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Self Study Basic Electronics Engineering

(" CHAPTER - 4]
TRANSDUCERS AND MEASURING INSTRUMENT

Transducers :

An electronic instrumentation system consists of a no.of components to perform a
measurement and record its signal. The three major components are :

(1) An input device
(i1) A signal conditioning or processing device.
(1i1) An output device.

The input quantity for most instrumentation system is a non-electrical quantity. In
order to use electrical methods and techniques for measurement, manipulation or control,

the non-electrical quantity is generally converted into an electrical form by a device called
a transducer.

Definition : A transducer is a device which converts mechanical force into an
electrical signal.

Or

A transducer is a device which, when actuated transforms energy from one form
to another.

Example : Physical parameters such as heat, intensity or flight, flowrate, liquid level,
humidity and pH value may be converted into electrical form by means of transducers.

Electric Transducer : In order to measure non-electrical quantities a detector is
used which usually converts the physical quantity into a displacement. This dlsplacement

actuates an electric transducer, which acting as a secondary transducer, gives an output
that is electrical in nature.

~ The advantages of converting physical quantities. into analogous electncal
: quantltles are : ¢

‘(1) Electncal attenuatlon can be done easily.

The mass inertia effects are mmnmzed
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v) 'T‘he transducer consists of two important and closely related parts i.e.,

(a) S:nsmg or detector element : It is that part of transducer which responds tx;' a
physwal phenomenon or a change in a physical phenomenon.

(b). Transduction element : A transduction element transforms the output of a sensing
slement into an electrical output.

Classification of Transducers :
The transducers can be classified :
1. On the basis of transduction form used
2. As primary and secondary transducers.
3. As passive and Active transducers.
4. As analog and digital transducers. -
5 As Transducers and Inverse transducers

1. Classification on the basis of transduction form used :

On the basis of transducation form used transducers can be classified as

(a) Resistive
(b) Capacitative

(c) Inductive

(a) Resitive Transducer : In an resistive transducer an indication of 'n:iga;ured_

4 Physical quantlty is given by a changc in resistance. o
. Potentiometer device, Resmtance stram Gauge Thenmstor, f&o

'r-'s‘

ran ucer : A capacltatlve transducer operates
' by the phys;cal quatmty_ ,
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ity rﬁ «simby achange in inductance.
I e : Magnetic ckt. transducer, reluctance pick up, Dlﬁ'e:enual

13, 2. .Prlmary and Secondary Transducer :

~ Let's consider the case of a Bourdon's tube as shown in figure below.
Cord Free end | i

Secondary Pulley Bourdon
winding Tube

Core
Output _p Primary
voltages \? winding
i)

L.V.D.T Pressure

Fixed end

The Burden tube acting as a primary detector senses pressure and converts the pressure
into a displacement of its free end. The displacement of free end moves the core of a linear
variable differential transformer (L.V. D.T), which produces an output voltage whichis
proportional to the pressure. Thus, there are two stages of transduction, the pressure is
converted into a displacement by Bourdon tube, then the displacement, is conversed into
an analogous voltage by L.V. D.T. Hence the ‘Bourdon Tube’ is called as a pnmﬂY
transducer’ while the L.V. D.T. is called as a ‘Secondary transducer’.

l
50
By O
.

~ Note : In most measurement systems, there is a suitable working combination ¥
m a mechamcal device acts as a pri mary detector transducer and the electncal devme
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s - put. They are also kn erating ty

_asducers, since t : 1own as self generating type
msg:duction of OE&?S," elop. their QWn voltage or current output. The energy rqufgz
for P 1gnal is obtained from the physical quantity being measured.

Velocity, temp. light intensity

tive transducers and force can be transduced with the help of
a .

Ex. Thermocouple, photovoltaic cells and piezo electric crystals.

4. Analog and Digital Transducers :

Ana‘log .tl‘ansdu’cer : These transducers convert the input quantity into an analogus
output which is a continuous function of time.

Ex : Strain Gauge, Thermocouple, Thermistors, LVDT.

Digital Transducer : These transducers convert the input quantity, into an electrical
output which may be in the form of pulses.

5. Transducers and Inverse Transducers :

Transducers : A Transducer can be broadly defined as a device which converts a
non-electrical quantity into an electrical quantity.

Inverse Transducer : An inverse transducer 1s defined as a device which converts
an electrical quantity into a non-electrical quantity.

It is a precision actuator which has an electrical input and a low power non-

" electrical output.

A Piezoelectric crystal acts as an inverse transducer because when a voltage is applied
- across its surfaces, it charges its dimensions causing a mechanical displacement.

moving in a magnetic field is also au inverse transducer

A ing coil : o
e rted into a force which causes transitional or

because current carried by it is conve
[Otational displacement.

¥

cal Devices as Primary Detectors : :
B o from mechanical sy§tems,_ )
they are of great 1‘mpo ,

nly mechanical displacement or
ce. Some of the most commonly

LN e
S0, At Lo Y gy T"T'- ‘ﬁ“‘ r
i b s

tract information
e used and therefore
ements are :

b
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ment of acceleration, veloci

4 . 7_’\"
1

R (1v) A mass damper system - used for measure
& .lien?ment.

The initial coneept of converting an applied force into a displacement is ba"F,

many types of primary sensing elements. :

" The mechanical elements which are used to convert the applied force mm
displacement are usually elastic members. They can be classified into three categories
such as :

1. Direct tension or compression type
2. Bending type
3. Torsion type

Mechanical Spring Devices :

Most mechanical input measuring systems employ mechanical springs of one form

or another. The displacement are usually small and engineering approximation for smaﬂ*
- displacements or deflections are valid. o !
|

‘Example : Cantilever, hellical and spiral springs, Torsion bars, prooving rings, spring
flexure pivots.. | ke

-

Cantllever : A cantilever is shown in the figure below which is subjected to a f e
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l - length of the cantilever i metre.

E = modulus of elasticity

I = moment of inertia — (l.) bt3 |
12

b = Width of cantilever

t = Thickness of cantilever

~ Stiffness of cantilever g = = = 3_E_‘I_
x P

Hellical sprlng The figure below shows

a close coiled hellical spring subjected to
“acompressive force F.

| ‘Displacement of the spring is

8FD’n
Xe=
Gd*
where F = Applied force
D = Mean dlameter of coiled spring
d = diameter of spring wire
n = no. of wires

- G = Shear modulus

v o g et g a0k bee ote 8o

R el I AT
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with the help of g dienloer - -2 Hu

B i a displacement transc
:e bar, which is Proportional to nt transd
ges. The shear strain is a measure of the torque.

e nad
here T = Applied torque‘
- G = shear moduiu.
- d=diameter of bar
Prooving (proof) rings : They are used for measurement of force, weight or load.

The applied force causes a deflection which is measured with the help of
electrical transducers.

Prooving rings are made up of steel and are used as force standards. They
particularly useful for calibration of material testing machines in situations where dcad
weight standards are impractic uble to use an account of their bulk.

A proving ring is a circular ring of rectangular cross section as shown in figure
below which may be subjected to either tensile or compressive forces across its diameter.




R (Load Cells)

Spring Flexture Pivots :

\

‘i ~ The figure given below shows two different types of arrang
One for the single spring flexture pivot and the second for cross
ivot is widely used in measurement work for the

ements for flexture pivots
ed spring flexture pivot.

#l

- The crossed spring flexture p
- following reasons : Lk o
A (i) It is practically frictionless .

- (ii) The pivot sensitivity
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- Pressure sensitive primary devices :
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Most pre : ; _ .
Ey st pe S:F:re neasuring devices use elastic members for sensing pressure at the
primary stage. These elastic members are of many types and convert the pressure into

mechanical displacement which is later converted into an electrical form using a
secondary transducer,

These devices are many time known as force summing devices.

Principle of Working :

The ﬂuiq whose pressure is to be measured is made to press the pressure sensitive
element and since the element is an elastic member, it deflects causing a mechanical
displacement. The displacement is proportional to the pressure applied. The displacement
is then measured with the help of electrical transducers. The output of the electrical
transducers is proportional to the displacement and hence to the applied input pressure.

The commonly used pressure sensitive devices are :

1. Bourdon Tubes : (i) Bourdon tubes are designed in various forms. These are -

(i) C - Type (ii) Special type (iii) Twisted tube (iv) Hellical

(ii) The Bourdon tubes are made out of an elliptically flattened tube bent in such a
way as to produce the above mentioned shapes.

(iii) One end of the tube is sealed or closed and the other end is open for the fluid

to enter.
(iv) When the fluid whose pressure is to be measured enters the tube, the tube tends

to straighten out on account of the pressure applied.
he free end (closed end) and the displacement of the

le calibrated in terms of pressure or may be
utput may be calibrated in terms of

(v) This causes a movement of t

free end may be used to move a pointer on a sca
applied to a electrical displacement transducer, whose 0

the pressure applied.
Advantages :
(i) Low cost
(ii) Simple construction
(iii),High-pres'sure range

.¢ %‘%@(l ) Good accuracy except at low pressure
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0 (la'l'he € - Type Bourdon element is most commonly used for local indication butj
ﬁdso used for pressure transmission and control applications.
(ii) The tube which is oval in section is formed into an arc o
name C for the configuration.

~ The displacement of the tip is

-r 02 033 3
Aa=0 .osﬂ(__) (EJ (i)
E\t y t

Here E = modulus of elasticity

P = Applied pressure
(m) The accuracy of C type Bourdon tubes varies from £0-5 t

£ 250 and hence the.

0 +2% or poorer.

(iv) However the normal accuracy is about £1%.

Scale __«— Cross section
100 P ~ of pressurised
, tube

-

Normal cross

o= Tip section of tube
= (Sealed end)
l «— Link

A

Geared sector
and pinion
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Tip free
end
(Geometry of type Bourdon Tube)
2 Spiral Type : K-
(1)‘Sp1ral type Bourdon tubes

are made by winding several turns of the tube W1th its
flattened Cross section in the form of a spiral. o

(i) When the pressure to be measured is applied to the spiral, it tends to un coil

producing a relatively long movement of the tip whose displacement can be used for
indication or tldnsmiwon

(iii) The accuracy of spiral tube elements is higher than that of C type elements on
~decount of absence of mac'mtwno clements and is typically about +0.5%

b ARY

Scale

100 E
' <« Pressure
p
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na },Iielli:cal elémept;aiid q,)é pointer js.

i lﬂsually a centre shaft 1s mstalled Wlth.l
m thlS shaft by connectlng lmks | 3 e 1
:';:-‘ :(1v) The system transmnts only the circular motion of the tip of the pointer whichis |
.--I;ly.propomonal to the changes in pressure. | K &
lude the high over range capabilities which

(v) The advantages of helix elements inc
fluctuating pressure applications, andits

~ may be in the ratio as high as 10:1, 1ts stablhty in
- adaptibility for high pressure servme

(v1) The accuracy obtainable from hellcal elements may vary from=.5% to+1% of span, 1'

Hellical
tube

Free end tip ]

Pressure

' Pointel/,

Shaft
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Made of differen materials which s

+veryllizem copper, K Monel “N{ ‘

movement 1s small.

(i1) The movement of diaphragm is a convenient way of sensing a pressure.

(1v) The unknown pressure is applied to one side of a diaphragm.

(v) The edge of the diaphragm is rigid by fixed and causes a deflection on account of
the applied pressure P.

,, .‘? (vi) The diaphragm are of two types :
"" (a) Flat Type
“ - (b) Corrugated Type




D= Dlameter of dmphl agm
V = Poisson’s ration

- R =Radius of diaphragm

R~

dm = deflection at the centre of the diaphragm

Bellows :

(1) A metallic bellow is a series of circular parts, resembling the folds in an accordian
as shown in figure below.

(i1) These parts are joined in such a way that they are expanded or contracted ax1ally
by changes in pressure.

 (ii1) The metals used in the construction of bellows, must be thin enough to be flexible, ;
docile enough for reasonable easy fabrication and have a high resistance to fatigue fallure.!”'f

(iv) The materials used are brass, bronze, beryllian copper, steel and model. i‘

i

(v) The materials used for manufacturing bellows are hydrallic, sulderin gand welldlnga-q

9 ~ of annular sections, ‘rollin_g, spmmg and tu1n1ng from SOlld stock etc,

 The displacement of bellows element is given by d = 453 PbnD?{1-y?
P = Prcssure!~ '

S

‘ “@ ,of each corrugatlon
g w}n =, Ve e




’a ed B

l‘resqure P

? ///////// ZA 7777777777

Bellows — (C

ol { —
vi)
C > t
@ — &
—’ !
2l Calibrate
Scale

Pointer

\‘ﬁear variable differential transformer (LVDT) :

"~ The most widely used inductive transducer to translate the linear motion into electrical

Slgnals is the linear variable differential transformer (LVDT).
Construction o >

= ‘Secondary w'ndingyP -
e winding S, ; LR
/ /lll 11 1

TR

Soft iron core

T ""’M.Q\’o wocc ] S
RE0K 1]

i{;lillunnuu‘:mulmrfman
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(i) The transformer consists of a single primary winding P and two secondary windings
S,and S, ‘wound on a cylindrical former. | :
(ii) The secondary windings have equal no. of turns an
either side of primary winding. |
(iii) The primary winding is connected to an A.C. sou

(iv) A movable soft iron core is placed inside the former.
arm attached to the soft iron core.

d are identically placed on

Ice.

(v) The displacement to be measured is applied to the

(vi) The output voltage of secondary S, is ES, and that of secondary S, is ES,.

(vii) In order to convert the outputs from S, and S, into a single voltage signal, the

two secondaries S, and S, are connected in series opposmon
(viii) Thus the output voltage of the transducer is the difference of the two voltages.

Differential output voltage

E,=E; - Eq,
Working :
. A.C Excitation A.CJE\x‘citation
o)
Primary -
Arm wmding | Primary
\ winding
C =4 ‘
S N— ore 3
displacement displacement
Es, Es,
—> —>
S, S, Differential output E‘Z)o = Es, - Es,

(i) When the core is at its normal (Null) parts of the flux linked with both the secondary
winding is equal and hence equal emfs are induced in them. '

(i1) Thus at null position E¢, = E,, since the output voltage of the transducer is the
_‘dlffcrence of the two voltages, the output voltage is zero at null position.

& (jii) Now if the core is moved to the left of the NULL posmon, more ﬂux lmkswwuh -
 winding ! S, and less with S,. Accordingly the o/p voltage E,, of S, is more than op
P z

of S The magmtude of o/p voltage is Eq = E ‘E _ ;

A SN ¥ 30 3 3 3 : ._J!;{‘

o
B
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| -(iV)s H;::;z COl'él is moved to tht.a right of the NULL position, the flux linking with
winding L Hmes arger than that linking with winding S . This results in E, becoming
jarge than Eg. Here E, = E,-E, and is 180° about of phase with primary voltage.

(v) The amount of voltage change in either secondary winding is proportional to the
qmount of movement of the core.

(vi) The o/p voltage of an LVDT is a linear function of core displacement within a

limited range of motion.
A Output voltage, E
Linear

range

o = 180° ‘/
K

¢ = 60°

\\\ N 23 Résidual voltage

B(— Displacement A 3

Advantages of LYDT :
(i) High range (Ranging from 1.25mm to 250 mm)

(ii) Frictionand electrical isolation

(111) Immuiity from external effects

(iv) High.nput and high sensitivity

(v) Ruggadness

(vi) LowHystresis |

(vii) Eov power consumption
Disadvantages :

(i) Reltively large disp

(ii) They are sensitive to stray ma

by providirg magnetic shields with longitudinal slolts. -2
(iii) ¥lany times, the transducer performance is affected by vibrations.

(iv) The receiving instrument must be selected to operate an a.c. signals or a

demodulition network must .
(vThe dynamic response is limited mechanica
: JnCy of applied voltage. The frequency 0
st frequency component to be measured.

lacements are required for appreciable differential output.
gnetic fields but shielding is possible. This is done

be used if a d.c. output is required. |
Ily by mass of the core and electrically
f the carrier should be at least ten

| e
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(1) CRO is a very useful and versatile laboratory mstrument used for dlsplay,
measurement and analysis of wave forms and other phenomena is electrical and

.electromc ckts.

(11) CROS are very fast X-Y plotters, displaying an input qwml versus another signa

. Or versus time.

LR s
1T :

(iii) The stylus of this plotter is a luminous spot which movesover the display are;
in response to an input voltage.

(iv) CROS are used to investigate wave forms, transient phenonena and other tirr
varying quantities from a very low frequency range to the radio frequencies.

(v) O%Cllloscope works as an eye for electronic engineers.

¥

Block diagram of CRO :

/ Volts '

0y I fertnrca! |
Input L ‘
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oscilloge pe i
he b bearn to hlgﬁ‘\;elo EPRIT

cts the beam to “create image a
the electron beam becomes vigible, | o 2

'e power supply block provndes
d accelerate the electron beam, a
‘ ckts of the oscilloscope.

the voltage requn'ed by the cathode ray tu -
s well as to supply the required oprating voltage

T 2

~'-’a) Tlme base generator gener ‘ ' s
ates the corre ina
,nme dependent rate. ct voltage to supply the cathode

‘(lV) The blbfl‘al (o be viewed is fed to a vertical amplifier, which increases the potentlal
input signal to a level that will provide a usable deflection of the electron beam.

(v) To synchronize horizontal deflection starts at the same point of in input vertical
al each time it sweeps, a synchronizing or triggering ckt. is used.

_-""(;.vi) This ckt. 1s a link between the vertical input and horizontal time base.

gl

~ Applications : (i) Measurement of current.
N
e
| ,i, ._(u) Measurement of voltage.
o ‘, 3
i (_iv) Study of Lissajous figure.

' (v) Testing of television, Radars etc.

é‘missive cells :

éfe are basiCally two types of photo emissive cells such as =

i facl'_lurh Type

as f|lled Type

ts of a cu‘rvetl shie'. :
: oto cell (1) It conms
Tytgz fvtllth a photo ermsswe matooal :Vhlch‘ fo




(iv) The cathode is coated with emissive materials. These materials emit electrons
when light radiation strikes them.

(v) The emitted electrons from the cathode are collected by a positive electrode
(anode) forming an electric current.

I Micro-Ammeter |
b f \
: ) 3 :

Light

» \-\ ’Cathode-

I | s*l- J 35 ¥Lp ’._-'
\.

';n‘ﬁh -..u.j*&.x.,m fimdisiie adiitia &
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jtensnybfhght | 'y : . \ | s} m
(i) Colour of light or its wavelength b, "
(i) Voltage applied between cathode and aebde e “.

| The sensitivity of photo electric cells is moderate, the luminous sensitivity lies between
1010 100 pA/Im and the radiant sensitivity lies between 0.002 to 0.1 pA/uw at peak
spectral sensitivity.

The major advantage of photo electric cells is that they are stable and do not change
their characteristics over long periods of time provided they are operated at low voltage
and are protected against excessive light.

The disadvantage of photo emissive cells is that current through the highly evaluated
wbes is very small which loads low sensitivity.

Photo conductive cells :

(i) Electrical conduction in semiconductor materials occurs when free charge carriers
such as electrons are available in the material when an electric field is applied.

(i) In certain semiconductors, light energy falling on them is of the correct order of
magnitude to release charge carriers which increase flow of current produced by an

applied voltage.

(iii) The increase of current with increase in light intensity with the applied voltage

remaining constants means that the resistance of semlconductors decrease with increase in

light intensity.
| (iv) Therefore, these semiconductors are called as photo conductwe cells or photo
Mlstors or sometimes as light Dependent Resistors, since mmdent hght effectlvely varies

| &WO m@,st commonly used photo conducuve sermconductor mam‘ _

e and cadnuum selemde P OPPRLE T

v Lo
s




Iead out wires

Photo Voltaic cell :
(i) This 1s an important class of photo detectors.
(ii) They generate a voltage which is proportional to EM radiation intensity.
(iii) They are called as photo voltaic cells because of their voltage generating
characteristics.

(iv) A photo voltaic cell is a giant diode, constructing a PN junction between
appropriately doped semiconductors.

(v) Photons striking the cell pass through the thin p-doped upper layer and are absorbed
by electrons in the lower N-layer causing formation of conduction electrons and holes.

(vi) The depletion zone potential of the PN junction then separates these conductlom
holes and electrons causing a difference of potential to develop across the junction.

- 'a_f

Conductor upper

A~

COH;EEL__—- P-doped semiconductor (T
_~~_ Radiation i

B :j..- ﬂt"‘}{:'j - f /// v il g ]

’. L
ll: ! o ‘ : | | .J l) ;
\ ""- ‘l JJR 7248 / [ ‘f‘}la
W'f" itlﬁi'i' AR Y vl ke ' B PN JlmCtion' J ,‘
> NN X e OGO, nTi em‘ll"i ¥
1’5!. 5 s = 3 ity --A..
T ' e t"hL‘h.i’m.g .
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: %eJ uemendous advantages of photo volatic céll are i;s abilitx @' ,
voltage without any form of bias and its extremely fast response. 89 _
- Multimeter : il i

(i) This is the most commonly used instrument by tzchmques and engmeers in : ‘:
jaboratory as well as the other repair works.

(i1) This instrument can make many (multi) measurements with reasonable accuracy
such as A.C. and D.C. voltages, currents and resistances.

(iii) Since it is a miliammeter, voltmeter and ohmmeter combined together, so it is
also called AVO meter.

(iv) It has various ranges to measure different voltages, currents and resistances.

Digital Multimeter :
(i) An analog multimeter contains a moving system, which is a moving coil

galvanometer. while the digital multimeter contains typical nos. of moving parts.

(ii) When a voltage or current passes through the meter, it converts them into a
digital code. '
(iii) The ckt. used is called A/D converter. The code is then processed electronically

1o calculate the current or voltage. 4 i :
(iv) Digital multimeter displays the digital value of measurement automatically with

decimal point. [ R | _'
Advantages of digital multimeter over analog multimeter :

(l) It has high accuracy of measurement. T o S

o ")Q;%tal multimeters are generally easier 10 use than analog mult;metqr ’
jalmeadout of DMM gwes a single no. m;stead of a dial poin

Olgluf 3R

The IJMM also has a buﬂtqm over koad pmtecjnq
c w s 4,__....3 L‘F“‘i l i

N 1= |

t



