General Engineering

Unit 4 ELECTRICITY AND ELECT
DISTRIBUTION SYSTEM




Electricity

A Electricityis definedasthe rate of flow of chargesn a conductor

A It is a secondaryenergysourcewhich meansthat we get it from the
conversionof other sourcesof energy,like coal,natural gas oil, nuclear

powerandother naturalsourceswhichare calledprimarysources

A The energy sourceswe use to make electricity can be renewable or
non-renewable, but electricity itself is neither renewable or non-

renewable
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Voltage

A Volt is the unit of potential difference between two points. If 1 joule
work is done to move 1 coulomb positive chargefrom one point to

another,then the potential differencebetweenthe pointsis 1 volt.
IV=1JC1

A Onevolt is alsodefined asthe potential differenceacrossa resistance

of 1 Ohmwhen1 ampereof currentflowsthroughit.
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Voltmeter 5

Theinstrument which measuresthe voltageor potential differencein

voltsis knownasthe voltmeter:

It works on the principle that the torque is generatedby the current
which inducesbecauseof measurandvoltage and this torque deflects

the pointer of the instrument

The deflection of the pointer is directly proportional to the potential

differencebetweenthe points.

Thevoltmeteris alwaysconnectedin parallelwith the circuit.

Voltmeter

5.5 Resistance
Battery H
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Ampere

A Oneampereof current representsone coulomb of electrical charge,

l.e. 6.24x1018chargecarriers,movingin one second

Ampere=1 Coulomlk/ Second
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Ammeter @ :

Themeter usesfor measuringhe currentis knownasthe ammeter
Thecurrentisthe flow of electronswhoseunit isampere

Hencethe instrument which measuregshe flows of currentin ampere

ISknownasamperemeter or ammeter

The ideal ammeter has zero internal resistance But practically the

ammeterhassmallinternalresistance

The measuring range of the ammeter depends on the value of

resistance

Ammeter

Battery
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Watts

A A unit of electrical power. One watt is equivalentto one joule per
second,correspondingo the power in an electric circuit in which the

potential differenceis onevolt andthe currentoneampere
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Wattmeter

A Thewattmeter is an instrument for measuringthe electric power (or

the supplyrate of electricalenergy)in watts of anygivencircuit.
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Ohms

A Aunit of measureof resistanceOneohm is equivilantto the resistance
In a circuit transmitting a current of one amperewhen subjectedto a

potential differenceof onevolt.

A TheSlunit of resistancds Ohmwhichis denotedby the symbolOmega

om0
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Ohms Law

A h K Y Qg states that the current flowing through a conductor is
directly proportionalto the potential differenceappliedacrossts ends,
provided the temperature and other physical conditions remain

unchanged

V=IR 3

A Where, T

V= potential difference in volt
|= current in ampere

R=resistancef the conductor
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Sample problems in Ohms Law

Example#l

Findthe current of an electricalcircuit that hasresistanceof 50 Ohmsand

voltagesupplyof 5 Volts
Solution:
| ?
V=9V 5 Volts —
R=50m Vo — R

T P 1M

|=V/ R=5V/50m=0.1A=100mA
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Sample problems in Ohms Law

Find the resistanceof an electricalcircuit that has voltage supply of 10

Voltsandcurrentof SmA.

Solution:  EmA

V=10V 10v —

| =5mA=0.005A V — R ?

R=V/1=10V/ 0.005A=2000w=2] m
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Grounding

A Electricalgroundingis a backuppathwaythat providesan alternating
route for the currentto flow backto the groundif thereisafault in the

wiring system

A It facilitates a physical connection between the ground and the

electricalequipmentandappliancesn yourhome.

A The electricity in a residential wiring system consists of electrons
flowing through metal circuit wiresandthis electricityis alwayslooking
for the shortest possibleroute backto the ground So,if there is a
problem with the neutral wire, groundingyour electrical systemwill
providea direct pathwayto the groundand prevent power surgesthat

caninvite electricalhazards
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Purpose of grounding

Equipment grounding is a very important aspect of the electrical system
Groundingof electricalequipmenthastwo purposes

To ensurethat personsin the area are not exposedto dangerous,electric
shockvoltage

To provide currentcarrying capability that can accept groundfault current
without creatinga fire or explosivehazard

To protect personnelfrom electric shock,all enclosuresthat house electrical
devicesthat might become energizedbecauseof unintentional contact with
energized electrical conductors should be effectively grounded If the
enclosureis groundedadequately,stray voltagewill be reducedto safelevels
If the enclosuresare not groundedproperly, unsafevoltagescould exist,which
couldbe fatal to the operatingpersonnel

The lightning arresters installed in electrical systems cannot operate
satisfactorilyunlessthey are groundedwell. Under elevated static voltage or
lightningstrikes,lightningarresterswill short-circuitthe abovenormalvoltages
to ground If the lightning arresters are not grounded properly, elevated
voltage will enter the windings of transformers, control, and/or motors,
causingcomponentfailures
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Purpose of grounding

ProtectsAgainstElectricalOverloads

You may experiencepower surgesat times or you may be exposedto lightning
during extreme weather conditions Theseeventsmay produce dangerouslyhigh
electricity which can completelydamageyour electricalappliances By grounding
the electrical system,all the excesselectricity will go into the earth instead of
frying the appliancesconnectedto the system The applianceswill be safe and

protectedfrom largeelectricalsurges
Stabilizeghe VoltagelLevels

Whenyou groundthe electricalsystem,it makesit easierfor youto distribute the
right amount of power at the right places Thisensuresthat the circuits are not
overloaded at any point and get blown as a result of it. The earth can be
consideredasa commonreferencepoint for the voltage sourcesin any electrical
system This helps in providing stabilizedvoltage levels throughout the electric
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Purpose of grounding

EarthConductswith LeastResistance

Oneof the main reasonswhy you shouldgroundyour electricalappliancess that
the earth is a great conductorand it can conductall the excesselectricity with
least resistance When you ground the electrical systemand connectit to the
earth, it meansthat you are givingthe excesslectricityto go somewherewithout

resistancaather than goingthroughyou or your appliances

PreventsSeriousDamageand Death

When you do not groundthe electrical system,you will put your appliancesand
evenyour life at high risk When high electricity passeghrough any device,it will
be fried and get damagedbeyondrepair An excessiveamount of electricity may

evenstart afire, putting your property andthe life of yourlovedonesat risk
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AC Current

Alternatingcurrent canbe definedasa currentthat changests magnitude
and polarity at regular interval of time. It can also be defined as an
electrical current which repeatedly changesor reversesits direction
opposite to that of Direct Currentor DCwhich alwaysflows in a single

directionasshownbelow,

>

Magnitude

o

Time

AWA
\/

Alternating current
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AC Current

Fromthe graph,we canseethat the chargedparticlesin ACtend to start
movingfrom zero. It increasedo a maximumand then decreasedackto
zero completing one positive cycle The particles then reverse their
direction and reachthe maximumin the oppositedirection after which AC
againreturnsto the original value completinga negativecycle Thesame

cycleisrepeatedagainandagain

Alternatingcurrentsare alsoaccompaniedusuallyby alternatingvoltages
Besides,alternating current is also easily transformed from a higher

voltagelevelto lower voltagelevel
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DC current

A DCstandsfor Direct Current, althoughit is often referredto as@ 5 /

Current.

A DCcurrentis definedasa unidirectionalflow of electriccharge

A In DCcurrent, the electronsmove from an areaof negativechargeto

anareaof positivechargewithout changingdirection.

>

Magnitude

Ti m.n;

o

Direct current
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Comparisonof AC & DCcurrent

Alternating Current

Direct Current

AC Iis safe to transfer longer
distance even between two cities,

and maintain the electric power.

DC cannot travel for a very long

distance. It loses electric power.

The rotating magnets cause the

change in direction of electric flow.

The steady magnetism makes DC

flow in a single direction.

The frequency of AC is depended
upon the country. But, generally,

the frequency is 50 Hz or 60 Hz.

DC has no frequency of zero

frequency.

In AC the flow of current changes

its direction backwards periodically.

It flows in a single direction

steadily.

Electrons in AC keep changing its

directions 1 backward and forward

Electrons only move in one

direction i that is forward.
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Electrical Distribution systems

The electrical distribution system consistsof three major components

generation a high-voltagetransmissiorgrid, and a distribution system

o POWER PLANT STEP-UP e TRANSMISSION
TRANSFORMER SUBSTATION

e HOME o TRANSFORMERS e DISTRIBUTION
SUBSTATION
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Transformers
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Transformers

A transformeris a deviceusedto increase(step-up) or decrease(step-

down)the voltageof analternatingcurrent

It isusedin powertransmissiorto reducepowerlossesandto increase

the efficiencyof power supply

A transformer changes voltage, but not the frequency of the

alternatingcurrent.

A step-up transformer is used to increasea low voltage to a high

voltage

A step-down transformeris usedto decreasea high alternatingvoltage

to alow alternating voltage
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Transformers

Primary
OGN

Transformethastwo coilswoundover alaminatedcore.
Primary coil hasNpturns. Secondaryoil hasNsturns.

Theprimarycoilisthe input coilandthe secondarycoil isthe output coil of

the transformer

Whenan alternatingvoltageis appliedto the primary,the resultingcurrent
produces an alternating magnetic flux which links the secondaryand

inducesanvoltagein it.

Thevalueof this voltagedependson the numberof turns in the secondary
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Motor Control Centers (MCC)
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Motor Control Centers (MCC)

A motor control center (MCC)is an assemblyto control some or all

electricmotorsin a centrallocation

It is usedto switchon or off of a electricalpowerto somearea

It consistsof multiple enclosedsectionshavinga commonpower bus

and with eachsectioncontaininga combinationstarter, which in turn

consists of motor starter, fuses or circuit breaker, and power

disconnect

A motor control center canalsoincludepushbuttons, indicator lights,

variablefrequency drives, programmable logic controllers, and

meteringequipment

Power
Generation in
Power plants

MCC

\ 4

Motors /
Houses
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Switch

Theswitchis a simpledeviceusedto either breakthe electriccircuitor

completeit.

Themost commonform of the electricpower switchis a basicmanual

electromechanicalnit.

A switchis saidto be in ON position when it makesor completesthe

circuitandallowsthe currentto passthrough.

Similarly a switchis in an OFFposition when it breaksthe circuit and

doesnot allowthe currentto passthrough.
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Fuses

Theprimary useof an electricfuseis to protect electricalequipmentfrom

excessiveurrentandto preventshortcircuitsor mismatchedoads
Thefusewire in anelectricalfuseis madeup of alloy of leadandtin.

Under normal conditions, the fuse wire is a part of the circuitry,

contributingto a completeloop for chargedo flow throughit.

When an excessiveamount of current flows through the fuse wire, the

heatingeffect of currentcauseghe fusewire to melt.
Thisis becausehe fusewire ischosensuchthat it hasalow melting point.

Thiscauseghe loop to breakthereby stoppingthe flow of chargesn the

SR

circuit
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Circuit breakers

A A switching device which interrupts the faulty current and performs
the function of a switch thus protecting the electrical system from

damage

A When the circuit is closedwhich is a normal condition, the contacts

touch eachother andcarrythe currentunderthis condition.

A Whenthere is a faulty current in the flowing through any part of the
system the trip coil of the breakergetsenergizedherebymovingaway

from eachother, thus openingthe circuit.
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Fuse vs Circuit Breakers

Fuse

Circuit Breaker

Works on the thermal and electrical
properties of the conducting materials

Works on the switching principle and
electromagnetism

| t doesnb6t give any

It gives an indication of overloads

Fuse can only be used once

A circuit breaker can be used many numbers
of times

Provides protection against power overloads

Provides protection against power overloads
and short circuits

It detects and interrupts faulty circuit
conditions

It performs the interruption process only.
Faults are detected by a relay system.

Low breaking capacity compared to the
circuit breaker

High breaking capacity

Automatic operation

Can either be automatic or manually
operated

Operating time of fuse is 0.002 seconds

Operating time of the circuit breaker is 0.02 i
0.05 seconds

Low Cost

High Cost
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Electrical power failure

A power failure (alsoknownasa power cut, power outage/poweroutrage,
power loss,or blackout)is a short- or long-term lossof the electricpower
to anarea

Thecauseof power failuresare faults at power stations,damageto power
lines, substationsor other parts of the distribution system,a short circuit,
or the overloadingof electricitymains

Powerfailuresare particularlycritical at siteswhere the environmentand
publicsafetyare at risk

Institutions such as hospitals, sewagetreatment plants, mines, etc., will
usuallyhavebackuppower sources suchasstandbygenerators whichwill
automaticallystart up whenelectricalpowerislost.

Other critical systems,such as telecommunicationsare also required to
haveemergencypower.
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Electrical power failure

Substation
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Electrical power failure

Poweroutagesare categorizednto three different phenomenayelatingto
the duration andeffect of the outage

A transient fault is a momentary (a few seconds)loss of power typically
causedby a temporary fault on a power line. Power is automatically
restoredoncethe faultis cleared

A brownout or sagis a drop in voltagein an electricalpower supply The
term brownout comesfrom the dimmingexperiencedoy lightingwhenthe
voltagesags

A blackoutrefers to the total lossof power to an area and is the most
severeform of power outagethat canoccur Blackoutsvhichresultfrom or
result in power stationstripping are particularly difficult to recoverfrom
guickly Outagegnaylastfrom a few minutesto a few weeksdependingon
the nature of the blackoutandthe configurationof the electricalnetwork.
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Effect at power failure in process units

Whenpowerislostfor anyreason,pumpsstop pumping compressorstop
running, stirrers quit mixing, lights go out, and instrumentsand controls

may malfunction

Theseequipmentoutagesmay lead to tank overflows runawaychemical
reactions,temperature or pressureincreasesor decreasesall of which

couldleadto aspill, explosion or fire.

Evenif there is no immediate release there may be a delayedreaction
causedby thermal shockor other factorsthat cancompromiseequipment
mechanicalntegrity duringsubsequenbperation

When power is restored even after a brief interruption, some equipment
may automaticallyrestart before processoperationsare readywhile others
mayneedto be resetand manuallyrestarted
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Effect at power failure in process units

Damageo pipelines like crackor flangeleaksor gasketfailure.
Fireaccidentscanoccuron suddenpower failure.

Explosiorof vesselsandboilersmayhappen

Spillageof chemicaldueto pumpfailure.

Environmentget polluted due to spillage, pressure relief, flaring (

burningof excesschemicals)
Accidentdo humansdueto the abovereasons

Uncontrolledreactionin atomicreactors
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Effect at power failure in process units
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Electrical Emergency system

An emergencypower systemis an independentsource of electrical
power that supportsimportant electrical systemson loss of normal

powersupply

A standby power systemmay include a standby generator, batteries

andother apparatus

Emergencypower systemsare installed to protect life and property

from the consequencesf lossof primaryelectricpower supply

It isatype of continualpower system
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Uninterrupted power source (UPS)

An uninterruptible power supply is an electrical apparatus that
providesemergencypower to a load when the input power sourceor
mainspower fails.

UPSs atype of power supplysystemwith anintegratedbattery andin
the absenceof primarymode or when power is shutdown, the battery
Is usedfor the powersource

The on-battery run-time of most uninterruptible power sourcesis
relatively short but sufficient to start a standby power source or
properlyshutdownthe protectedequipment

An UPScanprovide powerto 1 to 5 hours,which givespeopleenough
time to do activitiesdueto the powerfailure.

TheUPSoperatesasan intermediaryor asa link betweenthe general
sourceandthe machine

A UPSIs typically usedto protect hardware such as computers,data
centers,telecommunicationequipmentor other electricalequipment
where an unexpectedpower disruption could causeinjuries, fatalities,
seriousbusinesglisruptionor dataloss
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Uninterrupted power source (UPS)

Rectifier

Main Supply
230V AC

Inverter

Batter and
Charger

Load
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