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" SEMESTER ELECTRICAL

Th1. ENERGY CONVERSION — |

Name of the Course: Diploma in Elecirical Engineering

_ Course code: A Semester 4"
Tolal Period: TS(BOL+15T) | Examination 3hrs

Theory 'pf:nnl:la:__ 4F {week Internal Assessmen | Eﬂm

Tnﬂanal: 1P/ wesk —
Plaximm marks: 100 End Semester examination: 8

A RATIOMALE

Energy Conversion-| deals with DC machines and transformers, The application
af D'E: .gETIETE]I.',HE and motors in moderm indesines are sl in practice. The slecirical
technicians have 1o look afler tha installation, operation, mantenance and control of such
machine, S_‘n the knowledge of these machines is felt essential. Transformers of various
voltage ratios and KVA ratings are in wide use in induslries &5 well as in disiribubon and

transmission,

B. OBJECTIVES

After completion of this subject the student will be able to:
1.

machines.

To acquire knowledge of construction, characteristic and control of the OC

2. Taacquire knowledge on perdormance of DG machines and iransformers.,
3.  To acquire knowledge of tesbing and maintenance of transformers and DC

machines.

[€.  TOPIC WISE DISTRIBUTION OF PERIDDS

| 5l. No, [ Topic [ Periods |
R OC GENERATORS 17
I,‘z. DC MOTORS 15
3 SINGLE PHASE TRANSFORMER 20 ]
4 AUTO TRANSFORMER i} ]
| 5. INSTRUMENT TRANSFORMERS 05
| TOTAL B0 |
0. COURSE CONTENT IN TERMS OF SPECIFIC OBJECTIVES
1. D.C GENERATOR
1.1. Operaling principle of generaior
12, Constructional features of DC maching.
121, Yoke, Pole & field winding, Armature, Commutalar,

1.2.2 Armature  winding, back pitch, Fronl pic

commutatar- pitch

1.2.3. Simple Lap ard wave winding, Dummy colls.
1.4. Diflerent iypes of 0.C. machines {Shun, Series and Compound)

1.4, Derivation of EMF equation of DG generatons.

15 Losses and efficiency of DG generalor. Condition for maxim

numerical probleéms.
3

[Solve problems)

h, Resultant pitch and

wm efficiency and




4" SEMESTER ELECTRICAT,

1.6. Armalure reaction in 0.C. maching
1.7, Commulation and mathads of improving commitation
1.7.1, Rale of inter pdns and carmpensaling wi ; i
; Aling wanding in commautation,

1.8, Characlerisiics of D.C. Generalos v e
1.9, Application of differant lypes of D.C, Genaeralore,
110, Concopl of criical resistance anid erilicsl s of DT shurl pans:

: 5 - rales
1.11. Conditbons of Bulld-up of aml of DC arnaraton, kg
1.12. Parallel operation af D.C. Genarators.
1.13, Uzes of D.C generators.

D. C. MOTORS

2.1,  Basic working principle of DC malar

2.2, Significance of back emf in D.C. Modor,

2.3, Vellage equatien of O.C. Motor and condition for masimunm power cutpulisample
probloms)

24, Derive torque equation (solve problems)

2.5, Characleristics of shunl, series and compound motors and their agplication.

2.6. Starting method of shunt, series and compound modors.

2T. Speed control of D.C shunl molors by Flux conlrod mothod, Amnature wollage
Contral method. Solva problams

28, Speed conlrol of D.C. series molors by Field Flux contral method, Tapped field
mathod and series-paralled method

28, Determination of efficiency of D.C. Machine by Brake test method{solve
numearical praoblams)

2.10. Determination of efficiency of D.C. Machine by Swinburne's Test method{salve
numerical problems)

2.11. Losses, efficiency and power stages of 0.C. motor{solve numerical problems)

212, Uses of D.C. motars

SINGLE PHASE TRANSFORMER

3.1 Working principle of ansformer.

3.2  Constructional feature of Transformer.
3.2.1 Arrangement of core & winding in different ypes of iransfosmos
3,22 Brief ideas aboul transformer accessories sudh as consarvalon, ank,

breather, and explosion vent ete.

3.23  Explain lypes of cooling methods

3.3 State the precedures for Care and maintenance,

3.4 EMF egualion of translarmer,

3.5 Ideal fransformer vollage iransformation ratio

3.8 Operaftion of Transformer al no koad, an lead with phasor diagrams.

3.7 Equivalent Resistance, Leakage Reactance and Impedance of ranslormaer,

38 To draw phasor diagram of fransformer on load, with wanding Resistance and
Magnetic leakage with using upl, leading pf and lagging pf load.

3.9 Toexplain Equivalent circuit and solve numenical problems.

3.10 Approximate & exacl valtage drop calculation of a Transformer.

3,11 Regubation of transformer.

3.12 Differend types of losses in a Transformer, Explain Open circult and Short Gircuit
fesL{Solve numerical problems)

3.13 Explain Efficiency, efficiency al different Ipads and power factors, condition for
maxmmum eficiency {solve problems)

3.14 Explam Al Day Efficency (solve problems)

3.156 Determination of load corresponding fo Maximurm efficiency.

3.16 Parallel operation of single phase fransformer,
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AUTO TRANSFORMER

| Laoansbiicleanad Toesluress el Sabor iransderrmiss
A2 Warkbnog painciplo of singio phaes At Transfodmmss:

A Compnrison of Aulo ardommes with an ben winding ransformer {zaving of
Laogapanth,
A4, Usos ol Ao wsnadanmo,

A5, Explain Top chnngor with bonaloresse (o oo sl off o sanediticn

INSTRUMENT TRANSFORMERS

8.1 Expdain Current Trowmslarmir and Patondial Traselorrmer
1.2 Delineg Robies orvor, Phase anglo crror, Burcorn,
1.3 Usos ol ©T, oewd 12,7

Syllabus coverago niermal assossmant
Chaplers: 1 and 2.
Learning Resources: o o
_SlNo | TitleofthoBook | NameofAuthor | Publisher
T Elacirical Techrnotagy = I 8. L. Tharaja and A K. | 35 Chand
— ____Thareja
2 A Texlbook of Eeclrical | K R Siddhapura, D B Raval Vikas
o Machines 1
i Elpcirical Tochrology J. B. Gupta S K Hatana and
Sons
4, Electric Maching Ashfag Husain Dhanpat Rai and
| Sons
5 Efoctrical Maching 5. K. Bhattarcharya ThiH
B _ Elecirical Machines D P Kaothari, | J Nagrath Me Graw Hill
7 Electrical Machings Prithwiraj] _ purakait  and | OXFORD
indrayudh Bandyapadhyay
5
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Function of starter in the DC Motor
Necessity of Starter

The motor armature current is given by - =i
- i - la = ‘-.i____'l’_;, -
= (V-Ep)/R ] Ra
Where V = Supply voltage - M%ﬁjdrj — O
; - twhen H=%, te~
Ex = Back emf and . SV
Rm_ 3 rr\

R, = Armature resistance
. When the motor is at rest, back emf developed across

the armature winding is equal to zero.

. Let us consider a case of 230 V, 5 kW DC motor having

armature resistance of 0.5 W and full load current of 27.0 A.
If this DC motor is directly connected to supply mains,

draw a starting current of 17 times its full load current.

it will

(1In. =5000/(230=0.8)
=27.17 Amp
assume efficiency = 80%
1,=230/04
= 460.0 Amp
starting current drawn by motor
=460/ 27.17

—~ 17 times full load current )
This excessive current ( 1 ) Blow out the fuses ( 11 ) Damage
he commutator, brushes and also armature w,-.:i_l_mdjng,gn_-:l_ (1

Produces large voltage drops in the supply voltage line.
\/

il



. Therefore the motor must be protected against the flow of
excessive current during starting period ( say 5 1o 10 seconds ).
. A high resistanee is connecled in series with the armature

winding in order to protect the motor which limil the starting current
1o a safe value,

.~ The starting resistance is gradually cut out as the motor gains
speed and develops the back emlt As the motor altains its normal
speed, additional resistance from the armature circuit is totally
disconmected.

What is happened when the additional external resistance does

not disconnect from the armature circuit?
. Large loss of power resulting in reduction efficiency

. Reduces the speed of the motor

Why Fractional kW ( Small ) motors do not require any starter at
starting ?

. The fraction HP motor does not require starter during starting
because

. The resistance and inductance of small motors are sufficiently
large to

. Limit the excessive current during starting

. Due to low moment of inertia it speeds up quickly.

Three Point Starter
. I'he internal wiring diagram for such a starter s shown in the
Figure A,
« I consists of starting resistance divided into several sections,
holding coil ( or NO volt release ), overload release, brass are and soft
tron piece attached to starter arm.
. As there are three terminals (1. — S ¢ line. T — Fiald.

; ar {:ildlt.lnm‘ml':.{ l'. .hupph line, I —| E._Eul, A
—armature ) available in the starter, it is called as three point
starter. = '

. ‘I he positive supply terminal is connected 1o starter arm through
path line terminal ( L ) and overload release.



. The nesative supply terminal 1s caonpeeled 1o one end ol
the field winding and armature winding.
. One end of the feld winding “o commeeted 10

holding coil. One cennd of the anmatire winding, is connect

resistance's last stud.

lrass are through
ed 1o slarting

the lever ol the starler arm.

. A spring is placed over

0,2,3,% ~>51

oF p
:
o F\
Supply ‘l :
—_— A2 F2
4. STARTMG RESISTANCE & OVERLOAD RELAY / OLR
qnﬁfﬁgrmﬁ?.ammf STAETEE BARNDLE & ARMATURE f!w
F.HVE [HOLD - OR COIL) ' 7. SPRING o
4. EOFT IRt PIECE L-UnE
A= ARMATURE OF MOTOR F —FIFLD WINDING

FIG A : THREE POINT STARTER OF
[T SHUNT MOTOR

::Et = Mo - volt coll
: R — -
Operation > OVEg - love Telensde
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- The main switeh is closed (o stael the DC mator and this will

resull in starting arm moves from lelt side to the rigghit side,

akes contoel with Tiest stud, ithe

wieh hrass are

series with the

. As spon as the starting army m
field winding is diveetly connected to supply line (e
and whole of the starting resistance ( R ) is plaeed in
armature, |
As the starting arm is Turther moved (o ri;;lnl_Hinlm lhlu starting
aied Tinally entive starting

resistance is cul oul i steps.. e,
resistance is cut oul.

Hold on coil or NO voli release {_Pl Wi "j ,

' As soqn as the starter arm reaches the last stud, it is held against
spring tension by attraction foree between holding coil magnet and
sofl iron piece attached to the starter arm,

The coil of NO voli release is connected in series with the ficld

winding.

. When the supply fails / gets disconnected or break in the I“iullni
winding, the holding coil is de-cnergized and so releases Lhe starting
arm which go back to OFF position ( or first stud ) due Lo spring
tension.

. As a result motor gets disconnected from the supply mains.

Overload Release coil (LK)

. It is connected in series with the supply line to protect the motor
against overload. .

; When the motor is overload, overload release coil is magnetize
and it lifts the armature to the upward and short circuit the No volt
release coil as shown in the lNgure A.

. As soon as the NO voll coil is short circuited,

it demagnetized and releases the starting arm from "ON' position,

. Therefore the motor is disconnected lrom the supply and
protected against overload.

. The speed control of the DC shunt motor is achieved by
connecting a variable resistance is in series with the field winding as
shown in the Figure B,



e ——— —>
.

. The speed of the DXC shunt molor can be increased by
weakening the field flux,

. The variation in the leld Nux is achieved by

variable field vesistance ( R ).

. There is limitation of lield rheostat in order to achieve high
speed if the field rheostat cuts too much rheostat.

. Too much weaken of field flux demagnetize the NO volt coil
and thus starter arm moves (rom ON to OFF position r..uniﬂquenll}
motor is shut down. Therefore the three point starter is nof

suitable for speed control.

Four Point Starter
. Figure B shows a four point starter with internal wiring diagram

of a long shunt compound motor

. [t will be noticed that NO voli coil has been taken out ol the
shunt field winding and has been connected directly across the supply
line through a protecting resistance ( R ).

When the starting arm touches first stud, the line current divides

into three parts.

(1) One parts through starting resistance, series field

and armature winding.
(11 ) Second part passes through field rheostat and field winding.

( 111 ) Third part passes through no volt coil and protecting resistance.
. It should be noted that any change of current in shunt field does
not affect the function of the holding coil or NO volt coil.
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SERIES MOTOR STARTER
Figure C shows a two point starter for DC series motor.

. The positive terminal is connected to starter arm through
overload release and negative terminal is connected to armature of

the DC series motor,
. The function of the NO volt coil and overload release is similar

to that of we discussed in three point starter,




B —— R
e R e R I T A I T
A

. The Operation of a two point starter is similar to that of three
point starter but there is one important difference that the NMux does
not remain constant in the DC serics motor but varics with the
armature current.

. Therefore the back emf at any given speed depends on
current variation between upper limit and lower limils.

. As a result a series motor starter has a smaller numbers of steps
than that of a shunt motor of the same rating with same upper and

lower current limits.

the

i) i
e 5'\. | f( f*'f{,j. =
i / ON
OFF
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=] T — 7
R e -%
A
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1 STARTING RESISTANCE 5 OVERLOAD RELAY

2 STARTING AEM 6 ARMATURE
3 NVC (HOLD - ON COIL) 7 SPRING
L - LINE

4 SOFT IRON PIECE

A - ARMATURE TERMINAL
FIG C : SERIES MOTOR STARTER
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Parts of Transformer

i
What is Transformer?
A
An electrical component known os a bansformer is used to move electrical energy
between one electrical cireult, and another or between several circuits. A changing
pr-a core resulls from a changing current in any of its

. core experience a fluctuating
be changed using tpansformers,
increase or

As a resull, any other coils/Avouncharound the s
force mmru’ AC voltage levels ca
. afiding on whether th

A transformer is cory
the overall per

the core, windi
breather, cooli

ich confributes to
ain COmponents are
changer, conservator,

Nearly all ' indings, i i aterials, and transformer odl;
l:rm'lsf::rr i ; neénts, Let's discuss the working

Read Alsa: Different Typesof Transformers.and Their Working [Explained|

Parts of Transformer
Following are the main parts of transformer:

Core
Winding
Tank
Insulation
Transformer oil
Terminals and bushings
Breather
Tap changer
Radiators and fans

. Cooling tubes

. Buchholz relay

. Explosion vent

Ol conservator

. Temperature gauge

0N D W e

e el el sl e
i LO k=D

w
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Conservator Tank Explosion vent

Oll Gauge

Breather .\\' {‘

Buchholz relay Tharmometer

Bushing
Radintor

Transformer oll Main tank
Transformer Core
Transformer Winding

Parts of Transformer

#1 Core

Transformers are constructed using a core, which is the center of the transformer. Thes:
are used to support the windings. The primary and secondary windings are supported
by the core, which offers an glectromagnetic flux path with low reluctance.

It is constructed from thin sheets of premium grain-oriented steel separated by thin
inﬁufah'ng materials. The carbon content of the core steel is kep{ below 0.1% to reduce

hysteresis and eddy currents.

Improved core construction methods and highly permeable material help create a
desirable, low reluctance flux path and confine flux lines to the core. Core type and shell

type are the two different types of core constructions.

#2 Winding

The windings, divided into several coils, enable voltage lowering between adjacent
layers. Several turns of copper or aluminum conductors produce this winding and are
insulated from the transformer core and one another, X

Mransformer winding types and configurations are determined by factors like current
rating, short circuit power, temperature rise, impedance, and surge voltages. Primary
and secondary windings are based on supply, which means they apply input and
output voltages, respectively, : :

m—ﬂa
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The pri:mar}f and SEEDI'LIIIEET}’ winding is divided into two sections, the high voltage (HY)
windings can be distinguished based on the vollage range. The number of turns and its
current carrying capacily determine the winding to use.

Read Also: Different Types of Capacitors and Their Applications ['DF]

#3 Tank

Transformer tanks are used to hold, protect, and cocl the windings and core in an
electrical distribution transformer. It serves as a container for oil and support for all

other transformer accessories and protects the core and windings from the outside
environment.

Tank bodies are created by shaping rolled steel plates into containers and adding lifting
hooks and cooling tubes. Aluminum sheets are also employed rather than steel plates to
lighten the product and prevent stray losses.

#4 Insulation

ﬁEEnginEEranst,mm B S



rarts of Transformer

Most Power transformers have cellulose {paper/ pressboard) and oil as insulation
materials. Copper is used o make these windings due o their high conductivity and
du::ﬁl[t-_-.r. These coOmponents shield the transformer core and the primary and secondary
windings from one anolher

Insulation is required Detween the core and the windings, as well as between each
winding turm and the tank {or all currenl-carrying components, The insulators must
withstand high temperatures, have good mechanical qualities, and have high dielectric
strengtly,

Transformers can sustain the most severe damage if the insulation fails. Transformer
insulation is generally made of synthetic materials, paper, cotlon, and other materials
The most fundamental components of a transformer are its core, winding, and
msulation.

Read Also: Understand The Different Types of Electric Motors [Complete Guide|

#3 Transformer Qil

The core and coil assembly are insulated and cooled using the transformer oil. The
transformer's core and windings must be completely submerged in the oil, which
typically contains mineral oils with hydrocarbons,

Transformer oil provides additional insulation between conductor parts, improves hﬂ'ﬂ_t
dissipation, and detects faults, especially in vil-immersed (ransformers. lransformer oil
has a 310°C flashpoint, a 2.7°C relative permeability, and a density of 0.96 kg/cm3.



The primary and secondary winding is divided inta two sections, the high voltage (FTV)
winding, and the low voltage (LV) winding, In contrast, high-voltage and low-vaoltage
windings can be distinguished based on the voltage range. The number of turns and its
current carrving capacity determine the winding, 1o use,

Read Also: Different Ty pes of Capacitors and Their Applications [I'DF|

#3 Tank

il

Transformer tanks are used to hold, protect, and cool the windings and core in an
electrical distribution transformer. It serves as a container for oil and support for all

other transformer accessories and protects the core and windings from the outside
environment.

Tank bodies are created by shaping rolled steel plates into containers and adding lifting
hooks and cooling tubes. Aluminum sheets are also employed rather than steel plates to
lighten the product and prevent stray losses.

#4 Insulation
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Parts of Transformer
e — — S— S ]

#6 Terminals and Bushings

Transformers have terminals that are used for connecting incoming cables and cables
leaving the transformer. Normally, they are mounted on the bushings and are
connected to the ends of the windings by means of cables,

An insulator I.‘:-L:Eh:ing 15 a type of device that forms a barrier bebween the terminals of
the power source and the tank that contains it. They are positioned above the
transformer tanks. For the conductors connecting terminals to windings, they provide a
secure path. Porcelain or epoxy resins are used to create these devices.

Read Also: Types of Insulators Used In Power Transmission Lines [PDF]

#7 Breather

A breather is an add-on for liquid-immersed power transformers that are connected to
the transformer tank. It is a crucial device for preventing moisture from getting into the
oil. The breather is a cylinder filled with silica gel that is used to keep the air entering
the tank dry.

This is because moisture can cause internal faulls in the insulation when it reacts with
the insulating oil, which is why il is essential to maintain dry air. This is why there
shouldn't be any moisture in the air, and the breather accomplishes this.



Ja

#8 Tap Changer

A tap changer's job is to control a transformer's output voltage. This is accomplished by
changing the number of turns in one winding, which affects the transformer's turn ratio.

A de-energized tap changer and an on-load tap changer are the two different types of
fransformer tap cha ngers (DETC),

On-load tap changers can operate whiles the current is still flowing to the load, whereas
off-load tap changers can only operate when the transformer is not supplying any
loads. These days, automatic tap changers are also accessible.

Read Also: Understand The Working & Application of DC Generator

#9 Radiators and Fans

The transformer is made up of exterior radiator tubes, which are cooled by air from fans
installed on the tank's walls. Most of the time, heat is produced as a result of the power

that is lost in the transformer. Most dry transformers use natural air cooling.

However, various cooling techniques are used when it comes to oil-immersed
nan-;,fmn;erﬁ Radiators and couling fans are mounted on the transformer tank based on

the kVA rating, power losses, and level of cooling requirements.
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Parts of Transformer
e ———

The su rrounding transformer oil albsmorbs the heat |rr:1¢l1ln'tl in the core and winding, At
the radiator, this heal is released. Using cooling fans attached to the radiators, forced

conling is accomplished in bigger ransformens,
#10 Cooling Tubes

In ovder to cool the transformer oil, cooling tubes are used, as their name suggests. Its
possible for oil to circulate naturally or artificially inside the transformer,

When the oil temperature rises, the hot oil naturally rises to the top during natural

circulation. In contrast, the cold oil naturally lowers, whereas an dternal pump is used
to move the oil between the hot and cold zones in forced circulation. ™ misee!

Read Also: Different Types of Inductors and Their Applications [PDF]

#11 Buchholz Relay

Buchholz relays are critical components of oil-immersed transformers rated above
500kVA. Usually what happens, transformer oil short circuits produce enough heat to
cause the oil to break down into gases like methane, carbon monoxide, and hydrogen.

Buchholz relays are mounted on the pipe connecting the conservator tank to the main
tank. They sense these gases and activate the trip and alarm circuits. The trip circuit
interrupts the current flow and activates the circuit breaker controlling the primary
winding.

#12 Explosion Vent

An explosion vent, which is a component of the transformer, serves as a means for ol
and air gases to escape during an emergency. It typically consists of a metallic pipe that
is held just above the conservator tank and has a diaphragm at one end.
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Parts of Transformer

W i 16 l"l'li"!.h“ 1,",&““.& prega e pwilcde U ok can reach dangerous peaks, When
Wils Dy, e ﬂmp’mﬁ:m;.-nu}a_lum Al o relatively low pressure, releasing the forces
monpliery.

Prstede e teanformer fnto the s

#13 Ol Conservator

Mhe ofl conservalor Lank's purpose is Lo olfer enough space for transformer oil to
expand and contract. I varies in secordanee with the fuctuation in the main tank's
ambient temperature for transformer oil,

This evlindrical drum=shaped structure is mounted on top of the transformer's main
tank. Tt has o Buchholz relay mounted on the pipe connecting it to the main tank. To
show luny much il s in the conservator lank, a level indicator is also present on the oil

conservalor,
#14 Temperature Gauge

An instrument used to monitor the temperature of a power transformer is called :
lemperature gauge. It is placed on top of the tank to measure the temperature of the
transformer.  There is an alarm or light on this meter which alerts you when th
emperalure rises.

You might like to reagd more in oyr blog:
By,
hh

1. Undefstgiid The '}in::Tunl'i' _
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The surrounding transformer oil absorbs the heat produced in the core and winding, At
the f_ﬂdlﬁtﬂr. this heat is released. Using cooling fans attached to the radiators, forced
cooling is accomplished in bigger trangformers,

#10 Cooling Tubes

In order to cool the transformer oil, cooling lubes are used, as their name suggests. It's
possible for oil to circulate naturally or artilicially inside the transformer.

When the oil temperature rises, the hot oil naturally rises to the top during natural

circulation. In contrast, the cold oil naturally lowers, whereas an gternal pump is used
to move the oil between the hot and cold zones in forced circulation.

| I
P ER Y e

Read Also: Different Types of Inductors and Their Applications [PDFE]

#11 Buchholz Relay

Buchholz relays are critical components of ocil-immersed transformers rated above

S00kVA. Usually what happens, transformer oil short circuits produce enough heat to
cause the oil to break down into gases like methane, carbon monoxide, and hydrogen.

Buchholz relays are mounted on the pipe connecting the conservator tank to the main
tank. They sense these gases and activate the trip and alarm circuits. The trip circuit

interrupts the current flow and activates the circuit breaker controlling the primary
winding.

#12 Explosion Vent

An explosion vent, which is a component of the translormer, serves as 4 means for oil

and air gases to escape during an emergency. It 1.1,.rpi¢:ailw,r consists of a metallic pipe that
is held just above the conservator tank and has a diaphragm at one end.

TheFEneinrersPost.com Fage f
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Buchholz Conservator
Relay y - [ank

Explosion Vent — > \F\) Secondary
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Primary
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Transformer
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