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23.3.0 FLUIDMECHANICS

23.3.01 INTRODUCTION
FluidMechanicsfallsunderabroaderareaofstudyknown
asAppliedMechanicsanditdealswithstaticsand
dynamicsofliquidsandgases

ThestudyofFluidMechanicsisdividedintoFluidStatics
andFluidDynamics.

FluidStaticsdealswithfluidsatrestunderpressurewhile
FluidDynamicsdealswithfluidsinmotion.Fluid
Mechanicsmainlydealswithliquidswhoseproperties
includesurfacetension,densityandviscosity.

Thepurposeofthemoduleunitistoequipthetraineewith
thenecessaryknowledgethatwillhelpthem whendealing
withvariousmaterialsandequipmentonaproductionline,
workshopsandotherworkplaces.

Traineestakingthismoduleunitrequirepriortrainingin
relevantmathematicsandmechanicalsciencethatare
foundinmoduleIandmoduleIIofthiscourse.

23.3.02 GENERALOBJECTIVES
Bytheendofthemoduleunitthetraineeshouldbeableto:
a)understandtheflowoffluids
b)solveproblemsonmodeltesting
c) determineperformanceofvarioustypesofpumps

23.3.03 MODULEUNITSUMMARYANDTIMEALLOCATION

FLUIDMECHANICS
Code Sub-

Module
Unit

Content Time
Hrs

T P Total
23.3.1 Flowof

Fluids
 Lossesduetofriction

andchangesinpipe
section

 Deriveequationforhead
lossesduetofriction
andchangesinpipe
section

 Applicationofthe
equationsforflow

6 2 8
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lossestosolve
problems.

 Experimentsonflowrate
andpipelosses

23.3.2 Viscous
Flow

 Definitionsofviscous
flow

 DefinitionofCoefficients
ofviscosity

 Explanationofviscous
flow

 Deriveequationfor
viscousflow

 Applytheequationsto
solveproblems

 Measurementofviscous
resistance

8 2 10

23.3.3 Dimensi
onal
Analysis

 Explanationof
dimensionalanalysis

 Fundamental;
dimensions

 Derivedunits
 Fundamentalunits
 Physicalquantities
 Applicationof

dimensionalanalysisto
establishdimensionless
groups

 Applicationsof
dimensionalanalysisto
solveproblems

 Explanationofmodel
testing

 Testonmodels
 Geometricalsimilarity
 Dynamicalsimilarity

10 4 14

23.3.4
Pumps  Principlesofoperation

ofpumps
 Derivationofequations

forareciprocatingpump
 Derivationofequations

foracentrifugalpump
 Performancetestson

pumps

8 4 12

TotalTime 32 12 44
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23.3.1 FLOW OFFLUIDS

Theory

23.3.1T0 Specific
Objectives

Bytheendofthe
submoduleunit,
thetraineeshould
beableto:
a)explainthe

lossesin
pipes

b)derive
equationsfor
pipeflow
losses

c) applythe
equationsfor
pipeflow
lossesto
solve
problems

23.3.1C Competence
Thetraineeshould
havetheabilitytoset
upandperform an
experimentonflow
losses.

Content
23.3.1T1 Lossesdueto:

i)Friction
ii)Sudden

enlargementor
reductionincross-
sectionalarea

23.3.1T2 Deriveequationfor
headlossesdueto
i)Friction
ii)Suddenreductionin

area
iii)Sudden

enlargementin
area

23.3.1T3 Applicationofthe
equationsforflow
lossestosolve
problems.

Practice

23.3.1P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)measureflowrate

inpipes
b)determinelosses

inpipes

Content
23.3.1P1 ExperimentsonFlow

rateinpipes
23.3.1P2 DeterminationofPipe

losses

SuggestedLearningResources
i)Textbooks
ii)Handouts
iii)Manometer
iv)Pilottube
v)Venturimeter
vi)Orifice
vii)Proceduresheet
viii)Differential

manometer

23.3.2 VISCOUSFLOW

Theory

23.3.2T0 SpecificObjectives
Bytheofthesub
moduleunit,the
traineeshouldbeable
to:
a)explainviscous

flowbetween
parallelsurfaces
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b)deriveequations
forviscousflow
betweenparallel
surfaces.

c) applyequations
forparallelflow to
solveproblems

d)deriveequations
forviscousflowin
circularpipes

e)applyequations
forviscousflowin
circularpipesto
solveproblems

23.3.2C Competence
Thetraineeshould
havetheabilitytoset
upandperform an
experimentonviscous
flow.

Content
23.3.2T1 Explanationofviscous

flow
23.3.2T2 Derivationofviscous

flowbetweenparallel
surfaces
i)Coefficientof

dynamicviscosity
ii)Coefficientof

kinematics
viscosity

23.3.2T3 Applicationofviscous
flowequationin
problem solving
i)Betweenparallel

plates
ii)Betweenparallel

movingplates
iii)Circularpipe

23.3.2T4 Derivationofequation
forviscousflow
i)Betweenparallel

surfaces
ii)Betweenparallel

movingplates
iii)Circularpipes

23.3.2T5 Applicationofviscous
flowincircularpipes
equationstosolve
problems

Practice

23.3.2P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to
Determineviscous
resistanceinfluid.

Content
23.3.2P1 Measurementof

viscousresistance
i)Dashpot
ii)Journalbearing

SuggestedLearningResources
i)Textbooks
ii)Handouts
iii)Dashpot
iv)Journalbearing
v)Proceduresheet

23.3.3DIMENSIONAL
ANALYSIS

Theory

23.3.3T1 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)explainof

dimensional
analysis

b)explainthe
principleof
dimensional
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homogeneity
c) statefundamental

dimensions
d)defineunits
e)statederivedunits
f) statephysical

quantities
g)applydimensional

analysisto
establish
dimensionless
groups

h)applydimensional
analysistosolve
problems

i) explainmodel
testing

j) solveproblemson
modeltesting

23.3.3C Competence
Thetraineeshould
havetheabilitytoset
upperform
experimentsonmodel
testing.

Content
23.3.3T1 Explanationof

dimensionalanalysis
23.3.3T2 Explanationofthe

principleof
fundamental
homogeneity

23.3.3T3 Fundamental
dimensions

23.3.3T4 Definitionofunits
23.3.3T5 Derivedunits
23.3.3T6 Physicalquantities

i)Mass
ii)Force
iii)Density
iv)Velocity
v)Acceleration

23.3.3T7 Applicationof
dimensionalanalysis

toestablish
dimensionlessgroups
i)Reynoldsnumber
ii)Machnumber
iii)Froudenumber

23.3.3T8 Applicationsof
dimensionalanalysis
tosolveproblems
i)Rayleighmethod

(indicialmethod)
ii)Buckingham

theorem
23.3.3T9 Explanationofmodel

testing
i)Geometrical

similarity
ii)Dynamical

similarity
23.3.3T10Solutionofproblems

inmodeltesting

Practice

23.3.3P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
tocarryout
testsonmodels

Content
23.3.3P1 Testonmodels

i)Geometrical
similarity

ii)Dynamical
similarity

SuggestedLearningResources
i)Textbooks
ii)Handouts
iii)Models
iv)Proceduresheet

23.3.4 PUMPS

23.3.4T0 SpecificObjectives
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Bytheendofthesub
moduleunit,the
traineeshouldbeable
to:
a)describethe

principleof
operationofa
pump

b)deriveequations
forreciprocating
pump

c) deriveequations
foracentrifugal
pump

d)Applythe
equationstosolve
pumpproblems

23.3.4C Competence
Thetraineeshould
havetheabilityto
perform experiments
on various
performancetests.

Content
23.3.4T1 Principlesofoperation

of:
i)Reciprocating

pumps
ii)Centrifugalpumps

23.3.4T2 Derivationof
equationsfora
reciprocatingpump
i)Coefficientof

discharge
ii)percentageslip
iii)Workdone
iv)Accelerationhead
v)Frictionhead
vi)Pressureheadin

thecylinder
23.3.4T3 Derivationof

equationsfora

centrifugalpump
i)Effectivehead
ii)Manometrichead
iii)Manometric

efficiency
iv)Mechanical

efficiency
v)Discharge
vi)Torque
vii)Workdoneunit

weight
viii)Specificspeed

23.3.4T4 Applicationof
centrifugalpumps
equationstosolve
problems

Practice

23.3.4P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
todeterminethe
performanceof
varioustypesof
pumps

Content
23.3.4P1 Performancetestson

pumps

SuggestedLearningResources
i)Textbooks
ii)Handouts
iii)Pumps
iv)Proceduresheet
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24.3.0 CONTROLSYSTEMSANDINSTRUMENTATION

24.3.01 Introduction:
Engineeringcontrolsystemsareusedforthecontrolof
physicalquantitiessuchastemperature,flow rates,liquid
levels,chemicalcomposition,speed ofprime movers,
positionofshipsandaircrafts,radarguidance,andmachine
tooloperations.
Controlsystem elementsincludevariousphysicalquantities
measuring devices, springs levers, gears, valves,
gyroscopes,compressors,accumulators,bellows,motors,
resistors,relays,transistors among others.Transducers
whichconvertsuchquantitiesinto electricalsignalsare
commonlyusedandthemicroprocessorisinvolvedinthe
sophisticatedcontrolofmedicalequipment,engineignition
systemsanddomesticappliances.
The instructional approach will lay emphasis on
demonstration,industrialvisits,practicalandprojectwork.

24.3.02 GeneralObjectives:
Bytheendofthemodulethetraineeshouldbeableto:
a)understandtheworkingprinciplesofvariouscontrol

devicesandmeasuringinstruments
b)measurephysicalquantitiesusingmodernmeasuring

instruments
c) applymoderncontrolsystem techniquesinindustry
d)maintainandrepairphysicalcontrolsystems
e)designandconstructphysicalcontrolsystems

24.3.03 ModuleUnitSummaryAndTimeAllocation

ControlSystemsAndInstrumentation
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Code SubModule
Unit

Content Time
Hrs
T P Total

24.3.1 Temperature
Sensors
and
Transducers

 TemperatureSensors
andTransducers

 Operationof
TemperatureSensors
andTransducers

 Testontemperature
sensorsand
transducers

 Assemblyof
temperaturesensors
andtransducers

3 1 4

24.3.2 Level
Sensorsand
Transducers

 LevelSensorsAnd
Transducers

 Operationoflevel
sensorsand
transducers

 Testonlevelsensors
andtransducers

 Assemblyand
dismantlingoflevel
sensorsand
transducers

3 1 4

24.3.3 Displaceme
ntand
Proximity
Sensorsand
Transducers

 DisplacementAnd
ProximitySensorsand
Transducers

 Operationof
displacementand
proximitysensorsand
transducers

 Testofdisplacement
andproximitysensors
andtransducers

 Assemblyand
dismantlingof
displacementand
proximitysensorsand
transducers

3 1 4

24.3.4 Viscosity
Sensorsand
Transducers

 viscositysensorsand
transducers

 Assemblyand
dismantlingviscosity
sensorsand

2 2 4
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transducers
24.3.5 Moisture

and
Humidity
Sensorsand
Transducers

 MoistureAndHumidity
SensorsAnd
transducers

 Operationofmoisture
andhumiditysensors
andtransducers

 Testofmoistureand
humiditysensorsand
transducers

 Assemblyand
dismantlingmoisture
andhumiditysensors
andtransducers

3 1 4

24.3.6 Flow
Sensorsand
Transducers

 flowsensorsand
transducers

 Operationofvarious
typesofflowsensors
andtransducers

 Testofflowsensors
andtransducers

 Assemblyofflow
sensorsand
transducers

2 2 4

24.3.7 Pressure
Sensorsand
Transducers

 pressuresensorsand
transducers

 Applicationofpressure
sensorsand
transducers

 Testofpressure
sensorsand
transducers

 Assemblyofpressure
sensorsand
transducers

2 2 4

24.3.8 Radiation
Sensorsand
Transducers

 RadiationSensorsAnd
transducers

 Pyroelectric
 Applicationofradiation

sensorsand
 Testofradiation

sensorsand
transducers

 Assemblyofradiation

2 2 4
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sensorsandtransducer
24.3.9 Stressand

Strain
Sensorsand
Transducers

 Stressandstrain
sensorsand
transducers

 Applicationofstress
andstrainsensorsand
transducers

 Testofstressand
strainsensorsand
transducers

 Assemblyofstressand
strainsensorsand
transducers

2 2 4

24.3.1
0

Force
Sensorsand
Transducers

 Forcesensorsand
transducers

 Applicationofforce
sensorsand
transducers

 Testofstressand
strainsensorsand
transducers

 Assemblyofstressand
strainsensorsand
transducers

2 2 4

24.3.1
1

Measuring
Instruments

 TypesofMeasuring
Instruments

 FactorsAffecting
InstrumentsSelection

 SourcesofErrorin
MeasuringInstruments

 BasicComponentsof
AnInstrument

 Calibration

6 2 8

24.3.1
2

Measureme
ntof
Physical
Variables

 Measurementsof
PhysicalVariables

4 4 8

24.3.1
3

Fundamenta
lsofControl
System

 Controlsystem
terminology

 OpenandClosedloop

3 1 4

24.3.1
4

Block
Diagrams

 Transferfunctionof
systemswithfeedback

 Blockdiagram
 Superpositiontheorem

2 2
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24.3.1
5

SignalFlow
Graphs

 Conversionofblock
diagramstosignalflow

 Simplificationof
complexloops

 Masonsrule

2 2

24.3.1
6

System
Modelling

 Needformodelling
 Laplacetransformsand

differentialequationsof
transferfunctions

 Transferfunctionsof
simplenetworks

 Practicalsystems

3 1 4

24.3.1
7

Controllers
andControl
Modes

 Definitions
 Modesofcontrol

2 2 4

24.3.1
8

Actuators  Functionofanactuator
 Typesofactuators

1 1 2

24.3.1
9

Process
Control

 Blockdiagram ofa
processloop

 Structuralmodelofa
manufacturingprocess

 Processcontrol
strategies

 Distributedversus
centralcontrol

1 1 2

24.3.2
0

Sequence
Control

 Differencesbetween
computerandPLC

 SpecialFeaturesofPLC
 ArchitectureofPLCs
 OperationofPLCs
 ApplicationsofPLCs
 ComputerIntegrated

Manufacturing

2 2 4

24.3.2
1

Digital
Control
Systems

 DefinitionofDD.C.
 DD.C.blockdiagram
 ApplicationofDD.C.
 ComponentsofaDD.C.

system
 Supervisorycomputer

control

2 2 4

24.3.2
2

Servo
Systems

 Controlofservosystem
 Servoamplifiers
 Steppermotor
 Characteristicscurves

2 2 4
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ofACandD.C.servo
motors

TotalTime 54 34 88
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24.3.1TEMPERATURE
SENSORSAND
TRANSDUCERS

Theory

24.3.1T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationof
varioustypesof
temperature

b)sensorsand
transducers

c) describe
applicationof
varioustypesof
temperature
sensors

d)andtransducers

24.3.1C Competence
Thetraineeshould
havetheabilityto:
i)Testtemperature

sensorsand
transducers

ii)Fitatemperature
sensorand
transducers

Content
24.3.1T1 TemperatureSensors

andTransducers
i)Resistance
ii)Temperatures

detectors
iii)Platinum

Resistance
iv)Thermistors
v)Transistorsand

IntegratedCircuits
(IC)

24.3.1T2 Operationof
TemperatureSensors
andTransducers

Practice

24.3.1P0 SpecificObjectives
Bytheendofthesub-
moduleunitthe
traineeshouldbeable
to:
e)testtemperature

sensorsand
transducers

f) assembleand
dismantle
temperature
sensorsand
transducers

Content
24.3.1P1 Testontemperature

sensorsand
transducers

24.3.1P2 Assemblyof
temperaturesensors
andtransducers

SuggestedLearningResources
i)Referencebooks
ii)Manufacturerscharts
iii)Assortedtemperature

sensors
iv)Audiovisualaids
v)Testinstruments

24.3.2LEVELSENSORSAND
TRANSDUCERS

Theory

24.3.2T0 SpecificObjectives
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Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationof
variouslevel
sensorsand
transducer

b)describe
applicationof
varioustypesof
levelsensorsand
transducers

Content
24.3.2T1 LevelSensorsAnd

Transducers
i)Diaphragm
ii)Differential

pressure
iii)Ultrasonic
iv)Radiation
v)Capacitanceprobes
vi)Levelgauges
vii)Opticallevel

switches
viii)Resistancetapes

24.3.2T2 Operationoflevel
sensorsand
transducers

Practice

24.3.2P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testlevelsensors

andtransducer
b)assembleand

dismantlelevel
sensorsand
transducers

Content
24.3.2P1 Testoflevelsensors

andtransducers
24.3.2P2 Assemblyand

dismantlingoflevel
sensorsand
transducers

24.3.2C Competence
Thetraineeshould
havetheability:
i) testlevelsensors

andtransducers
ii) fitalevelsensor

andtransducers

SuggestedLearningResources
i)Referencebooks
ii)Manufacturerscharts
iii)Manufacturersmanual
iv)Assortedlevelsensors

andtransducers
v)Testinstruments

24.3.3 DISPLACEMENTAND
PROXIMITYSENSORS
ANDTRANSDUCERS

Theory

24.3.3T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationof
varioustypesof
displacementand
proximitysensors
andtransducers
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b)describethe
applicationof
varioustypesof
displacementand
proximitysensors
andtransducers

24.3.3C Competence
Thetraineeshould
havetheabilityto:
i)Testa

displacementand
proximitysensors
andtransducers

ii)Fitadisplacement
andaproximity
sensorand
transducers

Content
24.3.3T1Displacementand

ProximitySensorsand
Transducers
i)Resistive
ii) Inductive
iii) Capacitive
iv) Position
v) Velocity
vi) Acceleration

24.3.3T2 Operationof
displacementand
proximitysensorsand
transducers

Practice

24.3.3P0SpecificObjectives
Bytheendthesub-
moduleunit,the
traineeshouldbeable
to:
a)testdisplacement

andproximity
sensorsand
transducers

b)assembleand
dismantle
displacementand
proximitysensors
andtransducers

Content
24.3.3P1 Displacementand

ProximitySensorsand
Transducers
i)Tests

24.3.3P2 Displacementand
ProximitySensorsand
Transducers
i)Dismantling
ii)Assembly

SuggestedLearning
Resources

i)Referencebooks
ii)Manufactures

charts
iii)Assorted

displacementand
proximitysensors
andtransducers

iv)Testinstruments
v)Assortedtools

24.3.4 VISCOSITYSENSORS
ANDTRANSDUCERS

Theory

24.3.4T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationof
varioustypesof
viscositysensors
andtransducers

b)describethe
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applicationsof
varioustypesof
viscositysensors
and
transducers

Content
24.3.4T1 Viscositysensorsand

transducers
i)Pressuredrops
ii)Oscillation
iii)Torqueandweight

techniques
24.3.4T2 Applicationsof

ViscositySensorsand
transducers

Practice

24.3.4P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testviscosity

sensorsand
transducers

b)assembleand
dismantle
viscositysensors
andtransducers

Content
24.3.4P1 Testonviscosity

sensorsand
transducers

24.3.4P2 Assemblyand
dismantlingof
viscositysensorsand
transducers

Competence
Thetraineeshould

havetheabilityto:
i)Testaviscosity

sensorand
transducers

ii)FitViscosity
Sensorsand
Transducers

SuggestedLearning
Resources

i)Referencebooks
ii)Manufactures

charts
iii)Assortedviscosity

sensorsand
transducers

iv)Testinstruments

24.3.5 MOISTUREAND
HUMIDITYSENSORS
ANDTRANSDUCERS

Theory

24.3.5T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationof
varioustypesof
moistureand
humidity

b)sensorsand
transducers

c) describethe
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applicationof
varioustypesof
moistureand
humiditysensors
andtransducers

24.35C Competence
Thetraineeshould
havetheabilityto:
i)Testmoistureand

humiditysensor
andtransducers

ii)Fitmoistureand
humiditysensors
andtransducers

Content
24.3.5T1 MoistureandHumidity

SensorsAnd
i)Hygrometric
ii)DewPointSensing

Techniques
24.3.5T2 Operationofmoisture

andhumiditysensors
andtransducers

Practice

24.3.5P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testmoistureand

humiditysensors
andtransducers

b)assembleand
dismantle
moistureand
humiditysensors
andtransducers

Content
24.3.5P1 Testofmoistureand

humiditysensorsand
transducers

24.3.5P2 Assemblyand
dismantlingmoisture
andhumiditysensors
andtransducers

SuggestedLearning
Resources

i)Referencebooks
ii)Manufactures

charts
iii)Assortedmoisture

andhumidity
sensorsand
transducers

iv)Testinstruments

24.3.6FLOW SENSORSAND
TRANSDUCERS

Theory

24.3.6T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationof
varioustypesof
flowsensorsand
transducers

b)explainthe
operationof
varioustypesof
flowsensorsand
transducers

Content
24.3.6T1 FlowSensorsAnd

transducers
i) Orificeplate
ii) Venturitubesand

flownozzle
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iii)Turbine
24.3.6T2 Operationofvarious

typesofflowsensors
andtransducers

Practice

24.3.6P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testflowsensors

andtransducers
b)assembleand

dismantleflow
sensorsand
transducers

Content
24.3.6P1 Testofflowsensors

andtransducers
24.3.6P2 Assemblyofflow

sensorsand
transducers

24.3.6C Competence
Thetraineeshould
havetheabilityto:
i) Testflowsensors

andtransducers
ii) Fitaflowsensors

andtransducers

SuggestedLearning
Resources

i) Referencebooks
ii) Manufactures

charts
iii)Assortedflow

sensorsand
transducers

iv)Testinstruments

24.3.7 PRESSURESENSORS

ANDTRANSDUCERS

Theory

24.3.7T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationofthe
varioustypesof
pressuresensors
andtransducers

b)explainthe
applicationof
varioustypesof
pressuresensors
andtransducers

Content
24.3.7T1 Pressuresensorsand

transducers
i) Inductive
ii) piezoelectric
iii)Capacitive
iv)Straingauge
v) Potentiometric

24.3.7T2 Applicationof
pressuresensorsand
transducers

Practice

24.3.7P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testpressure

sensorsand
transducers

b)assembleand
dismantle
pressuresensors
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andtransducers

Content
24.3.7P1 Testofpressure

sensorsand
transducers

24.3.7P2 Assemblyofpressure
sensorsand
transducers

24.3.7C Competence
Thetraineeshould
havetheabilityto:
i) Testpressure

sensorsand
transducers

ii) Fitpressure
sensorsand
transducers

SuggestedLearning
Resources

i) Selectedpressure
sensorsand

ii) Referencebooks
iii)Fieldvisits
iv)Assortedpressure

sensorsand
transducers

v) Testinstruments

24.3.8 RADIATIONSENSORS
ANDTRANSDUCERS

Theory

24.3.8T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationofthe
varioustypesof
radiationsensors

andtransducers
b)explainthe

applicationof
varioustypesof
radiationsensors
andtransducers

Content
24.3.8T1 RadiationSensors

i)Thermalphoto
detectors

ii)Thermocouple
iii)Pyroelectric
iv)Photondetectors
v)Photo-emission
vi)Photoconductive
vii)photovoltaic

24.3.8T2 Applicationof
radiationsensorsand

Practice

24.3.8P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testradiation

sensorsand
transducers

b)assembleand
dismantle
radiationsensors
andtransducers

Content
24.3.8P1 Testofradiation

sensorsand
transducers

24.3.8P2 Assemblyofradiation
sensorsand
transducers

24.3.8C Competence
Thetraineeshould
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havetheabilityto:
i) Testradiation

sensorsand
transducers

ii) Fitradiation
sensorsand
transducers

SuggestedLearning
Resources

i) Selectedradiation
sensorsand
transducers

ii) Referencebooks
iii)Fieldvisits
iv)Testinstruments
v) Testinstruments

24.3.9 STRESSANDSTRAIN
SENSORSAND
TRANSDUCERS

Theory

24.3.9T0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationofthe
varioustypesof
stressandstrain
sensorsand
transducers

b)explainthe
applicationof
varioustypesof
stressandstrain
sensorsand
transducers

24.3.9C Competence
Thetraineeshould
havetheabilityto:

i) Teststressand
strainsensorsand
transducers

ii) Fitstressand
strainsensorsand
transducers

Content
24.3.9T1Stressandstrain

sensorsand
transducers
i)Metallicstrain

gauge
ii)Semiconductor

straingauge
iii)Piezoelectricstress

sensors
24.3.9T2 Applicationofstress

andstrainsensorsand
transducers

Practice

24.3.9P0 SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)teststressand

strainsensorsand
transducers

b)assembleand
dismantlestress
andstrainsensors
andtransducers

Content
24.3.9T1 Testofstressand

strainsensorsand
transducers

24.3.9T2 Assemblyofstress
andstrainsensorsand
transducers

SuggestedLearning
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Resources
i) Selectedstress

andstrainsensors
and

ii) Referencebooks
iii)Fieldvisits
iv)Testinstruments

24.3.10 FORCESENSORSAND
TRANSDUCERS

Theory

24.3.10T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

operationofthe
varioustypesof
forcesensorsand
transducers

b)explainthe
applicationof
varioustypesof
forcesensorsand
transducers

24.3.10C Competence
Thetraineeshould
havetheabilityto:
i) Teststressand

strainsensorsand
transducers

ii) Fitstressand
strainsensorsand
transducers

Content
24.3.10T1Forcesensorsand

transducers
i) Piezoelectric
ii) Capacitive
iii)re

24.3.10T2Applicationofforce
sensorsand
transducers

Practice

24.3.10P0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)teststressand

strainsensorsand
transducers

b)assembleand
dismantlestress
andstrainsensors
andtransducers

Content
24.3.10P1 Testofstressand

strainsensorsand
transducers

24.3.10P2 Assemblyof
stressandstrain
sensorsand
transducers

SuggestedLearning
Resources

i) Selectedforce
sensorsand
transducers

ii) Referencebooks
iii)Fieldvisits

24.3.11 MEASURING
INSTRUMENTS

Theory

24.3.11T0SpecificObjectives
Bytheendthesub-
moduleunitthe

ea
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traineeshouldbeable
to:
a)classify

instruments
b)explainthefactors

affecting
instruments
selection

c) explainthe
sourcesoferrorin
measuring
instruments

d)explainthe
importantbasic
componentsofan
instrumentsystem

24.3.10C Competence
Thetraineeshould
havetheabilityto
calibrateameasuring
instrument.

Content
24.3.11T1TypesofMeasuring

Instruments
i)Indicating
ii)Recording
iii)Controlling

24.3.11T2FactorsAffecting
InstrumentsSelection
i)Accuracy
ii)Precision
iii)Resolutioncapacity
iv)Reliability
v)Cost
vi)Staticanddynamic

response
24.3.11T3SourcesOfErrorIn

Measuring
Instruments
i)Manufacturingerror
ii)Designerror

iii)Operationalerror
iv)Environmentalerror
v)Applicationerror

24.3.11T4BasicComponentsOf
AnInstrument
i)SensingElement
ii)Amplifying

Elements
iii)SignalModifiersor

Converters

Practice

24.3.11P0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to
calibrateameasuring
instrument

Content
24.3.11P1 Calibration

SuggestedLearning
Resources

i)Selectedmeasuring
instruments

ii)Referencebooks
iii)Fieldvisits

24.3.12 MEASUREMENTOF
PHYSICAL
VARIABLES

Theory

24.3.12T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to
describevariousways
ofmeasuring
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physicalvariables

Content
24.3.12T1Measurementsof

PhysicalVariables
i)Displacement
ii)Force
iii)Torque
iv)Strain
v)Stress
vi)Angularvelocity
vii)Temperature
viii)Liquidlevel
ix)Flow

Practice

24.3.12P0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to
i)measure
ii) displacement
iii)force
iv)torque
v) strain
vi)stress
vii)angularvelocity
viii)temperature
ix)liquidlevel
x) flow

Content
24.3.12P1 Measurementsof

Displacement
24.3.12P2 Measurementsof

Force
24.3.12P3 Measurementsof

Torque
24.3.12P4 Measurementsof

Strain
24.3.12P5 Measurements

ofStress

24.3.12P6 Measurements
ofAngularvelocity

24.3.12P7 Measurements
ofTemperature

24.3.12P8 Measurements
ofLiquidlevel

24.3.12P9 Measurements
ofFlow

24.3.12C Competence
Thetraineeshould
havetheabilityto
measurePhysical
Variables
i) Displacement
ii) Measureforce
iii)Measuretorque
iv)Measurestrain
v) Measurestress
vi)Measureangular

velocity
vii)Measure

temperature
viii)Measureliquid

level
ix)Measureflow

SuggestedLearning
Resources

i) Selected
measuring
instruments

ii) Referencebooks
iii)Fieldvisits

24.3.13 FUNDAMENTALSOF
CONTROLSYSTEM

Theory

24.3.13T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
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to:
a)definecontrol

system terms
b)distinguish

betweenopenand
closedloop
systems

24.3.13C Competence
Thetraineeshould
havetheabilityto
identifyopenloop
andclosedloop
controlsystems.

Content
24.3.13T1Controlsystem

terminology
i) Control
ii) System
iii)Controlsystem -

Naturalsystem
iv)Manmadesystem
v) Hybridsystem
vi)Controlledand

referencevariables
24.3.13T2OpenandClosedloop

i) Feedback
ii) Featuresofopen

loopsystems
iii)Featuresofclosed

loopsystem
iv)Advantagesand

disadvantages

Practice

24.3.13P0 Specific
Objectives

Bytheendthesub-
moduleunitthe

traineeshouldbeable
toidentifyopenand
closedloopsystems

Content
24.3.13P1 OpenandClosed

loop
i) Featuresofopen

loopsystems
ii) Featuresofclosed

loopsystem

SuggestedLearning
Resources

i) Referencebooks
ii) Audiovisualaids

24.3.14 BLOCKDIAGRAMS

Theory

24.3.14T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)deriveoverall

transferfunction
ofsimplesystems
withfeedback

b)reduceblock
diagramsto
canonical
representation

c) usesuperposition
theorem toreduce
multi-input
systems

Content
24.3.14T1Transferfunctionof

systemswith
feedback
i)Feedback
ii) openloop
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24.3.14T2Blockdiagram
i)Blockdiagramsof

singleinputsignal
system

ii) Blockdiagramsof
multi-inputsignal
system

24.3.14T3Superpositiontheorem

SuggestedLearning
Resources

i)Referencebooks
ii) Audiovisualaids

24.3.15 SIGNALFLOW
GRAPHS

Theory

24.3.15T0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)convertblock

diagramstosignal
flowgraphs

b)simplifycomplex
loops

c) applymason’srule

Content
24.3.15T1 Conversionof

blockdiagramsto
signalflow

24.3.15T2Simplificationof
complexloops

24.3.15T3Masonsrule

SuggestedLearning
Resources

i)Referencebooks
ii) Audiovisualaids

24.3.16 SYSTEM MODELLING

Theory

24.3.16T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explaintheneed

formodelling
b)useLaplace

transformsand
differential
equationsto
representsystem
transferfunctions

c) defineatransfer
functionand
explainits
dependencyon
frequency

Content
24.3.16T1Needformodelling
24.3.16T2Laplacetransforms

anddifferential
equationsoftransfer
functions

24.3.16T3 Transfer
functionsofsimple
networks
i)Practicalsystems

Practice

24.3.16P0 Specific
Objectives

Bytheendthesub-
moduleunitthe
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traineeshouldbeable
torepresentpractical
systemswithtransfer
functionsandreduce
them tocanonical
form

Content
24.3.16P1 Practicalsystems

SuggestedLearning
Resources

i)Referencebooks
ii)Audiovisualaids
iii)Practicalsystems

24.3.17 CONTROLLERSAND
CONTROLMODES

Theory

24.3.17T0SpecificObjectives
Bytheendthesub-
moduleunitthe
traineeshouldbe
ableto:
a)defineterms

relatingto
controllers

b)explaincontroller
modesand
contrastthe
variousmodes

24.3.17CCompetence
Thetraineeshould
havetheabilityto
representpractical
systemswith
transferfunctions
andreducethem to

canonicalform.

24.3.17C Competence
Thetraineeshould
havetheabilityto
identifythecontrol
modeutilizedbya
givencontrolsystem.

Content
24.3.17T1Definitions

i)Processload
ii) Processlag
iii) Selfregulation
iv) Controllag
v) Deadtime

24.3.17T2Modesofcontrol
i)Twopositionand

floating
ii) Proportional

mode
iii) Integralmode
iv)Composite

controlmodes

Practice

24.3.17P0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to
identifythecontrol
modeutilizedina
givenpracticalcontrol
system

Content
24.3.17P1 Modesofcontrol

i)Twopositionand
floating

ii)Proportionalmode
iii)Integralmode
iv)Compositecontrol
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modes

SuggestedLearning
Resources

i)Referencebooks
ii) Audiovisual

aids
iii)Physicalcontrol

systems

24.3.18 ACTUATORS

Theory

24.3.18T0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

functionofan
actuator

b)outlinecommon
typesofactuators

24.3.18CCompetence
Thetraineeshould
havetheabilityto:
i)TestSolenoids,

Pneumaticand
Hydraulic
actuators

ii)FitSolenoids,
Pneumaticand
Hydraulic
actuators

Content
24.3.18T1Functionofan

actuator
24.3.18T2Typesofactuators

i)Solenoids
ii)Digitalstepper

motordrives

iii)A.C.andD.C.
motors

iv)Pneumatic
v)Hydraulic

Practice

24.3.18P0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)testsolenoids,

pneumaticand
hydraulic
actuators

b)fitsolenoids,
pneumaticand
hydraulic
actuators

Content
24.3.18P1 Testsof

actuators
i)Solenoids
ii)Pneumatic
iii)Hydraulic

24.3.18P2 Fittingactuators
i)Solenoids
ii)Pneumatic
iii)Hydraulic

SuggestedLearning
Resources

i)Referencebooks
ii)Audiovisualaids

24.3.19 PROCESSCONTROL

Theory

24.3.19T0 Specific
Objectives

Bytheendthesub-
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moduleunitthe
traineeshouldbeable
to:
a)drawablock

diagram ofa
processcontrol
loopanddescribe
eachelement

b)describethe
structuralmodelof
amanufacturing
process

c) explainprocess
controlstrategies

d)describethe
differences
between
centralizedcontrol,
optionally
distributedcontrol
andfully
distributedcontrol

Content
24.3.19T1Blockdiagram ofa

processloop
i)Process
ii) Measurement
iii) Comparator
iv) Controller
v) Control

element
24.3.19T2Structuralmodelofa

manufacturing
process
i)Inputvariables
ii)Outputvariables

24.3.19T3Processcontrol
strategies
i)Feedbackcontrol
ii) Regulatory

control
iii) Feedforward

control
iv) Pre-planned

control

v) Steadystate
optimal
control

vi) Adaptive
control

24.3.19T4Distributedversus
centralcontrol
i) Centralized

control,
ii) Optionally

distributed
control

iii)Fullydistributed
control

SuggestedLearning
Resources

i)Referencebooks
ii) Audiovisualaids
iii)Fieldvisits

24.3.20 SEQUENCECONTROL

Theory

24.3.20T0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)explainthe

difference
betweena
computeranda
Programmable
LogicControllers
(PLCs)

b)describethe
specialfeaturesof
PLC

c) describe
architectureofa
PLC

d)describethe
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operationofaPLC
e)explainthe

applicationofa
PLC

Content
24.3.20T1Differencesbetween

computerandPLC
i) Real-time

operation
ii) Environmental

consideration
iii)Programming

languagesand
techniques

iv)Maintenanceand
troubleshooting

24.3.20T2SpecialFeaturesof
PLC
i)Cost
ii)Versatility
iii)Flexibility
iv)Expandability
v)Maintenance
vi)Accuracy

24.3.20T3ArchitectureofPLCs
i)Centralprocessing

unit
ii)Inputdevices

(Modules)
iii)Outputdevices

(Modules)
iv)Powersupply
v)Inputcomponents
vi)Outputcomponents
vii)Memory
viii)Programmingunit

(console)
24.3.20T4OperationofPLCs
24.3.20T5ApplicationsofPLCs

i)CNCmachinetools
ii)Computer

Integrated
Manufacturing

SuggestedLearning
Resources

i)Referencebooks
ii)Audiovisualaids
iii)Fieldvisits

24.3.21 DIGITALCONTROL
SYSTEMS

Theory

24.3.21T0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)defineDirect

DigitalControl
(DDC)

b)drawaDDC block
diagram

c) explainthe
applicationofDDC

d)explainthe
componentsofa
DDC system

e)describe
supervisory
computercontrol
anditsapplication

Content
24.3.21T1DefinitionofDDC
24.3.21T2DDCblockdiagram
24.3.21T3ApplicationsofDDC
24.3.21T4ComponentsofaDDC

system andsensors
i)Actuatorsand

sensors
ii)Analoguecontroller
iii)Recordingand

displaydevices
iv)Set-pointdialand
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comparator
24.3.21T5Supervisorycomputer

control
i)BlockDiagram
ii)Application

SuggestedLearning
Resources

i)Referencebooks
ii)Audiovisualaids
iii)Fieldvisits

24.3.21 SERVOSYSTEMS
Theory

24.3.21T0 Specific
Objectives

Bytheendthesub-
moduleunitthe
traineeshouldbeable
to:
a)describecontrolof

position,speed
(accelerationand
torque)ofservo
mechanisms

b)explainthe
operationofservo
system amplifiers

c) explainthe
operationand
controlofa
steppermotor

d)plotthe
characteristic
curvesofatypical
acandDC servo-
motors

e)describethe
effectsofamplifier
gainonservo-
system
performance

Content
24.3.21T1Controlofservo

system
i)ACservo
ii)DC servo
iii)Differencebetween

DC andACservos
iv)Practicalsystems

24.3.21T2Servoamplifiers
i) DC
ii) AC
iii) Phasesensitive

rectifiers
iv)Applications

24.3.21T3Steppermotor
i) Construction
ii) Operation
iii) ControlCircuits
iv) Calculations
v) Interfacing
vi) Applications

24.3.21T4Characteristicscurves
ofACandDCservo
motors

24.3.21T5Amplifierandservo
systemsperformance

SuggestedLearning
Resources

i) Referencebooks
ii) Audiovisualaids
iii) Fieldvisits
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