R.N.G.P.I.T, Bardoli

Electrical Engineering Department
Subject: EMMI

Prepared By:
Dr. Shaikh Mohammed Suhel



Prepared By:

e NAME: DR. SHAIKH MOHAMMED SUHEL
(ASSISTANT PROFESSOR RNGPIT, SURAT)

« FORMER ASSISTANT PROFESSOR IN SCET, SNPIT&RC, VIT
e QUALIFICATION: PHD (POWER- ELECTRONICS & DRIVES,
NIT, SURAT), M.TECH (INDUSTRIAL ELECTRONICS, NIT-
SURAT), GATE, B.E. (ELECTRICAL ENGINEERING., VNSGU-
SURAT).

« EXPERIENCE: 13 YEARS.



CH: Transducer & Sensors

 This Lecture contain

» Resistive (Strain gauge..), Inductive (LVDT)and capacitive
transducer
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Transducers and Sensors :
Definition, different types of transducers, criteria for selection, general characteristics and

dynamic characteristics, transducers for measurement of temperature ((Thermocouple and
RTD), transducers for measurement of pressure, strain, transducers for measurement of
displacement, speed, torque, Hall Effect transducer

Sensors — basic concept — Speed and position sensors
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RESISTIVE TRANSDUSERS:

It is clear from the equation that, the electrical resistance can be varied by
varying, ,0|

(ii) Cross-sectional area and A

(iii) Resistivity or combination of these:

Method of changing resistance Length - Resistance can be changed varying the
length of the conductor,(linear and rotary)-

Dimensions - When a metal conductor is subjected to mechanical strain, change in
dimensions of the conductor occurs, that changes the resistance of the conductor-

Resistivity -When a metal conductor is subjected to a change in temperature and
change in resistivity occurs which changes resistance of the conductor-

Resulting device:-

Resistance potentiometers or sliding contact devices displacements ,Electrical
resistance strain gauges, Thermistor and RTD

Use:-

the resistive transducer used for the measurement of linear and anqgular, and used
for the

temperature mechanical strain measurement



Potentiometer:

A potentiometer is a resistive sensor used
to measure linear displacements as well as
rotary motion-

In a potentiometer an  electrically
conductive wiper slides across a fixed
resistive element- A voltage is applied
across the resistive element- Thus a
voltage divider circuit is formed- The
output voltage(Vout) s measured as
shown in the figure- The output voltage
is proportional to the distance travelled-

There are two types of potentiometer,
linear and rotary potentiometer- The
linear potentiometer has a slide or wiper-
The rotary potentiometer can be a single
turn or multi turn-
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Potentiometer:

Some of the applications of the
potentiometer are

Linear displacement measurement
Rotary displacement measurement
Volume control

Brightness control

Liquid level measurements using
float




Strain Gauge:

Strain gauge is one of the most popular
types of transducer- It has got a wide range
of applications- [t can be used for

—

measurement of force, torque, pressure, d ¢

acceleration and many other parameters- o

The basic principle of operation of a strain Lo

gage is simple: when strain is applied to a I

thin metallic wire, its dimension changes, P

thus changing the resistance of the wire- Y.
L 1

Gage Factor: Let us consider a long straight metallic wire of length | circular
cross section with diameter d- When this wire is subjected to a force applied
at the two ends, a strain will be generated and as a result, the dimension
will change (| changing to I+Al, d changing to d-Ad and A changing to A+AA)-
For the time being, we are considering that all the changes are in positive
direction: Now, the resistance of the wire:

R=2
A



Strain Gauge:

When metal conductor experience a
force not only dimension but its
resistivity is also changed, this
effect is called piezoresistive effect:
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Lateral strain
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Types of strain gauge:
Types:
7) Wire wound (Unbonded and® _{= N i

Bonded strain gquage) i 7 Mg
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Types of strain gauge:
Types:

7)Bonded strain gauge
2) Foil type strain gauge

Features:
High Gauge factor

Strain gauge resistance should
be high

Low resistance thermal
coefficient
Should  Not  effected by
hysteresis

Linear characteristics
Good frequency response

Bonded Type Strain gauges-Wire and Foil types

Direction of strain

-

Paper
tissue

Direction of strain

Fine
Q o wire

5) jh Q Q0
L Leads

Wire Type Foil Type
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Types of strain gauge:
Types:
3)Semiconductor strain gauge

They can be of two types: p-type and n-
type: In the former the

resistance increases with positive strain,
while, in the later the resistance
decreases with temperature:

The  construction and  the  typical
characteristics of a semiconductor strain
gage are shown in figure

Features:

High Gauge factor

Low hysteresis loss

Size small

High fatigue life

Highly affected by temperature
Not linear

Costly

Gold wire

Semicanductar

Semiconductor

Terminals

Semicanductor

Terminais

. Semiconductor strain gauge
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Linear  Variable  Differential
Transducer (LVUDT):

LUDT is inductive transducer:

Inductive transducers work on
the principle of inductance
change due to any appreciable
change in the quantity to be
measured

It measures displacement in
terms of voltage difference
between its two secondary
voltages- Secondary voltages
are nothing but the result of
induction due to the flux
change in the secondary coil
with the displacement of the :
iron bar- Dt iy




Linear Variable Differential , Fimmey

Coil 1

Transducer (LVDT): (i e
Construction: -— Core

The transformer consists of a
primary winding P and two | cuse
secondary winding 5, and 5, i bobin
wound on a cylindrical

former(which is hollow in nature e @
P
Primary coil

and will contain core)- Yo

Both the secondary windings
have equal number of turns and
are identically placed on the
either side of primary winding
The primary winding is
connected to an AC source
which produces a flux in the air
gap and voltages are induced in
secondary windings-




Linear Variable Differential
Transducer (LVDT):

Construction:
A movable soft iron core is placed
inside the former and

displacement to be measured is
connected to the iron core-

Soft iron core (‘nickel-iron alloy)
slotted to reduce eddy current
loss-

The iron core is generally of high
permeability — which Ze/ s in
reducing  harmonics anc/p high
sensitivity of LUDT-

The LVUDT s placed inside a
stainless steel housing because it
will provide electrostatic and

electromagnetic shielding-

Secondary  Windings are series
opposition connected-

Primary
Coil 1 eoil 12
(secondary) {
Motion
Core
Constant .
i posasg
o !
Or

O

Cr
Difference voltage
Y=V V3 p
Primary coil [ji):]




Working of LVDT: i

As the primary is connected to an
AC source so alternating current and Secondary

voltages are produced in  the Primary Y
secondary of the LVUDT- The output ¢ . % 1’1
—~ !

in secondary S, is V, and in the
secondary S, is U,© S0 the
differential output is, V,,6 = U, -

Vo, This equation explains the % ‘fz
principle of Operation of LVUDT- .

When the core is at null position Core
(for no displacement) When the
core is at null position then the flux Output

linking with both the secondary Linear 4 Voltage.E
windings is equal so the induced emf ~.,  Range .9
is equal in both the windings- So for d=1kp & o=W
no displacement the value of output
V,.e is zero as V, and V, both are |
equal- S0 it shows that no , | | Residual
displacement took place- | =+ Voliage
B 0 ! A

<—Displacement -

¢ 0

Secondary




Working of LVDT:

When the core is moved to upward of
null position (For displacement to the
upward of reference point) In the this
case the Fflux linking with secondary
winding 5, is more as compared to flux
linking with 5,- Due to this V, will be
more as that of V,- Due to this output
voltage Vout is positive:

When the core is moved to downward
of Null position (for displacement to
the downward of reference point) In
this case magnitude of V, will be more
as that of U, Due to this output V,,

will be negative and shows the output
to downward of reference point-

Primary
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€

Secondary

%
g |

¢ 0

Gisie Secondary
Output
Linear 4 Voltage. E;
Range :

d=1ip 7% =W
\ " Residual
| “—_L. +—Vollage

B 0 ! A

<—Displacement -



LVDT:
Advantages:
Linear

Low hysteresis loss, eddy
current loss and frictional
loss

High resolution
Disadvantages:

For appreciable output
large  displacement s
required

Highly  affected  with
vibration, temperature,
stray magnetic field

Application:

They are used in applications
where displacements ranging from
fraction of mm to few cm are to
be measured- The LVDT acting as a
primary Transducer converts the
displacement to electrical signal
directly-

They can also acts as the
secondary transducers- E-g- the
Bourbon tube which acts as a
primary  transducer and covert
pressure into linear displacement-
then LVDT coverts this
displacement into electrical signal
which after calibration gives the
ideas of the pressure of fluid-



Capacitive Transducer:

A capacitor  consists  of  two
conductors (plates) that are
electrically isolated from one another
by a nonconductor (dielectric)- When
the two conductors are at different
potentials (voltages), the system s
capable of storing an electric charge:
The storage capability of a capacitor
is measured in farads- The principle of
operation of capacitive transducers is
based  upon  the  equation  for
capacitance  of a  parallel plate
capacitor

Where, A = Overlapping area of
plates; m?,
d = Distance between two plates; m,

e = Permittivity (dielectric constant);
F/m-

Conductive plates

| /\ N

|’ d
T

Dielectric




Capacitive Transducer:

The capacitive transducers work on
the  principle  of  change  in
capacitance of the capacitor- This
change in capacitance could be
caused by change in overlapping area
A of the plates, change in the
distance d between the plates and
change in dielectric constant -

In most of the cases the above
changes are caused by the physical
variables, such as, displacement,
force or pressure- \Variation in
capacitance is also there when the
dielectric ~medium between the
plates changes, as in the case of
measurement of liquid or gas levels:
Therefore, the capacitive
transducers are commonly used for
measurement of linear displacement-

1}  Change in capacitance due to change in overlappmg arca of plates.
il Change in capacitance due to change in distance between the two plates,
i) Change in copacitance due to change mn dielectric between the two plates

!
-y, Y

'_T_ ih|_-[
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Fig-a Yariabde capacitive tramsducer varis; (o) area of sverlap, (h) distance botwien
plases, (¢) amount of diclectrle bobween plates



. X Corcanlre: Nl .
Transducers Using Change in Area of T Ty R s
Plates: \ -
capacitance changes linearly with '
change in area of plates- Hence this _
type of capacitive transducer s T
useful for measurement of Displacaman
moderate to large displacements say
from T mm to several cm- The area Fix*: M:ta'
. . . oc -
changes linearly with displacement M
and also the capacitance- Sy _/
Dl DZ
cA e-1-w f T Displacement
C = = -
d d Moving Plate
Fixed Plate e [ —
- - A
S o e |
W,//, ,/ o '//://Displacemem l Capacitance
j’/ | g b o
\ 1// 477Capacitance Output Increases ———
- x—] inereases Decreases ———»
_ . Capacitance
decreases




. . Fixed Metal
» Transducers Using Change in oy

Area of Plates:
* The sensitivity is constant and

Moving

/ Tube

|—> 5«
i

. . Displacement
therefore  there is linear
relationship between
capacitance and displacement-
A Capacitance
. oC Output Increases €———
%l’]SItIVIty=a—L Decreases ———

Moving Plate
Fixed Plate /
\A ~ 7, -
/7/_/7/ 7 5 ;/
i ” ~ e BESESEE—

:
w_ " Displacement
s sl O
s ‘ i ; { T C it
‘ ; - Capacitance
| increases

» Capacitance
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Transducers Using Change in Area of
Plates:

Fig- (b) shows the basic form of a
capacitive  transducer  employing
change in distance between tie two
plates to cause the change in
capacitance: One plate is fixed and
the displacement to be measured is
applied to the other plate which is
movable: Since, the capacitance, C,
varies inversely as the distance d,
between the plates the response of
this transducer is not linear- Thus
this transducer is useful only for
measurement of extremely small
displacements:-
EA

c=2"
d

Sensiivity = 2= = - £2
oL d

Fig-a Variahbe capacitive transduacer varies; (a) area of overlap, (b) disiasce bebwien
plates, () amoant of didlectric between plates



Transducers Using Change in Area of
Plates:

If the area (A) of and the distance
(d) between the plates of a capacitor
remain constant, capacitance will vary
only as a function of the dielectric
constant (c) of the substance filling
the gap between the plates- If the
space between the plates of a
capacitor is filled with an insulator,

the capacitance of the capacitor will
change compared to the situation in
which there is vacuum between the
plates- The change in the capacitance
is caused by a change in the electric
field between the plates

c=A
d
Sensitivity = = = - £4
oL d

moeement



Capacitive Transducers Advantages and disadvantages:

The major advantages of capacitive transducers are that they
require extremely small forces to operate them and hence are
very useful for use in small systems- They are extremely sensitive
and require small power to operate them- Owing to their good
frequency response they are very useful for dynamic studies-

The disadvantages of capacitive transducers include their non-
linear behaviour on account of edge effects and the effects of
stray capacitances especially when the transducers have a low
value of capacitance: Therefore quard rings must be used to
eliminate this effect- The metallic parts of the capacitive
transducers must be insulated from each other- [n order to
reduce the effects of stray capacitances, the frames must be
earthed-



Capacitive Transducers Application:

Capacitive transducers can be used for measurement of both linear and
anqular displacements- The capacitive transducers are highly sensitive and
can be used for measurement of extremely small displacements down to
the order of molecular dimensions, i-e, O-IxIO¢ mm-+ On the other hand,
they can be used for measurement of large displacements up to about
30 m as in aeroplane altimeters: The change in area method is used for
measurement of displacements ranging from 70 to 100 mm-

Capacitive transducers can be used for the measurement of force and
pressure:

The force and pressure to be measured are first converted to
displacement which causes a change of capacitance- Capacitive transducers
can also be used directly as pressure transducers in all those cases where
the dielectric constant of a medium changes with pressure- They can be
used for measurement of humidity in gases and moisture content in soil
/ food products etc-
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