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5.1 OBJECTIVES

1. Study the construction of a thermocouple. %%3% o
2. Study the characteristic of a thermo %Eﬁ 2N

. L
3. Study the transduction principle of a ﬂ{@g&owq Eﬁ*}
E"“‘f“?a - =

4. Study the application of a thermocouple:” %

f;f{‘, &
e

ples are the mast commonly used in industrial temperature-control
applications at the present. Figure 5-1 shows configurations of the thermocouple with
protecting tube. Type T-86 is usable to about 2000°F and T-5890 to abdit 3000°F.

ANS| T-5880
ermocouple configurations

X
The sim-piesf@@‘ thermocouple is made from two dissimilar metals A and B by
being joined at both of their ends to comprise a closed-loop circuit, as shown @
Figure 5-2(a). A current will flow in that circuit as long as the two juncti 5

hot junction at a higher femperature.

Rl
The thermaocouple circult is based on the é%eebeck" effect. The magnitude of the

fuced by a thermocoupie depends on the
; difference between the two junctions. The
g !_'é‘r‘ﬁ fa%‘esﬂ\:ﬁth the opposite polarities, as shown in
Figure 5-2(b). The high i'i"@:{@ﬁﬁ%ﬁnmer connected in this circuit performs the
measurement of temperattj@ difference between the wo junctions. In Figure 5-2(c)
the volimeter wires are connecied across the two cold junctions: one is the
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connection of the metal A and one of voltmeter wires, the other is the connection of
the metal B and another voltmeter wire. The vottaga beiween these two cold junctsons

Mestai A
High { Metal B }b Low
Juﬁw&em————) Meotal B
@@‘%} basic circuit (b) femperature measurement

Metal A Low temp
WAL
+
High
R
85 Copper v

{c)o ﬁrect connection of volimeter
g {%&%}-2 Thermocouple circuits

o ‘%;mpefature cannot be maintained at exactly the same
sCal v@?&%hanges in the ambient temperature, a temperature sensor
RT is embadﬁég&‘m the reference-junction block so that the temperature can be
monitored and appropriate corrections to the output readings made e O
reference-junction compensation circuit is shown in Figure 5-3.
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Thermocouple junctions can be made by a number of different techniques of wire
; e ©
joining, as shown in Figure 5-4.

@) (b (e d) ) 3}
W WK}W
,@m’g&e 5-4 Thermocouple junctions: (a) butt welded; (b} beaded;
O (c) lap welded; (d) cross wire; {e) colled wire;(f) twisted wire
@
Thermocouple junctions can be exposed or enclosed, groundeds ingrounded (see
ple ju p groundes 9 gg%, it

O ta) b) () ) ®
Figure 5-5 Examples of thermocouple junction packages: h

(a) ungrounded exposed; (b) ungrounded e :

{c)&{(d) grounded enclosed
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Table 5-1 Material and characteristic of thermocouples (JIS Standard)

Material i
Qld couracy

Type Type i e Grade Maasuﬁng Terﬂ% : Tolerance

W5 | — | W-5%Re |W-26%Re| ~—

W3 | — | W8)¢Re | W25%Re| — 3

B | — |PL30%Rh| PI-6%Rh | 05 4T armeasumg«kﬂfz% temp.
R | — |PK13%Rh Ll

S : H19% ks .25 0°C~1,8007C +1.57C or measuring 20.25% temp

— |PH10%6Rn, Pt
= 04 |0C~1,000C +1.5°Cor measuring £0.4% temp

Alumel | 076 0C~1,2000C  [42.5Cor measuring £0.75% temp

=
o

-200C~0T 42 5C or measuring +1.5% temp

04 [0T~BODC +1.5°C or measuring +0.4% lemp

Constantan| 0.75 |0°C~800C 12 5C or measuring £0.75% temp

1.5 |-2000~0C 42 5°C or measuring +1.5% temp

i 04 0C~750C 11,5°C or measuring $0.4% temp
0.75 |0°C~750C £2.5Cor measunng @?5% temp
0.4 J0C~3507C ;
T {cC Cu  |Constantan) 075 [0C~350°C
15 |-200C~0C

are shown in Figure 5-6.
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Figure 6-8 Thermal g & of thermocouples
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