N / L4 ~ ~ & v L 4
4 29 S o )l WL AS ) (pae (S8 CueS a Hewin S m
‘ N 3 v ‘ 3 J}\ - 45 . J.\:\ o ‘ S NS
D18 oLl 3 ) ge 23 giae A4S 2 Jpadi (S i) CuaS S JS
38
D st J188
R oyl B Hlaie J€Ias g Jilas: S s gna g
(A58 (0 > A md cua 4S 63555 Jilaa)Deadband
Saturation
ﬁjd.a\}c J\ ‘;JMAS@MLS‘),S::J\L\ J\Mj‘fd\j‘)\mu.uu).\;\ A o
")

Dla 3 (5 i 4S (5,8 o il il el o @l i JiSIaa(Resolution) <
385 sl g 58 0 3l

(P50 sha e slad
o) Cuald aiila (5l Hl SS sUad
psd 4 o Jalaa Hlaa

10/28/2019



‘_h)ei o))l CuaS & 53 (bl o LA it £ 50l
S

How

(haliza g Y piall m

ubline m

S m

SN =

10/28/2019



338 53 Sdae Hlas i guii o) 63

3 S lee i ) m

aslie SA st w
Al s ) suiv w
i b s i u
S 5 on sla ) suiv w
aS Cpinl b ) g
G Gsile o) suis w
GoR S jswin u

3,008 ki ) m

Cualda 6,8 5 jail sla j st w
S ghay 58 ol (sla ) guii
Gl l (58 o)1) (sla ) susins
D8 (5 58 ol (e ) s
Sl oS o)l Gla v
il 8 o))l (sla ) guins
Lo sl ) pive
Dbl sl gt w

10/28/2019



Resistive Ion:inal ; ( e‘ﬁjj ) ‘)S-A j.j.ud\:\.\ B
’ « «

Shaft , e

‘ element o
Displacement Shaft / ,,'
/ ”I’ /I ’
/\\iper ; % ’,'
T T
[IRRARARNANRRRRARRRNNN Y =
l"Mamdn:l Resistive ¢
wire ¢
\ ? Slip ring
o] Egy 4= \ =2 Wiper
e “
s E Slip ring contact
mn

(a) Translatory (linear) potentiometer (b) Rotational potentiometer

Figure7.2 Potentiometers having wire-wound resistive elements.

Analysis of Translatory (linear) potentiometers
Translatory POTs are also called linear potentiometers.

Consider Figure 7.3(a).

+ Wiper ¢ Riin™ Rm
£ (5 X, % __f_m — g B 83 R g_ ; o
¥ X | Equ R, Meter - )
} l Rﬂl % im

(a) Using a meter (b) Without using a meter

Flgure 7.4 Linearzation of a potentiometer. i s
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7.6.2 Rotary Variable Differential Transformer (RVDT)

Rotary variable differential transformer (RVDT) is used for the measuremen
displacements. It converts the angular displacements into electrical signals. 1
principle of RVDT is similar to that of LVDT. Construction of RVDT is same as t
i.e. one primary winding P and two secondary windings S, and S,. The only diff

the core in RVDT is cam-shaped and rotated inside the windings through a shafi
shows the constructional details of a RVDT.

O
b

Cam-shaped  §,

Sout

core

AC ’b Primary Dichr::mial output voltage

inputg winding P Eou ™ Eg) — Es;
Shaft

Figure 7.11  Constructional details of RVDT,
10/28/2019
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Figure7.13  Acapacitive transducer used for angular displacement measurement.
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Figure 7.14  Capacitive pressure transducer

Advantages

1. As these transducers have high input impedance, the loading effect is minimum.

Jov RERGIT: N TTe L

2. They require small force for operation, hence is useful for small displacement, pressure

measurements and require small power.
3. These transducers have good frequency response.
4. They are less affected by stray magnetic fields,

Disadvantages

1. These transducers require good quality isolation so as to protect the transdueer (metal

plates) from stray capacitance.

2. Guard rings are necessary so as 10 minimize the stray electric fields.

3. Sometimes frequency response may be affected by the loading effects from connecting

links and cables,

4. The performance may be affected by parameters like dust, temperature, moisture,

vibrations and s0 forth,

5. They require complex circuit arrangements like bridge, amplifiers, etc. for measurement

purpose.
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AA is the change in cross-sectional area
AL is the change in length of the wire
Ap is the change in the resistivity

AR is the change in the resistance
The change in resistance is due to the following factors:

(i) Per unit change in the length, AL/L
(i) Per unit change in the arca, AA/A
(iii) Per unit change in the resistivity, Ap/p.

If change in resistivity of the material due to the strain is neglected, the gauge factor is
G|:= 1 + 2)’

The following table shows the gauge factors of some materials:

Material Gauge factor (Gg)
Nickel -1.21
Nichrome +2.0
Softiron +42
Carbon +20
Platnum 44, 8

10/28/2019
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A thermocouple works on the following principle:

When two dissimilar metals A and B are welded or joined together to form a closed circuit
and the junctions (J, and J,) are kept at two different temperatures (7 and 73), then an emf is
generated resulting flow of current in the circuit or loop.” One of the two junctions in the loop
is reference or cold junction which is generally kept at 0°C and the other is the measuring or hot
junction at which the temperature is to be measured as shown in Figure 7.19,

Voltmeter
Reference
Measuring Metal B junction
junction (hot) N _ &' """ (Cold)

R Sy 4
Al \X

Metal A

Dissimilar
metals

Figure 7.19  Working principle of a thermocouple.
10/28/2019 11
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List of industrial thermocouples
B;ggnaﬁon Metal couples used Temperature range (in °C) emf (in mV)
Positive wire Negative wire Min Max Min Max
B Pt70-RH30 Pt94-Rh6 0 1860
J Iron Constantan -19%6 760 0.0527 0.05745
K Chromel Alumel -190 1371 040 0.041
Platinum 90% Platinum 0 1400
Rhodium 10%
T Copper Constantan -190 399 0.04277 0.052
Y Iron Constantan -129 R0
E Chromel Constantan -280 850
10/28/2019
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Figure7.20 Relationship graph between temperalure and emf.
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Advantages of thermocouple

Construction is mechanically strong and rigid. |
It is suitable for reading (measurement) of rapidly varying temperatures.

It has low cost. |

There is no need of bridge circuit.

Installation and calibration is easy. :
It is suitable for temperature range of =270 to 2800°C.

S .

Disadvantages of thermocouple

1. It requires a protective wall or sheath.

2. Thermocouple needs compensating arrangement.

3. Amplifier circuit is necessary to increase the output voltage level.

4. For long distance temperature measurement, compensating wires are necessary.”

10/28/2019 14
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Semiconductor Temperature Sensors =
Rr=Rry exp[B(L/T,-1/T5)] .

PTC : Positive Temperature Coefficient =
NTC : Negative Temperature Coefficient =

\dvantages of thermistor

1. It has small size and is compact.

2. It gives good response time from fraction of seconds to minutes.

3. It can be installed in small areas like pipeline, inlet or outlet of tanks.
4. There is no need of cold junction compensation.

5. It has good stability.

isadvantages of thermistor

I. It has non-lincar performance. ie. lemperature versus change in resistance graph.
2. It is not suitable for higher temperatures.

3. Itrequires bridge circuit arrangement for converting the change in resistance to voltag



(Usiue y)led (sla ) ganing

10/28/2019

Bend type

Thermistar with
lead washers

L O

C}g‘.— 1Leads Sj\ @'

—J\/[::/\/— Washer type
[a) Symbal ( ’)
\\\" Leads
\

Disk type
10 k | T
1t \
am’ \
10 &\r Thommintor «f e
. : 2y
B0
14
L —
g 1 Platinum | ™
o ol

<100 0 100 200 J0U 400 00
Temperature (°C)
(0) Resistance-temperture ehirncteristics
of o thermistor

Flguro 7.21

Wasker b Washer

Lends Rod type

() Varlous configurations of a theemistor

'-L (¥
Naltery = A @,_—

“Thennistor &
() A Wheatstone brdge with theristor Ry

Attormistcr,

16



(RTD)w2 sl ) guins

Resistance Temperature Detector =
AS e odldiu) Laa bl 318 _Ga glaa &l yuzd ) m

0 200 400° 600° 800°

5
4 /
Nickel {—— Copper |~

N4~
3

-

0" 400° 600° 800° 1000°
Temperature e

() 17

10/28/2019



Low expansion metal

Fixedend 57

Free end

High expansion metal
(a) Working principle

(Bimetallic thermometers)

Scale

Pointer

<— (Case

Bimetallic
strips connected
to pointer
arrangement

High expansion
metal

Low expansion
metal

(b) Construction
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Advantages =

1. A diaphragm has low cost.
2. It is useful for measurement of absolute and differei
3. It has good linearity.

4. It has small size and good compactness.
S. It is fabricated by using non-corrosion resistive ¢

Disadvantages R <

1. The performance of a diaphragm may
2. Repairing of diaphragm is very co
3. It is applicable only for low-pres:
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Figure 7.31 Difierential roller gauge method for tuckness measurement.
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Figure 7.32 Capacitance method.

e capac'“or the rcsonancc (XLH xC) ge\s d‘ISlurde Wh‘Ch is indicn'ed by lhc ‘hiCkncss

il Indicator/
Radiation method display
As the name tmplies, this aystem uses nuclear radiations Al
(alpha, beta, g‘:m\mn. X-rays) radiated or generated
from radiation source for the measurement of thickness .
of sheets, 1t has wide operating range. Itis useful for the Radiation
measurement of thickness of hot and cold bodies, detector BIage
plastic, rubber, paper sheets and so on, Figure 7.33 v 5
shows nuclear radiation method used for determining A
the thickness of a sheet under test, A
The sheet under test is passed throu tati ¥
; CAPRVAS. PN gh the radiation Radiation
source and the radiation detector stage, Thickness of soures m%‘;,”,;ﬂ
the sheet is determined in terms of radioactive decay or ) ok A
atenuation of radiations, The relationship is given by Figure7.33 Nmm‘m"mM: n
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Figure 8.2 DC signal conditioning system.
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Instrumentation amplifier
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