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Lecture — 20
Transducer Elements (Contd.)

Welcome to lecture 20. So, this is the last lecture of this week and also this is the final

lecture for transducer elements.
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Transducer Elements

*  Pneumatic Transducer:
# Flapper/Mozzle system
* Electromechanical Transducers:
# Linear Variable Differential Transducer [I'.-'.'EII]\/
# Resistance 5train Gauge
# Capacitive Type Transducer \/

* Piero-electric Transducer
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So, as of now we have talked about the pneumatic transducer flapper nozzle system, we
have talked about LVDT, we have talked about resistance strain gauge, we have also

talked about capacitive type transducer. So, piezoelectric transducer is left.
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Transducer Elements

Today's Topic:
v Plezoelectric Transducers
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And today, we will talk about piezoelectric transducers.
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l Piezoelectric Sensors

* |f the dimensions of some polarized crystalline materials are
changed as a result of mechanical force w
(longitudinal/transversefshear), electric charges prupurticmal\
to the imposed force are accumulated on the surface upon |

which the force is imposed. I'
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So, let us try to understand what is piezoelectric effect? If the dimensions of some
polarized crystalline materials are changed as a result of mechanical force, electric
charges proportional to the imposed force are accumulated on the surface upon which the

force is imposed.

Say if the dimensions of some polarized crystalline materials are changed as a result of

mechanical force, whether it is longitudinal force or transverse force or shear force



electrical charges will be accumulated on the surface upon which the forces imposed and
the electrical charges accumulated will be proportional to the imposed force, higher are

the force more is the charge accumulated.

So, electrical charges are directly proportional to the imposed force. So, this property is
seen by some polarized crystalline materials, we call it piezoelectric effect. So, this is
schematic of longitudinal effect, transverse effect and shear effect, so under each of this
effect there will be accumulation of charges and this accumulated charge is proportional

or directly proportional to the imposed force.

(Refer Slide Time: 03:08)

Piezoelectric Sensors

* This property can be exploited to measure many physical
variables such as force, pressure, strain, torque, acceleration,
sound, vibration, etc.

* The materials characterizing this property are known as
piezoelectric materials. Piezoelectric materials deform when a
voltage is applied.

L is gt Forte/pressure

Aecumulation of e
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This property can be exploited to measure many physical variables such as; force,
pressure, strain, torque, acceleration, sound, vibration etcetera. The materials
characterizing this property are known as piezoelectric materials piezoelectric materials
deform when a voltage is applied; that means, these properties invertible, so a
piezoelectric material when deform there will be accumulation of surface charges.
Similarly when voltage will be applied on the piezoelectric material the piezoelectric
material will be deformed, later on will briefly talk about that using this property

ultrasonic transmitters can be generated.

So, this schematic shows accumulation of charge at the surface due to application of

force or pressure.
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I Piezoelectric Sensors

* When a crystalline material like quartz is distorted an electric
charge is produced.

+ Application of a force P causes deformation x, producing a
charge Q, where Q = Kx, where K = charge sensitivity constant.

* Insuch cases, a crystal behaves like a capacitor, carrying a charge
across it. If voltage across crystal is E, and C is capacitance , we

have:
) Kx 3 P 0 S
E =‘LI= s =ke (k£ K/, Volage sensitivity constant )
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When a crystalline material like quartz is distorted an electrical charge is produced,
application of a force P causes deformation x i producing a charge Q, so Q is directly
proportional to force P and the deformation is also proportional to amount of force that is
being imposed, so you can write charge Q is proportional to the deformation x i, so Q

equal to K x 1 where K is known as charge sensitivity constant.

In such cases; a crystal behaves like a capacitor carrying a charge across it, a voltage
across crystal if voltage across crystal is E 0 and C is capacitance, we can write E 0 equal
to Q by C, the voltage is charge divided by capacitance the charge Q is charge constant
times deformation, so Q by C can be represented as K x i by C; let us define a new
constant, which is charged sensitivity constant divided by capacitance which is
represented by small k known as voltage sensitivity constant. So, there are two constants

charge sensitivity constant and voltage sensitivity constant.

So, the voltage E 0 that is formed across the crystal is equal to the voltage sensitivity

constant and multiplied by the deformation x i.
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l Piezoelectric Sensors

* Relation between force P and deformation x;is:

P=yd & , where 7 is Young's modulus / -

g I
+ Materials Certain polymeric
- Natural eccurring highly polar erystal st 5”‘|hd“ |
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* Quartz, Rochelle salt, exhibit piezoelectric
ammenium difydrogen phosphate properties, These
- Synthesized have high voltage
output, but limited

mechanical strength,
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Relation between force P and the deformation x i1 can be obtained using this; which says,
the force P equal to gamma which is young’s modulus you can also write it or represent
it by E times area, times deformation divided by t which is thickness of the piezoelectric

material.

Materials that show piezoelectric effects are naturally occurring as well as we have
synthesized materials, so naturally occurring highly polar crystals such as; quartz
Rochelle salt, ammonium dihydrogen phosphate, piezoelectric property. Synthesize
materials such as; barium titanate, ceramic, lead zirconate titanate, also show
piezoelectric properties, certain polymeric films such as polyvinylidine also exhibit
piezoelectric properties. Such polymeric materials have high voltage output, so that is an

advantage, but they have very limited mechanical strain which is a disadvantage.
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l Piezoelectric Sensors: Charge Sensitivity

Material Charge sensitivity pCiN \:
Quartz 2.0
Tourmaline 19
Barium titanate 150
Lead #irconate titanate 263
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Here I will report some charge sensitivity values for common piezoelectric materials.
Note that: The value varies widely. The charge sensitivity expressed as; Pico coulomb
per newton, for quartz it is 2 whereas, for Lead zirconate titanate it is 265. Note the unit
of charge sensitivity, this is unit of charge divided by unit of force, so coulomb or Pico

coulomb divided by newton.
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Piezoelectric Sensors: Ultrasonic Transmitter

The piezoelectric principle is invertible. Thus if we apply voltage toa
piezoelectric material, there will be a distortion in the piezoelectric material,

This can be used in ultrasonic transmitters. The application of a sinusoidal
voltage at a frequency in the ultrasound range causes a sinusoidal variation in
the thickness of the piezoelectric material and results in a sound wave being
emitted at the chosen frequency.
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The piezoelectric principle is invertible, thus if we apply voltage to a piezoelectric

material there will be a distortion in the piezoelectric material. So, when a force is



applied to piezoelectric material, charge is produced or accumulated on the surface it

behaves like a capacitor.

Now if I apply voltage to the piezoelectric material there will be a deformation or
distortion in the piezoelectric material so the properties invertible, this can be used in

ultrasonic transmitter’s ultrasonic transmitters generate ultrasound.

The application of a sinusoidal voltage at a frequency in the ultrasound range causes a
sinusoidal variation in the thickness of the piezoelectric material and results in a sound
wave being emitted at the chosen frequency. So, the application of a sinusoidal voltage at
a frequency in the ultrasound range causes a sinusoidal variation in the thickness of the

piezoelectric material and results in a sound wave being emitted at the chosen frequency.
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I Force Sensor Using Piezoelectric Sensor

and Strain Gauge
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We can, create a force sensor using a piezoelectric sensor; we can also create a force
sensor using a strain gauge. Look at this schematic this is cantilever beam I am applying

a force on this end of this cantilever beam; I want to measure this force.

So, what I can do is? I can attach strain gauge here; this cantilever is under strain due to
application of this force, so when I attach strain gauge the strain gauge wires will also
undergo strain. So, there will be change in resistance of the strain gauge wires, this strain

gauge will be connected to the Wheatstone bridge and the change in resistance can be



measured using the bridge circuit. So, the force can be related to the output voltage from

the bridge circuit.

Similarly, I can also make use of piezoelectric sensor to measure force. I take
piezoelectric crystal here, so let us imagine between two plates I have taken piezoelectric
crystal, now I apply force from one side when we apply force the piezoelectric material
or this piezoelectric crystal is deformed, so the surface charge will be accumulated it will
behave like a capacitor and I can measure this charge or we can measure the output
voltage using a bridge circuit. So, both strain gauge and the piezoelectric crystal can be

used to measure force piezoelectric sensors.
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I Piezoelectric Pressure Sensor

Plezoelectric crystals produce a voltage between their opposite faces when a
force or pressure is applied to the crystal. This voltage (in the range of
microvolt) can be amplified and the device used a3 a pressure sensor,

_ Connector

A piezoelectric crystal is mechanically attached

to a metal diapghragm, One side of the | 2

diaphragm is connected to the process fuid to  Plezoelectric ,_, Built in
sense pressure. A voltage is then produced Crysal Amplifier
because the crystal is mechanically deformed s \\-. -—l.u.ds.Lr:b
by fluid pressure Diagleiges = Amplifier
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Piezoelectric sensors can also be used to measure pressures, we will call them
piezoelectric pressure sensors, piezoelectric crystals produce a voltage between their
opposite faces when a force or pressure is applied to the crystal, these voltage which is in

the range of microvolt can be amplified and the device can be used as a pressure sensor.

So, the piezoelectric crystals will produce a voltage because the surface charge will be
accumulated when we apply pressure, see force and pressure are related. So, when you
apply pressure when you apply pressure on the surface of a piezoelectric crystal a force
will be deformed develop, so that will deform the piezoelectric crystal surface charge

will be accumulated and a voltage between these faces will be develop, this is a very



small voltage it is in the range of microvolt, so this can be amplified using suitable

amplifier and then the device can be used as a pressure sensor.

So, the pressure can be related to the output voltage. Look at the schematic; so this is the
piezoelectric crystal and this is a diaphragm, so piezoelectric crystal is attached to the
diaphragm, we apply pressure here the diaphragm this is the pressure it converts the
pressure to a force, so piezoelectric crystal is now under force there will be deformation
and there will be surface charge accumulated a voltage will be developed with which can
be amplified using a built in amplifier and this voltage can be considered as a measure of

this pressure.

So, piezoelectric crystal is mechanically attached to a metal diaphragm, one side of the
diaphragm is connected to the force to the process way it to sense pressure, a voltage is

then produced because the crystal is mechanically deformed by fluid pressure.
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Piezoelectric Sensors

Problem

The charge sensitivity of a piezoelectric material is given. Its
dielectric constant and Young's modulus are also known, How
will you find the voltage sensitivity constant?
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Let us consider a numerical problem. In fact; there is no data here, but we just show you
how will you compute the voltage sensitivity constant if you know the charge sensitivity
of a piezoelectric material and also if you know the dielectric constant and young’s

modulus of the piezoelectric material.

So, the charge sensitivity of a piezoelectric material is given, it is dielectric constant and

young’s modulus are also known. How will you find the voltage sensitivity constant?
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Piezoelectric Sensors 1 )
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We know the charge sensitivity constant, the charge sensitivity constant K capital K is Q
divided by x I, which is charge accumulated divided by the deformation. I can rearrange
Q by xias Q by Pinto P by x i. Note: Q by P, it is charge accumulated on the surface of

the piezoelectric material upon application of pressure or force.

So, Q by P is basically charge sensitivity Q is output P is input, so Q by P is charge
sensitivity and is given. Now if we remember P by x i can be computed from; P equal to
modulus of elasticity a deformation divided by thickness formula that we talked about.
So, I make use of this relationship here, so the charge sensitivity constant K can be

written as Q by P into E Aby t for P by x 1.

So, K time’s thickness of the piezoelectric material divided by area can be written as; Q
by P time’s modulus of elasticity, similarly we know the expression for charge sorry
expression for capacitance. So, from here we can find out capacitance time thickness
divided by area as this, now voltage sensitivity constant is charged sensitivity constant
divided by capacitance which can be obtained as; K t by A divided by C t by A, so t and
A will cancel out which will be capital K by C which way definition is voltage sensitivity

constant.
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Piezoelectric Sensors
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So, if charge sensitivity Q by P is given and you know the modulus of elasticity, you can

find out the voltage sensitivity constant.
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Piezoelectric Sensors

+ Advantages:

- Low cost, small size * Disadvantages:
= High sensitivity and High ~ High Impedance
mechanical stiffness — Low Power
- Broad frequency range - Drift with temperature and
- Good linearity and repeatability pressure
= High linearity, negligible
hysteresis
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Let us look at the advantages of piezoelectric sensors; they are low cost, they are small
sizes, they are very high sensitivity and high mechanical stiffness, they have a broad
frequency range, they have good linearity and repeatability, they have negligible

hysteresis, certain disadvantages are high impedance low power and drift with



temperature and pressure. So, there will be error associated with temperature and

pressure changes.
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End of Lecture 20

Topics Coverad; Transduder Elemants

*  Pneumatic Transducer:
# Flapper/Nozzle 5-,'51ﬂn'-\/
* Electromechanical Transducers:
# Linear Variable Differentia Trar'ﬁdurp'(l'.-'.'ﬂ]\/
# Resistance Strain Gal..g-:\/
# Capacitive Type rldl‘"sﬂl.ll.t“\r/
# Piezo-electric [fanﬂd.J:er\/
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So, this is the end of lecture 2; In this lecture we covered transducer elements as major
topic, under transducer elements we talked about pneumatic transducers, flapper nozzle
systems and then we talked about various electromechanical transducers, we talked about
linear variable differential transformer LVDT, we also talked about potentiometer briefly
then you talked about resistance strain gauge, we talked about capacitive type
transducers we also talked about piezoelectric transducers. So, this ends our discussion

on transducer elements and now you will be given assignments on transducer elements.



