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Termopares

Efecto de Seebeck: cuando alambres construidos con dos 
materiales conductores distintos están físicamente unidos en un 
extremo y separados en el otro, y existe una diferencia de 
temperatura entre los dos extremos, se desarrolla una diferencia 
de voltaje entre los dos alambres en el lado en que están 
separados.
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tipo materiales range & sensitivity

K chromel-alumel
-200℃ to 1350℃;

 45μV/℃

E chromel-constatan
-200℃ to 900℃;

80μV/℃

J Hierro-constatan -150 to +1000℃;
60μV/℃

N Nicrosil-Nisil -200℃ to 1200℃;
40μV/℃

B 30% rhodium-platinum & 6% 
rhodium-platinum

50℃ to 1800℃; 
10μV/℃

R 13% rhodium-platinum & platinum 50℃ to 1600℃;
10μV/℃

S 10% rhodium-platinum & platinum 50℃ to 1600℃;
10μV/℃

T Copper-Constatan -200℃ to 350℃;
 60μV/℃

C tungsten-5% rhenium & 
tungsten-26% rhenium

0℃ to 2320℃;
20μV/℃

(chromel{90 percent nickel and 10 percent chromium}–alumel)(Alumel consisting of 95% nickel, 2% manganese, 2% aluminium and 1% silicon)
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Al conectar el termopar al aparato de medición se 
crean juntas adicionales. El problema se soluciona 
añadiendo la junta de referencia, la cual muchas veces 
se mantiene en hielo para proveer una TREF = 0℃
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Solo las juntas producen voltajes. La salida 
es independiente de la temperatura de 

otras partes del circuito.
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El tercer metal C provee dos juntas que 
se cancelan y por lo tanto no afectan la 

lectura.
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Ley de metales intermediarios

vO = eB,CT2 + eC,AT2 + eA,BT1

eB,A = eB,C + eC,A

eC,A = eB,A � eB,C

vO = eB,CT2 + eB,AT2 � eB,CT2 + eA,BT1

vO = eB,A (T2 � T1)
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Permite usar tablas hechas a una 
TREF distinta a la usada

Ejemplo: tipo K con TREF=25℃; 
v = 7.4mV

Cuanto es T?
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Podemos usar esta relación para preparar una 
tabla usando tablas para los otros materiales

Tipo J     Hierro-Constatan
Tipo T     Cobre-Constatan

Restando los voltajes podemos construir la tabla de 
Hierro-Cu
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Termo-pila
usa varias juntas de materiales 
distintos para más sensitividad

Tipos de empaque
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Se desea usar un termopar tipo K para medir una temperatura en el rango

de 150

�C a 500

�C con una precisión de ±1

�C. El sistema usará un termopar de

referencia conectado a un bloque isotermal mantenido a una temperatura TREF .

El interface entre el bloque isotermal y el circuito de acondicionamiento será a

través de alambres de Cobre. Un ADC que acepta una entrada en el rango de

0V a +5V estará conectado a la salida del circuito de acondicionamiento.

1. Determine el voltaje que debe aparecer en la entrada del circuito de acondi-

cionamiento para los extremos del rango a medirse (o sea, a 150

�C y

500

�C). Asuma que TREF = 25

�C.

2. Diseñe el circuito de acondicionamiento. Use valores estándares de re-

sistencia. Verifique que puede mantener el error por debajo al equivalente

a ±1

�C como requiere el diseño. Asuma que TREF = 25

�C.

3. Suponga que TREF varia entre 20

�C y 30

�C. Suponga que para eliminar el

error debido a estas variaciones se conecta al bloque isotermal un segundo

sensor de temperatura con sensitividad igual 10mV/�C1
. Modifique su

diseño para incorporar esta segunda medida de tal modo que corrija el

error debido a variaciones en TREF . Para simplificar su diseño, use una

aproximación lineal para el voltaje del termopar de referencia.

1O sea, que produce un voltaje igual a 10mV ⇥ TREF .
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eo = eCu,A Tref + eA,BTS + eB,Cu Tref 
    = eA,BTS + (eB,Cu + eCu,A)Tref = eA,B(TS - Tref) 
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 ITS-90 Table for type K thermocouple
 °C      0     -1     -2     -3     -4     -5     -6     -7     -8     -9    -10
                               Thermoelectric Voltage in mV

-270 -6.458
-260 -6.441 -6.444 -6.446 -6.448 -6.450 -6.452 -6.453 -6.455 -6.456 -6.457 -6.458
-250 -6.404 -6.408 -6.413 -6.417 -6.421 -6.425 -6.429 -6.432 -6.435 -6.438 -6.441

-240 -6.344 -6.351 -6.358 -6.364 -6.370 -6.377 -6.382 -6.388 -6.393 -6.399 -6.404
-230 -6.262 -6.271 -6.280 -6.289 -6.297 -6.306 -6.314 -6.322 -6.329 -6.337 -6.344
-220 -6.158 -6.170 -6.181 -6.192 -6.202 -6.213 -6.223 -6.233 -6.243 -6.252 -6.262
-210 -6.035 -6.048 -6.061 -6.074 -6.087 -6.099 -6.111 -6.123 -6.135 -6.147 -6.158
-200 -5.891 -5.907 -5.922 -5.936 -5.951 -5.965 -5.980 -5.994 -6.007 -6.021 -6.035

-190 -5.730 -5.747 -5.763 -5.780 -5.797 -5.813 -5.829 -5.845 -5.861 -5.876 -5.891
-180 -5.550 -5.569 -5.588 -5.606 -5.624 -5.642 -5.660 -5.678 -5.695 -5.713 -5.730
-170 -5.354 -5.374 -5.395 -5.415 -5.435 -5.454 -5.474 -5.493 -5.512 -5.531 -5.550
-160 -5.141 -5.163 -5.185 -5.207 -5.228 -5.250 -5.271 -5.292 -5.313 -5.333 -5.354
-150 -4.913 -4.936 -4.960 -4.983 -5.006 -5.029 -5.052 -5.074 -5.097 -5.119 -5.141

-140 -4.669 -4.694 -4.719 -4.744 -4.768 -4.793 -4.817 -4.841 -4.865 -4.889 -4.913
-130 -4.411 -4.437 -4.463 -4.490 -4.516 -4.542 -4.567 -4.593 -4.618 -4.644 -4.669
-120 -4.138 -4.166 -4.194 -4.221 -4.249 -4.276 -4.303 -4.330 -4.357 -4.384 -4.411
-110 -3.852 -3.882 -3.911 -3.939 -3.968 -3.997 -4.025 -4.054 -4.082 -4.110 -4.138
-100 -3.554 -3.584 -3.614 -3.645 -3.675 -3.705 -3.734 -3.764 -3.794 -3.823 -3.852

 -90 -3.243 -3.274 -3.306 -3.337 -3.368 -3.400 -3.431 -3.462 -3.492 -3.523 -3.554
 -80 -2.920 -2.953 -2.986 -3.018 -3.050 -3.083 -3.115 -3.147 -3.179 -3.211 -3.243
 -70 -2.587 -2.620 -2.654 -2.688 -2.721 -2.755 -2.788 -2.821 -2.854 -2.887 -2.920
 -60 -2.243 -2.278 -2.312 -2.347 -2.382 -2.416 -2.450 -2.485 -2.519 -2.553 -2.587
 -50 -1.889 -1.925 -1.961 -1.996 -2.032 -2.067 -2.103 -2.138 -2.173 -2.208 -2.243

 -40 -1.527 -1.564 -1.600 -1.637 -1.673 -1.709 -1.745 -1.782 -1.818 -1.854 -1.889
 -30 -1.156 -1.194 -1.231 -1.268 -1.305 -1.343 -1.380 -1.417 -1.453 -1.490 -1.527
 -20 -0.778 -0.816 -0.854 -0.892 -0.930 -0.968 -1.006 -1.043 -1.081 -1.119 -1.156
 -10 -0.392 -0.431 -0.470 -0.508 -0.547 -0.586 -0.624 -0.663 -0.701 -0.739 -0.778
   0  0.000 -0.039 -0.079 -0.118 -0.157 -0.197 -0.236 -0.275 -0.314 -0.353 -0.392

 °C      0     -1     -2     -3     -4     -5     -6     -7     -8     -9    -10

 ITS-90 Table for type K thermocouple
 °C      0      1      2      3      4      5      6      7      8      9     10  
                               Thermoelectric Voltage in mV
 
   0  0.000  0.039  0.079  0.119  0.158  0.198  0.238  0.277  0.317  0.357  0.397 
  10  0.397  0.437  0.477  0.517  0.557  0.597  0.637  0.677  0.718  0.758  0.798 
  20  0.798  0.838  0.879  0.919  0.960  1.000  1.041  1.081  1.122  1.163  1.203 
  30  1.203  1.244  1.285  1.326  1.366  1.407  1.448  1.489  1.530  1.571  1.612 
  40  1.612  1.653  1.694  1.735  1.776  1.817  1.858  1.899  1.941  1.982  2.023 
 
  50  2.023  2.064  2.106  2.147  2.188  2.230  2.271  2.312  2.354  2.395  2.436 
  60  2.436  2.478  2.519  2.561  2.602  2.644  2.685  2.727  2.768  2.810  2.851 
  70  2.851  2.893  2.934  2.976  3.017  3.059  3.100  3.142  3.184  3.225  3.267 
  80  3.267  3.308  3.350  3.391  3.433  3.474  3.516  3.557  3.599  3.640  3.682 
  90  3.682  3.723  3.765  3.806  3.848  3.889  3.931  3.972  4.013  4.055  4.096 
 
 100  4.096  4.138  4.179  4.220  4.262  4.303  4.344  4.385  4.427  4.468  4.509 
 110  4.509  4.550  4.591  4.633  4.674  4.715  4.756  4.797  4.838  4.879  4.920 
 120  4.920  4.961  5.002  5.043  5.084  5.124  5.165  5.206  5.247  5.288  5.328 
 130  5.328  5.369  5.410  5.450  5.491  5.532  5.572  5.613  5.653  5.694  5.735 
 140  5.735  5.775  5.815  5.856  5.896  5.937  5.977  6.017  6.058  6.098  6.138 

 140  5.735  5.775  5.815  5.856  5.896  5.937  5.977  6.017  6.058  6.098  6.138 
 
 150  6.138  6.179  6.219  6.259  6.299  6.339  6.380  6.420  6.460  6.500  6.540 
 160  6.540  6.580  6.620  6.660  6.701  6.741  6.781  6.821  6.861  6.901  6.941 
 170  6.941  6.981  7.021  7.060  7.100  7.140  7.180  7.220  7.260  7.300  7.340 
 180  7.340  7.380  7.420  7.460  7.500  7.540  7.579  7.619  7.659  7.699  7.739 
 190  7.739  7.779  7.819  7.859  7.899  7.939  7.979  8.019  8.059  8.099  8.138 
 
 200  8.138  8.178  8.218  8.258  8.298  8.338  8.378  8.418  8.458  8.499  8.539 
 210  8.539  8.579  8.619  8.659  8.699  8.739  8.779  8.819  8.860  8.900  8.940 
 220  8.940  8.980  9.020  9.061  9.101  9.141  9.181  9.222  9.262  9.302  9.343 
 230  9.343  9.383  9.423  9.464  9.504  9.545  9.585  9.626  9.666  9.707  9.747 
 240  9.747  9.788  9.828  9.869  9.909  9.950  9.991 10.031 10.072 10.113 10.153 
 
 250 10.153 10.194 10.235 10.276 10.316 10.357 10.398 10.439 10.480 10.520 10.561 
 260 10.561 10.602 10.643 10.684 10.725 10.766 10.807 10.848 10.889 10.930 10.971 
 270 10.971 11.012 11.053 11.094 11.135 11.176 11.217 11.259 11.300 11.341 11.382 
 280 11.382 11.423 11.465 11.506 11.547 11.588 11.630 11.671 11.712 11.753 11.795 
 290 11.795 11.836 11.877 11.919 11.960 12.001 12.043 12.084 12.126 12.167 12.209 
 
 300 12.209 12.250 12.291 12.333 12.374 12.416 12.457 12.499 12.540 12.582 12.624 
 310 12.624 12.665 12.707 12.748 12.790 12.831 12.873 12.915 12.956 12.998 13.040 
 320 13.040 13.081 13.123 13.165 13.206 13.248 13.290 13.331 13.373 13.415 13.457 
 330 13.457 13.498 13.540 13.582 13.624 13.665 13.707 13.749 13.791 13.833 13.874 
 340 13.874 13.916 13.958 14.000 14.042 14.084 14.126 14.167 14.209 14.251 14.293 
 
 350 14.293 14.335 14.377 14.419 14.461 14.503 14.545 14.587 14.629 14.671 14.713 
 360 14.713 14.755 14.797 14.839 14.881 14.923 14.965 15.007 15.049 15.091 15.133 
 370 15.133 15.175 15.217 15.259 15.301 15.343 15.385 15.427 15.469 15.511 15.554 
 380 15.554 15.596 15.638 15.680 15.722 15.764 15.806 15.849 15.891 15.933 15.975 
 390 15.975 16.017 16.059 16.102 16.144 16.186 16.228 16.270 16.313 16.355 16.397 
 
 400 16.397 16.439 16.482 16.524 16.566 16.608 16.651 16.693 16.735 16.778 16.820 
 410 16.820 16.862 16.904 16.947 16.989 17.031 17.074 17.116 17.158 17.201 17.243 
 420 17.243 17.285 17.328 17.370 17.413 17.455 17.497 17.540 17.582 17.624 17.667 
 430 17.667 17.709 17.752 17.794 17.837 17.879 17.921 17.964 18.006 18.049 18.091 
 440 18.091 18.134 18.176 18.218 18.261 18.303 18.346 18.388 18.431 18.473 18.516 
 
 450 18.516 18.558 18.601 18.643 18.686 18.728 18.771 18.813 18.856 18.898 18.941 
 460 18.941 18.983 19.026 19.068 19.111 19.154 19.196 19.239 19.281 19.324 19.366 
 470 19.366 19.409 19.451 19.494 19.537 19.579 19.622 19.664 19.707 19.750 19.792 
 480 19.792 19.835 19.877 19.920 19.962 20.005 20.048 20.090 20.133 20.175 20.218 
 490 20.218 20.261 20.303 20.346 20.389 20.431 20.474 20.516 20.559 20.602 20.644 
 
 °C      0      1      2      3      4      5      6      7      8      9     10  
 
  ITS-90 Table for type K  thermocouple
 °C      0      1      2      3      4      5      6      7      8      9     10  
                               Thermoelectric Voltage in mV
 
 500 20.644 20.687 20.730 20.772 20.815 20.857 20.900 20.943 20.985 21.028 21.071 
 510 21.071 21.113 21.156 21.199 21.241 21.284 21.326 21.369 21.412 21.454 21.497 
 520 21.497 21.540 21.582 21.625 21.668 21.710 21.753 21.796 21.838 21.881 21.924 
 530 21.924 21.966 22.009 22.052 22.094 22.137 22.179 22.222 22.265 22.307 22.350 
 540 22.350 22.393 22.435 22.478 22.521 22.563 22.606 22.649 22.691 22.734 22.776 
 
 550 22.776 22.819 22.862 22.904 22.947 22.990 23.032 23.075 23.117 23.160 23.203 
 560 23.203 23.245 23.288 23.331 23.373 23.416 23.458 23.501 23.544 23.586 23.629 
 570 23.629 23.671 23.714 23.757 23.799 23.842 23.884 23.927 23.970 24.012 24.055 
 580 24.055 24.097 24.140 24.182 24.225 24.267 24.310 24.353 24.395 24.438 24.480 
 590 24.480 24.523 24.565 24.608 24.650 24.693 24.735 24.778 24.820 24.863 24.905 
 

 140  5.735  5.775  5.815  5.856  5.896  5.937  5.977  6.017  6.058  6.098  6.138 
 
 150  6.138  6.179  6.219  6.259  6.299  6.339  6.380  6.420  6.460  6.500  6.540 
 160  6.540  6.580  6.620  6.660  6.701  6.741  6.781  6.821  6.861  6.901  6.941 
 170  6.941  6.981  7.021  7.060  7.100  7.140  7.180  7.220  7.260  7.300  7.340 
 180  7.340  7.380  7.420  7.460  7.500  7.540  7.579  7.619  7.659  7.699  7.739 
 190  7.739  7.779  7.819  7.859  7.899  7.939  7.979  8.019  8.059  8.099  8.138 
 
 200  8.138  8.178  8.218  8.258  8.298  8.338  8.378  8.418  8.458  8.499  8.539 
 210  8.539  8.579  8.619  8.659  8.699  8.739  8.779  8.819  8.860  8.900  8.940 
 220  8.940  8.980  9.020  9.061  9.101  9.141  9.181  9.222  9.262  9.302  9.343 
 230  9.343  9.383  9.423  9.464  9.504  9.545  9.585  9.626  9.666  9.707  9.747 
 240  9.747  9.788  9.828  9.869  9.909  9.950  9.991 10.031 10.072 10.113 10.153 
 
 250 10.153 10.194 10.235 10.276 10.316 10.357 10.398 10.439 10.480 10.520 10.561 
 260 10.561 10.602 10.643 10.684 10.725 10.766 10.807 10.848 10.889 10.930 10.971 
 270 10.971 11.012 11.053 11.094 11.135 11.176 11.217 11.259 11.300 11.341 11.382 
 280 11.382 11.423 11.465 11.506 11.547 11.588 11.630 11.671 11.712 11.753 11.795 
 290 11.795 11.836 11.877 11.919 11.960 12.001 12.043 12.084 12.126 12.167 12.209 
 
 300 12.209 12.250 12.291 12.333 12.374 12.416 12.457 12.499 12.540 12.582 12.624 
 310 12.624 12.665 12.707 12.748 12.790 12.831 12.873 12.915 12.956 12.998 13.040 
 320 13.040 13.081 13.123 13.165 13.206 13.248 13.290 13.331 13.373 13.415 13.457 
 330 13.457 13.498 13.540 13.582 13.624 13.665 13.707 13.749 13.791 13.833 13.874 
 340 13.874 13.916 13.958 14.000 14.042 14.084 14.126 14.167 14.209 14.251 14.293 
 
 350 14.293 14.335 14.377 14.419 14.461 14.503 14.545 14.587 14.629 14.671 14.713 
 360 14.713 14.755 14.797 14.839 14.881 14.923 14.965 15.007 15.049 15.091 15.133 
 370 15.133 15.175 15.217 15.259 15.301 15.343 15.385 15.427 15.469 15.511 15.554 
 380 15.554 15.596 15.638 15.680 15.722 15.764 15.806 15.849 15.891 15.933 15.975 
 390 15.975 16.017 16.059 16.102 16.144 16.186 16.228 16.270 16.313 16.355 16.397 
 
 400 16.397 16.439 16.482 16.524 16.566 16.608 16.651 16.693 16.735 16.778 16.820 
 410 16.820 16.862 16.904 16.947 16.989 17.031 17.074 17.116 17.158 17.201 17.243 
 420 17.243 17.285 17.328 17.370 17.413 17.455 17.497 17.540 17.582 17.624 17.667 
 430 17.667 17.709 17.752 17.794 17.837 17.879 17.921 17.964 18.006 18.049 18.091 
 440 18.091 18.134 18.176 18.218 18.261 18.303 18.346 18.388 18.431 18.473 18.516 
 
 450 18.516 18.558 18.601 18.643 18.686 18.728 18.771 18.813 18.856 18.898 18.941 
 460 18.941 18.983 19.026 19.068 19.111 19.154 19.196 19.239 19.281 19.324 19.366 
 470 19.366 19.409 19.451 19.494 19.537 19.579 19.622 19.664 19.707 19.750 19.792 
 480 19.792 19.835 19.877 19.920 19.962 20.005 20.048 20.090 20.133 20.175 20.218 
 490 20.218 20.261 20.303 20.346 20.389 20.431 20.474 20.516 20.559 20.602 20.644 
 
 °C      0      1      2      3      4      5      6      7      8      9     10  
 
  ITS-90 Table for type K  thermocouple
 °C      0      1      2      3      4      5      6      7      8      9     10  
                               Thermoelectric Voltage in mV
 
 500 20.644 20.687 20.730 20.772 20.815 20.857 20.900 20.943 20.985 21.028 21.071 
 510 21.071 21.113 21.156 21.199 21.241 21.284 21.326 21.369 21.412 21.454 21.497 
 520 21.497 21.540 21.582 21.625 21.668 21.710 21.753 21.796 21.838 21.881 21.924 
 530 21.924 21.966 22.009 22.052 22.094 22.137 22.179 22.222 22.265 22.307 22.350 
 540 22.350 22.393 22.435 22.478 22.521 22.563 22.606 22.649 22.691 22.734 22.776 
 
 550 22.776 22.819 22.862 22.904 22.947 22.990 23.032 23.075 23.117 23.160 23.203 
 560 23.203 23.245 23.288 23.331 23.373 23.416 23.458 23.501 23.544 23.586 23.629 
 570 23.629 23.671 23.714 23.757 23.799 23.842 23.884 23.927 23.970 24.012 24.055 
 580 24.055 24.097 24.140 24.182 24.225 24.267 24.310 24.353 24.395 24.438 24.480 
 590 24.480 24.523 24.565 24.608 24.650 24.693 24.735 24.778 24.820 24.863 24.905 
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