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INTRODUCTION

e Temperature Is an important parameter in man

systems
e Several distinctly different transduction mech
are employed
e These include non electrical as well as elec
methods
e A thermometer iIs the most common non e
sensor “
eCommon electrical sensors include ther

thermistors and resistance thermometers




Types of Temperature Sensors

2 Thermocouples

- Thermistors




What is a thermocouple ?

* A thermocouple is a temperature-measuring device

of two dissimilar conductors that contact each other ¢

more spots.

A thermocouple comprises of at least two metals
together to form two junctions. One is connected to th
whose temperature is to be measured-this is the |

measuring junction.

The other junction is connected to a body
temperature; this is the cold or reference junctio
the thermocouple measures unknown temperature

with reference to the known temperature of the



MOCOUPLE

The voltage output
beingthe temperature
Vout  dfferance between the

two dissimilar junctions
[Vog=Vi-V3)

The measunng
(Hot) Junction

T T ﬁ The reference
: (Cold) Junction




Where are they used ?

 Thermocouples are a widely used as temperature se

measurement, control and can also convert a temg

Into electricity.
 Thermocouples are widely used in research and in
applications include temperature measurement for fur
gas turbine exhaust, diesel engines, and other
processes.
Thermocouples are also used in homes & office
temperature sensors in thermostats and also in

sensors for fire detection.




Working principle.

« The working principle of thermocouple is based

effects discovered by Seebeck, Peltier and Thomson.

as follows:
o 1) Seebeck effect: The Seebeck effect states that
different or unlike metals are joined together at two Ju
an electromotive force (emf) is generated at the two ju
The amount of emf generated is different for
combinations of the metals.
2) Peltier effect: when two dissimilar metals
together to form two junctions, emf is generated
circuit due to the different temperatures of the tw

of the circuit.




« 3) Thomson effect: when two unlike metals are!
together forming two junctions, the potential exists
the circuit due to temperature gradient along the

length of the conductors within the circuit.

* In most of the cases the emf suggested by the Thomsc
effect is very small and it can be neglected by mak
proper selection of the metals. The Peltier effect pla
prominent role in the working principle of

thermocouple.




How does 1t work ?

 when any conductor is subjected to change in tempe

will  generate a voltage. This is now known

thermoelectric effect or Seebeck effect.
« Any attempt to measure this voltage necessarily
connecting another conductor to the "hot" end. This add
conductor experiences the same temperature gradie
also develops a voltage.
The magnitude of the effect depends on the metal in us
a nonzero voltage will be measured if two dissimilar
used. After carefully calibrating the  temper

dependence for a given pair of metals, these met

as a thermometer.



A thermocouple measuring circuit
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APPLICATIONS OF
THERMOCOUPLES

e Thermocouples are most suitable for measuring
large temperature range, up to 1800 °C

e These are widely used in the steel industry, h

appliances, manufacturing of electrical equipm

switch gears etc.



Advantages of Thermocoupl

1. The thermocouple type of instruments accurately indic

mean square value of current and voltages irrespective of the¢
There is a wide varieties of range of thermocouple instr
available in the market.
2. Thermocouple type of instruments give very accurate readi
high frequency, thus these types of instruments are completely
frequency errors.
3. The measurement of quantity under these instruments is

by stray magnetic fields. |

4. These instruments are known for their high sensitivity.



Disadvantages

Instead of many advantages these type of instruments pos

disadvantage, The over load capacity of thermocouple
instrument is small, even fuse is not able to the heater

because heater wire may burn out before the fuse blows out.




THERMISTOR

o Thermistor is the short form for ‘Thermal Resistor’.

consists of a bulk semiconductor device that acts
with a high and negative temperature co-efficient of
sometimes as high as -6% per degree Celsius

temperature.

Due to this property of high sensitivity (that is, huge r
change for a small change in temperature), the th
mainly applicable in  precision temperature mea
temperature control, and temperature compensatiot
In a lower temperature range of -100 degree Ce

degree Celsius.




THERMISTOR
SYMBOL

Thermistor Symbol
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o For studying about the different types
thermistors, it is important to understand
formula which shows the linear relationshi

between resistance and temperature.

o As a 1storder approximation, the change in  resistz
equal to the 1st order temperature co- effici

resistance times the change in temperature.

o dR = k.dT
where, dR - Change in Resistance.

kK - 1st Order Temperature Coefficient of

Resistance.



o If the value of temperature coefficient of resista
(k) 1s positive, an increase in temperature incre
resistance. Such a device can be called a Pof

Positive Temperature Coefficient Thermistor (PTC)

olf the value of k is negative, an increase
temperature will decrease the resistance value. Suc|
device is called a Negative Temperature Coeffi
Thermistor (NTC).




RESISTANCE VS TEMPERATUR
CHARACTERISTIC CURVE

Resistance Versus Temperature Characteristics of Thermistor |
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CONSTRUCTION OF
THERMISTORS

o Thermistor are composed of sintered mi
metallic oxides such as manganese, nickel

copper, iron and uranium.

o They are available in variety of sizes and shapes.

o Thermistors may be in the form of beads, prob

and discs.



ADVANTAGES AND
DISADVANTAGES OF THERMI

 Thermistors, since they can be very small, a
inside many other devices as temperature sensin
correction devices
Thermistors typically work over a relatively
temperature range, compared to other tem

sensors, and can be very accurate and precis

that range




APPLICATIONS OF THERMISTC

- PTC thermistors can be used as current-li
devices for circuit protection, as replacement
fuses.
e PTC thermistors can be used as heating elements
small temperature-controlled ovens.
e NTC thermistors are used as resistance thermom
In low-temperature measurements of the order of
e« NTC thermistors are regularly used in auta

applications.




RESISTANCE TEMPERATURE
DETECTOR (RTD)

o A resistance temperature detector (RTD) can al
called a resistance thermometer as the tempé
measurement will be a measure of the

resistance.

o The main principle of operation of an RTD is !

when the temperature of an object increas
decreases, the resistance also increases or dec|

proportionally.



o The main difference between a RTD and a Ther



TEMPERATURE COEFFICIEN
RESISTANCE.

o Resistive Temperature Detectors (RTDs) relate re

to temperature by the following formula:
Rr = Ref[1 + a(T - Tref)]

Where, R; = Resistance of RTD at given tempera

(ohms)

R,.s = Resistance of RTD at the reference temper

(ohms)

a = Temperature coefficient of resistance

| ohm/degree)



RTD TYPES

o RTD types are broadly classified according
different sensing elements used. Platinum, Nick

Copper are the most commonly used sensing eleme

o Platinum is considered the best as it has the.

temperature range.

o In industrial applications, a PRT is known to

temperatures as high as 1500 degree Fahrenh
copper and Nickel can measure only to a ma

400 degree Fahrenheit.



RTD-RESISTANCE VERSUS
TEMPERATURE GRAPH

RTD - Resistance Versus Temperature Graph
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RTD WIRING ARRANGEMENTS

o RTD’s are available with either two, three,
output wires for connection to the seco

iInstrument.

o The various wiring arrangements are designed to re
and/or eliminate any errors introduced due

resistance changes of the lead wires when the

undergo temperature changes.

o RTDs used for electrical equipment generally use
a three-wire system or a four-wire system havi

lead wires.



TWO-WIRE RTD CIRCUITS

o The following schematic diagrams show t
relative effects of 2 ohms total wire resistance

a thermistor circuit and on an RTD circuit:

Hwﬁr}l{ L Ohmmeter
N
Thermistor %) 4
R..=50k 2
ref =
R, =10 Ry = 50002 Q
MM
s Hmﬂl{ {2 Ohmmeter
‘ [ ]
RTD (-
R_.= 100 £2
ref Hwh=jﬂ Rm=fﬂ.?ﬂ
red AN




o Clearly, wire resistance is more problematic

resistance RTDs than for high-resistance thermis

o In the RTD circuit, wire resistance counts for 1.9¢

the total circuit resistance.

o In the thermistor circuit, the same 2 ohms of
resistance counts for only 0.004% of the total cir

resistance.

o 2-wire construction is the least accurate since t
no way of eliminating the lead wire resistance fri
sensor measurement. 2-wire RTD’s are mostly u:

short lead wires or where close accuracy is no



FOUR-WIRE RTD CIRCUITS

o Commonly employed to make precise r

measurements for scientific experiments in |
conditions, the four-wire technique uses four w

connect the resistance under test (in this case, the

white Rowe =142
VA
white Riyire = 1 £2

Current
source D




o Current is supplied to the RTD from a current

whose job it is to precisely regulate current regard

circuit resistance.

o A voltmeter measures the voltage dropped across the
Ohm’s Law is used to calculate the resistance of the
=V/1).
None of the wire resistances are significant in this circui

The two wires carrying current to the RTD will dr
voltage along their length, but this is of no concern
the voltmeter only “sees” the voltage dropped acros

rather than the voltage drop across the current soul




o While the two wires connecting the voltmeter to the
resistance, they drop negligible voltage because tht
draws so little current through them.

o Thus, the resistances of the current-carrying wires
effect because the voltmeter never senses their voltage
and the resistances of the voltmeter’s sensing wires ar

effect because they carry practically zero current.

. 0 4-wire construction is used primarily in the laboratory w
accuracy is required. In a 4 wire RTD the actual resist
lead wires can be determined and removed from

measurement.



DISADVANTAGE OF THE FOU
WIRE.

o The only disadvantage of the four-wire method

sheer number of wires necessary.

o Four wires per RTD can add up to a sizeable wire
when many different RTDs are installed in a pr

area.

o Wires cost money, and occupy expensive out
there are situations where the four-wire me

burden.



THREE-WIRE RTD CIRCUITS.

o A compromise between two-wire and four-wi

connections iIs the three-wire connection, which

R,.=18Q
' Voltmeter B
R““*:,;Uf ﬂ | | Voltmeter A
RTD Current |
R.c= 1000 source
R,=10
— M —




o In a three-wire RTD circuit, voltmeter “A” measure
dropped across the RTD (plus the voltage dropped

bottom current-carrying wire).

o Voltmeter “B” measures just the voltage dropped acr

top current-carrying wire.

o Assuming both current-carrying wires will have (very nea

same resistance, subtracting the indication of voltme

from the indication given by voltmeter “A” yields the vo

3-wire construction is most commonly used in
applications where the third wire provides a method fo

the average lead wire resistance from the sensor mea



o If the resistances of the two current-carrying wires
Identical (and this includes the electrical resis
connections within those current-carrying paths, such
blocks),the calculated RTD voltage will be the same
RTD voltage, and no wire-resistance error will appear.

o If, however, one of those current-carrying wires happens
more resistance than the other, the calculated RTD voltag

be the same as the actual RTD voltage, and a measurerny

will result.

Thus, we see that the three-wire RTD circuit saves
over a four-wire circuit, but at the *“expense” o

measurement error.



ADVANTAGES

o Very high accuracy.
o Excellent stability and reproducibility.
o Interchangeability.

o Ability to be matched to close tolerances for

temperature difference measurements.
o Ability to measure narrow spans.

o Suitability for remote measurement.




DISADVANTAGES.

o Susceptibility to mechanical damage.

c
=

tance compensat

Ire resis

o Need for lead w

IMeS expensive.

o Somet

o Susceptibility to self-heating error.

o Susceptibility to signal noise.

tability for bare use in electrically

o Unsu

conducting substance.

o Generally not repairable

o Need for power supply




Platinum Resistan
Thermometer

he platinum thermal resistance (PTR) uses plati
etermining the temperature. It works on the pr
that the resistance of platinum changes with the
of temperature. The thermometer measures

temperature over the range of 200°C t01200°C.

The platinum Is an unreactive metal and can e
drawn into fine wires. Because of these pro

platinum, it is used as a sensing element in the



Platinum?

inum has been chosen as the standard material for
ermometers as It gives an extremely linear resistance
ation to temperature and is very stable. It is therefore muc
ntrol accuracy over a wide temperature range. It also
dvantage of having a very wide operating temperature range.
hat are the different types?
'Most users of temperature probes will be familiar with the ter
Pt100, Pt500 or Pt1000.
Pt is the chemical symbol for Platinum and denotes its use in
Other sensors may use Cu (copper) or Ni (Nickel) accordingly.
The number relates to the resistance value at 0°C. So a Pt
a resistance of 100Q at 0°C, and it follows that a Pt1000 \
atoec. 4



The platinum sensing coil is enclosed
Inside a bulb which is either made of
glass or Pyrex. The insulator deposit
on the surface of the glass tube is also
used for sensing the temperature. In
this PTR, the double wire of the

platinum is wound on the strip of the

mica. Here the double wires are used
for reducing the inductive effect. The
mica 1S used as an insulator, and it Is

placed at the ends of the tube.

‘Construction of Plati
Resistance Thermome

ABCD
= —
/)H
Platinum 0y j
Sensing Coil % -
- :,.F
Glass or

Pyrex Tube

AB - Cails connection
CD - Compensating Leads

Platinum Resistance Thermometer




Advantages of Platinum
Resistance Thermometer

The temperature measurement through p
resistance thermometer is easier as compared to
thermometer.
The meter gives the precise reading of temperature
The thermometer has a wide range from 200
Celsius.

The thermometer is quite sensitive.

The platinum has same resistance at

temperature.



Disadvantages of Platinum
Resistance Thermometer

 The thermometer gives the slow response.
 The melting point of the thermometer is 1800° C
But when platinum measures the temperature
than 1200°C they start evaporating.
When the thermometer constructed carefully, it

the excellent sensitivity and high range of measu




