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IEC 61515
MINERAL INSULATED METAL SHEATHED THERMOCOUPLE CABLES AND
THERMOCOUPLES

1 Scope

This international standard establishes the requirements for simplex, duplex and triplex mineral-
insulated metal-sheathed thermocouple cables and thermocouples, which are intended for use in
general industrial applications. It covers only thermocouple cables and thermocouples with base-metal
conductors, of Types T, J, E, Kand N.

The specifications in this standard apply to new thermocouple cables and thermocouple units
as delivered to the user. They do not apply to the product after use.

External seals, terminations, connections and other accessories are not within the scope of this
Standard. This standard does not deal with precious metal thermocouple cables and thermocouples.
The special requirements for nuclear primary loop applications are dealt with in the other standards.

[aHHbIM cTaHOapT ycTaHaBnmMBaeT TpeboBaHMA Onsl ogHOoNapHbIX, ABYXMNapHbIX
N TpexnapHbIX kabenen n Tepmonap Anst odLEenPOMbILLIIEHHOTO MPUMEHEHUS.
CTtangapT pacnpocTpaHsieTcst Ha kabenun n Tepmonapbl U3 HebnaropoaHbIX
meTannoB tTmnoB T, J, E, Kun N.

XapaKTepVICTVIKVI, yCTaHOBJ1€HHbIEe B CTaHAapTe, NPpUuMeéHUMbI K HOBbIM
Kabensim n TepMonapamMm Ha MOMEHT UX NOCTaBKUMN 3aKa34UKY. OHU He
NMPUMEeHUMbI K TepMonapamM nocrie nx MncnoJsib3oBaHuA.

CTaHpapT He pacnpoCcTpaHseTCa Ha BHELUHWE 3arfyLwKu, KIeMMbI,
coeauHNTENbHbIE YCTPOMUCTBA U Apyrne komnnektyowme. CtaHaapT He
pacnpocTpaHdaeTcs Ha kabenu n Tepmonapsbl N3 6GnaropogHbIX METaNMOB.
CneuuanbHble TpeboBaHUSA ANa NepPBUYHbBIX KOHTYPOB SIAEPHbIX peakTopoB
YCTaHOBJSIEHLI B ApYrnX cTaHOapTax.



KABEJb

TunoBble ucnbiTaHuAa: Paamepbl, KA4€CTBO NOBEPXHOCTU, FTMOKOCTb
000M04YKHN, TMOKOCTb Kabens, a51. CONpoTUBIIEHME TEPMOINEKTPOAOB,
ONaneKkTpuyeckasa npodYHoCcTb, cooTBeTcTBME HCX, conpoTmBneHune
n3onaunm kabens Nnpu KOMHaTHbIX TeMnepaTypax.

NononHutenbHbIe UcnbITaHUA: LlenocTHOCTbL 0605104KMN,
COMPOTUBIIEHNE U30NALNM NPU NOBLILLIEHHbLIX TeMnepaTypax,
CTabunbHOCTbL NpM TEMMepaType BEPXHEro npegena npuMeHeHns.

TEPMOIIAPA

TunoBble ucnbiTaHnA: Pa3mepbl, Ka4eCTBO NOBEPXHOCTU, LLeNTOCTHOCTb
an. uenu, auaneKkTpnyeckasa npovYHOCTb, COMNPOTUBIEHMNE N30NALNN
kKabena npn KOMHaTHbIX TeMnepaTypax, UefiIoCTHOCTb cnas,
repmMeTnsaumsa XonoaHbIX KOHLUOB, NONAPHOCTb

[JonornHuTernbHbIe UCMNbITAHUA. 1. CONPOTUBINEHMNE
TepmoanekTpoaos, cootBeTcTBMe HCX, LENoCTHOCTL 06004KH,
COMPOTUBIIEHNE U30NALMUN MPU NOBbILWLEHHbIX TEMMNepaTypax,
CTabunbHOCTbL NpU TEMIepaType BEPXHEro rnpeaena npuMeHeHuns,
paguorpaduyeckoe nccrnegoBaHne, BUOPONPOYHOCTb, YAapornpoYHOCTb,
9O EKT TEPMOLUKITMPOBAHUA, TENNOBAA UHEPLMUA.



[nanas3oHbl, pekomeHayemble MOK 61515

NMpumeyaHune: PekomeHooBaHHble TeMepaTypbl 0OYCNOBMEHbI MaTepmManomM Kkopnyca
n/unn ctabunbHocTbio Tepmonapbl. OHU NPUBEAEHbI Kak CNpaBOYHble JaHHbIEe AT
CpeaHero n AnMTeNbHOro BPEMEHN UCMONb30BaHUSA TepMonap, HO OHW He JOMKHbI
paccMaTpmBaTbCs Kak rapaHTUPOBaHHbIE XapakTepucTukn. Ha npaktuke
TemnepaTypHble nNpeaens MOryT BapbUpOBaTbCH B 3aBUCUMOCTM OT YCNOBUN, 0COBEHHO
NPV BbICOKUX TemMnepaTypax. 3akasyuk AOMKEH cornacoBaTth NpeaenbHble
TemnepaTypbl 1 Apyrne XxapakTepuUcTUKM C NPOM3BOAUTENEM.

Tmax for thermocouple Type

Material D °C Notes on the sheath material characteristics
N K J E T
8 1150 1150 | 720 820 370 Most commonly used High nickel alloy for sheath material is
so called Alloy 600 and is a 76% nickel 16% chromium 7%
6 1150 1150 | 720 820 370 iron alloy with exceptionally good oxidation resistance and
45 | 1150 1150 | 620 730 370 strength up to temperatures of 1100 - 1150 °C_ It is
; unsatisfactory in reducing sulphurous atmospheres ahove
3 1070 | 1070 | 520 650 315 550 °C due to excessive grain boundary attack. Itis
virtually immune to chloride induced stress corrosion
6600 1.5 | 920 920 440 510 | 260 | The other type of high nickel special alloy is available in the
market. Nominal composition is Mo: 72%, Ni; 14-17% P;
1 700 700 260 300 | 260 1%, Cr; 0.5%, Co; 0.5% .Mn: 0.15%, Si: 0.015 and others
6-10% . This was developed for the thermocouple industry
with exceptionally good oxidation resistance and strength
05 | 700 700 260 | 300 | 260 | at temperatures up to 1250 °C. The limiting temperature in

a reducing sulphurous atmosphere is 500 °C. In an
oxidising sulphurous atmosphere it is 800 °C




[MpeonoxeHue K «Tecen»

o YBenMMUUTb BEpPXHUM npeaen ans repmonap tuna N oo
1250 °C (gnameTp 4-8 mm) n go 1150 °C (anameTtp 3
MM). CHn3nTb ansa Tepmonap tmna K go 800 °C
(anameTp 1,5 mm).

 Bpema ncneiTaHn Ha BepxHeM npegene
TemMnepaTtypbl HeOOX0AMMO YBENMUYNTb MUHUMYM 00
1000 yacos (kak 'y U3 TC no MOK 60571) n
HOPMUPOBATbL BEPOATHOCTb Oe30TKa3HOW pPaboThl
BMECTO NyHKTa 1 npnyemM OoTKa3oM MOXET ObITb: -
paspyLueHNE 3aLlLUUTHOW apMaTypbl UM HapyLUEHNE
LLeSTIOCTHOCTM 0D0MOoYKM Kaberns; - o0pbIB UMM KOPOTKOE
3aMblKaHWe Lenn YyBCTBUTESIbHOIO 3fIEMEHTA,; -
nameHeHme UCX Ha BepxHem npeaene donblie
aonycka otknoHeHust ot HCX no moaynto; -
3aHMXKEHHOE COMPOTUBIIEHNE U30NALUN, UBMEPEHHOE Ha
BEPXHEM Mnpeaerie TemneparTypebl;

 Heobxoanmoe KonmyectBo 0b6pa3LoB BbIOMpaeTcs B
3aBUCMMOCTMN OT 3HAYEHNS BEPOSITHOCTM.



YAK 621.36: 006.354

TOCYOLAPCTBEHHEB H

CTAHOAPT

MPEOBPA3OBATENRN TEPMOINEKTPHUECKME
KABEJNIbHBIE TUNOB KTXAC, KTXACH, KTXKC

TexHuueckne ycnosmsa

Metal sheath thermoelectric temperature
transducers of KTXAC, KTXACn, KTXKC types.

Specifications

rocr
23847-79*

Tpynna MN24
COK3A CCvpP

o A

OKIT 42 1190
KTXAC-HU Ot MHI:IYC Ot munyc Ot MHHYC
KTXAC-H 50 mo 650 |50 no 700 50 no 900
Huanaszox Hamepsge- .
MHIX  TeMmeparyp  MpH KTXKC-H Ot mMudye |} OT MuHyc Ot muHYC
AJHTENbHOM IpHMEHE- KTXKC-H 50 mo 400 {50 o 500 50 po 600
S KTXACn-U | Or munyc | Or muHyc Ot MuHYC
KTXACn-H |50 mo 750 150 zo 800 50 xo 1000
KTXAC-H
MakcumanbHas H3aMe- KTXAC-H 1300
psaemas TeMmeparypa KTXACn-H
npH kpatkonpeventom | KTXACn-H
npumeHenus, °C KTXKC-H 300

KTXKC-H




The Choice Of Sheathing

For Mineral Insulated Thermocouples
H.L. Daneman, P.E.
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Figure 1. Drift of 3 mm diameter stainless steel sheathed and Inconel 600 sheathed type K and
Nicrosil vs. Nisil thermocouples in 1200°C in vacuum. The dips in the drift curve are the result of
the "in-place inhomogeneity test™ where the samples were extracted from the furnace by 5 cm.



Improving Industrial Thermocouple Temperature
Measurement

William Schuh and Nathan Frost

Watlow Electric Manufacturing Company, Richmond, IL, USA
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FIGURE 3. Drift test of nonstandard and standard
and N MI thermocouples at 1250 °C. s



High Temperature Irradiation Resistant Thermocouples — A Low Cost Sensor for
In-Pile Testing at High Temperatures
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Fig. 5. Representative TC response in the 1200 °C test.
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lcnbiTaHe Ha CTabUNbHOCTb NP BEPXHEM
TemnepaTypHOM npeaene

5.2.2.7 Stability test at upper temperature limit

A sample of the cable not less than 1.5 m in length shall be inserted into the heating chamber or
furnace so that the sealed ends extend out of it by not less than 150 mm. The temperature of the
furnace shall be increased to the upper limit of the cable (or other temperature agreed between
supplier and user) and kept at that value for 168 h (1 week) or for other time interval on the request of
the user. After the exposure the cable insulation resistance shall comply

specification of 5.2.2.5 and measured EMF at a calibration temperature close to the upper temperature
limit comply specification of 5.2.2.4.

Obpaseu kabens, anMHon He meHee 1,5 M gomkeH ObITb NOMELLEH B
Kamepy Tenna unn rnedb Taknm odbpasom, YToObl repMeTU3NpoBaHHbIE
KOHUbI Kabens BbiCTynanu u3 neydn He MeHee 4yem Ha 150 mm. Neyb
[omkHa OblTb HarpeTa o TeMnepaTypbl BepxHero npegena
npuMeHeHusa Kabena (MnNu go Opyron TemnepaTypbl NO COrfiacoBaHuUIo
C 3aKa34MKkoOM) N OOSMKHA noaaepXuBaTbCa Ha 3TOM YPOBHE B TEYEHNE
168 4 (1 Hepensa) UN B TEYEHUE OPYroro BpeEMeHM Mo CorfacoBaHuio C
3aka3dumkoM. [locre aToro conpoTnBneHne N3onsauum JOSMKHO
yooBneTBopATb N. 5.2.2.5, a nameperHHaa T3OC B Touke, O5IM3KOU K
BepxHemMy npeneny npuMmeHeHus, AOJIKHA COOTBeTCTBOBATD .
5.2.2.4. (HCX)



TY Kupckabenb
1.7.1 MnuHumaneHaga HapaboTka kaberns 10 000 4. npm 800 °C (XK) n 1000 °C (XA, HH).
3.6.1 UcnbiTaHna no nogTeepXaeHntio HapaboTkm no 1.7.1 npoBogAaT YCKOPEHHLIM
MeTOLOM Mpu BO3LENCTBUN NOBLILLEHHBIX TEMNEPATYP.

Tabmauna 6

HuameTp Mapxka kadens HcneiTaTensHas Bpemsa
Kabemsd, MM TeMmeparypa. °C BBLIEPKKH. 4
0.9: 1.0: KTMC: KTMC310:
800 100
1,33 1.5 1% KTMCH
29:2.5 KTMCn: KTMCsm:
1000 125
KTMCHuH
3.0;: 4.0: 4.5: KTMC310 900 570
4.8: 5.0; KTMC: KTMCH 1000 570
6.0: 4.6: 7.2 KTMCn: KTMChH 1100 570
8.0 KTMCsn

1.3.2 B kabene He JOMKHO ObITb OOPLIBOB TEPMOISIEKTPOAHBIX XKW
1.3.5 O6ono4ka gosmkHa bbITb repMeTUYHOM (BOLOHENPOHULIAEMON).



IEC 60300-3-5 edl1.0

* Dependability management - Part 3-5:
Application guide - Reliabllity test
conditions and statistical test principles

e MeHeaOXXMeHT HaAeXHOCTU — 4yacTb 3-5:
[lpakTnyeckoe pykoBoaCTBO— YCNOBUA

MCNblITAHUN HA HAOEXHOCTb U NPUHLUAMbI
CTAaTUCTUYECKUX UCTbITAHUN.



Bonpochbl, KoOTOpble HEOOXO0AUMO pPeLlnTb

e Hy)XHO N BKNoYaTb UCNbITAHUSA Ha
ctabunbHocTb TOHC kabensa n Tepmonap
B cCTaHOapT?

e Temnepartypa ncnbiTaHNUN?
e [1pOOOMKNTENBHOCTbL BbIOEPXKA?
 Kputepun rogHoCTW.




Stability of a Cable Nicrosil-Nisil Thermocouple under
Thermal Cycling
A. V. Belevtsev, A. V. Karzhavin, and A. A. Ulanowsky
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FIGURE 4. Thermal EMF Dnft of Type N Cable
Thermocouples of 3 mm Outer Diameter Dunng Long-term
Annealing 1n Air at a Temperature 1085210°C. The nomunal

EMF wvalue of a type N thermocouple at the copper freezing
pomnt equals 39 502 mV.



Life Expectancy Study of Small Diameter Type E, K, and N Mineral Insulated
Thermocouples above 1000 °C in Air

K.C. Sloneker
EDL Inc, Danville VA, USA
sloneker(@edI-inc.com

Type K1 mm, 1.5mm Dia.
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Figure 4. Type K 1 mm and 1.5 mm Results at 1100 °C



Deviation °C
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Figure 7. 1.0 mm and 1.5 mm @ 1000 °C Results in Deviation




Improving Industrial Thermocouple Temperature
Measurement

William Schuh and Nathan Frost

Watlow Electric Manufacturing Company, Richmond, IL, USA

-=-NS #1 —o—NS #2 ——type K, #2 |

0 200 400 600 800 1000
time (hours)

FIGURE 4. Drift test of nonstandard and standard type K
MI thermocouples at 1000 °C.



Low-Temperature Drift in MIMS Base-Metal Thermocouples
E. S. Webster
New Zealand

Table 4 Limits-of-error (LOE) comparison for MIMS 1.5 mm and 3 mm diameter
thermocouples ‘as supplied’ (AS) and after 200 hours at 200 °C in either the sealed heat-pipe

(HP) or gradient furnace

Manufacturer A Manufacturer B

Type | LOE 1.5 mm 1.5 mm 3 mm 3 mm 1.5 mm 1.5 mm 3 mm 3 mm
: AS HP AS Furnace AS HP AS Furnace
J 22°C | -16°C -1.1°C -1.7°C -1.5°C -0.8°C -0.3°C -2.4°C* -2.1°C
N 22°C | -1.7%C -2.2°C* -03°C -0.7 °C 2 i -1.1°C S Wi o
E 17°C | +1.2°C +1.8°C +H.7°C +0.8 °C - - +0.0 °C 0.1
T 10% | 40T 11L1%F +0.6 °C HLT L1 +0.9 °C HILZ +0.5°C
K 22" | =LA -0.8°C S AL ey -2.2°C? =11 -04°C -3.5*°C* -3.0°C?

* At or outside LOE specification



HUL "KypuyaTtoBckun nHctutyt" (KoHuH [1.U., LiBetkoB A.l'., Xanusos M.B. )

OcHOBHOe TpeboBaHMe K
TepmMoobpaboTke
TepMonapHoro kabensa tuna
K:

OTXXUI NpX TemnepaTtype BbiLe

BepxHero npeaena pabo4ero
ananasoHa T.e. +410+425 °C
B TeyeHue 120 yacosB;
obecrnevyeHne paBHOMEPHOro
nonsa temnepartyp Ha byxTte (B
npegenax He bonee 3 °C) npwu
oTXure.

Kak npasuno,
TepmoobpaboTka NpuUBOAUT K
yBENUYEHUIO TEPMOSC U
CMELLEHMIO rpagynpoOBOYHON
xapaktepuctuk ot HCX Bbile
npegena gonycka (cm.
PucyHok 1).
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[MpeponoxeHue no popmMynupoBKe:
MCNbITaHMWe Ha CTaOMNbLHOCTbL NPU TeMnepaTtype
NPUMeHeHUs

* lcnbiTaHMe NpoBOAUTCA HA OOHOM UNU
HEeCKONbKNUX obpasuax kabens onpeaeneHHoro
TUna.

 TemnepaTypa UcnbiTaHUN COrnacyeTcs C
3aKa34vynKoM.

 Bpema ncnbitTaHMn cornacyeTca ¢ 3aka3vynkom,
HO HE MeHee 6 u.

e [1poBepka nocne ncnblTaHUN. LLEeNoCTHOCTb
000J104KM, CONPOTUBIIEHMNE U30NALUMNN, OPENDd
TOAC (He Bbonee gonycka). No cornacoBaHuto ¢
3aKasdunkom, TpeboBaHua K apendy MoryT bbITb
N3MEHEHDI.



UcnbiTaHue Ha TepMouukKriimpoBaHume

Hy>XHO nn ncnbliTbiBaTh?

McnbiTbiBaTh kKabenb n/mnu rotoBble
Tepmonapbl?

TemnepaTtypa ncnbiTaHUN.
MeToauka HarpeBa U oxnaxgeHus.
KonnyecTtBo UUMKIOB
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FIGURE 3. Thermal EMF Changes at the Freezing Ponts
of Copper, Aluminium, Zinc for Type N Cable
Thermocouples of 3 mm Outer Diameter under Thermal
Cycling i Asr.



Stability of Cable Thermocouples at the Upper Temperature
Limit of their Working Range

A. A. Ulanovskiy', E. S. Zemba', A. M. Belenkiy’,
S. I. Chibizova®, and A. N. Bursin’
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FIGURE 3. Drift of the calibration points relatively reference table for type K cable thermocouples at the calibration temperature
1200 °C durmg the ime of cyclic ammealmg at 1200 °C.



Stability of Cable Thermocouples at the Upper Temperature
Limit of their Working Range

A.A. Ulumn':ski}-'l. E.S.Zemba', A. M. Bclcnkiyz.
S. I. Chibizova“, and A. N. Bursin

Pe3ynbTaTbl paboThl NOKasanu, YTo CTabUIIbHOCTb
kabenbHOM TepMonapbl Ha BO3A4yXxe npu
TemnepaTtype 1200 C 3aBucuT, rnaBHbIM 0Opa3om,
OT ee AuamMeTpa, a He OT Tuna TepmMonapbl UNK
TUMa >XapoCTOMKOW 0DOOYKN.

[onycTnmoe BpemM4a aKkcnnyatauum B pexnme
TepPMOLUKITUPOBAHUA A5 KaberbHbIX TepMornap
anameTpom 1.5 Mm orpaHundeHo 15-16 4, a gng
Tepmonap 3 MM 40-45 v.



[MpeponoxeHue no popmMynupoBKe:
UCNbITaHMEe HA TEpMOLUMUKNMpoBaHue npu
TeMnepaTtype npumMeHeHus

* lcnbiTaHMe NpoBOAUTCA HA OOHOM UNU
HEeCKONbKNUX obpasuax kabens onpeaeneHHoro
TUna.

 TemnepaTypa UcnbiTaHUN N KONNYECTBO LINKIOB
HarpeBa-oxnaX4aeHua cornacyeTcs C
3aKa34mnKoM.

e [1poBepka nocne ncnblTaHUN. LLEeNTIoCTHOCTb
000J104KM, CONPOTUBIIEHMNE U30NALUMNN, OPENDd
TOAC (He Bbonee gonycka). No cornacoBaHuto ¢
3aKasdunkom, TpeboBaHua K apendy MoryT bbITb
N3MEHEHDI.



