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I have gathered the folloving infor=aticn tarough conversations with several
iadividuals having experience with thermoccunles that have Seen subjiecsed

to extrezely high temperatures. I am izdebred €2 ?. E. lMazcla, R. H. 3Sctoude,
and Toa Kollie of CRNL for their help and coeperacion.

Descrioticon of the Problem:

The iacore ther=ccouple design az the TMI-2 core is a grounded

junceion
' Caromel-Aluzel detector. The wire diameters are acprexizately 10 =mils, the
sheath is 62 =ils 0D Inccnel tuoing, and che insulation =aterizl is Al.Q,.
1 have gathered information on Teliabilicy and 'mcersainey of chis Lyse of
theraocouple aster being subjected to extrezely hizh tesperatures (> 2000°T).

The problem of gress failure (open cirsui:z, sheash failure, new ‘unction or
other failure) would ke indicatad by no reading or extremely low, erracie
reading. No detascrors are 8iving Indication of gross failure. Givea th
survival at preseat condltions, the prospes: faor continued operaticn is
excellent. The primary questions are the following:

1. Are the readings accurate?
2. Are the errors ia the Teadings censistent with the hypothesized scenario
of the transieat?
H «
Decalibration Phenomencn: ud .31 89
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A phenozencn chserved Sy 2r. RXollie ia thermoccuplas havizg experi
high teaperatures is a deterioratad state ia which the theraccouple
stable but inaccurate readinz. The effaect i3 called decalihr tion

The decalidraticn errar i3 randem Sut does follew scme :rends. The prizary
dependencies are the following:

1. Sheath dizzeter The larger the detactor, the less susceptible o
decalibracicn.
2. Sheath material Inconel is better than stainless. The decalidbration
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error for Inconel is usuallvy negative. Measured
’ 2

temperature is lower than actual.

3. Temperature Decalibration error increases with tezperature.
(10°C roughly dcubles the reacticn race of the
mechaaisz.)

4. Tize of exposure Decalibration errar is Tougaly linear with exposure
tize.

5. Temperature profile Decalibracion cccur
couple. Hence, the
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ng the length of the thersmo-

T cdepends on the profile cof
ure and on the profile of 2

subsequent zeasurement wizh th therzocouple.

Other dependencies which are g0t kncwn specifically Sut are expected to e szall

are ilasulation zaterial, length of detector, and wire diamecar.

Experience with smaller diszmetar detactors (20 =ils OD) but similar ia other
characteristics (grounded junction Chromel/Aluzel therzocouple wizh Iaconel

sheath) show essenti lly zero probability of survival at 1.00°C for 10 =20
100 hrs. without a seasursble decalibracicn. Thae decalisracion
be nrgative (readiag lower than actual) for this tes:; howaver
a positive error. The fmagnitude Ior worst case ar Tezex=le
Larger decalibration errers would be axpectad for s ta=ge
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The primary zechanisa for decalibration is aigration of conscituents primarily
caromium in the datectar through vaper pnase transfer. The chreoel lead loses
charcmium and the alumel lead gains chromium. 3elfadb cests fIndicatiag liztle
decalibration for 4 hour period at 7000°F are aot necessarily conclusive sinca
the temperature gradient of the high tesperature szate does not sirmulace the
tracsient envircuzent nor did the test conditicn simulate the prasent eaviron-

z=eat,
Conclusions:

If it can be determined thac the therzocouple is reading accurately now (%o
example, Lf it agrees with ouclet RID's), this implies that i:3 Teadings sce
believable throughcut the :zransient.

If thre i{s reason =0 believe a thermocouple is decalibrated, there is a hizh

probability that actual Cemperature is greater thanm its indicatioa. Hence,
the cluster of high readings should not be disregarded.

Since a high percentage of detactors survived rhe tTansieat, the maxizum tempera-
ture did not acttain 1 level for widespread failura.

Recozmendations:

————mfations

1. Perfora testing sizulating transient conditisns o determine the temperature
threshold for gross failure ia TI-2 desizn detectors.

¢« Perform testing to quanctily magnitude and directicn of docalibratien arrors
for a range of temperatures simulating reactar envirorment.



