ thermocouple drift will be developed. Increased
NMI capabilities resulting from this project will support improved temperature measurements important
forproduct quality, maximising process efficiency and optimising energy management throughout European
industries.
Need
The petrochemical, glass, power generation, food and automotive industries operate in the range from 232 °C
to 1100 °C, where temperature measurement and control all rely on accurate temperature measurements.
Thermocouples are widely used to measure process temperatures and their performance is critically
dependent upon uniformity of physical and chemical properties along the length of their thermal elements. With
use, thermocouples lose homogeneity through heat, chemical exposure, or mechanical damage, causing the
measured voltage created by the Seebeck effect to differ to calibration values, resulting in an error and severely
reducing temperature measurement accuracy.
For high precision calibration, primary and secondary calibration laboratories are required to determine the
inhomogeneity of thermocouples. Unfortunately, standardised, easy-to-use methods and devices are not
currently available for this task. At the top-level primary laboratories, new and extended traceable
measurement methods and devices are needed, that will provide confidence in the verification of thermocouple
performance.
Knowledge of the lifetime and drift of thermocouples in industrial applications is not very well known and
usually, thermocouples are periodically replaced to ensure continuity in process control quality. However, it
can often be very difficult for the user to detect inadequate thermocouple performance. There are no
standardised traceable methods that would enable thermocouple performance verification in-situ. The stability,
homogeneity, and drift of thermocouples have been investigated throughout several EMRP and EMPIR
projects: 14RPT05 Eura-Thermal, 14IND04 EMPRESS, SIB10 NOTED, etc. However, more comprehensive
work on this topic is still required.
This project will develop novel methods and techniques, traceable to the ITS-90 that will significantly improve
knowledge on drift and homogeneity as well as confidence in the verification of thermocouple performance for
primary and secondary calibration laboratories. Eventually, it will lead to a decrease in the uncertainty of the
measurement of temperature by thermocouples and, as a result, the efficiency of industrial processes will be
increased.
This project will substantially contribute to building the capacity of emerging European NMIs capabilities in the
field of temperature measurement. In particular, through collaboration in this project on the design of new
temperature measurement methods and equipment using thermocouples to achieve higher accuracy and
lower uncertainties. The project will help to promote greater consistency in temperature metrology at the
European level and will enable less experienced EURAMET member country NMIs to gain the knowledge and
experience necessary for active participation in future temperature measurement research projects.
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Objectives
The overall objective of the project is to develop novel methods and techniques that will significantly improve
knowledge and facilities that will provide confidence in the verification of thermocouple performance and
improving temperature measurement and control capability. The project will contribute to establishing low
measurement uncertainty and reproducible process control in Europe.
The specific objectives are:
1.
To develop and test novel methods and devices for the monitoring of thermocouple drift in-situ in the
temperature range up to 1100 °C. These methods have to be suitable for implementation in critical
industrial processes in order to assist the users in maintenance and replacement decisions.
2.
To develop and test easy-to-operate methods and instruments for the assessment of inhomogeneities
of thermocouples for secondary calibration laboratories in the temperature range from 230 °C to
1100 °C.
3.
To design and construct novel measurement facilities that can provide confidence in the verification of
thermocouple performance and to identify and quantify the range of drift of the thermocouples. The
new facilities, targeting primary calibration laboratories, should have the ability to measure the physical
changes and behaviour of thermocouples under typical conditions of production and distribution
processes with a target uncertainty of less than 1.5 °C.
4.
For each participant, to develop an individual strategy for the long-term operation of the capacity
developed, including regulatory support, research collaborations, quality schemes and accreditation.
They will also develop a strategy for offering calibration services from the established facilities to their
own country and neighbouring countries. The individual strategies will be discussed within the
consortium, with other EURAMET NMIs/DIs and with a broad spectrum of stakeholders, through
questionnaires and workshops organised in the local language. The individual strategies will lead to
an overall strategy document to be presented to the EURAMET TC-T, to ensure that a coordinated
and optimised approach to the development of traceability in this field is developed for Europe as a
whole.
Progress beyond the state of the art
At all levels of the traceability chain, from final user to the primary laboratory there is a lack of both methods
and devices for thermocouple performance metrics.
Objective 1 To develop and test novel methods and devices for the monitoring of thermocouple drift in-situ to
1100 °C
The novel devices and methods developed in the project will enable its partners and stakeholders to monitor
and test the drift of their thermocouples in-situ. These capabilities will provide the ability to measure a
thermocouple’s physical changes and behaviour under conditions of typical use, including the ability to check
performance with varying temperature conditions. This performance mapping will provide important input into
the development of standardised test methods.
Objective 2 To develop and test easy-to-operate methods and instruments for the assessment of
inhomogeneities of thermocouples from 230 °C to 1100 °C.
This project will develop competence and capacity at each of the participant emerging NMIs/DIs for primary
and secondary level metrological characterisation of base metal and platinum based thermocouples. It will also
establish validated procedures and measurement capabilities required for comprehensively studying the
parameters that cause changes in thermocouples leading to inhomogeneity and drift. A set of miniature fixed
point cells from 232 °C (Sn FP) to 1084 °C (Cu FP) of the ITS-90 will be constructed and used for the
experimental characterisation of thermocouple inhomogeneity under different thermal conditions (for example
in heat-pipe furnaces and dry-block calibrators). Moreover, in order to solve the problem of limited
thermocouple accuracy due to inhomogeneity, numerical analysis of the data obtained through the different
homogeneity, stability and drift tests will be developed.
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Objective 3 To design and construct novel measurement facilities for the verification of thermocouple
performance and to identify and quantify thermocouple drif.
Miniature fixed point cells will be combined with a newly developed phase-ratio sensing device and a Curiepoint device capable of providing longer lasting fixed-point plateaux that are suitable for drift, stability and
inhomogeneity thermocouple testing. The partners will conduct in-situ implementation in their secondary and
primary laboratories and perform validation of these new techniques.
Industrial calibration services currently have uncertainties of approximately 2 °C to 5 °C in the temperature
range 232 °C to 1100 °C. The results of this research will lead to reductions of uncertainties at secondary level
to 1.5 °C. Thus, the methods and facilities provided by this project will improve national calibration services in
participating primary and secondary calibration laboratories that are at the apex of their respective traceability
chains. Accredited and industrial calibration laboratories will therefore benefit through having access to
calibration services that are more accurate.
Objective 4 To develop individual strategies for the long-term operation developed capabilities to support SI
traceability and accreditation services
This project builds research capacity at each of the emerging NMIs/DIs through collaboration and
dissemination of knowledge between partners, including practical hands-on training delivered by experts from
developed NMIs/DIs. The knowledge acquired during the project will be used to improve the dissemination of
the ITS-90 in the participating emerging EU member states. All partners will have the opportunity to
manufacture devices developed during the project for monitoring the in-situ drift of thermocouples, thus
establishing the necessary capabilities for manufacturing these devices.
Finally, all of the project’s participants from EU emerging countries will develop a strategy for providing
calibration services using their own project upgraded facilities, in accordance with their user community needs.
Results
The results of this project will provide new sensing techniques for better control of high-value manufacturing
and other processes.
Objective 1 Development of novel low drift dual-type temperature sensors and methods for in-situ testing of
thermocouple drift
Five new designs for dual-type temperature sensors have been developed that include a monitored
thermocouple and a reference temperature sensor accommodated within a common protective sheath. 3D
modelling software was used during design to enable a clear and unambiguous insight into the assembly
geometry to aid the clarity of technical documentation. Moreover, 3D models are very useful in assisting users
wishing to adapt the design to suit their requirements. Three types of temperature sensors suitable for use as
a reference have been developed:
- platinum resistance thermometers (thin film or wirewound), which can be used in a temperature range
between -50 °C and 650 °C,
- noble metal thermocouples (with a lower rate of drift than monitored thermocouple), which can be used
in a temperature range between 0 °C and 1084 °C,
- radiation thermometer, which can be used in a temperature range between 550 °C and 1000 °C.
Currently, Justervesent from Norway has assembled and performed preliminary tests of a dual-type
thermometer, using a radiation thermometer as a reference for in-situ monitoring of type S thermocouple.
Although in the temperature range between 550 °C and 1000 °C, noble metal thermocouples and radiation
thermometers can be used, project consortium agreed that it will be worth investigating which sensor type
will give the best results. Using a radiation thermometer as a reference could be very useful for testing the
drift of noble metal thermocouples (e.g. type S, R B) later in the project.
A document containing detailed descriptions of the methods developed in this project for in-situ
determination of thermocouple drift using dual-type temperature sensors has been drafted. It includes
schematic diagrams for different measurement setups, lists of requirements for the equipment needed in
each setup, technical drawings of the dual-type temperature sensors, the algorithm for the determination of
drift based on simultaneous temperature readings obtained from the monitored thermocouple, and reference
temperature sensor.
A Research Mobility Grant Researcher (18RPT03-RMG2) is planned with an objective to assemble a novel
3-wire thermocouple and validate it’s performance using two test samples.
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Objective 2 Development of traceable novel devices and methods for characterisation of thermocouple
inhomogeneity for secondary calibration laboratories
Two designs for miniature cells, suitable for ITS-90 contact thermometry in the temperature range from the
Sn FP (232 °C) to Cu FP (1084 °C), were developed. Additional designs were also prepared that would
enable the mounting of removable miniature fixed-point cells around the hot junctions of the thermocouples.
One of these designs enables the accommodation of three different metals inside a single cell, allowing in
this way realisation of three different plateau temperatures. These were discussed and agreed by all project
partners as being suitable for the determination of in-situ drift, self-calibration and as zones of constant
temperature required for thermocouple inhomogeneity testing. The consortia discussed the new designs with
stakeholders drawn mainly from accredited calibration laboratories and several expressed their interest in
using the miniature cells for drift assessment and self-calibration. Following the discussions and agreement
on the developed designs and documentation TUBITAK, FSB and CMI will now assemble miniature cells
based on these designs and assess their performance.
A Research Mobility Grant (18RPT03-RMG1) has started with the design of miniature FP cells and
developing a novel miniature cell for thermocouple calibration, in order to implement the concept of self
calibration/validation in other calibration installations through a specific study aimed at improving the
temperature calibration facilities for laboratories providing this service. The new cells can be also used in
industry for increasing the confidence in temperature measurements performed by thermocouples.
Objective 3 Design and construction of novel measurement facilities suitable for thermocouple performance
investigation in primary calibration laboratories
Two novel devices have been designed and constructed. The first will be used for assessment of
thermocouple inhomogeneity at 260 °C by moving a miniature Curie-point furnace along the thermocouple
wires, while keeping hot and cold junctions at room temperature and recording the generated voltage. The
device is unique due to the very stable temperature of the furnace during testing, achieved by using an
induction heated metal block, made of Invar36 type ferromagnetic material, which has a Curie-point of
260 °C. The validation procedure using the novel Curie-point device performed to monitor inhomogeneity in
K type thermocouples demonstrated a fast heating period of the furnace, stabilisation without overheating,
very uniform temperature distribution, a short measuring period required for thermocouple, and perfectly
fitting homogeneity curves and high temperature stability.
Software was developed for coordinating the movement of the miniature Curie-point furnace and for
collecting and registering the data. This novel method of inhomogeneity assessment was compared with the
more commonly used method of immersion, which gives information about inhomogeneity by changing the
immersion depth of K type thermocouples in an oil thermostat. The result of the comparison show a more
sensitive inhomogeneity detection with the novel method.
The second device is used for monitoring thermocouple drift and incorporates a phase-ratio sensing
technique based on the difference of electrical conductivity for solid and liquid metals in the furnace
regulation circuitry for the realisation of ITS-90 fixed-point (FP) temperatures, from the freezing point of Sn
(232 °C) to that of Al (660 °C). This increases the duration of the freezing plateaux in FP cells, from 4 hours
to 4 weeks, making it possible to characterise thermocouple performance and to determine drift with higher
precision than previously possible.
Both these devices will be used to analyse S and K type noble metal thermocouples and the thermometers
developed in the project.
Objective 4 To develop individual strategies for the long-term operation developed capabilities to support SI
traceability and accreditation services
All partners prepared together the general structure for the individual strategy documents and adopted the
structure as a template. Partners collaborated in the preparation of the general structure and specific uptake
areas for the strategy document IMBiH, MER, BIM, BRML, INM and FSB have prepared their individual draft
strategies and future developments in temperature metrology reports. The strategy documents were
discussed during the M9 meeting, some updates and inputs were agreed for the new document for the
overall strategy for long-term development of research capabilities in temperature that will be presented at
the M27 meeting
Impact
To promote the uptake of the temperature calibration services, and to share insights generated throughout
the project, results are being shared broadly with scientific and industrial end-users. To date, two papers
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have been published in international journals, including an open-access paper in the Proceeding of 19th
International Congress of Metrology. Presentations were made at conferences, including:
Up to now the project partners have given presentations at:
•

CIM 2019, International Congress of Metrology, 24-26 September , Paris, France, and the main project
objectives have been published in the Proceeding by EDP Sciences.
• TEMPMEKO & TEMPBEIJING 2019 International Conference, 10-14 June 2019 Changdu, China.
• Symposium and Exhibition of Measurement Science, 20-22 November 2019, MMO Tepekule
Convention and Exhibition Center-İZMİR, Turkey
• 15th Laboratory Competence Conference (CROLAB 2019), Cavtat, Croatia.
• 30th International Scientific Symposium Metrology and Metrology Assurance 2020 held on 07-11
September 2020, Sozopol, Bulgaria
The Project’s website has been regulary updated with new information and project progress: http://metfortcempir.org.
In February 2020, a workshop was held in Croatia on "Temperature measurement by thermocouples", which
was attended by 29 industrial stakeholders and 13 project participants. The stakeholders were representatives
from Croatian accredited laboratories that are already working, or are planning to start working, in the field of
temperature measurements. Workshop presentations provided attendees with the basic principles of
temperature measurements when using thermocouples, uncertainties associated with thermocouple
calibrations, project objectives and activities as well as information on the project designs for dual-type
thermometers. During the workshop a discussion about the existing and future customer needs in the area of
temperature measurement was initiated. A visit to the Croatian national measurement standards for
temperature, pressure and humidity was also included in the workshop. Another workshop is planned to be
organized by IMBIH during 2021.
This project will provide a methodical approach to the development of measurement techniques and facilities
traceable to the ITS-90 at NMIs/DIs of emerging countries enabling the further develop of their expertise,
facilitating their participation in other temperature measurement research studies and broadening knowledge
dissemination relevant for high value manufacturing in participating countries.
Impact on industrial and other user communities
This project’s activities have been designed to meet the needs of industries using high temperatures to produce
petrochemicals, components for vehicles or turbines and boilers used in powerplant. Secondary calibration
laboratories, manufacturers of temperature sensors and accreditation agencies in participating emerging
countries will also benefit from the project outcomes. A number of stakeholder activities are planned throughout
the project’s duration to increase links between industrial user communities and the NMI/DIs of participant
emerging EU member states. These activities include collaboration with stakeholders during the design,
manufacturing and testing of dual-type temperature sensors and miniature fixed point cells.
Impact on the metrology and scientific communities
The Consultative Committee for Thermometry (CCT) has established a Working Group for Secondary
Thermometry (WG2) and recommends NMIs to research novel secondary techniques, based on stakeholder
needs. The CCT publication previously entitled “Techniques for Approximating the ITS-90” is also being
revised with the new title “CCT Guidelines on Secondary Thermometry”. Addressing this objective, the project
will focus on the approximation of the Kelvin in the proposed temperature range from 232 °C to 1100 °C, with
the miniature cells under development that are used for approximation of ITS-90.
Additionally, the technical roadmap for thermometry, constructed by EURAMET TC-T, identifies the research,
development and use of traceable temperature measurement as required to ensure the continued fitness and
relevance of the SI unit, the Kelvin. Moreover, the TC-T recommended that the high value manufacturing and
energy production would be improved if there were better links to traceable temperatures – in particular if in
situ traceability was widely implemented. This project, by increasing the research and development capabilities
in emerging EU member state NMIs/DIs will enable their greater participation in these efforts.
There are a high number of smaller NMIs in the consortium and their participation in this project will
substantially contribute to capacity building, particularly in the area of thermocouple calibration and the facilities
and skills required to assess thermocouple performance.
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Impact on relevant standards
This project will actively participate in key European temperature related committees such as the Consultative
Committee for Thermometry (CCT) and CCT Task Group for Guides on Thermometry, EURAMET Technical
Committee on Thermometry TC-T, EURAMET Technical Committee for Quality TC-Q, and COOMET TC1.10.
This participation will build on activities already established by the consortium, who are highly influential in
national and international metrology and standards committees and will be used to facilitate greater awareness
of the projects outcomes. The project objectives and current outcomes are presented by FSB at the EURAMET
TC-T annual meeting, that was held online in September 2020. Preparation of the report on determining the
drift and homogeneity of the thermocouples will be most closely associated with the work of CCT TG – Guides
on Thermometry and EURAMET TC-T, and these TCs will be responsible for the consideration, approval, and
publication of the reports. In addition, the consortium will promote the results of the project within the
standardisation community and will provide input into the standardisation processes.
Longer-term economic, social and environmental impacts
In regional terms, Europe has made great progress in improving energy efficiency, but further improvements
in resource management may still be achieved by improving industrial temperature measurement accuracy in
the range 232 °C – 1100 °C across all member states. Energy efficiency has implications for competitiveness,
many of which can be overcome by improved processing and reducing wastage. There are demonstrable links
between the adoption of energy-efficient techniques and economic growth and the creation of high-quality
jobs.
Establishing traceable measurements in the temperature field and collaboration in research through the
construction of miniature fixed-point cells and new facilities for characterisation of artefacts, will enable
important inputs in research, innovation and new patenting applications from emerging EU member state
NMIs/DIs as a result of the increased capabilities generated in this project.
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Capabilities for Monitoring Thermocouple Performance, Proceedings 19th CIM 2019, 18006
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