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INDUSTRIAL AUTOMATION & MECHATRONICS

Scoring Indicators

PART A
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I.1

« Defined as the synergistic integration of mechanical
engineering with electronics and intelligent computer
control in the designing, manufacturing process and
production.

12

Defined as the process of enabling machines 1o follow a
predetermined sequence of operations with little or no human
intervention and using specialized equipment and devices that
perform and control manufacturing processes and operations.

13

Sensitivity is the property of the measuring instrument to
respond to changes in the measured quantity. It also can be
expressed as the ratio of change of output to change of input.

14

Control direction of flow

15

The programmable logic contoller is a special form of
microprocessor based controller that uses programmable
memory to store instructions and to implement functions in
order to control machines and processes.
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1

 Firecd ankeetie) [ e (5 G Syt (W)
gl ,%wu ok p-mz.wfi-y Ol'x‘m;tl.ﬁ'ﬂ I'J'FILJ()
e equiprent confifpastnd
2- Pwﬂ-mmwblﬂ. ankomaio
T A e produchin equpment it dergnied eI

e C.A-Pﬂtbal"'_'j o choge e Geginnce ok aperda

ho G ecomadall dbflerent product corfgued
3 flexigl awhmeds ' (tis av brxlen 5100 oF

1.2

P'I/E)gl At rn Gl e aMﬂ)w%(—a—um%

Fplews T o ek [F cRbable of pveduung
averiety of produch.

Closed-loop Control

1 of#s




— Input = : Qutput
C":)(Q},:JV Controller E!:}) Process [——O——>

i Feedback

This sensor would monitor the actual dryness of the
clothes and compare it with (or subtract it from) the
input reference. The error signal (error = required
dryness — actual dryness) is amplified by the
controller, and the controller output makes the
necessary correction to the heating system to
reduce any error. For example if the clothes are too
wet the controller may increase the temperature or
drying time. Likewise, if the clothes are nearly dry it
may reduce the temperature or stop the process sO
as not to overheat or burn the clothes, efc.

Then the closed-loop configuration is characterised
by the feedback signal, derived from the sensor in
our clothes drying system. The magnitude and
polarity of the resulting error signal, would be
directly related to the difference between the
required dryness and actual dryness of the clothes.

Also, because a closed-loop system has some
knowledge of the output condition, (via the sensor)
it is better equipped to handle any system
disturbances or changes in the conditions which
may reduce its ability to complete the desired task.

1.3

.Proximity switches
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a)lever operated switch
b) Roller operated switch
¢) Cam operated switch
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8. Temperature sensors

8.1Bimetallic strips
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A bimetallic stripis used to convert a temperature
change into mechanical displacement.It is composed of
two or more metal layers having different coefficients of
thermal expansion often brass and steel selected. The
two pieces are welded or riveted together. When the
bimetallic strip is heated the brass having the larger
value of coefficient of linear expansion expands more
than stee

8.2Thermocouple

Two dissimilar materials in contact form a
thermoelectric junction that produces a voltage
proportional to the temperature of the junction. This is
known as the see back effect. Thermocouples are based
on the principle that when two dissimilar metals are
joined, a predictable voltage will be generated that
relates to the difference in temperature between the
measuring junction and reference junction.

Weasurad poirt Raffyerce port

ot iometiond) el juncion)
i e R 5 ]
Pt H N

o 1 A

) =1
| et | +I i | |
—— - Jo—




< Con

Measurement

Junction
Reference e
Junction P 1 (6°C)

Traditional Thermocouple Measurement

Thermocouple circuit

8.3Thermistors

A thermistor is a temperature-sensing element composed
of sintered semiconductor material which exhibits a
large change in resistance proportional to a small change
in temperature. Thermistors usually have negative
temperature coefficients which mean the resistance of
the thermistor decreases as the temperature increases.
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The function of a DCV is to control the direction of fluid flow
in any hydraulic system.

1.6
A common type of directional valve is the spool valve. Here a
spool moves horizontally within the valve body to control the
flow. Figure shows a spool valve where in (a) the air supply is
connected to the port 1 and 3 is closed. Thus the device
connected to the port 2 can be pressurized. When the spool is
moved to-left as shown in fig (b) the air supply is cut off and the
port 2 is connected to port3.port3 is a vent to the atmosphere
and so the air pressure in the system attached to pori2 is vented.
1.instruction list(IL) programming
2 structured text(ST) programming
7 3.Function bolck diagram (FBD)programming
i 4. Ladder diagram (LD)programming
5.Sequential function charts(SFCs)
TRADITIONAL
* It is based on traditional systems such as mechanical,
hydraulic and pneumatic
*  Less flexibile
*  Less accurate
I a *  more complicate mechanism in design

involve more components and moving parts -
MECHANICAL

e It is based on mechanical, electronics, computer technology
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More accurate
Less complicated mechanism design
it involves fewer components and moving parts

PRIMARY SENSING ELEMENT

An clement of an instrument which makes first the contact
with the quantity to be measured

In most cases a transducer follows primary sensing
clements which converts the measurant into a corresponding
electrical signal.
VARIJABLE CONVERSION ELEMENT

it may be necessary to convert the output into some other
suitable forms for the instrument to perform suitable function.
VARIABLE MAIPULATION ELEMENT

function of this element is to manipulate the signal
presented to it preserving the original nature of the signal.

eg. Amplifier

DATA TRANSMISSION ELEMENT

when the elements of the system are physically separated, it
is necessary to transmit the data from one stage to another.
DATA PRESENTATION ELEMENT

Transmitted data may be used by the system finally for the
monitoring, controlling or analyzing purpose. This function is
done by data presentation element.
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Open Loop Closed Loop
Any change in outputhas no effect | Changes in output, affects the input
onthe input. Example : Feedback | whichis possible by use of
does not exists feedback
Output measurement is not Output measurement is necessary
required for operation of system
Feedback element is absent Feedback element is present
Errordetectoris absent Errordetectoris necessary
It is inaccurate andunreliable Highly accurate and reliable
IV.a
Highly sensitive to the disturbances | Less sensitive to the disturbances
Highly sensitiveto the Less sensitiveto the environmental
environmental changes changes
Bandwidthis small Bandwidthis large
Simpletoconstructandcheap | Complicatedto design and hence
costly _
Generally arestable in nature Stability is the major consideration
while designing
Highly affected by non-linearity | Reduced effect of nonlinearities
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V.a

. Eddy current proximity sensors

When a coil is supplied with an alternating current an
alternating magnetic field is produced

If there is a metal object in close proximity to this
attending magnetic field then eddy currents are induced
in it.

The eddy currents themselves produce a magnetic field
which distorts the magnetic field responsible for their
production

Consequently the impedance of the coil changes and so
the amplitude of the alternating current. _

This change at some preset level can be used to trigger a
switch.

Used or the detection of non magnetic but conductive
materials.

V.b

It is used to measure angular velocity

It consists of toothed wheel of ferromagnetic material
which is attached to the rotating shaft

As the wheel rotates, so the teeth move past the pickup
coil and air gap between the coil and ferromagnetic
material changes.

Flux linked with the pickup coil changes and produces
emf in the coil




Toothed vwhael

Variable reluctance tachogenerator

1. The nature of measurement required

-The variable to be measured

-Its nominal value

-The range of values :

-The environmental conditions under which the
measurement is to be made

2. The nature of output required from the sensor

3. Lineaity,speedof response
(reliability, maintainability,life,power supply
requirements,availability,cost

4. Accuracy,repeatability,size...............

Inductive proximity (sensor ) switch
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* Oscillator  circuit generate a radio frequency




*  When a metal target approaches the face and enters the
field eddy currents are induced into the surface of the
target

* This results in a loading or damping effect that causes
changes in the amplitude of the oscillating signal.

* Detector will switch on at a specific operating amplitude

HYDRAULIC SYSTEM

Fig shows a simple circuit of a hydraulic system with basic
components.

Hydraulic actuator is a device used to convert the fluid power
into mechanical power to do useful work.

The hydraulic pump is used to force the fluid from the reservoir
.valves are used to control the direction, pressure and flow rate
of a fluid flowing through the circuit. External power supply
(motor)is required to drive the pump. Piping system carries the
hydraulic oil from one place to another. Filters are used to
remove any foreign particles .pressure regulator regulates the
required level of pressure in the hydraulic fluid.

When the piston of the valve is changed to upper position, the
pipe pressure line is connected to port A and the load is raised.
When the position of the valve is changed to lower position, the
pipe pressure line is connected to port B and thus load is
lowered.
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Vile

The pneumatic actuator converts the fluid power into
mechanical power to perform useful work.

The compressor used to compress the fresh air drawn from the
atmosphere. The storage reservoir is used to store a given
volume of compressed air. The valves are used to control the
direction, flow rate and pressure of compressed air. External
power supply(motor)is used to drive the compressor. The piping
system carries the pressurized air from one location to another.
Air is drawn from the atmosphere through an air filter and
raised to required pressure by an air compressor. Air cooler is
provided to cool the air with some preliminary treatment to
remove the moister. The treated pressurized air then needs to
get stored to maintain the pressure. With the storage reservoir a
pressure switch is fitted to start and stop the electric motor when
pressure falls and reaches the required level respectively. The
three-position change over the valve delivering air to the
cylinder operates in a way similar to its hydraulic circuit.
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VIII. a

Maovable
poppet

Flow
normatly
blocked

Pressure
opposes pilot

Piston

Pilot pressure lifts
piston and poppet
aliow reverse flow

Pilot operated check valves work by
allowing free flow from the inlet port
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pilot pressure to the pilot port allows
flow in the opposite direction. Air
pressure on top of the poppet
assembly opens the seal allowing air
to flow freely. When the air flow stops,
the poppet check the trapped air.
When the valve is piloted, the trapped
air is allowed to flow back out of the
control valve.

DC MOTOR
south pPole )2

Commutator’ Segment :

A device that converts DC electrical energy to a
mechanical energy. DC or direct current moter works
on the principal, when a current carrying conductor is
placed in a magnetic field, it experiences a torque and
has a tendency to move. This is known as motoring
action. The direction of rotation of a this motor is given
by Fleming’s left hand rule.

Basic constructional parts of a DC machine are
described below
1. Yoke: The outer frame of a dc machine is called as yoke.
2. Poles and pole shoes: Poles are joined to the yoke with
the help of bolts or welding. They carry field winding and
pole shoes are fastened to them. Pole shoes serve two
purposes; (1) they support field coils and (ii) spread out
the flux in air gap uniformly.
3. Field winding: They are usually made of copper. Field
coils are former wound and placed on each pole and are
connected in series.

4. Armature core: Armature core is the rotor of a de
machine, It is cylindrical in shape with slots to carry armature
tuindang :

& Aowadvine (i ;nob‘,{g

e usunally a formes odawd  Coppest

1L




coil which rests in armature slots.
6.Commutator and brushes: Physical connection to the
armature winding is made through a commutator-brush
arrangement. The function of a commutator, in a dc
generator, is to collect the current generated in armature
conductors.

Working Principle of a DC Generator:

According to Faraday’s laws of electromagnetic induction,
whenever a conductor is placed in a varying magnetic field (OR
a conductor is moved in a magnetic field), an emf
(electromotive force) gets induced in the conductor. The
magnitude of induced emf can be calculated from the emf
equation of dc generator
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¢ TPLCPROGRAMMING

Programming devices can be&ﬁand-held dewce adesktop consoleor acampufer

Only when ﬂiemglmnlmbem pmgmnmmgdmceandmmymtmfmd.
tothe memory it of the PLC.

I Hand‘lﬂdmmg@msmﬂnaﬂmﬂymmmwu@mmmymihwﬂxm
toreiampragams hile being carried from one place to another.
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X.b

Microprocessor

Micro Controlier

Itis just a processor. Memory and 1/0 components
have to be connected externally

Miero controller has external processor along with
internal memory and I/0 components

Cannot be used in compact systems and hence
ingfficient

Can be used in compact systems and hence it is an
efficient technique

Due to external components, the entire power
consumption is high. Henee it is not suitable to used
with devices running on stored power like batteries.

Since external components are low, total power
consumption is less and can be used with devices
running on stored power ke batteries.

Since memory and 1/0 components are all external,
each instruetion will need external operation, hence it
is relatively slower.

—

Since components are internal, most of the operations
are internal instruetion, hence speed is fast.

Microprocessors are based on von Neumann
modelfarchitecture where program and data are stored
in same memory module

e

Micro controllers are based o Harvard architecture
where program memory and Data memaory are separate
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