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1. Solve specific process control problems in advanced 

manufacturing

 Heat treatment of aerospace alloys

 Casting of aerospace alloys

 Forming and forging of automotive 
components

 Industrial furnace manufacture

 Silicon processing

 Ceramic manufacturing

 Forming of Al alloys and composite 
materials

 Welding pre- and post- heat 
treatment of marine structures

 Coating of marine structures

 Internal combustion engine, gas 
turbine, and fuel development

• Driftless thermocouples and 

other contact thermometers 

(WP1,2)

• Surface thermometry (WP3)

• Combustion thermometry 

(WP4)

2. Establish traceability to ITS-90 in-situ

Start May 2015

Finish May 2018



8 NMIs

6 Companies

4 Universities

5 Collaborators

• United Kingdom

• Romania

RMG



WP1 Low-drift contact temperature sensors 

to > 2000 °C (PTB)

JV, Elkem

Develop sapphire tube 

thermometer

PTB, NPL, MUT

Develop carbon 

thermocouples

PTB, NPL, MUT, STRAT, CCPI

Test Pt-Rh thermocouples

(aerospace manufacturing)

JV, Elkem

Test sapphire tube thermometer

(silicon processing plant)

MUT, PTB

Test carbon thermocouples

(industrial furnace manufacturing)

Collaborators

Bodycote

KRISS

TRIAL IN-

PROCESS

TRIAL IN-

PROCESS

TRIAL IN-

PROCESS

NPL, PTB, CCPI

Develop new, optimised 

Pt-Rh thermocouples

 Silicon processing, aerospace heat treatment, 
process furnace manufacture

 Pt-Rh thermocouples OK to about 1500 °C

 W-Re thermocouples to 2300 °C, not very stable

 Determine optimum Pt-Rh composition

 Sapphire tube blackbody device

 Carbon thermocouples to >2000 °C

 End-user trials: AFRC, A&D, HTRC, possibly RR



WP1 Low-drift contact temperature sensors 

to > 2000 °C (PTB)
 Multi-wire Pt-Rh thermocouple stability evaluated to 

about 1500 °C

 NPL: Sophisticated modelling of Pt-Rh thermocouple drift 
mechanisms

 JV/Elkem: Sapphire tube blackbody device constructed 
& operational

 PTB/MUT: Carbon thermocouples to >2000 °C 
constructed and tested to 1300 °C with promising results

 End-user trials: AFRC, A&D, HTRC, possibly RR, JM

Pt-Rh oxide vapour transport 

model – optimum Rh %
Freezing of Cu measured with 

sapphire tube BB contact sensor Seebeck coefficients of graphite thermoelements

Stability of multi-wire thermocouple 

measured with Co-C in-situ



WP2 Zero-drift contact temperature sensors 

to 1350 °C (NPL)

NPL, CCPI, STRAT

Develop self-

validating 

thermocouples with 

same form factor as 

existing sensors

UCAM, PTB, NPL

Evaluate novel MI ultra-

stable thermocouples

TRIAL IN-

PROCESS

TRIAL IN-

PROCESS

NPL, BRML, STRAT, CCPI

Test self-validating sensors

(aerospace turbine blade heat 

treatment)

UCAM, BRML, STRAT

Trial ultra-stable MI thermocouples

(ceramic manufacturing, aerospace 

heat treatment)

Collaborators

Bodycote Romania

Collaborators

ICPE-CA

Bodycote UK

 Aerospace heat treatment, ceramic manufacture, 
forming and forging

 For some applications e.g. long-term heat treatment, 
direct in-situ traceability is needed

 Self-validating thermocouples

 Reduce size of FP to enable same form factor

 A cheaper alternative is the novel double-sheathed 
MI cable developed by UCAM



WP2 Zero-drift contact temperature sensors 

to 1350 °C (NPL)
 For some applications e.g. long-term heat treatment, 

direct in-situ traceability is needed

 NPL: Self-validating thermocouples constructed and 

working

 UCAM/PTB: MI cable developed by UCAM, 

metrologically characterised by PTB

 End-user trials: AFRC, A&D, ICPE-CA, Bodycote

Melting and freezing of miniature FP 

crucible (Pt-Rh thermocouple, all in 7 mm 

o.d. sheath)

X-ray of double-walled MI 

thermocouple

Stability of UCAM MI 

thermocouple on cycling



WP1 & WP2 in-situ trials

 Heat 

treatment

 Forming and 

forging

 Ceramic 

manufacture



WP3 Surface temperature (INRIM)

INRIM, DTI, NPL

Develop fluorescence 

sensor for surface 

temperature 

measurement

CMI

Develop heat flow 

compensated sensor for 

surface temperature 

measurement

TRIAL IN-PROCESS

TRIAL IN-

PROCESS

TRIAL IN-PROCESS

NPL, BAE

Test fluorescence thermometer in welding and 

coating treatment (marine structure fabrication)

INRIM, Gamma

Test fluorescence thermometer in metal forging 

and forming (automotive manufacturing)

CMI, Collaborators

Test heat flow compensated 

thermometer in forming 

application (automotive)

 Forming, forging, welding heat treatment, coating

 Contact thermometers for surface temperature 

measurement are subject to large errors

 Fluorescence thermometer

Surface temperature calibrator

Directly applied to surface

 Heat flow compensating sensor



WP3 Surface temperature (INRiM)

 End-user trials

 BAE Systems

 Gamma Forgiati



WP4 Combustion temperature (NPL)

NPL

Develop 

portable 

standard 

flame

EVALUATE

NPL

Develop Rayleigh scattering flame thermometry system

UC3M, CEM, DTU, NPL

Develop FTIR flame thermometry system

DTU, UC3M, NPL

Develop UV flame thermometry system

UOXF, NPL

Develop DFWM and LIGS flame thermometry system

 ICE, gas turbines, fuel development

 There is currently no traceability of 
flame and combustion temperature 
measurements

 Develop portable standard flame

 Validate it & assign traceable 
temperature

 Make it available to end-users



WP4 Combustion temperature (NPL)

 NPL: portable standard flame commissioned

 CEM/UC3M: adaption of hyperspectral imager to measure flames complete

 DTU: UV spectrometer measurements on hot gas underway, compilation of UV CO2 

and H2O absorption spectral database

 UOXF: DFWM and LIGS models under development; DFWM measurements of OH in 

McKenna burner methane/air flame – excellent results; LIGS results for heated water 

vapour successful

 End-user linkage via universities (mainly automotive)

Hyperspectral image



Thermocouple users group

Next one on 6 

December 2017



Agenda



jonathan.pearce@npl.co.uk

The National Physical Laboratory is operated by NPL Management Ltd, a wholly-

owned company of the Department for Business, Energy and Industrial Strategy 

(BEIS).


