9. REFERENCE SECTION

This chapter comprises four parts:

9.1 Reference data on thermocouple thermometry

9.2 Reference data on Platinum resistance thermometry

9.3 Thermocouple and Pt100 characteristics

9.4 General thermometry data and other reference information

Colour codes for thermocouple wire and cable insulations are shown on page 139

9.1 THERMOCOUPLE THERMOMETRY

9.1.1. Thermocouple Accuracies

Tolerance classes for thermocouples to IEC 584-2 : 1982.

Fe-Con (J) Class 1 - 40 +750°C: +0.004 .t or +1.5°C
Class2  -40 +750°C: +0.0075.t or +2.5°C
Class 3 - - -

Cu-Con (T) Class 1 -40 +350°C: +0.004 .t or £0.5°C
Class 2 -40 +350°C: +0.0075.t or £1.0°C
Class3  -200 +40°C: +0.015 .t or +1.0°C

NiCr -Ni (K) Class 1 -40 +1000°C: +0.004 .t or +1.5°C

and Class2  -40 +1200°C: +0.0075.t or +2.5°C

NiCrSi-NiSi (N) | Class3  -200 + 40°C: +0.015 .t or +2.5°C

NiCr-Con (E) Class 1 -40 +800°C: +0.004 .t or +1.5°C
Class 2 -40 +900°C: +0.0075.t or £2.5°C
Class 3 -200 +40°C: 0.015 .t or +2.5°C

Pt10Rh-Pt (S) | Class 1 0 +1600°C: =[1+(t-1000).0.003] or +1.0°C

and Class 2 - 40 +1600°C: +0.0025.t or £1.5°C

Pt13Rh-Pt (R) | Class 3 - - -

Pt30Rh- Class 1 - - -

Pt6Rh (B) Class2  +600 +1700°C: +0.0025. t or +1.5°C
Class 3 +600 +1700°C: +0.005 .t or £4.0°C

Note: t = actual temperature
Use the larger of the two deviation values
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9.1.2. Base Metal Extension and Compensating Wires and Cable Types
and Tolerances

Thermocouple Wire Types and Codes IEC 584-3 : 1989

Thermocouple Conductors +/- Cable
Type Code
E Nickel Chromium/Constantan EX

(Nickel Chromium/Copper-Nickel,
Chromel/Constantan, T1/Advance,
NiCr/Constantan)

J Iron*/Constantan JX
(Iron/Copper-Nickel, Fe/Konst,
Iron/Advance, Fe/Constantan, 1/C)

K Nickel Chromium/Nickel Aluminium* KX
(NC/NA, Chromel/Alumel, C/A, T1/T2
NiCr/Ni, NiCr/NiAl)

N Nicrosil/Nisil NX
NC

T Copper/Constantan TX
(Copper/Copper-Nickel, Cu/Con,
Copper/Advance)

Vx Copper/Constantan (Low Nickel) KCB
(Cu/Constantan) Compensating for “K"
(Cu/Constantan)

u Copper/Copper Nickel, Compensating RCA
for Platinum 10% or 13% Rhodium/ SCA

Platinum (Codes S and R respectively)
Copper/Cupronic, Cu/CuNi, Copper/No.11
Alloy)

*Magnetic () Alternative & Trade Names

Identification as to whether a thermocouple cable type is extension or
compensating is indicated in the example which follows; however, please note that
a letter A or B after the C for Compensating refers to the Cable Temperature Range
in accordance with the Table of Tolerance Values set out in this standard.

K X 1 = K EXTENSION CLASS 1
K CA 2 = K COMPENSATING CLASS 2 0 to 150°
For further information please refer to the publication BS4937 Part 30.
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Table of Thermocouple Wire Tolerances

The figures shown in the tables are those appropriate to the measuring junction
temperatures in the final column. In most cases the error expressed in degrees
celcius will be larger at lower thermocouple junction temperatures.

Type Tolerance Class Cable Temperature | Measuring
1 2 range junction
temperature
JX +85pV(x1.5°C) +140pV(x2.5°C) -25°C to +200°C 500°C
X +30pV(x0.5°C) + 60pV(x£1.0°C) -25°C to +100°C 300°C
EX +120pV(£1.5°C) | +200pV(x2.5°C) -25°C to +200°C 500°C
KX +60pV(£1.5°C) +100pV(+2.5°C) -25°C to +200°C 900°C
NX +60pV(+1.5°C) +100pV(+2.5°C) -25°C to +200°C 900°C
KCA - +100pV(+2.5°C) 0°C to +150°C 900°C
KCB - +100pV(+2.5°C) 0°C to +100°C 900°C
NC - +100pV(x2.5°C) 0°C to +150°C 900°C
RCA - + 30pV(x2.5°C) 0°C to +100°C 1000°C
RCB - +60pV(£5.0°C) 0°C to +200°C 1000°C
SCA - +30pV(x£2.5°C) 0°C to +100°C 1000°C
SCB - +60pV(£5.0°C) 0°C to +200°C 1000°C
Notes:

1. Cable temperature range may be restricted to figures lower than those shown in
the table because of temperature limitations imposed by the insulant.

. A cable comprising two copper conductors may be used with type B

thermocouples. The expected maximum additional deviation within the cable
temperature range 0°C to +100°C is 40pV. The equivalent in temperature is
3.5°C when the measuring junction of the thermocouple is at 1400°C.
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9.1.3. Wire and Cable Data
Thermocouple Wire

Twin, single conductor, having a temperature / e.m.f. relationship to the appropriate
standard over the complete temperature range.

Extension Cable

Twin, stranded conductors for connection between measuring thermocouple and
instrument ( or external reference junction) of the same materials as the
thermocouple and having the same e.m.f. / temperature characteristics over a
temperature range limited by the insulation material.

Compensating Wire or Cable

Twin, single or standard conductors for connection between measuring
thermocouple and instrument (or external reference junction) of different
composition from the thermocouple material, but having similar e.m.f / temperature
characteristics over a limited temperature range. Types U and Vx in Conductors
Table.

Connection of Themocouples to Measuring Instruments

Ordinary copper wires should never be used, as the error will be equal to the
diference in temperature between the connecting point of the thermocouple and
the instrument (or external reference junction).

Extension or compensating wire or cable must be employed, and it is essential that
the same polarity is maintained. If the polarity is reversed, the error is equal to twice
the temperature difference between the connecting point of the thermocouple and
the instrument (or external reference junction). For maximum accuracy extension
cables should be used, and the terminals and connectors should be of thermocouple
materials to maintain continuity.

Single / Multi-strand

The choice is mainly determined by the application (e.g. termination considerations
and internal diameter of associated sheath). Generally, single strand wires are used
for hot junctions, and multistrand for extensions of the thermocouple as being more
flexible. The greater the effective conductor diameter, the lower the value of
thermocouple loop resistance; an important consideration with long cable runs.
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Conductor Size Equivalents (diameter)

No. SWG B&S (AWG) No SWG B&S(AWG)
inches mm inches mm inches mm inches mm

0 0.324 823 03249 8.25 26 0.018 0.457 0.0159 0.404
1 0300 7.62 0.2893 7.35 27 0.0164 0.417 0.0142 0.361
2 0.276 7.01 0.2576 6.54 28 0.0148 0.376 0.0126 0.320
3 0.252 640 0.2294 5.83 29 0.0136 0.345 0.0113 0.287
4 (0232 589 02043 5.19 30 0.0124 0.315 0.0100 0.254
5 0.212 538 0.1819 4.62 31 0.0116 0.295 0.0089 0.226
6 0.192 488 0.1620 4.1 32 0.0108 0.274 0.0080 0.203
7 10176 447 0.1443 3.67 33 0.0100 0.254 0.0071 0.180
8 0.160 4.06 0.1285 3.26 34 0.0092 0.234 0.0063 0.160

9 0.144 366 0.1144 291 35 0.0084 0.213 0.0056 0.142
10 [0.128 325 0.1019 2.59 36 0.0076 0.193 0.0050 0.127
11 10116 295 0.0907 2.30 37 0.0068 0.173 0.0045 0.114
12 [0.104 2.64 0.0808 2.05 38 0.0060 0.152 0.0040 0.102
13 10.092 234 0.0720 1.83 39 0.0052 0.132 0.0035 0.089
14 10.080 2.03 0.0641 1.63 40 0.0048 0.122 0.0031 0.079
15 10.072 1.83 0.0571 1.45 41 0.0044 0.112 0.0028 0.071
16 |10.064 1.63 0.0508 1.29 42 0.0040 0.102 0.0025 0.064
17 10.056 1.42 0.0453 1.15 43 0.0036 0.091 0.0022 0.056
18 [0.048 1.22 0.0403 1.02 44 0.0032 0.081 0.0020 0.051
19 10.040 1.02 0.0359 0912 | 45 0.0028 0.071 0.0018 0.046
20 [0.036 0.914 0.0320 0.813 | 46 0.0024 0.061 - -

21 |0.032 0.813 0.0285 0.724 | 47 0.0020 0.051 - -

22 10.028 0.711 0.0253 0.643 | 48 0.0016 0.041 - -

23 |0.024 0.610 0.0226 0.574 | 49 0.0012 0.030 - -

24 10.022 0559 0.0201 0.511 50 0.0010 0.025 - -

25 10.020 0.508 0.0179 0.455

SWG = (BRITISH) STANDARD WIRE GAUGE
B&S = BROWN AND SHARPE
AWG = AMERICAN WIRE GAUGE
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Conductor Cross Sectional Areas

Metric mm?2 SWG AWG Single Strand
dia. inches dia. mm
1/0.2 0.032 - 32 0.0080 0.20
1/0.315 0.078 30 - 0.0124 0.31
1/0.508 0.203 25 - 0.0200 0.51
7/0.2 0.219 - - 0.0206 0.52
14/0.2 0.412 - 21 0.0285 0.72
Insulated Wire Sizes (Subject to variation)
Sizes in mm
Insulation Wire Size Each Overall
Insulated Sheath
Conductor
PVC
Figure of 8 1/0.508 - 1.4 %27
Flat Pair 7/0.2 1.7 34x4.8
Flat Pair 13/0.2 1.9 3.4x5.1
Flat Pair 23/0.2 2.0 35x5.5
PTFE
Twisted Pair 1/0.2 0.6
Twisted Pair 1/0.315 0.7
Twisted Pair 1/0.508 0.8
Flat Pair 1/0.315 0.6 1.3x1.9
Flat Pair 7/0.2 0.9 55x%x2.4
GLASSFIBRE
Flat Pair 1/0.2 0.5 1.0x 1.4
Flat Pair 1/0.315 0.7 1.1x1.7
Flat Pair 1/0.508 0.8 1.3x%x2.0
Flat Pair 7/0.2 0.8 1.1x1.9
Flat Pair 14/0.2 1.0 1.3x22
GLASSFIBRE
& S.S. OVERBRAID 7/0.2 0.9 1.6x2.4
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Loop Resistance, Ohms per Combined Metre Approximate (Sizes in mm)

Code 1/0.2 1/0.315 1/0.508 7/0.2 13/0.2 14/0.2 23/0.2
E 38.1 15.4 5.9 53 2.9 2.7 1.6
J 19.3 7.8 3.0 27 15 1.4 0.8
K 31.8 12.8 4.9 45 2.4 22 1.4
N 44.2 17.7 6.8 6.2 3.4 32 1.9
T 16.2 6.5 25 23 1.2 1.1 0.7
u 1.4 0.6 0.2 0.2 0.1 0.1 0.1
VX 16.2 65 25 23 1.2 1.1 07

9.2 PLATINUM RESISTANCE THERMOMETRY
9.2.1. Tolerances for Pt100 Thermometers to IEC 751 : 1983
Temp Resistance Tolerance
Class A Class B

(°C) (Q) (x°C) (xQ) (x°C) (xQ)
-200 18.52 0.55 0.24 1.3 0.56
-100 60.26 0.35 0.14 0.8 0.32
0 100.00 0.15 0.06 0.3 0.12
100 138.51 0.35 0.13 0.8 0.30
200 175.86 0.55 0.20 1.3 0.48
300 212.05 0.75 0.27 1.8 0.64
400 247.09 0.95 0.33 23 0.79
500 280.98 1.15 0.38 2.8 0.93
600 313.71 1.35 0.43 33 1.06
650 329.64 1.45 0.46 3.6 1.13
700 345.28 - - 3.8 1.17
800 375.70 - - 4.3 1.28
850 390.48 - - 4.6 1.34

9.2.2. Connection Configurations and Termination Colour Codes
IEC 751 : 1983
White White Red Red White White
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9.3 THERMOCOUPLE AND PT100 CHARACTERISTICS

9.3.1.

Pt100 Characteristics IEC 751 : 1983

Industrial Platinum Resistance Thermometer Sensors
R(0)= 100.00Q

°CITS 90 0 1 2 3 4 5 6 7 8 9 10_°CITS 90
200 1852 -200
190 2283 2240 2197 2154 2111 20.68 2025 19.82 1938 1895 1852  -190
180 2710 2667 2624 2582 2539  24.97 2454 2411 2368 2325 2283  -180
170 3134 3091 3049  30.07  29.64  29.22 28.80  28.37 27.95 2752 2710 170
160 3554 3512 3470 3428 3386 3344 33.02 _ 32.60 3218 3176 3134 -160
150 3972 3931  38.89 3847  38.05  37.64 3722 36.80 3638 3596 3554 -150
140 4388 4346 4305 42063 4222  41.80 4139 40.97 4056 4014 3972 -140
130 4800 4759 4718 4677 4636 45.94 4553 4512 4470 4429 4388 130
120 5211 5170 5129  50.88  50.47 _ 50.06 49.65  49.24 48.83 4842 48.00  -120
110 5619 5579 5538 54.97  54.56 _ 54.15 5375 _ 53.34 5293 5252 5211 -110
100 6026 5985 5944 5004  58.63  58.23 5782  57.41 57.01 5660 5619 -100
90 6430 6390 6349  63.09 6268  62.28 61.88  61.47 61.07 6066 6026  -90
80 6833 6792 6752 6712 6672 6631 6591 65.51 6511 6470 6430  -80
70 7233 7193 7153 7113 7073 7033 69.93  69.53 69.13 6873 6833 70
60 7633 7593 7553 7513 7473 7433 7393 7353 7313 7273 7233 -60
50 8031 7991 7951 7911 _ 7872  78.32 7792 7752 7712 7673 7633 50
40 8427 8387 8348  83.08 8269  82.29 81.89  81.50 8110 8070 8031 -40
30 8822 8783 8743  87.04 8664  86.25 85.85  85.46 85.06 8467 8427  -30
20 9216 9177 9137 9098 9059  90.19 89.80  89.40 89.01 8862 8322  -20
10 96.09 9560 9530 9491 9452 9412 9373 93.34 92.95 9255 9216 -10
0 10000 9961 9922 9883 9844  98.04 97.65  97.26 96.87 _ 96.48  96.09 0
0 10000 10039 10078 101.17 10156 _ 10195 10234 10273 10312 _ 103.51 103.90 0
10 10390 10429 10468 10507 10546 10585  106.24 10663  107.02  107.40 107.79 10
20 107.79 108.18 10857 108.96 109.35  109.73 _ 110.12_ 110.51 11090 111.29 11167 20
30 11167 11206 11245 11283 11322 11361  114.00 11438 11477 11515 11554 30
40 11554 11593  116.31 11670  117.08 11747 117.86 11824 118.63 _ 119.01 119.40 40
50 11940 11978 12017 12055 12094  121.32 12171 12209 12247 122.86 123.24 50
60 12324 12363 12401 12439 12478 12516 12554 12593 12631 126.69 127.08 60
70 127.08 12746 127.84 12822 12861 12899 12937 12975  130.13 13052 130.90 70
80  130.90 131.28 13166 13204 13242 13280 13318 13357  133.95 13433 134.71 80
90 13471 13509 13547 13585 13623 13661 136.99 137.37 _ 137.75 _ 138.13 13851 90
100 13851 138.88  139.26  139.64 14002 140.40 14078 14116 14154 14191 14229 100
110 14229 14267 14305 14343 14380 14418 14456 14494 14531 14569 14607 110
120 146.07 14644 146.82 14720 14757 14795 14833 14870  149.08 149.46 14983 120
130 149.83 15021 150.58 15096  151.33 15171 15208 15246  152.83 153.21 15358 130
140 15358 15396  154.33 15471 15508 15546 15583 156.20 15658 156.95 157.33 140
150 15733 15770 158.07 15845  158.82 _ 159.19 _ 15956 159.94 16031 _ 160.68 161.05 _ 150
160 161.05 161.43  161.80 16217 16254 16291  163.29 16366  164.03 16440 164.77 160
170 16477 16514 16551 16589 166.26  166.63  167.00 167.37  167.74 _ 168.11 168.48 170
180  168.48 168.85 169.22  169.59  169.96  170.33 17070 171.07 17143 171.80 17217 180
190 17217 17254 172.91  173.28  173.65 17402 17438 17475 17512 17549 17586 190
200 17586 176.22 17659  176.96  177.33 _ 177.69 _ 178.06 17843 17879 179.16 179.53 _ 200
210 17953 179.89 180.26  180.63  180.99  181.36  181.72 182.09 18246  182.82 18319 210
220 18319 18355 183.92 184.28 184.65 18501  185.38 18574  186.11 186.47 186.84 220
230 186.84 187.20 18756 187.93 188.29  188.66 _ 189.02 189.38 18975 19011 19047 _ 230
240 19047 _190.84 19120 191.56  191.92 19229 19265  193.01 193.37  193.74 19410 240
250 19410 19446 19482 19518 19555 19591  196.27 19663 19699 197.35 197.71 _ 250
260 19771 198.07 19843 19879 19915  199.51  199.87 20023 20059  200.95 201.31 260
270 20131 201.67 20203  202.39 202.75 20311 20347 20383 20419  204.55 204.90 270
280 20490 20526 20562 20598  206.34  206.70  207.J5  207.41 20777 20813 20848 280
290 208.48 208.84 209.20  209.56  209.91 21027  210.63 21098 21134 21170 21205 290
300 21205 21241 21276 21312 21348 21383 21419 21454 21490 21525 21561 300
310 21561 21596 21632 216.67 217.03  217.38  217.74 21809 21844 21880 219.15 310
320 21915 21951  219.86  220.21  220.57 22092 22127 22163 22198  222.33 22268 320
330 20268 223.04 22339 22374 22409 22445 22480 22515 22550 22585 226.21 330
340 22621 22656 20691  227.26  227.61 22796 22831 20866 229.02  220.37 22972 340
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Industrial Platinum Resistance Thermometer Sensors

R(0) = 100.00Q
°CITS90 0 1 2 3 4 5 6 7 8 9 10 °CITS 90
350  229.72 230.07 230.42 230.77 23112  231.47 231.82 23217 232.52  232.87 233.21 350

360  233.21 233.56 233.91 234.26  234.61 234.96 235.31  235.66 236.00  236.35 236.70 360

370 23670 237.05 23740 237.74 238.09  238.44 238.79 23913 239.48  239.83 240.18 370

380  240.18 240.52  240.87 24122 24156  241.91 24226 242.60 24295 24329 243.64 380

390  243.64 243.99 24433 24468  245.02  245.37 245.71  246.06 246.40  246.75  247.09 390
400  247.09 24744 24778 24813  248.47  248.81 249.16  249.50 249.85  250.19 250.53 400

410 25053 250.88 251.22  251.56  251.91 252.25 252,59  252.93 256328  253.62 253.96 410

420  253.96  254.30 254.65 254.99  255.33  255.67 256.01  256.35 256.70  257.04 257.38 420

430  257.38 257.72  258.06 25840 258.74  259.08 259.42  259.76 26010  260.44 260.78 430

440 26078 261.12 26146  261.80 26214  262.48 262.82  263.16 263.50  263.84 264.18 440
450  264.18  264.52 264.86  265.20  265.53  265.87 266.21  266.55 266.89  267.22 267.56 450

460  267.56 267.90 268.24  268.57  268.91 269.25 269.59  269.92 27026  270.60 270.93 460

470 27093 271.27 271.61  271.94 27228  272.61 27295 27329 273.62 27396 274.29 470

480 27429 27463 27496 27530  275.63  275.97 276.30  276.64 276.97  277.31 277.64 480

490  277.64 277.98 278.31. 278.64 278.98  279.31 279.64  279.98 280.31  280.64 280.98 490
500 280.98 281.31 281.64 281.98 282.31 282.64 282.97  283.31 283.64  283.97 284.30 500

510  284.30 284.63 284.97 28530 285.63  285.96 286.29  286.62 286.95  287.29 287.62 510

520  287.62 287.95 288.28 288.61  288.94  289.27 289.60  289.93 290.26  290.59 290.92 520

530  290.92 29125 29158 291.91 29224  292.56 292.89 29322 29355  293.88 294.21 530

540 29421 29454 29486 29519 29552  295.85 296.18  296.50 296.83 29716 297.49 540
550 29749 297.81 298.14 29847 298.80  299.12 29945 299.78 300.10  300.43 300.75 550

560  300.75 301.08 30141 301.73 302.06  302.38 302.71  303.03 303.36  303.69 304.01 560

570  304.01 304.34 304.66  304.98  305.31 305.63 305.96  306.28 306.61  306.93 307.25 570

580  307.25 307.58 307.90 308.23 308.55  308.87 309.20  309.52 309.84  310.16  310.49 580

590 31049 310.81 31113 31145 31178  312.10 31242 312.74 313.06  313.39 313.71 590
600  313.71 314.03 31435 31467 31499  315.31 315.64  315.96 316.28  316.60 316.92 600

610  316.92 31724 31756 31788 31820  318.52 318.84 319.16 319.48  319.80 320.12 610

620 32012 32043 320.75  321.07 321.39  321.71 322.03  322.35 322.67  322.98 323.30 620

630  323.30 323.62 323.94 32426 32457  324.89 32521  325.53 325.84  326.16 326.48 630

640 32648 326.79 32711 32743  327.74 _ 328.06 328.38  328.69 329.01  329.32 329.64 640
650  329.64 329.96 330.27 330.59  330.90  331.22 331.53  331.85 33216 332.48 332.79 650

660 33279 333.11 33342 333.74 334.05  334.36 334.68  334.99 335.31  335.62 335.93 660

670 33593 336.25 336.56 336.87 33718  337.50 337.81 33812 338.44  338.75 339.06 670

680  339.06 339.37 339.69  340.00  340.31 340.62 340.93  341.24 34156 341.87 342.18 680

690 34218 34249 342.80  343.11 34342  343.73 344.04  344.35 344.66 34497 345.28 690
700 34528 34559 34590 346.21  346.52  346.83 34714 34745 34776 348.07 348.38 700

710 348.38  348.69 348.99  349.30  349.61 349.92 350.23  350.54 350.84 35115 351.46 710

720 35146 351.77  352.08  352.38  352.69  353.00 353.30  353.61 353.92 35422 354.53 720

730 354.53 354.84 35514 35545 355.76  356.06 356.37  356.67 356.98  357.28 357.59 730

740 357.59 357.90 358.20  358.51  358.81 359.12 359.42  359.72 360.03  360.33 360.64 740
750  360.64 360.94 361.25 361.55 361.85  362.16 362.46  362.76 363.07  363.37 363.67 750

760  363.67 363.98 364.28  364.58 364.89  365.19 365.49  365.79 366.10  366.40 366.70 760

770 366.70 367.00 367.30  367.60  367.91 368.21 368.51  368.81 36911  369.41 369.71 770

780  369.71 370.01 37031  370.61  370.91 371.21 37151 371.81 37211 37241 372.71 780

790 37271 373.01 37331  373.61  373.91 374.21 374.51  374.81 37511 37541 375.70 790
800 37570 376.00 37630 376.60 376.90  377.19 37749 37779 378.09 37839 378.68 800

810  378.68 378.98 379.28  379.57  379.87  380.17 380.46  380.76 381.06  381.35 381.65 810

820  381.65 381.95 38224 38254 382.83  383.13 383.42 383.72 384.01  384.31 384.60 820

830  384.60 384.90 38519 38549 38578  386.08 386.37  386.67 386.96  387.25 387.55 830

840  387.55 387.84 388.14 388.43 388.72  389.02 389.31  389.60 389.90  390.19 390.48 840
850  390.48 850
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9.3.2. Thermocouple Characteristics IEC 584-1:1995
Type S Thermocouple Table

Platinum - 10% Rhodium/Platinum, Electromotive force as a function of temperature

v
1907°C 0 1 2 3 4 5 6 7 3 9 t90/°C
0 0 5 1 16 22 27 33 38 44 50 0
10 55 61 67 72 78 84 90 9% 101 107 10
20 113 119 125 131 137 143 149 155 161 167 20
30 173 179 185 191 197 204 210 216 222 229 30
40 235 241 243 254 260 267 273 280 286 292 40
50 299 305 312 319 325 332 338 345 352 358 50
60 365 372 378 385 392 399 405 412 419 426 60
70 433 440 446 453 460 467 474 481 488 495 70
30 502 509 516 523 530 538 545 552 559 566 30
90 573 580 588 595 602 609 617 624 631 639 90
100 646 653 661 668 675 683 690 698 705 713 100
110 720 727 735 743 750 758 765 773 780 788 110
120 795 803 811 818 826 834 841 849 857 865 120
130 872 880 388 396 903 911 919 927 935 942 130
140 950 958 966 974 982 990 998 1006 1013 1021 140
150 1029 1037 1045 1053 1061 1069 1077 1085 1094 1102 150
160 1110 1118 1126 1134 1142 1150 1158 1167 1175 1183 160
170 1191 1199 1207 1216 1224 1232 1240 1249 1257 1265 170
180 1273 1282 1290 1298 1307 1315 1323 1332 1340 1348 180
190 1357 1365 1373 1382 1390 1399 1407 1415 1424 1432 190
200 1441 1449 1458 1466 1475 483 1492 1500 1509 1517 200
210 1526 1534 1543 1551 1560 1569 1577 1586 1594 1603 210
220 1612 1620 1629 1638 1646 1655 1663 1672 1681 1690 220
230 1698 1707 1716 1724 1733 1742 1751 1750 1768 1777 230
240 1786 1794 1803 1812 1821 1829 1838 1847 1856 1865 240
250 1874 1862 1891 1900 1909 1918 1927 1936 1944 1953 250
260 1962 1971 1980 1989 1998 2007 2016 2025 2034 2043 260
270 2052 2061 2070 2078 2087 2006 2105 2114 2123 2132 270
280 2141 2151 2160 2169 2178 2187 2196 2205 2214 2223 280
290 2232 2041 2250 2259 2068 2077 2287 2296 2305 2314 290
300 2323 2332 2341 2350 2360 2369 2378 2387 2396 2405 300
310 2415 2424 2433 2442 2451 2461 2470 2479 2488 2497 310
320 2507 2516 2525 2534 2544 2553 2562 2571 2581 2590 320
330 2599 2609 2618 2627 2636 2646 2655 2664 2674 2683 330
340 2692 2702 2711 2720 2730 2739 2748 2758 2767 2776 340
350 2786 27% 2805 2814 2823 2833 2842 2851 2861 __ 2870 350
360 2880 2889 2899 2908 2917 2927 2936 2946 2955 2965 360
370 2974 2983 2993 3002 3012 3021 3031 3040 3050 3059 370
380 3069 3078 3088 3097 3107 3116 3126 3135 3145 3154 380
390 3164 3173 3183 3192 3202 3212 3221 3231 3240 3250 390
400 3259 3269 3279 3288 3298 3307 3317 3326 3336 3346 400
410 3355 3365 3374 3384 3394 3403 3413 3423 3432 3442 410
420 3451 3461 3471 3480 3490 3500 3509 38519 3520 3538 420
430 3548 3558 3567 3577 3587 3506 3606 3616 3626 3635 430
440 3645 3655 3664 3674 3684 3694 3703 3713 3723 3732 440
450 3742 3752 3762 3771 3781 3791 3801 3810 3820 3830 450
460 3840 3850 3859 3869 3879 3889 3898 3908 3918 3928 460
470 3938 3947 3957 3967 3977 3987 3997 4006 4016 4026 470
480 4036 4046 4056 4065 4075 4085 4095 4105 4115 4125 480
490 4134 4144 4154 4164 4174 4184 4194 4204 4213 4223 490
500 1233 1243 1253 4263 4273 4283 4293 4303 4313 4323 500
510 4332 4342 4352 4362 4372 4382 4392 4402 4412 442 510
520 4432 4442 4452 4462 4472 4482 4492 4502 4512 4522 520
530 4532 4542 4552 4562 4572 4582 4502 4602 4612 4622 530
540 4632 4642 4652 4662 4672 4682 4692 4702 4712 4722 540
550 1732 4742 4752 4762 4772 4782 4793 4803 4813 4823 550
560 4833 4843 4853 4863 4873 4883 4893 4904 4914 4924 560
570 4934 4944 4954 4964 4974 4984 4995 5005 5015 5025 570
580 5035 5045 5055 5066 5076 5086 5096 5106 5116 5127 580
590 5137 5147 5157 5167 5178 5188 5198 5208 5218 5228 590
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Type S Thermocouple Table
Platinum — 10% Rhodium/Platinum, Electromotive force as a function of temperature

E/uV
190/°C 0 1 2 3 4 5 6 7 3 9 t90/°C
600 5239 5249 5259 5269 5280 5200 5300 5310 5320 5331 600
610 5341 5351 5361 5372 5382 5302 5402 5413 5423 5433 610
620 5443 5454 5464 5474 5485 5495 5505 5515 5526 5536 620
630 5546 5557 5567 5577 5588 5598 5608 5618 5629 5639 630
640 5649 5660 5670 5680 5691 5701 5712 5722 5732 5743 640
650 5753 5763 5774 5784 5794 5805 5815 5826 5836 5846 650
660 5857 5867 5878 5888 5898 5009 5019 5930 5040 5050 660
670 5961 5971 5982 5992 6003 6013 6024 6034 6044 6055 670
680 6065 6076 6086 6097 6107 6118 6128 6139 6149 6160 680
690 6170 6181 6191 6202 6212 6223 6233 6244 6254 6265 690
700 6275 6286 6296 6307 6317 6328 6338 6349 6360 6370 700
710 6381 6391 6402 6412 6423 6434 6444 6455 6465 6476 710
720 6486 6497 6508 6518 6529 6539 6550 6561 6571 6582 720
730 6593 6603 6614 6624 6635 6646 6656 6667 6678 6688 730
740 6699 6710 6720 6731 6742 6752 6763 6774 6784 6795 740
750 6806 6817 6827 6838 6849 6859 6870 6881 6892 6902 750
760 6913 6924 6934 6945 6956 6967 6977 6988 6999 7010 760
770 7020 7031 7042 7053 7064 7074 7085 7096 7107 7117 770
780 7128 7139 7150 7161 7172 7182 7193 7204 7215 7226 780
790 7236 7247 7258 7269 7280 7291 7302 7312 7323 7334 790
800 7345 7356 7367 7378 7388 7309 7410 7421 7432 7443 800
810 7454 7465 7476 7487 7497 7508 7519 7530 7541 7552 810
820 7563 7574 7585 7596 7607 7618 7629 7640 7651 7662 820
830 7673 7684 7695 7706 7717 7728 7739 7750 7761 7772 830
340 7783 7794 7805 7816 7827 7838 7849 7860 7871 7882 340
850 7893 7904 7915 7926 7937 7948 7959 7970 7981 7992 850
860 8003 8014 8026 8037 8048 8059 8070 808t 8092 8103 860
870 8114 8125 8137 8148 8159 8170 8181 8192 8203 8214 870
880 8226 8237 8248 8259 8270 8281 8203 8304 8315 8326 880
390 8337 8343 8360 8371 8382 8393 8404 8416 8427 8438 390
900 8449 8460 8472 8483 8494 8505 8517 8528 8539 8550 900
910 8562 8573 8584 8595 8607 8618 8629 8640 8652 8663 910
920 8674 8685 8697 8708 8719 8731 8742 8753 8765 8776 920
930 8787 8798 8810 8821 8832 8844 8855 8866 8878 8889 930
940 8900 8912 8923 8935 8946 8957 8969 8980 8991 9003 940
950 9014 9025 9037 9048 9060 9071 9082 9094 9105 9117 950
960 9128 9139 9151 9162 9174 9185 9197 9208 9219 9231 960
970 9242 9254 9265 9277 9288 9300 9311 9323 9334 9345 970
980 9357 9368 9380 9391 9403 9414 9426 9437 9449 9460 980
990 9472 9483 9495 9506 9518 9529 9541 9552 9564 9576 990
1000 9587 9599 9610 9622 9633 9645 9656 9668 9680 9691 1000
1010 9703 9714 9726 9737 9749 9761 9772 9784 9795 9807 1010
1020 9819 9830 9842 9853 9865 9877 9888 9900 9911 9923 1020
1030 9935 9946 9958 9970 9981 9993 10005 10016 10028 10040 1030
1040 10051 10063 10075 10086 10098 10110 10121 10133 10145 _ 10156 1040
1050 10168 10180 10191 10203 10215 10227 10238 10250 10262 10273 1050
1060 10285 10297 10309 10320 10332 10344 10356 10367 _ 10379 10391 1060
1070 10403 10414 10426 10438 10450 10461 10473 10485 10497 10509 1070
1080 10520 10532 10544 10556 10567 10579 10591 10603 10615 10626 1080
1090 10638 10650 10662 10674 10686 10697 _ 10709 10721 _ 10733 __ 10745 1090
1100 10757 10768 10780 10792 10804 10816 10828 10839 10851 10863 1100
1110 10875 10887 10899 10911 10922 10934 10946 10958 10970 10982 1110
1120 10994 11006 11017 11029 11041 11053 11065 11077 11089 11101 1120
1130 11113 11125 11136 11148 11160 11172 11184 11196 11208 11220 1130
1140 11232 11244 11256 11268 11280 11291 _ 11303 11315 11327 11339 1140
1150 11351 11363 11375 11387 11399 11411 11423 11435 11447 11459 1150
1160 11471 11483 11495 11507 11519 11531 11542 11554 11566 11578 1160
1170 11590 11602 11614 11626 11638 11650 11662 11674 11686 11698 1170
1180 11710 11722 11734 11746 11758 11770 11782 11794 11806 11818 1180
1190 11830 11842 11854 11866 11878 11890 _ 11902 11914 _ 11926 11939 1190
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Type S Thermocouple Table

Platinum — 10%Rhodium/Platinum, Electromotive force as a function of temperature

EluV

190/°C 0 1 2 3 4 5 6 7 3 9 190°C
1200 11951 11963 11975 11987 11999 12011 12023 12035 12047 12059 1200
1210 12071 12083 12095 12107 12119 12131 12143 12155 12167 12179 1210
1220 12191 12203 12216 12208 12240 12252 12264 12276 12288 12300 1220
1230 12312 12324 12336 12348 12360 12372 12384 12397 12409 12421 1230
1240 12433 12445 12457 12469 12481 12493 12505 12517 12529 12542 1240
1250 12554 12566 12578 12500 12602 12614 12626 12638 12650 12662 1250
1260 12675 12687 12699 12711 12723 12735 12747 12759 12771 12783 1260
1270 12796 12808 12820 12832 12844 12856 12868 12880 12892 12905 1270
1280 12917 12929 12941 12953 12965 12977 12989 13001 13014 13026 1280
1290 13038 13050 13062 13074 13086 13098 13111 13123 13135 13147 1290
1300 13150 13171 13183 13195 13208 13220 13232 13244 13256 13268 1300
1310 13280 13292 13305 13317 13329 13341 13353 13365 13377 13390 1310
1320 13402 13414 13426 13438 13450 13462 13474 13487 13499 13511 1320
1330 13523 13535 13547 13550 13572 13584 13596 13608 13620 13632 1330
1340 13644 13657 13669 13681 13693 13705 13717 13729 13742 13754 1340
1350 13766 13778 13790 13802 13814 13826 13839 13851 13863 13875 1350
1360 13887 13899 13911 13924 13936 13948 13960 13972 13984 13996 1360
1370 14009 14021 14033 14045 14057 14069 14081 14094 14106 14118 1370
1380 14130 14142 14154 14166 14178 14191 14203 14215 14227 14239 1380
1390 14251 14263 14276 14288 14300 14312 14324 14336 14348 14360 1390
1400 14373 14385 14397 14409 14421 14433 14445 14457 14470 14482 1400
1410 14494 14506 14518 14530 14542 14554 14567 14579 14591 14603 1410
1420 14615 14627 14639 14651 14664 14676 14688 14700 14712 14724 1420
1430 14736 14748 14760 14773 14785 14797 14809 14821 14833 14845 1430
1440 14857 14869 14881 14894 14906 14918 14930 14942 14954 14966 1440
1450 14978 14990 15002 15015 15027 15039 15051 15063 15075 15087 1450
1460 15099 15111 15123 15135 15148 15160 15172 15184 15196 15208 1460
1470 15220 15232 15244 15256 15268 15280 15292 15304 15317 15329 1470
1480 15341 15353 15365 15377 15389 15401 15413 15425 15437 15449 1480
1490 15461 15473 15485 15497 15509 15521 15534 15546 15558 15570 1490
1500 15582 15594 15606 15618 15630 15642 15654 15666 15678 15690 1500
1510 15702 15714 15726 15738 15750 15762 15774 _ 15786 15798 15810 1510
1520 15822 15834 15846 15858 15870 15882 15894 15906 15918 15930 1520
1530 15942 15954 15966 15978 15090 16002 16014 16026 16038 16050 1530
1540 16062 16074 16086 16098 16110 16122 16134 16146 16158 16170 1540
1550 16182 16194 16205 16217 16229 16241 16253 16265 16277 16289 1550
1560 16301 16313 16325 16337 16349 16361 16373 16385 16396 16408 1560
1570 16420 16432 16444 16456 16468 16480 16492 16504 16516 16527 1570
1580 16530 16551 16563 16575 16587 16599 16611 16623 16634 16646 1580
1590 16658 16670 16682 16694 16706 16718 16729 16741 16753 16765 1590
1600 16777 16789 16801 16812 16824 16836 16848 16860 16872 16883 1600
1610 16895 16907 16919 16931 16943 16954 16966 16978 16990 17002 1610
1620 17013 17025 17037 17049 17061 17072 17084 17096 17108 17120 1620
1630 17131 17143 17155 17167 17178 17190 17202 17214 17225 17237 1630
1640 17249 17261 17272 17284 17296 17308 17319 17331 17343 17355 1640
1650 17366 17378 17390 17401 17413 17425 17437 17448 17460 17472 1650
1660 17483 17495 17507 17518 17530 17542 17553 17565 17577 17588 1660
1670 17600 17612 17623 17635 17647 17658 17670 17682 17693 17705 1670
1680 17717 17728 17740 17751 17763 17775 17786 17798 17809 17821 1680
1690 17832 17844 17855 17867 17878 17890 17901 17913 17924 17936 1690
1700 17947 17959 17970 17982 17993 18004 _ 18016 18027 _ 18039 18050 1700
1710 18061 18073 18084 18095 18107 18118 18129 18140 18152 18163 1710
1720 18174 18185 18196 18208 18219 18230 18241 18252 18263 18274 1720
1730 18285 18297 18308 18319 18330 18341 18352 18362 18373 18384 1730
1740 18395 18406 18417 18428 18439 18449 18460 18471 _ 18482 18493 1740
1750 18503 18514 18525 18535 18546 1855/ 18567 18578 18588 18599 1750
1760 18609 18620 18630 18641 18651 18661 18672 18682 18693 1760
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Type R Thermocouple Table

Platinum - 13% Rhodium/Platinum, Electromotive force as a function of temperature

E/uV
1907°C 0 T 2 3 7 5 6 7 3 9 190/°C
0 0 5 K 16 21 27 32 38 43 49 0
10 54 60 65 7 77 82 88 94 100 105 10
20 11 117 123 129 135 141 147 153 159 165 20
30 171 177 183 189 195 201 207 214 220 226 30
40 232 239 245 251 258 264 271 277 284 290 40
50 296 303 310 316 323 329 336 343 349 356 50
60 363 369 376 383 390 397 403 410 417 424 60
70 431 438 445 452 459 466 473 480 487 494 70
30 501 508 516 523 530 537 544 552 559 566 30
90 573 581 588 595 603 610 618 625 632 640 90
100 647 655 662 670 677 685 693 700 708 715 100
110 723 731 738 746 754 761 769 777 785 792 110
120 800 808 816 824 832 839 847 855 863 871 120
130 879 887 895 903 911 919 927 935 943 951 130
140 959 967 976 984 992 1000 1008 1016 1025 1033 140
150 1041 7049 7058 7066 1074 1082 1091 1099 1107 1116 150
160 1124 1132 1141 1149 1158 1166 1175 1183 1191 1200 160
170 1208 1217 1225 1234 1242 1251 1260 1268 1277 1285 170
180 1294 1303 1311 1320 1329 1337 1346 1355 1363 1372 180
190 1381 1389 1398 1407 1416 1425 1433 1442 1451 1460 190
200 1469 1477 1486 1495 1504 1513 1522 1531 1540 1549 200
210 1558 1567 1575 1584 1593 1602 1611 1620 1629 1639 210
220 1648 1657 1666 1675 1684 1693 1702 1711 1720 1729 220
230 1739 1748 1757 1766 1775 1784 1794 1803 1812 1821 230
240 1831 1840 1849 1858 1868 1877 1886 1895 1905 1914 240
250 1923 1933 1942 1951 1961 1970 1980 1989 1998 2008 250
260 2017 2027 2036 2046 2055 2064 2074 2083 2093 2102 260
270 2112 2121 2131 2140 2150 2159 2169 2179 2188 2198 270
280 2207 2217 2226 2236 2046 2055 2265 2275 2284 2294 280
290 2304 2313 2323 2333 2342 2352 2362 2371 2381 2391 290
300 2401 2410 2420 2430 2440 2449 2459 2469 2479 2488 300
310 2498 2508 2518 2528 2538 2547 2557 2567 2577 2587 310
320 2597 2607 2617 2626 2636 2646 2656 2666 2676 2686 320
330 2696 2706 2716 2726 2736 2746 2756 2766 2776 2786 330
340 2796 2806 2816 2826 2836 2846 2856 2866 2876 2886 340
350 2896 2906 2916 2926 2937 2047 2957 2967 2977 2987 350
360 2997 3007 3018 3028 3038 3048 3058 3068 3079 3089 360
370 3099 3109 3119 3130 3140 3150 3160 3171 3181 3191 370
380 3201 3212 3222 3232 3242 3253 3263 3273 3284 3294 380
390 3304 3315 3325 3335 3346 3356 3366 3377 3387 3397 390
400 3408 3418 3428 3439 3449 3460 3470 3480 3491 3501 400
410 3512 3522 3533 3543 3553 3564 3574 3585 3595 3606 410
420 3616 3627 3637 3648 3656 3669 3679 3690 3700 3711 420
430 3721 3732 3742 3753 3764 3774 3785 3795 3806 3816 430
440 3827 3838 3848 3859 3869 3880 3891 3901 3912 3922 440
450 3933 3944 3954 3965 3976 3986 3997 4008 4018 4029 450
460 4040 4050 4061 4072 4083 4093 4104 4115 4125 4136 460
470 4147 4158 4168 4179 4190 4201 4211 4202 4233 4244 470
480 4255 4265 1276 4287 4298 4309 4319 4330 4341 4352 480
490 4363 4373 4384 4395 4406 4417 4428 4439 4449 4460 490
500 4471 4482 7493 4504 4515 4526 4537 4548 4558 4569 500
510 4580 4591 4602 4613 4624 4635 4646 4657 4668 4679 510
520 4690 4701 4712 4723 4734 4745 4756 4767 4778 4789 520
530 4800 4811 1822 4833 4844 4855 4866 4877 4888 4899 530
540 4910 4922 4933 4944 4955 4966 4977 4988 4999 5010 540
550 5021 5033 5044 5055 5066 5077 5088 5009 5111 ___ 5122 550
560 5133 5144 5155 5166 5178 5189 5200 5211 5202 5234 560
570 5245 5256 5267 5279 5290 5301 5312 5323 5335 5346 570
580 5357 5369 5380 5391 5402 5414 5425 5436 5448 5459 580
590 5470 5431 5493 5504 5515 5527 5538 5549 5561 5572 590
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Type R Thermocouple Table

Platinum - 13% Rhodium/Platinum, Electromotive force as a function of temperature

EluV

190/°C 0 1 2 3 4 5 6 7 3 9 190°C
600 5583 5505 5606 5618 5629 5640 5652 5663 5674 5686 600
610 5697 5709 5720 5731 5743 5754 5766 5777 5789 5800 610
620 5812 5823 5834 5846 5857 5869 5880 5892 5903 5015 620
630 5926 5938 5949 5961 5972 5984 5995 6007 6018 6030 630
640 6041 6053 6065 6076 6088 6099 6111 6122 6134 6146 640
650 6157 6169 6180 6192 6204 6215 6227 6238 6250 6262 650
660 6273 6285 6297 6308 6320 6332 6343 6355 6367 6378 660
670 6390 6402 6413 6425 6437 6448 6460 6472 6484 6495 670
680 6507 6519 6531 6542 6554 6566 6578 6589 6601 6613 680
690 6625 6636 6648 6660 6672 6684 6695 6707 6719 6731 690
700 6743 6755 6766 6778 6790 6802 6814 6826 6838 6849 700
710 6861 6873 6885 6897 6909 6921 6933 6945 6956 6968 710
720 6980 6992 7004 7016 7028 7040 7052 7064 7076 7088 720
730 7100 7112 7124 7136 7148 7160 7172 7184 7196 7208 730
740 7220 7232 7244 7256 7268 7280 7292 7304 7316 7328 740
750 7340 7352 7364 7376 7389 7401 7413 7425 7437 7449 750
760 7461 7473 7485 7498 7510 7522 7534 7546 7558 7570 760
770 7583 7595 7607 7619 7631 7644 7656 7668 7680 7692 770
780 7705 7717 7729 7741 7753 7766 7778 7790 7802 7815 780
790 7827 7839 7851 7864 7876 7888 7901 7913 7925 7938 790
800 7950 7962 7974 7987 7999 8011 8024 8036 8048 8061 300
810 8073 8086 8098 8110 8123 8135 8147 8160 8172 8185 810
820 8197 8209 8222 8234 8247 8259 8272 8284 8296 8309 820
830 8321 8334 8346 8359 8371 8384 8396 8409 8421 8434 830
840 8446 8459 8471 8484 8496 8509 8521 8534 8546 8559 840
850 8571 8584 8597 8609 8622 8634 8647 8659 8672 8685 850
860 8697 8710 8722 8735 8748 8760 8773 8785 8798 8811 860
870 8823 8836 8849 8861 8874 8887 8899 8912 8925 8937 870
880 8950 8963 8975 8988 9001 9014 9026 9039 9052 9065 880
890 9077 9090 9103 9115 9128 9141 9154 9167 9179 9192 890
900 9205 9218 9230 9243 9256 9269 9282 9204 9307 9320 900
910 9333 9346 9359 9371 9384 9397 9410 9423 9436 9449 910
920 9461 9474 9487 9500 9513 9526 9539 9552 9565 9578 920
930 9590 9603 9616 9629 9642 9655 9668 9681 9694 9707 930
940 9720 9733 9746 9759 9772 9785 9798 9811 9824 9837 940
950 9850 9863 9876 9889 9902 9915 9928 9941 9954 9967 950
960 9980 9993 10006 10019 10032 10046 10059 10072 10085 10098 960
970 10111 10124 10137 10150 10163 10177 10190 10203 10216 10229 970
980 10242 10255 10268 10282 10295 10308 10321 10334 10347 10361 980
990 10374 10387 10400 10413 10427 10440 10453 10466 10479 10493 990
1000 10506 10519 10532 10546 10559 10572 10585 10599 10612 10625 1000
1010 10638 10652 10665 10678 10692 10705 10718 10731 10745 10758 1010
1020 10771 10785 10798 10811 10825 10838 10851 10865 10878 10891 1020
1030 10905 10918 10932 10945 10958 10972 10985 10998 11012 11025 1030
1040 11039 11052 11065 11079 11092 11106 11119 11132 11146 11159 1040
1050 11173 11186 11200 11213 11227 11240 11253 11267 11280 11294 1050
1060 11307 11321 11334 11348 11361 11375 11388 11402 11415 11429 1060
1070 11442 11456 11469 11483 11496 11510 11524 11537 11551 11564 1070
1080 11578 11591 11605 11618 11632 11646 11659 11673 11686 11700 1080
1090 11714 11727 11741 11754 11768 11782 11795 11809 11822 11836 1090
1100 11850 11863 11877 11891 11904 11918 11931 11945 11959 11972 1100
1110 11986 12000 12013 12027 12041 12054 12068 12082 12096 12109 1110
1120 12123 12137 12150 12164 12178 12191 12205 12219 12233 12246 1120
1130 12260 12274 12288 12301 12315 12320 12342 12356 12370 12384 1130
1140 12397 12411 12425 12439 12453 12466 12480 12494 12508 12521 1140
1150 12535 12549 12563 12577 12590 12604 12618 12632 12646 12659 1150
1160 12673 12687 12701 12715 12729 12742 12756 12770 12784 12798 1160
1170 12812 12825 12839 12853 12867 12881 12895 12009 12922 12936 1170
1180 12950 12964 12978 12992 13006 13019 13033 13047 13061 13075 1180
1190 13089 13103 13117 13131 13145 13158 13172 13186 13200 13214 1190
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Type R Thermocouple Table
Platinum 13% Rhodium/Platinum, Electromotive force as a function of temperature

E/uV
190/°C 0 1 2 3 4 5 6 7 3 9 t90/°C
1200 13228 13242 13256 13270 13284 13298 13311 13325 13330 13353 1200
1210 13367 13381 13395 13409 13423 13437 13451 13465 13479 13493 1210
1220 13507 13521 13535 13549 13563 13577 13590 13604 13618 13632 1220
1230 13646 13660 13674 13688 13702 13716 13730 13744 13758 13772 1230
1240 13786 13800 13814 13828 13842 13856 13870 13884 13898 13912 1240
1250 13926 13940 13954 13968 13982 13996 14010 14024 14038 14052 1250
1260 14066 14081 14095 14109 14123 14137 14151 14165 14179 14193 1260
1270 14207 14221 14235 14249 14263 14277 14291 14305 14319 14333 1270
1280 14347 14361 14375 14390 14404 14418 14432 14446 14460 14474 1280
1290 14488 14502 14516 14530 14544 14558 14572 14586 14601 14615 1290
1300 14629 14643 14657 14671 14685 14699 14713 14727 14741 14755 1300
1310 14770 14784 14798 14812 14826 14840 14854 14868 14882 14896 1310
1320 14911 14925 14939 14953 14967 14981 14995 15009 15023 15037 1320
1330 15052 15066 15080 15094 15108 15122 15136 15150 15164 15179 1330
1340 15193 15207 15221 15235 15249 15263 15277 15201 15306 15320 1340
1350 15334 15348 15362 15376 15300 15404 15419 15433 15447 15461 1350
1360 15475 15489 15503 15517 15531 15546 15560 15574 15588 15602 1360
1370 15616 15630 15645 15659 15673 15687 15701 15715 15729 15743 1370
1380 15758 15772 15786 15800 15814 15828 15842 15856 15871 15885 1380
1390 15899 15013 15927 15941 15955 15969 15984 15998 16012 16026 1390
1400 16040 16054 16068 16082 16097 16111 _ 16125 16139 16153 16167 1400
1410 16181 16196 16210 16224 16238 16252 16266 16280 16294 16309 1410
1420 16323 16337 16351 16365 16379 16393 16407 16422 16436 16450 1420
1430 16464 16478 16492 16506 16520 16534 16549 16563 16577 16591 1430
1440 16605 16619 16633 16647 16662 16676 _ 16690 16704 16718 16732 1440
1450 16746 16760 16774 16789 16803 16817 16831 16845 16859 16873 1450
1460 16887 16901 16915 16930 16944 16958 16972 16986 17000 17014 1460
1470 17028 17042 17056 17071 17085 17099 17113 17127 17141 17155 1470
1480 17169 17183 17197 17211 17225 17240 17254 17268 17282 17296 1480
1490 17310 17324 17338 17352 17366 17380 17394 17408 17423 17437 1490
1500 17451 17465 17479 17493 17507 17521 17535 17549 17563 _ 17577 1500
1510 17591 17605 17619 17633 17647 17661 17676 17690 17704 17718 1510
1520 17732 17746 17760 17774 17788 17802 17816 17830 17844 17858 1520
1530 17872 17886 17900 17914 17928 17942 17956 17970 17984 17998 1530
1540 18012 18026 18040 18054 18068 18082 18096 18110 18124 18138 1540
1550 18152 18166 18180 18194 18208 18222 18236 18250 18264 18278 1550
1560 18292 18306 18320 18334 18348 18362 18376 18390 18404 18417 1560
1570 18431 18445 184590 18473 18487 18501 18515 18529 18543 18557 1570
1580 18571 18585 18599 18613 18627 18640 18654 18668 18682 18696 1580
1590 18710 18724 18738 18752 18766 18779 18793 18807 _ 18821 _ 18835 1590
1600 18849 18863 18877 18801 18904 18918 18932 18946 18960 18974 1600
1610 18988 19002 19015 19029 19043 19057 19071 19085 19098 19112 1610
1620 19126 19140 19154 19168 19181 19195 19209 19223 19237 19250 1620
1630 19264 19278 19292 19306 19319 19333 19347 19361 19375 19388 1630
1640 19402 19416 19430 10444 19457 19471 _ 19485 19499 19512 19526 1640
1650 19540 19554 19567 19581 19595 19609 19622 19636 19650 19663 1650
1660 19677 19691 19705 19718 19732 19746 19759 19773 19787 19800 1660
1670 19814 19828 19841 19855 19869 19882 19896 19910 19923 19937 1670
1680 19951 19964 19978 19992 20005 20019 20032 20046 20060 20073 1680
1690 20087 20100 20114 20127 20141 20154 20168 20181 _ 20195 20208 1690
1700 20222 20235 20249 20262 20275 20289 20302 20316 20329 20342 1700
1710 20356 20369 20382 20396 20409 20422 20436 20449 20462 20475 1710
1720 20488 20502 20515 20528 20541 20554 20567 20581 20594 20607 1720
1730 20620 20633 20646 20659 20672 20685 20698 20711 20724 20736 1730
1740 20749 20762 20775 20788 20801 20813 20826 20839 20852 20864 1740
1750 20877 20890 20902 20915 20928 20940 20953 20965 20978 20990 1750
1760 21003 21015 21027 21040 21052 21065 21077 21089 21101 1760
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Type B Thermocouple Table

Platinum — 30% Rhodium/Platinum 6% Rhodium, Electromotive force as a function of temperature

BV
1907°C 0 1 2 3 7 5 6 7 3 9 190/°C
0 0 0 0 ] ] g g g 2 2 0
10 2 2 2 2 2 2 2 2 3 3 10
20 3 -3 3 -3 3 2 2 2 2 2 20
30 2 2 2 2 2 g g g g B 30
40 0 0 0 0 0 1 1 1 2 2 40
50 2 3 3 3 7 7 ] 5 5 6 50
60 6 7 7 3 3 9 9 10 10 11 60
70 11 12 12 13 14 14 15 15 16 17 70
30 17 18 19 20 20 21 22 22 23 24 30
90 25 26 26 27 28 29 30 31 31 32 90
100 33 34 35 36 37 38 39 40 4 12 100
110 43 44 45 46 47 18 49 50 51 52 110
120 53 55 56 57 58 59 60 62 63 64 120
130 65 66 68 69 70 72 73 74 75 77 130
140 78 79 81 82 34 85 36 38 39 91 140
150 92 9 % 96 98 99 701 102 104 706 150
160 107 109 110 112 113 115 117 118 120 122 160
170 123 125 127 128 130 132 134 135 137 139 170
180 141 142 144 146 148 150 151 153 155 157 180
190 159 161 163 165 166 168 170 172 174 176 190
200 178 180 182 184 186 188 190 192 195 197 200
210 199 201 203 205 207 209 212 214 216 218 210
220 220 222 225 227 229 231 234 236 238 241 220
230 243 245 243 250 252 255 257 259 262 264 230
240 267 269 271 274 276 279 281 284 286 289 240
250 291 294 296 299 301 304 307 309 312 314 250
260 317 320 322 325 328 330 333 336 338 341 260
270 344 347 349 352 355 358 360 363 366 369 270
280 372 375 377 380 383 386 389 392 395 398 280
290 401 404 407 410 413 416 419 422 425 428 290
300 131 434 137 440 443 145 449 452 455 458 300
310 462 465 468 47 474 478 481 484 487 490 310
320 494 497 500 503 507 510 513 517 520 523 320
330 527 530 533 537 540 544 547 550 554 557 330
340 561 564 568 571 575 578 582 585 589 592 340
350 596 599 603 607 610 614 617 621 625 628 350
360 632 636 639 643 647 650 654 658 662 665 360
370 669 673 677 680 684 688 692 696 700 703 370
380 707 71 715 719 723 721 731 735 738 742 380
390 746 750 754 758 762 766 770 774 778 782 390
400 787 791 795 799 303 807 811 815 819 824 400
410 828 832 836 840 844 849 853 857 861 866 410
420 870 874 878 883 887 891 896 900 904 909 420
430 913 917 922 926 930 935 939 944 943 953 430
440 957 961 966 970 975 979 984 988 993 997 440
450 1002 1007 1011 1016 1020 1025 1030 1034 1039 1043 450
460 1048 1053 1057 1062 1067 1071 1076 1081 1086 1090 460
470 1095 1100 1105 1109 1114 119 1124 1129 1133 1138 470
480 1143 1148 1153 1158 1163 1167 1172 1177 1182 1187 480
490 1192 1197 1202 1207 1212 1217 1222 1227 1232 1237 490
500 1242 1247 1252 1257 1262 1267 1272 1277 1282 1288 500
510 1293 1298 1303 1308 1313 1318 1324 1329 1334 1339 510
520 1344 1350 1355 1360 1365 1371 1376 1381 1387 1392 520
530 1397 1402 1408 1413 1418 1424 1429 1435 1440 1445 530
540 1451 1456 1462 1467 1472 1478 1483 1489 1494 1500 540
550 7505 1511 1516 1502 1527 533 1539 1544 1550 1565 550
560 1561 1566 1572 1578 1583 1580 1595 1600 1606 1612 560
570 1617 1623 1629 1634 1640 1646 1652 1657 1663 1669 570
580 1675 1680 1686 1692 1698 1704 1709 1715 1721 1797 580
590 1733 1739 1745 1750 1756 1762 1768 1774 1780 1786 590
500 1792 1798 1804 1810 1816 822 1828 1834 1840 1846 600
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Type B Thermocouple Table

Platinum - 30% Rhodium/Platinum 6% Rhodium, Electromotive force as a function of temperature

E/uV
190/°C 0 1 2 3 4 5 6 7 3 9 190°C
610 1852 1858 1864 1870 1876 1882 1888 1894 1901 1907 610
620 1913 1919 1925 1931 1937 1944 1950 1956 1962 1968 620
630 1975 1981 1987 1993 1999 2006 2012 2018 2025 2031 630
640 2037 2043 2050 2056 2062 2069 2075 2082 2088 2094 640
650 2101 2107 2113 2120 2126 2133 2139 2146 2152 2158 650
660 2165 2171 2178 2184 2191 2197 2204 2210 2217 2024 660
670 2230 2237 2243 2250 2256 2063 2070 2076 2083, 2289 670
680 2296 2303 2309 2316 2323 2329 2336 2343 2350 2356 680
690 2363 2370 2376 2383 2390 2307 2403 2410 2417 2424 690
700 2431 2437 2444 2451 2458 2465 2472 2479 2485 2492 700
710 2499 2506 2513 2520 2527 2534 2541 2548 2555 2562 710
720 2569 2576 2583 2590 2507 2604 2611 2618 2625 2632 720
730 2639 2646 2653 2660 2667 2674 2681 2688 2696 2703 730
740 2710 2717 2724 2731 2738 2746 2753 2760 2767 2775 740
750 2782 2789 279 2803 2811 2818 2825 2833 2840 2847 750
760 2854 2862 2869 2876 2884 2891 2898 2906 2913 2921 760
770 2928 2935 2943 2950 2958 2965 2973 2980 2987 2995 770
780 3002 3010 3017 3025 3032 3040 3047 3055 3062 3070 780
790 3078 3085 3093 3100 3108 3116 3123 3131 3138 3146 790
800 3154 3161 3169 3177 3184 3192 3200 3207 3215 3223 800
810 3230 3238 3246 3254 3261 3269 3277 3285 3292 3300 810
820 3308 3316 3324 3331 3339 3347 3355 3363 3371 3379 820
830 3386 3394 3402 3410 3418 3426 3434 3442 3450 3458 830
340 3466 3474 3482 3490 3493 3506 3514 3522 3530 3538 340
850 3546 3554 3562 3570 3578 3586 3504 3602 3610 3618 850
860 3626 3634 3643 3651 3659 3667 3675 3683 3692 3700 860
870 3708 3716 3724 3732 374 3749 3757 3765 3774 3782 870
880 3790 3798 3807 3815 3823 3832 3840 3848 3857 3865 880
390 3873 3882 3890 3893 3907 3015 3923 3932 3040 3049 390
900 3957 3965 3974 3982 3991 3999 4008 4016 4024 4033 900
910 4041 4050 4058 4067 4075 4084 4093 4101 4110 4118 910
920 4127 4135 4144 4152 4161 470 4178 4187 4195 4204 920
930 4213 4221 4230 4239 4247 4256 4265 4273 4282 4291 930
940 4299 4308 4317 4326 4334 4343 4352 4360 4369 4378 940
950 4387 4396 4404 4413 4422 4431 4440 4448 4457 4466 950
960 4475 4484 4493 4501 4510 4519 4508 4537 4546 4555 960
970 4564 4573 4582 4591 4599 4608 4617 4626 4635 4644 970
980 4653 4662 4671 4680 4689 4698 4707 4716 4725 4734 980
990 4743 4753 4762 4771 4780 4780 4798 4807 4816 4825 990
1000 4834 4843 4853 4862 4871 4880 4889 4898 4908 4917 1000
1010 4926 4935 4944 4954 4963 4972 4981 4990 5000 5009 1010
1020 5018 5027 5037 5046 5055 5065 5074 5083 5092 5102 1020
1030 5111 5120 5130 5139 5148 5158 5167 5176 5186 5195 1030
1040 5205 5214 5223 5233 5242 5252 5261 5270 5280 5289 1040
1050 5299 5308 5318 5327 5337 5346 5356 5365 5375 5384 1050
1060 5394 5403 5413 5422 5432 5441 5451 5460 5470 5480 1060
1070 5489 5499 5508 5518 5528 5537 5547 5556 5566 5576 1070
1080 5585 5595 5605 5614 5624 5634 5643 5653 5663 5672 1080
1090 5682 5692 5702 5711 5721 5731 5740 5750 5760 5770 1090
1100 5780 5789 5799 5809 5819 5828 5838 5848 5858 5868 1100
1110 5878 5887 5897 5907 5917 5027 5937 5947 5956 5966 1110
1120 5976 5986 5996 6006 6016 6026 6036 6046 6055 6065 1120
1130 6075 6085 6095 6105 6115 6125 6135 6145 6155 6165 1130
1140 6175 6185 6195 6205 6215 6225 6235 6245 6256 6266 1140
1150 6276 6286 6296 6306 6316 6326 6336 6346 6356 6367 1150
1160 6377 6387 6397 6407 6417 6427 6438 6448 6458 6468 1160
1170 6478 6488 6499 6509 6519 6529 6539 6550 6560 6570 1170
1180 6580 6591 6601 6611 6621 6632 6642 6652 6663 6673 1180
1190 6683 6693 6704 6714 6724 6735 6745 6755 6766 6776 1190
1200 6786 6797 6807 6818 6828 6838 6849 6859 6869 6880 1200
1210 6890 6901 6911 6922 6932 6942 6953 6963 6974 6934 1210
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Type B Thermocouple Table
Platinum - 30% Rhodium/Platinum 6% Rhodium, Electromotive force as a function of temperature

E/pV

190/°C 0 1 2 3 4 5 6 7 3 9 190°C
1220 6995 7005 7016 7026 7037 7047 7058 7068 7079 7089 1220
1230 7100 7110 7121 7131 7142 7152 7163 7173 7184 7194 1230
1240 7205 7216 7226 7237 7247 7258 7269 7279 7290 7300 1240
1250 7311 7322 7332 7343 7353 7364 7375 7385 7396 7407 1250
1260 7417 7428 7439 7449 7460 7471 7482 7492 7503 7514 1260
1270 7524 7535 7546 7557 7567 7578 7589 7600 7610 7621 1270
1280 7632 7643 7653 7664 7675 7686 7697 7707 7718 7729 1280
1290 7740 7751 7761 7772 7783 7794 7805 7816 7827 7837 1290
1300 7848 7859 7870 7881 7892 7903 7914 7924 7935 7946 1300
1310 7957 7968 7979 7990 8001 8012 8023 8034 8045 8056 1310
1320 8066 8077 8088 8099 8110 8121 8132 8143 8154 8165 1320
1330 8176 8187 8198 8209 8220 8231 8242 8253 8264 8275 1330
1340 8286 8298 8309 8320 8331 8342 8353 8364 8375 8386 1340
1350 8397 8408 8419 8430 8441 8453 8464 8475 8486 8497 1350
1360 8508 8519 8530 8542 8553 8564 8575 8586 8597 8608 1360
1370 8620 8631 8642 8653 8664 8675 8687 8698 8709 8720 1370
1380 8731 8743 8754 8765 8776 8787 8799 8810 8821 8832 1380
1390 8844 8855 8866 8877 8889 8900 8911 8922 8934 8945 1390
1400 8956 8967 8979 8990 9001 9013 9024 9035 9047 9058 1400
1410 9069 9080 9092 9103 9114 9126 9137 9148 9160 9171 1410
1420 9182 9194 9205 9216 9228 9239 9251 9262 9273 9285 1420
1430 9296 9307 9319 9330 9342 9353 9364 9376 9387 9398 1430
1440 9410 9421 9433 9444 9456 9467 9478 9490 9501 9513 1440
1450 9524 9536 9547 9558 9570 9581 9503 9604 9616 9627 1450
1460 9639 9650 9662 9673 9684 9696 9707 9719 9730 9742 1460
1470 9753 9765 9776 9788 9799 9811 9822 9834 9845 9857 1470
1480 9868 9880 9891 9903 9914 9926 9937 9949 9961 9972 1480
1490 9984 9995 10007 10018 10030 10041 _ 10053 _ 10064 _ 10076 10088 1490
1500 10099 10111 10122 10134 10145 10157 _ 10168 10180 _ 10192 _ 10203 1500
1510 10215 10226 10238 10249 10261 10273 10284 10296 10307 10319 1510
1520 10331 10342 10354 10365 10377 10389 10400 10412 10423 10435 1520
1530 10447 10458 10470 10482 10493 10505 10516 10528 10540 10551 1530
1540 10563 10575 10586 10598 10609 10621 _ 10633 10644 _ 10656 10668 1540
1550 10679 10691 10703 10714 10726 10738 10749 10761 10773 10784 1550
1560 10796 10808 10819 10831 10843 10854 10866 10877 10889 10901 1560
1570 10913 10924 10936 10948 10959 10971 10983 10994 11006 11018 1570
1580 11029 11041 11053 11064 11076 11088 11099 11111 11123 11134 1580
1590 11146 11158 11169 11181 11193 11205 11216 11228 11240 11251 1590
1600 11263 11275 11286 11298 11310 11321 11333 11345 1135/ 11368 1600
1610 11380 11392 11403 11415 11427 11438 11450 11462 11474 11485 1610
1620 11497 11509 11520 11532 11544 11555 11567 11579 11591 11602 1620
1630 11614 11626 11637 11649 11661 11673 11684 11696 11708 11719 1630
1640 11731 11743 11754 11766 11778 11790 11801 11813 11825 11836 1640
1650 11848 11860 11871 11883 11895 11907 11918 11930 11942 11953 1650
1660 11965 11977 11988 12000 12012 12024 12035 12047 12059 12070 1660
1670 12082 12094 12105 12117 12129 12141 12152 12164 12176 12187 1670
1680 12199 12211 12222 12234 12246 12257 12269 12281 12292 12304 1680
1690 12316 12327 12339 12351 12363 12374 12386 12308 12409 12421 1690
1700 12433 12444 12456 12468 12479 12491 12503 12514 12526 12538 1700.
1710 12549 12561 12572 12584 12506 12607 12619 12631 12642 12654 1710
1720 12666 12677 12689 12701 12712 12724 12736 12747 12759 12770 1720
1730 12782 12794 12805 12817 12829 12840 12852 12863 12875 12887 1730
1740 12898 12910 12921 12933 12945 12956 12968 12980 12991 13003 1740
1750 13014 13026 13037 13049 13061 13072 13084 13095 13107 13119 1750
1760 13130 13142 13153 13165 13176 13188 13200 13211 13223 13234 1760
1770 13246 13257 13269 13280 13292 13304 13315 13327 13338 13350 1770
1780 13361 13373 13384 13396 13407 13419 13430 13442 13453 13465 1780
1790 13476 13488 13499 13511 13522 13534 13545 13557 13568 13580 1790
1800 13591 13603 13614 13626 13637 13649 13660 13672 13683 13694 1800
1810 13706 13717 13729 13740 13752 13763 13775 13786 13797 13809 1810
1820 13820 1820
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Type N Thermocouple Table
Nickel-Chromium-Silicon/Nickel-Silicon, Electromotive force as a function of temperature

E/pV
190/°C 0 1 2 3 ] 5 6 7 8 9 190/°C
0 0 26 52 78 104 130 156 182 208 235 0
10 261 287 313 340 366 393 419 446 472 499 10
20 525 552 578 605 632 659 685 712 739 766 20
30 793 820 847 874 901 928 955 983 1010 __ 1037 30
40 1065 1092 1119 1147 1174 1202 1229 1257 1284 1312 40
50 1340 1368 139 1423 1451 1479 1507 1535 1563 1591 50
60 1619 1647 1675 1703 1732 1760 1788 1817 1845 1873 60
70 1902 1930 1959 1988 2016 2045 2074 2102 2131 2160 70
80 2189 2218 2247 2276 2305 2334 2363 2392 2421 2450 80
90 2480 2509 2538 2568 2597 2626 2656 2685 2715 2744 90
100 2774 2604 2833 2863 2693 2923 2953 2983 3012 3042 100
110 3072 3102 3133 3163 3193 3223 3253 3283 3314 3344 110
120 3374 3405 3435 3466 3496 3527 3557 3588 3619 3649 120
130 3680 3711 3742 3772 3803 3834 3865 3896 3927 3958 130
140 3989 4020 4051 4083 4114 4145 4176 4208 4239 4270 140
150 4302 4333 4365 4396 4428 4459 4491 4523 4554 4586 150
160 4618 4650 4681 4713 4745 4777 4809 4841 4873 4905 160
170 4937 4969 5001 5033 5066 5098 5130 5162 5195 5227 170
180 5259 5202 5324 5357 5389 5422 5454 5487 5520 5552 180
190 5585 5618 5650 5683 5716 5749 5782 5815 5847 5880 190
200 5913 5946 5979 6013 6046 6079 6112 6145 6178 6211 200
210 6245 6278 6311 6345 6378 6411 6445 6478 6512 6545 210
220 6579 6612 6646 6680 6713 6747 6781 6814 6848 6882 220
230 6916 6949 6983 7017 7051 7085 7119 7158 7187 7221 230
240 7255 7289 7323 7357 7392 7426 7460 7494 7528 7563 240
250 7597 7631 7666 7700 7734 7769 7803 7838 7872 7907 250
260 7941 7976 8010 8045 8080 8114 8149 8184 8218 8253 260
270 8288 8323 8358 8392 8427 8462 8497 8532 8567 8602 270
280 8637 8672 8707 8742 8777 8812 8847 8882 8918 8953 280
290 8988 9023 9058 9094 9129 9164 9200 9235 9270 9306 290
300 9341 9377 9412 9448 9483 9519 9554 9500 9625 9661 300
310 9696 9732 9768 9803 9839 9875 9910 9946 9982 10018 310
320 10054 10089 10125 10161 10197 10233 10269 10305 _ 10341 _ 10377 320
330 10413 10449 10485 10521 10557 10593 10629 10665 10701 10737 330
340 10774 10810 10846 10882 10918 10955 _ 10991 11027 _ 11064 11100 340
350 11136 11173 11209 11245 __ 11282 11318 11355 11391 _ 114286 11464 350
360 11501 11587 11574 11610 11647 11683 11720 11757 11793 11830 360
370 11867 11903 11940 11977 12013 12050 _ 12087 12124 12160 12197 370
380 12234 12271 12308 12345 12382 12418 12455 12492 12529 12566 380
390 12603 12640 12677 12714 12751 12788 12825 12862 12899 12937 390
400 12974 13011 13048 13085 13122 13159 _ 13197 _ 13234 _ 13271 __ 13308 400
410 13346 13383 13420 13457 13495 13532 13569 13607 13644 13682 410
420 13719 13756 13794 13831 13869 13906 13944 13981 14019 14056 420
430 14094 14131 14169 14206 14244 14281 14319 14356 14394 14432 430
440 14469 14507 14545 14582 14620 14658 14695 14733 14771 14809 440
450 14846 14864 14922 14960 14998 15035 _ 15073 15111 _ 15149 __ 15167 450
460 15225 15262 15300 15338 15376 15414 15452 15490 15528 15566 460
470 15604 15642 15680 15718 15756 15794 15832 15870 _ 15908 15946 470
480 15984 16022 16060 16099 16137 16175 _ 16213 16251 _ 16289 16327 480
490 16366 16404 16442 16480 16518 16557 16595 16633 16671 16710 490
500 16748 16786 16824 16863 16901 16939 _ 16978 _ 17016 _ 17054 _ 17093 500
510 17131 17169 17208 17246 17285 17323 17361 17400 _ 17438 17477 510
520 17515 17554 17592 17630 17669 17707 17746 17784 17823 17861 520
530 17900 17938 17977 18016 18054 18093 18131 _ 18170 _ 18208 18247 530
540 18286 18324 18363 18401 18440 18479 18517 18556 18595 18633 540
550 18672 18711 18749 18788 18827 _ 16865 _ 16904 18943 _ 18982 19020 550
560 19059 19098 19136 19175 19214 19253 19292 19330 _ 19369 19408 560
570 19447 19485 19524 19563 19602 19641 19680 19718 19757 19796 570
580 19835 19874 19913 19952 19990 20029 20068 20107 _ 20146 20185 580
590 20224 20263 20302 20341 20379 20418 20457 _ 20496 20535 20574 590
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Type N Thermocouple Table

Nickel-Chromium-Silicon/Nickel-Silicon, Electromotive force as a function of temperature

E/uV

190/°C 0 1 2 3 4 5 6 7 3 9 190°C
600 20613 20652 20691 20730 20769 20808 20847 _ 20886 20925 20964 600
610 21003 21042 21081 21120 21159 21198 21237 21276 21315 21354 610
620 21393 21432 21471 21510 21549 21588 21628 21667 21706 21745 620
630 21784 21823 21862 21901 21940 21979 22018 22058 22097 22136 630
640 22175 22214 22053 22292 22331 20370 22410 22449 22488 22527 640
650 22566 22605 20645 20684 22723 22762 22801 22840 22879 22919 650
660 22058 22997 23036 23075 23115 23154 23193 23232 23271 23311 660
670 23350 23389 23428 23467 23507 23546 23585 23624 23663 23703 670
680 23742 23781 23820 23860 23809 23938 23977 24016 24056 24095 680
690 24134 24173 24213 24250 24201 24330 24370 24409 24448 24487 690
700 24527 24566 24605 24644 24684 24723 24762 24801 24841 24880 700
710 24919 24950 24998 25037 25076 25116 25155 25194 25233 25273 710
720 25312 25351 25391 25430 25469 25508 25548 25587 25626 25666 720
730 25705 25744 25783 25823 25862 25901 25941 25980 26019 26058 730
740 26098 26137 26176 26216 26255 26204 26333 26373 26412 26451 740
750 26491 26530 26569 26608 26648 26687 26726 26766 26805 26844 750
760 26883 26923 26962 27001 27041 27080 27119 27158 27198 27237 760
770 27276 27316 27355 27394 27433 27473 27512 27551 27591 27630 770
780 27669 27708 27748 27787 27826 27866 27905 27944 27983 28023 780
790 28062 28101 28140 28180 28219 28258 28298 28337 28376 28415 790
800 28455 28494 28533 28572 28612 28651 28690 28729 28769 28808 800
810 28847 28886 28926 28965 20004 29043 29083 29122 29161 29200 810
820 29240 29279 29318 29357 20306 29436 29475 29514 29553 29503 820
830 29632 29671 29710 29749 29789 29828 29867 29906 29945 29985 830
840 30024 30063 30102 30141 30181 30220 30259 30298 30337 30377 840
850 30416 30455 30494 30533 30572 30612 30651 30690 30729 30768 850
860 30807 30846 30886 30925 30964 31003 31042 31081 31120 31160 860
870 31199 31238 31277 31316 31355 31304 31433 31473 31512 31551 870
880 31590 31629 31668 31707 31746 31785 31824 31864 31903 31942 880
390 31981 32020 32059 32098 32137 32176 32215 32254 32003 32332 390
900 32371 30410 32449 32488 32527 32566 32606 32645 32684 32723 900
910 32762 32801 32840 32879 32918 32957 32996 33035 33074 33112 910
920 33151 33190 33229 33268 33307 33346 33385 33424 33463 33502 920
930 33541 33580 33619 33658 33697 33736 33775 33813 33852 33891 930
940 33030 33069 34008 34047 34086 34125 34163 34202 34241 34280 940
950 34319 34358 34307 34435 34474 34513 34552 34501 34630 34668 950
960 34707 34746, 34785 34824 34862 34901 34940 34979 35017 35056 960
970 35095 35134 35173 35211 35250 35280 35327 35366 35405 35444 970
980 35482 35521 35560 35599 35637 35676 35715 35753 35792 35831 980
990 35869 35008 35047 35985 36024 36063 36101 36140 36178 36217 990
1000 36256 36294 36333 36371 36410 36449 36487 36526 36564 36603 1000
1010 36641 36680 36719 36757 36796 36834 36873 36911 36950 36988 1010
1020 37027 37065 37104 37142 37181 37219 37258 37296 37335 37373 1020
1030 37411 37450 37488 37527 37565 37604 37642 37680 37719 37757 1030
1040 37796 37834 37872 37911 37949 37987 38026 38064 38102 38141 1040
1050 38179 38217 38256 38294 38332 38371 38409 38447 38485 38524 1050
1060 38562 38600 38638 38677 38715 38753 38791 38830 38868 38906 1060
1070 38944 38982 39021 39059 39097 39135 39173 39211 39249 39288 1070
1080 39326 39364 39402 39440 39478 39516 39554 39502 39631 39669 1080
1090 39707 39745 39783 39821 39859 39897 39935 39973 40011 40049 1090
1100 40087 40125 40163 40201 40239 40277 40315 40352 40390 40428 1100
1110 40466 40504 40542 40580 40618 40656 40694 40731 40769 40807 1110
1120 40845 40883 40921 40958 40996 41034 41072 41110 41147 41185 1120
1130 41223 41261 41298 41336 41374 41412 41449 41487 41525 41562 1130
1140 41600 41638 41675 41713 41751 41788 41826 41864 41901 41939 1140
1150 41977 42014 42052 42089 42127 42165 42202 42240 42277 42315 1150
1160 42352 42300 42427 42465 42502 42540 42577 42615 42652 42690 1160
1170 42727 42765 42802 42830 42877 42914 42952 42989 43026 43064 1170
1180 43101 43138 43176 43213 43250 43288 43325 43362 43400 43437 1180
1190 43474 43511 43549 43586 43623 43660 43698 43735 43772 43809 1190
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Type N Thermocouple Table
Nickel-Chromium-Silicon/Nickel-Silicon, Electromotive force as a function of temperature

E/uV
190/°C 0 1 2 3 4 5 6 7 3 9 t90/°C
1200 43846 43834 43921 43958 43995 44032 44069 44106 44144 44181 1200
1210 44218 44255 44202 44320 44366 44403 44440 44477 44515 44551 1210
1220 44588 44625 44662 44699 44736 44773 44810 44847 44834 44921 1220
1230 44958 44995 45032 45069 45105 45142 45179 45216 45253 45290 1230
1240 45326 45363 45400 45437 45474 45510 45547 45584 45621 45657 1240
1250 45694 45731 45767 45804 45841 45877 45914 45951 45087 46024 1250
1260 46060 46097 46133 46170 46207 46243 46280 46316 46353 46389 1260
1270 46425 46462 46498 46535 46571 46608 46644 46680 46717 46753 1270
1280 46789 46826 46862 46898 46935 46971 47007 47043 47079 47116 1280
1290 47152 47188 47224 47260 47296 47333 47369 47405 47441 47477 1290
1300 47513 1300
190/°C 0 -1 2 -3 -4 -5 6 7 -8 9 t90/°C
-270 -4345 -270
-260 -4336 _ -4337 __ -4339 -4340 4341 4342 4343  -4344  -4344 4345 -260
-250 4313 4316 -4319 -4321 4324 -4306  -4328  -4330 4332 -4334 -250
-240 4277 -4281 -4285 -4289 4293 -4297 4300 -4304  -4307 _ -4310 -240
-230 4206 -4232  -4238 -4243 4248 -4254  -4258  -4263  -4268  -4273 -230
-220 4162 -4169  -4176 -4183 4189 -4196 4202 -4209  -4215  -4221 -220
210 -4083 __ -4001 -4100 -4108 4116 -4124  -4132  -4140  -4147 _ -4154 -210
-200 -3990 4000 -4010 -4020 4029 -4038 _ -4048  -4057 4066 -4074 -200
-190 -3884  -3896  -3907 -3918 -3928  -3939  -3950  -3960  -3970  -3980 -190
-180 -3766  -3778  -3790 -3803 -3815  -3827  -3838  -3850  -3862  -3873 -180
-170 3634 -3648  -3662 -3675 3688 -3702  -3715  -3728  -3740  -3753 170
-160 -3491 3506 -3521 -3535 -3550  -3564 _ -3578  -3503 _ -3607 __ -3621 -160
-150 3336 3352 -3368 -3384 3400 -3415  -3431  -3446  -3461 _ -3476 -150
-140 3171 -3188  -3205 -3221 -3238  -3255  -3271  -3288  -3304  -3320 -140
-130 2994 -3012 _ -3030 -3048 -3066  -3084  -3101  -3119  -3136  -3153 -130
-120 2808 2827 -2846 -2865 2883 -2902  -2921  -2939  -2958  -2976 -120
110 2612 2632 -0652 2672 2691 -2711 2730 2750 -2769 _ -2789 -110
-100 2407 2428 -0448 2469 2490 2510 -2531  -2551  -2571  -2502 -100
-90 2193 2215 -p237 2258 2280 -2301  -2322  -2344  -2365  -2386 -90
-80 1972 1995 -2017 -2039 2062 -2084 2106 2128 -2150  -2172 -80
-70 1744 1767 -1790 -1813 1836 1850 -1882 1905  -1927  -1950 -70
-60 1509 1533 -1557 -1580 1604 1627 -1651 _ -1674 _ -1698 _ -1721 -60
-50 1269 1293 1317 1341 1366 -1390  -1414 1438 1462 -1485 -50
-40 1023 1048 1072 -1097 1122 1146 1171 -1195  -1220 1244 -40
-30 772 798 -823 -848 -873 -898 -923 -948 -073 -998 -30
-20 -518 -544 -569 -595 -620 -646 671 -696 722 747 -20
-10 -260 -286 -312 -338 -364 -390 -415 -441 -467 -492 -10
0 0 -26 -52 78 -104 131 157 -183 -209 234 0
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Type K Thermocouple Table

Nickel-Chromium/Nickel-Aluminium, Electromotive force as a function of temperature

v
1907°C 0 1 2 3 7 5 6 7 3 9 190/°C
0 0 39 79 119 158 198 238 277 317 357 0
10 397 437 477 517 557 507 637 677 718 758 10
20 798 838 879 919 960 1000 1041 1081 1122 1163 20
30 1203 1244 1285 1326 1366 1407 1448 1489 1530 1571 30
40 1612 1653 1694 1735 1776 1817 1858 1899 1941 1982 40
50 2023 2064 2106 2147 2188 2030 2271 2312 2354 23% 50
60 2436 2478 2519 2561 2602 2644 2685 2727 2768 2810 60
70 2851 2893 2934 2976 3017 3059 3100 3142 3184 3225 70
30 3267 3308 3350 3391 3433 3474 3516 3557 3599 3640 30
90 3682 3723 3765 3806 3848 3889 3931 3972 4013 4055 90
100 4096 4138 1179 4220 4260 4303 4344 4385 4427 4468 100
110 4509 4550 4591 4633 4674 4715 4756 4797 4838 4879 110
120 4920 4961 5002 5043 5084 5124 5165 5206 5247 5288 120
130 5328 5369 5410 5450 5491 5532 5572 5613 5653 5694 130
140 5735 5775 5815 5856 5896 5937 5977 6017 6058 6098 140
150 5138 6179 6219 6259 6299 6340 6380 6420 6460 6500 150
160 6540 6580 6620 6660 6701 6741 6781 6821 6861 6901 160
170 6941 6931 7021 7060 7100 7140 7180 7220 7260 7300 170
180 7340 7380 7420 7460 7500 7540 7579 7619 7659 7699 180
190 7739 7779 7819 7859 7899 7939 7979 8019 8059 8099 190
200 3138 8178 8218 8258 8298 8338 8378 8418 8458 8499 200
210 8539 8579 8619 8659 8699 8739 8779 8819 8860 8900 210
220 3940 3980 9020 9061 9101 9141 o181 0202 9262 9302 220
230 9343 9383 9423 9464 9504 9545 9585 9626 9666 9707 230
240 9747 9788 9828 9869 9909 9950 9991 10031 _ 10072 _ 10113 240
250 10153 10194 10235 10276 10316 10357 _ 10398 _ 10439 _ 10480 10520 250
260 10561 10602 10643 10684 10725 _ 10766 10807 _ 10848 10889 10930 260
270 10971 11012 11058 11094 11135 11176 11217 _ 11259 _ 11300 _ 11341 270
280 11382 11423 11465 11506 11547 _ 11588 11630 _ 11671 _ 11712 11753 280
290 11795 11836 11877 11919 11960 _ 12001 12043 12084 _ 12126 12167 290
300 12209 12250 12291 12333 12374 12416 12457 12499 12540 12582 300
310 12624 12665 12707 12748 12790 12831 12873 12915 12956 12998 310
320 13040 13081 13123 131656 13206 13248 _ 13290 _ 13331 13373 13415 320
330 13457 13498 13540 13582 13624 13665 _ 13707 _ 13749 13791 _ 13833 330
340 13874 13916 13956 14000 14042 14084 14126 14167 _ 14209 14251 340
350 14293 14335 14377 14419 14461 14503 14545 14587 _ 14629 _ 14671 350
360 14713 14755 14797 14839 14881 14923 14965 _ 15007 _ 15049 15091 360
370 15133 15175 15217 15250 15301 15343 _ 15385 15427 _ 15469 _ 15511 370
380 15554 15596 15638 15680 15722 15764 _ 15806 15849 _ 15891 15933 380
390 15975 16017 16059 16102 16144 16186 16228 16270 16313 16355 390
400 16397 16430 16482 16524 16566 16608 16651 _ 16693 16735 _ 16778 400
410 16820 16862 16904 16947 16989 17031 _ 17074 _ 17116 17158 17201 410
420 17243 17285 17328 17370 17413 17455 17497 _ 17540 17582 17624 420
430 17667 17709 17752 17794 17837 17879 17921 _ 17964 _ 18006 18049 430
440 18091 18134 18176 18218 18261 18303 18346 18388 18431 18473 440
450 18516 18558 18601 18643 18686 18728 18771 _ 18813 18856 _ 18898 450
460 18941 18983 19026 19068 19111 _ 19154 _ 19196 _ 19239 19281 _ 19324 460
470 19366 19409 19451 19494 19537 19579 19622 19664 19707 _ 19750 470
480 19792 19835 19877 19920 19962 _ 20005 _ 20048 20090 _ 20133 _ 20175 480
490 20218 20261 20303 20346 20389 20431 _ 20474 20516 20559 20602 490
500 20644 20687 20730 20772 20815 20857 _ 20900 _ 20943 _ 20985 __ 21028 500
510 21071 21113 21156 21199 21241 _ 21284 21326 21369 21412 21454 510
520 21497 21540 21582 21625 21668 21710 21753 21796 21838 21881 520
530 21924 21966 22009 20052 20094 20137 22179 _ 22020 22265 22307 530
540 20350 22393 22435 22478 22521 22563 22606 22649 22691 22734 540
550 20776 22819 22862 22004 22047 _ 22990 _ 23032 23075 _ 23117 __ 23160 550
560 23203 23245 23288 23331 23373 23416 23458 23501 _ 23544 23586 560
570 23620 23671 23714 23757 23799 23842 23884 23927 23970 24012 570
580 24055 24007 24140 24182 24205 24267 24310 24353 24395 24438 580
590 24480 24523 24565 24608 24650 24693 24735 24778 24820 24863 590
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Type K Thermocouple Table
Nickel-Chromium/Nickel-Aluminium, Electromotive force as a function of temperature

E/uV
190/°C 0 1 2 3 4 5 6 7 3 9 t90/°C
600 24905 24948 24990 25033 25075 25118 25160 25203 25245 25288 600
610 25330 25373 25415 25458 25500 25543 25585 25627 25670 25712 610
620 25755 25797 25840 25882 25924 25067 26009 26052 26094 26136 620
630 26179 26221 26263 26306 26348 26390 26433 26475 26517 26560 630
640 26602 26644 26687 26729 26771 26814 26856 26898 26940 26983 640
650 27025 27067 27109 27152 27194 27236 27278 27320 27363 27405 650
660 27447 27489 27531 27574 27616 27656 27700 27742 27784 27826 660
670 27869 27911 27953 27995 28037 28079 28121 28163 28205 28247 670
680 28289 28332 28374 28416 28458 28500 28542 28584 28626 28668 680
690 28710 28752 28794 28835 28877 28919 28961 29003 29045 _ 29087 690
700 29129 29171 29213 29255 29297 29338 29380 29422 29464 29506 700
710 29548 29589 29631 29673 29715 29757 29798 29840 29882 29924 710
720 29965 30007 30049 30090 30132 30174 30216 30257 30299 30341 720
730 30382 30424 30466 30507 30549 30590 30632 30674 30715 30757 730
740 30798 30840 30881 30923 30964 31006 31047 31089 31130 _ 31172 740
750 31213 31255 31206 31338 31379 31421 31462 31504 31545 31586 750
760 31628 31669 31710 31752 31793 31834 31876 31917 31958 32000 760
770 32041 32082 32124 32165 32206 32247 32289 32330 32371 32412 770
780 32453 32495 32536 32577 32618 32659 32700 32742 32783 32824 780
790 32865 32006 32947 32088 33029 33070 33111 33152 33193 33234 790
800 33275 33316 33357 33398 33439 33480 33521 33562 33603 33644 800
810 33685 33726 33767 33808 33848 33889 33930 33971 34012 34053 810
820 34093 34134 34175 34216 34257 34297 34338 34379 34420 34460 820
830 34501 34542 34582 34623 34664 34704 34745 34786 34826 34867 830
340 34908 34948 34989 35029 35070 35110 35151 35192 35232 35273 340
850 35313 35354 35304 35435 35475 35516 35556 35596 35637 35677 850
860 35718 35758 35798 35839 35879 35920 35960 36000 36041 36081 860
870 36121 36162 36202 36242 36282 36323 36363 36403 36443 36434 870
880 36524 36564 36604 36644 36685 36725 36765 36805 36845 36885 880
390 36925 36965 37006 37046 37086 37126 37166 37206 37246 37286 390
900 37326 37366 37406 37446 37486 37526 37566 37606 37646 37686 900
910 37725 37765 37805 37845 37885 37925 37965 38005 38044 38084 910
920 38124 38164 38204 38243 38283 38323 38363 38402 38442 38482 920
930 38522 38561 38601 38641 38680 38720 38760 38799 38830 38878 930
940 38918 38958 38997 39037 39076 39116 39155 39195 39235 39274 940
950 39314 39353 39303 30432 30471 39511 39550 39500 39629 39669 950
960 39708 39747 39787 39826 39866 39905 39944 39984 40023 40062 960
970 40101 40141 40180 40219 40259 40298 40337 40376 40415 40455 970
980 40494 40533 40572 40611 40651 40690 40729 40768 40807 40846 980
990 40885 40924 40963 41002 41042 41081 41120 41159 41198 41237 990
1000 41276 41315 41354 41393 41431 41470 41509 41548 41587 41626 1000
1010 41665 41704 41743 41781 41820 41859 41898 41937 41976 42014 1010
1020 42053 42092 42131 42169 42208 42247 42286 42324 42363 42402 1020
1030 42440 42479 42518 42556 42505 42633 42672 42711 42749 42788 1030
1040 42826 42865 42903 42042 42980 43019 43057 43096 43134 43173 1040
1050 43211 43250 43283 43327 43365 43403 43442 43480 43518 43557 1050
1060 43595 43633 43672 43710 43748 43787 43825 43863 43901 43940 1060
1070 43078 44016 44054 44092 44130 44169 44207 44245 44283 44321 1070
1080 44359 44307 44435 44473 44512 44550 44588 44626 44664 44702 1080
1090 44740 44778 44816 44853 44801 44929 44967 45005 45043 45081 1090
1100 45119 45157 45194 45232 45270 45308 45346 45383 45421 45459 1100
1110 45497 45534 45572 45610 45647 45685 45723 45760 45798 45836 1110
1120 45873 45011 45048 45086 46024 46061 46099 46136 46174 46211 1120
1130 46249 46286 46324 46361 46398 46436 46473 46511 46548 46585 1130
1140 46623 46660 46607 46735 46772 46809 46847 46884 46921 46958 1140
1150 46995 47033 47070 47107 47144 47181 47218 47256 47293 47330 1150
1160 47367 47404 47441 47478 47515 47552 47589 47626 47663 47700 1160
1170 47737 47774 47811 47848 47884 47921 47958 47995 48032 48069 1170
1180 48105 48142 48179 48216 48252 48289 48326 48363 48399 48436 1180
1190 48473 48509 48546 48582 48619 48656 48692 48729 48765 48802 1190
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Type K Thermocouple Table

Nickel-Chromium/Nickel-Aluminium, Electromotive force as a function of temperature

E/pV
190/°C 0 1 2 3 4 5 6 7 8 9 190/°C
1200 48838 48875 48911 48948 48984 49021 49057 49093 49130 49166 1200
1210 49202 49239 49275 49311 49348 49384 49420 49456 49493 49529 1210
1220 49565 49601 49637 49674 49710 49746 49782 49818 49854 49890 1220
1230 49926 49962 49998 50034 50070 50106 50142 50178 50214 50250 1230
1240 50286 50322 50358 50393 50429 50465 50501 50537 _ 50572 50608 1240
1250 50644 50680 50715 50751 50787 50822 50858 50894 50929 50965 1250
1260 51000 51036 51071 51107 51142 51178 51213 51249 51284 51320 1260
1270 51355 51391 51426 51461 51497 51532 51567 51603 51638 51673 1270
1280 51708 51744 51779 51814 51849 51885 51920 51955 51990 52025 1280
1290 52060 52095 52130 52165 52200 52235 52270 52305 52340 52375 1290
1300 52410 52445 52480 52515 52550 52585 52620 52654 52689 52724 1300
1310 50759 52794 52828 52863 52898 52932 52967 53002 53037 53071 1310
1320 53106 53140 53175 53210 53244 53279 53313 53348 53382 53417 1320
1330 53451 53486 53520 53555 53580 53623 53658 53692 53727 53761 1330
1340 53795 53830 53864 53898 53032 53967 54001 54035 54069 54104 1340
1350 54138 54172 54206 54240 54274 54308 54343 54377 54411 54445 1350
1360 54479 54513 54547 54581 54615 54649 54683 54717 54751 54785 1360
1370 54819 54852 54836 1370

Type K Thermocouple Table
Nickel-Chromium/Nickel-Aluminium, Electromotive force as a function of temperature

E/pV
190/°C 0 - -2 -3 -4 -5 -6 -7 -8 -9 190/°C
-270 -6458 -270
-260 6441 6444 -6446 -6448 -6450  -6452 6453 6455  -6456  -6457 -260
-250 6404 -6408 6413 6417 6421 -6425  -6429  -6432  -6435  -6438 -250
240 -6344 6351 6358 -6364 -6370  -63/7 6382 6388 -6393 _ -6399 -240
-230 -6262 -6271 -6280 -6289 -6297 -6306 -6314 -6322 -6329 -6337 -230
-220 -6158 6170 -6181 -6192 -6202  -6213 6223 6233 -6243  -6252 -220
-210 -6035  -6048  -6061 -6074 -6087  -6099 6111 6123  -6135  -6147 -210
-200 -5801  -5907 _ -5922 -5936 -5951  -5965 5080  -5094  -6007 __ -6021 -200
-190 -5730 5747 -563 -5780 -5797 5813 5829  -5845  -5861 _ -5876 -190
-180 -5550  -5569  -5588 -5606 -5624  -5642 5660  -5678  -5695  -5713 -180
-170 5354 -5374  -5395 -5415 5435 -5454  -5474  -5493  -5512  -5531 -170
-160 -5141  -5163  -5185 -5207 -5228  -5250 5271 -5292  -5313  -5333 -160
-150 -4913 -4936 -4960 -4983 -5006 -5029 -5052 -5074 -5097 -5119 -150
140 -4669  -4694  -4719 -4744 -4768  -4793  -4817 _ -4841  -4865  -4889 -140
-130 4411 -4437  -4463 -4490 -4516  -4542  -4567 4593  -4618  -4644 -130
-120 4138  -4166  -4194 -4221 4249 -4276  -4303  -4330  -4357  -4384 -120
-110 -3852  -3882  -3911 -3939 -3968  -3997  -4025  -4054  -4082 _ -4110 -110-
-100 -3554  -3584 _ -3614 -3645 -3675__ -3705 3734 -3764 _ -3794 _ -3823 -100
-90 3243 -3274  -3306 -3337 -3368  -3400  -3431  -3462  -3492  -3523 -90
-80 2920  -2953  -2986 -3018 -3050  -3083  -3115  -3147  -3179  -3211 -80
-70 2587 -2620  -2654 -2688 2721 -2755  -2788  -2821  -2854  -2887 -70
-60 -2243  -p278  -2312 -2347 -2382  -2416 2450  -2485  -2519  -2553 -60
-50 1889 -1925  -1961 -1996 2032 -2067____-2103 2138 -2173 __ -2208 -50
-40 1527 1564 -1600 -1637 1673 1709 -1745  -1782 1818 -1854 -40
-30 1156 -1194  -1231 -1268 1305 -1343  -1380  -1417  -1453  -1490 -30
-20 -778 -816 -854 -892 -930 968 1006 -1043  -1081  -1119 -20
-10 -392 -431 -470 -508 -547 -586 -624 -663 -701 -739 -10
0 0 -39 79 -118 -157 197 -236 -275 -314 -353 0
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Type E Thermocouple Table

Nickel-Chromium/Copper-Nickel, Electromotive force as a function of temperature

E/uV
1907°C 0 T 2 3 7 5 6 7 3 9 190/°C
0 0 59 118 176 235 294 354 413 A 532 0
10 591 651 71 770 830 890 950 1010 1071 1131 10
20 1192 1252 1313 1373 1434 1495 1556 1617 __ 1678 1740 20
30 1801 1862 1924 1986 2047 2109 2171 2233 2295 2357 30
40 2420 2432 2545 2607 2670 2733 2795 2858 2921 2984 40
50 3048 3111 3174 3238 3301 3365 3429 3492 3556 3620 50
60 3685 3749 3813 3877 3942 4006 4071 4136 4200 4265 60
70 4330 4395 4460 4526 4591 4656 4722 4788 4853 4919 70
30 4985 5051 5117 5183 5249 5315 5382 5448 5514 5581 30
90 5648 5714 5781 5848 5915 5982 6049 6117 6184 6251 90
100 6319 6386 6454 6522 6590 6658 6725 _ 6794 6862 6930 100
110 6998 7066 7135 7203 7272 7341 7409 7478 7547 7616 110
120 7685 7754 7823 7892 7962 8031 8101 8170 8240 8309 120
130 8379 8449 8519 8589 8659 8729 8799 8869 8940 9010 130
140 9081 9151 9222 9292 9363 9434 9505  95/6 9647 9718 140
150 9789 9860 9931 70003 10074 10145 _ 10217 _ 10288 _ 10360 _ 10432 150
160 10503 10575 10647 10719 10791 10863 _ 10935 _ 11007 _ 11080 _ 11152 160
170 11224 11297 11369 11442 11514 11587 _ 11660 _ 11733 11805 _ 11878 170
180 11951 12024 12097 12170 12243 12317 _ 12390 _ 12463 12537 _ 12610 180
190 12684 12757 12831 12904 12978 13052 13126 13199 13273 13347 190
200 13421 13495 13569 13644 13718 13792 13866 13941 _ 14015 14090 200
210 14164 14239 14313 14388 14463 14537 14612 14687 _ 14762 14837 210
220 14912 14987 15062 15137 15212 15287 _ 15362 15438 15513 15588 220
230 15664 15739 15815 15890 15966 16041 _ 16117 _ 16193 16269 16344 230
240 16420 16496 16572 16648 16724 16800 16876 16952 17028 17104 240
250 17181 17257 17333 17400 17486 17562 17639 _ 17715 _ 17792 _ 17868 250
260 17945 18021 18098 18175 18252 18328 18405 18482 _ 18559 18636 260
270 18713 18790 18867 18944 19021 _ 19098 _ 19175 19252 19330 19407 270
280 19484 19561 19639 19716 19794 19871 19948 _ 20026 _ 20103 20181 280
290 20250 20336 20414 20492 20569 20647 20725 _ 20803 _ 20880 20958 290
300 21036 21114 21192 21270 __ 21348 21426 21504 _ 21582 _ 21660 __ 21739 300
310 21817 21895 21973 22051 22130 22008 22286 22365 22443 22522 310
320 20600 22678 22757 22835 20914 _ 22993 23071 _ 23150 23208 23307 320
330 23386 23464 23543 23622 23701 23780 238586 23937 _ 24016 24095 330
340 24174 24253 04332 24411 24490 24569 24648 24727 _ 24806 24885 340
350 24964 25044 25123 25002 25281 _ 25360 25440 25519 25598 25678 350
360 25757 25836 25916 25995 26075 26154 26233 26313 26392 26472 360
370 26552 26631 26711 26790 26870 _ 26950 27029 _ 27109 27189 27268 370
380 27348 27428 27507 27587 27667 27747 27827 27907 _ 27986 28066 380
390 28146 28226 28306 28386 28466 28546 28626 28706 28786 28866 390
400 28046 29026 290106 29186 29266 29346 20427 _ 20507 _ 29587 __ 29667 400
410 20747 29827 29908 29983 30068 30148 30229 _ 30309 30389 30470 410
420 30550 30630 30711 30791 30871 _ 30952 31032 _ 31112 31193 _ 31273 420
430 31354 31434 31515 31595 31676 31756 31837 _ 31917 _ 31998 32078 430
440 32159 32239 32320 32400 32481 32562 32642 32723 32803 32884 440
450 30965 33045 33126 33207 33287 _ 33368 33449 33529 _ 33610 33691 450
460 33772 33852 33933 34014 34095 34175 34256 34337 34418 34498 460
470 34579 34660 34741 34822 34902 34983 35064 35145 35026 35307 470
480 35387 35468 35549 35630 35711 _ 35792 35873 35954 36034 36115 480
490 36196 36277 36358 36439 36520 36601 36682 36763 36843 36924 490
500 37005 37086 37167 37248 37329 37410 37491 _ 37572 _ 37653 37734 500
510 37815 37896 37977 38058 38139 38220 38300 _ 38381 _ 38462 38543 510
520 38624 38705 38786 38867 38948 39029 39110 _ 39191 39272 39353 520
530 39434 39515 39506 39677 39758 39839 39920 _ 40001 _ 40082 40163 530
540 40243 40324 40405 40486 40567 40648 40729 40810 40891 40972 540
550 41053 41134 41215 41296 41377 41457 _ 41538 41619 41700 41781 550
560 41862 41943 42024 42105 42185 42066 42347 42428 42509 42590 560
570 42671 42751 42832 42913 42994 43075 43156 43236 43317 43398 570
580 43479 43560 43640 43721 43802 43883 43963 44044 44125 44206 580
590 44286 44367 44448 44529 44609 44690 44771 44851 44932 45013 590
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Type E Thermocouple Table

Nickel-Chromium/Copper-Nickel, Electromotiveforce as a function of temperature

EluV

190/°C 0 1 2 3 4 5 6 7 3 9 190°C
600 45003 45174 45255 45335 45416 45497 45577 45658 45738 45819 600
610 45900 45980 46061 46141 46222 46302 46383 46463 46544 46624 610
620 46705 46785 46866 46946 47027 47107 47188 47268 47349 47429 620
630 47509 47590 47670 47751 47831 47911 47992 48072 48152 48233 630
640 48313 48303 48474 48554 48634 48715 48795 48875 48955 49035 640
650 49116 49196 49276 49356 49436 49517 49507 49677 49757 49837 650
660 49917 49997 50077 50157 50238 50318 50398 50478 50558 50638 660
670 50718 50798 50878 50958 51038 51118 51197 51277 51357 51437 670
680 51517 51597 51677 51757 51837 51916 51996 52076 52156 52236 680
690 52315 52305 52475 52555 52634 52714 52794 52873 52953 53033 690
700 53112 53192 53272 53351 53431 53510 53590 53670 53749 53829 700
710 53008 53088 54067 54147 54206 54306 54385 54465 54544 54624 710
720 54703 54782 54862 54941 55021 55100 55179 55250 55338 55417 720
730 55497 55576 55655 55734 55814 55803 55072 56051 56131 56210 730
740 56280 56368 56447 56526 56606 56685 56764 56843 56922 57001 740
750 57080 57159 57238 57317 57396 57475 57554 57633 57712 57791 750
760 57870 57949 58028 58107 58186 58265 58343 58422 58501 58580 760
770 58659 58738 58816 58895 58974 59053 59131 59210 59289 59367 770
780 59446 59525 59604 59682 50761 59839 59918 59997 60075 60154 780
790 60232 60311 60300 60468 60547 60625 _ 60704 60782 60860 60939 790
800 61017 61096 61174 61253 61331 61409 61488 61566 61644 61723 300
810 61801 61879 61958 62036 62114 62192 62271 62349 62427 62505 810
820 62583 62662 62740 62818 62896 62974 63052 63130 63208 63286 820
830 63364 63442 63520 63598 63676 63754 63832 63910 63988 64066 830
840 64144 64222 64300 64377 64455 64533 64611 64689 64766 64844 840
850 64922 65000 65077 65155 65233 65310 65388 65465 65543 65621 850
860 65698 65776 65853 65931 66008 66086 66163 66241 66318 66396 860
870 66473 66550 66628 66705 66782 66860 66937 67014 67092 67169 870
880 67246 67323 67400 67478 67555 67632 67709 67786 67863 67940 880
890 68017 68094 68171 68248 68325 68402 68479 68556 68633 68710 890
900 68787 68863 68940 69017 69094 69171 69247 69324 69401 69477 900
910 69554 69631 69707 69784 69860 69937 70013 70090 70166 70243 910
920 70319 70396 70472 70548 70625 70701 70777 70854 _ 70930 71006 920
930 71082 71159 71235 71311 71387 71463 71539 71615 71692 71768 930
940 71844 71920 71996 72072 72147 72223 72299 72375 72451 72527 940
950 72603 72678 72754 72830 72906 72981 73057 73133 73208 73284 950
960 73360 73435 73511 73586 73662 73733 73813 73889 73964 74040 960
970 74115 74190 74266 74341 TAM7 74492 74567 74643 74718 74793 970
980 74869 74944 75019 75095 75170 75245 75320 75395 75471 75546 980
990 75621 75696 75771 75847 75922 75997 76072 76147 76223 76298 990
1000 76373 1000
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Type E Thermocouple Table

Nickel-Chromium/Copper-Nickel, Electromotiveforce as a function of temperature

E/uV
907 0 5] 2 3 7 5 5 7 3 9 190/°C
210 -0835 270
260 -9797 9802 -0808___ -9813 -9817 9821 -9825 9828 -9831 __ -9833 -260
250 o718 0728 9737 -9746 o754 9762 9770 9777 __-9784 __ -9790 250
240 0604 -9617 9630 -9642 -054 __ -0666 9677 9688 -9698 __ -9709 240
230 -0455 9471 -0487 __ -9503 -9519 9534 -9548 9563 -9577 _ -9591 -230
220 0274 9293 9313 -9331 0350 0368 9386 9404 -9421 __ -0438 220
210 0063 -9085 9107 -9129 9151 -0172 9193 9214 _ -9234 __ -0254 210
-200 -8825 8850 -8874 __ -8899 -8923__ -8947 _ -8971 _ -8994 _ -9017 __ -9040 -200
190 8561 -8588 8616 -8643 8669 -8696  -8722 8748 -8774 __ -8799 190
180 -8273 8303 -8333 8362 8391 8420 -8449  -8477 _ -8505 _ -8533 -180
a7 7963 7995 8027 ___ -8059 8000 -8121 8152 8183 -8213___ -8243 70
160 7632 7666 7700 7733 7767 7800 7833 __ -7866 _ -7899 __ -7931 -160
150 7279 7315 -7351 7387 7423 7458 7493 7528 -7563 7507 150
40 6907 6945 6983 -7021 7058 7096 7133 7170 7206 -7243 140
130 6516 -6556 6596 -6636 6675  -6714 6753 6792 -6831 _ -6869 130
320 1076149 -6191 6232 6273 6314 -63% __ 6396 -6436 6476 120
10 5681 5724 5767 5810 5853 -5806 5030 5081 _ -6023___ -6065 10
100 5237 5282 -5327 5372 5417 5461 5505 5549 5593 -5637 -100
-90 4777 4824 487 ~4917 -4963 5009 5055 5101 5147 -5192 -90
-80 4302 -4350 4398 -4446 -4494 4542 4580 4636 -4684 _ -4731 -80
70 3811 3861 -3911 ~3960 4009 4058 -4107 4156 -4205___ -4254 70
-60 3306 -3357 __ -3408 ___ -3459 3510 -3561 3611 -3661 _ -3711___ -3761 -60
-50 2787 2840 2892 2944 2996 -3048 _ -3100 _ -3152 _ -3204 __ -3255 -50
-40 2255 2309 -2362____ -2416 2469 2523 2576 2629 -2682 _ -2735 -40
-30 4709 1765 1820 -1874 1929 1984 2038 2093 -2147 2201 -30
20 152 1208 1264 -1320 1376 1432 1488 -1543 1599 -1654 20
-0 582 639 697 754 -811 868 925 982 1039 -1095 -0
0 0 59 17 176 234 292 350 408 -466 524 0
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Type T Thermocouple Table

Copper/Copper-Nickel, Electromotive force as a function of temperature

v
1907°C 0 1 2 3 7 5 6 7 3 9 190/°C
0 0 39 78 117 156 195 234 273 312 352 0
10 391 431 470 510 549 589 629 669 709 749 10
20 790 830 870 911 951 992 1033 1074 1114 1155 20
30 1196 1238 1279 1320 1362 1403 1445 1486 1528 1570 30
40 1612 1654 1696 1738 1780 1823 1865 1908 1950 1993 40
50 2036 2079 2122 2165 2008 2051 2204 2338 2381 2425 50
60 2468 2512 2556 2600 2643 2687 2732 2776 2820 2864 60
70 2909 2053 2998 3043 3087 3132 3177 3202 3267 3312 70
30 3358 3403 3448 3494 3539 3585 3631 8677 3722 3768 30
90 3814 3860 3907 3953 3999 4046 4092 4138 4185 4232 90
100 1279 4325 1372 4419 4466 4513 4561 4608 4655 4702 100
110 4750 4798 4845 4893 4941 4988 5036 5084 5132 5180 110
120 5228 5277 5325 5373 5422 5470 5519 5567 5616 5665 120
130 5714 5763 5812 5861 5910 5959 6008 6057 6107 6156 130
140 6206 6255 6305 6355 6404 6454 6504 6554 6604 6654 140
150 6704 6754 6805 6855 5905 6956 7006 7057 7107 __ 7158 150
160 7209 7260 7310 7361 7412 7463 7515 7566 7617 7668 160
170 7720 7771 7823 7874 7926 7977 8029 8081 __ 8133 8185 170
180 8237 8289 8341 8393 8445 8497 8550 8602 8654 8707 180
190 8759 8812 3865 8917 8970 9023 9076 9129 9182 9235 190
200 9288 9341 9395 9448 9501 9555 0608 9662 90715 9769 200
210 9822 9876 9930 9984 10038 10092 10146 10200 _ 10254 _ 10308 210
220 10362 10417 10471 10525 10580 10634 10689 10743 _ 10798 10853 220
230 10907 10962 11017 11072 11127 11182 11237 _ 11292 11347 _ 11403 230
240 11458 11513 11569 11624 11680 _ 11735 11791 _ 11846 _ 11902 _ 11958 240
250 12013 12069 12125 12181 12237 12293 12349 12405 12461 _ 12518 250
260 12574 12630 12687 12743 12799 12856 12912 12969 _ 13026 13082 260
270 13139 13196 13253 13310 13366 13423 13480 _ 13537 _ 13595 13652 270
280 13709 13766 13823 13881 13938 13995 14053 14110 14168 14226 280
290 14283 14341 14399 14456 14514 14572 14630 14688 14746 14804 290
300 14862 14920 14978 15036 15095 _ 15153 15211 _ 15270 _ 15328 _ 15386 300
310 15445 15503 15562 15621 15679 15738 15797 _ 15856 15914 _ 15973 310
320 16032 16091 16150 16209 16268 16327 _ 16387 _ 16446 16505 16564 320
330 16624 16683 16742 16802 16861 16921 16980 _ 17040 17100 _ 17159 330
340 17219 17279 17339 17399 17458 17518 17578 17638 17698 17759 340
350 17819 17879 17939 17999 18060 18120 _ 18180 _ 18241 _ 18301 _ 18362 350
360 18422 18483 18543 18604 18665 18725 _ 18786 18847 _ 18908 18969 360
370 19030 19091 19152 19213 19274 19335 19396 _ 19457 _ 19518 19579 370
380 19641 19702 19763 19825 19886 19947 _ 20009 _ 20070 _ 20132 __ 20193 380
390 20255 20317 20378 20440 20502 20563 20625 20687 _ 20748 20810 390
400 20872 400
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Type T Thermocouple Table

Copper/Copper-Nickel, Electromotive force as a function of temperature

E/uV
1907°C 0 5] 2 3 7 5 5 7 3 9 190/°C
210 ~6258 270
260 6232 6236 -6239 _ -6242 6245 6248 -6251 6253 -6255 6256 -260
250 6180 6187 6193 -6198 6204 6209 6214 6219 -6223 _ -6228 250
240 6105 6114 6122 6130 6138 -6146 6153 6160 __ -6167 _ -6174 240
230 6007 -6017 6028 -6038 -6049  -6059 _ -6068 6078 -6087 _ -6096 -230
220 5888 5901 5914 5926 5938 5950 5962 5073 5985 -5996 220
210 5753 -b167 5782 5719 5809 -5823 5836 -5850 _ -5863 _ -5876 210
-200 5603 5619 5634 -5650 5665 5680 -5695 5710 -5724 __ -5739 -200
190 5439 5456 5473 5489 5506 -5523 5530 5555 5571 -5587 190
180 5261 5279 -5297 5316 5334 5351 -5369 5387 -5404 5421 -180
a7 5070 5089 5100 5128 5148 5167 5186 5205 5224 -5042 70
160 -4865 _ -4886 4907 -4928 4949 -4969 4989 5010 -5030 __ -5050 -160
150 4648 4671 4693 -4715 4737 4759 4780 4802 -4823  -4844 150
40 4419 4443 4466 -4489 4512 -4535 4558 4581 _ -4604 4626 140
130 4177 4202 4226 -4251 4275 4300 -4324 4348 -4372  -4395 130
20 3923 3949 -3975 ~2000 4026 4052 4077 41020 4127 -4152 20
10 3657 3684 -3711 -3738 3765 -3791 3818 -3844 _ -3871___ -3897 10
00 -3379 3407 -3435 -3463 -3491 3519 -3547 3574 -3602___ -3629 100
-90 3089 -3i18___ -3148 3177 3206 -3235 3264 -3293 _ -3322 __ -3350 -90
-80 2788 2818 2849 2879 2910 2940 2970 -3000 _ -3030 __ -3059 -80
70 2476 2507 2530 2571 2602 2633 2664 2695 2726 -2757 70
-60 2153 2186 2218 -2251 2083 2316 2348 2380 -2412__ -2444 -60
-50 1819 -1853 __ -1887 ___ -1920 1954 1987 2021 2054 -2087 __ -2120 -50
-40 1475 1510 -1545 1579 1614 1648 -1683 1717 1751 -1785 -40
-30 121 1157 1192 -1228 1264 1299 1335 1370 1405 -1440 -30
20 757 794 830 867 904 940 976 1013 1049 __ -1085 20
-0 -383 121 459 -196 534 571 608 646 683 720 -0
0 0 -39 77 116 154 193 231 269 -307 -345 0
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Type J Thermocouple Table

Iron/Copper-Nickel, Electromotive force as a function of temperature

v
1907°C 0 1 2 3 7 5 6 7 3 9 190/°C
0 0 50 101 151 202 253 303 354 405 456 0
10 507 558 609 660 71 762 814 865 916 968 10
20 1019 1071 1122 1174 1226 1277 1329 1381 1433 1485 20
30 1537 1589 1641 1693 1745 1797 1849 1902 1954 2006 30
40 2059 2111 2164 2216 2069 2322 2374 2427 2480 2532 40
50 2585 2638 2691 2744 2797 2850 2903 2956 3009 3062 50
60 3116 3169 3222 3275 3329 3382 3436 3489 3543 3596 60
70 3650 3703 3757 3810 3864 3918 3071 4025 4079 4133 70
30 4187 4240 1294 4348 4400 4456 4510 4564 4618 4672 30
90 4726 4781 4835 4889 4943 4997 5052 5106 5160 5215 90
100 5269 5323 5378 5432 5487 5541 5505 _ 5650 5705 5759 100
110 5814 5868 5923 5977 6032 6087 6141 6196 6251 6306 110
120 6360 6415 6470 6525 6579 6634 6689 6744 6799 6854 120
130 6909 6964 7019 7074 7129 7184 7239 7294 7349 7404 130
140 7459 7514 7569 7624 7679 7734 7789 7844 7900 7955 140
150 8010 3065 8120 8175 3231 8286 8341 839% 8452 8507 150
160 8562 3618 8673 8728 8783 8839 8894 8949 9005 9060 160
170 9115 9171 9226 9282 9337 9392 9448 9503 9550 9614 170
180 9669 9725 9780 9836 9891 9947 10002 10057 _ 10113 10168 180
190 10224 10279 10335 10390 10446 10501 10557 _ 10612 10668 _ 10723 190
200 10779 10834 10890 10945 11001 _ 11056 11112 11167 _ 11223 11278 200
210 11334 11389 11445 11501 11556 11612 11667 _ 11723 11778 11834 210
220 11889 11945 12000 12056 12111 12167 12222 _ 12278 12334 12389 220
230 12445 12500 12556 12611 12667 12722 12778 12833 12889 12944 230
240 13000 13056 13111 13167 13222 13278 13333 13389 13444 13500 240
250 13555 13611 13666 13722 13777 _ 13833 19888 13944 _ 13999 14055 250
260 14110 14166 14221 14277 14332 14388 14443 14499 14554 14609 260
270 14665 14720 14776 14831 14887 14942 14998 15053 _ 15109 15164 270
280 15219 15275 15330 15386 15441 15496 15552 _ 15607 _ 15663 15718 280
290 15773 15829 15884 15040 15995 16050 _ 16106 16161 _ 16216 16272 290
300 16327 16383 16438 16493 16549 _ 16604 _ 16659 _ 16715 _ 16770 _ 16825 300
310 16881 16936 16991 17046 17102 17157 17212 17268 17323 17378 310
320 17434 17480 17544 17599 17655 _ 17710 17765 17820 _ 17876 _ 17931 320
330 17986 18041 18097 18152 18207 18262 18318 18373 18428 18483 330
340 18538 18504 18649 18704 18750 18814 18870 _ 18925 18980 19035 340
350 19090 19146 19201 10256 19311 19366 19422 19477 _ 19532 19587 350
360 19642 19697 19753 19808 19863 19918 19973 _ 20028 _ 20083 20139 360
370 20194 20249 20304 20359 20414 20469 20525 _ 20580 _ 20635 20690 370
380 20745 20800 20855 20011 20966 21021 _ 21076 21131 21186 21241 380
390 21297 21352 21407 21462 21517 _ 21572 21627 _ 21683 _ 21738 21793 390
400 21848 21003 21958 20014 20060 20124 22179 _ 22034 022289 22345 400
410 20400 22455 22510 22565 22620 22676 22731 22786 22841 22896 410
420 20952 23007 23062 23117 23172 23228 23283 23338 23393 23449 420
430 23504 23559 23614 23670 23725 23780 _ 23835 23891 _ 23946 24001 430
440 24057 24112 24167 24223 24278 24333 24389 24444 24499 24555 440
450 24610 24665 24721 24776 24832 24887 24943 24998 25053 25109 450
460 25164 25020 25275 25331 25386 25442 25497 25553 25608 25664 460
470 25720 25775 25831 25886 25942 25098 26053 26109 26165 26220 470
480 26276 26332 26387 26443 26499 26555 26610 _ 26666 26722 26778 480
490 26834 26889 26945 27001 27057 27113 27169 27225 27281 27337 490
500 27393 27449 27505 27561 27617 _ 27673 27729 27785 27841 _ 27897 500
510 27953 28010 28066 28122 28178 28234 28291 _ 28347 _ 28403 28460 510
520 28516 28572 28629 28685 28741 28798 28854 28911 _ 28967 29024 520
530 20080 29137 29194 20250 29307 29363 _ 29420 _ 29477 _ 29534 29590 530
540 20647 29704 29761 29818 29874 29931 29988 30045 30102 30159 540
550 30216 30273 30330 30387 30444 _ 30502 30559 _ 30616 30673 __ 30730 550
560 30788 30845 30902 30960 31017 _ 31074 31132 31189 31247 _ 31304 560
570 31362 31419 31477 31535 31592 31650 _ 31708 31766 31823 31881 570
580 31930 31997 32055 32113 32171 32229 32087 _ 32345 _ 32403 32461 580
590 32519 32577 32636 32694 32752 32810 32869 32927 32985 33044 590
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Type J Thermocouple Table

Iron/Copper-Nickel, Electromotive force as a function of temperature

E/uV
190/°C 0 1 2 3 4 5 6 7 3 9 190°C
600 33102 33161 33219 33278 33337 33305 33454 33513 33571 33630 600
610 33689 33748 33807 33866 33925 33984 34043 34102 34161 34220 610
620 34279 34338 34307 34457 34516 34575 34635 34694 34754 34813 620
630 34873 34932 34992 35051 35111 35171 35230 35290 35350 35410 630
640 35470 35530 35590 35650 35710 35770 35830 35890 35950 36010 640
650 36071 36131 36191 36252 36312 36373 36433 36494 36554 36615 650
660 36675 36736 36797 36858 36918 36979 37040 37101 37162 37223 660
670 37284 37345 37406 37467 37528 37590 37651 37712 37773 37835 670
680 37896 37958 38019 38081 38142 38204 38265 38327 38389 38450 680
690 38512 38574 38636 38698 38760 38822 38884 38946 39008 39070 690
700 39132 39194 39256 30318 39381 39443 39505 39568 39630 39693 700
710 39755 39818 39880 39943 40005 40068 40131 40193 40256 40319 710
720 40382 40445 40508 40570 40633 40696 40759 40822 40886 40949 720
730 41012 41075 41138 41201 41265 41328 41391 41455 41518 41581 730
740 41645 41708 41772 41835 41899 41962 42026 42090 42153 42217 740
750 42081 42344 42408 42472 42536 42599 42663 42727 42791 42855 750
760 42019 42083 43047 43111 43175 43230 43303 43367 43431 43495 760
770 43559 43624 43688 43752 43817 43881 43945 44010 44074 44139 770
780 44203 44267 44332 44396 44461 44525 44500 44655 44719 44784 780
790 44848 44913 44977 45042 45107 45171 45236 45301 45365 45430 790
300 45494 45559 45624 45688 45753 45818 45882 45947 46011 46076 300
810 46141 46205 46270 46334 46300 46464 46528 46593 46657 46722 810
820 46786 46851 46915 46980 47044 47109 47173 47238 47302 47367 820
830 47431 47495 47560 47624 47688 47753 47817 47881 47946 48010 830
840 48074 48138 48202 48267 48331 48305 48459 48523 48587 48651 840
850 48715 48779 48843 48907 48971 49034 49098 49162 49226 49290 850
860 49353 49417 49481 49544 49608 49672 49735 49799 49862 49926 860
870 49989 50052 50116 50179 50243 50306 50369 50432 50495 50559 870
380 50622 50685 50748 50811 50874 50937 51000 51063 51126 51188 380
890 51251 51314 51377 51430 51502 51565 _ 51627 51690 _ 51752 51815 890
900 51877 51940 52002 52064 52127 52189 52251 52314 52376 52438 900
910 52500 52562 52624 52686 52748 52810 52872 52934 52996 53057 910
920 53119 53181 53243 53304 53366 53427 53489 53550 53612 53673 920
930 53735 53796 53857 53919 53980 54041 54102 54164 54225 54286 930
940 54347 54408 54469 54530 54501 54652 54713 54773 54834 54895 940
950 54056 55016 55077 55138 55198 55259 55319 55380 55440 55501 950
960 55561 55622 55682 55742 55803 55863 55923 55983 56043 56104 960
970 56164 56224 56284 56344 56404 56464 56524 56584 56643 56703 970
980 56763 56823 56883 56942 57002 57062 57121 57181 57240 57300 980
990 57360 57419 57479 57538 57507 57657 57716 57776 57835 57894 990
1000 57953 58013 58072 58131 58190 58249 58309 58368 58427 58486 1000
1010 58545 58604 58663 58722 58781 58840 58899 58957 59016 59075 1010
1020 59134 59193 59252 50310 59369 59428 59487 59545 59604 59663 1020
1030 59721 59780 59838 59897 59956 60014 60073 60131 60190 60248 1030
1040 60307 60365 60423 60482 60540 60599 60657 60715 60774 60832 1040
1050 60890 60949 61007 61065 61123 61182 61240 61298 61356 61415 1050
1060 61473 61531 61589 61647 61705 61763 61822 61880 61938 61996 1060
1070 62054 62112 62170 62228 62286 62344 62402 62460 62518 62576 1070
1080 62634 62692 62750 62808 62866 62924 62982 63040 63098 63156 1080
1090 63214 63271 63329 63387 63445 63503 63561 63619 63677 __ 63734 1090
1100 63792 63850 63908 63966 64024 64081 64139 64197 64255 64313 1100
1110 64370 64428 64486 64544 64602 64659 64717 64775 64833 64890 1110
1120 64948 65006 65064 65121 65179 65237 65295 65352 65410 65468 1120
1130 65525 65583 65641 65699 65756 65814 65872 65929 65987 66045 1130
1140 66102 66160 66218 66275 66333 66301 66448 66506 66564 66621 1140
1150 66679 66737 66794 66852 66910 66967 67025 67082 67140 67198 1150
1160 67255 67313 67370 67428 67486 67543 67601 67658 67716 67773 1160
1170 67831 67888 67946 68003 68061 68119 68176 68234 68291 68348 1170
1180 68406 68463 68521 68578 68636 68693 68751 68808 68865 68923 1180
1190 68080 69037 69095 69152 69209 69267 69324 69381 69439 69496 1190
1200 69553 1200
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Type J Thermocouple Table
Iron/Copper-Nickel, Electromotive force as a function of temperature

/v
190/°C 0 ] 2 3 7 5 6 7 -3 9 190/°C
210 -8095 210
200 7800 7912 7934 7955 7976 7996 -8017 __ -8037 __ -8057 __ -8076 -200
90 7659 7683 7707 7731 7755 7778 7801 7824 7846 -7868 190
80 7403 7429 7456 7482 7508 7534 7559 7585 -7610 _ -7634 -180
70 7123 7152 -7181 7209 7237 7265 7293 -7321 7348 -7376 70
60 6821 6853 -6883 ___ -6914 6944 6975 7005 7035 -7064 __ -7094 160
50 6500 6533 6566 -6598 6631 -6663 6695 6727 _ -6759 __ -6790 150
40 6159 6194 6229 6263 6298 -6332 6366 6400 _ -6433 __ -6467 140
30 5801 5838 5874 5910 5946 5982 -6018 6054 -6089 6124 130
120 5426 5465 5503 -b541 5578 5616 5653 5690  -5727 _ -5764 120
310 5037 5076 5116 -5155 5194 5233 5272 5311 -5350 __ -5388 10
00 -4633 4674 4714 -4755 4796 -4836 4877 4917 -4957 _ -4997 100
-90 4215 4257 -4300 -4342 4384 4425 4467 4509 -4550 _ -4501 -90
-80 -3786_ -3829 _ -3872 -3916 -3959 4002 -4045 __ -4088 _ -4130 __ -4173 -80
70 3344 -3380 _ -3434 -3478 3522 -3566  -3610  -3654  -3698 _ -3742 70
-60 2803 2938 29084 -3029 3075 -3120 3165 -3210 __ -3255___ -3300 -60
-50 2431 2478 2524 2571 2617 2663 2709 2755 -2801 _ -2847 -50
-40 1961 -2008 __ -2055 2103 2150 2197 2244 2291 _ -2338___ -2385 -40
-30 1482 -1530 _ -1578 1626 674 1722 1770 -1818 1865 -1913 -30
-20 995 1044 -1093 142 190 1239 1288 -1336 1385 -1433 20
10 501 550 ~600 650 -699 749 798 847 -39 -946 10
0 0 -50 01 151 -201 251 -301 -351 -401 451 0
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9.4 GENERAL THERMOMETRY DATA

AND OTHER REFERENCE INFORMATION

9.4.1. Temperature Conversion Table °C / °F

Centigrade to Fahrenheit

to C F/C to F to C F/C toF
-184.4 -300 -508.0 593.3 1100 2012.0
-156.7 -250 -418.0 621.1 1150 2102.0
648.9 1200 2192.0
-128.9 -200 -328.0 676.7 1250 2282.0
-101.1 -150 -238.0 704.4 1300 2372.0
-733 -100 -148.0 732.2 1350 2462.0
-45.6 - 50 - 58.0 760.0 1400 2552.0
-17.8 0 32.0 787.8 1450 2642.0
10.0 50 122.0 815.6 1500 2732.0
37.8 100 212.0 843.3 1550 2822.0
65.6 150 302.0 871.1 1600 2912.0
933 200 392.0 898.9 1650 3002.0
1211 250 482.0 926.7 1700 3092.0
148.9 300 572.0 954.4 1750 3182.0
176.7 350 662.0 982.2 1800 3272.0
204.4 400 752.0 1010.0 1850 3362.0
2322 450 842.0 1037.8 1900 3452.0
260.0 500 932.0 1065.6 1950 3542.0
287.8 550 1022.0 1093.3 2000 3632.0
315.6 600 1112.0 11211 2050 3722.0
3433 650 1202.0 1148.9 2100 3812.0
3711 700 1292.0 1176.7 2150 3902.0
398.9 750 1382.0 1204.4 2200 3992.0
426.7 800 1472.0 1232.2 2250 4082.0
454.4 850 1562.0 1260.0 2300 4172.0
482.2 900 1652.0 1287.8 2350 4262.0
510.0 950 1742.0 1315.6 2400 4352.0
537.8 1000 1832.0 1343.3 2450 4442.0

565.6 1050 1922.0
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9.4.2. Fixed Temperature Points

Materials exist in different states (phases), liquid, solid or gas according to their
temperature. At certain specific temperatures, two or three phases can occur
simultaneously. In water for example, the three phases can exist together at the
triple point (0.01°C). Triple points are unusual and most materials exhibit only two
coincident phases.

Other fixed points are the freezing points of pure metals. As a molten metal is
cooled, the melt begins to solidify at a certain temperature depending on the
particular metal. The change from liquid to solid does not occur suddenly and,
during this change of phase the temperature remains constant until the metal has
entirely solidified. This freezing point temperature value depends only on the degree
of purity of the metal; knowledge of this temperature and the facility to achieve it
provides a highly accurate and absolutely reproducible temperature reference.

9.4.3. International Temperature Scale ITS-90

The temperature values of the fixed points are determined with devices suitable for
measuring thermodynamic temperatures such as gas thermometers. Discussion
between the various National laboratories has resulted in the official adoption of
certain fixed points internationally as primary temperatures. Intermediate values on
the resulting temperature scale are defined by interpolation. The scale thus
established has practical application in science and industry using commercially
available calibrated, high precision platinum resistance thermometers.

The development of the more accurate ITS-90 which replaces the IPTS-68 defines
the following fixed points:

Equilibrium state

Triple point of hydrogen -259.3467°C
Boiling point of hydrogen at a pressure

of 33321.3 Pa -256.115°C
Boiling point of hydrogen at a pressure

of 101292 Pa -252.88°C
Triple point of neon -248.5939°C
Triple point of oxygen -218.7916°C
Triple point of argon -189.3442°C
Triple point of mercury -38.8344°C
Triple point of water 0.01°C
Melting point of gallium 29.7646°C
Freezing point of indium 156.5985°C
Freezing point of tin 231.928°C
Freezing point of zinc 419.527°C
Freezing point of aluminium 660.323°C
Freezing point of silver 961.78°C
Freezing point of gold 1064.18°C
Freezing point of copper 1084.62°C
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ITS-90, like IPTS-68 is based on the S| units of temperature, the Kelvin and the
degree Celcius. The ITS-90 allows for a more accurate realisation of temperature
standards and their use in industry, particularly in the important high temperature
region. The differences between ITS-90 and IPTS-68 are shown in Fig. 58.
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Fig 58: Differences between ITS-90 and IPTS-68, (too - teg)/°C

9.4.4. Grades of Protection for E

nclosures

The grades of protection for enclosures containing apparatus are defined in BS
4752. The type of protection is defined by two digits, the first relating to

accessibility and the second to environmental protection. The two numbers are
preceded by the letters IP.

First
Number

0

Degree of Protection

No protection of persons against
contact with live or moving parts
inside the enclosure

Protection against accidental or
inadvertent contact with live or

moving parts inside the enclosure

by a large surface of the human body,
for example, a hand, but not protection
against deliberate access to such parts
Protection against ingress of large

solid foreign bodies.

Protection against contact with live

or moving parts inside the enclosure
by fingers. Protection against ingress
of medium size solid foreign bodies.
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Second
Number

0

1

Degree of Protection

No protection

Protection against drops of
condensed water. Drops of
condensed water falling on the
enclosure shall have no harmful
effect.

Protection against drops of
liquid. Drops of falling liquid
shall have no harmful effect
when the enclosure is tilted at
any angle up to 15° from the
vertical.

Protection against rain. Water
falling in rain at an angle up to
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Protection against contact with live
or moving parts inside the enclosure
by tools, wires or such objects of
thickness greater than 2.5mm.
Protection against ingress of

small solid foreign bodies.

Protection against contact with live
or moving parts inside the enclosure
by tools, wires or such objects of
thickness greater than 1mm.
Protection against ingress of small
foreign bodies.

Complete protection against contact
with live or moving parts inside the
enclosure. Protection against

harmful deposits of dust. The ingress
of dust is not totally prevented,

but dust cannot enter in any amount
sufficient to interfere with satisfactory
operation of the equipment enclosed.

Complete protection against contact
with live or moving parts inside
enclosure. Protection against ingress
of dust.

60° with respect to the
vertical shall have no harmful
effect.

Protection against splashing.
Liquid splashed from any
direction shall have no
harmful effect.

Protection against water-jets.
Water projected by a nozzle
from any direction under
stated conditions shall have no
harmful effect.

Protection against conditions on
ships decks (deck watertight
equipment). Water from heavy
seas shall not enter the

the enclosure under prescribed
conditions.

Protection against immersion in
water. It must not be possible
for water to enter the enclosure
under stated conditions of
pressure and time.

Protection against indefinite
immersion in water under
specified pressure. It must not
be possible for water to enter
the enclosure.

Zener safety barriers are normally located in the safe area and must of
themselves be or be contained in an enclosure giving protection of at least IP20.
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9. 4.5. Problem Solving in Temperature Measurement & Control
Using Thermocouples or Resistance Thermometers

Indicator/ Likely causes in the Case Likely Cause in the Case of
Controller of Thermocouple Sensing Resistance Thermometer Sensing
Symptom

Ambient Sensor not in the process. Sensor not in the process

indication Thermocouple or extension Process temperature low (No heating

Erratic (noisy)
indication

Indication
high

Indication Low

Up- Scale
indication

Down-Scale
indication

Indicator
error

Indicator
reading
drift

cable shorting out. Process
temperature low (no heating
applied)

RF or mains noise pick-up.
Poor connection in sensor
circuit. Faulty instrument.

Process temperature high.
Instrument calibration error.
Incorrect thermocouple used.
Incorrect extension cable used.
Reversed cable connection at
thermocouple and instrument.

Instrument calibration error.
Incorrect thermocouple used.
Incorrect extension cable used.

Process temperature very high.
Thermocouple open circuit.

To check instrument:
disconnect sensor from input
terminals and replace with a
link. If ambient temperature is
indicated, fault is in sensor
circuit.

Process temperature very low.
Thermocouple shorted out.
Thermocouple connection
reversed. Check instrument
as above.

Instrument or sensor out of
calibration. Incorrect cable
used. Reversed cable
connection at thermocouple
and instrument.

Instrument calibration drift.
Aged or faulty thermocouple

- common with base metal types
after long period of service.
Incorrect cable used.
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applied)

RF or main noise pick-up. Poor connection
in sensor circuit. Faulty instrument.

Process temperature high. High resistance
in 2 wire sensor circuit. Excessive
excitation current in sensor causing
self-heating. Note: Use 3 or 4 wire input if
possible. Instrument calibration error.
Contaminated sensing element.

Instrument calibration error.
Sensor fault.

Process temperature very high.

Sensor is open circuit. To check
instrument: disconnect sensor from input
terminals and replace with 100 Ohm
resistor. If 0°C is indicated, fault is in
sensor circuit.

Process temperature very low.
Sensor shorted out.
Check instrument as above.

Instrument or sensor out of calibration
Additional resistance in 2 wire sensor
circuit. If offset positive sensor excitation
current rather high causing slight self-
heating.

Instrument calibration drift.
Excessive excitation current in
sensor causing self-heating.
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Indication Reversed polarity at thermocouple N/A

correct input connection.

magnitude

but negative

Reading Electrical / r.f. pick-up on sensor Electrical / r.f. pick-up on sensor wires

obtained with wires due to induction or damp due to induction or damp insulation.

one input wire insulation.

disconnected.

Sloppy/poor PID terms incorrect. Sensor remote | PID terms incorrect. Sensor remote from

control from source of heating in process | source of heating in process.

Full heating Controller or power switch fault. Controller or power switch fault.

applied Thermocouple connection reversed | Sensor shorted out.

continuously (downscale reading). Thermocouple

(unregulated) shorted out.

No heating Controller or power switch fault. Controller or power switch fault. High

power Thermocouple open circuit resistance in sensor circuit (upscale
reading).

Measurement Electronic switching fault. Electronic switching fault. Sensors

errors in Earth loops established in energised in sequence can result in this

multi-channel thermocouple circuits (common effect. Usually non resistance thermometers

installation with non-insulated thermocouple | in series. Refer to instrument instructions

(e.g. mult-zone use of insulated versions for guidance.

junctions) should eliminate or reduce this

control, scanners, | effect.)

recorders.

9.4.6. International and National Standard Specifications

The items listed are those most commonly utilised in practical thermometry and the
list is not complete; no responsibility can be accepted for current validity or
otherwise. It is essential that the user checks with the relevant National body in
each case.

International harmonised standards

IEC 65B (CO) 76 (1989)
Base metal insulated thermocouple cables and thermocouples (draft)

IEC 584-1:1995
Thermocouples, Reference tables

IEC 584-2:1982
Thermocouples, Tolerances

IEC 584-3:1989
Extension and compensating cables. Tolerances and identification system.

IEC 654-1 (1979)
Operating conditions for industrial-process measurement and control equipment.
Part 1: Temperature, humidity and barometric pressure
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I[EC 751:1983
Industrial platinum resistance thermometer sensors

American Standards

ASTM E 220 (1986)
Methods for calibration of thermocouples by comparison techniques

ASTM E 230 (1987)
Temperature electromotive force (EMF) tables for standardised thermocouples

ASTM E 585 (1988)
Specification for sheathed base-metal thermocouple materials

ASTM E 644 (1986)
Method for testing industrial resistance thermometers

ASTM E 1129 (1986)
Thermocouple connectors

ASTM E 1137 (1987)
Specification for industrial platinum resistance thermometers

ASTM E 1159 (1987)
Specification for thermocouple materials, platinum-rhodium alloy and platinum

ASTM E 1223 (1987)

Specification for Type N thermocouple wire

NEMA WC-55 (1986)

Instrumentation cables and thermocouple wire (includes thermocouple extension
cables)

Australian Standards

AS 2091 (1981)
Resistance thermometers and their elements (platinum, copper, nickel)

British Standards

BS 1041

Temperature measurement

Part 3 (1989) Guide to the selection and use of industrial resistance thermometers
Part 4 (1992) Guide to the selection and use of thermocouples

BS 4937-30:1993
Colour code for twin compensating cables for thermocouples

BS EN 60751:1996

Specification for industrial platinum resistance thermometer sensors

BS 2765 (1969, 1981)

Specification for dimensions of temperature detecting elements and corresponding
pockets

BS EN 60584-1:1996

International thermocouple reference tables, Parts 1-8, 20

BS EN 60584-2:1993
Specifications for thermocouple tolerances
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BS 6175 (1982)
Specification for temperature transmitters with electrical outputs

French Standards
NF C 42-321 (1987)
Electrical measuring instruments — Thermocouples — Reference tables

NF C 42-322 (1987)
Electrical measuring instruments — Tolerances

NF C 42-323 (1985)

Electrical measuring instruments — Identification of thermocouples

NF C 42-324 (1985)

Electrical measuring instruments — compensating cables for thermocouples
NF C 42-325 (1987)

Sheathed cables

NF C 42-330 (1983)
Electrical measuring instruments — Platinum resistance temperature sensors —
Reference tables and tolerances.

German Standards

DIN 43 710 (1985)

Reference tables type U and type L for thermocouples

DIN 43 712 (1987)

Wires for thermocouples

DIN 43 714 (1990)

Compensating cables for thermocouple thermometers

DIN 43 720 (1990)

Metal protective tubes for thermocouples

DIN 43 721 (1980)

Mineral insulated thermocables and mineral insulated thermocouples
DIN 43 724 (1979)

Ceramic protection tubes and holding rings for thermocouple thermometers
DIN 43 725 (1990)

Refractory insulating tubes for thermocouples

DIN 43 729 (1979)
Connecting heads for thermocouple thermometers and resistance thermometers

DIN 43 732 (1986)

Thermocouples for thermocouple thermometers

DIN 43 733 (1986)

Straight thermocouple thermometers without interchangeable sensor units
DIN 43 735 (1986)

Sensor units for thermocouple thermometers

VDE/VDI 3511 (1967)
Technical temperature measurement
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10. GLOSSARY OF TERMS

10.1 ABBREVIATIONS AND ACRONYMS FOR STANDARDS
& STANDARDS BODIES

ANSI
ASTM
BASEEFA
BSI

BS

CEN
CENELEC
DIN
ELSECOM

EN
EOTC
GAMBICA

IEC

IEEE
IPTS-68
ISO
ITS-90
NAMAS
NBS
NPL
UKAS

American National Standards Institute

American Society for Testing and Materials

Health and Safety Executive Standard on Plant safety
British Standards Institution

British Standards Institution Standards

European Committee for Standardisation

European Committee for Electrical Standardisation
Deutsche Institut fur Normung

European Electrotechnical Sectoral Committee for Testing
and Certification

CEN/CENELEC European Standards

European Organisation for Testing and Certification
The Association for the Instrumentation, Control and
Automation Industry in the UK.

International Electrotechnical Commission

IEEE Standards

International Practical Temperature Scale of 1968
International Organisation for Standardisation
International Temperature Scale of 1990

EEC listed Certification Bodies/Accreditation Service
National Bureau of Standards, USA

National Physical Laboratory, UK

United Kingdom Accreditation Service

10.2 CALIBRATION

Calibration

Calibrator

Drift

Dry Block Calibrator
Fixed Points
(Temperature)

Fixed Point Cell
Primary Standards

Reference Probe

Checking/ measuring accuracy against an external
reference/standard

Device used for or in calibration

Change in the value of a parameter due to operational
influence (e.g. temperature variation / ageing)

A thermal device which does not use a fluid medium as a
temperature source

Temperatures defined by physical laws, change of state of
pure materials

A device used to provide a fixed point temperature

Those derived from the best available equipment. Pertaining
to establishing the International Temperature Scale.

Certified probe used as a comparison standard
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Secondary Standard

Simulator

Standard Resistance
Thermometer

Stirred Liquid Bath

Temperature
Calibration Point

Thermal Calibration
Thermal Reference
Tolerances

Triple Point
of Water

Uncertainties

Traceable to primary Standards

Instrument which produces electrical signals emulating
those of sensors

A laboratory standard probe for the highest possible
accuracy of measurement

A controlled thermal reference which uses a stirred liquid
medium

A temperature value at which calibration is performed by
comparison or direct techniques

Calibration using a temperature source (i.e. not electrical)
Controlled temperature source
Stated uncertainties

A thermodynamic state (of water) in which the gas, liquid
and solid phases all occur in equilibrium. Value 0.01°C

Possible inaccuracies

10.3 CONTROL

Auto-manual

Auto-tune

Bumpless Transfer
process

Calibration

Closed Loop

Cold Junction
Compensation
(Automatic)

Controller

Control Output
D
Dead-band

Derivative Time
Constant
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Selection of closed loop (automatic) or open loop (manual)
regulation

Automatic selection of the control terms, usually P,I and D

Permits switching from manual to automatic control without
disturbances due to integral saturation

Checking/measuring accuracy against an external
reference or standard

Automatic control via feedback

Built-in, automatic compensation for ambient temperature
variations when using a thermocouple sensor

The instrument which provides automatic measurement and
control of a process

The means of controlling energy regulation in the process
Abbreviation of Derivative
On-Off hysteresis to prevent excessively rapid power switching

A measure of Derivative term sensitivity
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Hysteresis

I

Integral Time
Offset
On-Off

Open Loop

Output

Overshoot

P
Process
Process Variable

Proportional Band

Set-point
Start-up
Thermal Mass
Three Term

Tuning

Dead-band defined in on-off switching

Abbreviation of Integral

Summation period for offset computation

Difference between set-point and resultant control point

Power regulation by simple on-off switching
(e.g. thermostat)

System not utilising feedback
(i.e. not capable of automatic control)

Control signal or communication data

The amount by which the process temperature exceeds
set-point on start-up

Abbreviation of proportional
The system being monitored or controlled
The parameter monitored or controlled

The control band within which power is regulated
between 0 and 100% usually express as a percentage
of the overall temperature range

Desired process temperature set by the operator
Dynamic state of the process after switching on
Heat storage effect in the process

Defines P and D control action

Optimising P,I and D terms to achieve good control.
Can be manual or automatic

10.4 INSTRUMENTATION - GENERAL

Alternating Current
(a0)

Amplifier

Analogue-to-digital
(A-D) Converter

ASCII

Batch Process

Electric current which alternates in direction. The number of
times the current changes direction in one second is called
the frequency.

A device which produces a larger output signal than is
applied at its input.

Converts an analogue signal (such as a voltage signal from a
temperature sensor) into a digital signal suitable for input to
a computer.

American Standard Code for Information Interchange.
Coding for text files.

Any process on which operations are carried out on a
limited number of items as opposed to continuous process.

119 www.labfacility.co.uk




CE

Closed Loop

Conformite Europeene. A mark that is affixed to a product
to designate that it is in full compliance with all applicable
European Union legal requirements.

Facility for automatic control by means of temperature
feedback from the process to the instrument

Common-Mode Signal A signal applied simultaneously to both inputs of a device.

Common-Mode
Rejection Ratio
(cmrr)

Comms

Contact emf
Control
Data Acquisition

DAU
Direct Current (dc)

Electromotive Force
(emf)

Excitation
Filtering

Frequency
Full Scale Output

Gain
Ground
HART

Hertz (Hz)
Indication
Input

/0
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The ability of the device to obtain the difference between
the + and — inputs whilst rejecting the signal common to
both.

Abbreviation of Communications interface

Electromotive force which arises at the point of contact
metals.

Regulation of process energy to achieve a desired
temperature

Gathering data from a process, usually electronic, usually
automatic

Abbreviation of Data Acquisition Unit
Current which flows in one direction.

Difference of potential (V) produced by sources of electrical
energy which can be used to drive currents through external
circuits.

The operational voltage or current applied to a transducer.
Attenuates components of undesired signal

Measured in Hertz (cycles per second), rate of repetition of
changes.

The difference between the minimum output (normally
zero) of a device and the rated capacity (full signal).

Amplification of a circuit.
Connection to ground (earth).

Highway Addressable Remote Terminal. Provides digital
communication to microprocessor-based (smart) analogue
process control instruments.

Cycles per second unit of frequency.
Analogue or digital readout of data
The connection point for a sensor or defines type of sensor
Input/Output. A measuring system monitors signal through

its inputs and sends control signals through its outputs.
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Isolation

Linearisation

Logging
Noise

Non-linear
Open Loop
Output

PC

Pick-up
PID

Port

Positive Temperature
Coefficient

Process
Protocol
QA
Range
Relay

Resolution

Repeatability

r.f.i.
SCADA

Scan

Seebeck Effect

Electrically isolated condition

Matching the transfer characteristic of the sensor if non-
linear (strictly de-linearisation)

Recording data

Any unwanted electrical signals affecting the signal to be
measured.

Not a straight line transfer characteristic
System not utilising feedback
Data exiting a device

Personal Computer. Generally applied to computers
conforming to the IBM designed architecture.

Superimposition of unwanted electrical signals in the system
(usually high frequency and/or high voltage)

Proportional gain, integral action time and derivative action
time.

The external connector of a device.

An increase in resistance due to an increase in temperature.

The system being monitored

A set of rules used in data communications.
Quality Assurance

Full-scale signal (input or output).

Electromechanical device that opens or closes contacts when
a current is passed through its coil.

A measure of the smallest detectable change.

The ability of an instrument to repeatedly give the same
reading.

Abbreviation of radio frequency interference

Abbreviation of Supervisory Control and Analogue Data
Acquisition

Reading each input channel in turn. The scan will return to
the first channel once all the channels have been sampled.

The thermocouple principle. In a circuit in which there are
junctions between dissimilar metals, an electromotive force
(voltage) is set up when the junctions are at different
temperatures.
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Sensitivity
Sensor

Serial Communication

Settling Time
Sl

Signal Conditioning
Stability

System
Temperature

Coefficient of...

Thermal Conductivity

Transient

Transmitter

A measure of the minimum change in an input signal that
an instrument can detect.

A device that can detect a change in a physical quantity and
produce a corresponding electrical signal.

Where data is transferred one bit at a time.

When a change in signal occurs, the time taken for the
input or output channel to settle to its new value.

International system of units. Abbreviation for Systeme
International (d'Unites).

Changing the electrical characteristics of a sensor signal

The ability of an instrument to maintain a consistent output
with the application of a constant input

Combination of several circuits or items of equipment to
perform in a particular manner.

Amount by which a parameter varies due to temperature

A measure of the rate of flow of thermal energy through a
material in the presence of a temperature gradient. Materials
with high electrical conductivities usually have high thermal
conductivities.

A short duration surge of current or voltage.

A device for amplifying a sensor signal in order to permit its
transmission to remote instrumentation. Usually converts to
4-20mA

10.5 THERMOMETRY - GENERAL

Absolute Zero

Alpha

Alumina
Barrier Terminal

Base Metal
Thermocouple

Boiling Point

The lowest possible temperature of a body due to absence
of molecular motion. Stated as O Kelvin, equivalent to -
273.15°C

The temperature coefficient of resistance of a sensing
resistor. Expressed as W/°C

Aluminium Oxide (a refractory material)
Terminal block configuration

Thermocouple utilising base metals

The equilibrium temperature between a liquid and its vapour

Callendar — Van Dusen An interpolation equation which provides resistance values

Equation
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as a function of temperature for sensing resistors
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Ceramic
Coefficients (ABC)
Cold junction

Cold Junction
Compensation (CJC)

Colour Codes

Compensating Cable

Compression Fitting
Cryogenic

Drift

Excitation Current
Exposed Junction
Extension Cable

Fabricated

Fittings

Fixed Points
(Temperature)

Flange

Freezing Point

Fundamental
Interval

Refractory insulating material

Used in the Pt100 characteristic polynomial; they define
the temperature — resistance relationship

Reference junction of a thermocouple

Compensation for thermocouple reference junction
temperature variations

Means of cable and sensor type identification; applied
internationally according to appropriate standards

Used for connecting thermocouples to instruments; the
conductors use low cost materials which have a similar
ambient thermal emf relationship to that of the
thermoelement but at lower cost

Type of threaded fitting which compresses on to the
probe sheath to provide a pressure tight coupling

A term for very low temperatures, usually associated
with liquified gases

Change in the value of a parameter due to operational
influence (e.g. temperature variation / ageing)

Current supplied to an appropriate sensor or transducer to
provide excitation

A thermojunction not protected by sheath material.
Used when fast thermal response is required

Thermocouple connecting cable which uses conductors
in true thermocouple alloy

Made from component parts e.g. a thermocouple assembly
made from tubing, wire and insulating materials as opposed
to one made using mineral insulated cable

Items used to secure probes into machinery
e.g. compression glands, threaded bushes, bayonet fittings

Temperatures defined by physical laws, change of state of
pure materials

Form of disc through which probe is installed into a process

The fixed temperature point of a material which occurs
during the transition from a liquid to solid state.
Also known as Melting Point for pure materials.

Thermometer resistance change over the range 0 to 100°C
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Grounded
Hot Junction

Hot Junction
Ice Point

Immersion

Insert

Insulation
Resistance

Interchangeability

Isothermal

Lagging
Extension

Leg

Linearity
Loop Resistance

Measuring
Junction

Melting Point

Metallic

MI

Mineral
Insulated

Noble Metal t/c
Noise
NTC

Parallel Pair

Platinum Resistance
Thermometer (PRT)
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Thermocouple configuration in which the thermoelement
is electrically common to the sheath

Measuring junction of thermocouple
0°C

Placing of probe into the process medium (i.e. immersion
into some medium)

Replaceable probe assembly located inside outer sheath

Value of resistance measured between the sensor wire and
sheath

Describes how closely a sensor adheres to its defining
equation

Equal temperature

Probe or pocket extension to allow for thickness of pipe
or wall lagging

Common term for one thermoelement wire in a
thermocouple circuit

A deviation in response from straight line value of a sensor
The total resistance of a thermocouple circuit

Thermoelement measuring junction (hot junction)

The temperature at which a substance converts from the
solid to liquid phases. This is the same as the Freezing Point
for pure materials

Pertaining to presence of metal in sheath material as
opposed to non-metallic

Abbreviation for Mineral Insulated as used in sensor cable

Type of cable construction used in thermometry.
Conductors are insulated from sheath by compressed
refractory oxide powder.

Rare metal, usually Platinum / Rhodium alloys
Unwanted electrical interference picked up on a signal cable
Negative temperature coefficient (of resistance)

Wire construction where two single conductors are laid
parallel

Platinum temperature sensor whose resistance varies with
temperature
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Polarity
Protection Tube

PTC
Rare Metal t/c
Reference Junction

Resistance

Response Time

Ro

RTD
Self-heating

Sensing Length
Sensing Resistor
Stability

Stem Conduction
Stem Sensing

Tails
Thermal Conductivity

Thermal Gradient

Thermal Mass
Thermistor
Thermocouple
Thermocouple Type

Thermoelectric

Determines the direction of current flow in an electrical
circuit

A tube (sheath) which protects a sensor from its operating
environment

Positive temperature coefficient (of resistance)
Thermocouple made of rare metal thermoelement
Of the thermocouple, usually referred to the ice point

Temperature sensor, usually Platinum, whose resistance
varies with Thermometer temperature

A measure of thermal sensitivity applied to sensors.
The time required for a sensor to reach 63% of the step
change in temperature under particular conditions

The value of thermometer resistance temperature sensors
at 0°C

Abbreviation for resistance temperature detector

Heating effect due to current flow in the sensing resistor
of a resistance thermometer

That portion of the probe sensitive to temperature
The sensing element of a resistance thermometer

The ability of a sensor to maintain a consistant output with
the application of a constant input

The flow of heat away from the sensing length of a probe
due to probe thermal conductivity

Sensing over a finite length of sheath as opposed to just
the tip

Connecting wires emanating from the sensor
The ability of a material to conduct heat

The distribution of different temperatures in and across an
object

Heat storage effect in the process

A form of resistance thermometer, usually a NTC type.
Temperature sensor based on a thermoelement

Defines the type of thermoelement e.g. J,K,T,E,N,R,S,B etc.

Electrical activity resulting from the generation of
thermo-voltages
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Thermoelement

Thermojunction

Thermowell

Thin Film
Tip Sensing

Transducer

Transfer Function

Transmitter

Twisted Pair

Wheatstone Bridge

Wirewound
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The two dissimilar conductors and their junction forming a
thermocouple

The junction formed between the dissimilar conductors of a
thermocouple. Usually describes the measuring junction

Used to protect sensor probes against aggressive media.
Effectively a pocket or well in the process into which the
probe is inserted

Sensing resistor in a thin film form

Temperature sensing at the tip of a probe only as opposed
to along its length

A device which converts energy from one form into
another. Transducer often describes a sensor

Input/Output characteristic of a device

A device for amplifying a sensor signal in order to permit
its transmission to remote instrumentation.
Usually converts to 4-20mA

Two insulated conductors twisted together.
Twisted wires in thermocouple circuits minimise
noise pick-up

A network of four resistances, an emf voltage source, and
an indicator connected such that when the four resistances
are matched, the indicator will show a zero deflection or
“null" reading. Prototype of most other bridge circuits.

Sensing resistor in wirewound construction
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12. FREQUENTLY ASKED QUESTIONS

Remember, the sensor type must always suit the measuring instrument and employ
the correct extension cable. Information given here is for general guidance only and
is not definitive — it is not intended to be the basis for product installation or
decision making. Labfacility Ltd can not be held responsible for any
misinterpretation or incorrect assumptions based on these Questions and Answers.

1.

A.

What is the difference between a Mineral Insulated (MI) and a fabricated
sheath?

An Ml is flexible, a fabricated sheath is rigid.
How accurately can | measure temperature using a standard sensor?

To published, internationally specified tolerances as standard, typically + 2.5°C
for popular thermocouples, +0.5°C for PRT. Higher accuracy sensors can be
supplied to order, e.g. £0.5°C for type T thermocouple, +0.2°C for PRT. All of
these values are temperature dependent. A close tolerance, 4-wire PRT will
give best absolute accuracy and stability.

How do I choose between a thermocouple and a PRT?

Mainly on the basis of required accuracy, probe dimensions, speed of response
and the process temperature.

My thermocouple is sited a long way from my controller, is this a problem?

It could be; try to ensure a maximum sensor loop resistance of 100 Ohms for
thermocouples and 4-wire PRTs. Exceeding 100 Ohms could result in a
measurement error. Note By using a 4-20mA transmitter near the sensor, cable
runs can be much longer and need only cheaper copper wire. The instrument
must be suitable for a 4-20mA input though.

What is the difference between a RTD and PRT sensor?

Nothing. RTD means resistance thermometer detector (the sensing element)
and PRT means Platinum resistance thermometer (the whole assembly) i.e. a
PRT uses a RTD!

What is a Pt100?

An industry standard Platinum RTD with a value of 100 Ohms @0°C to
IEC751; this is used in the vast majority of PRT assemblies in most countries.

Should I choose a Type K or Type N thermocouple?

Generally, Type N is more stable and usually lasts longer than Type K; N is a
better choice for high temperature work depending on the choice of sheath
material.

Does it matter what type of steel | specify for the thermocouple sheath?

Often no, sometimes yes. In some cases, reliability depends on the ideal choice
of material.
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11.

12.

13.

14.

16.

17.

18.

Are there other types of temperature sensor apart from thermocouple and PRT

Types?

Several, but these two groups are the most common. Alternatives include
thermistors, infra-red (non-contact), conventional thermometers (stem & dial

types) and many others.

. Why are so many different types of thermocouple used?

They have been developed over many years to suit different applications

world-wide.

What is a duplex sensor?

One with two separate sensors in a single housing

Why use a thermowell?

To protect the sensor from the process medium and to facilitate its replacement

if necessary.

| use many thermocouples in testing and experiments, can | make my own

thermocouple junctions?

Yes, using a benchtop welder and fine thermocouple wires — it is easy and

inexpensive to make unsheathed thermocouples.

Why should I use actual thermocouple connectors instead of ordinary

electrical connectors?

Good quality thermocouple connectors use thermocouple alloys, polarized
connections and colour coded bodies to guarantee perfect, error-free

interconnections.

. Why offer 2,3 or 4 wire PRT probes?

Because all 3 are encountered. Two-wire should be avoided, three-wire is
widely used and four-wire gives optimum accuracy. Your instrument will be

configured for 2,3 or 4 wire.

For thermocouple cable and connectors, why are there two colours available

for the same calibration?

Since December 1998, the International colour code to IEC 60584-3 should be

observed.

I need to measure quickly changing temperature; what type of sensor should |

use?

A fast-response (low thermal mass) thermocouple.

What is the minimum immersion depth for a PRT probe?

Usually 150mm or more; increase the immersion until the reading is

unchanged.
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20.

21.

22.

23.

24.

25.

26.

27.

. How do | accurately measure a surface temperature?

Use a sensor designed specially for this or use an infra-red (non-contact)
sensor instead.

What is the practical difference between wire-wound and film RTDs?

Wire-wound type provides greater accuracy and stability but is vulnerable to
shock; film type is resistant to shock and has quicker thermal response.

What do the thermocouple terms “cold junction compensation” and
“linearisation” mean?

Refer to this Labfacility Temperature Handbook for a full explanation. With
most types of measuring instrument, these functions are automatically applied
and do not require user consideration.

There are several different types of extension cable construction; is the choice
important?

Yes; some are waterproof, some mechanically stronger, some suitable for high
or low temperature.

Is a sensor with a calibration certificate more accurate than an uncalibrated
one?

No. However, the errors and uncertainties compared with a reference sensor
are published and corrected values can be used to obtain better measurement
accuracy.

How long will my sensor last in the process?

Not known but predictable in some cases; this will be a function of sensor
type, construction, operating conditions and handling.

I need to use “fail-safe"” alarms on my process. Can my controller and alarms
share the same thermocouple?

Use duplex sensors, one connected to the controller and the other to the
alarm. Your controller may have alarms incorporated in which case you are
relying on your control sensor.

Which thermocouple type do | need for my application?

This depends on several factors including the nature of the process, heated
medium and temperature. Refer to this Labfacility Temperature Handbook for
guidance.

What is the longest thermocouple | can have without losing accuracy?

Try to ensure a maximum sensor loop resistance of 100 Ohms for
thermocouples and 4 wire PRTs. Exceeding 100 Ohms could result in a
measurement error. Note By using a 4-20mA transmitter near the sensor, cable
runs can be much longer and need only cheaper copper wire. The instrument
must be suitable for a 4-20mA input though.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

Do | need a power supply when using a transmitter, and what length of
extension lead can | run with a transmitter fitted?

A 24Vdc, 20mA supply will be needed if this is not incorporated in the
measuring instrument. Long runs of copper cable can be used.

What accuracy will | get at a certain temperature using a Pt100 detector;
if a better grade detector is used what effect will this have to the accuracy?

Refer to this Labfacility Temperature Handbook for Pt100 tolerance
information.

What sensor will | need to work in molten metal or a corrosive atmosphere?

There is no simple answer but special grades of Stainless Steel, Inconel 600,
Nicrobell and Ceramics offer alternatives.

What accuracy loss will | get using a transmitter in line?

This depends on the accuracy of the specified transmitter; there will always be
some degradation.

As most instrumentation only takes 2 or 3 wire Pt100s, if | took the
correction made on the 3 wire system and incorporated that on to the single
leg could I achieve a 4 wire system?

No; cable length and ambient temperature variations come into play.

Can | still purchase the old BS colour code and why has everything gone
Over to IEC?

Some companies can supply some products to the “old" obsolete BS colour
but the current IEC standard is internationally recognised.

What is the difference between a fabricated thermopocket and solid drilled
Thermowell?

A fabricated thermopocket uses a welded construction to allow for relatively
long immersion lengths; a thermowell is machined from solid material.

If | have a thermowell in my process; how much probe length do I allow for
my Temperature sensor to suit?

An extra 50mm for a compression gland if used or probe length to fully seat
into the well if a thread below head.

What typical pressure are thermowells / thermopockets rated to and what is
the Thermal response time of the thermowell?

Typically tens of bar and tens of seconds more than the sensor. Refer to a full
supplier specification however — values vary.
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37.

38.

39.

40.

41.

What is the difference between a flat film and wire wound Pt100 element?

Film uses platinum deposition on a substrate; wire wound uses a helically
wound Pt wire in ceramic. Wire-wound type provides greater accuracy and
stability but is vulnerable to shock; film type is resistant to shock and has
quicker thermal response.

If copper can be used at the same point on each leg of a thermocouple can |
use Copper connectors on thermocouples?

Yes but only if both legs are maintained at exactly the same temperature.
Not recommended.

If | added two identical cable lengths to a simplex thermocouple sensor for
two instrumentation Units will | get the same reading as using a duplex
sensor?

Yes, provided the instrument inputs are truly potentiometric and no measuring
current is drawn. Not recommended.

Why should I use an insulated hot junction sensor with instrumentation?

To eliminate the possibility of earth loops resulting in measurement errors and
to reduce the danger of voltage pick up from electrical heaters.

What is Automatic Cold Junction Compensation?

This is a feature of most measuring instruments which allows for the fact that
the thermocouple input termination is at varying temperature other than stable
at 0°C.

Remember, the sensor type must always suit the measuring instrument and employ
the correct extension cable. Information given here is for general guidance only and
is not definitive — it is not intended to be the basis for product installation or
decision making. Labfacility Ltd can not be held responsible for any
misinterpretation or incorrect assumptions based on these Questions and Answers.
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NTC thermistors

Miniature RTD sensor

Surface mount RTD sensor
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