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Industrial Automation Lab BEE-7A/B/C/D

Engr. Khawar Riaz

LAB-1

INTRODUCTION TO INDUDTRIAL AUTOMATION

OBJECTIVE Introduction to the basics Industrial Automation.

Working principal of different type of Temperature Sensors

DISCUSSIONIndustrial Automation is basically a combination of
two Words:

1. Industry2. Automation

Industry:Systematic activity that could be related to
manufacturing of any finished product

from a raw material.

For Example: Juice production from powdered flavor.

From engineering prospective general block diagram of industry
is shown below.

INDUSTRY

(Manufacturing)

Power Utilities Mechanical Chemical Electrical

Sensors

ActuatorsMotors

Encoders

ContactorsBreakers

Auxiliaries

VFDsPLCs

HMI

SCADA

Quality-

Control

Assurance

Mixing

Gears

Mechanical-

Actuators

Boiler

ChillerCooling towers

Ammonia Plant

WaterTreatment

HVAC

Air Compressor

Generators

TransformersFuses

PF protection

OL protectionCircuit Breakers
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SCADA= Supervisory Control and Data AccusationHMI= Human Machine
InterfacePLC= Programmable Logic Controller

VFD=variable Frequency DrivePF=Power factorOL=Overload

Automation:

Automation is a set of technologies that results in operation of
machines andsystems without significant human intervention and
achieves performance superior to

manual operation.

Controls VS AutomationAutomation Systems may include Control
Systems but the reverse is not true.

Control Systems may be parts of Automation Systems. The main
function of control

systems is to ensure that outputs follow the set points.
However, Automation Systemsmay have much more functionality, such
as computing set points for control systems,

monitoring system performance, plant startup or shutdown, job
and equipment schedulingetc.

Industrial AutomationIt involves significant amount of hardware
technologies, related to

Instrumentation and Sensing, Actuation and Drives, Electronics
for SignalConditioning, Communication and Display, Embedded as well
as Stand-alone Computing

Systems etc.

Manual Control: Automatic Control:

You can clearly see that in manual control in human interface is
involved a person is

looking at the temperature gauge as soon as the temperature is
achieved he shuts off the

Supply valve.

Whereas in automatic control the temperature is sensed by the
temperature sensor and thedata is sent to the controller which in
turns control the Shutoff valve.
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Advantages of Industrial Automation:

Increased productivity.

Improved quality or increased predictability of quality.

Improved robustness (consistency), of processes or product.

Increased consistency of output.

Reduced direct human labor costs and expenses

Dis-Advantages of Industrial Automation:

Security Threats/Vulnerability: An automated system may have a
limited level of

intelligence, and is therefore more susceptible to committing
errors outside of its

immediate scope of knowledge (e.g., it is typically unable to
apply the rules of simple

logic to general propositions).

Unpredictable/excessive development costs: The research and
development costof automating a process may exceed the cost saved
by the automation itself.

High initial cost: The automation of a new product or plant
typically requires a very

large initial investment in comparison with the unit cost of the
product, although the

cost of automation may be spread among many products and over
time.

Automation Process Flow Diagram:

So in this Course we will study

Different types of Sensors i.e. Temperature, Force, RPM and
optical sensors.

Signal conditioning and calibration of different types of
sensors.

Instrumentation & Amplification techniques for different
types of sensors.

Control (PLCs and PIDs).

Drive circuitry for different Actuators (VFDs and FESTO
valves).

Actuators (Motors and valves)

AmplificationControlDrive Circuitry

Sensors Signal conditioning & calibration
Instrumentation

Actuators
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SENSORS

A sensor (also called detector) is a converter that measures a
physical quantity andconverts it into a signal which can be read by
an observer or by an (today

mostly electronic) instrument.For Example: a mercury-in-glass
thermometer converts the measured temperature intoexpansion and
contraction of a liquid which can be read on a calibrated glass
tube.

A thermocouple converts temperature to an output voltage which
can be read by

a voltmeter.

Temperature Sensors:The Expansion or contraction of solids,
liquids or gases, the change in

electrical resistances of conductors and semiconductors ,
thermoelectric e.m.f.s and thechange in the Current across the
junction of semiconductor diodes and transistors are all

examples of properties that change when the temperature changes
and can be used as

basis of temperature sensors. The following are some of the more
commonly usedtemperature sensors.

1. Bimetallic Strip2. Liquid in glass thermometer3. Resistance
Temperature detectors4. Thermistors5. Thermocouples6. Thermodiodes
and transistors7. Pyrometer

1. Bimetallic Strip:A bimetallic strip consists of two different
metal strips of the same

length bonded together. Because the metals have different
coefficients of expansion,

when the temperature increases the composite strip bends into a
curved strip, with thehigher coefficient metal on the outside of
the curve. The amount of curve depends on

the two metal used, the length of the composite strip and the
change in temperature. If

one end of a bimetallic strip is fixed, the amount by which the
free end moves is themeasure of temperature.
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Uses:

Movement can be used to open or close electric circuits, as in
the simple thermostatcommonly used with domestic heating
system.

Characteristics: Robust.

Cheap.

Accuracy of +/- 1%.

Fairly slow to react to change in temperature.

2. Liquid in glass thermometer:

Involves liquid expanding in a capillary tube, the height to
which liquidexpands is a measure of the temperature.

Mercury

-35 C to +600 CAlcohol -80 C to +70 C

Pentane -200 C to +30 C

Characteristics:

Direct reading Fragile

Reasonable accuracy under standard conditions

Fairly slow to react to change in temperature.
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3. Resistance temperature Detectors (RTDs):

The resistance of most metals increase in a reasonable linear
way withtemperature and can be given by

Rt=Ro(1+t)

Rt=Resistance at t temperature

Ro=Resistance at 0C= Temperature Coefficient of Resistance
(constant)

RTDs are only available with Positive temperature Co-efficient
(PTC)

RTDs are simple resistance elements in the form of coils of
metal wire e.g. platinum,

nickel and copper alloys.

0 Platinum Detectors have high linearity, long term stability,
accuracy of (+/-)0.5%, range -200C to +850C, Can be used in wide
range of Environment

without Deterioration.0 Nickel and Copper alloys are cheaper but
have less stability, Deterioration in

environment and cannot be used over a wide range of Temperature.
+200C.

Range can be increased up to 1700C by Increasing purity of
Platinum.
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4. Thermistors:

Semiconductor Temperature Sensors made from mixture of
metaloxides, such as those of chromium, cobalt, iron, manganese and
nickel. Thermistors

differ from resistance temperature detectors (RTD) in that the
material used in a

thermistor is generally a ceramic or polymer, while RTDs use
pure metals. Thetemperature response is also different; RTDs are
useful over larger temperatureranges, while thermistors typically
achieve a higher precision within a limited

temperature range, typically 100C to 300C

Thermistors have highly non-linear behavior, so small change in
temperature results inlarge deviation of resistance which is their
main disadvantage but this dis advantage turns

into advantage when the temperature deviation is small.

Thermistors can be classified into two types, if the resistance
increases with increasingtemperature, then the device is called a
positive temperature coefficient (PTC)

thermistor, or posistor or if the resistance decreases with
increasing temperature, thenthe device is called a negative
temperature coefficient (NTC) thermistor.

For small Range of Temperature

For large Range of temperature Stein-Hart Equation is Used

Where a, b and c are called the SteinhartHart parameters, and
must be specified for eachdevice. T is the temperature in kelvin
and R is the resistance in ohms. To give resistance

as a function of temperature, the above can be rearranged
into:
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where

and

The error in the SteinhartHart equation is generally less than
0.02 C in the measurement

of temperature over a 200 C range Approximation can lead us
to

Uses:

PTC thermistors can be used as current-limiting devices for
circuit protection, asreplacements for fuses.

NTC thermistors are used as resistance thermometers in
low-temperaturemeasurements of the order of 10K.

Thermistors are often used in the hot ends of 3D printers; they
monitor the heatproduced and allow the printer's control circuitry
to keep a constant temperaturefor melting the plastic filament.

5. Thermocouple:

A thermocouple consists of two dissimilar conductors in contact
whichproduces a voltage when heated. The voltage produced is
dependent on the difference oftemperature of the junction to other
parts of the circuit. Thermocouples are a widely used

type of temperature sensor for measurement and control.
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For small changes in temperature the Seebeck voltage is linearly
proportional to

temperature:

Where , the Seebeck coefficient, is the constant
ofproportionality.

Working Principal:

We would like the voltmeter to read only V1, but by connecting
the voltmeter in an

attempt to measure the output of Junction J1, we have created
two more metallicjunctions: J2 and J3. Since J3 is a
copper-to-copper junction, it creates no thermal EMF

(V3 = 0), but J2 is a copper-to-constantan junction which will
add an EMF (V2) in

opposition to V1. The resultant voltmeter reading V will be
proportional to thetemperature difference between J1 and J2. This
says that we cant find the temperature at

J1 unless we first find the temperature of J2.
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One way to determine the temperature of J2 is to physically put
the junction into an ice

bath, forcing its temperature to be 0C.

V = (V1 - V2) (tJ1 - tJ2)

If we specify TJ1 in degrees Celsius:

TJ1 (C) + 273.15 = tJ1

Then V becomes:

V = V1 - V2 = [(TJ1 + 273.15) - (TJ2+ 273.15)]

= (TJ1 - TJ2) = (TJ1 - 0)

V = TJ1

Now if Metal is Fe The circuit becomes

If both front panel terminals are not at the same temperature,
there will be an error. For a

more precise measurement, the copper voltmeter leads should be
extended so the copperto-iron junctions are made on an isothermal
(same temperature) block:

The isothermal block is an electrical insulator but a good heat
conductor, and it serves to

hold J3 and J4 at the same temperature. The absolute block
temperature is unimportantbecause the two Cu-Fe junctions act in
opposition. We still have

V = (T1 - TREF)
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This is still a rather inconvenient circuit because we have to
connect two thermocouples.

Lets eliminate the extra Fe wire in the negative (LO) lead by
combining the Cu -Fe

junction (J4) and the Fe-C junction (JREF) using law of
Intermediate Metals.

Law of Intermediate metals:

If in between to dissimilar metals another metal is present of
athermocouple junction then the output will not be affected by the
middle one as long as

the metals are at same temperature.

This is a useful conclusion and Circuit reduces to
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For External Reference:

Characteristics:

Linear behavior after RTDs Inexpensive

Interchangeable

Range up to 1800C

Available in Different Ranges.

6. Thermodiodes and Transistors:When the temperature of Doped
Semiconductor Changes and the mobility

of their charge carrier changes. As a consequence when a p-n
junction has a potential

difference across it, the current through the junction is a
function of Temperature.

LM3911 is an Example of Thermodiodes.

LM35 is an Example of Thermo Transistor.

7. Pyrometer:A pyrometeris a type of thermometer used to measure
high temperatures. There are

two types of pyrometer.

Optical pyrometer:

Comparing the brightness of light emitted by the hot body with
knownstandard

Range 600C to 3000CRadiation pyrometer:

Measurement of amount of total radiation emitted by a hot body
by aresistance element.

Range 0C to 3000C
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INSTRUCTION FOR NEXT LAB:

Purchase LM3911 and LM35.

Submit the lab report by next lab which includes:

Temperature Sensors
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