SCHEME OF VALUATION
(Scoring Indicators)

Revision:2015 Course Code:5031
Course Title: INDUCTION MACHINES
Qst Scoring Indicators Splitup | Sub | Total
No score total
I(1) Transformer having no losses is called ideal transformer 2 2 2
Or
Transformer with input power= output power is called ideal
transformer
1(2) Absorb the moisture in the air sucked in by the transformer during 2 2 Z
the breathing process
1(3) 1. As a starter for induction motors 2 2 2
urement applications
e variable supply voltage (Any two)
ooster in distribution cables
1(4) The difference be synchronous speed of stator 2 2 2
rotatingmagnetic fiel @/ﬂd rotor speed(Nr) is called slip or
slip speed. Itis usually e percentage of synchronous
speed. Q
% Slip= (Ns Nr) For an IM, Slip is between OQ/y
Cn,
1(5) 1. Tachometer method /}7 2 2 2
2. Galvanometer method (Any two)
3. Stroboscopic method
() 6 6 6
Core type Shell type (Any 6
naints)
points)

Page 10f17




Shell Type Transformer

T e ik

Winding surrounds the

core

Core surrounds the winding

It’s core have 2 limbs

(0]

It’s ¢ ore have 3 limbs

A
Windingd4r

two opposite lith¥s

ced on

Windings are present in the

central limb only

D /2
Construction is difficu /c‘

struction is simple

Cross sectional area of

each limb is same

7:i0nal area of central
limb is limbs on

opposite side A

Rate of heat dissipation is

Y a
Rate of heat dissipation fs)f)é??

low
Rarely used Widely used
Overall cost is high Overall cost is low

Overall transformer losses

are more

Losses are less compared to

shell type transformer

TI(ii)

1. Percentage impedance should be same

% [ER e SR R

The polarity of transformers should be same
Phase sequence of transformers should be same
Ratio of resistance to reactance of transformers should be same
The no load transformation ratio should be same

The phase displacement between primary and secondary of all

transformers in parallel should be same

(Any 4

Points
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II(iii) | 1.Transformer rating is mainly decided based on how much power 6
can it deal without overheat. In a transformer mainly 2 losses are
present. Core loss and copper loss. This core loss mainly depend (3+3)
on voltage and copper loss is mainly depend on current. Hence
transformer is rated in KVA
2. A transformer manufacturer never knows the power factor of
load which is going to connect across transformer. Hence
transformer is rated KVA
(H(IV) Motor Imput in Stator 6
stator € Lo
Stator Trom Josw g
Total Mechanical power
Developed in Rotox
& Loss Motoxr or Roter
Loss Sutput
/.
1I(v) 1. It has very simple and extremely rugged c’(ﬁstﬂ@b 6
2. lts costis low
3. Itis highly reliable /77 (Any 6
4. It has high efficiency points)
5. It requires minimum maintenance
6. Itis Self-starting
7. Operation of this motor is easy
8. |M are iong lasting. ie, durabiiity is more
I1(vi) The main purpose of motor enclosure is to provide protection from 6
environmental impacts such as rain,corrosion,rusting etc. major types of
enclosures are (Any 3
1. Open Drip Proof( ODP )
e This enclosure allows movement of air through enclosure for numbers
cooing of windings between outside and inside of motor .
: ; X 2 with
e This enclosure is used for indoor applications only
2, Totally Enclosed Fan Cooled( TEFC) explanati
* This enclosure doesnot allows the movement of air though
enclosure between outside and inside of motor. That is this on)

enclosure is tottaly enclosedhis
» For cooling of machine enclosed by this enclosure, a fan is
provided and which is attached to shaft of the motor
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Totally Enclosed Non Ventillated( TENV)

This enclosure is totally enclosed and non ventillated

Cooing of motor in this types of enclosure is by natural
convection cooling method

This type of enclosure is not suitable in wet environment and
explosive environments

Totally Enclosed Wash Down (TEWD)

This enclosure can protect motor from high pressure wash
down, wet envirionement and humidity.

This type of enclosure is used in extremely moist or chemical
environments. It is not suitable for explosive areas
Explosion Proof Enclosure( EXPL)

It is also totally enclosed type of enclosure. It can withstand
explosion from inside and outside of the motor

This types o enclosure is preffered for motors operating at
hazardous locations

Totally Enclosed Air Over( TEAO)

It is also totally enclosed type of enclosure

TI(vii)
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11I(a)
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ITI(b)
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V(a)

El1=Primary induced voltage
E2=Secondery induced voltage
V1=Primary voltage
V2=Secondary terminal voltage
Io=No load current

(4+4)
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[1=Primary current
[1’=Primary equivalent of 12
I2=Secondary current
®=Working flux
V1=-E1+I1R1+11X1
E2=V2+I2R2+12X2
I1=lo+I1’

IV(b)
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V(a)

There are 2 types of losses in a transformer
1. Constant losses
2. Variable loss
Constant loss consists of iron loss and variable loss consists of
copper loss
Iron Losses

Iron losses are caused by the alternating flux in the core of the
transformer. As this loss occurs in the core it is also known as
Core loss. Iron loss is further divided into hysteresis and eddy
current loss.

Hysteresis Loss: The core of the transformer is subjected cycle of
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magnetization and demagnetization. Due to this Power is
dissipated in the form of heat known as hysteresis loss

Eddy Current Loss: When the flux links with a closed circuit, an emf
is induced in the circuit and the current flows, the value of the
current depends upon the amount of emf around the circuit and the
resistance of the circuit. Since the core is made of conducting
material, these EMFs circulates currents within the body of the
material. These circulating currents are called Eddy Currents. This
currents produces a loss (I’R loss) in the magnetic material known
as an Eddy Current Loss.

The eddy current loss is minimised by making the core with thin
laminations.

The equation of the eddy current loss is given as

Copper Loss Or Ohmic

These losses occur due to 0(@ istance of the transformer

windings. If I, and I are the prim e secondary current.
R; and R; are the resistance of prima n ary winding

then the copper losses occurring in the prlm econdary
winding will be I1’R; and I,’R2 respectively.

Therefore, the total copper losses will be /77

= IfR; + IR,

These losses varied according to the load.Hence it is also known
as variable losses. Copper losses vary as the square of the load
current.
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V(b)

A
Vi
1
Vi
' '

Figure shows a auto transformer in which PQ winding acts as a
primary having N turns and QR winding acts as a secondary

winding consists of N> turns.
The Welght of wmdmg materlal ( Copper ) is proportlonal tothe

materlal

Wo(axL} - .
The cross section of thi% depends on current (1) and
length of conductors is propo §) e number of turns (N ).
Therefore the weight of copper is )@: ortional to ampere -
turns (NI ).

Weight of the copper in the ordmary transfonﬂel{\CbNdl +

Nol /}7

Welght of co __ppgr in the auto transformer ( Wa i

: ht=0f copper :the auto transformer a I1 (N1 Nz ) + (

'—(:,'N{+11N1 NIy ) /2Ny (AsN1I1—NzIz)
- 2I;N1f211N1) ~(2Nol; /20Ny )
. (D -(K) (AsK- Nz/Ni'—Iu’Iz)
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-1k

Therefore Wa (1-K)Wo

Saving in Copper = Wo — W,
=Wo-(1-K)Wo
=KWo

Therefore the saving in copper material depends on the value of K
( Voltage transformation ratio ).

VI(a)

1. Oil Natural Air Natural cooling (ONAN)

Radiator pa
v
A
(& r—:-ﬁl Oil ﬂo@/
I
| N
i r
v A
| | Winding %
| [
| | ﬁgﬁ%g gﬁ%
| ehe
~—

;‘

Oil Natural Air Natural (ONAN) - Cooling of Transformer

This method is used for oil immersed transformers. In this
method, the heat generated in the core and winding is transferred
to the oil. According to the principle of convection, the heated oil
flows in the upward direction and then in the radiator. The vacant
place is filled up by cooled oil from the radiator. The heat from the
oil will dissipate in the atmosphere due to the natural air flow
around the transformer. In this way, the oil in transformer keeps
circulating due to natural convection and dissipating heat in
atmosphere. This method can be used for transformers upto
about 30 MVA.

Figure-4
marks+
Explanati
on-4
marks)
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VI(b)
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VIl(a)

T

Squirrel cage IW(T /: ring IM
Construction Simple Wul}\
Cost Cheaper Costly = O To N
Losses Less More 14 /
Efficiency Less More
Maintenance cost Very less More
Rotor winding Squirrel cage 3 phase winding
winding
Starting torque Low High
Speed control Difficult Easy
Uses It is popular not popular like
squirrel cage IM

(Any 4)
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Condition for maximum running Torque is obtained by diﬁg@ i
the above expression with respect to slip and putting this value tﬁ?
QO sz(;i =)
i QR 572
That is = e 0
_ (Ry* + (SX2))KE;"R; — KSE,*R,(25X,%)
(R2% + (5X2)?)?
For above equation to be zero, numerator should be zero
So,
(R,2 + (SX2)2)KE;*R, — KSE,*R,(25X,%) =0
(R, + (SX;)?)KE,?R, = KSE,*R,(25X,%)
(R? + (SX)%) = 257X,
Rz = SXZ

This is the condition for maximum running torque in an three
phase IM

0

VII(b) gouia  pe4 8
C o
e i (2424242
: 5 )
L speed,nl m%f;—%ﬁ?_.mmw
U foker spealinly = PLlEED
= oo l=103)
= agsprs
i By »mm‘f} =5 F
= 0B3R5
=
® By ooy = sl
e e e
Eeels
. /)7
/'221\ yi
VII(®) | Torque under running conditionis T = K = Uy g
R +(SX)%Y,
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VIII(b

B Doy

enolint ookl = FE 195 ko
Slaor less g
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= 39295 w

(4+4)
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1X(a) 8
SCAE cqapgrep i
STR0Bdscope 4 marks
FLASKING i
LiGhT Explanati
ey
E on-4
7 MANUAL marks)
LAHP  ADJUSTHENT
OEVICE
o Stroboscopic method of measurement of slip is shown.
In this pnethod of measurement of slip a stroboscopic instrument is used.
Basic oboscopic instrument is a source of flashing light whose
flashing freqte n be varied. A disk is attached to the shaft of the
induction motor. Orf’ a marking is provided. a stroboscope is
arranged in such a way t ing light will directly strike on disc
attached on the rotating shaft o &equency of flashing light is
adjusted and at a particular flashing fre e“ e mark provided on the
disc attached to rotating shaft appears station r@{li}condition
Flashing frequency speed will be equal to speed of sp@This
flashing frequency is calibrated with slip and stroboscope giv i
the IM
IX(b) 1. 4+3
Figure-4
marks
+
J— Explanati
Supply
on -3
marks

Stator Windings Delta Connected Rotor Winding Star Connacted
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e This starter is used for slipring IM starting

e Inthis starter a variable star connected rheostat is connected to
the rotor winding through slipring.this rheostat is called starting
resistance

s At the time of starting, the rheostats are placed at maximum
resistance position. So the starting current will be less.

* When the motor gains sufficient speed, the rheostat is cut out
from the rotor circuit

= This methos not only limit the starting current, butr also
increases the starting torque.

X(a) 7

R1=Stator resistance

X1=Stator reactance

Ro’=Outer cage resistance reffered to stator
Xo’= Outer cage reactence reffered to stator
Ri’=Inner cage resistance reffered to stator
Xi’=Inner cage reactence reffered to stator

X(b) _circle diagram is a graphical representation of the performance (Diagram
of an electrical machine
-4 marks
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