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. Circwil:- T4 fs Path +aken by electric current,

w = done

> . C=ble - currenl +lows from h{ﬂher Po'fen-H'aJ

- ‘ - to Lower potential so for current to
=0 ce L0a4

> 4\‘ Flow 4here must be a.po4en+(oJ

~ ‘I’ Afference

v ~

. et

v - For +he ’OO.d current s from +Ve 4o —ve +erml.n¢J but fsr

<Nerg Source in the form OIS cell, bq—Herj or 3enera13bT/

v

i cdrreni Ts from —~ve +o +ve termina|

P = The elect rical pressure generated by <energy source Is
°  termed as clectromotive force (e-m.£ ) & symbol s E,
P

emf s measured as VOH‘Oge(\/,)
V— Circwll lauws %
v d.3In a efreudt current .s+ren8+h X Voltage applied across

' T Ceurrent) = A (Amperea) % e,

~

’ Re=istance (R) /s opposition to  Flow o current
) Unit > obhm > Reprezentedf ba _fl(omeg?\)

' 2, I X M :
: R |
Ohms law - T = V |

— KIRCHHOFF's LAWS -~

I VOLTAGIE LAW - The sum of pé>+e_n+1'al or Voltage drops +oken

round a ciradt must be €quad to Applied potential o fferen
f'. ot V, + V)_"‘ ~—— =\

2. Current low:- The current Flowing aweay from ot Junc ton
pornt f’n‘ @ cirewt must be equal 4o current flowing inte
thet point  je T4t -

s Conductance () - Tt s reciproca of Resistance (R)

: Ot o . .
l.e R. Uhl{; C?S Co,—,d'ucf-anc,e_% Stemens CS)



Ammeter = Used for measus.ﬁva current
— should bhave very low resfstance
— cennecied fhserice with load

- ligible vol tage T !
Negligible voltage drop across it C%E = ER
)

Voltmeter- Measures voltage or Potential oliffy
- sheuld have high resfetance (finde rea)
- @R(%e ceonnecled Tn parallel 4o load

sorich

g

» Range exiension o) Ammeter and Voltmeter ;-
shunt:= Shunt s specially constructed resfstor cf low
resistance .

T we want to meosure A current greates fhon the

capacity o] ommeter, shunt & used with ammeter in the

parallel connecHon ) ‘
Throuw ammetes finite Hoectfon of medn current eoill
flow & resL current wil flow +hrough shunt, ’
=hunt & calibrated with ammetes <4 must be used colth

lwo Tsh Madin
it a a,gg Cyrrent
Leads
Ammeter

T =T Mecsure higher vc:Haae than +that o} ca.pau“'i(vj oL

w 3 Voltmetes series or range “rezistor must be used,

Thi=s ranqe real=tor drop excess vollage « disgpatez certain

CIIPs ot <l heat -3
——r ~ - Thie Range resisior & V_)
cennecles h seriea ewith !
\/D"Lmetu, f Gamge o
Seres
resister

- Current CE).- The €low ok Char‘ge pqy."clcg or the rale o}
ctric

flow of charge in @ cordwcHng mecium s called ele |
current. The charge particles could be —ve (e7)or +ve( proton) |
Just like a river current , which i's the centinueus

flow of wadter melecules, an electric current is the
continuous Flow of charge partfcles . The amounl ok charge
Flowing +through a ceriain poimt in a conclucting medium
D a specific Hme is called electric current.
current s denoted by 'T\

T = & Ccharge) SI unit= Ampere (A)

1 (Time)

AmPefe - One ampere is the amourt of cument where one
coulomb of charge flows +hrough a cerlain point i» a
consu'Jc-}ns medium in a Hme of one secord . Or a conductor
Corrying one ampere of charge s said 4o have a
flow o) one cotlomb per second.

Donate
carbidee @ ybo (Mangj kumor)

charge
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- '\/oltage‘— CV):- In electric circwdt voltage js -loic Wer Factor @.r) :-
or pressure +that fs respensible for puching the charge fo Nolt - Power factor i Iy related to Ac civcuile i.e there
@ closed leop concluictor. The flewing ef charge i= called & no Power faCer zp‘f})‘—"":r? bc cffcuf-}s in-DC - circuits cue
current. The voltage s the <electric petfential between

o zere Frequenc‘_-j and phase angle HFREnTS () beliinep
current and wvol ‘tage.

two points ; the grealer +he voltage ,-he greafer clll be m\,
the current flow dbrough +hat peint (i e VA T) w

Denoted bg W’ I uamnit - Volts. ’
) The cosine oL angle belween current and \/oH.age iz called
P>  Power factr.

-\D P= VIcoso P> Power (0 liat

definitions for Power -facier -

Velt- Tt fs +dhe potential difFerence beiween +eoo points

that allows a current o) | ampere through it and dissipates
| watr o) power between these poinis.

-\“R Cosp= P/VL V= Voliage ih Volls
OR - LO°R CoSO = ki [kVA I = Current n Amperes
It fs potential difference which moves ene Joule o} enersy, oR lepsp- True Power L= Real Power in klats
per coulomb charge between +wo pofnts, - . Apparent Power VA =~ Apparent Power in Volt- Ampers
¢ . er kVA
CA Cos © = Power factor

Donade

Car bidee @ yb2 LManoJ kumar)
W 23 The ratio be-hueen Resistance and impedance in AC circwit
& kpown as Pwer Hacter,
o< @~ Here R = Resistance ’n ochms(-2)
Z = Tmpedance in ohms )

Impedance (2) (- T+ s dolal Resistance cffered bg the Ac clicurt,
e
_~ 3) The Ratic belween Active power and Apmarent power i
velt- amperes is called power factor,

cesO = Aclive power

Here
Apparent Power  kkl=P= Real'Power in kils- Watts
R reo= Ple kVA =s= Apparenl Pawer in kilo-VokH~
Ccoso = Power -facter. Amps.

OR (ocp= klJ
e kVa
‘
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-
AC*'VE Power (P) -~ 2 Yive peroer ie clen Knewe oz Real
* Power focter 'Tqunale - (P)~ Ac P 3

pooer ok Tive power cr Watt- full prwer o8 Useful pocer
ef Aclual power,

T4 = denpled le 'P' e measured Tn lulatts (L)

- Actual power fo 4he actual perver which 7= re""'j
V1aveferred 1o joad such as trans fermer, induction moters |

Apparent Power Jeneraiors el & cissipales [r +he circust,
Unva) g Q  Reaciive Pewer(in VAR) m : ) 5 5 %
s Frpresimnili % gl:f,rpﬂ‘oo, % actually con= umed ar utillzed in AS circuut,
J - S actual eule 5 the clectrical syetrm which runs
s-[F5ay Py ; l.omf’ el ytem
[@= € €lectrical circwlz er load.
AB(Fhas=)

Angle

P g~

Acilve, Real or True Power (in wWlatt) '-V

P= VIcose * Reactive Power @’ This power is alse known as
Use-less Power cr klatl less Power,

Al Bvmulas . * The power thal centinucusly tounce back and forth belween

- x - P . = kW -
« P=VILcese coes@= Vi coso TN zeurce and lead is khown as reactive power (G.'.
" This power fs jusi abserbed and returned fir load due to
«cosp- True Power - co=p = _ZR_ v it reactive properties.

Apparent Fower ~o * Reactive power i's that energy tohich fs first stored and
iben released in the form of magnetic freld or
electrostalic field i case o) incluctor and capacitor
respeciively,
* Reactive power fe (§=vIsing) positive for induciive loads
and negative for capacitive loads

*Unit of Reactive power is Volt- Ampere reactive i-e VAR

€ IVAR= IVX|A

" cosS:Pcwer Factor = k « COS8 = A_‘”'_"';_ﬁﬂ

Reacilve Power

Water -Gilass Analogy

—

<« Apparent Pore

Iz
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- Apparent Power (S) - 97 7 - Causes of Low Pewer Factor= carbidee @ ybt

b .
~ ] L. Harmonic Current:- The presence ol, harmonic currerrl reduces
dbe power facior tn syatem,

2. Im - % - = @ -
. Proper lhindingi- Due Jo improper wsincli wiring or
i prope g/ wiving

- Te tetal power ™ AcC cfrcwdt both cissipated and
absorbed Jrelurned
Jreturn = c‘il:{a as apparent poioer,

L ir
electrica) accidenls, an imbalance in the =- phase power
or. & . occurs which causes (ow power {actor.

* The coembination of reactive power and true power s called
apparent power, .
If +he phase angle (6) Aifference blw currenl and ol tw:;.ae. 3
ol

Are anoreA then poduct o) veltage and current i= RP, m

3. Incuctive load: Mo=t o} fnduztrial loads cernsBt cf
fndluction metors . Such machines dracws magne tlfzing current
and set up a magneilc Field Hor its proper working and hence
work at a lew power factor.

The current drawn b}f incluctive locds is lagging onel results
in poor power factor

e Reactive poewer = product e Veltage and current
without phase arBle.
-Unit e} s (s VA i.e IVA=IVXIA

Notei- lhen +he circuit ie pure resistive ,then apparent
pewer s equal to real or true power, buk o mduciive 4. Electrical discharge lamps - (High intensity dischorge
or capacilive pewer circudt (Ilben Reaclances exlsts) then = v lighting) Arc lamps operade at very low power factor.
apparent power s greater than Real or true power, . . o 5+ Varlation in+the Power saa+em Laa_dfna-,. The load demand
1 fn 4he modern power syatem fs pot constant Jhroughoud the
day. The demand f= high during merning and evening hours
(genérallgj and light during rest of day. hihen the sga:#em
Is loaded lightly , #he voltage increases , increasing +4he
magne tization current demand of machhe This causes
3 poor power facler in the sgpstem,

»Harmonic curfenl> TEfs =inusoida| wave o™

9
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* DEadvantage of low power factor :- ATl ? * Methods do fmproove power Factor:-
" P= VI cos = y m s A A s ' .
e » I CosB l.e current fe Tversely propeidionl 4. Use ok S.ta{'c copaciter - Giererally pewer sysiem toaets
et A Fnghor, S8 s Foiiar S S are fnouclive loads that take |agging current twhich
5 decreases +he syetem power H{acter,

cecraases and vice versa
Fer peower factor improvement purpeze , stadlc capacitors

So, 1 case of lew power factor ] m)
. , current will be herensed
ovien Come <k e .Fo,,owfna disadvantases. are connected in parallel with +4hose devices which work en

,cunent

Gk

1. copper Loss or Large Line losses:- : L‘nw powser (i clor, I
Line lesses o« £* o) Incductive loads are those loads tn which —Voltage
Ry arger +he current, greater the line m E:::'f:n; Q:d ;;)o]{d:)ge are out of phase
; ach other by qo’

;

sidines

2. Large kVA ratng ¢ size ol electrical equfpmen‘t s

T CosO = Kkl
T > Cosf ?,\K = lower the power factor

-'
be larger 4he kva rating of machine 4 i f the larger the kVA

ruHr)g q rnoc':hfne ,he larﬂer the size of machine & i'f Hhe
)arger +he size of machine +he larger 4he cest of machine,

* These slatfc capacitors provides leading current which
neutralize (totally or partially) 4he lagging fncluctive
cemponent cf load current (i-e leacling component neutraliz:
or elimlnate the lagging component o} load current) +hus
pPower factor o} the load clrewit is improved.

’

3. Glrea ter concdluctor size and cest -

, Vol'l.a.ge z-:irOP:V= EZ

~In case of low power facter, current will be frcreased
thus to transmit ihis high current ,we need 4he large s-zﬁ_”
o) conducter . Also 1he cost of a large size of conductor >
will be increased.

»> 2. Synchronous Condenser :-
Idhen a synchronous motor operates a ANo- load and

over - exited +hen it s called =synchrenous cendenser,
Inlhenever a synchropous motor is over.exited then it provide
teading current and works like capacitor.

|alhen @ synchronous condenser s connected across
supply woltage (in parallel ) +hen it draws leacling current
ond partially eliminates the re-active component <& so
power factor I's improved,
D Gienerally synchroneus condenser s used +o fmprove power
factor In Jarge Ihdustries,

4 Low efficiency - In case of low power factor, there
would be large veltage drop and large line losses and Jhis o
will cause the system or equipment e{>(5l'ciencg(~r] ) too low,
For fnstance ,due 1o low power {actor ,+here wouid be large
line losset : 1here-fore alternator needs high excitation ;
ency as well as 4ransformers efficiency |

hus generation e{fici
) 7 ¢ 7= +he case o) for lower motor's

would be low . same
c&(,ic{enay fn case o} low power +a ctor,

7



3. Phase Advancer -
Phase adv?ncer s a simple Ac exciter which f connected
o the main shaft o) the motor and operales with the

motor's votor cfrcudt for power factor improvement . Phase m
advancer is used o improve Power foctor In Incdustries, ! ‘

As he stator windings of incluclion rmoter mN
takes lagging current g0 out of phase with ol tage,
there fore 1he power fackor ok ncluction metor s 16w, T-F
the exiting ampere - turns are excited by external ac
source , +then -there would be np effect o} -excr

"EM F( Electromeotive fForee) - j

Electromotive force fs 4he erergy supply o +the charge by
a banerg cell. In other words , emf produces ard mainiains
\/o)-(agc inside an active celi and suppltes enerqy in Joules
1o each unit ol coulomb charge .

Denoted by € 51 wnit > voit.

3 . EMF = dbe maximum petentlal clifference between two
;-N peinle o} batlery when no current s Flowing from the source
SIS (6 caze o} open circuit.

ting current N . ; i ¥
en stator windings. So power fametor fe fmprovedg -'\" EMF fs the cause € vollage or Potentlal difference is epfect,
! ; m e - W W= Work (I
. Q G = charge (C)
Note :- Improving power factor can mayimize current car

ryfté?
capacity , improve Voltage to equipment, reduce power
losses and lower electricity bills. * Difference blw EMF € Voltage = ) i
*The name EMF at first sight fmplkes Hhat it 5 ki -{ha
causes current 1o Flow . Bul i1 = nol Correct becauze it Ts
ot a force but energy supplied 4o charge by seme active
device such as batlery.
- EMF maintains potential difference or voltage whi'le
voltage causes current o flow.
o+ When we say thal EMF ¢ a device Ceg- acell)is &V,

It means that device supplies energy of 2 Joules ») each
coulomb o} charge . I<ben—ve
llben we say that potenilal differce between point A €8
o} @ circuit (suppose point A s at higher polential) is 2V,
i1 means +hat each coulomb el Chorge will give up an
€nergy of BV 2 jsules on moving from point A 1o B,




LI Capacitor

(-!IPQ A capacitor fo a two terminal passive elec tronic compener

m thatl adores Charge in an electric field betuween ts metal

m"“ Plates, Tt i made up o two metal plades (electrodes)

mN Separated by an fzulator knewn as clielectrie,

mw Metet A clieleci>ic qcls as hfnc_rauc
FPRjes the capociforc charge <epacity.

: A clielect~ic can be glass, )

ceramic, plastic lm, aiT,
vacuum, mica etc.

H Faraday's Latw:- X

Accerding 1o Faradayls law , when a cenducior & placed in

@ varying magnetic’ Field, an em{ s nduced Tn concluetor,
This magnetic field can be due to permanent magnet

or an elecd remagnet,

I magnetic fleld & prodlced by Ac current , it wil produce

varying magnetic {eld, :

- Andl i magnetic feld s produced by bc current it will prody

Static magretic £ield,

Capacitor -

Thus fn order o produce an emf’ there should be relative maotion .
blw  either conducor wort magnetic Feld .
or  magnetc field wri conductor,

> Pielectric

Capacitance:- Capacitance fs he ability ¢ capacitor Ho S'ff":'?
Charge in fts metal plates (electrodes). Tts ynit is Farad F.

Farad i- One farad is -he amount of CaP"-'CHC’"C‘f when a

charge of one-coulemb causes the petential cUfference of

cne volt acress Tts Herminals.,

v Note:- The capacilance js alwa.gs posrive €it can't be -ve,
: Donate

> Carbidee @yhba

Applications o} capacitor:-

+ Smoothing power supply's output
5" For power facter correction

* For Frequency filiers, high pass, low pass filters,
« Coupling ¢ decouplirg o} signals

* In Motor stariers

+ snubber( Surge abserber £ Noise £7|ter)

« Osclllators.

«Acapacitor s assive +ma£rer;vin lectrical component-
whmres <le2?~;%a{ €energy Fewporarthy in electw'c



* Ac Vs Dc

Advantages ef Ac CAternating current)

|. The generation of AC s cheaper than D-c -
2. A.C machines are simple ,robusl and do not require much

atention Hor their repairs ¢ mcntenance clusing their wse,
3. Wlide range of voltages are obtcu‘ned‘bl:’ Using trams former:
4. The magnitude o) current aon be redluced by using an

incductance or a conductor withowt much loss o} energy.
S, AC can easf)s-

be cenverted ints Dc using rectifiers
[

llhen A-c Ts supplied al higher vol(u.ges in long Ui tance
transmission , the line losses are sSmqll compared ts a D.c

Disadvantages of Ac

L. Peak value of A-c is high € it fs dangerous 1o use so beter 5

nsulaton fs required.

2. Tt afiracts person whe touches it unilke D.c which gives
a repelling shecks.

3. An A-c it transmitled from surface of conductor € hence :
need several strands o} hin wires insulated from eoch oiber

i

O

@ ar
o

"

WOverload ;- An elecd rical everload fc 4be condition where he

load dakes mere current dhen nermal or rated current,
Overload fz +he evercurrent flow m -the circuwt which

Causes ov&’rhea_h'ng in +he cennected device hence, overload

= a +4ype of evercurrendl
*Value of overload current s 195/ o} rated current.

Overload Protection:-

, Overload Protection is actually a protection against overheat

clue 4o Fflow of overcurrent in +he circwl for specific Hme.

Slow blow fuses £ svercurrent yelaw are Used .
C‘l(?afnst overload protection whereas thermal rnagnetic C"rc.LUt
breaker are used Afor boih overcurrent &£ pverload protection,
The ?rngneb‘c' element provides proteclion againsl overcurrent
€ Yhermal’ element protects the circuil from overload.

Crenerally overload protection circuil activated when 1267 -1607,
greater currend starts 4o fletw fn Jhe cireuit +han +he rated
current by power supply .




“ - S(gm'-ﬁv'cance o} Earth fFaultis:-

m I an cardh 4wt occurs on +he insuated pele cf an

m fearthed Aistiribution 5gz—fem‘ it would be equivalenl 4o a
fshort cifcwit’ fault across 4he load via +he ships bull,

The resulting large earth fauwlt current wil

Earth fault s a fault blw live cencuctor ¢ earth (here ship's
hyll) . Se ear+h fault s due +o a brecls i1h the insulaton

allowing the cenductor 4o touch +he hull or an <earthed me-lal
"mmccua-lelg ‘Llow' the fuse in line concluctor & +he equipment

enclosure, ]
' will be izolated Frem 4he supply € considerad as safe but loss

, Y ¢
a'\) ol equipment can create problem i€ it is kscential' like

: SHleering geas. . The large fauwlt current can alse cause arcing

QC“"C‘ ultimate damclgc at fault lecation,

m So an earthed distribution sgatem requires only one <arth
-N fault on +4he line concductor 1o cause an earth fault current
5 o 1o Flow,

* Earth Fault:- T

Fiq: significance o carth
Faulis 7s on Earthed

Giencrally =arth Fault occurs eoithin electrical equipment, TH fs eUstribution syatem,

generally due +o an insulation failure or locse cwoiring which
results in a live corductor fo coming into contact twith the
metal enclosure & eunPment _.
6 avoid danger of eleciric shock & fire from eorth faults 3
metal enclosures 4 other non-current carrying medal parts of
i wpment must be =arthed.
e'ec”’”c";;;ee‘;rﬁ"_ns' concluctor comnects the metal encl;-z(sire v
Jo +he =arth (ships bull) and pr:.ven-ts such me-:b‘;J Saar% from
a'HaJnifg a dangerous voltage with recged: +o .
in +the €vent of an earth fault occuring .

,.m[}

An ezirth Fault occuring on +4he line of an'insulated istributlon
system’ will ot cause any protective gear to coperate and +he
cy=tem weuld centinue +o function normally &£ -the equiprment
s+ill operates, it doesn't stops.

The earth cingle carth fault cloesn't provide a complete
cfrewit =o mo earth Fault current will Flow,

I hai~s garth faulk
N
!

',—9 Metal Enclosure
\

\
— Sload <—
) \

|
! d

1
T4 ‘-J_:»sarmma Lend
[}] . link =

Fv‘a - sinale ecrth Fault fm an solaled distribution Qéf&'t'm,




If an eorth frult developed en anclher line, then two <atlh
faults dogether would be equivalent 1o a shorl civauwit

. faull (via shipgs bull) & resulting large current will operqie
protection devices and cause clisconnection o), essentia)
services creating a risk to dhe safety of the ship,

An Tnsulated olistribution tem Tequires o <arth
faults en dwe Aifferent lines -iosg:v.use an earth (ault
current to flow . se an nsulated sgysiem 7s Jhere foere more
eflective Hdban an egribed sycdem Tn madntaining continwity
of supply of e‘-.](_u'pment, Hence Tt T adepted +or most marine
electrical sae-fcms_

HNete:- Touble- pole switches wilh {fises in both lines are necessary

fn an Tnsulated single—phase cfirewit,

Linesd TR
)
| Fualt
1
,| le metat
\ ‘| enclosure
]
Line-2 L _—:
,7'/ Eorth Fault
’ currenk
/
e I
Double earth. Fault in on Teolaled Distribution Sas_'fem,

°. High Voltage systems (3.3 kV fabove) en board a ship are
m nermally earthed . Such syzterns are rermally eaithed via a resisto
m connectlng the generator neutral to ecrth peint,
. Noter Tankers have enly Tasulated clitribution = dem, This i=
Jo recliuce 4he dan‘jer ;rom earth foudt currents rfrcula.tl’ng
In 4he bull in kazardous zenes, which may cause an explosion
o}, the inflammable cargo,

elegeeg

{eHEEH

fhigee.

¥
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Frndlns Earth Faulte—
L. Earth Fault lamps:

1 -3 3

3 ’
N e
'Y Eorth Fautt
on line 3

1

- T{ Abe =ystem I= bectth (i.e o earth Faull) then the
lamps glow equally with equql half brilliance .

I 1be earth -fault eccurs on one line ,then the lamp
connected o +hat |ine s <im or ex'Hnaquhe-_& (cloesn't glow)
& other lamps glow brighter,
> They are simple £ inexpensive but they are not sensitive £

fails 4o indlicate -be presence e} a high Impedance earth
Feuddt .

2. Earth Resistance meters:-

- ~ selector This system connects a small
il “a EiqTich d-c Voltage between earth €
K <=7 each o) the lines o}, the system
.“",VJL__——OL" ohmmeler fn turn, iF there 's a Pa-}h hack
= de voltage  T© +he voltage source #hrough
i an eqth fault a current will

flow from d.c source.A meter [s feluded in +he current path
4o measure the size of current Flow, +his +ogether with the
vollage of +he source will give a reading o the syatem
tnsulation resistance

Wlith 1his 4gpe of istrument ,the <arth Fault cur:enjt can be
limme hmited to ImA whereas with earth lamps it js about
Go mA, this makes It suitable for tankers,

{M‘b R NS R W OEarm—
allly ® ¢ Earh Neutral sgyetern .« Tnsulated Neutral System
TN . OUsed for oy cyzlem tabeve | ). Usest for low Voliage =y2iem
1T 1000 V) Cupto 1000V)
T2 TL wll Lrip woith ) eaath paudll 2. T will not “Lffp. with 1eaxth fauk
1 %, Ezzenlial servicez are 3. Eccendial services are
U™ frected with 1eaath fault. | centinued even apter 1eaath jauld
{Ellﬁﬂlol" Faull |fnding i= eazy a2 4. Fault Finding % cUHfreult,
oo Juick funtcchioh T8 pasiiie: S. Less madntenance
‘ 5. More Maintenance : =
"™ 6. More space required, 6. Less space rec-}(.uved. .
(W], Here meutral s conmnected |7 Here newdaad s not connected
to earth by a neulral eaath | o eaath,
redistor.
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" Difference bedween electrical

Electrical
AAAAANANAANN

+ electronics -
\ Electronics
ik A AANAAAAANANNAANY
Electrical -fechnclogy deals
with +he gepneration,distribuio),
Storage & conversion of
<lectrical energy etc,

1 Electrenies dechnology deals
with designing ,de”Fyl'nS and
Switching electrical energy with
the help ol cl'fferent electronics
squd pment:,
2. In +he clectronics circuit
the energy censfets o) flow
oL e=lectron € holes,

2. Th tbe electrical eirewit
electrical energy consfsts
- of, flow o) electron.

3. Electronics devices caivhols
+he veoltage & current.

2. Electrical devices produce
voltage ¢ cu rrent.
Y. Electronics devices twovks cn
Oirect current(DC). Range o}
pc s v to &’
Donate (using UPI)

carbidee @ybl, (Manej kumar)

s. only semmiconductor s tused in

elecironic circudt,
<+ Silicen(si), Crermanium (Gie)

Y. Electrical devices works

en Alternating current (Ac)]
Ac may be single phase or
+hree phase, Range o) Ac
fs ‘v to 'kV)

5. In electrical circuwt,
cencdluctors are used.
copper(Cu) & Auminium (AD
are best conductors,

G Electyenics cirewt menjtors

! jcal cfrcuut
6. Th e <lecty 2 or controls low power,

4he role [= e monitor or conto)

high electrical power.

. Electrical devices can't
make a decision,

egi- electrical bulb

. Electyonics device can make

a decision,

<g!~ Mobile phene.

8. Occupy lorge size and |8, Occupy Small arze.

require more space.
g, It doesh't onvert electrcal

‘cal ener: i%s converk
g. Electric 9y energy inte ether arms

into other {orms I-e head,
motHon or ”,5}\1‘:_
o, egi— Tansformes, Alternale
moter, Fuse, Gienerasy efc.

o <51~ Dicde, Transistor, Thyristsy,
micro- contytller.

a2 |*

* 3-phase 3 wire sazﬁcm
I‘De’{U-CNma‘dl _
%@
2,
%
, L

TFwee—thSe sge,—lcrn are uszed exien sively,

(SHor connected)

|

<~

A 3-phase 3 wire Sc‘fdem includes all phases i.e R,Y ¥B.
it can be cemmecied rn pdia as well as star,

The veltage between the lines = V' i case o} delta-
Cennection £ Ja v n case o) a star- connectlon where
N fs +he Vveltage of each phase,

3 Wlirepbase - 2 wire suystem = used for +hree phase
leads only <g- 3 phase motors.

As there Ts bo return path for out-of -balance current,
in case ¢f unbalanced stor leads , the loadd coill get
unequal voltages in its phase. Tn case s} extreme
tnbalance , phase vol e across a load may becoame

:ﬂ]]]\’ almost equal +o line voH:clﬂe which s dangerous.




a B 1

I
- B-phase- 4 klire System, : e S 2 Maswenis jao:-
) Time warying magnetic fieid will create 4ime varying electic
) m fleld & vice -versa. ( Time varying electzlc field means AC),
i ;r m - Magnitude o} Induced emf s ou'recﬁj preportionel
4. Mo. ¢ turns in conductor (M)
2. Rale o} change of flux threugh conductor (_%%

v le E, < Nrxde
S%b\_.____i & - at
1 -
Zv - = Here 3 magnetic line ol force =eo
—= S Flux=3
2.
- . Unit ¢, flux = Weber | moxwell = | gauss > cm
The peutral er 4™ wire is 4aken from clar point (of star Y Wlb = 108 Maxwell fe | maxwen s +hat total Flux across
a surface o} cne square centimetsc
ic Fied af

perpencbicular 4o a magnehc

connection). Tf NV i5 -he Voltage of <ach winding ,the tine
s—frengfh ene 8::_41:,:.)

Voltage s 12V . Usumlj phase wvoltage e veltage belween
any outer and Hhe neutral for a symmetrical system is
230 V =o thal -he Vveltage between any +wo lines or culers
fs J=x230 =400V
Single - phase lighting loads _accomodation epaces e, or single
phase motor which runon 230V are cennected between

1he neutral and any one ¢f line wires.
2o +4hat dhe line

Now consider 2 permanemnt magnets ¢ a conductor blo +hem-
ey ]

o
_E%Z Initial Flux = 3 lines
Here No emf generated due 4o no

- al 4=-p<ec movem o
ent in corduct
(conducior not moving) ! oy

Gaeea1gaa]

Thece loads are connected sgmrnetrically e :
wires ore |eaded egqually. Hence -he resultant curre O
in the neulral wire s zers or alleasl minimum, The three- E:E‘:s
es of oo v 3 o So dg¢ _ Final Flux-Intial flux -3 _ -2 |
ad = 2 —= T = =7
e dt  Gral Hime- Toial #me  2- >

phase fnducton motors requiring higher vol tag

or so are Pu.l across llnes rectly.
tem can feed beth balanced three phase

2- phase- 4 wire s .
loc’:ds as well as unbajanced three loads andl single phase locds,
The neutral pefal wire provides a path far out-o)- balance
current . Therefore eventhough currents are un balknced,phase
Voléa.gcs are balanced,

\cond.uckrr Retates)

S 4o crease d¢  increase either
dt

iy magnetic lines of flux

\iy 8peed ok rotaton of cencuctor

AR

0

|



* Lentz law:-
Mecorcling to Lenz law , elirection of nduced emf is such that
it opposes the cause -that pProduces it |
Einduceg & Np x "<_;|—_§'f>ca.use
.dE/

v F 4

Tl

E

Q
e

induced = —N X

|

So Alwc\.&s

Q

£

e Lorentz

law '~
A current aarrying concductor when placed in a magnetic w
fleld experiences a force, m\7
This Horce s Lorentz force. € magnitude of 1his force i givenb
Fu= L (xB) {= eurrent T
= length o} cencluctor m
B = magnetic field w
_(_;o F - .. ¥ .
b Bk Laing Here B= fluxdensity m‘
B= é’ r hJ/m’* oy tesla EMV
A ST
Nole -.The dfrecHon o Lerentz force (FL) can be determined

by Flemirg& lef+ hand Rule,

e

A.T. wbich F 1
= (Tumb) ‘}:l.\"
g, Field ?*l.’\3
/ (Index Fiager) W
e ﬁ.‘a

current
Mn@d'e)
Fmaer > -
rule s for motors, ( >
* Flemings le¥t hardl > -

~
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Batlery Questions

lead Acidl BaHCNj Madrtenance or Batlery tMeoumrienance
 Emergency Baflery Maintenance
. Tickel charslng - alil dededls ,why cone, how done
. Wlorking ¢} lead - acid Batlery
, Primary ¢ secondary gatlery|cell

LJhH we add water to lead acid laa-Hery

How Ho ihdent baHery Hor ship
. DIff. blw Lead- Acid € di-cd bZHEr;JC:ﬂ

rckel charging, charging circuit ¢ ery,

"),-l-y(.)w do you smeaaf-uYe gsp(:ja'ﬁ'c gravr"h:, o} elec+vo|dh:
. How bydrometer wesks (e ciagram, malerial of hjdmmet!}
. what s matedial of liguid inside eylinder eof hydrome
Houws +o 4o ke “ransHional batlerica on load
: patlery ebarged indication £ colour of chorged plates
=ulfonication i lead acid Batteries
1o Sifference blw P?’"’a'fj £ secend cell,
gatter charafn vel e for 24N > lery.
12. llbere battery i= used enboard £ i'te cbargifﬁ
19, Diegram ol ‘Irickle charafna sas‘fcno %
20, Baflery Room safeties
=21, Advan ol lead acid batleries over allka
22. Tnternal Resgistance ih battery,
23, Baflery check onbeard
24, cadmium bahery explosive prook l|'8ht,

_szrs.‘fe m

line batlei
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ALk ket

Cell € BaMeries

S{q’f‘.‘- electricty: T¢ s electricity ak a high potential
;X')lblfs itself as o :_‘.lajlar)ary charge.
g~ Rubbfnj nylon cloth on hadrz =heghlens 1hem

/

QURELRERNY

:

is a device consisling of two

Batlery:- ; H
Soet A etectrie Saliery +hat convert stored chemical

or more eclecirochemical cells ;
enerqgy inte electrical energy . Each <ell bas a +ve derminal

¢cathode) ¢ a —~e +terminal Canode). The derminal markec|
4ve (cathede) s at a higher elecirical potential energy
+hon +he negatie Jerminal (ancde)

+ve -deminal (cathede) is the scurce cf electrons when
connected fo external circudt and olelivers energy -to an

external deyice .

: oo dypes> > Primary

D) Secendaiy

(LD

3w

b



Primar —a:;;eléf/ceﬂ = clRs Y,
Primary ( Single- use or Dfépcsablc) batteries' are vsed once @
eingl or fucsopzif%a‘ These can be used ence’ cnly. In these 3 1
batleries chemical action destroys one of, the electroclks,
generallg the —ve . Primary cell can't be recharged.
eg— Dvy cell, zinc- chlerine cell, medal edr cell

It is ldea) for simple application where an
inexpensive and non- critical aurce ef electricity is neadead,
- In dr’a cell ,elec-frolafc s pot dey, liquid, it fs moist- pasts, B

Lead Acid cell/ E,oflerj -

Each ce d leced acid Batlery
Centains +wo cet of plates, immersed
in electrelyte . These conneched to the
pocitive +erminal o) @ chorged <ell
are ¢ Lecel peroxide, & those

N (P ’ connected -to —ve termmal dre of
Leod.

The elccimbrg in which +he plates are Tmmersed s a Lilete
=solution < su.l.Ph,wU‘C actel i clistilled wates,

=
- Seccndarg Barile ICeH = ” m Dischar action - P PbO,
Seconety « Kea hargable) Tadteny < be chschc.rge;l and During elischarge, the hydregen ions ()] HeSoy
iple Hi Th iginal compositon ol the ’ =
recharg mu Itiple " Hmes . The origin P } Cie chorging o Temoves exygen From the lead 02" Wt
electrodes can be restored reverse curren (e C rging o S xide (Pbo,_) oL e e s b }
S [

f: 1 i ite ")
= done b su.PpI ing exter currenkt in opposi

T these baHerigs,g"\T-,e electrodes € electlolyte can be
readored o their on'aina.l position Jconclitien by recharging
the cell,

Primary Batery

and combines wil+h it 4o ferm bs0y
wakeL (H0) L:ff":mre
Less of oxygen from Lead peroxide reduces ft 1o grey lead (Pb),
The waler formed by +he action dilutes +he electrolyte so +th
as the cell discharges , the specific gravity (relative density)
decreases.
At the —ve side of cell, sulpmte ions (S0 ™) cembines wo+th
the pure lead of -ve plate 4o form a layer ol white |leod
.s.ulphade (Pbsoy). The lead sulphate layer ipereases curing
oLlscharge and L‘:’nqlly Covers the active material of plate
PosHive plale Reqction i
Pboz + Hseg +3H N +9e — Pbsa, +2.H,0
Neyllve plate ReacHsn
Pb+ Hso, — Pbsoy +Ht 49 e~
Total Regction

Pb +Pbo2tt, S04 —s 2Pbs0, * 2,0

sec:andary Ba-Her‘g
. Higher Iniial cost
2. No maintenance required | 2. Regular medmtenance Required
s, No charging 3, Perloclic charging Required
4. lighter ¢ smaller so suded | Y. Less suited for portfable use
for portable application Cexcept |Hhium.ion lalest technol

|- Lower inHial cost

ERLLLLL]

i

5. Longer service per charge |5. Lass charge retention,
4 gocod charge retention, :

< Mot for emergenclbackug 6. Tel eally suwited !
hybrid bc(-Heryfhl'g cost

miltlary application

=7. Non- Rechargable

Wil

7. Rechorg able.

deraeaas

33



R SR R e RS S R
(as emission'~ Tewards 4be end o) charging ¢dwu-n3 OU.SCharjé’ Hﬁ‘\;
4he currenl Flowing fnfo +he ce|l causes a breokdown er ——
elecirolysle o) water in Hhe e'ec-}rolyf'e , shown by bubbles
at the " surface. Beth hydrogen ¢ oxygen are evolved €
released threugh vent Caps fnie bailtery compar Lment , There
& an explosion risk if h\,drogen is allowed +o accumulate
(Flammable range fs 4. to 147, of hydregen in adr)
:o ‘sofd v:glcl"laﬂon 's reqguired 4o remove gas + pre&a.w‘:’on !

cunst nal L

r_gm},arl,-nen{_ e L{ h&ro:;'sparhs in enclosed baHery comp -

E

§agiEga43

B

-Bpp{ng up: (ot aeft area & batHery 3
BaHeries suffers waler loss cdue 4o beth 3qssl'nj < evapgrq-@,‘ua :

with centnuous drop in liquid level.

These is no loss o sulphuric acid from =lectrolyte (unless
splllaae) . Regular checks are made +o ensure that liquid
leve| s above +he Hep of plates and oclisHlled water Ts
fs dene),

lyte to bubble out ol

b

Gl

:

added as necessary (I-e topping
over Pl’fll'nj will cause the electro
+he vent |

ov i will cayse +he <lectiol
.Hfah censumption of istlled wa

te—to-bubble
gea. would suggesl overchong

Elec+ro13re = sulphuric Acid LH,soL,) = used o as electrelyie
for lead -acid batteries . TIn concentraled Form, HaSOq
fs pon- conductor of electyicity so distilled wates TS
mixed in Haso, (concerbrated ) S0 Haso, brenkes mto
Hyclrogen (HY) ¢ sulghate (so™") =e that it <cnduct currenty
5 |uater should not be added do Hasoy beccmig L))
pecause it will preduce heat £ viglent recction, e
fhstead acid (H2S04) s \Ier(y slowld added 1o pure toa

while stiming, ~
- Acid - rCSJ-S‘H'B paint must be ysed M batery room deck‘

qeeaq

it

Lﬁ(

23S 43



(PR |

"

Q- Why can't we store Ac i batteries fostead of PCT
Ars- kle can't slere Ac in balleries because Ac changes m
4helr pelarily upto se (tohen frequency = So Hz) or 6o (kihen & —
frequency ~ 60 Hz) -Hn:es itn A second Theie Tare +he batery ¥ L i
derminals keep ©hanging 1 e Pocitive (+ve) becomes degatlvetw?
and vice -versa, but +4he badlery agn't change +their Jerminals
coith the =ame speed so Ac cany be stored > badleries,
Moreover, when we copnect a batlery (oith Ac
SL:PPIS ,then T will charge d.urmg positive halyr cycle and
cUsChclrse curing hegative haly cycle, beccuse +he positivelve,
hal¥ cycle canceles -the negatlve ve) bald cycle =o +he

LebeLe

average veltage or current M a complete cycle s zerp , so
We can't store Ac Tn bateries,

ekl

Q% How +o order lifeboat ba'h‘erg -
cCA (c::ld—cranhins Amps) & PICA (Marine cranking Amps)m-iinﬂ
Ah rating ¥

Voltage rating

Type of battery

Maintenance free or Flooded type

Batlery life
Size + cUmensions

kL]

i
2
3.
- b,
S.
6.
& il s used to
Mote'-. cca = (Cold-cranking Amps) :- Generally it -:.s ey
dedermine a batery's capacity 4o start an en‘sm’: ';1
temperatures . The amount of amps & lead - ac:d- a| e,t
can deliver F Hor 30 sec, while still keep terminal voitage
a:,u-iVQler\'t +o oo hfsher +Hon h2 volts per cell, R
+ rca (Marine crankn'r)_q Amps) :- The amount e} amps

battery can deliver ot 32 degree F > 30 sec,

-

el

daiel

>

’

7
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Caredmium brp!ll,'-'d/fc-ll -

2 r‘il.ckr',.

n Ha + OJA

L

electrelyie charged
Charged Pedassium — cdg
NiO(eH) Hychrenide
! <o Discharged
Dfscharged KSH cd (),
i (oH), A

Material for positive plate — Nickel Hydl’d’E E"“o(OH)J

» " n Hve i~ cadmium (cd) f
, ) i #h addition
electrolyte - potassivm hydrexide (koH) + ﬁ{f;,jj_“(“;t_ li4hium)

- =
The fons produced in -he formation of potassium Bypdrgiicla
selution (kt ¢on) acts as current carrfer and takes

part in an jon transfer,

Discharging -
During clisc hargii slicke] Hydrate [ Aio(oH)] 's converted 1o

nickel Hydroxide™ Mli(oH),
Similarl OH™ (Hydrexyl fons) Cenverts cadmium 1o codmium

hydroexi 4, ~ve plade,

OH™ moves one plate 4o ancther and doesn't a&&ed the
<lectrolyte so vo generation of water like n Jithium-ion
baHeries so the specific gravity of electrolyte doesn't
chande fn case of MNickel~ cadmium batleries,

37 19,
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e
Charging:- During chargfng, pesitive of charging supply
e connecled Jo the positive of cell & negadlive 10 the
n Uve Jerminal. Flow ok current from Hhe chargley source

reVerses +he clischarge action,

¥
&

HRHgAREE

I, clscharged conduion

Tn charged Concution
+ve plate —ve plaie -+ve plate —ve plate
o ANjo(oH) cel 2 ai(oH) c
i oH
m,drq'bed exfde  cadmium piiced 2 c:A( _ujn—
e}, Nickel Hydvexide Hy v

can bereleased but atRpespheric cur can't
iF L enters inside batery; batery may explede.
. Vent caps are mon- redurn valyes because gases (> 402)
can be released but contact by electrolyte “with aimos phete
ynos pheie

+ Vent, caps are non- retorn valves because gases(Ha< 02)
nter ipside,

=) pre\len'fed . B ;
Electrolyte absorbs carben cli oxide (€02) From the atma m
4 da es +the batlery because o} fermational potassivm

co vent caps must be kept Close.

TD_PPina up- Same as o) W batteries
- sh—nngh Alkallne

Electrolyte Petassium H\’dmx:’de = gl
and properties are similar to caushe seda (sedium hydrexide),

carbsnate |

bkl

abbatl!

4

charactershcs:- . 7.3 )
Specific aravHB . J.2i0 (doesn'l chomge i wickel cadmiym
boteriesa) r:

Hme renewal s necessary ot abo

Bud over a peried o%

s Hic gravity e} 170,

4

)

L{{



* BaHery Room VentHlation
. Hydroaen (Ha) = ligher +han air =o pro per ventilaton should fbeefe
* I exbausl fan & required +han exhaust Hon blades
must be non- sparklag apdtstel
* Plotor of exhaust fan must be awaw/Hiom the ventilation
pcssaae WHbh secils o prevent entry o gas in ite caskyg.
© Exhawst £on must be fnelependent o} other ventilation SéL&'h"’R‘
* Al outlet vent ducts must be st corrosion- resistant |
malevial ar protected by switable pednt,
"t Ventilation fnletle shoul9 be below batlery level

- BQ'HG'B eoom Sar€+l:885_

~ Use ¢ naked /fght £ smokirg should be restricted
bq'HG'H Toom, a

— Metad jugs shouwld not be used gs olistiled water containers i

2 Emeraenoj switch boards should not be uses placad neax '
baHery space !
- F}Omeprooz "ghTS must be LlSe;;‘,

- Id<al demp range |S'c to 25'c

- aqﬁcr3 e I'S° shortene by temperature above So'c

- Batery capacity s reduced locs temperatiures

- Proper ven—H'laﬁon should be =re so that ge_,geg'olevelop'fg;
Asun charamg escapes from bcr#ery Room, |

— VenHlation duct should be above accomsolation level and
should be aljt sf engine reom blower,

- exhaust fan starting switch should be loceded outerde réo rn

~In+Y"-5‘3"Cq"J so-ke instrument < tools showld be used|
‘nside

—'Ba#er shouHd be qucegl on woodclen b’OCkS.

> Acid-Resistant paint should be used inside battery room,

;
{
!
{
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. Baltery Room fnsPecHon:—/Bquvj Mauntenance:’ -
- pallery mstalleHon & s Charal'n

- paftlery top should be clean £ dry
- Termmnal nuls should be Hght (Apply petrolium jelly ~
ae it prevents cerrosi'on)

" E)edrolif-re level should be checked [meadinteain SP’ar‘W’"U, m\o

use o} 3dromet19
- charging equipment (check for dlirt, overheadiy,

Joose connections) . avorld excessive ra.Pl'd' chafgitg.
- nNotice of No sSmokking =bould be kept,
- Flame proo} light &~ fitlings should be checked
- Bqu{j Room temp. range (15 -25¢)

ets cUscha rged

chqgrge i- Sateries g
So once

¥ loal
P i’::rgifﬁolo@ acﬂbn/enw‘ronme.nt .
" no{ﬂ - s Full charged, it is put on +rickle charge.
4he batlery y s
j +
Wed o just make - up for "
ssufp‘t:a loo JmA per loo amp-hv bertlery capacity ]

v

s e Hydrometes -
! H}jdrome'ler s an mastrumenl uced
1o measure the specific aravﬂa o}
liquid/e|ect rolyte
Rubber tube pozzle f= pu.‘. inside the
electrolyte 4 Rubber bulb s pressed €
- Elecivolyte moves up € docwn
stem floals up £ down.
In stable position , Specific draw"ly
can be measuied,

cirewnt showld be checkel,

Batlery room envirenment (Dry & well fnsulation required)

t rs
¥ . &7 || ameunt of curren
T +his t4pP< o} chorglnctj, Ve he loss of charge [generally

URbkditk et ity

!
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]
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Aerd prodk
¢ Rubber bulb

— Fully eharged
>over charg

>Ca' h’ndn’gd s)icvr
r‘—— Lead lls

bher Tabhe
g Ru nozzle
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Emerqency Grenerator- :,-—n\jm“" ® Smergenay Electvica Power.
SoLAs chapter 2-1 Regulation {42 for passanger ships § La An EMergency electriced power service must be provided

Regulation 43 for cargo =hips rm onbeard n +he event ef main pewer feailire.The emergeny
A self cendained emergency generator shall be provided .
The power rating of emergency generator is based on Jhe
size o} ship.

Power source can be an emergency generator, bateries ox
both , tohichever s used, it must be celf centained <

{ndeperdent of engine reom pewer =zwpply.

D Common requirements for emergency generators

(extracted from soLAs 2021)

1. They sheuwd nermally be locaded above woter I’Ne_’

2- 777&9 should Pot be located ferward of the collision
bulk head i

3. They should be located in a compartment that Ts
outside and cwway From *he engine rcem.

4. The compariment ehould be access'ble from open deck

S, The system should be capablke ¢f eperating with a
iist of upte 22.5 ¢ atrim of wupte i0

£ baHeries

853

Locafia_h:—_l. It shall be located abave Uppermest continuous

cleck oulside engire reom,

2. Tt should be reacLl'ly accesible From open deck,

3. It <sheould be located afit ek cellisston bulkhead

q. Em'ersencg generator, scoftchbeard , Ermergency lighti
switehboard < 4ransformer units , gl =hqll be located
in +he same compartment,

3

Regulations -
1. Flash point ¢l Fuel should not be less Hhan 43 c,

2. should be started audomatically afiter {failure o) main
Seource of power supply within U4S sSeconds and at
te rated load.

3, It shall be starfed at Oc or it shall have he:.ﬁ'n_g arrang

4. I+ should be able to start in 22.5" Lis+ ¢ 0 Trim,

5. It should have atleast twoo independepent =ource of
storting . Both of them should be provided atleast
three consecutive starts

Additional requirements for emergency batteries:-
1. Emergency batteries show!'d not be Incated # the

SR il
same space as +he emergency switchboar <
2. They wust carry emergency load +hroughout +he clischay.

period without beim recharged or without s vo'tage
c hanging bg more “han 124

LeekLLEt L)

v Hdda‘-}ional requirements for cmergency generators:-

Wik

1. Emergency generators must have th=ir own prime movers,

2 Fuel supply tanks (Fuel closed £losh poin{ =hould 1ot

- be less thon 43'c), storting equipment shoutd be

o apable of- three starts (with akleast tap methnde )
7 ¢ switchboards,

R 2. The generater nust start a:4+omnh‘cgl{9 upon failure
- % the ma'n supply ,connect 4o the =mergency <cofte h bead

an f"*PPly the =inergency clrcadfs | Hds must all ke
h wi*hin f5 seconds.

el
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- Su—;o;::lf;:cjpro;v the Emergency Switchboard -
. Emergency lighting

2. Navigatien lights

2. NMavigatlonal aids, gyro

©
g
L ]

. ‘BCHIerj Tésﬁng oz

1 Lead Acky Bn”enj TZ-:ﬂ'rg - Lead acid batteries can be
"c':.‘-#.ed by Hydromefer,' Tt gives the vale el =p=cific
il Jravity ok C’C’CL’D‘U& At fully charged concl'tion (1-27-1-285)

1l

i

4. Raclios % :;(d ha‘f- Fully olfscbqrgéd Tt I 11 . Alzo when Tt gets fully
S. Iniernal cemmunication equipment requived in anqu'"?fnfgm ':oc a'rsed -Ohe? v?ltaae alzo €alls down to 1:3V which
€. Wiater 4(5’\'&. A Beie Bhizesion 91\) also: gives -rbellnclma{lon et clechargy‘r)g . But high valuae of

Voltage can ﬂ'”s:ﬂul'de, fer 'ﬁ("y charged concliiron, Specific
gravity o) lead acid batieries are atl ambienl Jemperature
o, I1S'c , add 0-007 Afor every 10'c aboye IS¢ 4 subtract
for 16c below Isc .

Note:- Above specific gravites are at IS'c

7. Life beat launching equipment

2. ) sdeering motor

9. Emergency batery ebarging

10, Emergency bilge pump

\I. 1 Fire pump

12, Aute matic sprinkler pump 1 fited

13, Fire detection « Fire alarm saa*em £the Fire coor
holdfng € relegse sag‘fem

14. One air compressor

ek

2. Alkaline Batlery Tasting .- In alkaline batleries, specific
gravity doesn't fall o clischarging =o specific gravity
can't be meqsured Using hydrometer.
-Specific gravity cdoesn't fall on cu'scharging. I+t isfull
enly due to the lifetime use of batlery =o ¥ specific
gravity ef alkaline batteries falls over a period ob use
then L menns that efther the electrolyte hos jo be <harged|
or the botlery,
- Charging ang eLfscrmrgfng can be clecided by voltage.

IF the vel(age becomes below I+ voll Hhen i1 means that
baflery fs ischarged, ot s the only inclication ok
clkaline batleries . Batiery 5 considered 4o be Fally charged
when its voltage remains constant at 16 - -3

16, ldinches
16. EJR supply ¢ exbaust fan Jo restart genercctor

17. L-0 pwiming pump Hor generator
18, Boller centn) pan

cbLtLLELT

Note- T+ "s nermally not pessible to parallel +.::3T:J2rc
generaiors ¢ “he emergency 3enera*fn.rs £
frterlocks Ho prevent ihls from happening,

phtrl Ll

Q
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r: How Yo knowo TF baHera s Fully charged,
) Voltage- When a batery gets full charged , s voltage
becomes constant. The voltage remains at |6 -I-g
Voltage on open-circwit, charged 2.2y per cell or highey

2. Specific GmavH&:- The specific gravily o} <lecirolyte
decrease during d.fscharsin? due to formatfon of water,
And 0‘-‘-’""’5 charaina it increases e +o absorption o}
water,

A fully eharged batlery have specific gravity o) I-2806-1-306
< a olscharged battery have o - -1y,

Spectic gravity can can.be measured using hydromeder

S-No, chaged state Specific gravity semidher

| Full eharge 1280 ~[-306  (20-1-279)

2 ©:185 charge 1236~ 1.280

> 0-5 o charge l*200~1-23p

4 0:2s charge I+1776 - 1200

s Discharged ite ~1-1yo (SRR EYNTS)
3. Qassirg-__ lhen a battery i= fully charged , it rea-relenseg
bydrogen from n tive +erminal € oxygen from positive
terminal. At this thiHme , charging of ba-ﬂe:a shesuld
be stopped,

L, Coleur Plate + ITn -Fully charged conclrtion, the colour of
positive plate becomes darlk brown anol negative plate

becomes grey, (slate grey)
The e)licieny o} baftery atthis conction fs maximum,

‘lo fncreace Specific gravity -
D By adcling batlery acld 4o the katlery
~_, "> By charging

© Uis 04,

9955

L\Ih\j motor can't run on star only)

Tojay =L Tdeia (e Tgeia & 2 Hmes o} Taoiar)
So i modor I made 4o run on etor only it will not develpe
rated torque <o if it i= operated at Hull load , there colll be
overheauh'nj o} wl‘r)dj% and motor may get burn,

3D
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ELecTrormc Eau PHMGANT

|
B )

- DoL starter

. ']Epes ol Fuses

. klhat fs olode < Function of it (S points atleast)

- el astorder ¢ choke in *ubelfght
- Zzener cliode and fis full explanation . How it s Mfferent

£rom simple olicde,

+ SER ,terminal names, Uses?

+ Complete explanation of Thermistor

- lalhat /s condenser

* Explain Thyristor

- Diode TTesti

« Fuse and s functon -
+ Zencr protection

'

CO'\d,Uc%vHS depends on ne. ¢f free electrons
* fonducﬂw‘lg of meials(concuctors) decreases wiith increase
in temperclure, X
* ConducHivily o} semi- conducter material increazes with Dcrease
in 4emperature.
+ Semjconduclor malesials have more no. & free < than
insulators bul less no. e} free € than cenductors,
2- Silicon, Glermanium,
- Coneluctivity of semi-conductors can be iheressed by DoPI NG,

* N-Type Semi- conductors:-
g ,:'f;je valence e jmpunty fs added 1o pure semi-conductors,

hbtbe Lt

) ,Alhﬂ we use starters Hfor starting a motor. Explain all § slarks instead oL 4 valence e,
+ khal is multimeter. kihat all parameters it measures Gienerally Antimong,arsenic “':_Ph"sP""'us e ofjisflejo pars
semico ctor Hdor | extra €7 —_23/'(5_%'%_
| !

nlhat bappens inside i+ when we change selector scwoftch
% [:_xplojh Megaer with d.n'a.sram

+ Clampmeter use
* How wvoltmeter and ammeter used i Circudt

+ CapacHor s used in ac circuwit but not fn b, Inlhy 7
. DIl bl iode &£ Zener cliode ( lo paints) )

the extra e is respensible Hfor ]

the movement ¢ current,

eets

- P- type semi conductor - ‘ o -
P-1ype semiconducty are chlained by addmg impurliies
like cluminium, borium or inddum, )

These adds removes n tive electrons so leawla aaps or
positive boles which +ransmils charge.

55
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[Tp—— Ml *- Semi oo

Semi- Conduciors <cenductor juncton rectifier (+wo- layer device)

' 7 ¢ !ZII ~ A semj. . ,
(57,Ge) have ‘LI valence € L d e,,.,:)m'l conducior junction rectifier is a wader of sillceon,

) iR m 4 F’In .Z’f-"" or other semicenductor material which are deped by
Indensive Exdensive % Purl-le_g, ar other materials having similar effects, =o one
Pure Semi-ceonducior Tmpure Semicorx{udbl’(-_fm port s P-type £ other type IS5 n-1ype

No. of e = No. o} heles " ‘t‘\CA Bq-Hery connected fn circwdt will couse positive boles in
) - ~the p-sec4/ e ] terminal
P-type N-type Tand C:‘ce Vgﬁnsa-fo be attractecd) Jowards s negative .

obtained when trivalent obtaned cohen 4 > Fﬁ;ward Biabe |
fmpurities are added +o pure  Pentavalent impuri When tve derminal o| batlery & cennected 4o p-type and

i ded to - i ;
g)em;qmum créfs-h:u ?g, B, Al ' a;z"c;\id d‘;:ure \;: ‘erminal ol baHery = connecled +o n- +5pe , poesHive -
Iso khown gs cceptor - Ax, P,sb charges are atioracled +o -ve +4erminal € -ve charge(e)

f?s are attracied +o +ve Herminal o) batlery ond a juncton

o hnou::n as o
1
Bobir®: IS formed and hence current Flows
TGnch

sid

.

Thermistor :i- Thermal + Resistor

- Thermistor j= a special -JHPeoe resistor whese resistance
changes with the change in +temperature
“Teoo” Types . —_ s

123 MTC(-Jc(jaJNe Icmpera‘iure Coefficient) - 2k Resistance
decrease with increase fr 4emperalure , known as NTC
PTC ( Pesitive Temp. Coelf.) - 9} Resistance increase coitth
fnerease in demp ,are known ‘as PTC

* Thermister hove «a Negodive Temp. Coe’gg. (NTC) o} resistance

+ )¢ rise i temp = 5% decrease in resictance

current  £lowss
Th Forward Bejsed

Reversed Bigised:- |
Bt when tve terminal Her el batlery s connected o n-"yPej
and -ve 4erminal of batlery is connected 7o p-type. still “
positive charges are a#rocted 4o ~ve H4erminal € -ve charge
are ativacted to tve derminal of batlery but +his +Hme a

Use. qap s formed ond hence ho o current Flows threugh circuit)|

wgap -

. Digital —hermemeiters

2, Precrsion temp. measurements, contrsl & compensadtion No current Flows g
* Thermistors are highly censitive but have a non-linear in Reversed Baused

characierstics o resistance versus Jemperature,

Knee Voltage~ The Voltage at which Junction breskes and
current starts 'P)owl'ng through semis-conductsr s Kknown ag
knee vol‘lage..
Knee Vo|+Q?e for  Grlermanium= 03 v

Slerm = 6Ty

L e L L L E L
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_Dr v ! [+
-&-‘ Diode s an elect»ical device which CI"OCOS CLﬂ're"Tt

‘o ‘move th ‘one dlirecton 077/3. ‘e i1 has low (ideally zerd)
r - ! ’
GSfbnce o current N one clirec tion « high (ideally infinHe)
resistance n other olirec Hen . I
€g - - Semico nduct : ® ) R =
ctor cliode A%——DQ——;HMQ —~ As Rec-iffer, :
.Nacuum Thbe wes - afgrmal limiters
Hlod e @1 - Vollage R%ulcdﬁ?s
- Scol'{:Ches |

* Zener D ' :
Dlecle’ = _ signal medulatos
~Si{gnal mixers ,

-L"aht EmiHind Diode ( LE D) t_u__“\ =
* Photo' Diode * @ - |

Zaner D:is_d.gj_ Basically clodes are used -*.%f""’e puUrpose ""é
rec+i-F3ir>3 waveform and can be used within power supplied
or within radial detectore (unidirection current property)
) @Pe&f' Donate
. 1. Liah{ em:’HIrzj Diode (LED):- car bidee @ ybL ]
Tt is ope o) the most popular 1Yype of diodes and when 11
permits the dransfers of <lectric QJ‘rren‘f: blw +he electrodes,
light s produced. ' ;.
T nlhen +he diode is swilched on or forward baised ,the €
recombines with +he bholes and release energy in +he form
cl ight (electro-IUm;‘neSCence) . The colour o Ii'aht d—e,Dend.a
on the energy gop ol semiconductor,

e

A4
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m:_ <5 LR — — ’ - .r_ II » ) ; " ) & t
w Zerer Diode:- A =ener ciode (5 a diede which allod Since zener cliode = heavily doped, in Reverse bios y 1
current to {low in the AHerward curecHon in the same L com flow current (slce barrfes reglon f= small) and :A-l

barrier rglon

manner as dn ideal diode, but alss permitls it "o flow in I aet burnl whereas®fa simple p-n jp cliode
+4he reverse clirection when -Hhe voHage s above a certaln fo  much more ([l E not heavily doped) it ﬂ-ds
value known as the 'Breakdewn Voltage' or Zener knee " amd burnt .

V;:::?e' or Zener Voliage' or 'Avalanche Point' e “p '

¢ Inverse Vol A

Tt fs a proPerly deped crystal lode with sharp breakdoon
voitou is known as zeper’clUode

Tt i=sal reverse connected when forward blased .
Properties are simikr to ordinary cliccdle . Zener ciode clo not
burnt out fust becouse it has entered +he breakdecon
regfon as leng as the external supply connecled Ho +he -
diode limits 4he Faults current less +han +he burnt out vale,

P-n )" clode (Rey. Bia.) Zener dicde (?ev Bl‘n)
P n -~ P +
——% —
Iderdahen a simple p-n |0 clcde ) lJben =zener 'dJCde is
s Reverse biased and \F velfage reverse biased,and i Voltag
fs more than Breakdewn Volitage, & more +han Breakdown
"t gels heated up and gets volHage it doesnt burnt,

h

"

Winiay)

L

Wi

Ll

des-iroxjed/burnt.
. Tty + 5n zener cUode , when 't fs reverse brased/
* .?Jt:u potential ocU-fference blw *wo poinits ( Here | €2)

doesh't cross a certain leve)
-ol s be.avl'g doped,

Zener cliode

5vakP»n J"’ diede

Inrerdiiaaai




¢ SEE— & N ) U
'rc'h.S’S’f‘O”S-'“ Rectiflers and z=ener cliodes are two [ayers
Seml- conductor devices,

-fﬁ;sfsﬁ bave 3 Jayers which are arranged as either npn oY |
. |
*Methods used o ma ke transistors are similar o those for |
+he manufacture o} clicdes.

' The operatlon fs based on principle “hadl APph'ca.b'of) ok

; VOHO’Se will make -ve current carrlers move in ohe clirectio
y end  positive current carrier n other clirection

)-_l—rcnsfs-ior Is a semiconductor device used to amplrfy ard |

5 switch electronic signal and electronic power,
4 + Transister fe of teo +ypes T?an’s:'s:for AT
N r— '
Blmsl 1or(BIT Fleld Ejlect
5 ior JTensklorET)  F St |
D‘_ _ nyp-n p-mrp
5~ Operation of npn transistors -
~ C (collector) < :‘
> J
r '\
w basbc) Qfgﬂ-fo’) e Ji\
St P . e ls =LA E
(em'Hi_) base |—— 1T, ._:_ }
i —>——C O O|p -] |
Exaital “
B—_d’_ . . o n
r emitier i

Construction & ldorking- BaHery A’ fs connected o ende which
are collector € emitter, Anc+her batlery B s connected ‘to the ‘
middle (base) secton and has a commen conection Loith |
+he emifler with battery A. |
» Emitler:- One secton which supplies charge carriers f callay |
emitter, To oo so emitler fs qlwaﬁa Forward biased when
compared to bage,

«~’ » Base:- The middle section o transistor, cohich forms +the
4wo PN -junciions belween emitler & Collector, is calles +he
base. The base-emitler jn fs al foruware blased which
o allows a low reglstance {for the emiter chrewit The

2 base- cellector junEtfon s reversed biasec] tohlch Droviales
Y a hrai\' regfstance ™ the collector cifreud't

LHLVLLUVLOLLLLLLL L
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" collector - The sectfon other +han emitter which collec®
+he charges is called the collector, The collector is alwaﬁa
reverse bilased,

! » Emitter- base Terminal~ There s a diede M between +he
emitler ~base “+terminals so those two ferminals showld )
function as @ normal didode <€ conduct im only ene dJ""ec""w,

- Collector-base Terminal- There s a clode similar to-+he 1
emiter- base +erminal . These terminals in. ehould act

Qs the terminals of a normal dicde < conduct tn only ohe
Airection.

~Emiter- Collector Tarminals:.
are not comected
either irection

The emiHer- collector +erminals
Tn'iernqlltd € hence wlll not conducet ™

* The +transistor 7= i oFF state T the voltages ot Pase €
emiter are same. A= the base voHage fncrenses above the
<mitter voltage, +he device shifis 4o itc @ onl state 9
In oM state | there is suffielent voltage ufferentos

rofth base terminal befng the higher one, these f= a flow .
ok electyons generated Hrom collector +o the emitier which
0 tum cauges a current o flsw from emitler o collector,
To—this—transistor , basad-onthe- F

Here Thput terminal fe bose terminal ¢ ocutput terminal
fe collector--ermitHer r“edfon_

¢
G
%
C
C
C

Note'- Transfstowr = Transfer + Resianas

A transistor transfers +he resgistance from ene end to Yhe
other. A 4ransistor has bigh resfstance in Jhe in but
section while low resistance fn the ou_tPu,t section

i e Dy Dy Dy Dy Dy D DY BAP M)A A M ) AD A O O €
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Mot e: « Diodes have alietwo alternate layers ok p-n.

. Transistor bave 3 Icu{ers
. =cRr(sllicon Controlled RectH fier) have 4 layers

« Triacs have mare than 4 layers,

Y P PR bR, e TIE v

ristor. — A -}hyrfs(:or is a 4-layer device with clHE"nC!'””a

*Th

P—i_‘jPe + N-1ype semiconductors (p-al-P-al)

The primary F7 of thyristor is to centrol electric power
and current by acting as a swilch,

- Cosl of maintenanceé s low , operale under right conditions,

remadn funcHonal in +he '°"’9 term cithout developing

a fault
- Thyrister are solid state switches (with four layers 0[;'
pP- & layers) which are turned =n ON eby by a_pph'ca.i"m.

o} low-level =ignal voltage +through a trigger connecition

Known as Glale electrode,

» Silicen Centrolled Rectifiers ( SCRs)
LHave 2 Junctions)

Crale

g

L)

The lows level signal (tr:’gge)\.) voltage f= applied at the Hhird
lead which & gate electrode.

Nmkfgy el scRr:-
AN SCR in circudt will resict current Flow 10 wor king SA'rectien,
aparl frem lea.kf-'lﬂe because +he middle junction s Np ©°

reverse blaced . - :
Leakage = soemewhat grealei +han with a simple cliode

because +the pn junctiens on either side of the centre
of extra minority corriers when forward

50555

>

One are€ scurces

bigsed,

g

en state

Reverse
B\/:;deown Ferward breakdown
agc holetin Range
current AEERN TR
volis e . volis

P 7
Reverse b}ockir’a Forword brealdown voHoﬁe

state

CharactersHc curve

nkezoliL it

g

mA

T+ applied voltage is increased, more minority carriers are
emitled {rom the outer junction ond lecckage fncreases more

el

Han iIn a olode
Junctien J, acls as forward blased
Q.. =] Ja o "  Reversed i .
Jz v v Forward 4

Latch ing current -

Ot s mnimum curre Y x 1
nt which s required
1o OM the scR, . ! <

i



* i * SCR will remain switched 0N unlkess current Falls below

a certedn halcu'hg value ,

. Durl'ng normal oPerq«l/on ScR is 4urned oM btj gdfe signa|
much lower than 4be breck down voliage . Idorking voltege
would be anywhere blw the range of breakdewn voltege,

- l;dorhl'ng' explanationi-

| +—
Ji = [73-3

Q
3
iy
|2

il

C' -
Ancde e = i rathede
L <J—
' 9

Applications:-

—As a Ia&chmg switch n an alarm circudt .

= Used Hor conversion oh A:-c to Dc, bul by varying the
1rigger durning part of 4he wave canbe blocked ond
part let +through

- Used in mc\j'ﬁ('-l! DC power supplies

- Triaes are +wo directonal switches , designed for use
I Acc application and able 4o switched to pass current
in either direction,

case 1D Lihen Scr s forward Blased (twchen +ve terminal
o), Batlery fs connected 4o p-layer &) ScR)
and Ciate s also supplied with a low voltage:

-~ As we know T, £ Iy are forward brased and I
scR & Horward kased T, and T will break easily
but since Ja i's reversed brased it will not break

caslla 5 c
To break L we need to increase the batery voltege.
when J, il also break and scR gets onl.
or else we con .su.PPl cutred +through 3“1_3' ’Tﬁf

, - _ will start Flow D

hngh k.-E € s last n-layer ' More the

oppos/‘fe rectHon and will i q:, ore

e supplied moere mo. ¢} < will bit Ja € 1ore

LerLell

L

vol
eas“d 1 will brealk.
- 2cR_ is reverse blaseds Re_ver.sed—bfc} -
c\‘;i!e’*agi at which Ta breskes in forward broses
fs known as breakdown vaﬁaﬁe . _
in Reversed bfasesl, there will be Fwo Tun(':hor) (T+3)
IHoge will be ore.

i

4p breake So reverse break down Vo
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e toarar fhsulation . Tt sused @ [PEJ @
Megger = Megger is portable fpsula ester e T Harhlndf— * Veltage for testing produced by hand cperated

——

Iy sure very high resistance o} order ¢, ™M 2

g

—Li rneg ' -

- & 9er by rotalion ¢} crank in caze ¢| rard cperated tgpPe <
«Tt mscsuree Jhe r<5l$+?nce ok insulation, % Bﬂ'f!ef‘j I'g used for Eleclrcnfc 1esler1: i !
- 7{ works on the pxinciple o comparisen e ibe resisdance ‘-, I.E]I, W . Defleclion coil er current ceil connecled in series and allows

he (nsuladion s cempared high 1 A , serie X

o} the > i el Ny .9 , the peinter oh meving coll “,:m\'v -flcwlng 1he eleciric current H4aken by the eirewit belng tested,
o Flecls R Ny M0t s low , 4ben he poinder mme centrol coil is alzo known as pressure coil, 15 connected acress
indicates zero resistance. The accurac |

! Y ol Megger s high as @~ 1he circuit
compared +o other ihstruments, m * Current limiting redstor cenrmecled in seriez with centrel ond
Donate carbidee@ybL m deflecting coil o protect domage in case o) very lew resistance

Earth L in external circwit.,
b Lk 'mw\ % M- Hhe \.IoHage increases ex'{ernal cir.cuj{ ,the deflecticn of
Reslstance™ 7 et — poinler increases ard deflection of pointer decreoses with
_szcale . ncrease of current,
- tlence resultant torque is dfrecllg propertional o voltage and
current cof | .y nversely proportional to current,
IREaisione I"hgnt(r@ Nagnet * When €lectric circwiti being iested is open, torque due to
Eind - : vollage coll will be moaximum and poinier shows ‘e’ meons
R Poinier S Hond driven | ng shorting thraugheut circuit and has maximum resistance
@ Grenerator | within +he circawit under test,
\wgecm" %: . Tf there fs shori circuil ,pointer shows Zero' which means
call i 'No' resistorce within circuit being tested,
> * Work pbilesophy is based on chm-meder or ratio-meien
sl o o - The deflecton torque is procluced with megger tesier cue o
. beflection & cormtrol coil - Connected parallel +o gener:don; . magnelic field preduced by voltage and current ,like ohm's law
mounted at right angle to each other, maintein polarty i such Qs - The Tforque o megger varies in a ratic with v/ ( chm's law:-
a way to procdluce torque in oppos-'—fe directions, M*d V=TIR or R= V/I).

- Electrical resistance 40 be measured /= connected across
the gemeralor and o series with deflection cofl,

- Produced torque shall be in opposite cirection ™ current is
supplied 4o cofl.
* High Resistance i No current- alo current shall flow “through

cleflecting coll, if resistance ie very high t.e infinity position
o) pointer.

. Permanent Magnets— Precluce maanch'c freid 4o deflect peinier
with torth- South pole rnagnet

-« Pointer:- one end of peinter connected with ceoil ,another end
ole Clects on scale from infinity fo zero,

. Scale~ A scale fs previded fn megger from range O to oo

46 emble us to read value .

« DC senem;lo'r or Baﬂef(j connection - Testing voltage is procduced
by hand operated DC generator for manucal operated Megger,
patlery s provicded for awtematfc type Megger for same purpose,

. Pressure coil Resistance and Current cofl Resfstance »- §

Protects instrument From any damcge because of low re&m%,
exterml electrical resfstance under test,

=
£

e
w.sman Resitance = Hi . et
A cr’e:-rt’s:gz:e i:'o‘wi a F?-':thuglf;irlcf 4;5;;:;: thm:;:: 'f?;rfu';’f ‘+lhe
alk 'zero',ra ‘e procuced forque make the pointer to set
SR el it 26 s et
range. o o e 'én" oque ah:gn or set peoinlar belween

f

2
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« checking correct Operatlon:- Shorien (touch) the probes
together and switch 1o M-2- mode , the poinler shocld
thellcette approw'm"ezj o

- Megger s used jo measure fnsulation resistance and other
high resistance value . Ii fs alse ysed for 8round, canﬁnw‘-}y
anol short clrcedt Hesting o] electric power system, The
chief advantage of the megger over an chm meler I's Ms
capaciy do measure resistance with a high potential or
breakdown \/oltcgc.

;

C] C'amp meter -
Cf'OmP-on ammeter or simply clamp-meder' f= an fosirurmertt
Used Yo measure +he current flowing 1hrough a concluctor,

An Ac clamp meter basically censicts o) a current transformer
(€™ in s jaws (a bar CTusually) viiifzing the current

drans{ormer (CT) pe»fnciple, ‘the reactlng cwoill be olsplayed,

Nmku’ns & AC clomp meter ;-

|:\lhen the fnstrumenl s clamped’ on a cencluctor , +he conductor
"tsell” acds as pafmary ¢ the maghetlc Flux e to
current flowing dhrough the cenclucior cuds +he secondlary of
current +mansformer (CT)

The current i the seconclary o the T
voltage using a current to vo!tage cenverter. This signal
3 s fed 4o an analogue o cligital cenverter. A rnicro-controller
fs usually employed ¢ it will drive 4he olsplay clreudt

= cenverted fo +hs

Is

for current recclin
Current
Carryl
coreluches
Py current 4o Micro-con Ditplay
Treinstasa Voltage *oller Unit
©n converter it

« lorking ¢4 DC clamp meter:- )
Unlike Ac, current +ransformers can't be used for me::suv:nrg
rect current ©C). So Hall effect sensor i's used for +b|s'
purpose . The Hall element used responcls to -the mognetic
flux due 1o lireck cyrrent fn the conducioy which procluces
voltage across element.

The cleveloped voltege s propovifonal to the currend in the
concdluctor . So by measury'ng voltage ,currenkt can be determinal

cartilelel
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* Hall effect ¢ Hall genso>!-

i

e
The Hall effect is +he procluction e}, potentlal difference acress
an electrical conducter,transverse to current in corcluctsr
and a magnetic field perpenclcular to the current

A hall effect sensor is a transducer that produces
a voltage when kept under 4he Mfluence op mognetc field.
The cbarge carriers experience a force called Lorentz force,

Due o this ferce, the charges gels ofetiirbed dis+ributed
on +he surface ef material leaving equal ¢ opposite charges
on the ppposite surface which censtitules a potental
clifference +Hat exists as long as magretc field s steody,

In a DC clamp meler Hall Effect sensor isusedas
magnetometer, The voltage so developed s proportionat +s
megnetic freld < hence 4o the currendt,

Even though a clamp meter is madnly used for measuring cur
Jbese (nstruments. are added twith feature +o measure
voltage, resistance, frequency etc,
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" Statc electrlcity:- Static electricity is an imtalance
o} eleclric charges within or on the surface of Madlerfal . The
charge remains urtil it i's able to moye away be mens of an
€lectric current or electrical df:.chargc.

The static electric charge is created whenever 4wo surface
cenlact and separate ,and alleazt ope ¢} Hhe surfaces bas a
H:’gh resistance 1o electric current.

It s a stadionary electric charge +that is built up ena mafcn’al_l

LI

- Cause of static elec{n‘a’fﬂ:— )
Material are made up of atoms thal are permally electrically
neulral because they centain equal no. of +ve charges( protens)
and —ve chc:;rge (e7). The phenomenon o} static elec-frioﬁ_., reqw're
a separation e| positive and negalive charges. Idben two
cdissimilar material are in teniact | e may move frem one
material to other ,which leaves an excess o) +ve charge on
one maferial and an equal —-ve charge cn +he cther

klhen +the materials are separated jhey retain +his charge imbalang
« sHatic electricily s generated by friction +hal cccurs blw
different materials during relative motion. Electrostatic charge
can then accumulate in materials which are poor cencductors cf
electricity or which are good cenductors but qgre insulated

. 1 Hwo such boclies with static electricity accumukited are
brought close tegether, and If +he clifference ol potential s
great enough , the accumulated charge will jump blw them,

)

- static electricity may occur on tankers because of -
An electrostalic charge i's gemerated n 4he liquid as it flows
4urbulently +hrough the loacdng pipeline jmto -the ships tank,

. During coll operation
. Don't clisconnect hoses before +they are pulled out of tank.

« Jumpers are atlached 1o Flanges to maintain cenductivity,

jS |

2y,




+ lklhen a nen- bended projeciing otv'ec;i‘,or Something
fpiroduced fnte the tank, can become a potential eleclrode
or spark premoters , celle C‘Hng the Charge From +he liquid.
klhen close enough to an eardh ,the spark premoters are kepl at same vol age. ) bl
Tnstantanecusly releases its enerqy jcharge M'a spark through E fFective bond.ing fs achleved by connecting Ome"a-' Ca’
the aimosphere of {ank. ‘ bHlw objec‘fs,'rf,e cable s sometimes perrrunen’rfg (txe.d o
such a spaik have enough enerqy o ignite a Flammable ene cenductor and belied or clamped to O4hef- Bencling €
vapour. carJhiréj cables should be Mmspected periodically and Their
resistdnce should be checked with meter,

© IhiE v g Boncu'nc) ond Earihing'-
Ll A spark can't jump blw twe cenductors
eleciiically bonded —fo?e-fher or both earthed , because +hay

which are eitber

—

L beben

9. ldashfrg ol Tanks -

During Jank washing ,a charg
all ever +he space . such mist remains/e
afier washing end . Ifan uneorthed <on
the charged mist , it becomes charged +o a woltage which may

be high enough Hor a spark to jump o some pait of the

+ank etructure,

The limitation on water Flow rate per nozzle , per machine and
per tank is established [fixed by extensive research & should
nol be exceeded . IT 4he water conlain cleaning additives

or ie recycled or the washing medium 7= cther dhan clean
water ,weader washing should be conducted P non- Llammeble
almosphere [.e the Jank should be made inert. The practcal
aspect of tank washing i's therefore Tmportant 1o observe,

ed misl T= preducad and is present
xists for few hour:._
ductor s lowered mto

;

* Precawution 4o eliminate stabie electricity:-
l. Safe pumping rate (Faster the liquid flows, higher fs Jhe
electrostatic charge)

2. Presence of wates.
3. Oas bubb"ng up through dhe filled 4ank,
4. Unearthed corductors - avelcing +he presence of unearthed
cenductor 0 ships dank fs of fundamental imporfance to prevent
=parks becawae they provide +he elechode From which
a spark can Jump,
s. Projections and probes in tanks - ) A -y
Tonks are somedimes equipped with sounding pipe whi
exterd down from underdeck towards the liquid surface,
other example of :':yeaﬁons and probe:s are high level alarms,
spraying nozzle fixed 4ank washing machine,
Tf +be liguid being loaded s at a high surface
< , an incendive brush cifscharge to an unbonded
projecHon may take place. The ne 4o avoid -lo such a siluation
will have been Foken inlo account cLu,-Jng the design of, Fixed
p ‘U'ech'on inside mrgo*ﬂnk_ and all reguiremenls for 5qpejy
a="e materials o} construction  earthing , imsulation ond static
electricity generation wiil have been checked while the ship
was being b lt.
¢. Giauging & sampling ojtanks, N )
T s-fea.-nfr)d, steam u‘ssw’na]refensmg from a nozzle il
gencrate "a mist of charged watei dmple‘fs‘(mnaoui rne\_ﬁw

SLLLL L

3 . Llev‘er use polyprene ropes as they accumulate charge
- It s accumulation o} €lectric charge on +he sur ce of

@ material, usually an insulator or non- cencluctor of the

electricity 4hrough pbysical confact & se{:qratl.or)_

> Charge Separatiendi- Iihen = cissimilar metal comes Fr

contact, electrostatic charge occurs at interface,

= charge Accumulabion :- The period of time {for which charge
fs redained s known as relaxation +me. The lower the
conducHvity , 4he more wil be relaxation 4ime.

- charge clissipation :- Elecivostatic olischarge occurs when

electrostatic field becomea 4oo strong £ electrc resfistance

s| fnsulated material breaks suddenly ¢ their extreme

jocal heeling,

i
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* Comparision of star(Y) <+ Delta (A) cennections:.

S+tar Cennection \2)
_

N

i,

8 ¥

Tn star connection, the sfar}ing

or Finishing ends (similar ends)
oh three coils qre ceonnected
together o form the neutral
peint. A common wire fs
taken out from +he neudral
point wbhich s called Neutral.

Delta Connection @)

1. R

Y
B

ends of three coils are connected

o cach coll is connected with
the starting peint o) another
coll € three wires are teken

out from the coil Joints.

2. There is neutral or star pein 2.nlo neutral point.

3, Three phase four wfre
syatem is derived +rom star
cennections ( 3-d ,Y-wires
.5881&‘!1’)5) e r'YJdelso derive

3 phase 3 wire sas+em from
~ star cennection,

4. line current is equal o the
phase current ic
I = Ipn
5. Line voltage is I3 Hmes o
phase voltage f.e
Vi = I8 Vph

€. In star connection,the
total power of -three phase
could be -found by

p= JBaV ¥

3, Three phase three wire syetem
is derived from delta connections
i.e 3 phase i wire < *em s

not possible Tn de'{a connecton

Y. Line current fs s +mes o}
phase current i.e
=3 Ipy

s. Line voltage fs equal to the
phase voltege ‘e

Vo= VPH

G. T delta connechion, the total
power o} three phase could be
found by

p=3xv (\/43)

In DELTA connectfon, the opposl*

together. Tn other words, theem

E-rv
%3
T
QI
-,
Wy,
KT
g,
%@,
g2
%‘

belta connection (A)
7. The speed o) delta Connec#e_—i
ma-!or" are high because <C
phaze gets 4otal ol line voltage

‘. sStar ce

nnection (YY) T

1. The Spced o} <lar con
molors are slow ds they
teceive I/13 Vvoltage

ection, motor

8. In siar connection ,smooth 8. In dleitn connt power outP"‘“t‘

"LCIT'EI and operqf_;on with| receives highes
"’OmmaJ power , »orma)

":.H~ 9 operation eoithout overhenting
:G_mva'n be achieved,
1\) 9. In star connection, phase

v Voltage fs low as \/rz of

the line voli . Therefore
it needs a low ne. of turps
hence saving the copper,

q. In delta connection, P"’OS?W’H‘T
fe equal to the line voltage, herce
il peeds rmore no-. s turns which
frncrease +he total cost,

—
& 10. Lowo fnsulation required

v as phase voltage is low
o 9= compared 4o Delta,

16, High msulatlon s required as
phase voltage s equal to line
vo ltage,

I, sStar connected s a
cemmon <4 general tem

tohich s used in power
-r-ransmn'ssron

Il. Delta cermectron s a typical
temn used Tn distribudion
Sasf?m < Tnolustries,
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& Dfﬁerér;e between Earthing Giroundiing - * ”,:Lﬂ ol Meutral Giround ¢ Earth
There I v i Therercs nshaesrs Eqr‘fhlﬂg < (,urourzUng bt ¢ H-‘..’{ v =tor connectlon
these are +he same ferms Used for Eaqrthing or Giroundlirg, (—'IT\’ 2 e "—’_ﬂv,

Girouncling fs the commonly word used for earthing “Eﬂ]l,\#m - =

|

fn 4he North American standards like |EEE, NEC, ANSI < UL E—— ] I(m shscholGorpntol S SRR ORI
ste while Earthing s ysed n European ,commen wealth N —= €

countries £ Ba»itain standards like |s < 1Ec etc,

So Eor+h;33¢ Girouncling are synonyms i< both are simllar AcT -
werds us for 4be same +h7r73, ‘_@_g_bﬂ
L carth

. Bondlr’s!-

The word bcncu'n? is used for joining two wires (as well as
conductors, pipes or appliances) together. Bonding is knocon
as cennecting the metaliic paris o} different machines
which s Pot considered +o be carrying electrlc current
dwuring nermal operation of the machines to bxing +hem at
the same |evel ¢} electric potential,

Neutral~ Neutral = return path for an AC C‘TYCLL.‘(’— which 1S
supposed to carry current in normal conclition -TF“SbCe“"e“t
may be because of many reasons but primarily cayse
¢} phase current imbalance. ) il
There may be other remscns too but the l:nclgh"'ude °L. =
current fs in fraction o} phase current & in few case it can
be even double of phase current . So Meutral.u:»re is
a!wa.aa assumed 4o be charged (in active clraui). This
neutfal wire is given +o ground (by grouncling) 4o make the
secend terminal o} neulrol wire at zero po-icntial_

Earth or Girourd -
Earth or greund is for safety concerns a ainst leokoge or
Y resiclial currenmts on the system via least resfstant path.
kihile phase ¢ neutral Is connected +o +he main power coiring,
earth rmy be Connected +o body ef equipment ar to an

fem which fh normal condition deesn't carry current bact fn

ase of some insulation Failure, s supposed 4o carry some
minor current or ¥

This current s mot clirecti coming from live or phase wire
but rs from secondar Irnzs which coxas not ™ 4ouch w-'-l;;
live system in normal conclitien, This cemclitien current fs
usually much lesser than medn line current or phase current
4 mostly s n order ol MmA, But this leg.kqse current s good
enough to Kill someone o may risk £ire. Such currentt are

being provided a low resicta 7
earth wire. e e o S gy S

e
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- Becawse of difference in cx.Pph'cq:u'or; we never mix
grouncu'rg o neutral & easth. However both ore made
sroundcd ( but process may be ctifferent). IF both will be ¢
mixed +hen +he earth wire 'whu’ch s not supposed to carry T 7‘ L. The main ssurce of ilestvioal puwer shall consist
any current fn normal conclition, may have some charges 4o gencrating sets

across £ it will become bazardous, % 2. The capacity o) these generating sets shall be slich that
- i +he <ventl o} any one generati et bdﬂc? stopped JE

+hoze =erVices necessary

propulsfon and

ALTERNATOK(OR A.C. Gienerator)

f
2 Rules < Re(julqhons‘.-
ad lexzt

i

¥ will still be possible to supply
4 0 o provide normal operatfonal cenclitions o}
SQ-FetV,

3.In addiilon, the generating set 3 .
ensure that with any one genercdor or s primary sedree ok
power cut o} operation , the remaining cels shall be i
capable o} provicting +he electrice]l services ncc‘es,"-‘-cl"y ;

5 start the nmmadn propulsfon plant frem a deod ship condle
DU, The main electsic ﬂsb‘ﬁ gtemn, which shall provide

v illumination -throughout those parts o) the ship normally

Accessible fo and used by passengers or crew shall be

Sufaplv'ed From +he main source o] <lectyical power,

£

e =hall be such Hhat as to
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Frequc—‘ncy = 60 H=

Poles = 8 poles
Phase = 3¢

Rated \/oltaﬂe = UYso Vv
Raled current = 962 V
output rating - 50 kVA

'.aneneru-for Specl'-n'ca-i fons -

.
”?!; ’ an_’,rt‘:;:’_

gl“ [V Ac genercclor or Alterncdor works on +the same principle

as +that o) D.c generators,

4’V In p.c generador, armature rotates and freld system ic

stationar whereas in alternators , armature iz 5+o;u'onarg

and Field sa«z.fem rotates.

3

)

. Donc:\fe
D iflerence b/w alternator ¢ Gienerator:- carbidee @ybl
(sienerateor

Alternator | . e chine fhat converts mechanial
+ A machine that converts . s ints AC or BDC .
mechanical energy inte AC energy
electrical energy. both AC € DC.
. can gencrale AC only .Can genera-hv- o .
- Rotating part fs magnetic fied] - Ratatlng part i's armatur ,

| ¢t rs magnetic ekt

-&lationar part = armature. |.Stationary par .
« Glenerated output current |, Grenerated output eyrrent s
7s laken from stator tcken from rotor, |
™. Doesn'{ need pélarizatlon - Meeds polarization after nstal.
affer inslal. ‘
* Have wide range of RPM |- Have low range oh RPM.
- Gieneraled veliage varles - Gienerated Voltage = constant
dependinj on load 1f’rrespec+lve ol load.
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- Greneratoy Pwinciple:-

€
- Gienerator works on Faradaa’s Law of decﬁomagng-lft)"cc?nsmon ({

‘ Lglher.)ever A cenductor s placed fnside magnetrc field ¢
and i coenductor cuts magnetic Field, voltage and ,
c:uorrent gels generatfed - . :
*Direc+ion ol
Zi'e(,owh:l:jhns £ +humb Shows moHon and -ﬁoreFl'nger
oLos ' o magnetc field +hen middle Linger will

S bow OLIOI’” c"& Currene.
: Thumb (moetlon €
S Thumb F(?:;eﬁg), o condudgj‘
midd ; Piiddle Finger

Current)

. Magni"rude ' OL iﬂd.uCeel VOH‘Oﬁé cle,Pencls on +he S""’GQS‘H) ,
el Magnetic Fleld ,rate ok cutting and length t% condiuctsy -

- A A s s AAANMNALPEErANDNDOC
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* Droop se#ing in Alternator & fle importance.-

Droop:- Dreop is @ me-thod ef controlling dhe reactive power
of an alternator as +he load fhcraases . This 5 used ih
synchronizing applicatiens, where multiple generalors are n
parallel . with all uniHs set wp 1o droop by the same
perceniage , +he reactive load will be shared equal’d bl
them  because If one Jake more reactive load ,the droep
will work +o counder +his effect,

Ronge ol drooP seting s 0. 4o S

= I

i)

.

* Droop is droP in Frequency o} machine as load increases,
klhen we draw more power from alternator, +he rotor decelerats,
<% the speed reduces, Then speed governor tries o 8cu’n Hhe
original speed but unable to do s6. <o spead £ frequeny
reduces (€= Poal

Lol

1222
£ .
F
{ r!l‘-‘\ dreop= fri = fre yye0.,
iz ‘Ff_L__""——' T feL
eperak |
reaion :
}I O droop = 50 chrenous mode Q :
.’ ‘L_m
Hz i P

o
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~ Excitation:- Excitation sas'fem fs oleFimed .as +he syatem
"V(,’obnch 'S used 4or procuction of flux by pa=sing current
W N the field winding ,

N-TF)G mC!-?n rmw.rement oL an eXCJ.tCl'H'OO = "'Em fs relfabi’!‘%y

o Under all concitions o) service, q simplicity of contron, €03€
ol, modintenance .

i

. Brushless excitation'-

AV R

-J n o B . _Cg_ege_r_af_g‘l ome

—— — — —

” i '
(T;] :: : i : Rodatlm elemenis

e ]
l = = ;
-3 . £¥% | | i
~d “Lor(ffg & excifer 3-phaigs L Qﬁm stater ”

= = = — |Brushless exciterf — —« — —— — — — ——
.”.3 This is rolational methed of excitation The brushless exciter is |
_a a small a.c generator atlached 4o the end ¢f madn generainr |
e t. The stater of +he brughless exciter corries the netc |
3 field and 4he rotor carries the concluctors wohich will have a. |

,:vo!{nge incluced in +hem,

3 The stator o} exciter consigls &} electromagnets cohese d-c E

- supply f= Prow’ded by an A;v.g I
As “he prime mover turns it 4urns the conductors on +he |
exciter rotor in the magnetfc field precluced by stator, This

2 induces a veltage inthe rotor concluctors. This fs ac volage.

2 The induced voltage s passed through cticde rectifiers €

2 converted into d.c, the diodes dre mounted en shaftl and are

2 referred as rptating odes.

GO GoLal Lol
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.TRe rectifiecd d-c voltage Arom +he brushless exciter rotor
s next passed 1o he fleld wlr)oUr'Hs ol the malin 3ener0~€°r

where 7 will procuce +he magnetic field required by the
medin generadter,

S PR N S—
V—Ml\u * static excitatlon:-
i | Dol started inclcdion motors fakes 6—-g Hmes +he normal Full
jor therefore

1L ’ = = ed,
e-.N \oad current as they are tor t A large rmo s s

putls a heavy current demond on a-c system,
S é14frorn +he cUp = low,

applied -vol{a.ge 1o p, where recovery ;
This result fn @ momentary cimming cf lights and similar -
elhects on ciber components [equipments. There s a limit to1he
) Ve ol motor thal can be staried clrect onlineg, b'uJ +he &
S ability o) alternators o recover from arge s-}a'r'l"ﬂg.:”:;::)
¥ has been enhancad by the e velopment o} =datic excitas

systems. ‘ o
olirect current required for +he production of the -
netic fleld & derived from +he arernator ou

tating exciter cs described

tem for or Hor the

il

99

1]

pole m
without the necessity for a ro
{or +he carken-pile] d.c exciter sye
9 brushless machine.

o The pwinciple of the

k)

=tatic or self- excitation is thakta

o three—phase transformer with 100 primaries ,one Tn shumt
& the other Tn series with the alternater outpuk, feed
current £rom s secondary windings through a =2-phase
rectifier for the excliation o} the main aliernater rotor
Excitation for the rop-load cenclition s provided
9 by the shunt connected paimary ,which s designed 1o give
5 sufficient main rotor field current for normal alternatoy
vol e al no load. The reactor coils crecte an inductive
effects =0 that the current in the shunt winding lags the
main output voltage by qo'. Budkl wp ¢f vellage [s assistel
5 ba‘ca.f:auhrs, which promotes +he resonance cencu-lien
wwith the reacters or by means o) a pilet exciter,
etk The load current in the serfes pzimary coils
contributes to the additional input to the exci-tation system
+o madntain \:ol{cxge as the lbad fncreases. Variations fn
» load current cdirecty alter excitation £ rolor €reld strength
P Keep the voltage ﬁFPYOXI'PnafeIS r,'go\-t

el

el

L

i

i

&h3



E_ra - Static excitation sbu-gTen-) .
. ¢
Seon
bear 1 S
l _ <
1 Tﬁn'mlns
— " ¢
R-eactes e R
i S ks ooy Rt “
, ' “&nynk — Y
~Pamany J G
L e e e g
on _ )| Shunt v ¢
Se.rlcs : - .SCCQDQQYS ‘
Prmary \ '
] \ -
! ' \
| : e
o =~ 1 ¢
L C
i Reedifier "
‘Pﬂ;é‘\ \ ‘
\Exd{cr‘ \ \ ¢
~ P | ;
ey | : S
: | .
Loty S A | 'Z""'f‘“ ' Main 3-phase ¢
Ny T e e e fipm B S i ] | \ Rec+ifier
Ve e AT L v ' C
e T TITTIToITIIa .
Both shunt € series Bpu+s are added Vectorially in Hhe Jyrans TovmaC

Dlodes in +he 3-phase rec‘HFl'er change -the OHerr)aHnﬂ S :
ioto livect current, which is then smosthened « fed o +he
a lternotor rotor "’hl"OL(sh S”p 'zr’nag & \[O]-l;qge corrtrol eaithin
close limits Ts achieved by trimming with a static AVR o
counteract small deviations due to internal effects € o
from ideal Joad I\/ol-tage line. The AVYR may be o} static
change in coil current brought abowt the AYR qiter e
+ransformer's cutput enough o Frim the voltage

anderhs
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8. Forallel cperation o Alternaltoss -

'
o

- l,:l-}_)s Al’herna;'lofltﬂenera.ta’ Rated

—

—

=
-

-fr VA ,not M Kl

— The pewer (I3 V. I, CesO ) delivered by alterna tor and
generator for +he same value o) current depends (pon
power facter (p-F=cosg) o} +he load.

But the allernator cenductors are cal wlated for a
de finite current and the Tnsulation at magnetic s&-s"cm

are designed for a definite Voltage inctependent o)
rewer factor (pf=cos@) o the lead. For this reason

apparent pewer measured in kVA is regarded as +he rated
power ¢} the alternater,

un otierndm

SYynchrenizingi- The oPera:b‘on o}, cormectin o

in parallel with ancther alternatosr or with comrmeon buz-

s hmown as 53nchrom'?—7"'f].

"It fs never aduizable do cennecl a stationary aHernaler

o live bus-bare becouse stoter induced emf =ing Zero,

Q sheort- cirewdt will result.

‘ Conclidions for parallel cperations:-

G‘-.‘ . The 4erminal voltage (effective) of +the fnt.crn?ttz aHernds
is

musl be zame ac buz-b 14 ’ incli b
9 Vitimater ar veltage € it indicated by
] O2. Speed of incoming alternatoy must be such +hak its
Frequencd(: %)equals bus-bar frequency. It is focticats
s by Sdnchronl'zfng lamps

3. The phase of alernaler voltage must be identical wrth
1he phase el bus-bar veltage | Tt rmeans +hat dhe switch
must be closed ai (or very neax) +he fmstant +he -+wo
veltages have cerrect phase relatonchip.

i

- The main factors memu{acturers consider while designing
electrical devices and appliances which provide electtic
power like +#rars{ormer, UPs, alternalor ¢ generators etc

s are lcad € power factor. As they don't know exactly

| what fe power factor & which kind o} load twill be

connected 4o the device § appliances, )

So they simply design <« rate Hhe <=lectrical device
accorcding Yo Ms moximum current outlput that the )
concdllctors can safely cafry while +hey consider umi by
power factor (In case o) pure resistive load)

i

994

l'\lof.e:- Coneclitien (1) is fnclcatesd 53 veltmeter ,(2) €(3) are
inclicated b(fj Sdnchrcniz.ing lamps or sdnchronoscope_

i

4, The e.m.{ ol incamf:—? machine must be in phase wrth the

. =TI we connect fndwctive or capacitive load (when p-F I’s -
buskar Vol{age,

rot atleast unity) 1the output would Uffer than as
there are losses occurs due fo low power facter,
, — For +his reason ,kVA s an apparent power which doesn't
{ take into account the p-f instead of kid (Rex! poue)
¢ Here

izt

k= KVA X 0s®©
kYA = klw/cosg

Kl

s

iy

-
|
\




|/\\;»£j porallell'r'a | synchron izing Required i~ ) :
-Te share a total load Jhat exceeda Hdhe CoLPC‘U’y Oé
a sigle machine ) gene ratoy, )

. changeover of main and standby generalor units oy
paralleling fr smooth transition without Hackouwt sltuadtion,

g

g

- Tt % not advisable ner possible to run a main generador °
I parallel wiith emergency generator or shere supply (er
siemplicity £ secunity), circuit breaker frierlocks are

| PYOVfded +o Prevent it

| Parallel running is achieved in +wo stogea:-

i i7 Synchrenising i Load SharTng
i

| = Botb can be carried cut autematically but manual cemmon
i, control fs still common £ fs a backup o ardematic,
i + The generator already 'on -the bars' is called running

| machine and 4he generator to be brought info service s “he
Tncoml'nj machine.

LozzTsl

slow

fq:a Fost

-In practice Lt je ifficult 4o adjusl: the speed o} +he
FnCom-'nS machine =o +hal poinier o} synchroscope is sf:cx:Hona,\j,
atk 12 dclock . Such a condution is not essential and a more
practical propesition is -lo have 4he pointer rotating slewly fn

' the Fast' olireciion and to close +dhe paralieling scoitch (¢
about o clock . bue o Hme lag of ‘:"f operating mechanism
and human response, actual synchronising will Hhusg take
place close 4o 12 o'cleck posftion and 1he machine runnin
fasl will be clowed lightly and ‘!kae a small proporiion ok
load. T+ synchronised when running slow , the incoming

. machine would take a mo-fvrlfl’g_current which may operate
! its reverse -power relay ard trip' the circuit-bresker

| ol +he machine already on -the 'barg we 4o oVC,de_,-ns-

S

Qhizaathate!

oL

o

(et

#4454,

Pl » 3 = ic
r‘:‘. .TF:E ”kcly censequences oL CI'”E'UP‘UDQ “+o +be close the incomer

breaker when Hhe generalors are not in synchronizm are. at the

netant of clesing 1he breaker ,he voltage phase colifferencs
Cluse a |arge cTrqua(fng current blw +he machines, u.)h'c'?
resulls in a large magnetic force 4o 'Pull' he generaiors into
SYynehrenism, This mecns repid acceleration o) one rotor and
cleceleration of the olher. The karge force may phyeically
damage the gereratore ard their prime movers, which may
fnclude deformation e} stator windings, movement between
the stator core and frame ,failure o} the rotor cliodes im
brushless machines ,Hwisted rotor shalts, localfs=d crushing
o, shajt-end ke:.!u.x;u#s and broken couplings. The large )
circulating current may alse trip each generator . The ultimate
result i= a blackeut , danger and embarrasement.

e



= S(tjnchrosc.opc:- Synchroscope in a s

The armature wincling of rotor fs supplied
¢, mainh bus bar .The circuil fcorporate a resls
inductance coil in parallel . Tnductonce has 1he effect of
current dhreugh it by 90° relative to the curre

delou_.;fnj
fn +he Fesistance . Dual current are-fed "o the armastu

Manual Sancbronfsfﬁj -

+wo poles comected 4o the =2 phases ¢} Jhe

via slip """‘85 “Jo produce magnelic fFreid.

The polarity of poles wil aHernate wls by

Clockwise, breaker s Closed

Two_colls

1. Resistive > current Ts in phase with voltage.
2. Tnductive» current s lagging voltage by 90’

o

Inceming Altemator's
Bus Bar

: ?
mall maoler coith coil on
fncoming mach

{rom 10 Pha‘se’g’

aH:emcL‘U"H

phases in the l'ncomina m|c , Retaiing Fileld will reacl wih Hhe
- poles by turning 4he rotor by clockwise or anticlockw
Clockwise- Incoming mie is +oo fast(compased fo buebaz freq)

{ Anticlockwise— Inc.omhg mlc s slow, (.Comm&u'vfb bus bas. ﬁ’ej‘)
- Normal proceclure <l Synchronizfng s o a.djusi -The l'ncorni'y
i mlc speed slightly fast synchroscope pointer turning

-
7
-
e
L ]

TRANSECoRNEE,

Manual Synchronising: Donate Lusing UPL) )
i> Usin(j Synchroscaf;e - carbidee @ybt (ml:'t’l?vlmr)
In order o achieve =mooih synchrenising , the incoming m)c.
Y musl be breught upte an appropriate spesd n order to obtain
C‘tppro)rl'mﬂ'lely +the same Frequency cr within o-27. o} the
bus-bar frequenuj, Incom'vng generador's voltage is nDow
trimmed' so as 4o be equal 4o within S7. ol busbar Va-lbﬂ.gg
This may net be poscible i+ dhe load fe Fluctualding. Fine
tuning o} speecd cem now be observed on synchroscope
°r syehh synchronising lamps, the hcemer being adjus‘fc‘d
So dhat +4he synchroscope pointer redtales slowly clockwiss
(n +he '‘Qst’ clrection) at about Y sec |reveolutien or
counier- clockwice
The circuil breaker should be made as pointer approaches
12 o'clock . mqu'ng Jhe breaker blw 's to and Spast’ the
12 & clock position of the syonchroscope s satfsfactors
as long as pointer’s rotation ie H{edrly slow . Tt is normal
1o synchronise with the incoming mic slighily “ast. This
revents the incoming machings reverse power trip
PVO';QCHOH I’ela.y frorm opera:!_fng i
Z’Eidiﬂlc:;ca_‘“on available to show +the optmum SgnCh"?’”‘SQJ:
P2 ver'sl;‘md‘ the fmcoming generater ammeter coill

of = 'Kick' when correctly %nchrorns@_

4443

seddd

-

<4

e

>

@ Ialhy syrchroscope switch fc closed ot I'o clockJ‘o)'a(noﬁll,OC/A‘l
- kihen=the synchroscepe needle s approaching 12'c clock, +he

slip' (clifferential) between +he sine waves s approach
minimum (slip fs zero when the synchroscepe s at 12'0 ck)<f
the woltage clifferential belween the phase s minimal (it
zero when the synchroscope s at 12'0 clock ). bue 4o +Hime
4oken to close +the synchro Scope switteh | it s generally

olone at i'o clock. pue 4o small delay +e close , by clofng ot
n'o clock , we are ach.'evlng clo.srra Close 40 12'0 clock,

e

o

abtl




i) Sanchrmisl'ng LOmFS (0" LU’TJP Me'fkod)
The lamp method of synchrenislng makes use o) ilament lanps,
<o cennecled acrozs the ceniacis of the paralleling swiich
4hat +he indensily sf illumination varies centinuously, The correct
synchronised position may be shown by one o} dhe following
rmethods -

i 'tamps dark method (2 lamps)

in (Lamps bw’ahi:' method (2 lamPs)

i) ‘Sequence' method (3 lamps)

Ll )]

® R

adjustecl undil the lomp Flicker ot a slow
per secord.

995

L)

b bigher frequenc

correct phase sequen
hine shouwld be
ing machine s
rate . The Flicker

® Thus,in order 4o connect b€ rrcichine in
two leads e}, the line o}, the incoming mac
interchanged . The frequency of {he incomi

rate should be less 4han one dark pericd "
Afiter finally adjusting +he inceming voltage . e
synchronizing switch fs closed lnthe micdle of the!r
dark period.

Advan*)ase o} Dark lamp f1ethad -

* The method s cheaper
+ The correct phase sequerce s easi

)

Iy Aetermined

* Disadvantage o Dark lamp Methed :-
. The lamp becomes dark at about bal¥ o} its rated voltage.

Hence it s possible that the synchroniz=ing =wlich mlgh:l:
ofF even when +here is a phase clifference blw the machine.

- The filament of the lamp might burn out.
* The flicker of the lamps doesn't inclicate which lamp has the

y.

> - Three beight lamp method (Sequernce Method)

TIn +his methed ,the lamps are connected across +he phases
such +hat A, is conneclied -to Ba, B, i's connected o Cs £ C)
s conpected to Ax. IFf qll +he +hree lamps get b’al'ah_t

To Load
. 11
— |
S T Bushar
= K mFJ
synchronisig (K1 815 Synchronizing ‘T.]r\)
Swltch fh/q LOD Lamps "—.m_o
1] Ty
: g
SHmr
| o]
B! ]
Ircommg >
Machine

<
x

A set of three synchronizing lamps canbe used 4o check +he
conditions fsr paralleling or synchronization of the incoming ?
machine with the othey machine, A dark lamp method along with a
a Voltmeter i's used for synchronizing.

The pwime mover o} incoming machine is started < brought
neaver to i'ts rated speed A field current of the incoming
machine fs adjusted in such a way so that it becomes equal
to bus veltage .The Flfc ker ol the three lamps occurs ata
ade that fs equal 1o the olifference in +he frequencies of
the r'ncoming machine & the bus. All the lamps will glow £ off
at +he @mme Hme I[F the phases are properly Connected,
TF +his conditlon doesn't catfsfy,tben the phase seguence

fs not cennected properly.

R

i

skl

i
o0

LSRN )

»

|

€ cdark fogether,this means +he phase sequence s correct,
The correct instant o) closing the synchronizing switch
s In the middle &) bxight pericd.

e Two bwight one dark lamp medhod :-
Tn this method  one lamp s connected between corresponding

phase while the +wo others are cross-connecied between the
other +wo phases as shown in fig.

B, -

:

<, Ca,

)




. Here A, fs connected to Az, B, to Co £C| to B2, The prime v IR @
mover o} the incoming machine s started € brought upto Ms 0“_‘.\
raled speed . The excitation of the incoming. machine is U’m\
adjusied in such a way that the incoeming machine induces t -
the voltage €a,,Eg,, Ec, which s equai 4o the Bushar :
voltages VA, Ve, & Ve, 3

The correct moment toclbse +the
=witch s ebicined at the insiant
when the straight connected [amp
fa dark € connected cross lamps
are equally bright. ©f the phase
sequence (s incorrect  ne such
fnstant will take place, ond
all 4he lamps will be dark
simultaneeusly,

“PVYa,

L

v

Fee

S (7 SR | 9

The f:lirecﬂm e rotaton o} the incoming machine Ts changed l i

by interchanging the tewo lines o} the machine. Since the dark v

range cf the lamp extends to a considerble voltage range, )
a voltmeter V| Ts connected acress +he straight lamp. The

synchroni=ing scwitch & closed when the veltmeder readirg s zerp

Thus the fncoming machine is now floading on the busbar

€ s ready to dake load as generates. 1 the prime mover Is

olis connected , it behaves as motor

g

reemy

>

ol L]

S ]

KRR

3,3/97
RIRCIRNY

Q:- We can use single

— I we have only

ilty Using Voltmeter:-
Adjust the generator
sSlowly fluctuates from =zero to rmax’mum.
breaker when +he voltmeter ‘nclicatfon
zero,

bub large s
| generatos

bdh._,’ we need more than
tor se

— e need more +han ene genera
out scheduled medinienance ©
IF only one generator we u

we didnti have any relfability
low loads

ce € if +hat

power {actor beceme lo

be less,

So more than | (multiple) generahrs are Teg

L. Tnereased reliability « redyndancy
2. Low cosi for power generation

3. Expandability < Flexibility

y, Decreasead low load operation,

w +hen efficiency wil!
more fuel will be used. @ useful power prodlu

speed until the voltmeter ¥<7Y

close the <
passes through

ize generator for all load.,

that we cdn carry
n other generactor.

=tops weor ki;)s_

el another power sSource.
power factor become low . I

reduce <
ctlon oill

wired becaused

o



B e A — r—
* AVR( Automaitfc Voltage Regula{:or)

Under constant excitation conctitions ,we know that o
generator's terminal veltage drope woith TaneaS"‘_‘] locd, 1o
comirol this drop we must vary the excitation current
which s supplied 40 +he machine.

An A V.R senses a generador's 4erminal voltage & output
current ord uses +hese wvalues +o adjust +he excitation
to the generator . A simple A.v.R syedem il enly senss
dermimal vollage but if beHer regulation ©s reguired both
derminal voltage and output current need 1o be used to
determine +he level o excitation requured.,

E

]

"

1oy

L)

An A.v.R can be incorporaied fn system in one of ollowing
dwo w -

iy Excita tion Supply : this supplies the whele o} he required
excitation current under normal operating cenclitions,

) Compound.ihs control ! The ne rator i's cempounded o

i supplw_.] €excessive excitatlon which 4he A VR adjust 1o

. the correst leve),

B

ol

2
v

i

9

Components —

1. A‘ vob{,qse comparision circuit Hfor the deiection el any
variance bedween generated and reqidred voliage,

2. An amplifier and conctitiening circuit which converts dhe
signal {rom +he Veltage cemparator circudt indo a suitable
centrol signal,

3. A contro| element which varies Hhe excitation current,

2

i

kLl

-

=)

), other nop essential elements which only improve basic
performance,

2

L

2

2

uee

fise

&

* cfrcuit DiagramfAVR)

ernal manual
e irrmer’ C7F Fitreel)

pls, St

Thyrisior
centrol

A.c Spply frem d¢c 6o Hz
fleld

”’“"_9 or statlc current 2-¢ culput

exciter =

<ensing element

Ierking pinciple.- ;
pich = propor tion

The generator ou:tpu.t voltag
4hiz elemert procluces a lew
o the generator cud.pu’c

The low voltage output from the r - g I
set value representing normal derminal Veltage ren

bridge . reference bricge will generale an error signal
uhfc?\efs—n:opor{lonal o +hz ding-:nce between the generator
outr:ui ard s required ouiput_ )
The error signal may well be amplified 1o create enough signel
strength for the rest of the <freuwit. o
The amplified error signal ewill be used in a Firing circuat, the
(iring cirewit will use the size o) +the error signal 1o determine
alt which position in 4he cycle +he +thyristors ,which &@Ppﬁa—”ﬁ
excitation field , sbould be turned on. IF 1he generatsr o
vollage has dropped then fhe position e| firing for the thyrtsiors
needs 1o be broughl closer +o +he slari of the a.c eycle
. T&.s final eemponent in Jhe generator field supply
citcudt | this cireuit may be clirectly supplying the power to
the genercrlor freld +hroL13h sHP rings er it m J = | b
Power 1o a brushless i o P ay‘ s
€ s exciter Freld ehich will” inturn < !
the main freid . Th 9"“‘PF’H
Power Hor
A.C =pource , Hi's pPower (& recd|
—H)yrfslor rectifrer
controls the point
contro| +he powe

e s censed in 1he

voltoge oudput o

sensing unit = <ompared 1o a



Alternator Madntenance < checks:-

' 1. Ensure 4hat Alternator prime mover s shut down €

' \ocked off pbefore you beg«'n +he madntenance . Also make
Sure that germerator breaker is ofF & generadtor must
lbe kept on mannuyal mode in EcR.

2. Swidich off space heaters < fsolate

3. All wiring o} alternator should be checked for damaging
of fhsulaton € Hgniress o), terminal,

A4 Inspect ¢ clean the rotor and stator windings using &
drycloth € /'f possible then with low pressure dry oir.
An Tndustrial vacuum cleaner may be used -+ remove
clirt from u.a!'ncungs. :

S. Air gap sbhould be checked by I~ 15 mm

6. Terminal box cover 8aske'is to be checked,

cable alcmd to be checked for integrity,

. €heck sliprings € brushes

, Space heaters to be checked for proper operation,
. check cooling air inlet & exbaust opening for dust feee |
They should not be blocked € should be free From
clrt ¢ dust,

11. The oily deposits can be removed by washing +he wind.inag
with special slow or fast drying degreasant liquids,

. Rotor slip rings must be checked +Hor unmiform (even) weas
and that the carbon brushes have free movemert i their

bo xes.
AVR o be checked < cleaned oFf ofl € dust

Al connectlons in terminal box 4o be t/ghtened properly.
Foundation boltls of allernator o be checked iy +i
6. Afier maldntenance ,do not lake on |pad, only obser
nofse,temp ,vibralions £ voltage generaled,

o ®

o

a6

ghtness
ve
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* Reasons +or Alternator not developing any voltage:-
I. Loss of Residual Magnetism

Failure o} Dfodes

Malfuncton of slip rv‘na.g £ Brushes

Faulty AVR
. Loss o} excitation,

n < o P

Donet te ‘
carbidee @ ybA
Manof Kvmay)
« Alternating produeing voltage but not Rated voltage:-

' |. Prime mover’s RPM s léss

2. Loss o} Residual qunei—fsm

3. Faulty AVR v
y. Air gap fs too high between stator € Rotor windings,
shert cireuwit in field ceil

Decrease in Pole strength,

=eme =lator cofls are cennected i wrong sequence

probably after local repa.l'r.

a

6
.

¢ R

=
[

« Afr (3 -
- Alr g:;P f= stator
wind ings,

- It should be az small as possible 4o reduce the eddy
urrent losses due 4o leakage Fluyx ard large 8“'P“"‘"

fncrecse the winding lesces.

- It e hept around | to |5 mm & it can be checked
between the stetor

by Fnser‘HnS a plastic Fee}erﬁau&e
and rotor. It should be uniform all around.

— Alse ysed o c_ool!ns

Jhe cliztance between +he rotor and

=

=

L

oy

« Residual Magnet/sm !~
D Tifsa property in which certain ameunt o}
J remains back in the conducter even ajter the removal o}
maqnets . T+ 7s required as we need seme magnetism fo
start off the generation befcre the field winding has

power 4o produce full field.

excitation

L

. Flaahn'nj up of Gienerator:-

3 rif T:: gecvérator has net beel: runm'ty ~or long Hme, [t

. ge%-ner:tir’ . ri::tiledivmagrseﬂsm. so flashing up ok

@ J. Push the pre- exciter butlon which cwill connect WYV Dc
supply to +he stador of exciter,

2. IF¥ pre-exciter fs not present, connect a 12-v batlery 1s
R for o minutes afder oLIscor)nec*ifnj the AVR

Ll

L

|



ushle i * 1hi o Nark;‘ngy_ carbidee @ ybl

th lirect curren

« Brushless Alternator:- T
{cd The Casv'q::] pele coils (fixed peles) are supplied w i 5
T\a-lfuf to from AVR . 3-phase current generaled in +he eoinetings on the

[ s exciter rolor passes +4hrough a rectifier assembly en o

Shaft and -hen o the main alternator peoles. No =lip-ring3

AVR
Are needeal

The silicen rectifiers filed n a bousing at the end o.é shagt
@re accessible for replacement & helr rotatlion assis %
V ceeling. The six rectlfiers give full-wave rectification &{F

v 3-phase supply.

B39,

i

Fixed
Peles — >

exciter

(]

L

YIrreree

~ Alternator stater
windjrs

- P

< brushes are eliminated €
Airect current exciter

I

- In brushless alternator sliprings !
{ excitation is provided net by cenventional
i+tation

but by @ small alternater, b e exd
i B A pe? e proi‘::ms.m-fow excitor wlinding
|

. Residual rrnﬂne_+fsm s at

Wil
CLoudededdd
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f
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- Alterpator T ps—-// 2

1.Up }Va"eé:ﬁ“ Volpfige/ Trip:-

e min— g,

- Eleld -Flashv'ngf— o £ O
nebsm by passing a

for S
. TF generatoy 15 ideal for long #me, No DC +flowlng €

hence resicial magne,tfsm f< lost,
Heat, shock, vibrations are the other means,

tnre re sfclual

a process to re2 :
ly o wlnelng

122V Dc sSe{P

Sec.

Q- How to test if resicuuwal netism fs +here or not.l
=i . lhen we start an alteratey a residual Voltage bu/ldg
up at terminals,

. TRts resdual voltage must be greater +han sv Ac,

«If less 4han SV Ac, aHernator won't be able s produce
rated wvoltage. e

« This indicates loss of residual magnetism

- Freld f)ashfn_-_, £ done o restore residual megneticm

|

M =

HTJ?J ® . Alternator Safeties:-(Relays)
- 1. Differertial Relay:

- IL ic connected Ho C T, connecled
=tettor windung,

— This provides protection
stator wind.ing,

2. Earth leakage Relay:-

V Tt [s cennecied 1o a core balanced €T

v 3, Lender voltage /Dver yoltasc fE'aﬂ =

v 4. Under Prequencylover frequen relay

V These both are connected with a” PT connection,

O 5. Reverse fower Relay:-

This requires both CT & PT connections.,

6. Over currenl relay:
This is operated when we have a very high welage fault current

¥ 7. Negative phase sequence relay

to efther sides ok |

—

L
ctacu'ngé. Trernal faudts eoithin

ATy
CTH
T
ol R

s

w S All these relays are connected to a master relay which will
w finally epens circuit breaker,

gl

. Ahternator Trips:-

e overcurrent +¥ip
2. Reverse power trip
3. Under voltage i>Tp

Ll
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e
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+r Froccaure o +take alternator on load !~

¥

1. TM AUTD MoDE:-

1. Turn +he relevant mode selecton switch at MsB synchroni-
zaton panel 4o the AULTO Posi+ion.

2. Turn the relevant AcB control switch at Ms8 synchronization
Panel 1o close mMsg

3. The Acpg l:ec&l‘Ves o close command £ closeg < +he load
abhared wh other rqnnfng generators,

2. Tn MANUAL MODE:-

(
(
¢
(
¢
1
¢
¢

1. Turn +he relevant mode selecHon switch at MsB synchronizaliong

+o M ANDAL Pc-su'+|'on, '

2. Jurn +he SgnChronoscoPe switch at the man switch board
synchrontzaton panel 4o the inceming generator posit+ron (
Il or 12 o 513, The LED fndfcater »fng on the synchroscope

will begin to rotate ,

3. Adjust the GloVERNOR CONTROL switch (ralse]lower) unt] |

the synchroscope fs movfng slou:)ld in 1he clockwfse (-Fast)

clfrecHon (approx one revolution every five Jo ten se?md.s)
4, As +he 5d nchroscope approachez +he 12.10 clock position
(syhchroenism), turn +he AcCB CoMTRO.L switch ot MsSB
sanchroniza-Hon panel to clese posf’-Hon, ' '
5. The AcCB will receive a close command < will close, The
can close Thdication ot the relevant aenem%r panel .
will be Irt. Turn the sdnchronoscmpe switeh to OFF positon,

G. Thus manueal balancing of load fs achieved by use of the

10V ERNOR conlrol switch,

T D NN DD DDHADHDDH S S DO
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® Bicbars.- Busbars may be Seen if 1he reat cloors o, e
IV swidchboard cubicle are opened. chert copper bars frem
edch genmerator's respective circwit breaker connect it to
busbars , which run 4hrough +he lengih of switehboard. .
Busbar may be in a specially enclosed busbar cluct, Bus>ar
YVare imsulaled ,hard drawn , high conductivity 'e)ecimalyﬂc
V copper, mounted on permall -1ype o} insulators, -Cprrn)y
v Secured 4o the inside of the cubicle . Busbar are rigfeily .
wMmounted in erder 4o madntain cleosrances undler fcho,t_c,ﬂm
wEonclitions, All copper joints are bolted and the Jolning syrioc.

are Hnneo!
. Wfres are connected +o bushar w”:;::)e”e
help o) lugs ond belts S© +h

don't gel loose.

s
Susdchboard - Switchboard are alss known as spen’ o

‘dead-Front’

Cpeni- All essential components such as Cirewdt breokers,
switches, links and terminals are expesed on the ¥ront of
insulated base

De_q.a_front - As name l‘mP’l'ag‘q" live ports are conceciled
bchvn::l steel shesz-hng or build nto steel cubicals and only the
opera#lng handles ,fnsfrumentsllenses al n‘r)cticadlng lamps
appears on +4he front,

y

il

e

il

* Except H{or voltage e Ssvte eorth § below, 4or A.C insha
open type parcls are not permitled (for safety reason)

+ Se modern ewitchboards are dead- front 1ype (= use hi
voH
Wires

utgoiag) — Bushay

i

. 'CQ

jw;’;l‘cl‘gear:: The main section ¢ sub- swilchboards hrougho
ship , swrh:h:ns € protective devices such as ciradt-b
and fused isolator are collectly called Switchgeot.

Swhchgear conhpls the eleciric pouwler.

i

o

i

Leyskar
. i nance - G2
« + Busbar Mainienan 5 pickput condiioni.

1. Can be dene when ship is

ererators are nol running j.e

when genera-iors
no power is supplied to mcdn & emergency swhchboards,

hen ship s N

J .
3 2. The best +ime to cto bustor mainterance = Lo
¥ ciry dock.
=] - Use rubber gloves £ PPE
.k.—- 5> Pud lock eut panel
= Ensure main gen £ eme genare solatad,
bars bolts <€ nuts,

~carry cut visual checks o) copper
= Tap plates fo check any loose connection,
= Use torque wrench 1o tighten nuts & bolts,
= check thines-s o} wire connections which s connec‘ed Jo

cfrewit breaker, .
= clean pbusbar g switchboard aréa by vacuum cleaner,

wikiti
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. Mcg ( Minfature Cirewt Breaker) (5 =1oo Amp )

Cirawst Breoker:- A circwdl breaker fs a switchinyg device
which can be cperated manually or auwle matically for R
can{rolh’nﬂ and pro-t_ec-h'ng on electycal machine (m
Tt awlematically breaks +he circuit Upon sensfrﬁ a huge dracw %
ol current flow due to overloading or short circudt,

A circut breaker breakes 1he supply 1o the circuwit when

z11agnetc ~— Magnetic cell
cell

the current exceeds its rated current. The current may “ Trip bar
exceed due to various reasens such as overloading, short ci cuity cloces
vol e spikes etc. g & conac open
Overloading:- Overloading occurs when -the lead draws a very 2e-ceontacts
huge currenl more +han the rated current, " Ciaten
short efrcuit- Tt occurs wwhen fwo exposed coives come inte strip .
v McB s an autematically operated eleciromechanical dewcehort
or s

tzed Hfar the protection o} the circuit from averloadfni E
circwil, McB s used for protection of low voltage ciraut
2yolUls v Ac having a wide range of current ratings,

Mc B doesn'l trip( switch ofF) fnetantly ,instead there
between fault occurence € the bremking ok
ed 1o have a Hme d

hort circait and 2sec to

contact with each other by any means,

A cireuwil breaker is designed to folerate o specific range
o], fault current without darnaa;‘nj rte terminals,

T
T

v
v
L
v
=)

fs a 4ime delay
centacts . Gienerally Hhey are design
o)l less than' .5 milliseconds for s
2 win fer averloaou'na, T¢ = ts make sure 4he ce cdoes not

trip every +ime with a momentary surge or star ting o}
inductve load due fo high inrush current frem such loads
such as electrical meotors

Llhen continucus overcurrent Flows through M™ce, the bimeiallic
strip s bealed and deflects by benclng . This deflection of
bi- metallic strip releases a mechanical latch | As -this
mechanical lalich fs attached with operating mechanism it
causes -lo open the ™Mc B contacts and the McB +turns off
t+hereby =lopping +he current +o flow in cireudt | T rectlart +he
flow of current ,the McB must be turned oM. This mechanism
protecits from +he Faults arl'sfna due 4o overcurrent er
over load

Ty
T

o

ﬂ-\-_g
c‘-"
o
T
N
-g'
N
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1

puring shert cfradt concltlon , the current rises suddcnwl i
coausing electromechanical eli=placement o) plunges. i
associaled wilh a tripping cofl or selenoid . The™ plurger:
Strikes the trip lever causing Immecdiate release 4 laich
mechanism copsequently open circuit breaker contacts,

s
-~

. Mcc B (Moulded Case Circwut Breaker) (so - 1500 Amp)

- 9t is very small & compact fitled i moulded plastic casc,
T+ bave tbermal overcurrent aeﬁ?na & adjustable
overcurrent +ulp for shert - circudt protection,

- 5t's operaton fo clese is by hand operated lever.

- ot Ts Rellable ,-trouble $ree & have f%lfgl'ble madntenanc,

Ll L P
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Y

* Seoitch- A switch 7s a device , which can make or break
an electrfical circudt au:!oma‘h’Cang or manually . °R

‘Ah electrical switch s a controlling device eohich
Dderrupts 4he flow of current or changes the clirectisn of
Current N a circuwit,

«» Almost all Jhe srtem contains atleast one switch, wohich
Ts Used 4o make +he device on or oF F. In additlen , a
Switch s used +o control Jhe clrcuit operatlon where &
User may activate or deactivate +he whole or certodn

"W Parls or process of a cennecled clrcuit,
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Fuse:— A fuse is an electric| electronic or mechanical
device which fs used to protect circuwts From overcurrent,
overlioad € make syre +he protection o) 1he cir et

Constiruction € wOrking of fuse:-

A general fuse consists of low resictance me-allic coire

enclosed in a nen-combystible maderial. Tt fs used 1o connect

and install in series with a cirawl and device which needs 1o

be protecied from short efrcwit =4 overc_urren{_ ,o—iberwfse

electrical appliance may be damaged in case of absence 9

fuse and circuit breaker as +hey are unable to handle t1he

excessive current acc orcling o -their ratling limits.

‘ The wxrking principle of a fuse fs based on %.e

Heatlng effect o) currenl” i-e whenever o shert cirauwt,

Y overcurrent or mismatched load cennection occurs, then the

) thin wire inside the Hfuse melts because of the heat genercied

5 b3 1he h@Vy curreni Flowing through P . Therefore, it Aisconnedts
the power supply from the connected = m.ITn pormal

_ operaton of the circuwit,fuse wire is just a very low resistance

4 component and doesnot affect the normal operatien o} the

) 538"'5‘"" connected 1o +he pouwer supply.

A +he

AV AR AV " VA T .
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Re wlrable Fuses:-

The mest fameus kit-kat fuce(also knewn as rewirable fVse)
mestly used fn fndustries and home electrical wiring for

=mall current appﬁca tens o low voltaﬂe (v) ._-,a,-,-;ems,

Rewirable fUse centains & basic parts. The Mner
fuse elemenl a= {use carrier made of Hinned cepper, Aluminium,
lead etc and -he base made of porcelain have the I+l and
oUT terminals which is used 4o be fn aeries with the circwt 1o
pretect, X
The main advaniage o) rewirable fuse isihat it can be rewired
€aslly in case it Is blown due 4o short circwit er over current
thich mells fuse elements. Simple Then put anoiher wire of fuse
elemenls with 4he same rating as before.

“Thermal Fuses :- e
Thermal Fuse is a ene Hme usad only fuse , They are fempera

sensitive fuse and the fuse element is made of temperature
sensitlve ""°3- They are khown as Thermal cutouls (TCo) or
Thermal links, '

Ina thermal fuse ,the fuse element bolds @ mechanical sp?ing
which s nermally closed . Jxlben h::z_)h currents due to over currertl

ard short cireut flow ihrough the elements of Tuse ,ihe fuse
elements melts down which lead o release the spring mechansm
jard prevent the arc and frre and protect .4be connected
eireurt,

] i
(!_Tm"\: * HRc (High Rupturing capacity) Fuse -
m :fl-u&( . [~ Porcelain]Ceramic fecly
— cmen
; e—erd cap
Lug Z F;',::E

Rexluced =zectlen in Fuze <lement 1o
cerrtrol arcing,

THr
"'.3

TN
TH
H

~kermal conclitlon Shert circuit Joverload 3 jos 1he
This Aype cf fuse contains a Huce wire in it , which carr

Fal
shert circwdl current cafely fer a gven time Perbf’cd‘ ::Z: ,
4his period ,if fault s removed . then it dr"e? ot Bl by Tl
oherwice it will melt and remove he circuit frem eleciric
supply bence, the circwit remains safe,
The most common ma terial which is used Jo make

HRc fuse i's glass (but hot alwa.ag). s
ether chemical compounds are alss used D HRC manufacturing

I
-

oy
-
i w and construc4ion based on olifferent +actors . Tte external
b-‘Q enclesure is made fullytighl fully airtight fn order e avold
‘:‘-__J the effect of aimosphere on +he fuse ma-lerlal.

cf‘.ﬂ Main concern fer HRC fuse 7= low € unceriain breaking

) w Construction € Operation &f HRc fuse-—
“‘-—v HRc fuse censists of highly heatl resistant material (such as

‘.s._“ ceramic) becly bhaving metal-end s, which s welded by
&-o silver current carrg-’ng element . The fuse bocly internal space

S is cempletely packed with Cl’llin9 powder . Thi= ﬁ'lh‘ng powder
can be plaster o) Paris, Quartz, chaik, Marble ,pust and cooh‘ng
N
-9
N~

mecliums etc . That's why it normal currend without overheadly,
The heat being procluced Vaporizes the silver melted element,

Capacity o) semi- enclosed fuse.

chemical reaction taking place between silver vapeur dand
Filling powder results n high resistance substance, which

helps in quenching the arc fn fuse,

1ye




o e ~
| o Advan{:ages of HRC Fuse -
|~ Do not ded erforale with age.,
= Have hl’gh <peed cperation
- Requires no maintenance
T Gives coensistenl perfermance G
— Cheaper Jharn ather cireuwit Tn-ierqp{;lns device with same raling
s f:usn'ng actlon is fasi coithout Pofse & smoke.

- Disadva es -
~ After each eperaticn, they have 4o be replaced

— Heal bel'ng precluced by the arc may affect dhe nea)'by
Seor') ches

— Ordering Huse onboard -
gvs-.— T‘F,e_:g specificatons bas o be matched
)> Voltage rating factor

2y current rating
> Type o} Fuse

') Fusl"'a
v) Size

i

. Rela—g ‘= A swilch = a component that cpens Sharoe 0.“-)1:
close (Llurn on) an electrical ciraut whereaz, a rela:y = an
electrical awilch that centrols (switch en € off) @ bigh

VoH.age circuwdt ,_,:,',—,9 a low \oltage source . A relay compl
fsolales -he low voltage circuit from dhe bigh voltage

-

==

=

etely

: efrewdt,

L

Construction of Relay -

L

NE —_—

E\f\__'__ Py |

7/

>
NO —— B3
&:‘_\, T e } Switch
?-.NJ 4 s centrol lnput [ceil Ter minal
t,-\‘ - - Clow voltaee =curce)

i

¥

Gienerally there are four Tgpes of Terpmnals in Relay

B

D Control input or coil Terminals:- ;

contrel fnput ferminals are Hwo fnput terminals of a relay
ihat  centrols Tts' switching action

A low pewer source is connecited -o these dermimls +o
acdivate and deaciiate Jhe relay . The source can be AC or

PC depencling en the "ype of Relay,

1

(VI VA VA

L

cor or Common Terminal -

This is owlput 4ermina) o} the relay where one end o -he
Joad circut fs connected.

This derminal i= internally connected wih either o} other
Jwo terminals (No or NG) depenclind on 4he state ¢ relay,

v

s



IR e = } —
:f . Relay operatfon:- o s c  carbidee @ ybL
Consider a s:'ndle pole I «o

PR S
- No Terminal - No or Nermally Open jerminal s also @ load

derminal e} a relay which remains spen when the relaéf is

hol active. )
The ¢l6 derminal becomes closed with the com Herminal when

+he relay activales,

)

o

¥ doble throw [SPOTS iy, T T afngle Pole Deuble Throw
ble e Thre

Lihen -Ihere s ne power source | the relay isfs fnacilve *

the positlon of s pole remains at M< terminal ,which in )

d the abeve - mentioned case happens to be the upper jerminal,

V Thfs results in an electrically short path tetween +he

cor derminal & Ne 4erminal. Thus It allows the Flow ok

current through dhe circwit connected to cor £ NC terminal,
Ihen dhe relay i= powered on using a low vol tage

power source , the pole ek rela_ﬂ =hifls o No terminal.

Thue the ANC 4erminal becomes ocpen £ COM HJerminal becomes

Clesed or elec4rlcall5 =hoert to NO Herminal . Subsegquently,

g allowing dhe flow of current through the cfrcwdt connected

-

~9 wilh cor € No terminal,

959

* Nc Terminal = NC or Norma”y clozed terminal iz 4he other
load terminal e|, relay. This terminal is hormally ceonnected +o
com derminal o} relay when +here s po centrol mput,
lklben relay activates, +he Nc terminal clisconnects
from -the com terminal &£ S"QH‘S open uniil 1he relay fs
| deactvated,

B

LLLEL

Poles ¢ Throw - .
Pole refer 1o the switches fnside a relay.
*The number o} switches inside a relay is called poles of relay

- The no. of cir cuuts be'mg centrolled per pole = called hrow ‘_n‘d
o reiey TE
Pole Threw ?—-‘J
[ >

smale Throw pouble Throw

A single dbrow relay can centrol enly ene civcuit i.e efther
OoN or OFF , while a double +hrow relay can -control two
cirewsts i.e alternating from one circwt Yo another by
opening cne cireudi and closfns another during switching ©M $0FF) €

UL
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e
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' A-C Motorg

, The modor +hat converts +the aHernating current into mechanical

, Power by using electromagnetic inducton phenomenon s
<olled an A-c Motor. This motor fs driven by an alternating

' Current .
)

C lassification:-

) d. A-C Motors (on principle of operation)

; Synchronous A=Y nizrg&;ﬁm)

d i N

. TIrcduction motor Comm‘_*m'br Mot
] > Series ?

s J ' 1 compemaf‘ed |

Js quirrel e shunt

5 t) sinale coge _:Repulsfon

5 >Double cage ' . |

v

5 2. On basis &) current -~ 1> él’naie ¢ . i) 3¢
2 3. On basis o} Speed!- i»constant speed i Vqr"able sPeeal
- W Adjustable Speed

5 4., On basis ¢l structure:~ iy Open 23 Enclosed 2)Semi-enclosed |

v wyVentlated s) Rpe-ventilated
v €) Riveried frame eye

w

p)

, => Asynchronous motor is aleo known as T nduction motor
p,

J

Y

)

)

)

)

>

)



T‘ y Construction:~- The incductlon motor has twe m

=¥ the stator and rotor. The stator carries Hhree sepa

”‘AJ insulated phase wirdings that are spaced 120 i
i Gnd '3"”3 in slots cul into a laminated s+eel magnetlc core

The ends of stadfor wfnd.fnga are terminated fnto =tater

Ferminal box,wbere ’”765 are cemecled o +he incomig

cable from the a-¢ Ac power Supply.

The rodor winding consicle c), copper or aluminium

y Conductor bars that are connected together at their endz
by short - circudting rir +o form a cage qu'ndJ""g. Tﬁ_c

' conductor bars are set in a laminated steel magnﬁt‘f—

V core, The essential reliability ol ihe Trcluctfon Mo tor

J Comea frem cuch robust, simple rotor,

a_,'n [l O"TPO’?(’W‘&’
rate

'R

3

985525,

:

g

]

F

« Synchronous and TnductHon molor have 1he same stator
conFo'guroHon for prod.ucfnﬂ +he rotating magnedic Freld but
they bhave different rotor construcHons duw to o’ fference
fn thei™ ol generating the rotor magneu'c Field

In synchrenous motors , the roter moy netic {ield is generated
from field winding excited by a elirect current (b-c)
power source. For small o medium - sized synchronous
motors permanen{: magnets are cemmonly used for
generu-}fng +he rotor magne'u'c field, Tn indluction molors
the rotor magnetic feld is procluced by  AcC power. This
Ac power re transferred from a stator by electremagnetic

indluctHon,

L]

o
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Motor Rah'nast—-

1. Rates Full load Current (FLC):- This & maximum value of
current 4hat the motor can continuously Jake from dhe
supply without exceeding the temperature limit for 4he
fnsula‘)'éd\(j material used,

2. Rated voltaje:- At Rated voltaﬂe,mcﬂor s de‘SIgnfbf.
If +he supply voltage exceeds -he raled voliage limfL,
overbeating /stalling” end burnout o} -the stador wineling
can result]

3. Raled Frequency:- TMotor speed and molor losses are
directly affecled by dhe supply Frequencﬂ_ IF motor is
operated at any frequency other +han rated frequenty,
overheating coin occun
4. Power Rating :- This s shajt power output e} the metor,
when Tt s connected 4o raled voltage and frequency
when drauerg ils raled current from supply,
5.Rated speed:- This s 4ull load speed o), the motor when
connected 4o raled voltage and frequency.

&. IP Number:- It inclicates the degree o} protection
given bH motor enclosure,

L L

~

Lo &

(VN 4

C

LT

A Motor safeties -

| . Overcurrent & single phasing pE SR TSN
2. Under wvolt e rel

3, shert ciraut relay (Txigqer fuses fox HV 584+en1g_)
Yy, Temperature sensor for motor isulation

R

. *Inducton motor opem-ﬂon:—

o Stater
Z-& AcC current e 4
£
L, Reter >j
ba ok kc-h-lin_q
< sdator
e Flux
> Rc‘aﬂ'n_g
Edater Fluy

onnected to three
phase currenis preduc
x'cal13

sequenr.e

When 3-¢ Ac supply voliages are ¢
stador phase windings ,he resulti

a multi-pole magn ‘c Flux (¢) . This F£IuX i’s folp)
rotated around 1be staior core by the switch
o) Li-Ly-ty currenl at a speed called Synchronousz
speed (ns) . The value o} synchronous speed dependsa
on how many magneHc pole- padrs (p) are fixed by +he
stater winding arra ment and by the frequency (F)
o} the voltage supply connected o the stator winaling,

ns= £ rev)]s 5 Me= ___r’;sc’ rev [min

The stator rota+fr13 magnetic Flux cuts through the

ro.tor conductors o induce an alternating emi inte +hem

Since +the rotor Coenductors are connecled 'l’ose'fher al the

ends , the fnduced em+ setup rotor current,

The rotor currents alse produces a magnetic €lux which
7

produces A dorque (T) on dhe rotor conductor bars

- The clirection o} rotor torque causes +he rotor o rotate
fn the same oirectisn as rotating mogneh‘c freld

15s



elops more Jorqus than +he A
ard load qeeelerals

*At startup the moler Aev

sanhTOI’JDU.S ® BRI 5

Y S Sl = S — . e | )
Noter— An feluction motor con't run normally at
speed . This is because the rotor conductors would 1hen j"" IV necessary Jo 4urn the load , se the medor
- The speed increasez uniil Jhe torque cleveloped by the e
= zame as the torque required by *he ioad at dhat speed.
this steady speed, a3

be stationary with respect -to the rotating magnetic
field. No em¥ would be induced in Jhe roter and

4here would be ne rotor currenl and no torque developm\w
Even when , +he motor is on no load , the rotor spead m\
has 1o be sligh-tlg less +han synchronous speed (ns)

so that current can be induced Tnto rotor conductors

4o precluce Hhe forque 4o overcome the mechanical

rotatienal losses o} fricHen and wrndaje_
j.e ihere should be a relatve motfon bl roter cordluctor

The molor ond load will then run at
e demand.

the {orque supplied exactly maiches th

ol

o

ard rotah'ng magnetic Flux.

<

C

el

Slipi- Slip is the clifference blw the synchronous p speeddns) &
o) rotating magnetic flux and actual rotor speed (ng) .

‘Slip s usually expresses] as a percentage o} the
Synchronous epeed (Ns)

S»> [Ps-Pg
[ ee

- TF +he load +dorque on the motsr shajt is fncreased  Jhe
rotor will tend to slew down (slip fcreases) cobich allows
+he roter comcluctors to cut the Flux at an increases/

rate . Thie causes more current o Flow In *Hhe rotor ,which

s ratched by more \statorrsupply current 4o meet the
L torque olemand . The motor will howo run

fncreased shal

al 1his new, slightly recluced speed . The fall of motor
speed bjw no joad arnd Aull Joad s very small ¢ belween
14 t 5%) So re considered fo be
almost constant

]

B

Lot

2

fncluction motors @
speed machine
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'—_;?'é'e Phose Inducifon TMotos:-
Q- kh sfnale phase IM ar

ot sclfs—lfulﬂ'g.

!

S ngle
>hase

upPY

* Here due 4b varyimg nature o} Ac, varying Flux s procuced,
+ EMF will be in +he rotor , it experiences a force « torque s
procduced but Rotor will nok rotate (dhy?)

Bimen = [#asy

® As I alernates, flux alse aMHernates,
= Due *o ihis Jorque will be clockwise as well as anticlockwlse
due Ho alternating flux.
= This causes +the net forque +o be O (zero) « ro-tor won't
rotor,
- Thi's s +he reason whd srnale phase fhducHen motorare
not seif starting.
So we need to go for split phase IM.
Se we need a Fluxes to produce phase shift Ap because
m‘d | Flux wil procluce alternating current £ dorque will

be 0.

Sl

e

Ll

Oses -
3¢ Tm = Fi,5W,JCk, Lo
3psSmMm=BT .
Main electyic propulsion metsy
nchronous cendensei
shall Gleneratsys

Lo

|¢ Tm = Exhaust -fan, galley o o
1§ M = Viscotherm, Gryrs compgss, Radar Moter :\U'/’
Noter E/R crame- 3¢ I wilh VED °\‘~j:

'mrnn'n_c’ rear motor = Douhble coge IM.

i)

FeEAEy)

+ Motor Flooded iIn Sea wates
Procecluse
l. Pul ¢FF the breaker,

2. Remeve

& require overhaud

Fuzes,
B Put tag ‘1Amn AT work'

4. Remeve 4erminal bex cables and wind them 17

S. Dismantle +he metor
6. Clean all parts with fresh water. Mak

sulating tape

e =ure all =alts

has been removed,

7. If oil is present dhen use oil decrenser 4o re move

8. Dry H with help ¢l power “ul 1amp arcund. ’C’ou‘so""‘; ar
with lew power hea.fea,,up‘h’('fo's")'c else insulation getdamag®

9. keep proper ventilaton +o remove all moist

lo. check insulaticn

. Apply Aifr clrj.'nj insulation varnish 1o the winding ond |
it for some 4ime 4o dry.

12. Check the bearvnss

12, Check imsulation resistance

14. Assemble back +he motor
15. Run it idle for some+me and +hen load it gradua"‘y.

16. check for Mof.selvibra-ilcn/ 'lEmpera‘k}rcISmeu & any other
abnermalities,

ure

eave
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(N 23

J;" o Q= lulhy motor Ts rated ki fnstemd e KVA.

Polarizqtlon Index - The polarization fndex (PT) fs wsed a2 - )
an indicater of metor insulation health and s usedful in —_ - Meler has fixed peower factor e medor bas clelined .
ideniiHying ace umulation o} ceniaminants as cwell as phd.sfml Zm v power factor (p-f) and he rallng haz been rr.en’-fo.ncc:r‘;‘
% kal en Motor r)ameplq‘}c data table. Hence metorisT
kYA .

change In +dhe insulation. To polarfze means is to cause
somé +hing o oblain pelarity . The test (PT Test) nvolves
applying a posidive charge to motor cenductors and a -ve
charge +o motor frame , +theresfere polarizing of fosulatien,
The test e#ecﬁvely measures a change in current

T kil or HP( Kilowatts [Hor == power) fnstead o) )
IMotor enly consumes active power -£ provide rmechanical
power in HP er kixl at metor shalt.

Alse .
Moter f= a device which cenverts electrical power into

v mechanical power .In ihis case, the load = not electzlcal
but mechanical (Motor's Catput) € we take i-nfo cccoun% ”
enly active power which has to be converted nn+o‘ mecbm:s
load » Moreover ,the motor power +actr coesn't depe

en +he load £ 1 works on any power factor because

L

over Hme,
Due +o abscrption proPer'b'es, bealtly + cleon fnsulatlon wil)
charge’ over Hme, rectucing +he amount of current. This Ts

on increase fr resistance.

o

o

P of Mg design,

T

# LosSsSEs In TP ‘I\‘)
i) core loss i FzicHon loss “w
i1 Copper loss "—-“u
i

@~ Afler overhauling ,motor not rotating. Reasons:.
Ans- 1, Connectons “o Mmotor are loose.

, ;-Mo-lor has tripped en overload, se reset,
8, Emergency stop of motor active
Yy, Fuse gone
S. Idinel da )
§. check motor € pump alignment

G

Ll

e

°
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v | —
L] ® 10 The merder speed = only [1n. The motor =ped can !:-Zf:;'::d
centrolled by supply frequency | using varlable i

9 iy fremtrnty wellgas VFD devices.

+ Difference blw Synchronous < Incluction Motor:-

Sanchrcnous Mo tor . Asgnchronous Mo-tor
i Whelucifon moter) i through VFD,

|. The synchroneus motor is @ | 1. The as ¢ tor sa & LN b

ynchronous motor 's bt | - : P ] = ly can be
e oy At mer e rums | gre o A e e T, oot Gy s S o [4053 i very 7 e £
al sgnchrenous Speed al speed l!ess thaw the . doesn't vary the Speed or Y s gl

‘ Synchronous speed. '—n\u forque eof synchrencus motox ek n
12. The mains Voltage Flycdaation

- m‘v 1. The fluctuailon in madn
2. It operates on+he minciple alleds Tk & ol ration,
b = peed ancl ope
et elechomegnetic fnd.uc-h'm“_-\“ “pPly voltage clo not affect b
bekoeen stador € rotor, v moter eperatfon,
" . WV 13, Initial cost = h:’gher
3. There s no slip i.e the slip 3. There '5_5"P T"I’ "’dJJC""'mq v than Tnduction motor.
q, synchranous moetor 5 o. _t’::’g < it fa aloye gresoN J 4. Operaiion i= complicated

2. It operales on the principle
el magnetic: foter lockr
between rotor & stator Field.

12, Lnduction moors are cheaper.

[1y. oPeraHor) s eimple.

D Is. offers great elkiciency |,5. These are not as ejjicient S

- € precisien [ symchronous mator.

O 16, Can easily be operated |16, T+ fs HfTeudt to operate at

at very low spead Us'ng VFD|  low speeds.

v 7. It operates best al lower V7. Tt = best suited for operation
at lews speed abeve 600 rpM,

i

s

Y. The speed of motor depends| 4. The speed &b +he mortor
depends on the load, rotor

on suoply frequenay € the
r\umbér‘ -ZL' Sader gles ‘re.si":.tance + the slieIt
’ | is always less “+he synchronous

ts= 120Ff ‘gpeed,
P N = ,ds(!.-.s) s=slip ‘-\~, at very low Cpeed usually
N <ale C,-_._’ below 200 rpm, carbidee @ yhl
S. The sSpeed doesnt vory with 5. The =pead varies with c-".~3 12. Tt can be cperated in lagm 12. The f'lr-d_uch'on or as T;hro-nou..s
ing - R ) — . i motor always runs o
varying +he -motor load, &._v lep.c(_:ng or unity power factsr ’power w18 agging

; w by adjusting its excitation

¥ 19. Tt can be used for power |19. Tt can't be used to correct
factor correction od +he | pPower factor bul 00'5 “+o drive

= same +4ime by wlilizing 't Tn | mechanical loads,

2 leading power facter,

varyl"')g +he load cennected

“o +he motor,
C. I+ 7= ool self start and | 6. These are seif start 4clondt
vegufre extra wf’ndfng for ‘\ require extra mechanism,
s-lar-h'nﬂ +he ™Mooy, '
. 1. The rotor of, induction motor clon't
T The rotor requires. an sotea need extra suu:ply
current 5\4PPly '
8. Separaiely excited synchron
i motor reguires extra Do =vice Seurce
4o energize Ms votor windfg, |
4. Needs slip < vings & baushes [4 T clomsn't requlre stip wings
e however’ wound type @mnuse
o SU‘PP’:} nC 1o Tts rofoy slip '«"l‘hﬁ*g to conta) Speay

gl

i

20, Sfnce Tt runs on censtant | 2% There s no such phenomensn

ol
spead, sudden varfation in in Induction metor,

=7 Joad will cause Fluctuation in
the drawn current,

ous 8. Tt dnesn't reguire extro.

i

. |

- Lf:i‘::,%-,- Synchronous motors are efficient but costlier and

J’go"ecﬁm ;Ltg-tro low rpm applications wwhile o(-&nhg power {acin!

3 for high €:0n the other hand, +he inducton mofors are used
g7 TP™ applicalions with variable speeds while bein

7 fnexpensive & eqsiey +o operale ~ I

- windings .

| 9

‘ N5 |

' . /€2
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o =
! 04 Speed control From Rotor sfde:-

* Speed Copﬁol ob Ihd.uc-Hon Motor:— TS,
¥ Fo From sialor side — D Redor Rhepstat Centro) =
I By changing the applied Vol IV This meithed 7o cimikn to that o}, the mmw,e’,h?'swi
3y ging app tage centiol of pc shunt moter . But 1his ppesinae oz; ‘?nfd
plicable +o sllp zing motors ,as cellition of €xt€
O‘P P ’ i< not

Voltage [s a\.l-rec_*Hy propor Honal 4o the terque (e Vv T)

=o If supplied Voltage s decreased ,the cleveloped vo,mﬁe%

decreases .
Hence for providing the same load tforque, the slip incranses w

with decrease h voltcge & consaquently, the speed
decreases,

resistance in he roter o squitrel cage motors
pos=sible.

B

v
v 1D cascade operation

B

In this method o} speed control ,+wo motors are used . Both
are mouned on same <hajt =o that both runs act S’-"m:
speed . one moter s fed from a a-pha=e =upply and the
other moter fs fed from +he Induced em+ én First motor

via slip—‘m.rﬁg'

c

[15) By charginé} Applied Frequency
¥ SYnchronous speed s given by s= 20 f (RPM)
Hence , the Synchronous spead changes with change

SL,LPP?S -F'ra:,uen(.y,
Actual speed o} an induction motor fs given by N= Hs(i-s)

B

= 3-phase supply

« €O

L

iiiy Constant V)F contro) o} Induction Motoer:- )
The magnitude of stator Flux s proportonal to the ratio of
+the stator voltage <+ +he frequency , Hence , i€ th= mtlo‘

ol voltage +o frequenwy f= kept constant , the Flux remans

constant .
Also by keep?nd VJF constant ,+he developed torque remains

a.‘pp—oxl'n)a-fel\v.j constant,

!f

)}

i By x'r:jecﬂ'ng EME in Rotor Crewt

In +his medhod, Speed o} an indluction motor is corrbrolled by

. y'n'cc."h'ﬂg a voltage in rotor cirewd . It s Necessary Fhat

iv) changing the Number of stator Poles:- voltage (emf) being injected must have same {requeny as
o Sitp frequenty |

Ns= 120F Here P= no. o) poles
)

Ll

This method s generally used for squirre| cage induction
motor as squimeh cage fhauchon molsy adapls Piself s

any number o} stator poles. )
change in stator poles i achfeved bc'i 4o or mMere independent

stator wirzurag wound Hor differerl number of poles In
same s bfls,

9

\Y

i
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H TYPEsS oF I™M:-
— Baszed on construction:-
= squlrrel cage TM j Tn all, stador constructivn

= lalound rotor motor is same
- Double cage

1. Squdrrel cage IM,

2 A g R
(,'ll-(//'
S
End 1,ﬂ45<cand.uc+or Bars
g C cu o AN

* Here conductors asebars are shorted 4o end ”.’%?'
+ Concluctor bars are skewed cort shajt, -

' Cegoing € crawling are feoo phémme_non occurs’ 'n squirrel

cage incdlucton Fotor,

e

;:;

i
*

=
=

LoE

[ 4
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e Meotor Maintenance:-

1. Routine cleaning of dust, dist  grease, ol from cul
moter, Dust can be removed by blowing o (nok more
2. Contamination by cil & grease from motor bearing is often
cause o insulation failure,

statos- . .
- check for damaged insulation

- disceloured insulation —s overhealing
8, Check IR o} stater « volorw
4. Bearigs must be cleanad lubvicated < renewed,
5. Housing must be clean ¢ dry,
Rotoy:—
’C'"’e‘Ck fer signs o) damoge & overheating in cage winding £
lamincted steel core,
6. Ceoling fanto be in good cendlition & well cleant,

=)

=He & inskle [N
4han 175 bar) € | T

4 Motor madntenance after be;ng £loocled :-
1. The main job is Ho restore TR o} stator winclin
2. salt contamination 1o be removed by washing woith cleon Fl,
R Any grease or oll on coinding o be removed by a degreasant,
Y. Ory stator wincling with an elect¥lc heater or lamp,
S. Once wincl are clean £ drg, apply geod quah"fy 'nsula-Hg? X T

€. Flnallﬂ carrg oul TR dest, \arnky! &

- {

Ll

p

o

+ Motor overhaul precedure:-

- In motor, very fine air gap is there between rotor £ siator
TF there s a deviaton of Shalt, rotor will sﬁ?r-t_-fouchlng
stator leading to shorl circuit or burning of wincling,

Before overhaul,check TR o} stador wineling by multimeter,

I pobe o} winding & other o earth & switch in reslstance

1. Befdre overhaul, marking on motor hoysl’rg 4 wires s very
fmportant . This will ensure correct boxing back proceclure.
Also check clirecHsn of rotation o) motor,
2. Sojely remove coupling between motor € pump,

a, check beasing condition,
4. TF insulation o) motoy is less, clean winding by cleaney,

Apply fheulation coading 4 Keep a powerful balegen tamp for
i +o dry.

clean cooling #an ol ooy,
Z. clean beaddq tautig bodty ot

/

-l

o

i

L

L
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STARTE RS

V .

% 1. DoL =tarter (Direct online starter):'—

"V The Incdluction moter draws huge current at startup . This star’ita
cUrrent con damage Yhe moter winelings. En To aveid it, we

~_Use starters which protect motor from ovcrloodfﬂcc] andl
W overcurrent.

D DOL starder js alse known as ‘qeross the line stortea. Here
_) motor l's.dJ'reC'Htj connected 4o Hfull VO'L‘O.SQ, -fhrougb Mcc B
_or cfrewdt breaker ond Relay for sverlocdd protecH'on.

¥ This is why such a starter is used with motor raled beloto
» Shp. lhp= 746 W+ lw= | 3]s

-~D . ‘ )

I dlrect online starter me-thod of motor starting, the motor
e stator wl'noUlBs are clirectly connected 4o maun supply where
- +he DoL protcc+s 4he motor circauwit from bv‘sh irrash-(—

thrush current. (Insush current s initfal current drawn b(‘j a

device when switched on).This inrush current may clamaae
+hbe overall ciraut as -1he Initial current s mach more

K higher +han the Full raled current (about S-71 HMeD)
-

O

Protection offered by Dol starter -

- '
=~ 1> Overaurrent Protecton:- circawt breaker or Fuses are
% vided Hor overcurrent

ro | '
— %e overcurrent breaker's rating is kept @ bil bigher than
- +be rated starting current o) motor (v stor-anj current |
e I hiah),

iry overload protection:- Relay fs provided for overload
The overload relay monftors the current and breaks Jhe
current flow when it exceeds o certaim limit for a perlod

of, Hme

RN R N R R URT R

194



"Jﬁ Iorking  Principle '~ "
' ¥ Dol works on full voltage or across the-line dechnique WIS
+he motor = cU'ch‘Hy ceonnected 4o the Full vol tage supply.
Since +1here fs no voltage reclucifon , the sbar#ind current
s very high that leads o high starting Jorque.

huge currmt

Farts o} DoL starteri-
1. Relay 2. Fuse or Circw't Breakern

a. Magneiic Contlactors - A magnetic coniaclor s an
eleciromag netic switch that operates elechromagnetcally
do switchtbe power supplyed o +he motor. It cennects
and clisconnects multple contacts convenlently |

Wkiben 4he motor starts il will draw e
5 te € 4lmes +hat o} its rated o) speed current.

I,
1 pY
ol Y
@ generally ip in the line
e
o_.ll‘u The huge current drawn wlill causs = Peanw:‘n e

VDI{:aae . The gradual increase in the spe it
the curreni drawn from the linez but ot belew @ c=r
speed (normally ol 157.) .Once the motor remches 'E'S’
raled speed ,the current drawn and line voltage i

CH_ return 4o normal. A
Since +he Dol praw’de;!. high .s{aﬂlng current ,the mofed
L-l' gererates a high starting Horque- The —torque genera
L“J also depends on rating of motor. The load connected 1o +he
‘1»., motor affects 4he acceleration andl the Hme Haken o
C]__ reach +ull speed . If the load cennected +o +he motor haz
- g high terque then +he torque deliveresl by molor, '*b‘e motar
‘:I‘ Then we need 1o replace Tt with o

)

kh'r'l'r)ﬂ Diagram o) DolL:-
34 supply

> R
il |
it ]

v
L%
v
2
D

v will not accelerate .
o moter haulng high starting torque.
lngs e}, motor.

Ls contact to
%_'a starting current may damage Hhre win
low power rating are connected
v +hrough +the Dol starter (generally “below Shp)

keep coil mc:jne#sed,
Nbo - Normal Open
Thus , motors haw'n9

Ne- slormal closed C
N T
Note- Dol storters do not reduce starting current. They only

c\.]‘a slari moter € previde +hermal overload protection

f -

s

. Starting Pericd It Fs the perfod which Tnducten Motor
takes to reach 857 of Full load Speed

L




R — ~ -

L] L siar - Delta starteri- (Y-D starter)
. azcociated wih high

4y to 5 Hmes the Full

camage motor as well

il

- The starting e} an induction motor
'V fnrush current . Thiz inrush current is
i Load currenl (FLC) ¢, metor. emd i can

Advankz.czjes:_
\— simple {o design ,operate & maintain
cheapest « economical

Iy akbeve Shp),

2-
8- cempact
y - Provides 160 7. startlng torque (e high slarting forque) s eircuil i
‘ 1 This problem is with bigh rated rnofors (genera
V5 aveid 4his issue we use star-deita starter.
7= connectedd in =tar cjs:"ng
o]

§. Connecls +he delta wlncb'ﬂas al motor.

:

|V To ctarl the induction moter, it

| ¥ a tripple pole deuble throw relay . The phasze voltage 3 o

| & Slar connection = reclwced by 1he factor (132 ¢ it l;ﬁ -
the starting current as well as +he sf.orfln‘g +orque by /3

k normal rated wvalue. Current also reducez /3 Hmes

g

L]

(=]
v
O Wlhen 4he motor accelerales | a 4imer relay =witches +he s'ta-'\_.‘
into the delia connection,

Dfsadvantoges:-
- siariing current s very high so it may damage the meror
h wincling The motor

thus enly low rating motor should be usedl,
2. High ihrush current causes <« vol{_age cip in the power
lines thatl can be dangerous for other appliances connecixda connection of the stator winctings
! allewing +he Ffull Voltage acro=s <ac
b v runs at rated speed.
v The received stariing current is abouk Zo 7. o) starting current
o) boL storter ¢ starting torque is reduced 4o about 25h &}

the torque available ot Dol starter.
> First motor i's storted at star connection € laler it s
ehifiecl 4o della conneciion, This s starting methad Hhak
w recluces +he starting current and =tarting Jorque.
- The motor must be delta connected c(uring a noermal run,

o

CEtcbt

el

fn para lel.
. 8. starting dorque can be unnecessary M Ssome cases,
y. wle centrol on starting current £ dorque
s, High startng Horque can damage |decrease the e
epan o} motor (due to mechanical stress)

Applications '~
» Jacket Cooh'ng later (Tcwl) Plp

- Sl plp
Ty s S e
Repply T~ g T B, T
s Fo ciradabion - " <8 Sl T Uy overload z‘ = ==y
- ER Fan G'\-_‘ 5 !
6 -—; Y= e
- —?— |
" 7
\- J
c‘.“ (start)
=
< n F:a star- Delta '»6-—*'
. Ita
" Starter L;un\
N
N
‘ .
|
|

i




Connected in star = for Ssec
connected fn delta > alter Ssec.

* Run-up Hme:- It s +ime -taken by motor do reach 80 7.
o}, speed.

r Irghting 7

llo)220v +o
phase loads.

- R S

Z’.Q—‘:— LJh_l’ 4H4o wvolt for motor

= Medor load current are large , Faoters have 3-

A 440 higher 440 volls volts meons |esser current

Powear (' P= VI) € hence losses € size o], cables ars lower

Lighilng fz a :Iralc phase load <€ .‘15: lead currint

are small, Hence lower voltage means le== hsulatien in —he

carbidee @ ybl Cdonate us

cable wire. ing vpL)

for some

i

start the multiple motors

Haular number 1o staat, +hen
ed unt| Hnis moter

# Sequenilal starler:-
SequenHal etarter s used Ho

fn +he seguerce,
TF a motols [ assigned par
+he motoys behind it can't be start

fe storted,

Motor ™
["F]

£ asslg ned sequence

CELE

L4

Ll

Ml

ok

Let+ there are three motors 2,3

fs 1»>2->3
From Sequen-Hal starters (if +he<7
con't be started umpless oty 2 7s running.

1 aoodor 2 can't be storted umless soter | is runm‘:g.
The MNo 4erminal o} ISt fc connected +o ~Nco terminal

¢} 2nd & se—e9, ¢ alse o PICB and

are used) +hen motoy 3

]

A

e

2

i

-

i

_4
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S S S N S — - — )
« Seft-s 2 « -"r'_ y‘&L—' 3 5588 | B TR )
b > current , we uze
. 1n order o prevent such bigh Tnrush cuf! i
initial current Hor a

inversely prepertienal to the slip o) motor.

]

2a=ics :_l-\"\l; we need siarter)
L :

Toctucdion moto
This is due 4o Low fmpedar,ce ol the
ot standstilitresl pociion)

Tt is very escential for safe operation o} induction metor.

w:’ncu'ngg o}, the motor

It fs due te low rotor impeclance &l dhe. martor fin renb: posiblin

The retor impedance depends ol > 5
be sl 1i
blw 4he rotor € stator) e| inclucdion motf:’f_”“"‘ ve speed

The slip ef induction motor iz nel constant « varies throughowt

ite cperation ,4hus the rotor {mpedance also varfes. It Tz
e
Efmpederte > it = epposition o
by circiuit. 9t fe like resistance but not
resistance. Unit > 2-

impedence o¢ L.
sh'p

te | .Thus the rotor impedence i's minimum.

Cennectng the motor to power supply draws a e
ameunt of current in +he stalor wmd.:'ng aue o this low

ip fmpedance called inrush current .| The alternating current
In the ciretat siater generates a rotational magnetic

field (RMF) that fncluces current fn rotor winaings.

The rotor current generates ts own magneiic field
that try 1o cancel Tts causes & starts rotattng fn +he
direction of RMF. Thus Jhe rotor =xperience -lorque & as
fte speed starts jncreasing, the clip o} motor decreases
Ci.e the rotsr RMF speed approaches neai stater RMF
cpeed). Since the slip is yeduced , the impedance of -the
rotor fncreases & the motor starts drawing norme|

rated current.

The high iprush current s S- 8 +imes larger dhan dhe full
load rated current el +4he motor. Tnduction motor can't
jolerate such ameunt o} current s it can quickly clarrnae
or burn +he windings , reducin the performance € lifespan
o}, the motor. Such h-gh currenfs can alse cause ’Lu,ge C‘UP
the the line veltage which e dangerous for oiher

appliances connected 1o same line.

draws a huge amount ef current at sim-lfnj_

current

Al stand s{:fll(res{ position) , +he slip of induction motor 1I's ax

!l ¢ chorl dwration. Once the motor ins

LE' ¢ normal pewer squly fs resumed , It alze offers
%ag&fnst low vol'lajc £ pvercurrent.

These motor clarders are usually usecl
Small moters below IHp

7

¢ !lr' ¢
" € rnolor starlers frat reduces +the 17!
!

for heovy pedsr
dpesn't requi’s

raled moters .

Il e
G'. motor clorter due 4o the=ir high '-mF'_Cdm’c : 7 the
® Ceed overcurrent protection which is avaslable 10 70
G_" Dol starler,
current . They

—.poL stariers do not recuce starting
e thermal overloa
—afi stort=rs help to red
storting current but ke ir

Node: -
4 protection.

G—.\‘ only start molor £ provid
~ . orar- deltla, Auto transformers.
> Starting voltage which reduces
,:‘k'lriing dorque reduc=s,

uce

L{

i

LB Y |

el

L

gl

i

23 39 '%
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certain speed , the
prc{ecticn

e. How®e ver -"\u_.,
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8, Soft- starter:- A
1he stariing lerque € gradually incr
: manner until it reaches ile rated spessl .00
THS atladns ts rated =peed ,
full vollage = Iy 4hrough .
“T4 prevens-’Ls G“ugpg’echagfcal tear € jerking clus *
cupplying e), Full voltcige. .
¢ - T;‘»P;P-i%::;ﬂucLaL an directoreal proporiiord
4o square of cumrent (e T 7 it e
su.Pplg Vol{age (i-e VxXI).So the supp
ysed to cen
motor slarler ,applying full voltage
moximum starting Jorque
« te moter,
S+ Duri

motor stopping
e fe gracdually recluiced to =moctbly
i1 breakes dhe in Put

coft ctarter s a device Jhat reauces
eases it NG =afely
ce +he molor

Jhe sofi starter resurmes +he

o sucdlden

Tncliic Hon mwotor is
rent depends 6N

Iy \/oltadc can
torque . In a ror

‘e b= moter 3enercdm
bich causes mechanical hazards
{ starters
the SupPly

decelerate

trol the =tard lr)g

To avold +h's we use sof
through zoft storter,

L (g 5‘%
‘]“53 motor. Once the speed reaches =ero,
voltage =supply to motor.
b da Dona fe
(Maroj kumar)

L

e

(e

Ny

-

2

i
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- Norking:_
The main component of softi starter
These componenits reduce +he incoming volta .
and can allow operators to keep voltage constanl un+il
full speed fs achieved. These are cornmonly used o fhree
pairs ( TRIAcs) to accountl for each pbase o} he motor

as -hree phase metors Aypically requuire soft startlng

Ly
Ly
L

carbidee @ Ybl
fs Fhyristors or BCR.
e Jo the motor




Upen elariup ,each phase will run 1brough <ecch TRIAC before
geHing 1o Jhe motor, The —Myﬂ's-!ors will reduce 1he veoltage

Cand therefore current alse) and will allew signal 1o pass

16 motor. The current fc monidored until the rmotor reachez

full speed , where +he thyrisiors are +hen bypassed by
connecting dhe motor clifectly 1o the peower source via the

centacis ( alse known as wering the motor ‘across-4he-1ne)
Pe 9

. Stead - Genbrel of VibAY-
95:’05!6 Pbasinaz_

For proper werking cf
connected 4o 2 phace AcC pewer Supply.
3-¢ motlors are started , they will ceoniinue torun <Y
one e, 3-¢ cupply Ine gels scenneci=d. ’
- The loss of current through cne phase o a = phase Sw“fPPY
Y = known as 5:‘.Ble P"aS'.’y '
“The motor running twith a single - phaze fault will «
¥ current in the ferna.fr)l'ng supply cables. And 4hie  current
generally 2.y +imes c| normal current.

opegurest
c 2.4 xnormal
&
g

R xnormal

IEs rnu:f be

bl
[l
i

3 phase incluction rmoter .
6rnece these
er i+

ik

arry excess
is

B

g

'

i{

Lol

- - Causes o} Single phasing:-

-klhen ene or more out of dhree fuses blows.

- If eone o] centracier = epen circuited . (Moter have 23 contracier)
‘-J'F'c\ profecton device have wrong or improper sething,

- = If relay contacts or motor i= damagedl,

- 3} one ol wire for motor circuil 7s broken.

= 1f short circwit h ene phase o) star connecied or delia

comnected moetor.
- If contacior are coaled with clue 4o oxidation £ hence not

cenduc Hna

Bl

-
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3
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* PN _
Ly - Prot ectlon from :‘Jnale phazing:-

otection

= Effect of sina!e phaseing- .
ot Aidarvmaenrir i Dikards -~ Stla”edua.'io i € - All motors above Sco ki are “lo be provided with pr ing |
a single phase motor can't be se<|f =tarter and .z' -;rbm b devices or equipment Jo prevert any damags cu:_:_ -f; singl=
stem.

safety system provided in 2-¢ motor 1o pmtect i

everbeating,
_ I+ the moler s running € simgle phasing occurs, moator colll

continue 4o run (unless provided by addltional safety Py bip.
cud - ot sgatem) because ef terque procluced by -he ,l-ma_jnha 1 s essential for mfecly er propulsion ¢, ship
tcoe phases which s produced as per -be demand by the € > Proleclion Devices are:-

10 1. glgg_t_@@agneﬂ'c cverlead device~

Load.
s = 1, h c—. )
- Ae current in +wo other phases = more than Hhe normal,hey € In “bis device ,all the three phazes of motor are Fitled eoith
an increaze in the valde cf the

::'l:dfr?gef"'e'beafed which may result in critical damage -o the 1- an overload relay, 1+ there "=1 Heally and +he
“Sing! phasing recluces speed o motor anel. Ps rpoy Flaztuote G‘ f’:g:;:n‘:érf/;:n 1hi= relay actvates automatfcally a
- Abrormal neise and vibratlon will be there (it is becauze e C_.\_ k

l uneven forque produced by other *wo phases)

-If semecne cemes in comtact with motor , he Jzbe may get
2, Thermistors:-
ermal devices which are used Hogether

electrical shock. A
- T4 cause averload.ﬂ—g cf power generation machine je ® Thermistors are =mall 4b
~ with an electromagnetic overload relay. The ther misters are

a.uxillarj machine. -
“-—. inserted in 1he wmdinag. <) motsr. Any increase in currert il
CN-_\_cause heating in winalings , which s Aetected by thermistors thadt:

serds signals 4o ampli fier.
C‘-. elic relay . As socon

- The amplifier = connected o the electire
: ~1his amplifier increacses the current value in +he col & an
-

on steering gear = stem cn .:;‘nale phadr'g a
motor will not stopd::: centinued eperation of stesring metor

U'm phazing ( except for meters of =leering gear be'm Loill come buk
i)}
oI

L4

‘

-

as_ signal is received from thermistor about cverheating,
c ~ electromegnetic relay which activates +be trip and motor stops

‘1:3. B metal strip:- = j:T: E
Ny
=

Ceply
Here blmefallic strip s placed in such a way
the overheating in the circudt. As scon as overheating s
detecied , this bimetallic strip fs -tries to expand ond because
two medals have clifferent coejjicent of expansion ,the strip

o that M detecta
e
o

Q_Hlll » attempls 4o bend tounrds +he metal having a high coelblcient
¥a )
»

33

el expansion (x) and finally cempletes the +rip circuit and
Q the motlor drips

N

S

185




JIEST

|

B

el

— Delecton of singlke pbasify fault.

- Unusual Humming sound ceoming From motor

- Higher vibra¥on n motoer than usual

~ 2mell of hot & burnt cepper (insulation)

- visible light smoke| fumes from moter cas<ing.

‘)

S

0O

— ActHlons for simgle phasio: -Fé:ult_:— i

|« If single phaesm(ia&.utt confirmed, etop motor Immediately
and start +the stand by metor. _

2. Do preper visual inspectien o} molor wineing and eheck
=arth conh'nufféj < pesisiance Test.

5. Once the problem & located ,recti+y 1t

u Be-ore pu-Hlna moler on load, do a test rum and check
all #he rated parameters(i-e vol{aae, current, rpm, temp efc.)

LLCL L

iifi

(
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- vV ED(Variable Fregquency Drive) :-

A variable frequency drive fs a semiconductor based motor
=tarter . It can safely start 4 stop electric molors as |
well as {ully control the speed of motor curing its operaifon, %
Ti can control the supply \/o!{nge as well as I"'ls Frequemy."'m\t
ance the speed o} incduction metor depends en the
supply frequency VFD fs mostly used for varyfng -the

speed of motor during ils operation,

]

e

e

Rect|{ier p?ﬁ,r Inverier
— = —e— == =

a3 ——"l 2 3.-.'2,,_4.5,,
| ! ) motor

Supply 1 T

[ -
TR

: cenho) T=olale} )

» omnel eoriralier : l—;eed back %U
B Driver evice g )
r: 5| iy
6‘-‘-

i q

L

2=

Fig- Block biagram ol Typical VFD (AC Drive)

o

]

A VFD has dhree circuits ie Rectl fier,bc Filter € Inverter,
Eirst ,the AC line voltage is converted inte Dc using the
rectifier circwit . Ii i's then smoothen by passing +hrough ihe
pc filter . The steady Dc veoltage s +hen converted indo
AC using +he inverdier circwt. The inverter's logic circw't
control eircwt allews to vary the voltage as well as {requen
of the output Ac voliage . It can be used to smoothly
fncrease the speed of 1he molor from zero (0) RPM do its
rated speed & someiimes above fts rated speed 59 fncre:sfry.
Jhe frequency. There fore M offers a complete control over
the -orque speed characterstics of the motor. Tt Uses 148t

4o oo so.

Bl

i

i

L

i

e

1)

("

IRy

The VFD can vary ‘the speed o] 1he motor cLurlngdl\Ll_;,Lﬂ

eperation by varying +he Frequency o}, ‘1he cu.ppllf o we.

Therefore Il iz Used in applicatlons where the Spe

o, motlor needs Jo be varied,

- 5 A fan speed based on {femperature
iy A waler pump speed ba=zed on 1he pre

fnce mfng watlea .

s-ure o} the

/85
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g’_.\i king — s
1., (: _D'__‘-j Fed ‘ol
—_—— ¢ whail - b start butlon pus
- HRC switch muszl be on with the v it

Main suppl oV
Fd 4 - | ¥ contactor KM, € K13 does clese toge ther. Tcn ol Aute-
= Sitf
i1} rm reduced voltage supply as per +apped po carHing currentt.

4 Fuge transformer . The metor starts with reduced . e BEER
If it can overload torque o motor. The redac

fn 4his case can be changed by varying the +aped pesition al

r which was not avadlable in star- pelta.
207 <} rated

+he main

« Auto - Transfor mer startay -

v

-

HRC

e

-transforme
A= +he modor speed up and reaches

e

centacter SR ¢ Ccentacter kMa
5N e 3 ";’S_‘li Anks Tametmer 1" Speed , a Himer opens the centactor kMe and. Eloses "t
sadely 0 pl 3 Tﬁ- contactor km, . There s no possibility e} sheort- ciraut or
Tp G_.‘.,, open circwid in A- A (star-delta) sdarter .
O c]\.ﬁ If kMe is open € KM, get Ho close +hreugh auto-
A J e—‘\q transformer which will nol act as 4ransfermer but as o
c.“—_, reactor coll , +here will be slight drop in voltage . motor wlll
be never withoul power supply so no-oeopen clrauting.

¢ contactor kMg

Lry

Nole:--HRc fuse is not a port of starter circuit , slarler doesn't
have shert - circwt eperation,

Stavler only reduces high slarting current ard Sfjstal'nd

overcurrent protection by thermal bmetallic strip,

¥ Main 440 Vv reduced voltage through +ransformers never
be short -cirauit jF kMgz 7s yel o open £ KM, closes
because ¢f Mo short-circuit point. As +be motor reachea
a rated speed as second Himer opens centactor kKMa

thereby 4+aking Auto-+ransformer ouwl &) circudt,

il

o

e

storders
Upto S HP -» Dol starter
S-20HpP -» Star-belta storter

20 HP ¢ above » Auto-Transformer starter

“o «

gEkl

i

> b |

S

i

i

(



« Self - Induction!~
Ti s @ phenomenon fh which emf is fnduced » a ceil

because of current flowing n same coil,

b ’l‘

* Mutual- Induciance!-
Tt = a phenomenon fn which emf is induced in a cofl

because o} current flowing in another coil,

Noter Auto-transformer weorks on principle ol mutual Tnductance

I

[

v

q

e

o

<«

o

)

"

2'9

e

N
N
c“\m

v S =
TEH o - :
# Stemritg Gieas Safelics

- Hydraullc safeties: -
‘Level suwidch , Low level,low low level akirm for "Sojra'u'uc L
. Rellef valve

. pManual bypass valve

» Low pressure valve

* High lub oll temp cukout

» Low level cutout

« Elecirfcal safelties!-

. Elecisical € Mechanical stopper for rudder

. Eleci»fcal motor overload alarm

. Power failure alarm

+ High temp alarm .

- seIf starting after power failure

. short ciraut +xip

- Phase Failure alarm

. 2004, fnsulaHon fn motor (l-e extra protection = steeriry
g-eor s essential lood)
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- n
TGBT ( Insulated Grate Bipolar Transizlow) cnrz?:e':ﬁybl
TGBT is used in the inverior n the VFD,
«INBT fs combination of 8IT ¢ MOSFET
] traln eollectsy cellecior
’ 2 =
mse ’
GIATE gase
colurce -~
Emitter Emrier
mos FET 83T 18T

own as Melal Oxide Thsulated Giarte Transister

dulated Field Effect Transistor ( GEMFET),
ed Fleld Effect Transistor (coMFET),

. IBT & also kn
(rocnsm), Gledn Mo
CDI’)d-UE‘HVell‘.‘ Moclat
TInsulated Glate Transistor (TeT),

Cepedredion - Advan-!aae.

{TGRT s a Hree-terminal semiconductor device
.T1BT has cutput switching « cenducHon charac
bipolar +ransistoy but Tt Ts voltage jo controlled like a
MosFET. This meons it has the advantege of the high current
handling capaciy o} a bipolar +ransfstoy with the oas€ o

corﬁrolrgok a TMosFET.

terstics of a

=39}

CenstrucHon ( Just 4;0)' ol
e 4

I (Reverze bias)
D IFt layer

3 ( Fovward Bias)

Injection loyer

=

e

[
[
L4

B

1.4

g

‘)

Ll

Bl

L

e

L

i

ol

ki

L

Vee Ballery 4o have b/alfﬂa

‘Here we are conrr:c-tlnd

4 collector
<o 4urn on I1BT we connect Battery Vo,

« Becosze Vee cdlectss fe tve wwt emitler, current

Flow flom colleclay 4o emifter ( 2 Ja iz Reverse & Ty s
acitanc (S(0z2) —ve € 4VE

* 8 I we increace Ve, veold
charges will be separcited . H"aha.r +he Mot VD"”"ﬂ'u

be charge carrfer
. Due 4o Vi, chorges ore formed <
formed whleh will allew flow of ewurrent +o emfiter

'b\d dodlen linez)

Bl emitlon

will not

larger wlll

due te which @ channel is

(shown

Fud biaael)
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IF‘AI»ISF_GRM_ER&,_ ;
f= definecd a= an electrical device Hhet
circwit to cnother

on. It is
doeen)

[
=

A transfermer

L from on

trans-ers electrical energy ‘

te Incluct!

+hrough the process of electromagne o

3ene?qlly uced 6 increaze (_sL.cp—u‘p) or decrease(Step-
(2 Voliage levels belween circuits,

¢ [«Jorkfng Principle -

)

g

ivat coil seconrd coll
i o

[ . L
. 3 i -
s VI (1 S

g

5 retuced voltaac

L]

AC

Source =T >

Ny .su.P' e scu it will
plied bB an AC rce ,

g and alternatfng Flu¥ that

Bl

If ore wincling or coil s
produce contlnuous changlin
surrounds the wincUnS_ ) e e
w - I another wincling is brought clese 1o 1his wincling , o
portion of dhis alternatlng Flux will Iink -Lo'ﬁhe-sewdﬁ}ude
= wincling . A= “this Flux s centlnueusly changing its amp
ard cirection ,ihere musi be a cbcmging flux lokage in
the second wincling or coil. . .
's law o] electromagnetic iocluction

Accerding o 1he Faradaa
there will be an EMF incwced i dhe seceond winding . I the

= circwit o) Hhis <secondary wincling i= closed ,4hen +he current
- will Flow through it .
-The above cliagram s iheoritical and not pessible practically

» because [n the epen air only a very small portion of the
& riux produced {rom +he First coil ewill link the second coil .
So the current +that Flows -brough the closed circudt connected

1o the Secondary winding will be very amall and it will be
Al ficudt to measure,

""':l'

o

e

el

s

2l

59

i
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To

avoid +his, we use Core iype +ransformer practically,

Thie provides a lew reluctance path cemmon to both ¢} 1he

windings. (Reluclance - ot fs Resisiance joppesition offered by a
tmagnedic circwdt to magnetlc Flux)

Core
2 E
Primar Secondary
u‘md.i'as ) an:Unag -
The purpese of the transformer core 7= 1o provide a low
reluclance path, through which -he maximum amount o) Flux
gh and linked

produced by -he primary wineling s passed throu
with the secondary wincurg.

. The current that passes through +he dransformer when it s
switched sn i's known ‘as transfdrmer inrush current,

oL LT LT PP ARAR

2

b

L
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5 R A | E e e

n 4 | oeses n Trans-former :-
“Transformer Lesses

L
=
?E

& .

other LossesS

Co Tren or core  Straylosses  Dielecir/c
Il e v 3
I J Mechanical
ﬁ—-\t Eddy current  Hysteresis r’kg”ebs‘“”c"’“’ losses
g_m Loss lozs Losses

g

e Copper loss ;= Copper loss i= alee krown as wincling lo=S

Since +he mclerial usesl for wincuﬂgz = aenerally copper

e resistance due Ho which there
) se +he loss s known 22

L]

and copper wlll effer o
will be some power loss ( RzT’R

copper loss.
8 B+ I Ry & T Ry

w It s clear 4hat copper lozs is propp,{iona
w o), the current . As 4he current depends upen the oo

ted 1o the transformer, The copper less varies whth
Pt s clso called ‘e iable

-

g

] 4o Hhe =quare

L

- CONNEC

varlation in load and hence
~ loss.)

=Note:- Copper loss is wvariable loss,

i

LT

207



. e ——
E curreni loss - The cere ¢, the +rans former fe mode up
0} conducting material. The lominated sheets which forms the
core limb will induce their own emf in each aigal L.dheHJ.
subjected to alternating Flux . This resulls 70 the ciguhmsion
6|, currents in each =heel ard cauzes power loss knowdnl

'

as 'Eddg currenl lo=s’. )
Since Jhe frequency ard Flux density ol the cere
maierial remains censlant, these losses ar<s also called

-
P
'Y

* Tron or Core Losses -

The losses T +he magneﬂ'c core which links both the
windin by magretic fnclwction are called fron or core losses
¢ the Hiansformer. The iron practically remalns constant
under all Jpad concitions T.e they cire independent or
frrespective ¢| 1he load conclition. Hence the fron losses
are dlso called constant losses,

Note:- Iren losses are constant lesses,

=

iy

5

teonstant losses'

b

® Notes « Eddy current loss i constant loss. i
€ . Jhe Hdolal from or core less is sU™ o} both has A
w and eddﬂ current loss. ponate (Using UPT)

carbidee @ ybl

- Two types of Tron losses
D Hjsteresfs los< i Edely current less ‘
» Hysteresls Jpss:- Since +he given supply. given to the
transformer s alternating,4be mature of magnetfc Flux

in +he core will be alse Tn alternating nature. bue to
' +his, the mandemly oriented magnetic domains which behaves
like a small magnet will be oriented in +he clrection o}
mmr(magnebma-ﬂve force)applied. As +he nature &f magnelc
flux applied 7= Cl)'l.err)a#ng,-ihe core maierial undergoes a
cyecle el magne HzctHon and demagnetiza tion eSjfect.

L]

L

dl

|

d

« — Minimization o} Iron losses'-
o - The hysteresis lossec of, the transformer can't be eliminated

compledely bul can be recluced by choosing a low bys,-iere.sr's

coellicient material like silicon steel.
- The edd.y current Josses can be reduced by making very 1hin

B

-

gl

nehc _core material laminations of slicon steel.

a__.,

ue

R

Witheut iz 114k

Hore= a.pph'edq Horce ::g;;z;ﬁ’n
Due +o 1his ,the one directionally eriented clomains cwill take
4he reverse clrecHon for every cycle. So 4hat there coill be
exlra energy consumed i the form o} pocwer loss Known as

L

LHa,ss-b:n:s s loss.

a5

=




o™ T r——
M . |«lh5 Trans{ormer s rated fn VA :n_—.-
Lle khnow +hakt there are -two +3pes(mcun'y) a lo
the Arans former,
D) Copper losses
i) Trem Losses or Core Losses or In<alation Losser

KW
ssesin

e 8t e e . e e

- st loss - )
The +ransformer works on Jhe principle o} mutual incuction
f.e emf induced in 1he secendary wl'ncu'ns s by anoae ok
flux procluced by the primary winding . But ,7n practice, all
the Flux produced by the prirr;ary doesn't link ewith 3econdd2-y
winau'nﬂ completely. There will be wastage of Flux which
does nol link with secondary wfncu'ng as the leakage, This
leakage Flux cause some losses in the trapnsformer known

as ‘stray less|

==

B3l

= Copper losses(I?R) depends on the current which passes

ibrough +rans former wincing while iren losses or core
i.e total

losses or Insulation loases depends on vel &

losses depends on voltage (v) £ current(I) which s expresel
€ o Volt Ampere (VA) and not cn load power factor (p-F) -

€ Thal s why +he transformer rating may be expresse-]

in YA or kKVA & mot in W or kW,

oy

g

]
?

- Dielectric Loss - As the name suggests ,Jhese losses
- depends on clielectric strength of 1he Msulating mectium
| used fn Ahe transformer (generally of)). pue Jo the cenlinuous
| cperation of the transfarmer ,the dielectric materal tsed,
; !::ses 715£CUelectr:’c s-tren/g-th and causes some losses - L'““e" m?U(ac.turers design a traos former, 4*769_,’:‘0V9£ ”: i
| wobich reduce the overall eﬁ':u'cienu__j(ra) o) 1he +ramsformer, idea which kind of load toill be "-O’f"e‘-*e-" 0 FHE SRS

\ w The load may be resistive R), inductivell), capa citve(c) or

| These losses can be minimized by perioclc testing of the .
| Tosulating material used, ‘ meves Lo i1 #oJ.,

: Tt means , there would be clUfferent power facdor (p-F) at
the secondary (load)side on <l fferent kind o} connectsd

= load depends on R,L < c.
- Hence +drans{ermer are rated fn VA fnsiead o) ki,

i
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- - i e .
- TSPa ok Trans formers :— "%‘% <) Berry Type Transfarmer 3- . s 1edlt Hive o
1. Based on Transformers Core:- fﬁ['l} In berry -type fmn;-('orrr:ef, -m?neg;ce:;ur;u;{,{:.”sd piy o
One o} +he main clifference belween a core—type Arems12r - wheel. The metal shell i= +ightly

¢ shell type transformer fs how the winding surrouncls the | ¢ ofl Tnside,
core. Ty shell -type *ransformers, +the Core =urrounds -he
+ransSformer's w-'ncl_fna.g, while on a cere type -tmnsforma;e_n‘
+he w?ncﬁngs wrap oround +the core,

ay Core Type Trarsformer:-

A core type dransformer bas twe cylinders & tewo horizonial
bars formfns the frame. The magne+tic core s a square
form with a common magnetic circuit. The cylindrical

cells (HV ¢ LV) are located on +wo cylinders,
Flyx

o

L

based ©on voltage cenversion:-

¢ 2. Type o) Transformer
iy Step-up Transformer:-
The step-up transformer helps the voltage fncrease on

en +he culput side because +the number ¢} 4urns on the
secendary windling s al more +hanthe no. of turns on

the paimary wincing, A high voltage s developed on the
secendary side o} transfermer,

P S Era 3
fEEETEy
t

Transformer cere

L]

¢

Core

Fig:- core Type Transformer

i

!

b) shel Tgpe Transformer:-
step-up tronslormer

A shell +ype trans former bas a center cylinder £ o
ouwder cylinder. Both the HV & LV coils o it located on
a centre column . This dwansformer bas a dual megnetc

e

1> step- down dransfermer s
A step down voltage tronsformer reduces dhe output
. vol

I;L converts bigh vo bo.ge,tow current power Tnto (oo wolk ;
h‘gh‘ current power, ki
The no- &} +urns on +he Secendary wincing s less Han +he
£ o, :L :urns on +he primary wl'annj So less voltage fs
o generated at 4he +rans-for mere ocutput (secondcn—y) end

|

t

cireudt,

| E——P

»
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2. Types of Transormers based on its purpose.

V) Power TransHormer:

These are generally used i H4ransmission of higher Voltages

Most o} power transformers are rated above 200mvA .

The‘j are installed al the 9‘"”“-’"“"""“5] stationg , transmission

Subl=tatisns, whichneed = b igh capa c'n+i-; transformer,

\
|

!
r
]
A

]

eh 100 7. & is larger +han +he c\istribution +ransformer,

b pistribution Transfarmer =
A st ribulion +ransfermer, alse known as consump tion
t+vans{ormer , s responsible for switching from a low
. med fum voltage source to +he voliage used +or heme
appliance ¢ inclustrial equipments.
Distributien dransformer are intended +o recuce the
\/ol{aae for distribution for users o commercial Use
™ie machine has gocd voltage requlation < con opercte
24 bours a day with moximum <efpficiency at 507 (oad
= Py
<) I=clation Transformer:. 'A";‘*_'ESH s
Isolation +ransformers are “rorefarmerd w iHh the Fm-Trrnry
and secondary w-’ndfr)ag independently o} each other, & ibere
s only a magnetic Flux rela{:v’onshfp between +hem. Unlike
| autotransformers |, Tsolotion Hronsformers cire compesed] oL
pw'marg ¢ secondary wfndfnﬁs linked only Hhrough a magnet/c
freld . The wl'nd.l.nga are sePara*ed <o 4hat they are
electrically independent + form the distinet poinis ot .+he
fzolation +ransformer
- Any peint on the secondary coil has a zero relafive to
the ground . So when we 4ouch any point on the secondary
winding . there will be no shock . The voltage & different
fn #he R pofnfs of the s=condary wfnelfng cohich s
most sfgnificant advantage of +he "so!co{'z)n tansfarmer
Tt helps “to reduce +be ris Kk o}, electrcal leakege b
Hhe device hous"ng ¢ provides sq-f’e@ durfn_g use,

 ji

4
.l

(‘—sﬁ 1 | e . AmOuR - S N ~

haz < iflerent

? . > o - i €
m S P mals ¢ _‘econdary w'nr‘-’ Z‘f‘a 4o the ra—blo

re charactercHecg accore

|
U‘m . volt- am o T
ol +urnsPeon the pmimary € zecerclory n,omcbngz

)

i d) Tnstrument Trancformer:

T
A power transformer fs designed for maximum c“/’cien(j@

€ s 4o zafel

ol

L3

L]

i

|

etk

!

i

LU

T4 = an electrical ysed to +ransform current as well aﬂﬁ

A ns mer
voltage level . The most cemmen use ¢} instrument ff“' 4
fsolate +he secendary winding woben pimary

crasor Fel connecla)

t get da mag&l

has high voltage ¢ high current =upply.
The mensuiing instsument  energy mele
te +he +rans¥ormerls secondary side will no
Tewo types o} fnstrument Transformer

iy Currenkt Transformer

iiy Potential Transfrmer or Voltage Transformer

e current Tvonsformer =

The current tansformer s used for measuring electricity
and also for protection . ldhen +he currenl s high 1o apply
directly 4o +he measuring fnstrument ,+he current dansform
fs used to transform +he bigh currenl into the current
required value In the civaudt.

The +transformers p“rr'rnary wl'rx:(l'ng is connected in series

10 the meodn supply ¢ +he various measuring instruments
like ammeter , voltmeter , wathmeter or protective re!

coll 4o memsure ¢ contry] electricity. They have accurale
Gemneiely an wha sec re e e e meter.

n current Tans-frmer. i erm rectis fs significant

2//



.E-:/.c-l{jc:é:c:r E;;"e;;#ial Transformer:- o o ?F .(.; " b - » ‘ ) o - f= dAue +o
Potential Transformer s also known as voltage Transformer, m The emf fncluced In the secondzry :::rzbhg ol penadiia’
1 high veltages . To do so ,the pima w— ' chanall netfe Flux caused by +he varyi g
T+ 5 used Hfor measuring high veltag o ’ primay T q'"g g e alés Krsuwon as muttol fnduction .

wincling o) the 4rans{ormer s connected acress +he high
Voltage lines . On the secondary side, all -the measuring
feols € (ostruments such as meters are connected 4o
meqgsure and analyse +he vol tage level,

The p¥imary winding I's earthed or ground where peoieniial
transformer step up the value o voltcge to a safe level

1 '18'pes ol peientfal tmanstormers

-

[

-

Ll

" Elect romagnetic : kiire Wound Transformer
|+ Capacitor Voltage Transformer (CVT) - Tt uses capacitor
voltage dJivider circuit

'./,’

. * Opticel Transformer:. Based on =lectrical property o}
optlcal materials,

- The Tmstrument transformer ispolates +he measurement cireuit
from -the bhigh power circwit to reduce +the risk of getiing
Shocked,

f

5D

il

i

b

4 Based on klinctinge -

N Two wineling Trans-former:.
Such type ok qunsformer has +wo separcie woineti
each phasef.e primary winding ¢ secendary wincling,

for

"

secondary current To -~

i

Primagy Current Ip 3
Seconcia
Vo ltege Ve

th”y .
~ol '~

o
The primary wincting fs supolied with the AC mput while

+he seceondary fs connected with 1he load.
These two wn‘nou'ng are electrically fsolated but magnet/aally

cou.plep\ .

LU

99

¢

Iy Auto - Tvans-former -

'anou_tfu_.j,

in +he pm—fmary woindi
So 1he outpu}_ veltage

The cwtput voltage depe
ifs both WIndJngs &« il can increaze or decrease
voliage.

is purely due +o fnduction. ‘
ndz on Jhe H4urn rectio of
+he Toput

Awtotransformer has C""’yy ohe
wineling per phase , which i= clivided
inte two parls i.e primary

Secendary wincing.

The winding o} autstransformer
has 3 tap points, two of them

are fixed while the third one Is
a variable +op point

’lze varl‘c:é:le tap point can be moved +o incrense or decraase
€ number of secondary turns. Thus i r i
i e R y s increasing or olccreas»rg
It C-an be used in either cenfiguration +o sStep-up orstepd
the mPu.-L current £ Vo ltaﬂe,
;ﬁe output veltage can be decreased (step-clown),if the supply
:. con:‘oc‘cfec{ 1o the w“n::al Ferminagls . In reverce cgn»ﬁ'guraﬂon
hat s [f the S'-L.Pply {s cennected Yo +he variable -fn.PPoin‘L
voltqge will exceed +he I")Pui (step up) |

magnetic I:cv.kase lux,
The em£ tn +he wincling s also Tneliced due +o self el

So the eutput vollage 7= +he r I .
; cHon, Age is e resultant o) concluction <¢
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- Based on TInsulation Used:- . Gﬂ-l}t% ¥ Bgsed on Phace:-

™ T4 . P -e Trans{ormer -

H° Dry Tgpe Transfermer :- R - 1) Single phase Trans NPy

This +ype of Transformer doesnt contain any liquud % Single phase -irans'ﬁ:rmer.fs a two wincking vy woinding -
ha\llng one pulmarg wineling 4 one sec:encb il ”dJHon like

ceoling system -The wind.inqs are covered in <poxy resin %
to protect it From Humidity. So dhe only cooling medium ¢
= Afr,

As air is not a geed insulator, so dry transformer use
large coils ¢ eoinclings material to mmpensate for high
‘emperature £ ratings. This s why dry-type Hransformers
are neot avadlable inthe rating above =33kv,

The 4ransformer is Used for single pha

microwave oven, cell phone charger. —
They have teoo input terminals connecled with .;::r‘:e ]
Lolnels € +wo output terminals connected W'

Y g
secondary wdenga..

LHEL

o i) Three phase Transformers:- Lo 3 b 3 o) dhem
Three phase +ransformers has 6 windin in UJ‘"C)’& ez;ch

are primary wlrx:UtE £ 3 qre cecendary winddngs r

phase. T+ has 12 jerminals evenly divided on bot+h srdes (=2

¥ for each phase) considering star € delta connection. You
® con use 3 sr’nale phase transformer together fnsteod of
¥ 3- phase +transformer,

¥ They are used for power +transmission € power Astribution
for doemestic & commercial uses,

el

Recause of poor cooli 'sbt&ﬁem, they tend to overhect
which makes “their er'sq::n short.

Also 4o ensure air circulation ,regular inspection i's required
o maintadn fts working cendition, ) ;
| They are used in the In-door environmenti becawse they are
less hazardous to catch fire They are easy to fostall,

Ll

T
3

s
5 5
=
T
CHNr
—
N

iiy Ol immersed Transformer:-

Such type of Transformers utilizes combustible oil for
ceoling purpose . Of] offers beHer ceoling +hen +he dvy type
+ransformer which fs why they are used for high raitlng
transfoermers n hars oulddoor environments.

The ollsadvantage o), this type of trarsformer s +hot
they are large n size because of oil tonk ¢ the sensors
required for the fhspection of humidily ete. Tt conains
Flammable oi] so they are not switable for an indoor
! enyironment, )

2rs



—ontactor- A contacter f= an electromechanica] control
device 4hat s Used +o make or preak +he connecton blw
the load ¢ Power supply, The use ol contactor fe similar
1o the relay, Butl +he device used Hor higher current
canmying cpplicaton fs known as centactor < +he device
Hsed for lower current application fs known as Relay,

A contacter s controlled by a circuit which -has &
much lower Power level +hen Hhe switched circuit.
Con{qcfors cre O-F"Lenly used for |so HP motor,

A conlactor has several contacts as per +he application
and lead. Cnenera”g these contacte agre norrmally open (Al 0)
contlact . And hence +he lbad s shut off when +he coil ok
. contactor fe de-energized. But +he contactor can design

for both mnormally epen ¢ normally closed applications. The
most common application of contactor s in the starter

thatl s used to durn OAN 4 ofFF +he equipment ke motor,
JransHeormer etc,
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* Rectifier- A RecHfier s an electrical device that s made

Ok ©ne or more +han one cliodes that converts +he alternating
current, (A-c) Tnto cUrect current (D-c). It is used for rectification

Rectificaton .- Rectification fs the process of conversion of
Alter”ahng current ( which perioclically ehanges directfon) into
Mrect current (flow in a sl'na!e clirectlon).

deddd e

™)
AR
= _rgpes:..

s 1 ' - '

O 2 Half wave Rect Ller - A type o} rectifier 1+hat converts only

=D the hal¥ cycle ol alternq-}lna cyrrent (A.c) into etirect current (Dc)

- is known as half wave rectH fFrer
:) - Positive balf wave Rec. = :Jega-H've bhalf wave Rec.
o S
ol WY | | — = —7
5 AFFA o D+ , By~
— Input AC Diede _ND(’:) o:*m{ Input Ac Dlode bc ou.wu.t
Faun eycle < hal I Fu cycles ~ve half cycles

S cycles ;

= Note:- In all types of rectifiers, a half wave rectifier s the
D simplest o} 1hem all as it is composed s} only a single diode
e« A lode allows +he current flow im only one cirection known as
ferward bias, A load. resistor RL is connected in series with
+he duode,

-
)
_A,
o )
.O
2
N
2
?
2
?
p)
p)
)
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W e— ;
- - B cUodes 1o
r o 3 ; $rfrer uzes four
Iy Bricdge RecHlfier- n bridge rectifi D 4 A

gt output
o ZX 3 cenverl belh half cycles ( positive & rrega tive
@—L o DC ouipu_é_ perate (Using uRrRL)
Diode carbidee @9'31
contact (Telegram)
@carbides

s:n‘ce S HalWWwave Recilfier output ‘%

whh capacitor [
. [ ]
D(crlng mput pocitive bhalf cycle , +

The output o} balf wave Rec-£rfrer has oo mang-rv'pples C G—.\.
it s not very practical o use his cutput &—.\. {orward bias while D3 € b, becemes reverze bias
D & By Horm a closed loop that provides a po

Small waves) € ‘
as Dc source . To smooth this pulsating cutput, a capacitor 6'.
vol{age across the load resistor RL.
becomes

is introduced acress +he resistor, The capacitor will charge . . ‘o
: - = ; R 5
ri the positHve le ard cUscharging cluri negatlve . buring the negative half cycle, the [= 3
ey g yee o2 » v forward bias while D, £ D, becomes reverse bias . But the
c‘-‘ pelarity across dhe load resistor RL remains 4he same anxd

cycle +o give ocut a smooth owtput signal
- Such 1ypes o} rectlfiers waste the power of Ac inpul's

balf cycle.

be clicde D, € Da becomes
. The cucde
=itive output

e« Provides a positive acrozs 1he load,

w - The culput of full wave rec+ifier bas low ripples comporﬁd
40 half-weove rectlfier but still,its not smooth € Ste=oly.

In orcder 4o make +be cutput voltage smooth € steady,
a capacitor i's placed at ocutpubt, The capacitor charge €
ischorge cwhich make smooth +ransition blw hal¥ cycles.

il

|

i Full wave fectHfier:- . a Hhout cl'to
A full wave rectifier converis both positive and negative %_\ & I'npf:i:u— cutput
bal¥ cycles o} Ac (Alterna-fing Current) into 'Dc Cbirect Current), C‘_‘
I1 provides doube output voliage compared o the halfwave ‘1& }cb%, Fm_
recHfier. ‘\.-C
+ A Hull wave rectifier is made up of more than one clicde. (j -
- With capacitor
Py Input ’ O(.L{Pu_{

< Type of Full wave Reclifiers are
i> Bridge RecH fier
il) Center- Tap Rectifier

9 '519 \h

poon

>

S

i
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* Capacitor charges 11l the wave (orm goes o e W

end dizcharges uni-formly into the load circedt “J"‘-":'
| ¢ waveform slarls going low. Se when +the output 3°1”§7
low, capacitor maintains 1he proper voltage supply inle
the load circuit £ hence creating DC.

BRI 00 R VS WD e AT BOIANE L
* lalorking e} Bridge Rectifier Cireut i- ) i
- Due +o arrangemenis cf cliodes Rectl briclge Recilfrer
gol its name.
In bridge recdifier, veltage 4hat Is given as input can be
frem any scurce i.e L can be From "dransformer , or It
can be From Hro mains,
~ In +he Ffirst pbase of working o rectifier, ol-url'ng +he
positive half cycle , clindes Dg- D, geis forward blased ¢
corclicds . Diodes D,- Dy geds reversed biased and de net
cencluct i dhis balf cycle , acting as open stitches. Thus
y o= get a positive bal¥ cycle at the output. Conversely
 in the negallve MlFf cycle , cliodes P,-Dy gels forward
' biased and starls conducting whereas clicdes Dy-Da gets
reversed biased and don't conduct in +his half cycle,
Aaafn we get a posiive hal¥ cycle al ibe awbpact,
At 1be end ¢} rectificatlon process; the nNegative part of
Ac current fs converted inte positive cycle .The cutput
{rom -he rectifier s +wo half- posiHve pulses with the
Same frequency and magnitude as that of the input,
Average veltage al the owdputl of the full bridge
rectifier is double +han +hat o} the hali- briclge recilfier,
The oulput veltage waveform after the rectification
fs not @ proper Dc ,so a capacitor s insialled 1e make
it into proper Dc. Smoothing or reservolr capacitors fhat
are connected in parallel with Hhe load acress the output
ol the -fFull wave bridge rectifier circwit increases +the
average pc eulput level 4o the reguired average bc voltage
ad the ou.{Put becoause the mpaci"bor not enly acls as
a Filtering component , but it also perioclically charges ¢
d;’scharses efrectively f{phcreases the output veoltage.

S5,
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® . Main switch Board CMSB) safeties -
(W)

)
W)}
B)
)

¢

L2 Lo e U

Al

TY M VMUY Y VYUY

I P—

13 Portable cos fire extinguisher shall be kept mearby MsSR

1y, Dead front
)15, Prope

T — R Tl N
————_ i —— e

Accorcling 1to SoLAs chapter K+) Part D Regulch'OH 4s F
4) except trips:- :

l. Busbar materiql is highly conductive (copper) 4 should

torthstand thermd) stress £ e!ec{romaﬁneﬁ'c force

2. Eg must be pasted for high voltage with sign o} dqnﬂeﬂ"

2. Minimum lg.‘%?%”’%u'ck non - condlueting (Rubber) mat should
be Th front € back side of M<=8,

4. Fuses & circuut bremker should be +here,

5. No pipelines should be nearby MsB,

6. MsB should be 0.6 m away from the Bulkhead |

7. Insulated hand grips € hand rails should be provided. |

g. Cable entries at +he botHom ok Ms B should be scaled
with non- Flammable maiterial to exclude +he rt <
acts as fire stop, ' ' |

q. Earth Fault incdications ehould be +here on switchboard
with both 220V € 4oV with a test switch,

10. Ms B earth bar must’ be securly bended 1o +he Frame
o) the board £ 1o +the ships hull,

. Panels should be inter locked with SLLPP’y or it shall nel
be opened until breaker is off

2. Surroundings should be free of any Flammable mateaia),

|

< insulated handles should be used, |
r ventilation arrangements should be provided

16 Test switch must be given for checking +he lamp on sy

17. Circwit breaker, Earth fault inclicator, Undervoltage

re,[a_y ; F?e\/erSe_ Pou.)er 'trl.P y preferren'b'al '&J’I.P 2 Overcu YTen'&
+rip , short ciraut trip , fuse i=olators are provided.

TNy



*
« MsB Maintenance -

|. Contacts should be checked for anyg damages
2. contacts =hould be cleaned properly.
3. Using industrial vacuum cleoner Msg should be madle liTt
| free but to do 1his , MsB should be dead compleicly.
Y. Apply electro clean on the contacls
{ S. Mlever scrap ornfﬂc the centacts, Alu)a_gg cbange I"f. y
| ‘wohenever reguired. . .

6. check all ll'aht Inclications fn order

| 7. check all handles & switches fer proper functioning
2. chech all interlocks Hor Aheir functioning
q. check Fuses
lo. check all connections for tightness

. All wirlge should be checked properly.
12. check all panels deors are properly earthed

12, Apply electrical lubricant to +he moving part can'{adﬁ

&
=

darrt,

4. Loco

WA

Ty
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* Engine Room Crane safeties - .
lmit switch CPort, Stbd ,Fwd, AFE, lowering,
chould be checked

. Mechanical ctopper in cas

. overload {_,,'P’.mgrmal p-rufech:n-#yv’p

. Electromagnetlc brake- Release by electric power

(Fail sade arrangement)
Rad| guard over pulley
Mechanical Locking arrangement for
Locking arran ement ard hook for safe carriage ¢} load

. Clear marking e} safe working load on crane.
Breckers at varfousz place , cne in EJ/R, other in ECR
lo. Tt shall eperate in = Iist € 27 trim,

1 =

heis+:'na D

e of Itmit seoitch fals.
for motor.

£ w N

a

rough weather.

o

Q- AcB =afeties-
As 1. UV ceil (set at Isv of rated voltage)
2. pvercurrent
3. Longer Hme delay (lo5—200 7 of FLS)
Tzip Hme 20120 sec
4. shovt +im= delay (200— 6007 Oh FLE)
Trip time 0-1—-| sec
5. Instanianecus (10007. of FLC)
Instant +p

— Avwc Centact

= Avc chuke

- Arc runnes.

~ SimyHanepusly closing-o} all 3 centacls
- Reverse powes +3ip

- Preferentiay +tzip

PEF




- Tﬁermal Re la.g (E]ectro ‘Hermal Re ,a_:j)
¥V A Thermal r‘elct,j s made up o} bime+tallic strip (I.e made up ok
v 1wo melals baving oifferenl +hermal expansion coeppiclents).

Bi-Pretallic 1 I
s

L—| trip - p,'ﬂg_ Thermal Re’a—lj
(overload Relay)

ST I

Hea-Hn(:, cal)

ldben dbe current Flows ihrough Jhe concluclor , T produces et .
Pue 1o which 4he temperature o the bimetallic .s'l:rip rfses: oL
and it expands . The me+tal having high thermal expansion Coef,ﬁ'de

expands more -than the oilher metal. Due 4o which 1he st'ra'P
ate the -Irip clrewdt

) U UL Lo C CC

¥ bernds &£ cCloses dhe centacts 4o usually actlv

0

D'%rml relay are generally used for electiric motor protectioy |

) 289,
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- Reverse Power Relay - 'F’] 8 sShore S“fPIH:'

The reverce power relay is a directional prolective relay UMy = Shere supply s generally required so that zhipls gereratw

{hat prevents power from {locwing in the reverse+ wrzﬁ’s'tb',z’-_, ‘-m + dheir prime movers can be shut down for mcjcr SRR
Th | fo Used in installatlons where a generator T ] . P ;

e relay 950 o yo prevenl “ Eﬂ] ¢ cwring a dry docking periodl. _ TR
i - Zhore supply connection bex is loceled al 4
reralor room.

o terminals 1o accept the

parallel with +he utility or ancther generalor
i) 0 cenneck Hhe

power from +he busbar or ano-ther generater from Flowing
back to +he actyve generator when fts cutput fails.

accemeclation or in -lhe emergency ge
- The conneciion box must have suitabl
shore supply cable, including <ar dhing term

| The relay menitor the power fiom the generator
and in case the generator output falls below a preset vatue € bl ) int.
: o v 2 earth poi
it quickly isconnects the generator coil 1o avold power Sb,PJ R S0 i i Donate Cusing e
E=F o2 carbidee @ 4y bl
@ carbldee

from r'lnu:ing inte stator cofl,
kiben prime mover {ails , +he generator slops producing power

£ may nstead dracoing power from the other porallel scurce
| ard 8!’»19.5 motoring effects , The reverse power relay cences
| any reverse direcHon o} peower flow & clisconnects the generator

1o avord any possible damcgc.

cLLLLR

Trcticater
Lamp
,

il

& check push,

« The conneciion box musl have a civawl -breaker or a sw itch
n box 1o the

and Fuse to protecl 4he cabe linking 1he connectlio A
main switchboard , with a data plale shewing detalls o} ship's

-

electrical sysiem (veltage ¢ Frequency),inclucting the rme+thed
_ for cennecHing the shore supply cable.

« A veltmeter s FiHed to inclcate ,;clor"tg of o clrect
current shore supply . For an al{ernq'ﬁn(] current shere
su_Pply a phase seguence inclcater i's fiHted 4o indicate
+he car_rect phase sequence o supply,
£ . At maun switchboard , an inclicater s provid
lamp, to incicate that 1he shore QLPP,; & Of:;;:z:;'gﬂzba
connection 4o busbar via a €enNecting stwitch or cl‘rau'tr

el

Sl

il

o
o

i

brecker
"It fs not normolly possible 4o paralle] the shore swpply

with +he ship's generators ¢ it showld never pe <lene,

L

-~
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R i A S F ) rweam——— " 4ed
. The ships generatlers must, therefore, be clisconnec
supply can be connected fo MSB or ESB.

befere 4he sheore i
. Normally , +he shore supply swilch on MsB s interlocked

with the generator supply brecckers so +hat it can't be
closed [f +he generators are still connectec,

 klhen +he inceming shore supply cable Ts cennected and
energised , the phase sequence inclicator, when operated
inclicate a reversed phase sequence. This s overcome by
fnferchanging any two leads of the shere supply cable at +he
connection box , )
s / tion.
+ Tncorrect phase sequence will cause +he ship's motor 1o » and voliage dvop limitation
run in the reverse curecilien.¢ it s dangercus. So, while \ ¢ Tnsulation Resiciance :~ Low Veltage (LY) > M2
deing this ensure that the shore supply fs cut-off, ‘]‘v High voltage (HV) >0 M-

e
-0 - Tnsulalion Cables:-

.1 L ¢ + Electric cables :- . —
. ¢ « Current Rating of Cable - “The current ra4lnq ol cil, e

1the current -hal the cable can carry :on-’.lnuan y

1he conclwuctor cxc:eecu'ns ssc withar ambient

o, Us'c (i-e a 3sC rise)

!

alr -;empera’hlre

24

e sheuld

-

(4
€ - the veltage clrop in cables
¢ rot exceed 67 (in practice
¢ - The cables insialled must comp!

From MSB 4o the appllanc

g

7L is about 27D
' y with beth the current ra—”nj

el

+ The power supply from ashore may have clifferent
¥requency cor current cr Voltage of that of ship's sysiem

- A bigher frequency will cause moteor to run faster, overload
¢ coverheat while a higher voltage will generally cause be put fn manual mode € ciher genera-lors =bhould be off.
equipment 1o draw excess currenl « also sverbeat It woill . Once blackeul happens,+hen enly =hore supply 1o be made O,
also cause mo!:ar to accelerate more rapicdly and Jhis may . <+ An interlock is provided which donot let shore supply come
over- stresc clriven leads | on load T+ main power er emergency power S oA

+ The lower veoltage may cause meotor to run slower € mey
cause motor to stall

« T+ *he shore supply frequency differs from ships pormz|
frequency , the shore supply veltage showld cUi'ffer in
+he same proper tion,

Yzhip _ Febip (Ratic ok ship toshore)
Vshere Fshere

i

Before storting shore supply, emergenty generator should

1%
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;\O * Electrical shock - ( Fitst Aid Treatment)
,\:: I Teo late +he pPersen from e lectrical supply coithout

.y ehdcmger?ng yourself, >

V2. check fr brea+hing and heart beat a severe e=lectr
Shock will stop +he heast,

Vo= Per farm Corcu°Pulmonary resuecitatlon (CPR) ie mouwth 1o

Y mou+th resuscitation € beart ma=csage.,

)

~

) H Sha{i Earthing - PR

“Q = In “+his cwe elechica”g isolate the ;DY'IJP&""er shaft ru.)hich

* Now as propeller rota tes | staqtic charges gels developed

creates peotentlal cUfference between shalt < bull,

T potendal ciifference & developed < shafl s not ‘ear-}hed,
- =sprark erosion will take place £ it wlfll result in pfﬂmg 0!;

-J beauing,

‘?—.ti - To avold electrolytic corrosion o) shajt , slip zing s

w clamped +o shajt < earithed +o hull via brushes.

D+ This sha{t ear-h‘)fnj consists of graphite brushes where
D Ore end s connected 4o huyll & other end to voltmeter.
5+ When ship earthing Ts ok, it will show below Somv

- We also cennect rudder stock via bO")chB cable o hul)
-, *o equalize pd blw ruydder € hull

*« Routine checks |

— Cleon slip wingz £ brushes on reqular basrs
- Record ou.tpuﬁg ~J

— Inspect +the rudder stock earth strap every month
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\J
+ Open Centrol leop ?__’n
o . 7 ecls cobles
; - B Tnswalien o very important as it protfects
Tnput prede fined eutput m by ’I:) enw'ronm—nl‘l.. '
% Pr pc;a——~ rm ars -
G oy Sy e Ve %? nsulation Class
These are variables ym\
speed G
- beause 1hey are process c .
——— Process > Aivection 1se P Ma+terials
Terque output ¢ -H«w vary_ m class  [Temp limit (max.)
i . los’c cetlen, silk, paper
«Lels Joke | process variable & see bow to conhol it c A s
[ 2 B 130 mica, g'GSS ,fibre mica prducts
set _
b Speed] I :
E"’—"ICC"”:::LE" Proces?f——>\ F.Pf.ei”\— Proce=s © E 120 C
Regu Ly variable ‘L._ e N Gilass, £ibre
¢ So here reau)a-br corirol +he current £ vollage o vary speed, ¢ -
- 3 H 180 C Wifre enamels <li+h a base ot

- Sci point con be defined as desited value o) process variable,
=3B! Tf we set speed |, we want cut process variable

g

Rl

pure polymide.

4o become]
- This Ts open conhol loop.
- Here we clo not aim Hor process variable to become < tal

1o set point,
- Change in set point will produce =lesirable change in -the

Process variable,

Crom *he

)




¢ Closed) conlrd loop:-
Lete +take example o Afr concllton

set peint :
= Controller|-s Progegs ’—-> 'Témper‘a{-ure

* Here process variable Ts temperature
*Lels see how 4o r‘caula;b_' +Hhis Process variable ak dgz’frea/
e:i-up

Comparatey
set point
>4+ A Controller Pro Cecs Emp
Pv

Sensoy

e can Sfe +hat we have a =senssy which senses temp £
=ends +his value to comparater.

- Comparater continuously Compares set pofht o feed
S, process variable 2 " e pacs

*The error belween bpth are sent ts contsoller
* Bometimes between conholler € process , there fs cle tuactsy

P PRI LD PP LN OOO60ONA o o —



R A0 R B 2
olic Protection (TCCP)i-

Impressed Current Catho
Corrosion by sea water s an electrochemical process "
hich +he ships hull acts as electrode and sea waler as

:Iectmlgte
TccpP e a cathodic pretection séfaﬂem ihstalled on ship to
protect bull corros=ion.

Llhen +wo simkar metals are in centackt coHh
ecch other  the presence of 1he corresive
medium (electrelyte) , the more aclive metal
acls as ANODE and undergoes corrosion and e
less active metal acts as CATHODE and is
protected by caT+ AMCDE.

Ancde  calhode

T+ 4hese +wo medak are placed
n sea waler and are fn clirect
electrical contact .a current will
pass through the electrolyte from
more active metal (anode) ento the
least active metal (cathoded. This
clectrical current s referred az

corrosion current and s nothing but a metal jon € eleclion

transfer process from -the anode , which ctissclyes and
passes fnte +he scolution  Thi's simple cell where +he
corrosion process takes plaas is called CGialvanic cell,

> Metals such as Aluminium , Magnesium « Zinc are active
fn patlure as cempared 1o steel & have a lower rectuction

potential,

in +he hull of shiP,

® i —
i @ = The non- unéformity of mild cleel
fl]l’/} along with facders zuch as non- unifermity o} h:'” .1;:‘”;;’
m thic kness , painl thickness & quality ,variatien 10 :r) F
. . -~ [
m structure welding Seams, cticsimilar medals £ ongfh ciihap

. =
content [ dbe seawater Combine Jo cauze et .
& Jhereby ferming

hull 4o work as cathcdes € anecdes

B

a 8alvani'c cell.

L

¢ What TccP do:-

¢ It makes the hull fo rerncuin a"—t-?'. f
the potential U-fference 1o @ mmm'w "
current opposite to natural cerrosion current i y
protecting the anode and avorcb'nd current, corrosion.

cathede by keeping
um cmel n trod-uc'.'zj

g

2

a

L]

rrenk

wel

Natural correslen cu
> from anede€ WC“_"
=~ by transfer &}, e

)
j<—Cjalvanic cell blw
anede £ cathode

< cathede- less active
metal (ships hutl)

anressg.,) +ve bc
current given ‘o +he
metal 4o be preleched
® > corrosion cuffen

e
\

imprescer) current
= anede. can be platinus

— == —

f

I
, LN
‘1_‘ orarqpmte ( Metaliobe
e e il g e Tl el i ol
| l Cmere achyve) . \ before Tmpresse.:)
l current pratection
!

Cennecled to the
same corrosive

Melium [elechalyle

B nocs made nh
a cattrede oflzy
P‘fofer.h'ﬂ‘L

o

DSS')bhla

pl

bt
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ArSEEREDY U Ko EEA. - e ————
Tr +he IccP , the metal to be pr

40 an scluble anede and current s passed el usia}_x} a
ite 4o +he corresfon cusrent so that-he

De seurce oppos
corrosion metal gets cenverted fiom aneode 1o cattrod e

and s Pro{ed from corresion. This isoluble ancdle can

be efther plainum, platinized 4ftanium o any other imert

elemenfs,
™ Cv'g_ under normal cfrcumstances , coithoud -the inscluble
anede , a corrosion current s setup which corrodes the
anode , but here iF we ss Dc current oppesite +o the
notural corrosion current between +he anecde and cathode
This De ecurrent has fo be =gqual or sh’ﬁt‘.{'fﬂ
grealer dhan +he natural corrosion se +that the dnecle =
new protected and doesn't correde.

Tn +he ship, o contact pofnt is jaken en Fthe hull o the
e electode. This

ship & /& cennected 4o o rederenc
Pa:sslve h=o luble metad,

reference electrede s com,:lle+c(ly
The reference electsode wmeasures +he natural corrosion

current £
We supply pe current which ks elther equal

or slightly greater 4hcgn L (# +he opposite direction) o the

fm préssed cyrrent anode,
TrPs o Hurn, supplies a Pro&ec_ﬁng current to the hull &

thp ,™a k'vna +he hulla cathade prolected from corresion

which = polentlal i+l blw hull & this reference cel &

= » o T TWERSUEERI R e —
otected f= connected © i ———————— t1G1Ps)-

8 . Marine Girowth Preventfon Syetem

I7arine Girowibh'~ o 18 1in
+ Sea water have Vvarious purpose cnboard <hip like ceoling ,

cleaning etc. Also used for heat exchanging Proce==. —
. Bul sea waler comains certiain bocleria such as sea worims,

]

Molluscs, Barnacles , Alage

* These micro-organism aleng with =
and grows when the get Aollowing

1y fovourabie -“temp (lo-z20"c)

M) Cervrect pH

. i) Mutrient which are present n piping sae}em &£ in sea wedly,

- EAffect o| marine growth:-
I Blockage in +he pipeline which reduces +he flocw.
2. Heat trans{er rate decreases clue Ho reduced mass Flow
rate o] sex water,
3. Ircreas in corrosion rate in piping s&afem
Y. If marine growth cccurs on ships hull , H reduces ship's

speed € increases propeller slip. /Eukypupe

Lok

ca- waler enters 0 pipelmes

ol

el

Q“ To prevent i, MLiPs fs installed on ships. >
Gu.. Lot BT,
| S MePs PGPS
Q\.\_ .‘ MEIPS works on +he principle of eledr‘oiael'S. vl oAl
‘m—' Cpmponen"'s.'—
Pe

-l. Cepper(Cu),Tron (Fe) , Alumminium (Al) anode
< 2. Remole control panel
~ 3, Impressed Current.

IWorking -
'Iﬁe sa&’;;m Consists ef a Remcte control panel ehich supplies
l'..—mn,‘:._:re_,;;‘ 4 currertl o Ancdes. The copper (Cu) anode produces
ons, w :c. are carried owad bs—’fyes‘eg water mio +he pipi
and machinery system, PIPTY
cencentration” af copper in +he =oluti

ong =olution fs jes<+han = bud
it s enough +s prevent marine life from setHin e
i N MGIPS wowvks on elcchrol&gfs_me process n‘n’\ml%é.a us
N cepper, Aluminium & Ferrous Anpdeg e

A« Max. current Hor Mesips sys I's 2A—loA

s« At normal sea  condiion Cy = 6-9A
Al=)ln

AC22eY/jov

el

“

=

il

o
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-
=5

»

g ]"‘hﬂ TCccP Sa&"em +urned off at povis :?-

. Stray current arising from LCcP sysiem c;rcu:la

=tructures made of metals (at ports) which may init

corrosion or accelerales process.
etly ¢ Ahereby increases

. Al ports, IccP wilt try to protect j
currend Tn sas'iem lezcling to overload,
. so lccp kept -turned e

tes in
Jate

&

4 checks on lccp systern

\+ Record the output current £ volteges ol yeference electrode,

». Check € clean propeller shajls, slip -,Jnas & brushes . ( becaus
shaji ie eorthed )

2. Inspect rudder =rdock earth strap.

UL EEE

AL
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el
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i e L are used onboard
» « Preferential Trips: Preference trips fstribution syatem
» 10 recluce 4he =lectrical load en :H‘)e cUSr iy
In +he event of a partial pewer fecilure cnera-’of =t

. i - sure that any ge€
» sSituation this should ensu

> trip of .,
wverload -f
 COPnectad Ho +he system will not be © e of preference
)

)

1 < ]eve ‘
A custribution scc].s-fem will have \,everc'Jl A
;\ tripping , the First equipment o :7‘ C(j:fec’  eeential caquipment
i e
fnclude the legst equipment whi i
P i I ted by a preference lood
Wil ot be clisconnecte g sl o et
J Preterence tripping f= E’Ei’—’f—-—"“s the preference
; —
yrel &, If a generator overlead develop . e
’9%‘6 J is to trip sele
. trip relay sets an alarm and ac
non- essential loads,

N N

Delayed Inhstanianeous
Non- essential

= " T

-7

. ~;

MILANERRT

A0l angdp

e
|
/ [Atar } §
Afr- cendstioning Refr"ge rated zgiiﬁf)mcnt
€ Ventilation Carge

249




gy T s A T3 T ——
e loo«d»' ) e R S PSS o T
o 6‘7"\“” ® - Reverce Current Trip - | Reverse Power T=p 2
- - o drop in generatty

Loss of excitation of prime mever causes. Sy
voltage, I+ +4wo generaters are running in Pa'ﬂﬂi' :'{ =
ene gererator becomes faully +hen current will = : Srorisd
fn 4he Faulty genercder #rom rermal generator ond re p
current will motor +he generador (i-e faulty generator :nd
: behave like motor) which may damage its Prime orever
€ overload +he remaining pewer scurce. —_p

< lith crect current (D.c) syiems ., ’e-"e'sa.' ot F:::;:cia.l:ed
rmenitored by using the change o} ctirection =3 ' the
magnetic field in a coil Ccarrying load current) ©r

able itself, - i
-Cf-?:v:r:;z ec:;rrent devices are 4o be Frtted in he P:.J,e C;fg:Jk
© tr dhad fn which the series winclings are cennect e
dhere Te an equalizer (l.e the positive pole)

=3

© A method For oi:era{fng all 4be overload -1ype trips from
ses Jwo instantaneous levers. The top

current - cany:'rg colls U v ‘
lever is arranged as an fostantaneous short-circwl trip £ opevs em

the breaker clrectly through Il'nhaﬂes. The botiorn lever clases i

| ﬁ—;stantaneouslj atl +he lower overlead current se#irg € by dona
20, completes the clreudt through teoe (or more) nen-essentfal
cfraundt trips ond @ madn breccker 4rip, all 'r'ncorparaifrg dashpot

time delay.These rel will trip eut non-essential ot & ¢

Io seconds fnterval bgsed en thelr priority & Finally IF the
overload persists ,{he metin breaker after 15 seconds,

*Waming o}, overload fs glven by the alarm.

- overload protection s piovided on both poles,

e

d

g

dul

[ o

!

L LA,

Figi- Reverse currenk
trip mechanism (D)

- The armature spinclle o} +he device carries a I:r:'Pl which

opens the breaker. )
- Anti- clockwise movement of the armature operadies 1t.

During nermal wor king ccnclitions, current passing +hrough
+he woinali on +he middle leg of the E -shaped laminatedl
fron core creates a magnetic freld .
= The cUrection o) this field and ek those on +he outer tweo
;egs are marked 'n 4-‘.::_,,
- The bhigh - resistance (veltage) colls on the cuder lege aire
cernected aqcross +he main Positiv

< and negative generator

cutputs,

Ll

5
4y

(T




7L S —— -
- The armcclure s pivoted on the load current eoil leg € 7Pe @ [pog 8- 7d - T j et et Heheades
load current magnetic Freld extends through the fron core il On Er‘—v’oll:age THip °§7 Beleages- s
and dhe armature . This Flux(shown by dotted lines) I's - Our cum is to ensure Ahal 1he mf,_,,., : =
.-m be closecl unlkess 1he generator is running and generaling
inte +he under-veoltcge

superimposed on +those due to the voltage coffs (sheodsn m it rated oulput can be aclded
X P v
clone to open the breaker °f dhere is loss of

by clotted lines) . trip. This T

Tt fncreases field strength onthe lelt bard side , pullizg ) ertp. Thia s LT Hime del

the fron armature clockuwise ogcu'nst ihe stop, and' reduces § excitalion for any reason and has a buill-Tn time delay
cfreud't,

+hat fn +he r"aht hand side.

- Reverse current in the centre(load current) leg reverse

s magnetic Field , the superimposed £ield now wecl<ens
the left-hand field and i strengthening the Flux ib the
right band gap, pulls the armature anti- cleckwise to Uip

+he breaker,

Figi-

LLLD

L

#'\T—:s-i—v‘:}j o} Reverse power +rip:-
<d by lead shif#ing with the help

Reverse peower trip can be test )
' lhern +he load has shift suffclently
!

o} Giovernor control .
From the Gienerator 1o be offloaded ( appyox 1074 & max. yated)

reverae power relaa will open ACB of the same generatow.
ThE relay can be t+ested by smulation using boosl dest push "’]’v pazhpot
buttony oh +he re{a.a to see i*F it gives a +xip signa’ = Assembly

Sl

The solenoid s wired acioss the main leads e Hhe nerator
side o) the cirewdt breaker and eohen not epergized , leaves

the plonger  the 'tripped’ position < 4he breaker can't be
i clesed.
- Normal voltage culput with the machine running energises
the coil & the plunger is pulled down a ainsi the loacling sp>ing
to release the trip.  This allows closure coj the breaker and means
+at the device s set,

(el

el

f

-
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¥ PLc -

. PLE, Siipriiks for * Programmab)e LOS'.C Controller” A PLC s a
Computer Special!i.f designed o operate reliably under harsh
Inclustrial environments- such qs ex+reme +emperatures, wet,

v dry ,or clusty concliHons, P

V PLC §s lihe PcC (. bthhave power supply , cpPU, T/o, O-s7) buk

O PLC can perform dicscrete ¢ continuous functions +hat a PC
can't do, € a PLC s much beHer suited o rough fndustrial
environ ments,

WA PLC can be programmed according +o operational ,-equjremeﬂf

0% the process |
eq!- Suppese we are asked thadt by switching on , bulb should

. low after 3o seconds In hand -wWired setup, we bave to take

2 owd wire, € we have +to add Himing relay fo do so, but PLC

- doesn't require any additional. st just require a code.

"+ PLC overcomes such hand a_ofrfng assoclated with relay control '

circwits not by performing such switching fask , bud also per'ﬁ?r'fm

9 the operaHons like processing cHeanalog slgnals, counting, Hming

sequencirg ,comparing etc., The—parinef,

-
=t/ —
= PLC Remote|T/0
- 2 ¥ 3
- LA
E: R
EER e ¢ |1
e g Séc'g)o'(cg £ 3 | S
g &
" g|2 | JF 8| N
- k ], . = Fugea .
” T .' ‘
BE o U -
2 Ptamﬂ'ﬂ"ﬂ . 50 I —/?:- .9 > motoy
7) uvAlL ?cl:—l:t):ﬂ inducartons
N

. PLC centinuously monitors varl'.dus 'sensor.oui‘pui;s connected +q
tts fnput moclules < proclices outpukt decisjons 1o 1he actuator
? connected 1o culpud modules according fo the contro| Functon
9 implemented inits programme, '
, since the PLC has some memory , once the programme { wrif}

’ en
tested € oownloaded +o PLC it +akes cbarge control of a
process , thus hcreaseg +he reh'qb;'h'—t(,

2
?
?
»
?
.

28s




AL TSI 6 LS ST S, A ——— — _' P o o " T i = =
P o her PLCs or compu ers or i ?H.L__a__-}g» B TR - Lo
<y thC scr‘:);\rtmy:;s*l rUmen'!sw'v-'a 0: E,commum'caflon Pnehuotk f = Q 1, Pawer Zupply Unit — It converts AC medms voltage 45 P
other J‘.].ij v) operating low L< voliage £ supplies the pewer 4o the n:bMou:er
THS thatl are plugged info ihe rack. The specification ap Pas
n e a_pp'fca“”m.

s e M .
Umide;ends on Jhe dype of PLC being utilized

an
'fosper-rdm +he functlons like downloccing oL P09 roms , rermple

monftorfng the device, facilitating supervisory cont rol, ete,
Denale
carbidee @ ybl C(using uPD
Telegram ‘@corbiee’

2. Meourrting Rack’- Tt provides the m=oms ofev mounting processoy,
I/o medules, communicatfon modules £ pewer supPly ,mcd"u‘e'
It 7= @ metal framework with Pcg bachplane consisting of
@ several racks for all the modulez,

e

* Types o} Plce
D Fixed PLC i Modular PLC-

L

3. Processer or CPU:- This unit consists cf micreprocesser system
© memery , serla) communicatien ports £ LAM Link. Ot = ‘brcun of
PLec which executes 4the. control logrc Cimp)emenfc:‘ on Its Pmsra"ﬁ

by accepting the fnput from various T/o modulez 4 then
> determines the appropriate cu.tp.d.‘ sigmals o Ot-l-"iP‘-‘-t modlules

L4

.

D Fixed PLC, :- These are cheaper,smaller <+ easier 1o fnstall,
Tt consists o) predetermined cigial < analog moclules (of
o Fixed number of channels) along with processor and
power sl.upp’d units |
For an expandling Tjo channels, fixed PLC reguires Sapard'fe,
interconnectable components.

)

iiy Modular PLC - These offers flexibility Jo the user in order 'fo Qﬁ_v 4. ‘_r.-.Pu,L/OurPu_t (I)0) Modules- I/o mociules
cdlevices (beth Tnput < ou,l;Pu_t devices) in the contro

match the centroller cemponents o +he specific needs. Tt has
an extendable L/o capacily,larger memory size < c:;mmumcdﬁon“r: 4o the processor. These input deviceg Thclude sepsors, frete
buttons , imit switches ,etc. & output devices frclude molo¥s,

with remote unit capability.
A . K - relcude , Solenoid walves etc.

el

fhi=r{ace the fleld
) environment

)

Y

Paris o) PLC*-
= Nole- pLc offers Five diffent languages 1o program centol
logfe for the application .

- Most cemmon s ladder logic among all,

Tnput
MLU Mecules
—_—

—_— ou:tput —
Input—> Processo¥ Sigrals =
signals= Bl s

2 P
(Memory |

R R |

Power Supply

(TTTPTATRARARTARY
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¥ PID controlles. - q
A combination of proportional, 7n+egral & derivative actons ¢
s referred as pIp AcHon & hence +he name PID(Proportonal- ¢
'In*egqu Derl'VaHVe) controller, P
"It gets +he T")PLL{'- pParameter from +he sensor which s referred
as actual precess variable . Tt dlso accepis the desired
?C‘*uaﬁor output ,which .fs referred as set variable , and then €
Tt _colc:u.la'i‘e.s and cembines +he propertonal ,integral and
derivative responses 1o Compute -he outpuk Hor +he actuatow

set po?nt

(=P : Process
v .Pmcoﬂ_é Process | ¥orable PV)

Measured
Process
variable

P ey
Sensor

Feedback.

¢

&

C

¢

G

(-

(3

C

¢

Consider -the typical control sygtem shown above in which +he S
pProcess ~Nariable of a process has to be mountained ot a. -
P?r-H'c,u,lar level . Assyme +hat +he process variable fs temp. .-
Um *e); En order 4o measyre +he G-
Q sensor i1s used. &
<

b

[

[

<.

[ &

A sel point & +he desfred response of the process. Suppose
the process has to be maintained at 86'c and 4hen +he
sel point = 86c . Assume +hat +he measured fermperature
from +he sensor s s0'c ¢t s a process wyariable) buk
the temperature set point s 80'c.

process variable (f.e temp)

This deviation of actual value +rom -the desired value n the
PID control o'gcrH—hm cauzes to PY‘OCL:JCE +he output +o +he
actuater (here 't /s beader) depending wpon +he cembination
of propovtional, integral & derivative reaponses . Seo +he PIrp
controller continueusly varies the ouwtpul o the qetuotor +)
the process wvariable setle down +o +he set value. « This Ig
also called as closed loop feedback control Syetem,

S PADSAANAN DD
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i * RMs Value:-

¥ The RMs(Rool Mean Square) value (alse B
effective or virtual value ) of an alternaling cdrre

s 4hat value ¢} clirect current(D.c) which when Flowing
fic Hme and

kpown a<

e (A

i

1hrough a circuit or resistor fer a speci g
produces same amount ¢ heat which = procluce: 9

the alter nating current (Ac) when Flowing through same
cireud't or resister for =same specific Hme.

The value of an Ac which coild

+v
Procluce the same amount ok
: --fv_""s- heat while passing through o
hecding element (ITke resistor)

i
U as bc produces through +he

element s called RMs value.

L

Q

el

el
Ip <

The RMs wvalue ol an Ac = +hakr when it compares
to Dc ,then both Ac € Dc prodluce +he same amount of
heat cwhen Flowing through the Same circwit for a
specific +ime period,

’

Fer a stfousocidal wave Thme = Im Veme= Vh
J= =

(e

T = 0101 x1p, 3 V= 067167 x V),

Ml

9

9

5(5“;399

i



=

sar.n;amnun( of
Heal 7 7,7 heat asfn o~ $/7/7 »
FfaU) al!

Vems  Figll) W= Vs Fig(=)

The RMs value o} a sine wave is the mMedsurement ok

heating =jkect of sine wave . For eg:- when a resistor fs

cemected 1o acress Ac vochlge soyrce, it produce

specifrc amount of beat (Figay). kihen the same resislor

s connected across the DC ve ltage source (inFig@)).
usiing the valu Dc voltage to 1 the some amount

By adjusiing the value o} oltage ge < >

o}, heat generated before fn Ac Voltage source (in Frg()) .
s equal to Yhe

LLLET

T4 means the RMs value o] a sine wave
Dc veltage source proclucing the same amcunt o} heat

generafed bfﬂ AcC voltage source,
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Thzulation Resistapce:

1+
# Degree of protectim For @n. Brelesures-
YP- Ingress protection
IPXxx
———— /———’ﬁ
Frrst Shert T 'beFfinibon |
characierstld Description ' ‘
Numeral | . |
dO» — Nof);_ Proleciag ‘- Mo 5F€c,'al Er{;rtec &eon }
—_— T = - - H
| Protected agafn:.t =zolid A large surface o} dhe body |
¢aly'ec£s >somm(2) =Such as a ”a"‘_‘ Cbut 1o
| protection against deli brate |
|acce==). <elid objects exceecling
|S6 mm(2") in Uameter, ;
2 Protected against Firger= er similar objects not |
solld ohyects |exceecl Semm(3.1s")Tn !
> 12 mm (p-5") [ lergth . sclid ehjects exc i
|12 mm(o-s") in diameter. [
z Protected a roinst ’Tool:, wires etc. o] ciameter Of’
solid objects, >2-Smm | thickness >2.5 mm (0-1"). [
to-1") solid objects exceeclng 2.smm
! o1 inciameter, |
4 Protecied against Wires or sirips ol Hdbickness
solid objects SI1mm =1 mm (0-04"). Sclid ohjects
(b-04") otceeding Imm (0-04") in
| iometer, _
s Dust Profected !Insres o} clust s mot preverria]
but dust does not ermter in
s'-_l'FrfC“Ef')t qqanﬁ@ to inlerfere
with satisfaclory operation ofs
the equipment.
[ 6 ]Dust‘ tight l No ingress of dust.

Table :- Degree of Protection- incticated by the First characio‘&”c

«lumeral.




<hort Description

Non - protec ted
Protected against
dripping walter when
4 ited upto 1S°

Protected adnst |
sSpraying we ter

Definition A

L4l

=

Nl; specic\l Protection

Vertically dll’pplr)g s 16 have no
harmdul effect when the enclosure
fs Lilted al any angle cpto Is®
fromits pormal poslt/fon,
Water falling as a spray at anangle [
upto 60" i's fo have no harmful effect,

Protected oaofnst
splashing waotzL

aier splashed a ainst fhe enclosure
from any etirection is to have no
harmful ejlect,

.

Protected agw’nst
warer Jets

Waler projected by anozzle against
the enclosure from any <Urection
is to have no harmful ejfect.

Protected a.aa.fnst
hmvy seqs.

£
o
-~
3
5
3
I
8
<
n
8
%}
o
2
£
¢
|

el LLLEU TR

projecied n powerful jets is not
to enter the enclosure n harm+il
quantities

Protected aacu‘nst
dripping watet

Dripplng watry (ver-}lmllj -falh'ngA
drops) s 1o have mo harm ful effecls,

—

Protected ainst
the <ejpect of

lmmmersion

Ingress of waler in a harm fal
quantity 7s notl fo be pocs<ible
when the enclosure s immersed
in water under defined conditions
o), pressure & 4ime,

Protected inst
submersion.

The equipment s switable for
ceniinueus submersion in waler
under conditfons, which are
specified by mqnukadurer‘_

. ]

Table:- Degree o protection - mcticated by the second
characiersi‘c Mumeral,

LCLL LR REE L L

L

I — . ——————

& wihat 1s IP 67

Ao~ §:- .« complele p-nrlccﬂ'on ogad
or moving parls inside enclesure

. protection ago.frce fngress obtcu

—1:- Protection aga]nsl_ ingre=s of dust.

Y ccn.’ad with live
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# Ward - Leonard 53‘5"3"’ = " Ia. Currenl for -the mlrr{/ngg, o), the freld poles i=
6 i I i! ?

2 7 .c madn Po
dhe source e main power . Iklhere -there IS A*C P

'mcu"ent of the windings is Lrons formed 4o lower voltage
%and reciffied,

mTBe d-c generator [s driven by a simple one-speed,

DoL start, squdrrel-cage motor (a-c PO‘-‘:'e’e" <hip) .e & 4%
i generaor vt by <pongin he current
ite freld wu’nr:Ungg through a variable CO"""_” 'i“‘ !
potentiomeder). As magnetic field 5+ren‘9-’h is chang =
by+he change of field current, <o . 5 e gEmere

Voltage,

- Switch o) direction e}, current

poles , alzo cofth he potentiometer, will cause the

Y o} +the poles magpetic frelds to change .

- This =hanges dhe clirection o} ger)era‘lecl curre,
4o +be motor € Thereby alse the runm’ng clrecilon tf the

¥ motor.

¥ = The centrol lever can, by meoving the potentiometer cesrlacts
Tn opposite clrections away From +he mid- pesition as
Shown In ﬁ's., set dhe polarity £ strength o) dbe 9enercx‘|or
Field poles.

= By governing generator oulput 4o dhe armature o the
working moter, 4his in turn gives stepless speed contra

“ob the working motor in either clirection,

g

Redifier L
Pedentiomeler

! !
$ <ontre)

-— ‘ -
\Ward - Leonard System [s used Hfor fine control of d-c electic &
rn;-:or: sp:ed “or '-From Zzero o full in elther crectfon,
o IS able to give the motor a robust torque characterstic ,
s .‘.-‘as"en.n was used for the moptors of electric (as oppos<d
to hydraulic) S'ieerihs gears of ship with d-c electrical
power
* Today 1t s used onboard with 1
a.c electrical
mochmery such as windlass, PHEer For dek

Flow through +he field
cirection

rt -S.Lppll'ﬁ

el

Bl

-

o

| = The wer king motor which powers the steering gear, windlass
 or other equipment f= a die machine, because speed conbo)
- op theze = easqy,
= The method is o change the applied veltage through +he
brushes to the armature wl'ndiras o “he d-c Mo{.ng' no change
= made to the current i the €ield winclings. - ¢
— The woltage T7s fncreased or decreased not wiih the use of
resistances but by arrqr)sl'ng an 'nelividual dee generator
with controllable output voltage as +he power supply for
4he medn armalure o workir)g motor ¥
- Speed and direction ¢f the working motor vary with +he

magnitude and clrection cf applied voltage

Bl
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O Thnsasukation Resistance -

- s il e SRS § 5SS -

All electrical equipment os inaulaticn The pUrpose ok

t+he insulation (s+4o preventi <lUrect current contact coi th

live condwctors, The value ok insulation resistance rmust be
high e€nough to prevent current lecking away £rom condld cters,

Ihsul_a'UOh resistance s measured betweeh :
* Concluctors £ earth o (Lsing UPL)
- Concluclors carbide @ ybl

- - -~ % P -
The mINIMmum OCCeptable value of insula tion resistance 1S

limited by 1he relevant reg:'s{er regu)a-l:l'ons.

” J P - -
The purpose of Insulation resistance testing Is to measure

+he value ol insulation resistance belween +wo concluclors
or belween a conductor & earth, the resistance sbouwld
be very high in the M for voltages upto 1000V

- Tnsulatien raterials are non-medlallic . Insulation I's

af{ected by many factors such as humn'cU"ig,'femperathe,
electrical € mechanical stress , vibratfons, chemicals ,oil,

clrt £ old age.
. TR s the resBtance cffered o conductey fo prevent

cunent from leaking away.
. Unit IR Is <2 (ohm) & measwied by megges

» For u.P'!'o uyov IR valuwe (Gccﬁp’rab’e) s ML
* Foy hfg}\ VOHIG?Q TR ~volue ( »n ) -~ KV+IMa
absve ([0 V)
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* Procedure for Insulation testing between a wineling € Earlh
1. Ensure 4he ciraudt to be tested is electrically dead,

2. Connect both test leads +oge*her’ sel the meter en the
ohms scale, the meter shouid show O resfstance,

This proves the leads are not broken,

2. Find +wo goad earth points and cennect one lead to
each , again test the resfstance with the meter on the
chm's scale. This proves thal a geoed earth peint has
been found,

‘ 4, Remove on lead, do not move +he other and connect

it to cne end g} wincing to be fnsulallon Jested ,set.
+the meter to the a ohm scale and test, The reading
should give a value of atleast cne mega chm.

.

-

Il
[iLL

B

L]

k]

3

| > Before per-Forml'ns a Tﬂegaer test on any piece of
electrical eqw'Pment ,all circwit cemponents thal may
be damaged by the high voltage must be isolated
{rom 4he 4est . This Is very ;“mPor-tarrt when testing
generators as A.N.Rs are easily damaged due to
Meaa:r TestHng,

't

|

g

Rl

= To test IR of motor fully, +the resistance between
each phase must be tested . Thi's requires that the
star amnd deilta winoling cennections are clsconnected

and between each phase £ earth,

Bl

¢

gl

’m,

&L" = E iy % 3 - —
imeder.
.QZ' |A.|h5 IR s measured by Megger ¢ not by Mul
" From chm's law
V=IR = T = V/R
T | M.
Lle know +that fnsulation resistance IS ¢:(, 4'7’8;"’6,:{ o
Ilhen we connect multrmeter £From +he msulator, ,_.;,hrcmesh
' a closed circuwit. There is QV batlery in multmeter el
powers the circuit when we set 1he krpob Jo measure
resisiance o} cfrawit ;
e TV = T= 9V « 16° Amp which is very smal
' 3 /06

This s a very small current which will pot be able to
deflect the galvanometer fnside multimeter € Hence
fmpractical & impessible 4o megsure the insulatlon resisiance.

rtis

with multmeter N )
A megger is Used 16 measure the TR which 1'-'selr s
powered by a Dc generater or balleries having S®0 V,

27/




‘ HOZOrdous Zones!-
Hazardeus aqreas ashore care classifiad into zoNE3 which

inclicate +he probability o an explosive air-gas mix ture be:fg |
Present and -herefore +he likelihood ol an explosion occurring

A

Zone O:-

In which an €xplosive air-gas mixture fs continuously st
Or present or long periods,

Zoneg_ :-

In whickh an explosive air-gas mixture = pot likely 1o

occur in normall operatlion and i€ it occurs will exist
for enly a short +ime, |

</ - = N N A ~

v

Note' Zone |- In which an explosive air-gas mixture
fs mwk likely +o occur n pormal operatisn |

P 4

Note'- An area which is not classified Zzene 0,1 or 2
s assumed 10 be non- hgzardous or Safe area. Eg:-

, Zone O:-
Interior spaces of oil carge tonks, pipes, pumps etc,

Y "W

v 4

L

Zone |--

E nclosed or semi-enclosed spaces on +he deck o} -kmker;
+be bofller +’rrrr>3 area on a gas carrier using methane
boil-ofFf as a fuel ¢ batlery rooms,

N

-

-

' Zone 2.
' Open Spaces ©n +he deck of a fonker

2713
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2 |. Exd Flameprool Enclesure -
a Flame proel

T e R i I
Protection:-

- Types of Explosion m
o - N oy b( il ‘\ }
Exp!bsl’:bn 'pro*.ec4ed equypment c"cm.be lc-:lenf!-ﬁed Ll - Type L' protection, code EExd, uses o
symbol 'Ex' followed by a leHer inclicating +he 1ype of ek e contadn Hhe clectrical apparatus - 10
. te Tomich ™Y
P s side “+he

internal apparatus may fnclude By o

EEE

protection emp!oyed,
sur-faces eobich beccrmez hot. Gias J :
ki e 25 Meetecion J enclosure so Mt must FulFl dhree Cc-r\c{; k—f’zmw.‘-fbstand
| i t be =dvong enolyg
flame prool enclosure J ¢ im i5> The enclosure mMus : .
Exd preok an fniernal explosion without suffering d‘:r::? .
Exi frtrinsic safety i’y The enclosure mMust prevent the {'Icrn':eplom brame
i T from b-efna transmitled to +he extern rC
Exe fncreased safely bt § o
E non- sparking 1‘ I3 The external surface -fempe.rature I8 -Z;e el g
— GM'V must remain below the ignition +empere "ie’ons
Powder Frlled e <urrounding gas under all opera-l-lnc3 concU£t !

| Exq. Cnot applicable 1o sbhips)

Exb oil fmmersed
__cnot_applicable to ships)

e

L

any +he rane|

2. Exi Intrinsic safety:
netitrons (wwhich

in which no spark nor

Exp pressurisation
T apecial proteciion These are circudts
.Exs W e =ffect produced under prescribed test co : 2
include normal operations ¢ specified fault conclitlons) 13
ignitlon of a given explosive almesphex

Capab!e of causi

n one proiectioh
crenerally,this means limiting +he circudt conclitrons o kess

Note: Seme eguipment may use mere +ha
fh ils conslructon. In this case, the primary type of

protection is quoted First. =gt~ An Increased safety
moter with a Flame prook +erminal bex weuld be marked
Exe d.

Equipment may also be marked with a prefix ‘B’ which
denotes compliance with European Standards

€4. EExed.

HEl

than 30V € SO mA.

= Natumally this restricts +he Use ¢f Exi protection & low

power fnsirumentation, alarm & communication circudits
The design of the ciradit will depend on +he +spe' al,

gas present (gas grouping)

d

R

i

g
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e
- Exe Increased safety:- = Jpgrr— -
Lncrensed sofeby aapLipmnert, B based primarily .on aa qh c{Ex‘T rkff:n_;f;o”:’:f .de:.l' nailon Exn capplies to “cq“".Pm"’J
e o e SPkaing s relay SRR rm ujhr'”;wahas no ar’c:'r) contsacts or hot surfaces cohbich

e e e ey sl;‘p—rfngs ok vmc:n:ccawse TSm‘Hong for E:

l i ‘ 2 1 - xe

motors € generators « on +he close contiol ¢} surface % The Exn requiremenis are less _f,{nctno'irh:”n' :vrec-hrcu’

&£ designs are YeEry cloce +o dhat ok

peure Jocking

clectricad

tem abures,
AlSOPe"f:)e censtruction o} the equipment should be ol qm i

very high standard 4o prevent Fault develo ping. O'M\, aPPara' ; cidleration is extra care 4o @
Exbra insulation is used, creepage Alstances between GVTF"’:‘* ’"a,_";ucz”;nec#ans +o averld any risk o}
end 4ermimls are macle lenger & =pecial enclosures WSDL Ye,:;mn Y cfla.shover,

+o protect agednst damage clue to entry ef moisture ‘m payRing

and mechanical damoge are dlso spedfied,
lm -

Cre
Pade Clearance LL.'

I Lk E.%Q%

D Etance Tn air

®

1

- Exp Pressurtsed Enclosure!- i +
Clean ,dry ajr or an inert gas = supplied +he €qproeit

=i hUH above a‘,mosterTc pressure +o preven t.. entry
o}, the extemal flammable gas. This method IS
sometlmes usesl 4or motors , Tnstru mentation enclosures

£ lighting.

L

— |

Distance across surface o
fnsulating mateaial
The enclosure s made 4o cithstand Tmpact £ to prevenl

fhgress of sollds £ liquids
Applications Thcludes ca e - rolsr Tncuction motor , luminires

&£ connectlon boxes , Special Exe cable 8{anc{s,meh:..l
or plasHec are used coith Exe aypparaties

L L

i

.
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* Exs Special Protection:- m * High Voltage:
il J
[if On ShIPS V' < looo Volts is copsidered 9% loco voltage

This fncludes precautions taken to prevent -GI‘P"’S"O”‘-' m
omand voliage above (000 Volta: f= considerdd as bigh vollkge

which are not. specifrally covered by any eother
designation.

Advaniage o} high voltage:-
- Ship have high veitage demancling machirery such as
‘w\@' bow thruster elecivic metor , reefer comlainers in coniaunst

& ships ,cargo ceoling machineries in gas carrier elc. -
[ - High voHage machinery have much resuiced size and weig

[ voltage machineries. ) "
as compared o low ag Lokieh eoll

| &
' _This colll leads to increased =pPIcCE fer cargo

reaualt [n more profit.
- Easy for installaifon,
- Ip bhigh voltage sysiems, cepper los=s
losses are much recdlucal tohen compa
Sgejem  as the current Flow is le=

- Approx Vg'd recuction in cost compared fo low Vo | tage syzh

q

or I'R
red +o low voltage

s

i

il

= < Disadvoniage d high voltage &ds‘iem.

gl
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# Phase, anale phase, Three phﬂse

There is ne two phase power supply . Gienerally three phase
power s used for heavy loads while sigle phase = used for
poweriry small loads.

* Phase:-

:'.
i

£
iy

. The dype of AC supply where all the voltages

25) 3 ‘__._

ase Power Supply:-

:'nale h

- 8

in +he
led single

=yetem varies Ina same sinuscidal patiern is 2 -
phase power ::u.pply, It = deliverad using enly feo0 u.>rl'63
+he power wire alzo known as hot wire or live «ire or
woTre Ahrough
1he power

e
line or phase wire ¢ a neutral wire.
The power flous between the phase < neutral

Unlike clirect current Dc, 4he Alternatlng Current AC swings gm ? &
between zero to its peak value The current constantly varieg the load. The ;?hase wire is used fer supplying sl +h
to form a sinusoidal wave form, “mm the load while +he neutral wire provides a re _f:a
' ‘—_\efor the current Flowing through +he locad . Semetirnez |
‘w fs called as split phase.
> 1 [
e 20 SHe | peson ;
AC + ; /‘_\\'/ %_: 8o 270 360
q0 a8 360 . ° + + =
= - ° e * Tig: Single Phase Fower
o Gn i et aaiaiar 9
\ U /\ TN : e i
RE qW"‘" 266 \/ c‘%‘:l‘n fig. Ac voltage & current wavedorm Ffor & angl:rop‘:":je
supply s shown . The vollage fluctuates b?:ween = .
‘m" pecatk points . Ihere the maximum peak peinis occurs at go
Gm»cmd +he minimum peak point occurs at 210  The veltage
= cdoes go to zero some Hmes That is why single phases

d

* Frequency: The «Frequency o} electric signal s +he numbers -
ok cycles per second. !

e

’ Pl:ase - Phase is 4he point or position in -the time of the wavefdrm
£ 7t (s al mentioned clegrees or in radiqne,

In elef:irl syedem phase rejers to +the number of clistinct
singsoidal Ac wave forms having same frequency but havin

a common phase difference, d
AS peower supply usually has So/6oHz Frequency depend.ing on
+he fon. Idhile +he phase of system depends onhe type of
<lectrical sas'fem being used . ?:ere are 360 in one cycle. A
single phase” power supply hase has only one AC uxve,

Inlhile +he three phgse sapply has three eq(n"y separated
wave forms hfxvirg same frequenty . The 366 of phase per-cyc |
s evenly cuvided into three parts  Therefore , +he phase L
ol frerence between ang two phase = 120,

f

ol

-

H

“=

oln

(O

power supply s not very consrstent as compared to &
three phase poswer supply ¢ can't be used +to power high
rated machines. Gienerally 't s used Hor +he rachinery below
1600 W),
Since L reguires only two wires , it s simple &£ cost 5 also
less bul it fs not reliable becatse a fault i +he (fne cgn
leciel to Power fedlure,

The downside of a single phase supply f= that it con’ rom
motors on ifts own as ™t cant genern-?e ro-ta.-H‘na megnelsc
field RMF) in an indiction motor. T+ requi'res extra
motor Starting cireuitvy or pProper operation ’

28/
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» Three Phase Power Supply -

Phase-3

pPhase-2
//m

» Three phase power contctins three voltage that are 120"

Phase-) Figi- 3-phase(3-¢)

power supply

apart individual sinuseidal waveform. The three phase power

supply censists o) three indivicdual power conductors e

3 lifferent colour coded wires for incividluol phases. lbile
the valtase 4 current between any +wo power concuctors
s 120" phase apart. Three phase power supply s ctlse known
as Poly-phase power system

Three phase. power supply used. for pPowering « load can be
connected in elther o) two conf“fgura,ubn le delta
configuration & star or wfje confrguration (star & pelta
represented by Y (wye) < A respectively).

In delta configuration,+here is no neutral cable. Tt only
uses 3 phase cable or power cable to supply power fo the

lood.

lbile in star cenfiguration , there is fourth neutral cable
The meuhral wire fs extended from the common point of
combination of 3 phase winclings Tn ot +ransformer or
generator . Therefore star cenfiguration requires four cables
to supply three- phase power supply inclucling three power
cables ¢ one reutral cable.

3 phase power supply contains three inclividual Ac wave form
with 120" oY fference between them. As shown in fig, the
insfantancous vpltage ot any Hme cloes not remct 0 point,
Therefore the power delivered by three phase s much more
censistent € supply more pPower thana 3 single phase power
lines. Tt 1= used +or powering heavy loads gredter +than jotou)
There is mo power failure n case o} fault in one phase
because the other twe phases still delivers power

. 9'5‘ For small loads (< 100011)

mea Tt can't 3er)era+e RMF

c‘-m"w. The supplied voltage s equal

=

L L LR L

(LCCEE

[

-\ o *Single Phase Power Supply
l. The AC power where all
the voltages has same

sinusoidal patlern.

o |

U

%’z. It requires only fwo wive
16 complete +the ciraust.

:%:”& know as SPJH_ Phasesaglm

oq, simple

¢ ;. power fdilure -occurs cue
© 4o fault in power line
© 1. less reliable $ eFicient

i 8 Voltage & current goes to

zero in a cycle.

In induction motor. It uses
“extra cirautry,

fo the wvoltage A fference
between phase € neubal,

Il. Carries less power

12. Used for power clistribution
over short listances

I~
-

13. High power losses

-

='4. Tt needs expensive converios
4o convert 'mlo +hree phase
power supply,

=

=

EREIEY

. Three Fhace Powser Supply
=tii +here

. The Ac power where
are 3 sinusoldal voltag=s
havéng 126 phase i FFerence

2. Tt requres 307 4 corn':Luc{’ors
de pendling on coni-‘u’gura.bon

3. known as Poly phase 585+em
4y Cornplex

5. For heavy leads ( > 1000 )

6. Foult [m one line cloesn't laxds

o Power f{oilure.
1. More rellable < ¢H5fc(enb
g Voltage € current never goes +o

zero,

q. It can g
Magnetic Freld (RVIF) wo
any extra cireudtry,

lo. The phase to phase voltage IS
ualte f= +imes +he phase voliage

I<lhile phase 1o vettage heudral
voltage i's equal to single phase

voltage.

IL Carries more power

12. Used or power clistribution
over long distanceas because of
low copper losses,

13. loew power losses,

., s+ar arransegl three phase
sSupply can offer 3 single-phase
using either phase cwire € neutal
wfre;

enerate Rotating
+houwt




* Phas=s seguence’-
In a +hree-phase system,the order in which the ‘voll:aau [IN |

atlains thefr maximum peositive value is called Phase

Sequence.

There are three voltages or EMFs i the -three phase

=y -‘I.em with the same ma3n|'+ude_ but the frequency

Vs cusplaced by an angle o, 20 degree electrically.
Taking an example |, the phases of any coll are

named as R,Y,B then 4he positive phase sequence will

- be RYB ,YBR,BRY s also called clockwise sequence ¢

similarily the Negative phase sequence will be RBY,

! BYR,YRB rcspechely < known as antl-clockwl=s=

:

sequence,
) Posive

R ¥
Donate Wsing UPL)
Negqh've Q‘
8

car bidee @ ybe

— Phase sequence s important because:-

1. The parallel cperatt'on o} 1hree phase alternator is on19
possible when its phase sequence s known.

2. The rotational cirecHons of three-phase fnolucton motor
depencls on its sequence of phase on three phase supply, |
Hence 1o reverse its clirection, the phase sequence o}

the supply given to the motor has +o be changed,

“Thire
:

T

ol

el

&

L

(]

. P

L8 ¢ which fe used 4o induce bigh voltage <icr

'm The
TG i induced bigh voltage and hect
¢ that fe caucsed 4o be bent 4o con

Purpose of choke in Tube light -
Wlhen 4he swich s ON , 4he tube light choke acts
oss it .
7 +
inductor (choke) ionize the gases in the <tarter due 1o
le +he bimetallic =t>ip
nect to Fixad centacts.

as= Tnducts

Current starts flowing through €on- =tarter.

28s J
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#t Dashpot Timer :- | Dashpet:—
Tt consiels

A dashpot 4imer s used in overload re);aa. ot
provides +Hime a-a :

mainly of a pfston, shaft < contedner,
{or 4 rela;ds +to operate.

Normally closed cemacts l:l's-.»DashPOt Timer

Pushrod
— — Current col)
e
oy
< Guide wacher
Shoft
pashpot ofl < comiainer

Threaded shajt

pPiston

orifice holes

Cornstruction
A dashpet timer i basically a container, piston 4 a shaft,
The piston is placed inside +he ceontcuner 4 the contaliner is
filled with a special type of ofl called dashpot oil. pashpot
ofl maintains a constamt viscesiy over a wide range o} temp.
The pe ¢ viscosity o} oll used fs one ol the foctors +hat
lay for Hmer. The other

factor s -he 5e+h'n3 e} the apenl'ng
pfsten. Orifice holes permits -the ofl o
as Tt rises +hrough the oil,
be set by adjusting +he slicling ~wval
. The dashpot overload relay contain
fn series with motoy.

Weyvking:-
As curren

areund the coil. The !
Jo +he motor current. This magnet’c field draws —he shaft

o} +he dashpot +imer ifnto +he cofl. The shajt’s movernent i%
retorded by the facl +hat +he piston must displace +he of|

ve on the pision,
s a ceil that s connected

+ Flows through the cofl ,a magnetic field s developed

current will drop 1o @
far enough foto +he coil fo cpen the normally cl contoct,
T +he Motor s overloaded, however, +he magnetc freld

will be streng enough-hb centinue drawirg 4he shaft fnte the

cof] until It epens dhe overload comrtact. khen power fs

dedermines the amount of Hme de

o} the orifice holes in the
Flowo +hrough dhe piston
The opening of the ori fice heles con

CIN.

e

TH.

=trength of the magne He field is proporional

i the container.I{ the motor is eperatng normally , the motor
soje level before +the shalt & drawn

HE o SESE B
L ][ ‘
Dse'-

. Doshpot is filed ih everlead Erip,
voltage txlp.

under

»
o

pre-feren+lal trip .

i

dddd

it — |
Essential Leads &ervice ired For #he sapety o), P or

Essential loads are +hose req / =hip
& for the safe novigation £ propulsion o} i, chinery

> These includes certain suppll'es +c navu‘gaﬂon a
zpaces, control etations £ steering geat.

vTe
[

g

s
maudn

ol

# nNon- essential loads:- R -
_These loads has no effects on the sa-fe navigation

propulsion unit when they are cut off-.
_ These inaludes Air- a:ncb'-ifonirq sas-fem, so
excepi engine reom blowers, gdlley power =tc.

me blower fans

& What Tz Misinsically sofe efrewit or equ.:'Pment?
1. An elecirical cireuit or port o} cirewdt 1= frtainsical safe,
{F any spark or Jhermal effect produced normally (<9 by br@kifg
or closing circudt) or acciden-'alld (eg. bd chorl ciradt or eaxth
N - by, fs incapable of igniting a prescribed gas mixture,

- under prescribed test cenclition.
2. An equipment , which can't released sufficient electrfeca! or
thermal energy ,under any cendlition +o ignHe a par+cular
flammable vapour in fts wviainity.,

B

B

Kl

drsconnected from -the mo*oY , +he magneht field cellapses ¢ -he

pfsion returns to the botiom of The cemtainer,
247
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F Circwdt Faults , how o Jest cC-e—FFECE'Z
= An Open ciraut Foult will not allow the mo+or+05‘t°"t T
the fautt occurs in | phase when -the motor f= running ,the
current fn other +o phases wdlll Tncrease and burn owd O’f:)'
— A short ciradt Faudt will cause h{Sh current “+o flow In
+he windJr85 which may burn out,

- An corib fault provides an easy path Fer current to flow
+bhrough -the wires 4 earth,

How Ho check? ,
Cpen circuit Fault:- Earth one end o} wire < using mummoeier
or megger =witched “+o resistance value, Check beMGE‘": ‘:‘"re :
ad different points £ earth. Resistance should show minimum valu &
Earth Fault:- Open circuit where possible ¢ check the resistance &
between wire near spen’ ernds < earth. Resietance should show c
ma ximum value,
= hevt cireudt Fault- Remove the terminal at +he panel. Tarn
all swhches for +hat efrauit 4o oN position.check for resiskande
between positive & negative sidea of conductsr., A raa.dfhg
o), less t+han fh FiniHe indbdcates +he foult,

PO G Ggq O

Censider oUc:'E?ro ms below !~

2
s ¥

¥
&1 ) corductor load
oV

TnsulaHon
&

—

£,
* Open- circwdt Fault -fs due 4o breok in condctor , here
ok pent A, so ecurrent don't Flow

. Earth Faut s dwe to break in fhsulaHen (here at B), conducter
+ouchesg hull or earthed metal enclosure

. shoyt cfrawdt Fawlt: Tt s dwe +to clouble break M the
f~sulation (here ok C) .3t allows both Conductors +o be

connected so +hat a very !arge current bcj—'PaSSe_a o¥ shoyt
ciradts +he load.
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