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Basic Thermocouple Theory

Athermocouple is a closed loop circuit that consists of two dissimilar metal wires welded together at both ends.
When a temperature difference exists between the two junctions, an electromotive foce (thermal emf) develops
and a thermo-electric current flows in the circuit. The emf and its polarity depend on the temperature difference
and the combinations of two metal wires, and are not affected by the size or length of the wires. When the
relation ship between the temperature difference and thermal emf induced within is known beforehand for a

particular thermocouple, temperature can be measured.



Thermocouples

Standard Specifications of System Dynamics Sheathed Thermocouples

Type of Themocouple/Circuit Resistance*(1) and Sheath Material i
Sheath (mm) | Wire Standard AI:TE’;::'
diameter SK SE S ST length weight
Outer Wall (mm) . Circuit Sheath Circuit Sheath Circuit Sheath Circuit (m)
diameter | thickness Sheath material resistance | material |Resistance| material |Resistance| material |Resistance (g/m)
cinslclement ©0.25 | 0.035 | ©0.05 Inconel 600 el - - - - - - 50 03
(2 wires) measured value
05 | 008 | @01 | 3164 nconeléoo | AUV - - - - - - 100 12
Wire measured value
210 | 017 | @017 316%/x 4643 | 3ess | AN gy | Ay gy, | Adwly 130 5
’ : : : measured value measured value " |measured value
Sheath MgO
21.6 0.27 ©0.27 3165/ 18.69 31654 23.06 3165/« 12.19 3165/ 10.73 100 10
@32 0.47 @0.51 316%/s, 3475t 5.07 glgsﬁl 6.33 316%/= 333 316%s 2.69 83 45
/st
4.8 0.72 ©0.76 316%/s, 3475/ 2.2 glgsj‘ 2.76 316%/= 1.14 316%/= 1.18 35 100
B
26.4 093 ?1.0 3105/, Inconel 600 1.25 3165/t 1.54 3165/ 0.81 31655t 0.66 20 180
©8.0 1.16 @1.3 | 3105, Hastelloy X, Inconel 600 0.79 316%/a 0.97 3165/« 0.56 3165/ 0.41 1.5 280
a°x::fsf'eme"t @32 | 047 | @051 316%/x, 347%/x 5.07 ggj 633 316%/x 333 = = 83 45
/st
. = 3165/ i i
° 4.8 0.72 ©0.76 316%/s, 3475/ 2.2 3475 2.76 316%/= 1.41 316%/= 1.18 35 100
. Wire *
26.4 093 21.0 3105/, Inconel 600 1.25 3165/t 1.54 316%/s 0.81 31655t 0.66 20 180
Sheath MgO
28.0 1.16 213 310S5%/s, Inconel 600 0.79 316%/a 0.97 3165/« 0.56 316%/s 0.41 11.5 280
Triple element ; Actually . Actually . Actually Actually
(6 wires) OA8RIN0 728 BE0'50 e measuredvalue | > 07 |measuredvalue| 107 |measuredvalue| > O % |measuredvalue| o> oy
064 | 093 | 0072 | 31059 Inconel600 | AU Fgqge | Ay g ) Ay gy ] Aduly 20 180
measured value measured value measured value measured value
. Actually " Actually . Actually . Actually
Sheath Ngo 28.0 1.16 ©0.90 310S/s, Inconel 600 e 3165/t R 3165/ RIS 3165t s 1.5 280
M Loop resistance is +30% (Q/m) at room temperature.
Type of Hot Junction
Symbol Type Shape
G Grounded type < ''''''''''''''''''''''''''''''''''''' —
U Ungrounded type
|
- |
Il
G Exposed type — @ S —




Type of Thermocouple

Thermocouples

Type
Remarks
Symbol Former symbol Constituent material
B - Platinum-Rhodium 30 — Platinum-Rhodium 6
R - Platinum:Thodium 13 — Platinum
S - Platinum:Rhodium 10 — Platinum
K CA Chromel — Alumel
E CRC Chromel — Constantan
J IC Iron — Constantan
T cc Copper — Constantan
W/W-26Re Tungsten — Tungsten-Rhenium 26
W-5Re/W-26Re Tungsten-Rhenium 5 — Tungsten-Thenium 26




Thermocouples

Operating Temperature Limits in Wire Diameter and Applicable
Protection Tube Size

Wire diameter Operating temperature limit Applicable protectuon tube O.D x I.D size
Type of thermocouple symbol di?:n::e:t:er Normal limit opgr\;:;:;?i;it Metal p(lgt;cr:;)n tube Non-n:j;:ll(ié ;:T:cr:;ection
B Platinum rhodium 30%—Platinum rhodium 6% L 0.5 1500°C 1700°C = 15x 11
R Platinum rhodium 13%—Platinum L 0.5 1400°C 1600°C - 15x 11
S Platinum rhodium 10%—Platinum L 0.5 1400°C 1600°C - 15x 11
D 3.2 1000°C 1200°C 21.7x16.1 17 x13
C 23 900°C 1100°C 21.7%x16.1 17 %13
K (Chromel—Alumel) B 16 850°C 1050°C 1511 1511
A 1.0 750°C 950°C 12x9 15 %11
H 0.65 650°C 850°C 10%x7 10%x6
B 1.6 550°C 650°C 15x11 =
A 1.0 500°C 550°C 12x9 -
E (Chromel—Constantan) H 065 250°C 500°C 10x7 -
T 0.32 300°C 400°C 10%x7 -
C 23 550°C 750°C 21.7x16.11 17 %13
B 1.6 500°C 650°C 1511 1511
J (ron—constantan) A 10 450°C 550°C 12%9 15% 11
H 0.65 400°C 500°C 10x7 10%x6
B 1.6 300°C 350°C 15%x11 =
A 1.0 250°C 300°C 12x9 -
T (copper-constantan) H 065 200°C 250°C 10x7 B
T 0.32 200°C 250°C 10x7 -

Thermocouple Tolerance and Applicable Standard List

standard JIS € 1602-181 ANSI MC 96.1-'82 DIN 4371077 IECSTANDARD Publication
Temperature " Temperature Temperature Temperature
Type range Grade |Tolerance*(1) range Grade | Tolerance range Tolerance range Grade Tolerance (+)
PtRh30— o +4°C or o o . 2 1.5°Cor 0.0025. |t|
BErs 200101700°C | 05 | 7 oo 8000 1700°C | STD | £0.5°C - - 6000 1700°C |—5 i
sp +0.6°Cor
PtRh13— . +1.5°C or . £0.1% ToCor
R 5 0101600°C | 0.25 | 1o0.o 0t 1450°C o - - 1 (140,003 (1 1100)°C
STD
20.25% 0to0 1600°C
o | #06°Cor | 0to1600°C | s3°C 0
PtRh10— +1.5°C or +0.1%
0t01600°C | 0.25 0to 1450°C 2 1.5°C or 0.0025 . |t
S pe +0.25% o5 | E15°Cor | 600t 1600°C | 20.5% Itl
£0.25%
0101000°C | 04 | £2CO Pl S 010400°C £3°C | 40t010000C | 1 1.5°C or 0.004 . |t|
= 010 1250°C =
NiCr— o +2.5°Cor +2.2°Cor o o
K Nial 0101200°C | 175 | ;55cq, SO | 1070 | 40010 1200°C | s3ja0 | A0101200°C | 2 2.5°C or 0.0075.. |t]
-200 to 0°C 15 | #22>°Cor 200t00°C | STD | 22°Cor 200t040°C | 3 2.5°Cor 0.015. |t
+1.5% +2%
pa | =lSCer g | El€er 4010 800°C | 1 1.5°C or 0.004 . |t|
£0.4% £0.4%
NiCr. 0to800°C +2.5°Cor 0 to900°C £1.7°Cor
E cuni 035 | o STD | okos - - -40t0 900°C | 2 2.5°Cor 0.0075.. |t|
-200 to 0°C 15 | =2FCar 200t00°C | STD | H1.7°Cor 200t040°C | 3 2.5°Cor 0.015. |t]
+1.5% 1%
. 04 féi%c or sp fél%c or 0 to 400°C +3°C ] 1.5°C or 0.004. ||
J e— 0to 750°C — 0to 750°C — -40 to 750°C
CuNi o075 | #25°Cor o1p | #22°Cor | 400t0900°C | £3/4% P 2.5°Cor 0.0075. |t
: +0.75% £0.75% 57Cor0.0075. |
04 +0.5°C or sp +0.5°Cor 0 to 400°C +3°C ] 0.5°C or 0.004. ||
+0.4% +0.4%
u 010 350°C e 0 to0 350°C i -40 t0 350°C
— + or R or o
T cuni 075 | 40.75% ST | 2075% | 400t0600°C | +3/4% 2 Rear@awB. ¢
o +1°Cor o +1°Cor = 5
-200 to 0°C 15 || e 200t00°C | STD | 3, 5 200t040°C | 3 1°Cor 0.015. |t|

Tolerence is referred to as the maximum allowable deviation between hot junction temperature and the temperature derived from the emf table. JIS/ANS| tolerance
is °C or % value for the measured temperature, whichever is greater.
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Shape Addg::g:;i:lca- Specification Applicable sheath 0.D.
For AEROPAK
8 e i ©32
/PD-A Pad material: 304/«
25 D48
2 ' _._L| o= b
!
For RESIOPAK
F J_ b 032
I /PD-R Pad material: 304%/x
75
| 048
o s ——
I
Knife edge type /PD-N
' 032
= | Pad material: Hastelloy X 048
Fan-type /PD-F
16
@\5 w 064
2 Fan-
Strap
/ST-D D32
| s Material: 304/
B 151
— /ST-E 048




Thermocouples

Compensating Cable

Type of Compensating Cable

The compensating cable is classified as shown in the table below, depending on the type of thermocouple combined

therewith.
Type of thermocouple
Type of compensating cable L . Material
Symbol Usage division and division by toler-
v ance
JIS € 1602 JIS C 1605 Symbol s;;q";i'; Positive wire Negative wire
B = BX-G = Common grade for general use Copper Copper
RX-G
R Common grade for general use
_ SX-G ~ Copper Alloy consisting mainly of
RX-H PP copper and nickel
S SX-H Heat resistant common grade
KX-G WCA-G Common grade for general use
) Alloy consisting mainly of Alloy consisting mainly of
KX-GS WCA-GS General-purpose precision grade
purpose predision g nickel and chromium nickel
KX-H WCA-H Heat resistant common grade
K SK KX-HS WCA-HS Heat resistant precision grade
WX-G WCA-G Common grade for general use Iron Alloy consisting ma'”‘y of
copper and nickel
WX-H WCA-H Heat resistant common grade
VX-G WCA-G Common grade for general use Copper ey @i ey @i
copper and nickel
. - EX-G WCRC-G Common grade for general use Alloy consisting mainly of Alloy consisting mainly of
EX-H WCRC-H Heat resistant common grade nickel and chromium copper and nickel
] s X-G WIC-G Common grade for general use _— Alloy consisting mainly of
JX-H WIC-H Heat resistant common grade copper and nickel
TX-G WCC-G Common grade for general use
T st TX-GS - General-purpose precision grade Copper Alloy consisting main\y of
TX-H WCC-H Heat resistant common grade copper and nickel
TX-HS - Heat resistant precision grade

Compensating Cable Error and Tolerance

The error is defined as deviation from a standard temperature/emf table with tolerance being the allowable error. Typical

tolerances are shown in the table below:

JISC1610 - 1981 ANSI MC. 96.1 - 1982
Symbol of compen- Core wire material Temperature range Tolerance (°C) Temperature range Tolerance (°C)
sating cable between thermocouple Type between thermocouple
and connecting point Common Precision and connecting point ]
Jis-81 JIs-74 + - (°C) grade grade (°C) Standard Special
BX - Cu Cu 0to 100 -*(1) - BX 0to 100 _507 -
RX . +3 RX
SX - Cu Cu-Ni Alloy 0to 150 3 - Sx 0to 100 +5 -
- WPR - - - - - - - - -
KX Ni-Cr Alloy Ni Alloy -20t0 150 +2.5 1.5 KX 0to 200 2.2 -
WX WCA Fe Cu-Ni Alloy -20to 150 +3.0 - - - - -
VX Cu Cu-Ni Alloy -20to 100 +2.5 - - - - -
EX WCRC Ni-Cr Alloy | Cu-Ni Alloy -20to 150 +2.5 = EX 0to 200 +1.7 =
X wic Fe Cu-Ni Alloy -20to 150 +2.5 - X 0to 200 +2.2 +1.1
X wcc Cu Cu-Ni Alloy -20to 150 +2.0 +1.0 TX -60 to 100 £1.0 +0.5

(O] Since BX uses the same conductor (copper) for both positive and negative, no error tolerance is specified




Standard Colour Coding of Compensating Cable

The color coding of a general standard of compensating cable is shown in the table below:

Thermocouples

Ty'?s g;rt:l;;n;gcuosiple Cable material JI'S C1610 AN%I MC 96.1 I.Bs 1843 DI‘N-43711
Insulation Overall Insulation Overall Insulation Overall Insulation Overall
Symbol N . N . jacket R R jacket R . jacket . . jacket
B Cu Cu Red White Grey Grey Red Grey = = = = = =
R Cu Cu-Ni Red White Black Black Red Green White Blue Green - - -
S Cu Ni-Al Red White Black Black Red Green = = = Red White White
Ni-Cr Cu-Ni Red White Blue Yellow Red Yellow Brown Blue Red Red Green Green
K Cu Cu-Ni Red White Blue - - White Blue Red - - -
Fe Cu-Ni Red White Blue - - - - - - - -
E Ni-Cr Cu-Ni Red White Violet Violet Red Violet Brown Blue Brown - - -
J Fe Cu-Ni Red White Yellow White Red Black Yellow Blue Black Red Blue Blue
T Cu Cu-Ni Red White Brown Blue Red Blue White Blue Black Red Brown Brown
Diagrams

TSD96

Non-spring-loaded thermocouple with
non-explosion proof connection head

TSD96N

Non-spring-loaded thermocouple with
non-explosion proof connection head
and nipple

TSD96S

Non-spring-loaded thermocouple with
non-explosion proof connection head
and support pipe

TSD96U

Non-spring-loaded thermocouple with
non-explosion proof connection head
and nipple union
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TSD97

Non-spring-loaded thermocouple with
explosion proof connection head

TSD97N

Non-spring-loaded thermocouple with
explosion proof connection head and
nipple

Non-spring-loaded thermocouple with
explosion proof connection head and

support pipe

TSD97U

Non-spring-loaded thermocouple with
explosion proof connection head and
nipple union
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TSD400

Spring-loaded thermocouple with non-
explosion proof connection head

TSD400N

Spring-loaded thermocouple with
non-explosion proof connection head
and nipple

TSD400S

Spring-loaded thermocouple with non-
explosion proof connection head and
support pipe

TSD400U

Spring-loaded thermocouple with non-
explosion proof connection head and
nipple union
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Diagrams

TSD407 TSD407N T5D4075 TSD407U

Spring-loaded thermocouple with Spring-loaded thermocouple with Sprlqg loaded thermogouple with Sp”’?“"* loaded thermogouple with
. ) . ) explosion proof connection head and explosion proof connection head and
explosion proof connection head explosion proof connection head - ; -
support pipe nipple union
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