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Characteristics variation of thermal time constant of thermocouples
by the structure changes
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Abstract

Thermal time constant measurement system was designed and fabricated to measure the thermal time constant, which
shows a dynamic property of the thermocouple. Type K thermocouple samples were fabricated with variable shape each
other and the thermal time constants of thermocouples were measured using the home-made thermal time constant
measurement system. Thermal time constants of 12 type K thermocouple samples were distributed from 0.03 s to 8.2 s.
It showed experimentally that the thermal time constant of thermocouple was increased linearly for the increase of the

sheath diameter of thermocouple.
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Fig. 1. Design of the thermal time constant measuring apparatus for thermocouple(A) and its photograph(B).
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Table 1. Specification of the home-made thermal time
constant measurement system for thermocouples
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Table 2. Type K thermocouple samples for the measure-
ment of thermal time constant with different sheath

diameters
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Table 3. Type K thermocouple samples for the measure-
ment of thermal time constant with different
structure of the sensing parts
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Table 4. Type K thermocouple samples for the measure-
ment of thermal time constant with different
sheath materials
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Table 5. Type K thermocouple samples for the measure-
ment of thermal time constant with different type
of the sensing parts
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Table 6. Data summary of the thermal time constants of type K thermocouple samples(unitis)

IAYI= A-l A-2 A-3 B-1 B-2

B-3 C-1 C-2 C-3 D-1 D-2 D-3

1 0.18 0.79 1.47 0.82 0.32

2 0.19 0.82 1.48 0.81 0.34
3 0.19 0.81 1.48 0.82 0.34
4 0.18 0.82 1.45 0.81 0.33
5 0.18 0.81 1.47 0.78 0.35
6 0.19 0.78 1.46 0.79 0.33
7 0.18 0.79 1.47 0.81 0.33
8 0.18 0.81 1.47 0.77 0.35
9 0.19 0.77 1.48 0.78 0.30
10 0.19 0.78 1.46 0.78 0.36
11 0.20 0.78 1.44 0.34
12 0.19 1.47 0.34
13 0.19 1.48 0.34
14 0.17 1.50 0.34
15 0.18 0.32
16 0.18

17

18

19

0.03 3.8 8.1 1.6 0.46 0.27 0.29
0.03 3.9 8.2 1.7 0.43 0.29 0.31
0.03 38 83 1.8 0.45 0.30 0.31
0.03 3.8 8.1 1.7 0.48 0.27 0.30
0.03 3.8 8.1 1.7 0.44 0.30 0.32
0.03 3.8 7.8 1.8 0.47 0.28 0.31
0.03 3.9 8.1 1.8 0.44 0.28 0.31
0.03 3.8 8.2 1.8 0.47 0.27 0.30
0.03 3.9 8.1 1.8 0.46 0.26 0.30
0.03 3.8 8.0 1.8 0.43 0.29 0.31
0.03 4.0 7.9 1.8 0.41 0.28 0.30
0.03 3.8 8.0 1.9 0.42 0.26 0.30
0.03 4.1 8.2 1.8 0.46 0.29 0.31
0.03 3.9 82 1.7 0.41 0.30 0.31
0.02 3.9 8.2 1.7 0.44 0.28 0.31
0.03 39 1.7 0.45 0.30
0.03 3.9

0.03

0.02

it 0.19 0.81 1.48 0.81 0.34

0.03 3.9 82 1.8 0.45 0.29 0.31

HAjHx  0.02 0.03 0.02 0.03 0.02

0.005 0.1 0.2 0.2 0.04 0.02 0.02
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Fig. 2. Typical measurement curve of the thermal time
constant of type K thermocouple sample D-3.
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Fig. 3. Measurement result of thermal time constant of
type K thermocouples with different sheath diameters.

AgozA, A4 A8 47l %7}
zzg %l-o] ﬁ%ﬂz%gi Z7}8k=
32X, o] A= 4 (4)01]*1 Mnj
INA% w2 WAl F9) v R §EA
e 2 Ai . 434 AR5 E
9] Z]ﬁo] Z7}sbE ARG AR A
< skt
g EA, 84 W e EYo A
B-3gA AAE ARRE GAY GA
i%?‘fé-ﬂ 7A$71 0.03 52 BAAFSFE
Hol AFE 1259 A ke 7 wE IAA
FE Btk =239 A IAY Axo] AH g
Tz U] idl 23 JFEH, Bade] A, A
T T3] wiitel] 7ol gk 1Ak 3'_34510101:

rJ

gt} B3 €Aule EAY A4e A7 0.5 mmQ o
ok olutt o] 2k A7) SANE AR 79 H
HE AT S 5 T s AR et

ARG BHAF 7 *Vé A%k vlall M= A

R|&o] 03459 XA
Hr} ouf o] Wi A FE YERTH

AN A8 C 25 G Bsd EF2A C-1
o A *Eﬂ%ﬂl* 283165 AHS-3te] A2kt
C-29] A% HZE, C-39] Z Mete ARE-ate] 1]
%‘3%163 TEE 5Ye 7|2 A} HEZES] H

o JdATETF A olY A 28316 2 ARt U
my| wjFol A S SA ko] 82sE 127] A EF
71 2 AT E YT 28y, 2EIE 2 &
g3163 Algte] A 55 AR o] A9 Al
3 @il SAEFTE 1.8 524 ZH|lE 2 29316
S ARE3E AU DS A7k 3.9 8T} 26 o]

8 Lheliol W11 i

AA8FE) A A 18d A|23., 2009

g e A3 Bk o] A= wE QAFE 7
2 SANE AR Ag- TR FEETH] Al
2ty AR o 5 Aojghs A MR EHE
Ao},
“XdEH 7 ?‘%EHOﬂ wE AT 4 AT
FJ Feje] A % Y2 e e A
T+= 029~ 031 s/\}ol«] BEXE HgoH, o]
aﬂrz lRo] o) F& 2R e 2jEyel
= 7]-1] odxqr,ﬂ‘:_ Oﬂ/\] 4}\ 2:7(4%}-,] 5]1:]]41;(}
002sfoll X AA3E AL epi. A 2
FE)E bead FEN2 AR - NP FE
04552 AU om, o] e grF ) 50%;%
Z zrolth. 11}?,]-/\1 e 524 ex=Ho] BQsk A
= bead @ ) BTt ﬂ%‘é% AHEEE )io] T
23 Ao Bysen, ARy Jow Blre) 2
7)ol e BAAS weke gl Ao R ARk,

Lo
“T

ue
z

OQ

fo O oy N

or}O

4.4 E

A FHELE Heple SAHTFE S8
{3t GAAF FHAAE A, AFsrA T A=
ARG SAGR 0 HFS FAMSE 23 ASTM E-
839-03 7+ANA a7ate Ak AMFS eIt &
Adje] A % Hé}oq 12%2] K Edu&
A akgl e, 0.03~82 s 9o EAYFE BT
EXL @Al@%?h i*&r—J #730] 715l wet
Aoz =7l dAE ﬂéﬂi ol ol,oﬂ;]_

Z_

%57414 %WX@,# é%OH %%z # 91% AoZ B

o, theat o] Aol thet A 427

L 7eg gAY A 89 5 IS Aot
D 23

[1] ASTM, “Standard test methods for sheathed ther-
mocouples and sheathed thermocouple material”,
Designation:E, pp. 839-03, 2006.

[2] N. P. Bailery and N. C. Hill, “The response of ther-
mocouples”, Mechanical Engineering, vol. 53, no.
11, pp. 797-804, 1931.

[3] A. J. Hornfeck, “Response characteristics of ther-
mometer elements”, Transactions of the ASME, pp.
121-133, 1949.

[4] W. N. Goodwin, “Response time and lag of a ther-
mometer element mounted in a protecting case”,
Transactions, vol. 64, pp. 665-670, 1945.

- 108 —



[5] C. E. Shepard and I. Warshawsky, “Electrical tech-

niques for time lag compensation of thermocouples
used in jet engine gas temperature measurements”,
Instruments, vol. 26, pp. 119-124, 1953.

[6] J. A. Clark, “Response of temperature measuring

elements to thermal transients”, ASME, Paper No.
55-SA-18, 1956.

[7] T. W. Kerlin, H. M. Hashemian, and K. M. Petersen,

Time response of temperature sensors, Proceedings,
Instrument Society of America Conference ISA 80,
Houston, Texas, October, 1980.

[8] T. W. Kerlin, L. F. Miller, H. M. Hashemian, and

Al

91

K|

73 W3}

i

o~
T

W. P. Poore, “In situ response time testing of plat-
inum resistance thermometers”, IS4 Transactions,
NP-834, vol. 17, no. 4, pp. 71-72, 1978.

R. D. Mountain and G. W. Mulholland, Calibration
of Time Response of Thermometers: Concepts and
Model Calculations, NBS Technical Note 959, 1978.

[10] T.W. Kerlin and R.L. Shepard, “Industrial tempera-

[11]

ture Measurement”, Instrument Society of America,
1982.

J. P. Holman, “Heat transfer”, McGRAW-HILL Co.
pp. 110-116, 1981.

z

| = % i)

= A3k, A3, A6E, p. 416, 2004
Az

- ¥4 BREEIIATY SNEERR
5 /FEAE HYATe

- 109 -

J. Kor. Sensors Soc., Vol. 18, No. 2, 2009



