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Lecture - 09
Force, Fluid Flow Sensors

I welcome you all, in this course on Mechatronics. Today we are going to discuss various
types of sensors which are used for Force and Fluid Flow measurement. Let us take first
the force sensor. How do we measure the force? A very common use force sensor is the
spring balance which you often see available in the market as well as they are in the many

of our houses.

(Refer Slide Time: 01:03)

Force Sensor

* Forces are commonly measured by
the measurement of displacement.

* Spring balance is an example of
force sensor.

* Force is proportional to
displacement.

* The displacement is then a measure ‘
of the force 8

Spring balance

How does the spring balance measure the force? In the case of a spring balance what

happens is that the force is proportional to the displacement. Here, we essentially measure
the displacement, which is calibrated in terms of the force. Forces are commonly measured
by the measurement of displacement and force is proportional to the displacement. By
measuring the displacement, we can measure the force. The other type of force
measurement device is the strain gauges. The popular form which is available is the strain
gauge load cell. Now, you see that based on electrical resistance a strain gauge to monitor
the strain produced in a member when a stretched is compressed or bent by application of

the force.
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In the case of strain gauges, the strain changes, if the strain gauge is placed on a member,
and if the strain changes so, with the change of strain the resistance changes. That is how
it is measured and their arrangement is called a load cell and in a cylindrical tube usually,

the strain gauges are attached.

(Refer Slide Time: 03:11)

+ When forces are applied to the cylinder to
compress it, then the strain gauges give a
resistance change.

* The resistance change is a measure of the
strainand hence the applied forces.

+ Typically such load cells are used for forces up
toabout 10 MN.

+ Strain gauge load cells based on bending of a
strain gauged metal element tend to be used
for smaller forces (From 0to 5N to 0 to S50kN.)

You can see the attachment something like this say this is a cylindrical tube, where a

Strain
gauges

compressive force can be applied, and here are the strain gauges which are put into in this
particular fashion. Now, when forces are applied here, then what happens? Strain gauge
gives a resistance change and this resistance change is the measure of the applied force.
Typically, such load cells are used for forces up to say 10 mega Newton, as you can see
here and strain gauges which are based on the concept of the bending of an element can
be also used to measure the smaller forces say 0 to 5 Newton to say 0 to 50 kilo Newton.
In this range, you can use the strain gauges, which are put on an element that bends. Next,

let us see the measurement of the fluid pressure.
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Fluid Pressure Pressure

* Fluid pressure is measured by elastic l,:lzl

deformation of diaphragms, capsules, "
bellows, tubes etc. Fidtidiapneage
* Type of pressure measurement Pressure
- Absolute (with respect to vacuum)/
- Differential (pressure difference is
measured)
- Gauge (with respect to barometric
pressure) =

Fluid pressure is measured by elastic deformation of diaphragms, capsules or bellows, or

Corrugated
diaphragms

tubes. So, suppose you have a flat diaphragm like this now, when pressure is applied your
diaphragm is going to deform. This is how what is the principle of the pressure
measurement is, and to increase the sensitivity of the diaphragm, some corrugation is done
as you can see over here and this is what we call the corrugated diaphragm. There are
essentially the three types of pressure measurement which we come across. One is the
absolute, one that is where the pressure is measured with respect to vacuum, then the
differential one, where the pressure difference is measured and the other one is the gauge
one with where the pressure difference is measured with respect to the barometric pressure,

or the atmospheric pressure.
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Y% g
* Diaphragm movement can be monitored

by strain gauge, Diaphragm Strain gauge

* 4 strain gauges used 7

* 2inradial direction

¢ 2incircumferential direction.

* The four strain gauges are then connected
to form the arms of a Wheatstone bridge. ‘

* Anuse is in cars to monitor the inlet
manifold pressure. Here a silicon Pressure™”
diaphragm with the strain gauges as Diaphragm Pressure Gauge
specially doped areas of the diaphragm. '

Diaphragm movement here, as | said that the pressure is measured by the movement of the

diaphragm. Now, the question is how do we measure the diaphragm movement? If we can
measure the diaphragm movement we can measure the pressure. So, the diaphragm
movement can be monitored by strain gauges. Suppose you have a pressure diaphragm
pressure gauge is here, where pressure is supplied from this site, and here is the diaphragm
and the strain gauge is this element. Here the 2 strain gauges can be used in the radial
direction. For example, this direction, and the 2 strain gauges can be used in the say your
circumferential direction. Total 4 strain gauges can be used over here and these 4 strain
gauges, are connected to form the 4 arms of the Wheatstone bridge. From Wheatstone
bridge, we can find out the change in the resistances or the voltages, whatever way you
want to do it you can do it. Now, the use of this type of device is incurred to monitor the
inlet manifold pressure. Here, a silicon diaphragm with the strain gauge as specially doped

areas of the diaphragm is used.
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o |
* (Capsules can be considered to -
be just two corrugated ¢
diaphragms combined and
give even greater sensitivity. Capsule
* Astack of capsules is just a $ ’
bellows and even more
sensitive
Bellows

Capsules can be formed where you have the two corrugated diaphragms. You can see that
one diaphragm at the top and another one is there. So, this type of combination is what are
we call a capsule. So, there are just two corrugated diaphragms combined and they give
greater sensitivity. When we stack of capsules are used and they just are what is called as
the bellows. So, a stack of the capsule is just below and they are even more sensitive for
the pressure measurement. Now, these bellows can be combined with LVDT. To give a

pressure sensor with an electrical output.

(Refer Slide Time: 08:46)

— / Iron rod

Secondary
coil
/

Primary
+ Abellows can be combined  coil

with an LVDT to give a pressure
sensor with an electrical o/p.
* Diaphragms, capsules and
bellows are made from
materials as stainless steel, Bellows
phosphor bronze and nickel.
Rubber and nylon also being
used for some diaphragms.
+ Canmeasure 10*to 108 Pa. v~

Pressure
LVDT with bellows
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If we combine this bellow with LVDT, where you have the primary coil here secondary
coil here and I can put an iron rod in this one attached with this bellow. And when the
pressure is applied, there is a movement of the bellow and the intern there is a movement
of the LVDT movement of the iron rod, which is there in this LVDT.

So, the diaphragm capsule and bellows here are made from materials such as stainless
steel, phosphor, bronze, nickel, rubber, nylon is being used for some of the diaphragms.

And, they can measure pressure up to say 10 to the power 3 to 10 to the power 8 Pascal.

(Refer Slide Time: 09:36)

* Adeformation is obtained using a ©/
tube with an elliptical cross-section.

* Increasing the pressure in suchatube  Tube cross-section
causes it to tend to a more circular /
cross-section. f

* Sucha tube is in the form of C shape, Movement
itis known as a Bourdon tube, the C
opens up to some extent when the
pressure in the tube increases. Bourdon tube

You see a deformation is obtained using a tube with an electrical cross-section. Suppose
if there is a tube with an electrical cross-section. If you supply pressure, then with an
increase in pressure what will happen? It will try to bend the take of the form of the circular
cross-section. Such a tube in the form of a C shape is what is called the Bourdon gauge,
which you must have studied in your school classes. Here the C opens up to some extent

when the pressure in the tube is increased.
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* Ahelical form of such a tube

gives a greater sensitivity.
* Tube made of stainless steel (Movement
or phosphor bronze 7 e,

* Canmeasure 103 to 108 Pa
Z z

We can also have a helical form of such a tube and that gives greater sensitivity and these
tubes can be made of stainless steel or phosphor bronze material. And, they can measure

pressure up to 10 to power 3 to 10 to power 8 Pascal.

(Refer Slide Time: 10:49)

Piezoelectric Sensors
Force

* Piezoelectric material are ionic l
crystals. -

* When stretched or compressed, prexeeee ) Surfaces
generate electric charges with one become
face of material becoming e W
positively charged and the
opposite face negatively charged. T

* Asaresult a voltage is produced. Piezoelectricity

Next, let us look at the piezoelectric sensor. So, piezoelectric sensors work on the principle
of piezoelectric. These are devices use piezoelectric material which is ionic crystals and
you see that when these crystals are stretched or compressed there is a generation of

electric charges with one face, becoming in the one face you have an accumulation of
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positive charges and another face you have an accumulation of the negative charges. So,

as a result, a voltage is produced.

(Refer Slide Time: 11:43)

+ The net charge g on a surface is proportional to the amount x by
which the charges have been displaced, and since the displacement
is propartional to the applied force F:

[9=kx=3F)
+ where kisa constant and § a constant termed the charge
sensitivity. o
*+ The charge sensitivity depends on the material concerned and the
orientation of its crystals.
* $=2.2pC/N for Quartz when the crystal is cut in one particular
direction and the forces applied in a specific direction.

The net charge g on the surface is proportional to the amount x by which the charges have
been displaced and since this displacement is proportional to applied force, we can write,

q =kx =SF

So, here this k is a constant and S is a constant term, that is called the charge sensitivity.
The charge sensitivity depends on the material concerned and the orientation of the crystal.
The value of s is usually say 2.2 Pico coulomb per Newton for the Quartz when the crystal
is cut in one particular direction and the forces applied in a specific direction. These metal
electrodes can be deposited on the opposite faces of the piezoelectric crystal as you can

see here.
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Metal
+ Metal electrodes are deposited on electrode
. . : Area A
opposite faces of the piezoelectric
crystal.

* The capacitance C of the piezoelectric

material between the plates is
(= £,6A

Tt
* where & is the relative permittivity
of the material, A is area and t its . . .
. - Piezoelectri¢ Capacitor
thickness. -

At the opposite faces of this piezoelectric crystal, | am putting the metal electrode over

here and then the capacitance of the piezoelectric material between these two plates can

be given by,

Eo&rA
ot

where ¢, is the relative permittivity of the material, A is the area of these plates and t is
the thickness over here. What happens that by putting the metal electrode? we are forming

a piezoelectric capacitor.
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D g = M v ' @= Sﬂ@t :
7 t * S isvoltage sensitivity factor
. % -_,\jOiTA * pispressure” |
* Thus, the voltage is
* V= % proportional to the applied
o pressure,
o = K2 (since q=§F) + The voltage sensitivity for .-
ofrd - quartz is about 0.055 VmPa.
V= (i)ﬂ * For barium titanate it is about
Eotr/ A 0.011Vm Pa -

The capacitance of this piezoelectric capacitor can be given by this expression. Now, | can

write this C as charge per unit voltage.

q _ &&A
Voot

__at
g6 A

_ SFt
T g,e,A

S _Ft

& A

V=

Here, S, is the voltage sensitivity factor and you can see p is the pressure. The voltage
across the capacitor plate, that is going to be proportional to the pressure. This is how this
pressure is a measurement with the help of this piezoelectric capacitor. The voltage
sensitivity for the quartz is about 0.055-volt meter Pascal for barium, for titanium, it is

about to say 0.011 voltage meter Pascal.
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* Piezoelectric sensors are used for the measurement of
— pressure,”
— forceand” .
v
— acceleration
* The applications have, however, to be such that the charge
produced by the pressure does not have much time to leak off
and thus tends to be used mainly for transient rather than

steady pressures.

Piezoelectric sensors are used for the measurement of pressure. They can also be used for
the measurement of forces, as well as the measurement of acceleration. The application
has to be such that the charge produced by the pressure, does not have much time to leak
off and thus tends to be used mainly for that transient pressure rather than for the steady-

state steady pressure.

(Refer Slide Time: 16:06)

Tactile Sensors

* Form of pressure sensor «~

* One form of tactile sensor uses AL it
piezoelectric polyvinylidene fluoride =2
(PVDF) film.

¢ Reverse piezoelectric effect used
here. ¥

¢ Used in fingertip of robotic hand.
* Alsoin touch display screen

* Two layers of the film are used and Softfilm Fiiar
are separated by a soft film which PVDF tactile:senicor
transmits vibrations —

Next, let us look at the tactile sensors. Tactile sensors are touch sensors and they can be

used to sense the touch and because of this they can be used in the fingertip of the robotic
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hand and also in the display screen. So, let us see what is the principle for these tactile
sensors. As | said these are forms of pressure sensors and one form of the tactile sensor
uses, piezoelectric polyvinylidene fluoride is PVDF film. You can see that the PVDF
tactile sensors have the PVVDF film is there and there is a soft film, and you have the AC

input from here and the output can be taken out from here.

Here, in this case, the reverse piezoelectric effect is used. As | already told you they are
used in the fingertips of the robotic hand and also used in the touch screen. The two layers
of the film are used and are separated by a soft film that transmits vibration. So, this is
PVDF film and this also is the PVDF film.

(Refer Slide Time: 17:44)

* The lower PVDF film has an
alternating voltage applied to it
and this results in mechanical
oscillations of the film (reverse
piezoelectric effect).

* The intermediate film transmits
these vibrations to the upper
PVDF film.

A.C.iHnEut

Vi
Soft film PVDF

PVDF tactile sensor

Let us look at the working principle of it. The lower PVDF film has an alternating voltage
applied to it and this results in mechanical oscillations of the film, which is because of the
reverse piezoelectric effect. These oscillations are transmitted to the upper film, with the
help of the soft film. The intermediate film transmits this vibration to the upper PVDF

film.
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* Asaresult of the piezoelectric
effect, these vibrations cause an
alternating voltage to be
produced across the upper film.

* When pressure is applied to the
upper PVDF film its vibrations are
affected and the output
alternating voltage is changed.

A.C.input

Soft film PVDF

PVDF tactile sensor

As a result of the piezoelectric effect, these vibrations cause an alternating voltage to be
produced across the upper film. When pressure is applied here by the fingertip to our
PVDF film, upper PVDF film its vibrations are affected and the output alternating current
is changed. That change is the sense that something has pressed the surface. Next, let us
look at the liquid flow, you see that the liquid flow measurement is based on the principle
of the change in the pressure. The method of measuring g is based on the measurement of
the pressure drop occurring when the fluid flows through a constriction. This constriction
could be either you have a reduction in the cross-section, as it is there in the Venturi meter
or as it is there in the orifice meter. This is the basic principle, there is going to be a

reduction or the flow is going through be a constriction.
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Liquid Flow (Q) ~ — -

. . Alrplrvl AZ'perZ
* The method of measuring Qs - -
based on the measurement of
the pressure drop occurring  + Continuity equation

" Flow through a constriction

when the fluid flows through A= Ayvopf
a constriction. © vy = (Ar/A)v, -
* For horizonal tube, using * S0Q=Amy

Bernoulli’s equation P PR Ny T
2z v P : v ARy e
Py 29 P9 29 * Qxy(P1=p2)-

For horizontal tube here, as you can see here say this side A you have the area of cross-
section A 1 pressure p 1 and velocity v 1 whereas, say side 2 these values are A2 p 2 and
v2.

Now, this is a horizontal tube here so, we can apply the Bernoulli’s theorem.

2 2
P v _pa Vi

pg 29 pg 29
Then, we can use the continuity equation that is,
Ajvip = Avyp
that is for the conservation of mass. From here this rho gets canceled, so we get
v = (42/A1)v;

So, then I can find out Q as,

Q = Ayv,

_ A, 2(p1 — p2)

V1-=(42/4,)? P

Q is proportional to the square root of the pressure drop
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Q x \/(p1—p2)

So, if you could measure this pressure drop, we can find out the Q. So, that is the principle

for the liquid flow.

(Refer Slide Time: 21:55)

Orifice Plate
/Pressure difference

* Itisadisc, with a central hole, placJed |Hd* / |v

in the tube.
* The orifice plate is cheap and widely — wemp ¢ o

used. /I
* It does not work well with slurries. Orifice
* The accuracy is typically about 61.5%~ plate @

of full range, it is non-linear. v
* There is an appreciable pressure loss in
the system to which it is connected.

| was explaining to you the orifice plate is also a type of constriction and which can result

Orifice plate

in a drop of pressure. If in a pipe, | have an orifice plate over here. And say upstream side
and downstream side, | put a tapping from where, | can find out the pressure difference,
then this arrangement can be used to measure the flow. It is a disc with a central hole
placed in the tube and the orifice plate is simply cheap and very widely used. But, again
because there is a constriction here, so it will be difficult or constriction can choke your
orifice so because, of that, it does not work well with the slurries. If slurries are there
orifice plates cannot work very well on that. The accuracy is typically about say 61.5
percent of the full range and it is non-linear. Why it is non-linear? Because, we have seen
the relationship that is here, the Q is proportional to a square root of p 1 minus p 2, so this
is a non-linear relationship. There is an appreciable pressure loss in the system to which it

iS a connected.
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Turbine Flowmeter

Turbine
>
* It consists of a multi-bladed rotor that is e
supported centrally in the pipe along which the '
flow occurs, -»>
+ The fluid flow results in rotation of the rotor,
the angular velocity being approximately
proportional to the flow rate, %:z -

+ The rate of revolution of the rotor can be
determined using a magnetic pick-up.

+ The pulses are counted and so the number of
revolutions of the rotor can be determined.

Magnetic pick-up coil

Turbine flowmeter

Next type of flow measurement device is the turbine flow meter, where you have a turbine
blade here. The flow takes in this direction and there is a magnetic pickup coil here. It
consists of the multi-bladed rotor that is supported centrally, in the pipe along which the
flow occurs, and the fluid flow results in the rotation of the rotor, and the angular velocity
is proportional to the flow rate. The angular velocity of the rotor is going to be proportional
to the flow rate and the rate of revolution of the rotor can be determined using the magnetic
pickup. The pulses can be counted and so, the number of revolutions of the rotor can be
determined. In this way, we can measure the flow. Next, let us lo at the measurement of
the liquid levels. So, how does the liquid level is measured? One of the basic ways could
be that we just measure directly the position of the liquid surface or indirectly by measuring

some variable related to the height, that way we can measure the liquid level.
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Liquid Levels

* Measured directly by monitoring the position of the liquid surface
or indirectly by measuring some variable related to the height.

* Direct methods can involve floats; indirect methods include the
monitoring of the weight of the vessel by, say, load cells.

* The weight of the liquidis Ahpg, i.e. h o weight, where A is the
cross-sectional area of the vessel, h the height of liquid, p its
density and g the acceleration due to gravity.

* Indirect methods also involve the measurement of the pressure at
some point in the liquid, the pressure due to a column of liquid of

height h being hpg, ..

The direct method can involve floats as they are used in our water tanks in our houses and
the indirect method can include the monitoring of the weight of the vessel. How do you

monitor the weight, which is a type of force? Then again we can use the load cell.

The weight of the liquid you can say see that it is Ahpg and so, this h is proportional to
the weight. The more the weight more the height. This is the principle by which we can
measure the weight, measure the height. There is an indirect method also, but the indirect
method involves the measurement of the pressure at some point in the liquid, and you
know that the pressure is proportional to the height of the liquid column. So, we can also
have that is a height we can measure, by knowing the value of the pressure at that particular

point.
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Float System

* The displacement of the float causes ‘
Potentiometer d.c.
a lever arm to rotate and so move a

slider across a potentiometer.

* Theresult is an o/p voltage related to
the height of liquid.

* Other forms could be (i) the lever
causing the core inan LVDT to
become displaced, (ii) stretch or
compress a strain-gauged element. Float system

outpu

Let us look at the float system. Here the float system you can see that, there is water over
here and we have a float. This float could be contacted with a potentiometer. The
displacement of the float causes a lever arm to rotate and so, move across a slider in a

potentiometer, and the resultant is an output voltage related to the height of the liquid.

In this way, we can use the float system to measure the height of the liquid. There could
be another form also where the lever causes the causing the core in an LVDT to become

displaced or stretch or compress a strain gauge element.

(Refer Slide Time: 27:32)

A
Differential Pressure Sensor
¢ ltis liquid level measurement

based on the measurement of
differential pressure.

Differential
pressure cell

* The differential pressure cell : —
determines the pressure difference Seasaasssssaassss I —
between the liquid at the base of Atmosphere

the vessel and atmospheric
pressure, the vessel being open to
atmospheric pressure.

Differential pressure sensor
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Then, there are differential pressure sensors. Differential pressure sensors is a liquid
measurement based on the measurement of the differential pressure. The differential
pressure cell determines the pressure difference between the liquid at the base of the vessel
and atmospheric pressure. The vessel is open to the atmosphere. So, that way we can find

out the differential pressure. Now, let us look at the temperature sensor.

(Refer Slide Time: 28:21)

Temperature Sensor

* Changes that are commonly used to monitor temperature are
.~ the expansion or contraction of solids, liquids or gases

_~ the change in electrical resistance of conductors and
semiconductors and

/~ thermoelectric e.m.fs.

Changes that are commonly used to monitor the temperature or the expansion or
contraction of solid-liquid or gases. So, with the help of this expansion or contraction of
the solid-liquid gases, we can measure the temperature. Change in electrical resistance of
conductor and semiconductor, that can be a way of measuring the temperature. The
thermoelectric e m f change also can be used for the measurement of the temperature. So,
either of these three ways can be used for the measurement of the temperature. Let us look
at the first example that is the bimetallic strip.
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Bimetallic Strips High
expansivity
* This device consists of two different material Electrical
metal strips bonded together. - connections
* The metals have different coefficients of ;s
: expansivity
expansion and when the temperature W
changes the composite strip bends into
a curved strip, with the higher Bimetallic
coefficient metal on the outside of the ~ strip
curve, v v
* This deformation may be used as a isrzft / \
temperature-controlled switch Emall Settemp.
* Used with domestic heating system magnet  adjustment

In case of bimetallic strip as you can see that there are two strips, with different
expansivity. You have the high expansivity material here and the low expansivity material
here. So, they both put together and this is what we call the bimetallic strip. There could
be a soft iron over here and say there is a small magnet. You have the set temperature
adjustment and then you have the electrical connections over here. So, this device consists
of two different metallic strips, which are bonded together and these materials have
different coefficients of expansion. When the temperature changes the composite strips
bend to the curve bend into a curved strip, and with the higher coefficient material on the
outside of the curve. And this deformation may be used as a measurement of the
temperature. So, the deformation may be used as a temperature-controlled switch and this

type of device is the bimetallic strip, which is used in the domestic heating system.

Next, let us look at the RTDs, that is the Resistance Temperature Detectors. So here, the
temperature is detected with the help of a change of resistance alright. So, the resistance
of most metals increases over a limited temperature range in a reasonably linear way with

temperature.
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 aeeeeseeaaesee
Resistance Temperature Detectors (RTDs)

* The resistance of most metals increases,
over a limited temperature range, in a
reasonably linear way with temperature Li ;-

* Re=Ry(1+at)” “

« isaconstant for the metal”
(temperature coefficient of resistance).

* RTDs are simple resistive elements in [tk
the form of coils of wire of such metals Femperature (°C)
as platinum, nickel or nickel-copper Variation of resistance
alloys with temperature for

We know this very popular equation which you might have a studied in your intermediate

classes,
R =R,(1+ at)
wherer, a is a constant for the metal or temperature coefficient of resistance.

Now, RTDs are the simple resistive element in the form of a coil of wire of such metals,
as a platinum nickel, or nickel-copper alloy. Here we can see the variation of resistance
with temperature for some of the metals it is shown here, we can see nickel, copper,
platinum. For a considerable range you can see that for platinum you have almost a linear
range and for copper, there is some linear range up to some portion. Similarly, for the
nickel also there is some linear range up to some temperature. When the temperature
increases the R t increases and that R t resistance measurement is the principle of the

resistance temperature detectors. Now, next, let us look at the thermistors.
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Thermistors %

* Small piece of material made from mixture Bead
of metal oxides, such as those of
chromium, cobalt, iron, manganese and
nickel. - 5
* These oxides are semiconductors. .
* They give large change in resistance per Disc
degree change in temperature.
* Draw back is non linearity. 03
* The material is formed into various forms Rod A |

The thermistors are small piece of material, made from mixture of such as metal oxide and

metal oxides such as chromium, cobalt, iron, manganese, and nickels. These oxides are
semiconductors. Now, they give a large change in resistance per degree change in the
temperature. The drawback of these devices is that there is a non-linearity in that. These
materials can be formed into shapes say, you have bead is there, you have disc the two

terminals; you have the rod the two terminals like this.

(Refer Slide Time: 32:57)

10F

* Such thermistors have negative
temperature coefficients (NTCs).

* The change in resistance per degree :
change in temperature is considerably = f
larger than that which occurs with
metals.

* Thermistors are rugged and can be
very small. W

+ Used with the electronic systems for  The resistance of metal-oxide
cars to monitor such variables asair ~ thermistors decreases in a very non-
temp. and coolant air temp. linear manner with an increase in temp.

~istance (k€2)

R, = KeP/t

Kand f§ constant

L 4
1 40 S0 120 160

0
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Such thermistors have negative temperature coefficient. The changes in resistance per
degree change in temperature are considerably larger than that which occur with metals.
So thermistors are rugged and can be very small in size. These are used with the electronic

systems for cars, to monitor such variables as air temperature, coolant air temperature.

(Refer Slide Time: 33:33)

Thermodiodes

* Inajunction semiconductor diode when the temperature of
doped semiconductor changes, the mobility of their charge
carrier changes and this affects the rate at which the electrons
and holes diffuse across p-n junction.

* Thus when a p-n junction has a potential difference V across
it, the current / through the junction is

. | = lo(eeV/kT _ 1) /

* where Tis the temperature on the Kelvin scale, e the charge
on an electron, and k and /, are constants.

Next let us look at the thermo diodes. Thermo diodes again device for the measurement of
temperature. Now, in a junction semiconductor diode when the temperature of a doped
semiconductor changes the mobility of its charge carrier changes. This affects the rate at
which electrons and holes diffuse across the p n junction. Now, when the p n junction has
a potential difference V across it the current through the junction can be given by the

popular equation,

I =1,(ext — 1)

Here T is the temperature on the Kelvin scale, e is the charge on an electron, and k and
1, are the constants. By taking the logarithmic equation in terms of the voltage can be

obtained here like this.
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* By taking logarithms equation in terms of the
voltage is obtained as
¢V =(S)n(+1)7
e lo
* Thus, for a constant current, we have V « T in
Kelvin scale -
* Their response is a linear function of

temperature. /
* Example: Diodes supplied as integrated

rircniite a a 1A2011 Ac tamn cancar

And so, for a constant current we have V proportional to temperature in the Kelvin scale.

And their response is a linear function of temperature and the commercially available form

isa LM 3911 N. So, this is how commercially they are available.

(Refer Slide Time: 35:07)

Thermotransistor

* Inathermo transistor the voltage across the
junction between the base and the emitter
depend upon the temperature and can be 7/
used as a measure of temperature. sssv— 40

* Example: LM35.7 Aol Ou \c~o

10mv/C
* This sensor can be used in the range -40 to

110°Cand gives an output of 10 mV/°C.

Next, let us look at the thermo transistor. So, in a Thermo transistor, the voltage across the
junction between the base and the emitter depends on the temperature and can be used as

a measurement of the temperature. And, the best example is LM 35 which is commercially
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available and this sensor can be used in the range of say minus 40 to 110 degrees. And

gives an output say 10 millivolts per degree centigrade.

Then, next, let us see the thermocouple which is being used for the temperature
measurement. So, for the thermocouple, all of you must have studied earlier, the basic
principle of thermocouple, that if two different metals are joined together a potential

difference occurs between the junction.

(Refer Slide Time: 36:21)

Thermocouple

* Iftwo different metalsare ~ Metal A { Metal A
joined together, a potential '
difference occurs across the
junction.

* The potential difference
depends on the metals used
and the temperature of the

Hot junction  Refer

v ; i o
; ! junction
junction. Thermocouple

So, if you have to say metal A and metal B and if there are two junctions say, this one is a
reference junction and another is a hot junction. If they are placed like this then you get an
emf that is the principle of the thermocouple. The potential difference depends on the metal

used and the temperature of the junctions.
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* Usually one junction is held at 0°C and then, to a reasonable
extent, the following relationship holds

« E=at+bt*”

* where a and b are constants for the metals concerned

* Commonly used thermocouples are given reference letters.

Usually one junction is held at O degree centigrade and then to a reasonable extent the

following relationship holds,
E = at + bt?
where a and b are constant for the metal concerned.
These are commonly used thermocouples are given in the reference letters here.

(Refer Slide Time: 37:12)

Materials Range (°C) | Sensitiviti i - i
uvm
Chromel/consta -200to 3, ok A o
ntan 1000 I/ T ,/
J # lIron/constantan  -200t0 900 53 ’:m: /,«
K, Chromel/alumel -200to 41 uf ’,/’
1300 “F
0 2T
R, Platinum/platinu 0to1400 6 I 4, g
m 13% rhodium 0} /I _.--‘,"_'-:l“'.:::: S
S/ Platinum/platinu 0to 1400 6 r ‘r:_1_,A,I,,.,_i-.~_—.'l-—-‘—‘~;"‘1" o
m 10% I'hodium 0 200 100 ; 0 800 1000 1200
emperature (')
T | Copper/constant -200t0 400 43 /
an
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The reference letters EJ K R S T and these are the materials for, these thermocouple pair
say Chromel for E, it is chromel and constantan and their range is - 200 to 1000 degree
centigrade and their sensitivity is 63 microvolt per degree centigrade. Likewise, it can be
given and this plot says the e m f versus temperature for various these EJ K T R S and on.

(Refer Slide Time: 37:57)

eSS
Light Sensors

* Photodiodes

* Semiconductor junction diodes connected into a circuit in
reverse hias, thus giving high resistance, when light falls on
the jn of diodes, extra hole-electron pairs are produced, the
resistance drops and current rises appreciably.

0

* The reverse current is very nearly proportional to the intensity
of the light.

Now, let us look at the light sensors. These light sensors are photodiodes and they are
semiconductor junction diodes connected in a circuit in reverse bias. And, thus giving high
resistance with light falling on the junction of the diode. Extra hole electron pairs are
produced the resistance drop and the current rise appreciably. The reverse current is very

nearly proportional to the intensity of the light in this case.

The phototransistors have a light-sensitive collector base, p n junctions, and when no
incidence light, is there is a very small collector to emitter current. When light is incident
a base current is produced that is directly proportional to the light intensity. And this leads
to the production of collector current, which is a measure of the light intensity there are

these are often available in what is call it as the Darlington arrangement.
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Phototransistors

+ Have light sensitive collector base pn jn. \

+ With noincident light there is very small
collector to emitter current

+ When light is incident a base current is
produced that is directly proportional to v
light intensity

+ This leads to production of collector current
which is measure of light intensity. )

+ These are often available in a Darlington
arrangement.

So, this is the Darlington arrangement, in which these are available.

Photo Darlington

(Refer Slide Time: 39:34)

Photoresistors

* lts resistance depends upon light falling on it.
* It decreases linearly as the intensity increases.
* Cadmium sulphide photo resistor is most responsive to light.

Then, we have the photo resistors, their resistance depends on the light falling on them,
and as the name indicates photo resistor and it decreases linearly as the intensity increases.
The cadmium sulfide photo resistor is most responsive to the light. These are the
references, if you want to have further reading, you can refer the Bolton a very popular
book, on the Mechatronics Electronic Systems in Mechanical and Electrical Engineering

by Pearson.
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Thank you.
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