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MBDE ERSY I Rank Improvement Workbook 3

m Conventional Questions ]

Solution : 1 I 1,
(@) V=220V ; ?
R,=01Q :
R,=50Q Ree
R, = 0.06 Q (long shunt) ng y
I = 220 4.4 A
50
Load current, IL=1-1I
I=1+1,=100+4.4=1044A 8
This current flows through armature as well as series field winding hence,
I = Ise = Ia
Induced imfinarmature, E= V+I(R,+ R,) =220+ 104.4 (0.1 + 0.06)
= 236.7V
(b) When R, connected as short shunt i d E—o
Here, I,=1,=100A s Re |
Voltage across shunt field and armature, ?
Vi=V+1I xR, +
= 220 + 100 x 0.06 = 226 V RfE @E Vi v
I = £=@=4.52A
R, 50
Armature current, o
I,=1+1,=100 + 452 = 104.52 A
E=V,+IR, =226 +104.52 x 0.1
= 236.452V
(c) Series field ampere turns are directly proportional to series field current.
Series field current with diverter = L I =0.625]
0.1+ 0.06
% change in series field AT = L;SZSI =37.5%
Solution : 2

When run individually = E,, = E_, (as identical run)
Identical run means back emf generated are equal

E,=E,=V-RJ =500-(0.36 x 50) = 482 V
Now, ol = Koy
EaZ k¢2 N2
= koyN; = ko, N, (@s £,y = Ez)

& _ Ny _750_15
o, N, 700 14
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4 Electrical Engineering @ Electrical Machines
When run mechanically coupled (N, = N,):
From diagram,
0
+
1,=50
+
/,@ IEaM Ra1
:/ V=500V
: +
E ? IEaZ' RaZ
) o
Ea1 + Ea2 + Ia(Ra1 + RaZ) =V
E,, + E_ +50(0.36 + 0.36) = 500
E,, + E,, = 500-50(0.72) = 464 V (i
Further, Lo _ KON _ 0 _14 (i)
Ea kooN, o, 15
Putting in equation (ii),
14
E. +EE32 = 464
E,, =240V
E = koN
Comparing machine 1 when individually run and run in coupled condition
E{ = k07700 = 482
E,” = ké7N{=240
But ¢7 =07 as ¢ of £, is constant in both conditions
Ny 240 240
H ’ L 2= N7 = 2224700 = 34855
ence 700 ~ as2’ 1 T 4gp <70 e
Solution : 3
We know the formula is given below,
E, = kow,, (i)
E =V-IR, (i)
T= kol, ..(iii)
From (i) and (ii), ko w, = V-IR,
o, = L_ﬁ .(iv)
ko ko
L vV TR
Putting (iii) in (iv), 0w = —-—_2 (v
g (iil) in (iv) A (v)
Differentiating o, with respect to ¢ we get
Ao
LOn __V, 272—/?33 = —L2+ Zlalja [From equation (iii)]
do ko k%0 kd ko
1 .
= —W [V_ZIaRa] ...(Vl)
vaw.madeeasypublications.org MRDE ERSYH ©Copyrigha




MBDE ERSY 1 Rank Improvement Workbook 5

%
Case-1: E <~
2
%
V- IaRa < E
%
E < IaRa
V< 2IR,
adw
Putting in (vi), we get 71;77 >0
Case-2: E, > v
2
%
V-I1.R,> 5
%
5 > 1R,
V>2ILR,
dw
Putting in (vi), we get OT;" <0
Solution : 4 50A
When the machine is working as a generator. e
It is given that, voltage drop across Ris 5% of 500 V
= 52xR=25
R=048Q RShg V=500V
Eag =V+IR,
= 500 + 52 x 0.48
Eag =525V 3
Let, PHQ = Rotational losses in the generator ©
Efficiency of generator, mg = M
Input power
0.8=200x50 b _312500
in
Rotational losses in the generator,
PRQ = P,,—Power delivered by armature
= 31250-52 x 525 50A
= 3950 W ?
Given, Speed of generator = N;= 1500 rpm 2A
When the machine is working as a motor,
E,=V-IR E V=500V
E,, = 500-48x0.48
E,, = 476.96V
Now, let the speed of the motor be N_. 1

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




6 Electrical Engineering ® Electrical Machines MRDE ERSY

We know that for a dc machine,

E, = 6N
As ¢ is equal in this case for motor and generator, we can write,
Eag _ Ng
Eam Nm
N_ = Eam Ny = 476.96 x 1500
Y S 525
= 1362.74 rpm
Let the rotational losses for the motor = P, .
It is given that, Pp o< N?
'DHm Nm
2
1362.74
P, = 3950x| ————| =3260.186 W
fm ( 1500 J

Total losses in motor = Losses in armature resistor + Losses in field resistance + Py
= (48)?(0.48) + 2 x 500 + 3260.186
= 5366.106 W

Power output
Power input

Efficiency of motor

Power input — Total losses 500 x 50 — 5366.106

Power input - 500 x 50

_ 19633.894
W = 55000

=0.7854

Solution : 5
In separately excited dc motor flux per pole, ¢ = constant,

As rotational losses are neglegible,
Torque developed = Load torque

T=1,
K,01, = 500-100w )
R,=05Q, V=230V, N=250rpm, I, =100 A
Back emf, E=V-ILR,
and =230-100x 0.5=180V
E=Kom

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha




MBDE ERSY 1 Rank Improvement Workbook 7

Speed, o= M=z—n><250=26.18rad/seo.
60 60
The constant, K0 = g = % =6.88 V/(rad/sec.)
Using equation (i), 6.8817, = 500 - 10w .(i)
E=V-I1,R,=230-05I,
As, E=K,00=6.88m
So, 6.88m = 230-0.517, -..(iii)
By solving equation (i) and (ii), we get
I,=38.73A
and o = 30.62rad/sec.
Solution : 6
Given that :
I = 100A=1, =1,
Supply voltage = 250V
Back emf, E, = V-1,(R,+R,)
= 250-100(0.15 + 0.05)
E ., = 230V

al

After connecting a diverter of resistance 0.09 Q in parallel with the field winding then speed of motor be N,
and current I , respectively.

Ry 0.09
I, =1 dv__ _ I, =0.64286 1
s © fep  +R, 009+0.05 % @

se

and Torque, T, = =T

3
Ipp-0, = Zlan 01 (9o 1y,)

[22[862 = 4 ([se1 =[a1)
3 2
Ia2 x 0.64286 - 1a2 = Zla1
3 2
15 = =
2 7 4%0.64286
Ia2 = ‘1.08[61 =1.08 x 100 = 108 A
Ise2 = 0.64286 x 108 = 69.4289 A
Ea2 = V_Ia2 Ra _IseZ Rse
= 250-108 x 0.15-69.4289 x 0.05
= 250-19.6714 = 230.3286 volts
and Na o _ @xﬂ
N1 Ea1 ¢2

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




8 Electrical Engineering ® Electrical Machines MRDE ERSY

y 230.3286 y 100
230 69.4289

N, = N1x@xﬁ = 900
Ea1 IseZ

N, = 1298.142 rpm
Speed of motor is 1298.142 rpm if torque is 3/4 of the full load value.

Solution : 7
No load input = 400 x 5 =2000 W
The input goes to meet all kinds of no-load losses i.e. armature copper losses and constant losses.

400
[, = —=2A
sh ™ 200
No load armature current, [ =5-2=3A

a
No load armature copper loss = 32 x 0.5 =45W
Constant losses = 2000 - 4.5 = 19955 W
When line current is 50 A,

I,=50-2=48A
Armature copper losses = 482 x 0.5 =1152W

Total loss on full load = 1152 + 1995.5

= 31475W

Input = 50 x 400 = 20000 W

Output = 20000 -3147.5 = 16852.5 W

Full load efficiency = 108222 _ g4 269,
20000
Now, E, = 400 (3x 0.5)=398.5V

E, = 400-(48 x 0.5) =376V
N,-N, E,-E, 3985 225

= = =5.98%
N, E., 376 376
Solution : 8
. 10x 10°
Given, I = =" 2 _4A0A
t 250
I,=1, =40A
I, =2I,=80A
L=1,=40A
y= =2
12
V.
Now, R, = i_290 34250
I, 80
R, e, (total) = 3.125-0.15 =2.975 Q
R
Also, Y-1= =1 or 2k _3125
R, 0.15

which gives, k=5 = 4 sections are required.

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Resistance of various sections are computed as shown below,

R, = 3.125Q

Rz=@=1.569, r,=156Q
2

R, = 156 _g780, r,=078Q
2

R, = 978 o390, ry=039Q
2

R, = 939 51950 r,=0195Q
2

[@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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m Conventional Questions ]

We will refer transformer impedance to the LV side.

Ry = 0.05+—2—=0.08Q
100

Solution : 1

X, = 0.05+>22-01030
100

The circuit model is drawn in figure,
(0.08 +0.103) Q

L - .’2O><1OOO=1OOA ° i 3
200 ‘
@ () Voltage drop = 100(0.08 x 0.8 + 0.103 x 0.6) y y
= 1258V ! 2
Voltage regulation = 12.58 x 100 =6.29% l
200
(ii) Voltage drop = 100(0.08 x 1 + 0.103 x 0) =8V
8
Vol lation = ——x100 = 4%
oltage regulation 200 X
(iii) Voltage drop = 100(0.08 x 0.707 —0.103 x 0.707)
=-1.63V
-1.63

x100=-0.815%

Voltage regulation =
gereg 200

(b) The circuit model is shown in figure,
(0.08 +,0.103) Q

Lo
i n

100 A (0.8 1ag/0.707 lead)

(i) Voltage drop = 12.58 V

V, =200-1258 =187.4V
(i) Voltage drop = 8V

V,=200-8 =192V
(iii) Voltage drop = -1.63V

V, = 200 - (~1.63) = 201.63 V

Solution : 2
Consider the figure (a) and figure (b).
Furnace A : 500 kW at 0.71 pf lag,
Furnace B : 800 kW at 0.71 pf lag.
N; 6600
N, 110

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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12
and EM = 51.96
2 N,
I = 5001000 _ 6402 A;  ¢,=cos’(0.71)=45° (with V, asreference)
110x0.71
I, = 800x1000 _ 10243 A; ¢, =cos'(0.71)=45° (with V, asreference)
110x0.71
Reference
14
AT
6000 V, I
3-0 ’
Bo J s v,
N2 Mo N2
IC
co
N2
000
B
Vv, =110V J
. BC
Fig. (a) Fig. (b) Iy —1,/2

— N —
Now, Iy = 2Ny 0402 4530450

J3 N, ? 51.96

Ty = Ino —%A ~170.7(0.71- /'0.71)—%(0.7” jo.79)

(77.46 - [164.93) A

|Ig| = 182.2A
Iy —(IBC+%A)=—17O.7(O.71— jO.71)—¥(O.71+ j0.7)

-164.93 + j77.46 A

182.2A

~
S
[
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Solution : 3
(a) 11 kV/2.2kV, Y/A, 1000 kVA load:

ao— - Oa

Ipa Vs
11 2.2kV E b’
ho—— L oc

c©O
. 1000 .
Rating of each transformer = = - 333.33 kVA in each case
Transformer ratio = % =2.89
3 Vpy 1, = 1000 kVA (1)

Vo, = 2.2 KV from figure
Putting Vp, in equation (i),

1000
I, = =151.51A
P 3x22

151.51
I, = =52.60 A
PP o8

V., = % - 6.35KV

(b) 11 kV/2.2 KV, AJY:

ao I 22
f V3
11kV Py
bpo— %11 KV = Vp,
cO -
Turnratio = 1 = 8.66
C22/J3 7
V3,V = 1000
1000
I, = =262.4 A
e Bx22
Vi, = %:1.27KV

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




14 Electrical Engineering @ Electrical Machines MBDE ERSY

314,V = 1000 KVA

1000
= =30.30 A
P 3%
Vi, = 11KV
(c) 11 kV/2.2 kV, Y/Y:
Ipy(HV) IpyLV)

Turnratio = 1 =5
2.2

1000
I (LV) = ——
P (HY) J3x22
Vo (LV) = 1.27 kV

L(HV) = % = 525A

=2624 A

11
Vo (HV) = — = 6.35kV
P)X \/é
(d) 11 kV/2.2 kV, A/A:
°° (aFY) T Ves(LV) e
11KV = Vp, (HV) g Vp, (LV) =2.2kV E
bo - 0 b

CoO |—OC

Turnratio = 1 =5
2.2

1000
Ip(LV) = 5 ——=16151A
Vi (LV) = 2.2 KV

Ly(HV) = % =303 A

Vi (HV) = 11kV

(i)

[www.madeeasypuincations.org MRDE ERSYH
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Solution : 4
N
The turn ratio given as, N _12_4
Ny 99 33
o2 O
X, =10Q gHEX2=O.O1ZQ
o 0

N, N,
The secondary reactance referred to primary,
, X5 0.012
X2 = 5 = 5 =
(N> [Ny (4/33)

Secondary reactance Xz =0.01 Qreferred to primary,

, 001
5" (4/33)
Secondary voltage V, = 400 V referred to primary,
vy = o _ 400 4500y

(N, /Ny)  (4/33)
Magnetizing reactance X, = 500 Q on primary. The equivalent circuit,

X,=05Q X, =1Q X,=082Q X;=0.68Q

— BT —— T —— 00—
Iong ];7 ;;2
+ +
V1<9 @ %xm=5ooszC <~>V’z
As, V, = V} =3300£0°V

The magnetizing currents from primary and secondary,
Iy 1, = Iy

KVL in loop-1, V= L (Xa+ X+ 1, X,

= [T (Xa + Xy + X)) + I X, ]

mo”™m

501.51,, +5001,, =-j3300 ()

KVL in loop-2, Vg = Jl, (X5 + X3)+ 1, X 0]
= JL X + Ly (X + X5+ X))
5007, +501.51,, =-/3300 ..(i)

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




16 Electrical Engineering ® Electrical Machines MRDE ERSY

By solving equations (i) and (ii), we get

I, =-j3.26
I,, =333

Resultant magnetizing current referred to primary side,

—

I,=1I,+I, =-659
So magnetizing mmf or ampere turns,
F,=N_ =99 x6.59
= 652.41 AT®
As in the given circuit currents lag behind the voltage by 90°, power factor = 0, so power P = 0 hence no
power is transferred.

Solution : 5
(@) V, = 2000V
V, = 2000 + 200 = 2200 V
201000
b = 2221999 460 A
I-1,=10A I, =110A
KVA rating = 2200X100 _ o0 kya
1000

It is therefore seen that a 20 kVA two winding transformer has a rating of 220 kVA as autotransformer,
an 11 times increase.
Vi(I,-1,) 2000x10
1000 1000
kVA transferred conductively = 220 — 20 = 200 kVA
(d) Core loss (excitation voltage 2000 V) = 120 W
Full load copper loss = 300 W
Total losses = 420 W
Since, V, =2200V, I,=100A
Full load output = 2200 x 100 x 0.8 = 176 kW

(c) kVA transferred inductively = =20 kVA

%M = |1- 420 x 100 =99.76%
176000

This transformer as a two winding transformer has a full load efficiency of 97.44%. The reason for such
high efficiency (99.76%) for the autotransformer is its higher output for the same excitation voltage and
winding currents i.e., for the same losses.

Solution : 6

On the basis of 500 kVA,

%Z, = (2+/3) %
500

== (1.5+j4)=(3+/8)%
200( j4) = (3+j8)

Z, 2+ /3

= =03£-93
Zi+Zg  5+/10

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Zg 3+ /8

Zy+Zg 5+ /11
Now, S = 750 £-45° kVA
Zg
(a) S,= S| —==—|=750£-45°x0.711£3.8°
Zi+Zg

533 /-41.2° = (400 — j351) KVA

Sg=38 _Za | (7504 — 45°) x (0.3£ —9.3°) = 225 /-54.3°
Zi+Zg
(b) cosd, = cos41.2°=0.752 (lag)

cosdy = c0s54.3° = 0.5835 (lag)

(c) Since voltage drop of each transformer is same its value in the case of transformer A would only be
calculated. Now for transformer A, kW = 400 for active component of current and kVAR = 351 for
reactive component.

% resistive drop = 2x 400 =1.6%
500

% reactive drop = 3 xﬁ =21%
500

Total % drop = /(2.1 + (1.6)° = 2.64%

Secondary line voltage = 400 — (2.64 X %) =389.4V

Solution : 7
KVA = VI | I, = 1000 x kVA
1000 v
Full load currents of transformer A and Bare
I, - 1000 x 100 —108.1A
925
= 1000 x 50 _5405A
925

It is more convenient to work with ohmic impedances. Therefore percentage impedances are converted
into ohmic values. Let us assume that the secondary terminal voltage is 925 V. This arbitrarily chosen value
is less than either of the two no-load emfs.

1,
IR, = 1.5% of V= %x925

Ry= 2% 925 _010840
100 " 108.1

I,X, = 8% of V= %x925

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




18 Electrical Engineering ® Electrical Machines MRDE ERSY

8x925

Xy = 2222 _ (6846 Q
100 108.1
IRy = 2% of V= —2_x925
5e 100
Ry= —2X925_ _(aar30
100x 54.05
I X, = 6% of v= 8X92°
100
X, = —0X925 400680
100 % 54.05
Z, = R+ X, = (0.1284 + 0.6846) Q

Zg = Ry + jXg = (0.3423 + j1.0268) Q
Z,+ Zy = 0.1284 + j0.6846 + 0.3423 + j1.0268
0.4707 + 1.7114 = 1.775£74.62° Q
E,s—Eyg  1000-950

Z,+Zg 1.775£74.62°

=28.17£-74.62° A

Circulating current, I, =

Solution : 8
S = 100 kVA = 100 x 10% VA

B mScosd,
n= mScosd, + P+ m?Py,
At full load, m =1, cos¢,=0.8

3
0= 1><1003><1o x08  _ogs
1x100%10% x 0.8+ P, + Py

100x10°x0.8
W = 100 x 103 x 0.8 + Pi + Pcfl
P+ P, = 100x10°x0.8 1
i 0.985
or, P.+P,=1218 ()
At half-full load, m = % cosd, =1
1 3
2 x100x10° x1
Nijon = ] N =0.99
5><100><103+P,. +(2) P
1 3 1 N
P +—P, = 50x10°[ ——-1|=505W -..(ii)
4 0.99

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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Subtracting equations (i) and (ii), we get

3
Z,Dcﬁ =713, P,=950.7W
and P, =1218-950.7 = 267.3 W
Full load current on the secondary side
_ 100 x 1000 _ 909 A
11000
. . P 267.3
At maximum efficiency, Ly = 1o

=9.09% |22 =482 A
950.7

EEEE
[@ Copyright mRDE ERSY
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m Conventional Questions ]
Solution : 1

Given: R, =06Q, R, =03, X, =X,=1Q
The magnetizing branch is neglected, 1, ~ 0
The per-phase equivalent circuit,

R Xi+ Xp
|
% §§ R, s
- 440 R
Per phase rated voltage, vV = ﬁLO =254.0320°V
f=50Hz, P=6
Synchronous speed, N, = Kg = 1000 rpm
or, 0, = %ﬂf =104.72rad/ s
At rated speed, N. = 960 rpm

= =0.04
Slip, s N

—

Rated current = 4

;N2
(91—22) + (X, + X, )
254.03

- 2
\/(0.6 + 0'3) +(1+ 77
0.04

(i) Speed at which machine is running,
Applied voltage = 330V
Given current is same as rated current as per phase voltage,

=30.45A

330
V= —=19052V
J3
Putting values in equation (i),
190.52 = 30.45

2
\/(0.6 + 0'3) + )
S

21

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




22 Electrical Engineering @ Electrical Machines MBDE ERSY

2
190.52 0.3
= = _
30.45 \/(O.6+ S) +4
= 3916 -4 = (0.6+%)
S
N 3516-06 = 23
S
= s=867x%x103
N. =N
We know, = L =5
NS
1000-N, _ g67x 10
1000 o~

1000~ N, = 8.67
N. = 991.33rpm
(i) Torque developed at new speed,

3 » R
T = 12
new (05 S
-3 o (@oaspx—93
104.72 8.67x107°
= 919.11 Nm

Solution : 2
The circuit model of the motor is drawn in figure (a) and its Thevenin equivalent is given in figure (b).

, 07 07T g, I,=0.686 + 0.7 = 1.386
o——T00" T ¢—— 1T
440 _ 954y §35 IE/EZG 249V 03 g
V3 & s & 0.05
o4 (o4
(a) (b)
_ 1000 —-950 — 005
1000
v - 25435 _,,,0
35+0.7
*p = 35x0.7 0686 O
35+0.7
I = 289 _4044A

(1.386)° + (6)

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha
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P_(gross) = (%—1)x3[§2 r

= [~ _1)x3x(40.4412 x0.3 = 27.96 kW
0.05

P_(net) = 27.96 - 0.75 = 27.21 kW

S _ j3(6+/07)

For input current, e
+ /35.

— 584.,16.2° = (5.61 + j1.63) Q

Z(total) = 5.61 +j(0.7 + 1.63) = 5.61 + j2.33 = 6.07£22.6° Q

I = 24 _ 41.8 A
6.07
p.f. = cos22.6° =0.923 lagging
Solution : 3
Given: r,=45Q, x,=85Q
3 Vi
(a) 7—start = w_s r2,2 +x§2 [ Rext = O]
But, 0, = mxz—n:ﬁ?ﬂrad/s
4 60
3  V2x45
85 = 2 2
157.1(4.5)% +(8.5)
Standstill rotor voltage, V' = 3025V or 5239V (line)

3Q
3 VAB+RL)

(b) With external resistance, R_,

o G RL)

_ 3 (3025°(45+3) _.oonm

T
St 157.1(4.5+3)° +(8.5)°
(c) Induced rotor voltage at slip, s = s x standstill voltage

—
Il

start o)

= 0.03x302.5
= 9.1V or 15.7 (line)
20,7 2
_ ix % (%/3)2 _ 3 (3025 (42.5/0.032 —11.6Nm
O; (15 /8) +x5 157.1(4.5/0.03) +(8.5)

Solution : 4

120f 120x 50
N, = p -
(i)  Frequency of stator current = 50 Hz
(i) Speed of rotor magnetic field w.r.t. rotor = (N, — N) = 1500 — 1440
= 60 rpm
Rotor magnetic field is in same direction as rotor.

= 1500 rpm
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(iii) Speed of stator magnetic field w.r.t. rotor = (N~ N) = 1500 — 1440
= 60 rpm
Stator magnetic field is in same direction as rotor.
(iv) Speed of stator magnetic field with respect to rotor magnetic field = Zero

Solution: 5
Given, constant V/f,

400
Voltage, V= —=":
’ e
Frequency, f=50Hz
v 400 J AN X
f o J3x50 20 70
R _
or % =46 v /%/T—ag
and frequency 10% to rated means 5 — 50 Hz l
Al -0 s
J3
N_ = 1380rpm;
120x 50
N, = ———— =1500 rpm
P
p=4
o, = 21N _ 2xnx1500 _ 157 rad/sec
60
N, -N _
s, = el 1500 -1380 0,08
Ns 1500
(400)2>< 3
V2. R a1 *00s
Full load torque, T = 3 VRIS _ 3 \J3) 008
05 (R+FféJ+xz 157 (2 3 )2 o7
+— +
sy 0.08
T, = 23.75Nm
%
(@ f=7 5= 46
N_= 1000 rpm
T, =2375
21 x N 2T 120f
(DS = — 2 = X —
60 60 4
o, = nf

S
X = 2nfl = L><(215><50><L)
50

Xogpy = 2nx90x L =7
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or, X = o
50
) O, - 104.7 33.3
Slip, S, = —S Tt — q_ .
P f o, nf f
3
27
(4.61) (1_33.3)
235 = 3 f

ool (8 (7Y
1,_383 || "ls0
For full load i.e. low slip region.
R\ 2
(5 - (3

2 3
(4.6f) [33.3]

n

122

e, 235 = 3. ’; or 235-= §_(4.6)2(f—33,3)
nf 3 b 3
f
f=36.78Hz

(b) Torque for a frequency of 35 Hz and speed of 950 rpm.
N = 950; N,=1050

Slip., _ 1050-950 _ 449
1050
o8 v B
s R Fl’é 2 ,\2 Y
1+§ +(X~|+X2)
o, = ZNs _ 21x1050 _ 449 o5 ragsec.
60 60
Vv
7= 4.6 constant
Voltage, V=46x35=161V
35 7f)
_ 22 _ X =1
X= g X 7=49 ( 50
3
(161)° x ——
R 009  _ 1939 Nm
109.25 5, 3 2 (4.9P
( +o.ogJ A
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Solution : 6
Given:
Supply voltage, V=400V
Output power, Py = 20 kW
Rated speed, N, = 1440 rpm
Initial frequency, f, = 50 Hz

Initial rotor leakage impedance,

—
R

Z = [gﬁ + j1.6] Q/phase
R
Final frequency, f, = 120Hz
Now change in frequency will change rotor leakage impedance and synchronous speed as Xo< f

New rotor leakage impedance,

Z,= 0.4+ 1 6(@) =04+,3.84
50 =
Let us assume that the motor has 4 poles,
Initial synchronous speed, N, = 12401(1 =1500rpm
120f,

Final synchronous speed, N, = 2 = 3600 rpm

(i) The torque for induction motor is given by; where kis a constant
ks

Ny(R? + 2 X?)

Now, rated slip in initial condition,

T =

N —N
s, = ——1= 0 _0.04
N 1500
Rated torgue in initial condition,
T, = ks, K(0.04) — k(0.00016251)

N, (R? + s2 X2) 1500(0.16 +0.0041)
Rated torque in final condition,

ks, ks,
B = N (R + 2 X2 = >
(A2 +2X2)  3600(0.16 + 5214.7450)
T, =1,
ks,
k(0.00016251) =

3600(0.16 + 55 14.7456)
8.6267s,2 s, + 0.0936 = 0

The solutions for this equation are imaginary. This means that when supplied at 120 Hz, the motor
cannot generate the rated load torque of 50 Hz frequency.

(i) The slip at which maximum torque occurs is given by

R 04
s = —=—"=01042
max T X T 3.84
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m Conventional Questions ]
Solution : 1

Two identical generators (1) and (2) each rated 100 MVA and X, = X, =0.8puas X, = X, it means
cylindrical rotor with synchronous reactance X, = 0.8 p.u.

Total load = 100 MVA at 0.8 p.f. lag
Let, Base MVA, (MVA)g = 100 and rated kV as base voltage

S, = 1p.u.pf cosé=0.8lag
As, S, =P +jQ

P, =S, cos6=0.8pu
Q, = S, sin® = +0.6 pu, +ve as p.f. lagging
Load shared by each generator,

—

S =5, =%= 0.4+,0.3
or, S, =5,=05pu
Both are operating at rated voltage i.e., terminal voltage, X r X 7

- U, 1
Let, Vi=V,=V=1£0°pu

+

S = VI (inpu) g [] - "
= T=1xI 1§> Q=
= I=1pu
As, p.f. cos® = 0.8 lagging
= 0 = 36.9° Generator 1 Generator 2
So, vV =120°pu, I=1/-36.9°pu
Both are identical so,  Ij=1, = % =0.52-36.9° pu

E1 = E2 = \7+/71 Xs
= 1£0° + 0.8 x 0.5£-36.9°
= 1.28£14.47°pu

Excitation emfs, E,=E,=128pu
If field current 1, of 15t generator is reduced by 5%.
Because saturation is neglected, i.e., Ee< I,

Ef =095 E =1216pu
The field current 1, of 2nd generator is increased by 5%.
ie., E; =1.05E,=1.344pu
In case of changing field excitation the active power output remains same only operating p.f. or reactive
power changes.
So, P, = P,=0.4 p.u. remains same

Terminal voltage V=1 p.u. is to be maintained constant.
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ErV

P = sSind;
1 Xs 1
1.216x1
04 = ————sind;
= 08 1
- 8| = 15.26°
p, = E2¥¢ing, s L s,
2= X, 2 s, 1 s,
+
04 13810 EQ I OF
0.8 -
= &, = 13.77° S;

E; = E5£58, =1.344213.77°pu

., E-V 1216.15.16°-120°

The generator currents, I = — = -
g 17 Tjos 08
— 0.45./-28.64° pu
Complex power, S/ =VI" = 1£0°x0.45228.54° = 0.4 + j0.22 pu

Load power and power factor are same,
5, =(0.8+/0.6) pu
From equation, 5+S, =S,
S, = 5 -5, =(0.4+,0.38) pu

From, S = P+jQ and (MVA)g= 100

P, = 0.4 =40 MW

Q, = 0.22 = 22 MVAR

P, = 0.4 = 40 MW

Q, = 0.38 = 38 MVAR
The P, and P, share can be changed by changing mechanical input, according to speed governer
characteristics.

Solution : 2
The synchronous motor rated at 50 kW i.e. rated power output = 50 kW.
At 50% of load
The power output, Py = 25 kW
This motor is driven by another motor which is lossless, i.e. the power input of driving motor is completely
transferred to the synchronous motor. When field excitation is not switched on, there will not be any induced
emf or current in armature so only losses are rotational losses, i.e. Friction and windage (F and W) losses.
Hence, Rotational loss = 800 W
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In short-circuit condition, the motor takes 2500 W at rated current 10 A. As induced emf in this condition is
very small (as terminal voltage V = 0) the Iron losses are neglegible so only rotational loss and armature Cu
losses are supplied. Hence Cu loss at 10 A (rated)

= 2500-800 = 1700 W

Full load Cu loss, [
Culoss atx = 0.5 of load, i.e, I,=0.51,
Pi = x*FPop = %PCF =425 W

When armature is open circuited, i.e. I, = 0 or Culoss =0, but excitation is given hence there induced emf
and iron losses are present so power in this condition is iron loss and rotational loss. Iron loss and rotational

loss = 2500 W.
Hence Iron loss, P, =2500-800 = 1700 W
Total losses at half-full load = 800 + 425 + 1700 = 2925 W
= 2.925 kW
Output 25x 100
The efficiency, %m = x100= ————-x100 = 89.53%
y en Output + Losses 25+2.925 °
Solution : 3
Given: x,=9.6Q, Xg= 6 Q
v,= 85 _3g1kv
J3
6
I (rated) = Lms -306.17 A
J3x6.6x10
6
I,at 2.5 MW at 0.8 pfis - 259" _5734A
J3x6.6x10°x0.8
¢ = cos(0.8) =36.9°lag
Vising + 1/
As we know, tany = — 0+ la%q _3810x0.6+273.4x6 =1.29
Vicoso+1,r, 3810x0.8
or, Y =522°
d=¥-0¢
= 522°-36.9°=15.3°
Using equation, E;= V,cosd + I x,
= 3810 ¢0s15.3° + (1, sin'P) x,
= 3810 c0s15.3° + 273.4 x sin52.2 x 9.6
= 5749V or9.96 kV (line)
Regulation = 5749-3810 =50.9%
3810
- X,
Power output, P, = EVigins+ VP (xd—qJ sin28
Xd Xd xq
Given, E;=0
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-X
V] quinZ&
t (?_xdxq

2|29 | _ (3812 (—9'6‘6 ) 10 = 0.454 MW
f(zxdqu B8) x| 2xo6x6) 10 =0

V, = %: 288.7V
600

E.= —=346.4V
f \/5

1 . .
z (eqv. star) = 5(0.4+/5) =(0.133+/1.67) Q

= 1.6754£85.44° Q

Using equation for maximum output power,

P,(gross) =

P,,(out,net)

For maximum power output,

or,

Motor efficiency,

B BV

max 2
Zs

ZS
(346.4)° x0.133 . 346.4x 288.7
+
(1.675) 1.675

= 54 kW (per phase)
max = 04 x3-12
= 160.8kW (3-phase)
d=6=28544°
/- V,£0-E; -8
a 7,20

288.7 —346.4,4-85.44°
1.6754£85.44°
= 172.4/-85.44° -206.84-170.9°
=217.9-/139.14
I = 258.5,-32.56° A
p.f. = cos32.56° = 0.842 lagging

P,(in) = 3 x500x 258.5% 0.842
= 188.49 kW

%m = 160.8x100 _ g 50
188.49
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Solution : 5

Generator 1,
No load frequency = 51.5Hz

Electrical Engineering @ Electrical Machines

1MW
(S‘”) T Tz
Generator 2,
No load frequency = 51 Hz
0.8 MW
S )=
(%, Hz
(i) Generator 1, tan ¢, = 51.5-1 _,
X
= 516-f=x
= x+ =515
Generator 2, tan ¢, = oi-f ]
25-x 0.
= 51x08-08xf=25-x
= x-0.8f=-383
Solving (1) and (2), we get
x=1.61MW
f=49.89Hz

Frequency of operation = 49.89 Hz
Power supplied by G, = 1.61 MW
Power supplied by G,

Generator 1, tan ¢, = 5157 _
Yy
= y+ =515
Generator 2,
tan o, = 515-f _
2 25—y
= 515x08-08f=25-y
= y—-0.8f=-387
Solving equation (3) and (4), we get
y = 1.39 MW
f=5011Hz
System frequency = 50.11 Hz
Pg = 1.39 MW
Pgp = 1.11 MW

1

1
0.

8

(1)

(2)

8

..(4) P(MW)

MRDE ERSY

(2.5-1.61)=0.89 MW
(ii) After increased governor set pointto 0.5 Hz

f(Hz)
51.5
(Gy) 51 (G1)
(Spy) =0.8 MW/Hz {0, ____¢_1_ . (Spy) = 1 MW/Hz
i f :
PMW) (25— ) () P(MW)
f(Hz)
51.5
(Gy) (Gy)
..(3) 0.8 MW/Hz 1 MW/Hz

25-y) P(MW)

(iii) For the load transfer from generator ‘1’ to generator ‘2’ without changing system frequency, generator
‘1" must be operating at no load at frequency = 50.11 Hz as shown in characteristics.
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A~ 515Hz

50.11 Hz

- (1)
Machine

@)

Machine

AMW)

Whereas for generator ‘2’ the total load = 2.5 MW operating at f=50.11Hz

Now the no load frequency of generator ‘2’; f02

2.5

08= ———=
f, —50.11

f, =53.235Hz

2

Therefore, generator ‘2’ no load frequency increases from 51.50 Hz to 53.23 Hz by 1.73 Hz and
generator ‘1’ no load frequency lower from 51.50 Hz to 50.11 Hz by 1.39 Hz.

Solution : 6
For cylindrical rotor hydro-generator,
Assuming A, = 0,
= ﬁsina
XS

out

(E;cosd-W)V;
QOUI = X
S

V,=1p.u, X,=/0.725 + j0.11 = j0.835 p.u.
Ef=15p.u, Ry, =025p.u.

EVi .
o = )}S sind,
5x1
= % sind ~8°
= 0.25 0835 1 = 0,~8
(Efcosd;=V))V;  (1.5c0s8°—1)x1
Q= — = =0.5813 p.u.
outt X. 0.835 p-u
(@) 100% increase in torque means 100% increase in real power
EVv
P, = 05p.u.= sind,
Xs
= = 1505, = 5,-16.16°
0.835
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(E; cosd, - V)V, _ (1.5c0s16.16 -1 x (1)

Qo = =0.5278
out2 X, 0.835
% changein Q_, = MMOO
Qouﬁ
_ 0.5278-0.5813 <100 = —9 20%
0.5813
(b) P = 0.25 {Turbine torque is constant}
En=12xE,=12x15=18
E. Vi
Pos = —2Lsind,
S
= 025 = 18x 505, = 5,=666°
0.835
o - (Egcosd -V, _(1.8c086.66-10x() _ ) gus5
outs X, 0.835 '
Qout. — @
% changein Q_, = —s 0 %100

outy

_ 0.9435-0.5813 100 = 62.30%

0.5813
Solution : 7
Given: X;=01Q, Xq =0.07 Q
Line voltage, V, =400V
For delta-connected alternator, phase voltage = line voltage
Vp =400V

. 1 .
For delta connection phase current = — x line current

Ne

i>< 1000=577.4 A

° 3

~
Il

Taking V/D as reference phasor.

SN
Il

VpAOO =400£0°V =400+ 0
577.4£-cos 0.8
577.44-36.9° A
= Vp +1,7,
Vo4 JL, X, =V + JL X,
400 + (12£90°) (577.4/-36.9°) x 0.1
= 400 + 57.74290° - 36.9°
= 400 + 57.74£53.1°
= 400 + 34.7 + j46.2 = 437.1526.07° V
E, = E,=437.15V

)
Il

(a) Saliency neglected,

m
([
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(b) Saliency taken into account,
Since ¢ is taken positive for lagging pf,
¢=cos'0.8=236.9°

V,sing + X, 1
From equation, tan ¥ = oSG+ Xgla
V,cosé+ H,l,
If the armature resistance is neglected, A, = 0.
V,sino + X, 1
tan ¥ = u
V,coso
_ 400x0.6+0.07x577.4 _ 0.8763
400x0.8
Y =412°

0=¥-¢=412°-369=4.3°
I, = I,sin¥ = 577.4 sin41.2° = 380.3 A
Efp = Vp cosd + X, 1,
= 400 cos4.3° + 0.1 x 380.3=436.9V
E, = Efp = 436.9V

Solution : 8
V, = 6600V
V] 6600
V,= —L === -38105V
PP Y3 B

Rated kVA = 1200 kVA
Forrated current/,,

Ly X,
J3xB600x 1, _ o fa1 %o o
1000 -
1200 x 1000 >
I, = ————=105A & Ve, fe———]
a7 3% 6600 7 Tl xcsing,
For synchronous reactance, X, = 0.25pu
ﬁx 100 = 25 T
P

Xs=9.073Q

EZ = (Vo+ Iy Xgsing,)? + (14 Xgc080,)?
= (3810.5 + 105 x 9.073 x 0.6)? + (105 x 9.073 x 0.8)?
E,, = 4448V
(@) When power factor is unity and supply gradually increased
VE,sind
Xs

P= = VI, cos¢
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) Ea2

mn'l
=4
o
S
=% 1
- 1
1
1
1
1
@
50
1
le
1
1
1
1
1
1
1
I
1
1
i
1
~ am
© =
- 1
X 1
% i
| i
|
N y
.
.
.

sin §, 1 [a X5 cOSO4

¥ Vp /|15 X sind

As Pisincreasing, E_sind = I, cos¢ will increase.
As E_ is constant, locus of £, will be circle.
At unity power factor:

E,
E2 = VB+1,X5 ’
12X2 = (4488)2-(3810.5) X

I,Xg = 237112V

237112 ;
_ 2218 ey 34 -
2= ~5083 Ve

Power output at unity power factor

V3V 1coso _ 3 x6600x 261.34x 1

1000 1000
= 2987 .5 kW
(b) For maximum load without losing synchronism
E V. si
Since, P= Eglisind
Xs
sind = 1
Maximum load, 5= 90
EZ+ VB = (%)

1, X = 5887.44
5887.4

I, = = 648.89 A
9.073
tang = Ye _ 38105 _ 0.8490
E, 4488
0= 40.33°
cos¢ = 0.762 (leading) as can be seen from phaser
Maximum power output = /3 6600 x 648,89 0.762 =5652.37 KW
1000
EEEE
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m Conventional Questions ]
Solution : 1

Parameters of the circuit model are calculated using both no-load as well as rotor-blocked tests.
(i) No-load test: Assuming the slip to be zero, the circuit model on no-load is drawn in figure with magnetizing

reactance at input terminals.
RJ2 (X, +X)2

VO
+

X/2 R,/0 = < (open)

o
Yo R/2 (X, +Xp)2
—  AM—T—————— (R,<<4)

s

X2 s R,/4 =0
<9 (short-circuit)

O
Since the backward circuit is short-circuited for practical purposes, as X being magnetizing reactance

is much larger,

5 = & =551Q
2 3.9
Rotational loss, P, = 185W

(i) Rotor-blocked test (s = 1): The circuit model on rotor-blocked test in shown in figure,

ro Ri2 (XX

ISC

S
S Ryf2

Vse roORI2 (X X2
———MWW——00——
1, L
%x& = j55.1 S RP2
"o
390 = 85x 9.8 x cosdg,
or, b = 62° lagging
with reference to figure,
fe = Vi=i =—j0.77 A
X j2x551
Iy = Iso—1Iy
= 9.8/-62°—(—0.77)
=4.6-,7.88=9.13£-59.7°A
Z; = (R, + Ry + j(X, + X,)
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Vsc 85
I, ~ 913/-59.7°
9.31/59.7° = (4.7 + [8.04) Q

R, +R,=47Q
R, =1.6Q (Given)
R,=31Q

X, + X, =8.04Q
The circuit model with parameter values is drawn in figure.

Ise ;. 08Q  j402Q

mf

>
= 1.5/
Vi I, 08Q j4.02 Q
J  AMW—T———
I
T eb ‘:
Vs %jSSJQ 2 155(2-5)
4
Solution : 2
Given that :

Main winding impedance,

Z, =(4.8+)86)Q=9.849 £60.8324° Q
Main winding current, 1, lags behind the applied voltage V by 60.8324°.
Auxiliary winding impedance,

Za =(225+/16.2) Q =27.725 £ 35.754° Q

Since phase angle between auxiliary winding current 7, and main winding current 7, is 90°; so auxiliary
winding current 7, must lead the applied voltage by (90° - 60.8324°) or 29.1676°

If X, is the capacitive reactance of the capacitor connected in series with the auxiliary winding then impedance
of the auxiliary winding will be given as

Z, =225+/(162-X) I
For auxiliary winding,
16.2- X, o
tano, = —5=— 29.1676 "
X, =16.2-225tan ¢, 60.8324°
= 16.2-22.51tan (-29.1676°)
X, =28.758 Q

. . I Phasor diagram
Capacitance of capacitor, m

1 1

= - =110.685 puF
onfX, 2mx50x28.758
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Solution : 3
Electrical energy input, AW, = Area of cabd = (A, — Ay)ip +%(k2 — M) % (i — i)
Increase in field energy, AW, = Area of obd - Area of oca
1, . 1,
= 57\4212 - 57\4111
A
AL b
M c a
e f ;
0 i i
Mechanical output, AW, = AW, — AW,
o1 . 1, . 1. 1. . .
= Ay —Aq) ip +§(7\.2 — A x (i —i5) —57»212 —EMH = E(KZH — Aiiy)
NP A
We know, L) = HOO 2
2x
2x
where, R= M_A
4nx 107" x (1000)° x (0.05°  mx 107
Lx) = =
2x 2x
L(0.01) = 0.157H
L(0.005) = 0.314H
A, = L(0.01)i; =0.157 x 2=0.314 Wb turns
A, = 1(0.005)i, =0.314 x 0.15 = 0.471 Wb turns
1
Mechanical output = 5(0-471 x2-0.314x1.5) =0.2355J
Solution : 4
R = X
HoA
N2 [ NP A
A= No = —- 0 |;
0 R ( X :
NPp A
L(x)= ~R02_ 12
X X
(a) WiGix) = L)
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ox _21 ax__al

X
F{av) = _%12 (%) (ina direction to reduce x)
X
di
= L=
(b) vV=ri+ pm
V(jw) = (r+ jwl) I(jo)
. V(jw)
: 1 = ——
“ U0) = T jol)
o1V Cos(mz‘—tan‘1 (D—L)
. 4r? + 0?2 r

1 4
Filav) = _Z(r2 +@’L? ) (x%)

Substituting L(x) = a/x, we get

al?
F(av) = ————+—
! (I’2x2 + 32(02)
Solution : 5
Slip, S = M =0.06
1000

The circuit model is drawn in figure,
Z,(total) = j481] (1.8 +56.7 + j7.8) = j481| (58.5 + j7.8)
= 35/54°=20.6 + j28.3Q
Z, (total) = 4811 (1.8 +1.75 + j7.8) = j481] (3.55 + 7.8)
= 7.36£69.1° = 2.63 + j6.88 Q

r 18Q j7.80Q

m
+
<
j48Q =34/s=567Q
>

<
= 34/(2-5)=1.75Q

|
<4
—Q00,
~.
N
®
)
AA

Z(total) = (20.6 + /28.3) + (2.63 + j6.88)
= 23.23 + j35.18 = 42.16.256.6° Q
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I,= 20  _500, 566°A
42.16£56.6°
I =1 =522A
p.f. = cos56.6° =0.55 lagging
48
I}, = 5.22- /56.6°x—J° __—31,-10° A
m 58.5+ /55.8
48
17 = 522/ -566°x——J"° - 448/-53 A
m 3.55+/55.8
n, = 1000rpm, = 104.7 rad/sec.
1 2 2
= ——[(8.1)° x56.7—(4.48)° x1.75
T= 047 [(3.1) (4.48) ]
= 4.87 Nm
P,=104.7(1-0.06) x 4.87 = 479.3W
P, = 479.3-75=4043W
P, =220x522x055=631.6W
Efficiency, %N = 404.3 =64%
631.6
Solution : 6
2 r Jxq Jx'ol2
o———AMWW—TO IO
J % =
Z— TO g = 2s
1%
7, 1% g s _
2 S 2(2-59)
o 000,
Jx512
From circuit diagram we can observe that,
Z- Xo ri+jx—2)=(j275) ( 13.8 .14.3)
2 2s 2 2 2x0.06 2

o

=7

Z, = 85.75242.04Q

e
2 )lI\2@-s)

.58464.96° Q

)

Taking supply voltage as the reference,
V = 230£0°V

275

J

14.3

2

)

)

13.8
+J
(2x@—ooa 2
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v
(n+ XD+ 2+ 2,
230£0°

= 1= 145 14.3)185.75.,42.04°+ 758064 96° ~ =07 4~45-10° Amp.

Input current =1 =

Input power factor
= cosp = cos(45.10°) =0.7058 (lagging)
Input power = VI cosd = 230 x 2.07 x 0.7058 = 336.03 Watts
Solution : 7

1500 - 1440
Method-1: N= 1440 rpm, s = 1500 - 0.04
o, = 150.79rad/sec
Air gap power for forward field = ng= 200 watt
Air gap power for backward field = Pgb =21 watt
Rotational loss = 41 watt
Rotor copper-loss corresponding to forward field = ngf
Rotor copper-loss corresponding to backward field = (2 - s)Pgb
Total rotor copper loss = ngf+ (2- s)P'gb
Electrical power converted to gross mechanical formis
P.=(1-9o,l=0,T=(1- s)(ng— Pgb)

it can be also writtenas, £ = (1- s)ng+ [1-(2- s)]Pgb

or, P =(1-0.04) x 200 + [1-(2-0.04)] x 21
P =192 +(-20.16) = 171.84 watt
Poratt = P = Protioss = (171.84 — 41) watt = 130.84 watt.
P
T - shaft
shaft o,
130.84
Tshaft = m =0.8676 Nm
Method-2:
o, = 150.79 rad/sec
R 200
of
= == =1.2732
Wd ™ g 157.08
R 21
T, =-2=—"——=01337
b= g 157.08
Net developedtorque = T, ,~ T, 4
= 1.2732-0.1337 = 1.1395 Nm
Mech. power developed = T X ®_,
P, = 1.1395 x 150.79 = 171.825 Watt
Pshaft = Pdev_ Protational loss
= 171.825-41 = 130.825 Watt
F. :
T = —Shat — 130825 _ 4 g676 Nm
0, 150.79
EEEE
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