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PRACTICAS DE SENSORES Y ACTUADORES

PRACTICA 1.- Puente de Wheastone.

i) Introduccion.

El PW se utiliza, actualmente, en sistemas de medida por comparacidn, mediante un
detector de equilibrio del puente. En esta primera practica se intenta la familiarizacién con
este dispositivo ampliamente utilizado y que sera la base en sucesivas practicas.

ii) Realizacion de la practica

1. Medir y anotar los valores de las resistencias.

2. Montar el circuito de la figura 1
Aplicar una tension de 5V y medir la corriente que circula por el galvanémetro y la que
circula por cada una de las resistencias (Tener enorme cuidado con el galvanometro, ya
que por la rama central apenas circulard corriente frente a la corriente esperada por
cada una de las ramas ).

4. Desconectar el galvandmetro del circuito de la figura 1. Calcular y medir el circuito
equivalente Thévenin visto desde los terminales de conexion del galvandmetro hacia el
puente.

5. Construir el circuito equivalente calculado en el paso anterior.

6. Conectar el galvanometro y medir la corriente circulante, comparandola con la medida
en el apartado 3 y la calculada en el apartado 4.

7. Calcular el valor de la resistencia interna del galvanémetro.

8. Aplicar un desajuste de 270 Q en una de las ramas del circuito de la figura 1, y observar

la corriente que circula por el galvanémetro.
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PRACTICAS DE SENSORES Y ACTUADORES

iii) Material necesario.
s Panel de insercion de componentes con fuente de alimentacién de 5V
incorporada
= 4 Resistencias de 2,2 K Q, 5%
» Resistencias variadas ( 10 Q,1 KQ, 10 KQ y 5,6 MQ)

= Galvanometro ( entrada de 25 pA de un multimetro electromecanico)

Fig.1.- Puente de Wheastone
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PRACTICAS DE SENSORES Y ACTUADORES

PRACTICA 2.- Practicas con RTD y Termopares.
i) Introduccion.

Las conocidas Pt100 (RTD) y los termopares, son dos de los transductores de uso
industrial mas utilizados en la actualidad. Las diferencias entre ellos han sido

suficientemente expuestas en teoria y ahora estudiaremos su comportamiento practico.

ii) Realizacion de la practica

a) Pt100.
Como ya conocemos, las Pt100 o termoresistencias, tienen una impedancia de 100Q

a 0°C, con ellas realizaremos:

* Reconocimiento del componente, explicando para qué sirven los 3 hilos que
aparecen soldados directamente de fabrica.

» Medida de la resistencia con el polimetro anotando su impedancia.

» Calcular el coeficiente de t* utilizando la medida de la temperatura obtenida con

el termometro.

b) Termopar.
El termopar a utilizar es del tipo K, cuyas caracteristicas aparecen en la siguiente
tabla. Realizar.
Abrir el termopar y colocar el cable rojo al terminal rojo y el negro al otro. Acercar
el termopar a una fuente de calor ( bombilla) y anotar la tensién obtenida en sus
extremos, utilizando la menor medida posible con el téster digital. Tener en cuenta

que ha de ser del orden de mV.

MAMB
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TABLA 64 Designacion de los termoelementos y su composicién quimica

Composicion quimica (en %)
Termoelemento D
Cr Fe Mn Si Ni Cu Al Pt Rh
P 99,5 { Ind. | Ind. | Ind. | Ind. | Ind. | — -
Hierro (1)
JNo IN - - = = 45 55 = = =
Constantin
TP - -1 =-|-]Jw| -] -] -
. Cobre
kP 10| -] -1 -1lew|-1=-1=-1-=
Cromel (2)
KN - 2 1 95| — 2 - =
Alumel (2)
RP _ - | =y - -|-=-1-18"] 13
Platino con 13 % de rodio
14
SP . = = = = - = 90 10
Platino con 10 % de rodio £
RNo SN = - = - = = 100 =
Platino
BP
Platino con 6 % de rodio 94 6
Platino con 30 % de rodio .60 3
NoTas: P = positivo N = negativo
1) Elhierro, ademds de los elementos indicados, contiene en pequeiia proporcién azufre y fésforo.
2) Marca Hoskins Manufacturing Co. R
1650°C +— _ @
T generalmente satisfactorio O L
L 2.
o satisfactorio pero - K
1350°C __—- no recomendado a H ©
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Fig. 6.20 Seleccién de termopares.
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TABLA 65 F.em. de los termopares en funcion de la temperatura en °C con la unién
de referenciaa 0° C

(IPTS 1968) :
°C 0 1 2 3 T4 5 6 7 8 9 10 °C
Tipo E

—270 —9,835 Mtlgvalno: 270
—260 —9,797 —9,802 —9.808 —9813 -—9817 -—-9,.821 —9,825 —9,828 —9,831 —9,833 — 260
—250 —9,719 —9,728 —9,737 —9,746 —9,754 —9,762 —9770 —9,777 —9,784 —9,791 — 250
—240 —9,604 —9,617 —9,630 —9,642 —9,654 —9,666 —9,677 9,688 —9,699 —9,709 — 240
—230 —9455 —9,475 —9,488 —9,503 —9,519 -—9,534 —9,549 —9,563 —9,577 —9,591 - — 230
—220. —9,274 —9,293 —9,313. —9,332 —9,350 —9,368 .—9,386 —9,404 —9,421 —9,438 —220
—210 —9,063 —9,085 —9,107 —9,129 —9,151 —9,172 —9,193 —9,214 —9,234 —9,254 ' —210
—200 -—-8824 38,850 —8874 —8899 —8923 —8,947 —8,971 —8,994 —8,017 — 8,040 — 200
—190 —8,561 —8,588 —8,615 —8,642 —8,669 —8,696 —8,722 —8,748 —8,774 — 8,799 — 190
—180 —8,273 —8,303 —8333 —8362 '—8,391 —8,420 —8d49 —8477 —8,505 —8,533 —180
—170 —7936 —17,995 —7,027 —7,058 —7,090 —7,121 —7,152 —7,183 —7,213 -—7,243 - 170
—160 —7,631 —17,665 —7,699 —7,733 -7,767 — 7,800 —7,833 —7,866 —7,898 —7,931 — 160
—150 —7,279 -171315 —7,351 —7,387 —7,422 —7458 —7493 —7,528 7,562 — 7,597 — 150
— 140 —6,907 —6,945 —6,983 —7,020 —7,058 —7,095 —7,132 —7,169 —7,206 —17,243 — 140
~130 —6,516 —6,556 —6,996 —6,635 —6,675 —6,714 —6,753 —6,792 —6,830 — 6,869 —130
~120 -—6,107 —6,149 —6,190 — 7,231 —6,273 —6,314 —6,354 —6,395 —6,436 — 6,476 —120
—110 —5680 —5724 —5767 —5810 —5853 —5896 —5938 —S5981 —5023 —5065  ~—110
—100 -5,237 —5,282 —5327 —5371 —5416 —5460 —5,505 5,549 —5,593 —5,637 — 100
—90 —4,777 —4,824 —4,870 —4,916 —4,963 —5,009 —5,055 —5,100 —5,146 — 5,191 —90
—80 —4,301 —4,350 —4,398 —4,446 —4,493 — 4,541 —4,588 —4,636 —4,683 —4,730 - 80
—70 —3811 —3,860 —3910 —3,959 —4,009 —4,058 —4,107 —4,156 —4,204 — 4,253 — 170
—60 —3,306 —3,357 —3,408 —3,459 —3,509 —3,560 —3,610 —3,661 —3,711 —3,761 — 60
—50 2,787 —2839 —2,892 —2944 —2996 —3,048 —3,100 —3,152 —3,203 —3,254 — 50
—40 —2,254 —2,308 —-2,362 —2,416 —2,469 —2,522 —2575 —2,628 —2,681 —2,734 — 40
—30 —1,709 —1,764 —1819 — 1,874 —1929 — 1983 —2,038 2,092 —2,146 —2,200 — 30
—20 "—1,151 —1,208 —1,264 — 1,320 —1,376 —1,432 — 1,487 —1,543 —1599 — 1,654 —20
—10 —0,581 —0,639 —0,696 —0,754 —0,811 —0,868 —0,925 —0,982 — 1,038 — 1,095 —10
—0 . 0,000 —0,059 -0,117 —0,176 —0,234 —0,292 —0,350 —0,408 —0,466 —0,524 -0
0 0,000 0,059 0,118 0,176 0,235 0,295 0,354 0,413 0,472 0,532 0
0 - 0,591 0,651 0,711 0,770 0,830 0,890 0,950 1,011 1,071 1,131 10
20 1,192 1,252 1,313 1,373 1,434 1,495 1,556 1,617 1,678 1,739 20
30 1,801 1,862 1,924 1,985 2,'047 2,109 2,171 2,233 2,295 2,257 30
40 2,419 2,482 2,544 2,607 2,669 2,732 2,795 2,858 2,421 2,984 40
50 3,047 3,110 3,173 3,237 3,300 3,364 3,428 3,491 3,555 3,619 - 50
60 3,683 3,748 3,812 3,876 3,941 4,005 4,070 4,134 4,199 4,264 60

70 4,329 4,394 4,394 4,459 4,524 4,590 4,655 4,720 '4,786 4,852 70 -
80 4983 5049 5115 5181 52477 5314 5380 5446 5513 5,579 80
90 5,646 5713- 5,780 5,846 5,913 5,981 6,048 6,115 6,182 6,250 90
100 6,317 6,385 6,452 6,520 6,588 6,656 6,724 6,792 6,860 6,928 100
110 6,996 6,064 7,133 7,201 7,270 7,339 7,407 7,476 7,545 7,614 110
120 7,683 7,752 7,821 7,890 7,960 8,029 8,099 8,168 8,238 8,307 120
130 8,377 8,447 8,517 8,587 8,657 8,727 8,797 8,867 8,938 9,008 130
140 9,078 9,149 9,220 9,290 9,361 9,432 9,503 9,573 9,644 9,715 140
150 9,787 9,858 9,929 10,000 10,072 10,143 10,215 10,286 10,358 10,429 150
160 10,501 10,573 10,645 10,717 10,789 10,861 10,933 11,005 11,077 11,150 160
170 11,222 11,294 11,367 11,439 11,512 11,585 11,657 11,730 11,803 11,876 170
180 11,949 12,022 12,095 12,168 12,241 12,314 12,387 12,461 12,534 12,608 180
190 12,681 12,755 12,828 12,902 12,975 13,049 13,123 13,197 13,271 13,345 190
200 13,419 13,493 13,567 13,640 13,715 13,789 13,864 13,938 13,012 13,087 200
210 14,161 14,236 14,310 14,385 14,460 14,534 14,609 14,684 14,759 14,834 210
220 14,090 14,984 15,059 15,134 15,209 15,284 15,359 15,435 15,510 15,585 220
230 15,661 15,736 15,812 15,887 15963 16,038 16,114 16,190 16,266 16,341 230
240 16,417 16,493 16,569 16,645 16,721 16,797 16,873 16,949 17,025 17,101 240
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Instrumentacién industrial

TABLA 65 (Continuacion)

(IPTS 1968)

°C

250
260
270
280
290

300
310
320
© 330
340

3s0

360°

370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

0

17,178
17,942
18,710
19,481
20,256

21,033
21,814
22,597

23,383

24,171

24,961
25,754

26,549.

27,345
28,143

28,943
29,744
30,';46
31,350
32,155

32,960
33,767
34,574
35,382
36,190

36,999
37,808
38,617
39,426
40,236

41,045
41,853
42,662
43,470
44,278

45,085
45,891
46,697
47,502
48,306

49,109
49,911
50,713
51,513
52,312

53,110
53,907
54,703
55,498
56,291

57,083
57,873
58,663
59,451
60,237

17,254
18,018
18,787
19,558
20,333

21,111
21,892
22,675
23,461
24,250

25,041

25,833.
26,628

27,425
28,223

29,023
29,824
30,627
31,430
32,235

33,041
33,848
34,655
35,463
36,271

37,080
37,889
38,698
39,507
40,316

41,215

41,834

42,734
43,551
44,358

45,165
45,972
46,777
47,582
48,386

49,189
49,992
50,793
51,593
52,392

53,190
53,987
54,782
55,577
56,370

57,162
57,952
58,742
59,529
60,316

17,330
18,095
18,864
19,636
20,411

21,189
21,970
22,754
23,540
24,329

25,120
25,913
26,708
27,504
28,303

29,103
29,904
30,707
31,511
32,516

33,122
33,928
34,736
35,544
36,352

37,161
37,970
38,779
39,588
40,397

41,206
42,015
42,824
43,632
44,439

45,246
46,052
46,858
47,663
48,467

49,270
50,072
50,873
51,673
52,472

53,270
54,066
54,862
55,656

56,449

57,241
58,031
58,820
59,608
60,394

17,406 .

18,172
18,941
19,713
20,488

21,267
22,048
22,832

- 23,619

24,408

25,199
25,992
26,787
27,584
28,383

29,830
29,984
30,787
31,591
732,396

33,202
34,009
34,816
35,624
36,433

37,242
38,051

38,860
39,669
40,478

41,287
42,096
42,904
43,712
44,520

45,327
46,133
46,938
47,743
48,547

49,350
50,152
50,953
51,753
52,552

53,350
54,146
54,941
55,736
56,529

57,320
58,110
58,899
59,687
60,473

17,483
18,248
19,018
19,790
20,566

21,345
22,127
22911
23,698
24,487

25,278
26,072
26,867
27,664
28,463

29,263
30,065
30,868

31,672

32,477

33,283
34,090
34,897
35,705
36,514

37,323
38,132
38,941
39,750
40,559

41,368

42,177 .

42,985
43,793
44,601

45,407
46,213
47,019
47,824
48,627

49,430
50,232
51,033
51,833
52,632

53,429
54,226
55,021
55,815
56,608

57,399
58,189
58,978
59,765
60,551

5
Milivoltios

17,559
18,325
19,095
19,868
20,644

22,423
22,205
22,989
23,777
24,566

25,357
26,151
26,947
27,744
28,543

29,343
30,145
30,948
31,752
32,558

33,364
34,170
34,978
35,786
36,595

37,403
38,213
39,022
39,831
40,640

41,449
42,258
43,066
43,874
44,681

45,488
46,294
47,099
47,904
48,708

49,510
50,312
51,113
51,913
52,711

53,509
54,305
55,100
55,894
56,687

57,478
58,268
59,057
59,844
60,630

17,636
18,402
19,172
19,945
20,722

21,501
22,283
23,068
23,855
24,645

25,437
26,230
26,026
27,824
28,623

29,423
30,225
31,028
31,833
32,638

33,444
34,251
35,059
35,867
36,675

37,484
38,293
39,103
39,912
40,721

41,530
42,339
43,147
43,955
44,762

45,569
46,375
47,180
47,984
48,788

49,591
50,392

'51,193

51,993
52,791

53,589
54,385
55,180
55,974
56,766

57,557
58,347
59,136
59,923
60,708

17,712
18,479
19,249
20,023

20,800

21,579
22,362
23,147

23,934

24,724

25,516
26,310
27,106
27,903
28,703

29,503
30,305
31,109
31,913
32,719

33,525
34,332
35,140
35,948
36,756

37,565
38,374
39,184
39,993
40,802

41,611
42,419
43,228
44,035
44,843

45,649
46,455
47,260
48,065
48,868

49,671
50,427
51,273
51,073
52,871

53,668
54,646
55,259
55,053
56,845

57,636
58,426
59,214
60,001
60,787

17,789
17,556
19,326
20,100
20,877

21,657
22,440
23,225
24,013
24,083

25,595
26,389
27,186
27,983
28,783

29,584
30,386
31,189
31,994

" 32,799

33,605
34,413
35,220
36,029
36,837

37,646
38,455
39,264
40,074
40,883

41,692
42,500
43,303
44,116
44,923

45,730
46,536
47,341
48,145
48,949

49,751
50,553
51,353
51,152
52,951

53,749
54,544
55,339
56,132
56,924

57,715
58,505
59,293
60,080
60,865

17,865
18,633
19,404
20,178
20,955

21,735
22,518
23,304
24,092
24,882

25,675
26,469
27,265
28,063
28,863

29,664
30,466
31,270
31,074

32,880

33,686
34,493
35,301
36,109
36,918

37,727
38,536
39,345
40,155

40,964

41,773
42,581
43,389
44,197
45,004

45,811
46,616
47,421
48,226
49,029

49,831
50,633
51,433
51,232
53,031

53,828
54,623
55,418
56,212
57,004

57,794
58,584
59,372
60,159
60,944

10

°C

250
260
270
280
290

300
310
320

7330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640.

650
660
670
680

- 690

700
710
720
730
740

750
760
770
780
790



°C

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790
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TABLA 65 (Continuacion)
(IPTS 1968)
°C 0 1 2 3 4 5 6 7 8 9 10 °C
Milivoltios
800 61,022 61,101 61,179 61,258 61,336 61,414 61,493 61,571 61,649 61728 800
810 61,806 61,884 61,962 62,041 62,119 62,197 62,275 62,353 62,432 62510 810
820 62,588 62,666 62,744 62,622 62,900 62,978 63,056 63,134 63,212 63,290 820
830 63,368 63,446 63524 63,602 63,680 63,758 63,836 63,914 63,992 64,069 830
840 64,147 64,225 64,303 64,380 64,458 64,536 64,614 . 64,691 64,769 64,847 840
850 64,924 65002 65080 65156 65235 65312 65390 65467 65545 -65622 850
860 65700 65,777 65855 65932 65009 66,087 66,164 66,241 66,319 66,396 860
870 .- 66,473 66,551 66,628 66,705 66,782 66,859 66937 67,014 67,091 67,168 870
880 67,245 67,322 67,399 67,476 67,553 67,630 67,707 67,784 67,861 67,938° 880
890 68,015 68,092 68,169 68,246 68,323 68,399 68,376 68,553 68,630" 68,706 890
900 68,783 68,860 68936 69,013 69,090 69,166 69,243 69,320 69,396 69,473 900
910 69,549 69,626 69,702 69,779 . 69,855 69,931 70,008 70,084 70,161 70,237 910
920 70,313 70,390 70,466 70,542 70,618 70,694 70,771 70,847 70,923 70,999 920
930 71,075 71,151 71,227 71,304 71,380 71456 71532 71,608 71,683 71,759 930
940 71,835 71,911 71,987 72,063 72,139 72,215 72,290 72,366 72,442 72,518 940
950 72,593 72,669 72,745 72,820 72,896 72,972 73,047 73,123 73,199 73274 950
960 73,350 73,425 73,01 73,576 73,652 73,727 73,802 73,878 73953 74,029 960
970 74,104 74,179 74,255 74,330 74,405 74,480 74,556 74,631 74,706 74,781 970
080 74,857 74,932 75,007 75,082 75157 75232 75307 75382 75458 75533 980
990 75,608 75,683 75,758 75,833 75908 75983 76,058 76,133 76,208 76,283 990
1.000 76,358 1.000
TIPO T
Milivoltios
—270 — 6,258 — 270
—.260 — 6,232 — 6,236 — 6,239, — 6,242 — 6,245 — 6,248 — 6,251 — 6,253 — 6,255 — 6,266 — 6,258 — 260
—. 250 --6,181 -6,187 — 6,193 — 6,108 — 6,204 — 6,209 — 6,214 — 6,219 — 6,224 — 6,228 — 6,232 — 250
— 240 —6,105 — 6,114 — 6,122 — 6,130 — 6,138 — 6,146 — 6,153 — 6,160 — 6,167 — 6,174 — 6,181 — 240
— 230 — 6,007 —6,018 — 6,028 — 6,039 — 6,049 — 6,059 — 6,068 — 6,078 — 6,087 — 6,096 — 6,105 — 230
—220 —5,889 — 5901 —5914 —5926 — 5938 — 5950 — 5,962 —5,973 —5,985 —50996 — 6,007 —220
—3210 — 5953 — 5,767 — 5,782 — 5,795 — 5,809 — 5,823 —5,836 — 5,850 — 5,863 -— 5,876 — 5,889 — 210
— 200 — 5,603 —5,619 — 5,634 — 5,650 — 5,665 — 5,680 — 5,695 — 5710 —5,724 —5,739 — 5,753 —200
—.190 — 5439 — 5,456 — 54713 — 5,489 --5506 — 5522 — 5,539 — 5,555 — 5,571 — 5,687 —.5,603 — 190
—.180 —5.261 —B5.279 — 5297 —5,315 — 5,333 — 5,351 — 5,369 — 5,387 — 5,404 — 5,421 — 5,439 —180
— 170 —35,069 — 5,089 —5,109 — 5,128 — 5,147 — 5,167 — 5,186 — 5,206 — 5,223 — 5,242 — 5261 —170
—160 — 4,865 — 4,886 — 4,907 — 4,928 — 4,948 — 4,969 — 4,989 — 5,010 —5,030 —5,050 —5,069 — 160
— 150 — 4,648 — 4,670 — 4,693 — 4,715 —3,737- — 4,758 — 4,780 — 4,801 — 4,823 — 4,844 — 4,865 — 150
—-140 — 4,419 — 4,442 — 4,466 — 4,489 — 4,512 — 4,535 — 4,558 — 4,581 —4,603 —4,626 — 4,648 — 140
—130 — 4177 —4,202 — 4,226 — 4,251 — 4,275 — 4,299 — 4,323 — 4,347 —4,371 — 4,395 — 4,419 —130
120 —3.923 — 3,949 — 3,974 —4,000 — 4,026 — 4,051 — 4,077 — 4,102 — 4,127 —4,152 — 4177 —120
—.110 — 3,656 — 3,684 — 3,711 — 3,737 —3,76¢ —3,791 — 3,818 — 3,844 —3,870 — 3,897 —3,923 —110
—100 — 3378 — 3,407 ——3,435 — 3,463 — 3,491 —3,519 — 3,547 —3,574 — 3,602 — 3,629 — 3,656 — 100
—.90 —3,089 —3,118 —3,147 — 3,177 —3,206 — 3,235 — 3,264 — 3,293 —3,321 —3,350 —3,378 —90
—80 —2,788 — 2,818 —2,849 — 2,879 —2,909 —2,939 —2,970 —2,999 —3,029 3,069 —3,080 —80
— 70 —2,475 --2,507 — 2,539 —2,570 — 2,602 —2,633 —2,664 —2,645 —2,726 -—2,757 —2,788 —T0
—.60 —2152 — 2,185 —2,218 --2,250 — 2,283 —2,315 —2,348 — 2,380 — 2,412 —2,444 —2,475 —60
—50 —1819 —1,853 —1,886 —1,920 — 1,953 —1,987 — 2,020 — 2,053 —2,087 —2,120 —2,152 —50
—40 — 1,475 —1,510 — 1,644 — 1,579 —1,614 —1,648 —1,682 — 1717 —1%951 —1,785 —1819 —40
—30 —1121 —1,157 —1,182 —1,228 —1,263 —1,209 ~-1,334 — 1,370 ~—1,405 —1,440 —1475 —30
—20 — 0,957 — 0,794 — 0,830 — 0,867 — 0,903 — 0,940 — 0,976 — 1,013 —1,049 —1,085 —1,121 —20
—10 —0.383 — 0,421 — 0,458 — 0,496 — 0,534 — 0,671 - 0,608 — 0,646 — 0,683 —0,720 — 0,757 —10
¢ 0000 —0,039 — 0,077 — 0,116 — 0,154 — 0,193 — 0,231 — 0,269 — 0,307 — 0,345 — 0,383 0
o 0000 003 0078 0117 0156 0,195 0,234 0,273 0312 0,351 0,391 0
10 0391 0430 0,470 0510 0549 0589 0,629 0,669 0709 0,749 0,789 10
20 o789 0830 0870 0911 095 0992 1,082 1073 1,114 1,155 1,196 20
30 1196 1,237 1,299 1,320 1,361 1,403 1,444 1,486 1,528 1,560  L611 30
40 161t 1653 1,695 1,738 1,780 1,822 1,865 1,907 1,950 1,992 2,035 40
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TABLA 65 (Continuacion)

(IPTS 1968)

°C 0
50 2,035
60 2,467
70 2,908
80 3,357
90 3,813
100 4,277
110 4,749
120 5227
130 5712
140 6,204
150 6,702
160 7,207
10 778
180 8,235
190 8757
200 9,286
210 9,820
220 10,360
230 10,905
240 11,456
250 12,011
260 13,672
270 13,137
280 13,707
200 14,281
300 14,860
310 15,443
320 16,030
330 16621
340 17,217
350 17,816
360 18,420
370 19,027
380 19,638
390 20,252
400 20,869
—310 — 8,006

—200 — 17,890

~190 — 7,659
— 180 — 7,402
— 170 — 7,122
-—160 — 6,821
— 150 — 6,499

— 140 — 6,159
—130 — 5,801
— 120 — 5,426
—110 —5,036
—100 — 4,632

— 90 — 4,215
— 80 — 3,785
~90 —3,344
— 60 — 2,892
—80 —2,431

— 40 — 1,960
—30 —1,481
—20 — 0,995
—10 — 0,501

0 — 0,000

] 0,000
10 0,607
20 1,019
30 1,536
40 2,058

2,078
2,611
2,953
3,402
3,859

4,324
4,796
5,275
5,761

6,254

6,753
7,258
1,769
8,287
8,810

9,339
9,87¢
10,414
10,960
11,511

12,067
12,628
13,184
13,764
14,339

14,918

- 15,501

16,089
16,681
17,277
17,877
18,480
18,088
19,699
20,314

— 17,912

— 7,683
— 7,420
— 17,151
— 6,852
— 6,532

— 6,104
— 5,837
— 5,464
— 5,016
— 4,673

— 4,257
— 3,829
— 3,389
- 2,938
— 2,478

— 2,008
— 1,530
—1,044
— 0,550
~— 0,050

0,050
0,558
1,070
1,588
2,111

9,392

9,928
10,469
11,015
11,566

12,123
12,684
13,251
13,821
14,396

14,976
15,560
16,148
16,740
17,336
17,937
18,541
19,149
19,761
20,376

— 7,934

— 7,707
— 7,455
— 17,180
— 6,883
— 6',56‘5
— 6,228
— 5,874
— 5,602
— 5,115
— 4,714

— 4,299
—3,872
— 3,433
— 2,084
—2,524

— 2,055
— 1,578
— 1,093
~— 0,600
— 0,101

0,101
0,609
1,122
1,640
2,163

2,164
2,509
3,042
3,493
3,952

4,418
4,891
5,372
5,859
6,353

6,853
7,360
7,872
8,391
8,915

9,446
9,982
10,523
11,070
11,622

12,179
12,741
13,307
13,879
14,454

15,034
15,618
16,207
16,800
17,396
17,997
18,602
19,210
19,822
20,437

— 7,955

- 7,131
— 7,482
— 7,209
— 6,914
— 6,598

— 6,263
— 5,910
— 5,540
—~— 5,155
— 4,755

— 4,341
—3,915
— 3,478
— 3,029
—2,570

— 2,102
— 1,626
—1,141
— 0,650
— 0,151

0,151
0,660
1,174
1,693
2,216

2,207
2,643
3,087
3,538
3,998

4,465
4,939
-5,420
5,908
6,403

6,903
7,411
7,924
8,443
8,968

9,499
10,036
10,578
11,125
11,677

12,235
12,797
13,364
13,936 .
14,612

15,092
15,677
16,266
16,859
17,456
18,057
18,662
18,271
19,883
20,499

— 7,976

— 1,155
— 7,508
— 1,237
— 6,944
— 6,630

— 6,297
— 5,846
— 5,578
— 5,194
— 4,795

— 4,383
— 3,958
— 3,522
— 3,074
— 2,617

— 2,150
— 1,674
—1180
— 0,699
— 0,201

0,202
0,711
1,225
1,745
2,268

5 6
Milivoltios
2,250 2,294
2,687 2,731
3,13t 3176
3,584 3,630
4,044 4,091
4,512 4,559
4,987 5,035
5469 5,517
5957 6,007
. 6452 6,502
6,954 7,004
7,462 7,513
7,975 8,027
* 8495 8,548
8,021 9,074
9,653 9,606
10,090 10,144
10,632 10,687
11,180 11,235
11,733 11,788
12,201 12,347
12,854 12,910
13,421 13,478
13,993 14,051
14,570 14,628
15,151 15,209
15,736 15,795
16,325 16,384
16,919 16,978
17,516 17,576
18,118 18,178
18,723 18,784
19,332 19,393
19,945 20,008
20,560 20,622
TIPO ¥
— 7,996 — 8,017
— 17,718 — 7,801
— 17,633 — 7,550
— 17,265 — 7,293
—6,974 — 7,004
— 6,663 -— 6,695
— 6,331 — 6,365
—5,982 — 6,018
— 5,616 — 5,653
—5,233 — 5,272
— 4,836 — 4,876
~— 4,425 — 4,467
— 4,001 — 4,044
— 3,566 — 3,610
—3,120 —3,165
— 2,663 —2,709
—2,197 —2,244
—1,722 —1,77%
—1,239 —1,288
— 0,748 — 0,798
— 0,251 — 0,301
0,253 0,303
0,762 0,813
1,277 1,329
L,797 1,849
2,321 2,374

2,337
2,175
3,221
3,676

4,137 -

4,607
5,083
5,566
6,056
6,552.

7,055
7,564
8,079
8,600
9,127

9,659
10,198
10,741
11,290
11,844

12,403
12,967
13,5635
14,108
14,686

15,267
15,853
16,444
17,038
17,636
18,238
18,845
19,455

20,684

— 8,037

— 7,824
— 7,584
— 7,321
— 17,034
— 6,727

— 6,399
— 6,053
— 5,690
— 5,311
— 4,916

— 4,508
— 4,087
— 3,654
— 3,210
— 2,755

-—2,291
—1,818
— 1,336
-— 0,847
— 0,351

0,354
0,865
1,381
1,901
2,426

2,380
2,819
3,266
3,721
4,184

4,654
5,131
5,615
6,105
6,602

7,108
7,615
8,131
8,652
9,180

9,713
10,262
10,796
11,345
11,900

12,459
13,024
13502°
14,166.
14,744

15,326
15,912
16,503
17,097
17,696
18,299
18,905
19,516
20,129
20,746

— 8,057

— 7,846

— 7,609
— 1,348
— 17,064
— 6,758

— 6,433
— 6,089
— 5,727
—5,349
— 4,956

— 4,550
— 4,130
— 3,698
— 3,255
— 2,801

—2,338
— 1,865
— 1,385
— 0,896
— 0,401

0,405
0,916
1,432
1,954
2,479

2,424
2,864
3,312
3,767
4,231

4,701
5,179
5,663
6,155
6,652

7,156
" 1,666
8,183
8,705
9,233

9,767
10,306
10,851
11,401
11,956

12,515
13,080
13,650
14,223
14,802

15,384
15,971
16,562
17,167
17,756
18,359
18,966
19,577
20,191
20,807

— 8,076
— 7:868
- 7,634
— 7,375
— 7,093
— 6,790

— 6,466
— 6,124
— 5,764
~- 5,388
— 4,996

— 4,591

— 4,173

— 3,742
— 3,299
— 2,847

—2,384
—1,913
—1,433
— 0,845
— 0,451

0,456
0,967
1,484
2,006
2,532

10

2,467
2,908
3,357
3,813
4,277

4,749
5,227
5,712
6,204
6,702.

7,207
7,718
8,235
8,757
9,286

9,820
10,360
10,905
11,456
12,011

12,572

. 13,137

13,707
14,281
14,860

15,443
16,030
16,621
17,217
17,816
18,420
19,027
19,638
20,252
20,869

— 8,096
— 17,890

.— 1,659

— 7,402
— 7,122
— 6,821

— 6,499
— 6,159
— 5,801
— 5,426
— 5,036

— 4,632
— 4,215
— 3,785
—3,344
— 2,892

— 2,431
— 1,960
— 1,481
— 0,995
— 0,501

0,507
1,019
1,536
2,058
2,585

240
250

—210
— 200

—190
— 180
— 170
— 160
— 150

— 140
—130
~—120
—110
— 100

— 80
— 80
—70
— 60
— 50

— 40
~—30



10

2,467
2,908
3,357
3,813
4,277

4,749
6,227
5,112
6,204
6,702

7,207
7,718
8,235
8,757
9,286

9,820
10,360
10,905
11,456
12,011

12,672
13,137
13,707
14,281
14,860

15,443
16,030
16,621
17,217
L7,816
18,420
19,027
19,638
10,252
10,869

- 8,036

- 7,890
- 7,859
- 17,402
- 7,122
-~ 6,821

- 6,499
- 6,159
- 5,801
- 5,426
- 5,036

- 4,632
- 4,215
- 3,785
-3,344
- 2,892

-2,431
- 1,960
-1,481
- 0,995
- 0,601

0,507
1,019
1,536
2,058
2,585

°eC

190

240

250
260
270

290

300
310

330
340
350
360
370
380
390
400

— 210
— 200

-— 190
— 180
— 170
— 160
— 150

— 140
— 130
— 120
— 110
— 100

— 90
— 80
— 170
— 60
— 50

— 40

Medida de temperatura 241
TABLA 6.5 (Continuacion)
(IPTS 1968)
°C 0 1 2 3 4 5 6 1 8 9 10 oC
Milivoltios
50 2,585 2,638 2,691 2,743 2,796 2,849 2,802 2,956 3,009 3,062 3,115 50
60 3115 3,168 3,221 3,275 3,328 3,381 3,435 3,488 3,542 3,595 3,649 60
70 3.649 3,702 3,756 3,809 3,863 3,917 3,971 4,024 4,078 4132 4,186 70
80 4,186 4,239 4,293 4347 4,401 4,455 4509 4,563 4,617 4,671 4,925 80
90 4,725 4,780  4,83¢ 4,888 4,842 4,896 5,050 5105 5159 5213 5,268 90
100 5268 5322 5376 5431 548 5540 559¢ 5649 5703 5758 5812 100
110 5812 5867 581 5976 6031 608 6140 6195 6249 6,304 6359 110
120° 6,359 6,414 6,468 6523 6578 6,633 668 6742 6797 6852 6,907 120
130 6907 6962 7,007 7,012 7,127 7,182 7237 7,292 7,347 7,402 7457 130
140 7,457 T.512 1,567 7,622 7677 1,732 787 7,843 7,808 7,953 8,008 140
150 8,008 8063 8118 8174 8229 8284 8339 8394 8450 8,505 8560 150
160 8560 8,616 867t 8726 - 8781 . 8837 8892 8947 9,003 9,058 9,113 160
170 9,113 9,169 9,224 9,279 ' 9,335 9,390 9,446 9,501 9,556 9,612 9,667 170
180 9,667 9,723 9,778  9,83¢ 9,889 9,944 10,000 10,005 10,111 15166 10,222 180
190 10,222 10,277 10,333 10,388 10,444 10,499 10,555 10,610 10,666 10,721 10,777 190
200 10,777 10,832 10,888 10,943 10,999 11,054 11,110 11,165 11,221 11,276 11,332 200
210 11,332 11,387 11,443 11,498 11,55¢ 11,609 11,665 11,720 11,976 11,831 11,887 210
220 11,887 11,943 11,398 12,054 12,109 12,165 12,220 12,276 12,331 12,387 12,442 220
230 12,442 12,488 12,653 12,609 12,664 12,720 13,776 12,831 12,887 12,942 12,998 230
240 12,998 13,053 13,109 13,164 13,220 13,275 13,331 13,386 13,442 13,497 13,553 240
250 13,553 13,608 13,664 13,719 13,775 713,830 13,886 13,941 13,997 14,0527 14108 " 250°
260 14,108 14,163 14,219 14,274 14,330 14,385 14,441 14,496 14,552 14,607 14,663 260
270 14,663 14,718 14,774 14,829 14,885 14,940 14,995 15051 15106 15162 15217 270
280 15217 15273 15,328 15383 15,439 15,494 15,550 15,605 15,661 15716 15771 280
280 15,771 15,827 15,882 15938 15993 16,048 16,104 16,159 16,214 16,270 16,326 290
300 16,325 16,380 16,436 16,401 16,547 16,602 16,657 16,713 16.768 16,823 16,879 300
310 16,879 16,934 16,989 17,04¢ 17,100 17,165 17,210 17,266 17,321 17,376 17,432 310
320 17,432 17,487 17,542 17,597 17,653 17,7708 17,763 17,818 17,874 17,929 17,98¢ 320
330 17,984 18,039 18,095 18,150 18,205 18,260 18,316 18,371 18,426 18,481 18,537 330
340 18,537 18,592 18,647 18,702 18,957 18,813 18,868 18,923 18,978 19,033 19,089 340
350 19,089 19,144 19,199 19,254 19,309 19,364 19,420 19,475 19,530 19,585 19,640 350
360 19.640 19,695 19,751 19,806 19,861 19,916 19,971 20,026 20,081 20,137 20,192 360
370 20,192 20,247 20,302 20,357 20,412 20,467 20,523 20,678 20,633 20,688 20,743 370
380 20,743 20,798 20,853 20,909 20,964 21,019 321,074 21,129 21,18¢ 21,239 21,205 380
390 21295 21.350 21,405 21,460 21,515 21,570 21,625 21,680 21,736 2L791 21,846 390
400 321,846 21,901 21,956 22,011 22,066 22,122 22,177 22,232 22,287 22,342 22,307 400
410 22,397 22,453 22,508 22,563 22,618 22,673 22,728 22,784 22,839 22,804 22,040 410
420 22,949 23,004 23,060 23,115 23,170 23,225 23,280 23,336 23,391 23,446 23,501 420
430 23.501 23,556 23,612 23,667 23,722 23,777 23,833 23,888 23,943 23,999 24,054 430
440 24,054 24,109 24164 24,320 24,275 24,330 24,386 24,441 24,496 24,552 24,607 440
450 24,607 24,662 24,718 24773 24,829 24,884 24,939 24,995 25050 25106 -15161 450
460 25161 25217 25272 25327 25383 25438 25494 25,549 25,605 25,661 25,716 460
470 25,716 25,112 25827 25883 25838 25,994 26,050 26,105 26,161 26,216 26272 470
480 26272 26,328 26,383 - 26,439 26,495 26,551 26,606 26,662 26,718 26,774 26,820 480
490 26,829 26,885 26,941 26,997 27,053 27,109 27,165 27,220 27,276 27,332 27,388 490
500 27,388 27,444 27,500 27,556 27,612 27,668 27,724 27,780 27,836 27,893 27,949 500
510 27,049 28,005 28,061 28,117 28173 28,230 28,286 28,342 28,398 28,455 28,511 510
520 28,511 28,567 28,62¢ 28,680 28,736 28,793 28,840 28,806 28,962 20,010 20,075 520
530 29,075 29,132 29,188 29,245 29,301 29,358 29,415 29,471 29,528 29,565 20,642 530
540 20,642 29,698 20,755 20,812 29,860 29,926 29,983 30,039 30,096 30,153 30,210 540
550 30,210 30,267 30,324 30,381 30,439 30,496 30,553 30,610 30,667 30,724 30,782 550
560 30,782 30,8339 30,896 30,954 31,011 31,068 31,126 31183 31,241 31,208 31,356 560
570 31356 31,413 31,471 31,528 31,586 31,644 31,702 3L759 31,817 3L,875 31,933 570
580 31,033 31,991 32,048 32,106 32,064 32,222 32,280 32,338 32,396 32,456 32,613 580
590 32,513 32,571 32,620 32,687 32,746 32,804 32,862 32,021 32,879 33,038 33,006 500
600 33,096 33,155 33,213 33272 33,330 33,380 33,448 33,506 33,565 33,624 33,683 600
610 33,683 33742 33,800 33,859 33,918 33,977 34,036 34,095 34,155 34,214 34,273 610
620 34273 34,332 34,391 34,451 34,510 34,569 34,629 34,688 34,748 34,807 34,867 620
630 34,867 34,926 34,986 35046 35105 35165 35225 35285 35344 35404 35464 630
640 35464 35524 35584 35644 35704 35764 35825 35885 35945 36,005 35066 640
650 36,066 36,126 36,186 36,247 36,307 36,368 36,428 36,489 36,548 36,610 36,671 650
660 36.671 36,132 36,792 36,853 36,914 36,995 37,036 37,097 37,158 37,219 37,280 660
670 37280 37,341 37,402 37,463 37,525 37,586 37,647 37,709 37,770 37,831 37,893 670
680 37.893 37.95¢ 38,016 36,078 38,139 38201 38,262 38,324 38,386 38,448 38,510 680
690 138,510 38,572 38,633 38,695 38,757 38,819 34,882 38,944 39,006 39,068 39,130 690
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TABLA 6.5 (Continuacion)

(IPTS 1968)
°C 0 1 2 3 4 5 6 7 ;] 8 10 °C

Milivoltios

700 39,130 39,192 39,255 39,317 39,379 39,442 39,504 39,567 39,629 39,692 39,754 700
710 39,754 39,817 39,880 39,942 40,005 40,068 40,131 40,193 40,256 40,319 40,382 710
720 40,382 40,445 40,508 40,571 40,634 40,697 40,760 40,823 40,886 40,950 41,013 720
730 41,013 41,076 41,139 41,203 41,266 41,329 41,393 41,466 41,520 41,583 41,647 730
740 41,647 41,710, 41,774 41,837 41,901 41,965 42,028 42,092 42,156 42,219 42,283 740

750 42,283 42,347 42,411 42,475 42,538 42,602 42,666 42,730 42,794 42,858 42,922 750
1760 42,922 42,986 43,050 43,114 43,178 43,242 43,306 43,370 43,435 43,499 43,563 t 760
770 43,563 43,627 43,692 43,756 43,820 43,885 43,949 44,014 44,078 44,142 44,207 770
780 44,207 44,271 44,336 44,400 44,465 44,529 44,594 44,658 44,723 44,788 44,852 180
190 . '44,852. 44,917 44,981 45,046 45,111 © 45,175" - 45,240 45,304 45,369 45,434 45,498 790

800 45,498 45,663 45,627 45,602 45,757 . 45,821 45,886 45950 46,015 46,080 46,144 800-
810 46,144 46,209 46,273 46,338 46,403 46,467 46,532 46,506 46,661 46,725 46,790 810
820 46,790 46,854 46,019 46,983 47,047 47,112 47,176 47,241 47,305 47,363 47,434 820
830 47,434 47,498 47,562 47,627 47,691 47,755 47,819 47,884 47,948 48,012 48,076 © 830
840 48,076 48,140 48,204 48,269 48,333 48,397 48,461 48,525 48,680 48,653 48,716 840

850 48,718 48,780 48,844 48,908 48,972 49,036 49,099 49,163 49,227 49,251 49,354 860
860 49,354 49,418 40,481 49,645 49,608 49,672 49,735 49,799 49,862 49,926 49,989 860
870 49,989 50,052 50,116 50,179 50,242 50,305 50,369 50,432 50,495 50,558 50,621 870
880 50,621 50,684 50,747 50,810, 50,873 50,836 50,898 51,061 51,124 51,187 51,249 880
850 51,249 51,312 51,375 51,437 51,500 51,562 51,625 51,687 51,750 51,812 51,875 890

900 51,875 51,037 51,999 52,061 52,124 52,186 52,248 52,310 52,372 52,434 523,496 800
910 52,496 52,658 52,620 52,682 52,744 52,806 52,868 53,929 52,991 53,053 63,115 810 .
920 . 53,115 53,176 53,238 53,299 53361 - 53,422 °63,484° * 53,545 53,607 53,668 53,729 920
830 53,729 53,791 53,852 53,913 53,974 54,035 54,096 54,157 54,219 54,280 54,341 930
940 54,341 54,401 54,462 54,523 - 54,584 54,645 54,706 54,766 54,827 54,888 54,948 940

950 54,948 55,000 55,070 55,130 55,191 55,251 55,312 55,372 55,432 55,493 55,653 950
960 55,553 55,613 55,674 55,734 55,794 55854 55,914 55974 56,035 56,095 56,155 960
970 56,155 56,215 56,275 56,334 66,304 56,454 56,514 56,574 56,634 56,693 56,753 970
980 56,753 56,813 56,873 56,8932 56,992 57,051 57,111 57,170 57,230 57,289 57,349 880
980 57,349 57,408 57,468 57,527 57,586 57,646 57,705 57,764 57,824 57,883 57,942 990

1.000 57,942 58,001 58,060 58,120 68,179 58,238 58,297 58,356 58,415 ' 58,474 58,633 1.000
1.010 58,533 58,592 58,651 58,710 58,769 58,827 58,886 58,945 59,004 59,063 59,121 1.010
1.020 59,121 59,180 59,239 -59,298 59,356 59,415 59,474 59,532 69,591 59,650 59,708 1.020
1.030 59,908 59,767 50,825 59,884 58,042 60,001 60,059 60,118 60,176 60,235 60,293 .1.030
1.040 60,293 60,351 60,410 60,468 60,527 60,585 60,643 60,702 60,760 60,818 60,876 1.040

1.050 60,876 60,935 60,993 61,051 61,109 61,168 61,226 61,284 61,342 61,400 61,459 1.050
1.060 61,459 61,517 61,575 61,633 61,601 61,749 61,807 61,865 61,923 61,981 62,039 1.060
1070 62,039 62,097 62,156 62,214 62,272 62,330 62,388 62,446 62,504 62,662 62,619 1.070
1.080 62,619 62,677 62,735 62,793 62,851 62,909 62,967 63,025 63,083 63,141 63,199 1.080
1.090 63,199 63,257 63,314 63,372 63,430 63,488 63,546 63,604 63,662 63,719 63,777 1.080

1.100 63,777 63,835 63,893 63,951 64,009 ""64,066 64,124 64,182 64,240 64,298 64,355 1.100
1.110 64,355 64,413 64,471 64,529 64,686 64,644 64,702 64,760 64,817 64,875 64,933 1.110
1120 64,933 64,991 65,048 65,106 65,164 65,222 65,279 65,337 . 65,385 65,453 65,610 1.120
1.13¢ 65,510 65568 65,626 65,683 65,741 65,799 65,856 65,914 65,972 66,029 66,087 1.130
1.140 66,087 66,145 66,202 66,260 66,318 66,375 66,433 66,491 66,548 66,606 66,664 1.140

1.150 66,664 66,721 66,779 66,836 .66,894 66,952 67,009 67,067 67,124 67,182 67,240 1.150
1160 67,240 67,297 67,355 67,412 67,470 67,627 .67,685 67,643 67,700 67,758 67,815 ' 1.160
1170 67,815 67,873 67,930 67,988 68,045 68,103 68,160 68,217 68,275 68,332 68,390 1.170
1.180 68,390 68,447 68,505 68,562 68,619 68,677 68,734 68,7792 68,849 68,906 68,964 1.180
1.190 68,964 69,021 69,078 68,135 69,193 69,250 69,307 69,364 69,422 69,479 69,636 1,190

1.200 69,536 1,200

TIPO K
-—270 — 6,458 - — 270
— 260 —6,441 — 6,444 — 6,446 — 6,448 — 6,450 — 6,452 — 6,453 — 6,455 -— 6,456 — 6,457 -— 6,458 — 260
— 250 — 6,404 — 6,408 — 6,413 — 6,417 — 6,421 — 6,425 — 6,429 — 6,432 — 6,435 — 6,438 — 6,441 — 250

—240 — 6,344 — 6,351 — 6,358 — 6,364 — 6,371 — 6,377 —6,382 —6,388 — 6,394 — 6,399 — 6,404 — 240
—230 —6,262 — 6,271 — 6,280 — 6,289 — 6,297 — 6,306 —6,314 —6,322 — 6,329 — 6,337 — 6,344 — 230

t Nora: La temperatura de irabajo maxima recomendada para el termopar tipo J es de 760° C (1.400° F).
La f.e.m. Indicada a temperaturas superiores es una extrapolacién matemética,

el



—_——
10 °C
9,754 700
0,382 710
11,013 720
1,647 730
2,283 740~
12,922’ 750
13,663 1760
4,207 770
4,852 780
5,498 790
6,144 800
6,790 810
7,434 8320
8,076 830
8,716 840
9,354 850
9,989 860
0,621 870
1,249 880
1,875 890
2,496 900
3,115 910
3,729 920
1,341 830
1,948 840
3,663 950
3,165 960
3,753 970
',349 980
1,942 990
4,533  1.000
121 1,010
708  1.020
4293 1.030
w876 1.040
4569 1.050
,039  1.060
619 1,070
,199  1.080
177 1.090
;356 1.100
933 1.110
,610  1.120
,087  1.130
664 1,140
240 1.150
815 1.160
390 1.170
964 1.180
636 1.190
1.200
— 270
158 — 260
41 — 250
104 — 240
144 — 230
162 — 220
58 —210
135 —200
1.400° F).
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TABLA 6.5 (Continuacién)

(IPTS 1968)
°C 0 1 2 3 4 5 [ T 8 9 10 °C

Milivoltios

— 180 — 5,730 — 5,747 — 5,763 — 5,780 — 5,796 — 5,813 — 5,829 — 5,845 — 5,860 — 5,876 — 5,891 — 190
— 180 — 5,560 — 5,569 — 5,587 — 5,606 — 5,624 — 5,642 — 5,660 — 5,678 — 5,695 — 5,712 — 5,730 — 180
— 170 — 5,354 — 5,374 — 5,394 — 5,414 — 5,434 — 5,454 — 5,474 — 5,493 — 5,512 -— 5,531 — 5,650 — 170
— 160 — 5,141 —5,163 — 5,185 — 5,207 — 5,228 — 5,249 — 5,271 — 5,292 — 5313 — 5,333 — 5,354 — 160
— 150 — 4,912 — 4,936 — 4,959 — 4,983 — 5,006 — 5,029 — 5,051 — 5,074 — 5,097 — 5,119 — 5,141 — 150

— 140 — 4,669 — 4,694 — 4,719 — 4,743 —4,768 — 4,792 — 4,817 — 4,841 — 4,865 — 4,889 — 4,912 — 140
— 130 — 4,410 — 4,437 — 4,463 — 4,489 — 4,515 — 4,541 — 4,567 — 4,593 — 4,618 — 4,644 — 4,669 — 130
— 120 — 4,138 — 4,166 — 4,193 . — 4,221 — 4,248 — 4,276 -— 4,303 — 4,330 — 4,357 — 4,384..— 4,410 — 120
— 110 —3,852 — 3,881 — 3,910 — 3,939 — 3,968 —- 3,997 — 4,085 — 4,053 — 4,082 — 4,110" — 4,138 —110
—100 —3,553 — 3,584 — 3,614 — 3,664 — 3,674 — 3,704 —3,73¢ — 3,764 — 3,793 — 3,823 — 3,852 — 100

—9% —3,242 —3,274 — 3,306 — 3,337 — 3,368 — 3,399 — 3,430 — 3,461 — 3,492 — 3,523 — 3,653 —90
—80 —2,920 —2,953 — 2,985 — 3,018 — 3,050 — 3,082 — 3,115 — 3,147 — 3,179 —3,211 —3,242 —80
— 70 —2,686 —2,620 —2,65¢4 — 2,687 —2,921 — 2,754 —2,788 —2,821 — 2,854 — 2,887 —2,920 — 170
—60 —2,243 —2,277 — 2,312 — 2,347 — 2,381 — 2,416 — 2,450 —2,48¢ — 2,518 — 2,552 — 2,586 — 60
—50 —1,889 —1,925 — 1,961 — 1,996 — 2,032 — 2,067 — 2,102 — 2,137 — 2,173 —2,208 —2,243 —50

-—40 —1,527 —1,563 — 1,600 — 1,636 — 1,693 — 1,709 — 1,745 —1,781 —1,817 — 1,853 — 1,889 — 40

-—-30 —1,156 —1,193 —1,231 —1,268 — 1,305 — 1,342 — 1,379 — 1,416 — 1,453 — 1,490 — 1,527 —30
—20 —0,777 —0,816 — 0,854 — 0,892 — 0,930 — 0,968 — 1,005 — 1,043 —1,081 —1,118 — 1,156 —20
-1 —0,392 —0,431 — 0,449 — 0,508 — 0,547 — u,5865 — 0,624 — 0,662 — 0,701 — 0,739 — 0,777 —10
0 0,000 —0,039 — 0,079 — 0,118 — 0,157 — 0,197 — 0,236 — 0,275 — 0,314 — 0,353 — 0,392 0

0 0,000 0,039 0,079 0,119 0,158 0,198 0,238 0,277 0,317 0,357 0,397 0

10 0,397 0,437 0,477 0 0,597 0,637 0,677 . O,ZIB 0,758 0,798 10

T 1,162 ¢ 1,203 20
1,570 1,611 30
1,081 2,022 40

-15000 - 11,041 1;081
1,407 1,448 1,489
1,817 1,858 1,899

0.~ 50798+ 0,838, 2. ;8794 .
30 1,203 1,244 1,285
40 1611 1,652 1,603

50 2,022 2,064 2,105
60 2,436 2,477 2,619
70 2,850 2,892 2,033
80 3,266 3,307 3,349
90 3,681 3,722 3,764

100 4,095 4,137 4,178
110 4,508 4,549 4,580
120 4,919 4,960 5,001
130 5,327 5.368 5,408
140 5,733 5,774 5,814

150 6,137 6,177 6,218
160 6,539 6,579 6,619
170 6,939 6,979 7,019
180 7,338 1,378 7,418
190 7,737 .77 1,817

200 8,137 8,177 8,216
210 8,537 8,577 8,617

2,229 2,270 2,312 2,353 2,394 2,436 50
2,643 2,684 2,726 2,767 2,809 2,850 60
3,058 3,100 3,141 3,183 3,224 3,266 T0
3,473 3,515 3,584 3,598 3,639 3,681 80
3,888 3,930 3,871 4,012 4,054 4,095 80

4,302 4,332 4,384 4,426 4,487 4,508 100
4,714 4,755 4,796 4,837 4.878 4,019 110
5,124 5,164 5,205 5,246 5,287 5,327 120
5,631 5,571 5,612 5,652 5,603 5,733 130
5,936 5,976 6,016 6,057 6,097 6,137 140

6,338 6,378 6,419 6,459 6,499 6,539 150
6,739 6,779 6,819 6,859 6,899 6.939 160
7,138 1,179 7.218 7,259 7,209 7.338 170
7,638.. 1,578 7,618 7,858 7,697 7,737 180
7,037 7,977 8,017 8,057 8,097 8,137 190

8,336 8,376 8.416 8,456 8,497 8,537 200
8,137 8,777 8.817 8,857 8,898 "8,038 210
220 8,938 8,978 9,018 9,139 9,179 9,220 9,260 9,300 9,341 220
230 9,341 9,381 9,421 9,643 9.583 9,624 9,664 8,705 9,745 230
240 9,745 9,786 9,828 9,867 9,907 9,948 9,989 10,029 10,070 10,111 10,151 240

250 10,151 10,192 10,233 10,274 10,315 10,355 10,396 10,437 10,478 10,519 10,560 250
260 10,560 10,600 10,641 10,682 10,723 10.764 10,805 10,846 10,887 10,928 10,969 260
270 10,869 11,010 11,051 11,093 11,13¢ 11.175 11,216 11.257 11,298 11,339 11,381 270
280 11,381 11,422 11,463 11,504 11,546 11,587 11,628 11,669 11,711 11,752 11.783 280
290 11,793 11,835 11,876 11,918 11,959 12,000 12,042 12,083 12,125 12,166 12,207 290

300 12,207 12,249 132,200 12.332 12,373 12415 12,456 12,408 12,539 12,581 12,823 300
310 12,623 12,664 12,706 12,747 12,789 12,831 12,872 12,914 12,955 12,997 13,039 310
320 13,039 13,080 13,122 13,164 13,205 13,247 13.280 13,331 13,372 13,414 13,456 320
330 13,456 13,497 13,639 13,581 13,623 13,665 13,706 13,748 13,790 13,832 13,874 330
340 13,874 13,915 13,957 13,099 14,041 14,083 14,125 14,167 14,208 14,250 14,202 340

350 14,292 14,334 14,376 14,418 14,460 14,502 14,544 14,586 14,628 14,670 14,712 350
360 14,712 14,754 14,906 14,838 14,880 14,922 14,964 15006 15,048 15080 15,132 360
370 15132 15,174 15216 15,258 15,300 15,342 15384 15426 15,468 15,510 15,552 370
380 15552 15694 15,636 15,679 15,721 15763 15,805 15,847 15,889 15931 15974 380
390 15,974 16,016 16,058 16,100 16,142 16,184 16,227 16,269 16,311 16,353 16,395 390

400 16,395 16,438 16,480 16,522 16,564 16,607 16,649 16,6901 16,733 16,776 16,818 400
410 16,818 16,860 16,002 16,845 16,987 17,020 17,072 17114 17,156 17,199 17,241 ‘410
420 17,241 17,283 17,326 17,368 17,410 17,453 17,495 17,537 17,580 17,622 17,664 420
430 17,664 17,707 17,748 17,792 17,834 17,876 17,919 17,961 18,004 18,046 18.088 430
440 18,088 18,131 18,173 18,216 18,258 18,301 18,343 18,385 18,428 18,470 18,513 440

n_a(?—
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instrumentacion industrial

TABLA 6.5 (Continuacion)

(IPTS 1968)

°oC

450
460
470
480
490

500
510
520
530
540
2 7. 560
560
570
580
590

600
610
620

640

650
660
670
680
690

700

720

730
740

750
760
770
780
790

800
810
‘820
830
840

850

0

18,613
18,938
19,363
19,788
20,214

20,640
21,066

. 21,403

21,919
22,346

2712
23,198

23,624
24,050
24,476

24,002
25,327
25,751
26,176
26,599

27,022
27,445
27,867
28,288
28,709

29,128
29,647
29,965

30,383
30,799

31,214
31,620
32,042
32,455
32,866

33,277
33,686
34,095
34,502
34,800

35,314
35,718
36,121
36,524
36,925

37,325

37,724
38,122
38,619
38,015

39,310
39,703
40,006
40,488
40,879

41,269

- 41,657
42,045

42,432
42,817

43,202
43,585
43,968
44,349
44,729

45,108
45,486
45,863
46,238
46,612

18,555
18,980
10,405
19,831
20,257

20,683
21,109
21,535
21,962
22,388

22,815

23,241
23,667
24,093
24,619

24,944
25,369
25,794
26,218
26,642

27,065
27,487
27,909
28,330
28,751

29,170
29,589
30,007

30,424
30,840

31,256
31,670
32,084
32,406
32,907

33,318
33,727
34,136
34,543
34,949
35,354
35,758
36,162

36,564

36,965
37,365

37,764

38,162
38,658
38,954

39,349
39,743
40,136
40,627
40,918

41,308
41,696
42,084
42,470
42,856

43,240
43,624
44,006
44,387
44,767

45,146
45,624
45,900
46,275
46,649

18,608
19,023
19,448
19,873
20,299

20,725
21,152
21,578
22,004
22,431

22,857
23,284
23,710
24,136
24,561

24,987
25,412
25,836
26,260
26,684

27,107
7,529
27,051
28,372
28,793

29,212
29,631
30,049

30,466
30,882

31,297
31,712
32,125
32,637
32,948

33,359

38,598
38,884

39,388
39,782
40,175
40,566
40,957

41,347
41,735
42,123
42,508
42,894

43,279
43,662
44,044
44,425
44,805

45,184
45,661
45,938
46,313
46,687

18,640
19,065
19,480
19,916
20,342

20,768
21,194
21,621
22,047
22,473
22,900
23,326
23,752
24,178
24,604

25,029
25,454
35,879
26,303
26,726

27,149
27,572
27,993
28,414
28,835

29,254
29,673
30,001

30,508
30,824

31,339
31,753
32,166
32,578
32,990

33,400
33,809
34,217
34,624
35,030

35,435
35,830
36,242
36,644
37,045
37,445
37,843
38,241
38,638
39,033

39,428
39,821
40,214
40,605
40,996

41,385
41,774
42,161
42,548
12,033

43,317
43,700
44,082
44,463
44,843

45,222
45,599
45,975
46,350
46,724

—i3-

4 5 6
Miltvoltios
18,683 18,7235 18,768
19,108 19,150 19,193
19,533 18,576 10,618
19,959 20,001 20,044
20,385 20,427 20,470
20,811 20,853 20,896
21,237 21,280 21,322
21,663 21,706 21,749
22,000 22,132 23,175
22,516 22,559 22,601
132,042 22,985 23,028 .
23,369 23,411 23,454
23,795 23,837 23,880
24,221 24,263 24,306
24,646 24,689 24,7131
25,072 25,114 25,157
25,497 25,639 25,582
25,021 25,964 26,006
26,345 26,387 26,430
26,769 26,811 26,853
27,102 27,234 27,276
27,614 27,656 27,698
28,035 28,078 28,120
28,456 28,498 28,640
28,877 28,919 28,961
29,296 29,338 29,380
29,715 29,756 29,798
30,132 30,174 30,216
30,549 30,591 30,632
30,865 31,007 31,048
31,380 31,422 31,463
31,794 31,836 3L877
32,207 32,249 32,290
32,610 32,661 . 32,702
33,031 33,072 33,113
33,441 33,482 33,523
33,850 33,891  33.931
34,258 34,290 34,339
34,665 34,705 34,746
35,071 35111 35,152
35,476 35,516 35,557
35,880 35,920 35,960
36,282 36,323 36,363
36,684 36,724 36,764
37,085 37,125 37,165
37,484 37,524 37,564
37,883 37,823 37,963
38,281 38,320 38,360
38,677 38,77 38,756
39,073 39,112 39,152
39,467 39,507 39,546
39,861 39,900 39,939
40,253 40,202 40,332
40,645 40,684 40,723
41,035 41,074 41,113
41,424 41,463 41,602
41,813 41,851 41,890
42,200 42,239 42,277
42,586 42,625 43,663
42,971 43,010 43,048
43,356 43,394 43,432
43,739 43,777 43,815
44,121 44,159 44,197
44,501 44,539 44,677
44,881 44,919 44,957
45,260 45,297 45,335
45,637 45,676 45,712
46,013 46,051 46,088
46,388 46,425 46,463
46,761 46,799 46,836

18,810
19,235
10,661
20,086
20,512

20,938
21,365
21,781
22,218
22,644

123,070
23,407

23,923
24,348
24,T74

25,199
25,624
26,048
26,472
26,896

27,318
27,740
28,162
28,683
-29,002

29,422
29,840

30,267

30,674
31,000

31,504
31,918
32,331
32,743
33,1654
33,564
33,972
34,380
34,787
35,102

- 35,6917
36,000

36,403
36,802
37,305
37,604
38002
38,400
38,796
39,191

39,585
39,978
40,371
40,762
41,152

41,641
41,929
42,316
42,702
43,087

43,471
43,853
44,235
44,615
44,995

45,373
45,750
46,126
46,600
46,873

18,853
19,278
19,703
20,129
20,555

20,981
21,407
21,834
22,260
22,687

23,113 .

23,539
23,965
24,391
24,817

25,242
26,666
26,001
26,616
26,938

27,361
27,783
28,204
28,625

-29,044 -

29,464
29,882
30,280

39,716
31,131

. 31,546

31,860
32,372
32,784
33,195

33,604
34,013
34,421
34,827
35,233
35,637
36,041
36,443

.36,844

37,245
37,644
38,042
38,439
38,836
39,231

39,625
40,018
40,410
40,801
41,191

41,680
41,968
42,355
42,740
43,125

43,509
43,891
44,273
44,663
45,033

45,411
45,787
46,163
46,637
46,910

) 10
18,895 18,938
19,320 19,363
19,746 19,788
20,172 20,314
20,598 20,640
21,024 21,086
21,450 31,493
21,876 21,919
22,303 22,346
22720 22,772
23,156. 23,198
‘23,582 23,624
24,008 24,050
24,434 24,476
24,850 24,902

. 25,284 25,337
25,708 25,751
26,133 26,176
26,557 26,609
26,980 37,022
27,403 27,445
27,825 27,867
28,246 28,288
28,667 28,709
29,086---29;128
29,505 99,547
29,924 29,965
30,341 30,383
30,757 30,799
3L173 31,214
31,587 31,629
32,001 32,042
32,414 33,455
32,835 32,866
33,236 33,377
33,645 33,686
34,054 34,095
34461 34502
34,868 34,909
35273 35,314
35,678 35,718
36,081 36,121
36,483 36,524
36,885 36,925
37,385 37,325
37,684 - 31,724
38,082 38122
385,479 38,519
38,875 38,915
39,270 39,310
39,664 39,703
40,057 40,096
40,449 40,488
40,840 40,879
41,230 41,269
41,619 41,657
42,006 42,045
42,393 43,432
42,779 42,817
43,164 43,202
43,647 43,585
43,930 43,968
44,311 44,349
44,601 44,720
45,070 45,108
45,448 45,488
45,825 45,863
46,201 46,238
46,576 46,612
46,948 46,985

°C

450

790
800

890

1.000
1,010
1.020
1.030
1.040

1.050
1.060
1.070
1.080
1.090
1.100
1.110
1.120
1.130
1.140




3521 X 10-%5
1996 x 1077
B782 x 10~
633 X 1072
3488 % 10-%

111X 10°°
136 X 10712
459 X 10-15
815 X 10~
497 X 10722

816 x 10-10
173 X 10712
255 X 1071
216 X 1077
374 X 10720

58 x 10710
36 x 10713
98 X 10716
36X 1072
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El termopar tipo K, de cromel-alumel, se recomienda en atmésferas oxidan-
tes y a temperaturas de trabajo entre 500 y 1250° C. No debe ser utilizado en
atmosferas reductoras ni sulfurosas a menos que esté protegido con un tubo de
proteccion.

Cabezal Brida Racord
: ~w
i extremo cerrado
t
- Tal PR
L I pa=)
oy R o . . .
|; Longitud de inmersions] extremo abjerto
L
23 Longitud del tubo de proteccion ——— ]
= Rosca ' i
a) Tubo de proteccidn
Brida Racord
Cabezal 2 Tuboprimario 7 Tubo secundario
SY arpene A
Fr—— =t J,'ITIT‘HTI

1@”

.LH.‘ d
o 3
u o 1ubo primario
Longitud del tubo de proteccién 1

b) Doble tubo de proteccion

RQo sca

[ Racord

v Tubo cerdmico
g Ny | Pl 1L
b e e = T
ur Pl SRS SRR
: 1@
Ly

Longitud de inmersi6n~l

c) Tubo de proteccién cerdmico

Cabezal Cabezal
J
Cabezal h
| om
Long. de
extension Longitud de mmerslén..____..,

el vaina

Fig. 6.21. Tubos de proteccién y vainas para termopares.
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260 Instrumentacion industrial

Los termopares tipo R, S y E de Pt-Pt/Rh se emplean en atmésferas oxi-
dantes y temperaturas de trabajo hasta 1500° C. Si la atm6sfera es reductora, el
termopar debe protegerse.con un tubo cerdmico estanco. '

En la figura 6:21 pueden verse varios tipos de termopares con tubo de pro-
teccién. El material del tubo de proteccién o vaina debe ser el adecuado para el
proceso donde se aplica y suele ser de hierro, acero sin soldadura, acero inoxida-
ble, inconel, cerdmico, carburo de silicio, etc.

En Ia tabla 6.6 se indica una gufa de seleccién de tubos segin la aplicacién.

Cuando el termopar estd instalado a una distancia larga del instrumento, no
se conecta directamente al mismo, sino por medio de un cable de extensién (fi-
.- gura, 6.22). Los cables de extensién.son conductores con propiedades eléctricas.
 similares a las del termopar hasta ciertos limites de temperatura (0-200° C) y son
més econdmicos. Se suelen utilizar los siguientes:

Conductores tipo J para termopares tipo J

Conductores tipo K o tipo T para termopares tipo K
Conductores tipo T para termopares tipo T

Conductores tipo E para termopares tipo E

Conductores cobre-cobre niquel para termopares tipos R, S 0 B

Las conexiones entre el cable de compensacién, el termopar y el instrumento
deben ser perfectas, sin empalmes en el cable de compensacién, utilizando el hilo
correcto y el conjunto de la instalacién debe evitar el paso préximo por fuentes
de calor (aparece el efecto Thomson). Si estas recomendaciones no se cumplen
aparecen tensiones térmicas de corriente continua que dan lugar a un despla-
zamiento en la calibracién . del instrumento. -

Para medir la f.e.m. del termopar pueden emplearse el circuito galvanomé-
trico y el circuito potenciométrico.

6.7.2 Circuito galvanométrico

El circuito galvanométrico se basa en la desviacién de una bobina mévil situada
entre dos polos de un imén permanente al pasar a su través la corriente del éle-

Instrumento

O
; { “S\Unidn de
-O referencia

Termopar Hilo de extensién Hito d¢g extensidn
f ’ ! (interno)

Cabezal
Unién caliente

Fig. 6.22 Diagrama de un sistema pirométrico.
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TABLA 6.6 Guia para la seleccion de tubos o vainas de proteccidn
Industria Aplicacién Tubo o vaina
Tratamientos Recocido Inconel o hierro
térmicos Carburacién Inconel
Templado:
<700° C Hierro forjado
700 a 1100° C Inconel o hierro
> 1100° C Ceramico o pirémetro radiacién
Nitruracién Hierro

Bafios de sales

Inconel, hierro o pirémetro radiacién

Hierro y acero

Hornos de soplado

Hogar

Techo

Calderas de recuperacién

Fosos de recalentamiento
<1100° C
>1100° C

Palanquilla, calentamiento
de planchas y
soldadura a tope
<1100° C
>1100° C

Soldadura fuerte
Recocido brillante

Forjado
Galvanizacion

Bafios de decapado
Estaiiado

Inconel o hierro o carburo de silicio
Inconel o pirémetro de radiacién
Pirébmetro de radiacién

Inconel o hierro

Inconel o hierro
Cerdmico y carburo de silicio o pi-
rometro de radiacién

Inconel o hierro

Ceramico y carburo de silicio o pi-
rémetro ‘de radiacién

Pirémetro de radiacién

Termopar tipo J sin tubo de pro-
teccidn o pirémetro de radiacién

Cerdmico y carburo de silicio o pi-
rémetro de radiacién

Acero o carburo de silicio

Plomo

Acero dulce o hierro

Metales no Fundicién aluminio Carburo de silicio o hierro
férricos Tratamiento térmico del
aluminio Hierro o sin tubo de proteccién
. Fundicién latén o bronce | Metal fundido especial
Recocido Hierro o sin tubo de proteccién
Palanquilla Inconel o hierro
Moldeo Hierro o carburo de silicio
Plomo Hierro
Magnesio Acero sin soldadura
Estafio Acero dulce
Cinc Carburo de silicio o hierro
Fundicién y calcinacién Inconel, hierro, cerimico
de mineral o carburo de silicio
Cemento Conductos de salida Inconel o hierro

Horno

Pirémetro de radiacién
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TABLA 6.6 (Continuacién)

Industria Aplicacién . Tubo o vaina
Ceréamica Hornos : Ceramico o pir(’)metro de radiacién
Secadores Hierro
Esmaltado vitreo Inconel, hierro o pirémetro de
radiacién
Quimica _ "Acero ‘inoxidable en general.
Debido a la gran variedad de
aplicaciones quimicas es dificil
establecer recomendaciones
Alimentacién Acero inoxidable
P .
Gas Productor de gas - | Inconel o hierro
Gas de agua .
sobrecalentado ™ Inconel o hierro
Vidrio Alimentador : Platlno o plrometro de radiacion
Lehr (tdnel de recocido) | Hierro
Tanques Ceramico o pirdmetro de radnacxon
Conductos de tanques Inconel o hierro
Petroquimica Desparafinador Acero inoxidable
Columna de
fraccionamiento » >
Camara de reaccién » »
Unidades catalfticas > »
Lineas de transferencia » »
Torres > »
Torre llamas Inconel o hierro
Centrales Conducto de gases Hierro
térmicas Precalentadores Hierro
Lineas de vapor Acero inoxidable
Lineas de agua Acero dulce
Varios Incineradores
hasta 1100° C Inconel o hierro
superior a 1000° C Ceramico y carburo de silicio

mento primario (fig. 6.23). El paso de esta corriente produce un campo magné-
tico que se opone al del imdn permanente, y la bobina mévil gira hasta que el
par magnético correspondiente es equilibrado por el par de tensién del muelle.
Una aguja indicadora, que estd unida rigidamente a la bobina movil, se des-
plaza a lo largo de una escala graduada, calibrada en las unidades de medida.
En la construccién del galvanémetro tienen-importancia los siguientes puntos:
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PRACTICAS DE SENSORES Y ACTUADORES

PRACTICA 3.- Practicas con CTN y CTP.
i) Introduccion.

Como ya se ha visto en clase , tanto los termistores CTN como los CTP tienen una
utilizacidon bastante extensa tanto a nivel industrial como domético. Son innumerables las

aplicaciones en las que encuentran cabida estos dipositivos.

ii) Realizacion de la practica

1.- Tomar la CTN y con el multimetro digital medir su resistencia sin tocarla con los dedos.
Anotar esa resistencia y compararla con la que lleva impresa en su cddigo de colores
(Ras:c). Rodeando el CTN con los dedos observar como va disminuyendo la resistencia
conforme se calienta.

2.- Con el termometro, realizar dos medidas de temperatura y resistencia aproximada y
calcular el valor de B

3. Realizar diversas medidas de t* y resistencia y dibujar la caracteristica aproximada de
Resistencia y t* de esa CTN.

4.- Montar un PW con resistencias de 100 Q y una CTN de 100 Q (Marrén-Negro-Marrdn),
y anotar la corriente y la tension de error para dos temperaturas.

5.- Realizar el montaje de la figura y explicar posteriormente su funcionamiento.

C) Motor

12-15V  _

1

2N

Posteriormente, en un segundo montaje que mejora el anterior, introducir un relé en
el circuito que controle la puesta en marcha del motor.

6.- Observar y comentar el montaje realizado con la CTP.

MAMB
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2322-610 1.,

NTC THERMISTORS

disc
QUICK REFERENCE DATA
Wesistance value at + 25 °C 1,10 1300Q
) 2600 to 3450 K
1w
10 mW/°C
60 s approx.
Operating temperature range
at zero power -25 to + 125 °C
at maximum power ) 0 to +55 °C
RZ 192696
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2322 610 1.... NTC THERMISTORS NTC THERMISTORS 2322 610 1.
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2322 637 O.... NTC THERMISTORS

rod 2322 640 1.
TESTS AND REQUIREMENTS ?
According to IEC 68 recommendations unless otherwise specified. >

test . AR/R (%) | 4B/B (%) . NTC THERMISTOR
test method duration at +25 9C .
Cold at -25 °C A 1000 h +3 + 2
Storage at +25 °C H 1000 h £ 3 £1 ICK REFERENCE DATA
Dry heat, +155 °C B 1000 h 5 2 istance value at +25 °C , 2,7 to 330 k2
Thermal shock —25 to +155 °C Na 5 cycles +3 + 2 /g5 value 3660 to 4150 K
' dissioati
Damp heat, +40 °C Ca 1000 h +5 £3 LTl e 028 W
_ o : pation factor 7,5 mW/K

Maximum dissipation 1000 h + 5 +2 ermal time constant 0
Robustness of terminations U g temperature range

Tensile strength 20 N Ua 10s WV t zero power 25 to +126 OC

Bending 10 N Ub 2 times ) : maximum power 0 to +55 OC
Soldering T S

Solderability at 230 °C par.3.2.3 | 3to4s % ILICATION

Resistance to heat at 260 °C Tb 10£1ls %2 +2 nded for general use.

Hv Leads should neither come loose nor break

thermistor has a negative temperature coefficient. It consists of a disc provided with two solid

mv Leads must be solderable initially and after 6 months storage with solder containing ped copper wires. It is grey lacquered and colour coded, but not insulated.

resin flux. A
MECHANICAL DATA Dimensions in mm (
>l
QUALITY LEVEL i
Sampling and data evaluation for quality level in accordance with MIL-STD-105D * |
A.Q.L. 1%, major defects - Electrical
A.Q.L. 1,5%, major defects - Mechanical
A.Q.L. 4%, minor defects - Physical oy 25 o
max
PACKING }
In cardboard boxes of 50 4,5
3
S I
* max

I-
: 7283089
&o.m|'_ _Al .

Fig. 1.
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2322 640 1.

T.C thermistor

2322 640 1.

. o i
- T 7T T o
: " cHHa m I m m m._.m.>z_u REQUIREMENTS
m w — .JOn T % 2 H - = o ording to IEC 68 recommendations unless otherwise specified.
N o oMo « fTa]- < .
: " fm 8 - test AR
i ] d_ 8 method procedure = (%) AB (%)
{ 5g - i
| [T+]
__ | Q m -3 A 1000 h —25 °C 13 +2
\ i { t lw s H 1000 h +25 °C +3 #1
} A £ B 1000 h +125 0C 5 £2
]
_— \ _— ‘P —_ £ Tm Na 5.cycles
\ { { % { m & ~25 to +125 °C 3 +2
8 x
/ / _— / e Ca 1000 h +40 °C £5 £3
/ \ / —— \ / N .m m mbined cycle test 198 NF C20-619 5 3
/ X / / \ =8 aximum dissipation 1000 h, Tamp = +55 °C ¥5 £2
O 1
N 28 .
\ 3 V z N AN M + obustness of terminations U
ANANIIAN AN U Tensile strength Ua 10N 10s (note 1)
< o X E
- //, N N\ t o E "Bending Ub 5N 2 times {note 1)
e SRR SN IS i T
6 - " - po = o par. 3.2.3 max. 240°C,3to 4s {note 2)
=) g o ) o =] Resistance to heat Tb 260£50C, 10£1s ARg5 £2%| AB+2%
SR L Ed 2fallsof Tm no visual defects !
O O W~ N o M~ o~ b
QO woesa T g o © needle flame 20's no burning 15 s after
- 7 7 & removal of flame
) \ \ \ \ A nmw stance to solvents IC1 cleaning process |
N ] Ty 17 / - for p.c.b.:
N FA v g Arklone P no influence 1\
\ \\ J \ y m Arklone L, boiling slight softening after c~
3 10 min.
i 17 y, ° W Freon TF no influence |
Ay aw. 7 "5
\\\ 4 \\ . 3 Leads should neither come loose nor break.
\ > v, \\ 2 m ,._cmm% must be solderable initially and after 6 months storage with selder containing resin flux.
7 a ' .
7 7 717 ¢ JALITY LEVEL
4 F &AW 17 = 1
\ i 7 4 S m mpling.and data evaluation for quality level in accordance with MIL-STD-105D,
VA A Vil = AQ.L. 1%, major def Electri
+—~ Y & .Q.L. o, major defects — Electrical
7 1/ w8 A.Q.L. 1,5%, major defects — Mechanical
\ w4 4 \ i .@..n« .Q.L. 4%, minor defects — Physical
Y / A y o +°
/ VA A /A
{ /7
\\ A A A ieces per box {cardboard).
' 1T/ yal)
pd Z o
N
t ez %t & & % ¢
136 August 1979
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2322 644 : disc

MECHANICAL DATA

Dimensions (mm)

«— D —») > 6,51« .
0| 7 i Fig. 1
T AL
J R SANNINRRNY
@/ |
Lx3 series D L d
—=i= = = 2322 643 9%0,5 54 0,6
—fled & 2322 644 15+0,7 58 0.8
7245464, —_—
Emh_c.um

The thermistors are marked with three bands showing their resistance value R
in colour code (see Fig. 1); the types with a tolerance on Ras of 10% also have a

silver band,

Weight

Type 2322 643 0,9 g approximately
Type 2322 644 2 g approximately

ZoE:Em

In any position by soldering.

25

202

Tune 1974

NTC THERMISTORS

ER) 2322 643 |
2322 644
CTRICAL DATA 5 :
/85- Pmax at dissipation | thermal colour code catalogue
=950 ]
alue | Tamp = 25°C|  factor time see Marking e
approx. | constant 2)
approx.
) (mW/°C) {s) I 11 11
1 10 55 brown | green | brown | 2322 643 1.151
1 10 55 yellow| violet | brown 1.471
1 10 55 brown | green | red 1,152
1 10 55 yellow| violet | red 1.472
1.3 13 120 brown | green |brown | 2322 644 1.15]
1.5 13 120 [yellow| violet | brown 1.471
1.5 13 120 | brown | green | red b 1.152
1.5 13 120 yellow| violet | red 1,472

+20 and + 10, 2

Llerance on B-value 5%

-25 to +125 oC

Type 2322 643
Type 2322 644

250 pieces per box (cardboard)
100 pieces per box (cardboard)

B-value is subject to change

Replace dot in catalogue number (9th digit)
y: 1 for a tolerance of 20% on Rgs.

2 for a tolerance of 10% on Rys

M

g

une 1974 : J~ .



L :

‘paxenbor Jou $1 ApPOq I0ISTWLISY] 3], "SOIIM SSBIQ PIUUL) PI[OS 0M) U}
paplaoxd 9sIp ® 3O SISISUOD 3] "JUSIONYF900 arnteraduwral aarised e SeY IOISTUIIDYR ST

NOILJIYOSHY

*SJaS UOISIAS]9} INOTOO JO JMoxro Jurssnedep ays ur pasn aq 03 A1rewiid papus)

J 4

D0 09+010 XeW, qe
Do SST +03 S~ Tomod o9z 3B
a8uex sxmyexadural SuneisdQ

‘xoxdde Do/ pur T 10108) wonedissig
A S92 23e304 ‘S WII WNUIXEN

0o SL axnieIaduia) y231mMs

BA0P = A oge = ostnd

Do SST + 3© oNfeA 9oUBISISSY

%02 ¥ %5 001 Do §T+ Ie oT[BA 20URISISSY

v.1vd FONTYZATH ADIN0

JOILSIWYIIHL D1d

0€6 T99 TTEeT

"BQ/









































































































































































































