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Electrical Machines

[[ 1. Transformers ]

01. Ans: (b)
Sol: 400/200 V 50 Hz
Bnax=12T
800V, 50 Hz linear dimension all double
Ny, :% N,, = szl
Bimax2 =?
I,=2l, b, = 2b
A=lb; Ay=4A,

E12 '\/57[ BmaszZNIZ Xf

E, B V2n B ANy X £

800 _ BmaX2 x 4A1 x N12
400 12 A, N,

Bmax2: 2X12X2=12T
02. Ans: (¢)
40
Sol: / =b=—c.m
V2
40 Y
Anet = 0.9x| 2= | x10* =7.2x10%m>
o9 5
EMF ~_ 4.44 x1x7.2x10%x50= 16 V
TURN
03. Ans: (d)

Sol: Induced emf E, = M%

(where % is the slope of the waveform)

04.

Sol:

0s.

Sol:

= @x10_3x 10 ; :@V
T 5x10° T

As the slope is uniform the induced voltage is
a square wave

.". peak voltage = @V

T
Note: As given transformer is a 1:1 T/F, the
induced voltage on both primary & secondary

1S same

Ans: (a)
i(t) =10 sin (1007 t) A
Induced emf on secondary E; =M %

E,= 200 107 % 10 x 1007 cos(100mt)

T
=400 cos (100mt)

E, = 400 sin (100t + g )

When S is closed, the same induced voltage
appears across the Resistive load
.. peak voltage across A & B =400V

Ans: (a)

Elz—Nl%

E, = —200x| 209
0.06

€pq = 30 V (Between 0 & 0.06)

—0.009 )
0.12-0.1

€pq = —90 V (Between 0.1 & 0.12)

(where E; = —ep)

E, =200x(

| ACE Engineering Publications /HyderabadlDelhi|Bhopa1|PunelBhubaneswarl Lucknow | Patma | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L ]

"3,‘, | }EﬂgineeﬂnsPublimﬁons :3: Postal Coaching Solutions
06. Ans: (c) = J(0.617) +(4.44)
Sol: Core loss 0<3: core volume — 448 A~d5A
W, o« (ﬁ) x 2400
W, =6788 W 07. Ans: (b)
Ip=32A Sol:
7E1u
Sol,, = (\/5)3 x1,, L=k
_____ 1
W, 2400 3
== 20218 k6
VvV 11000 ~NG=62-88 1 Lo
I, =(V2) x0218=0.617 A T
(.. Iy 1is core loss component) 3686
I2 \ 4
Reluctance R, = L b
HA v E2
R =
Re, =20 k=0.1
\/5 W() = VlloCOS(I)()
_ 11000 _ 22000 W,
bmi = 444N, f bmz 444N f Iy :71
.. Ny =constant; f= constant
= 790 =0.291A
Om2 =2 i 2400
b = mmf NIy, Iy =1, cosd,
ml — -
Reluctance R,
‘ cosd, = 2L _ 0455
o = N, 1y, 0.64
m2 —
Ry ho = 62.88, and sindo = 0.89
J2
I, = {12 +17 + 21,1} cos 0
NIy,  2xNly
R, R, (. 6=62.88-36.86=26.02°)
V2 I, = /(0.64)7 + 4% + (2 x0.64 x 4 x c0s(26.02)
Ino= \/EINI (.. Ing 1s the magnetizing (I, =KI, =0.1x40=4A)
current of the transformer) I, =4.58"
I, = m Power factor;
4.58 cos; = 0.29 + I} cos 36.86
_ 2 2 _
J(3.2)> =(0.617)* =3.139A 0= cosy = 0.761 lag
IN2 =444A
I, =1 +13
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08. Ans: (¢) V, =220V, f, =25Hz
Sol: Z1=(0.18+j0.24)Q and Z; = (4+j3)Q W;=850 W
_480£0° 480.20° v, v
" Z.+7Z,  032£53.13+5/36.86 f, f
=90.76./-37.77A Wi = Af+ Bf*
Voltage at the load’ 2500 - A X 50 + B XSOZ ......... (1)
Viead = (90.76.£-37.77) x (5£36.86) 850 =Ax25+Bx25......... (2)
=4538 /091 V By solving (1) & (2)
And power loss in tr.line = (Tjipe )* x0.18 A=18; B=0.64
— (90.86)2 % 0.18 W, = Bff = 0.64 x50°= 1600 W
:1484W Wh:Af:18X50:900W
09. Ans: (b) 11. Ans: (b)
Sol: 200V, 60Hz, Wh;=250W, Wh, = ? Sol: W, =i, w =
Wei = 90W W, = 2 2 2
1.6
Vi Vs Wi (V_j
f, f, Wi, \4
W V 1.6 f -0.6 1.6
Moo | Y2 | | w,, = 22V w,
Whl Vl f2 Vl
W 230 L6 60 —0.6 Wh2 = 0844 Whl = 0422 Wi]
h2
e —f — X| —
250 (200) (soj W, _(ﬁjz
Wi, = 348.79 Wo LV
A\ .. W.
When T ratio is not constant We=0.81 W, =0.81x Tl
We oc v2 Wer=0.40 W
W, v, 2 Wi =W + Wer =0.422 W5 +0.40 Wy
A\ . :(71] Wi2: 0.822 Wil
5 Reduction in iron loss is around 1 — 0.822
W,, =(%} x90=119.02W =0.178~0.173
1.e. 17.3% reduction
W, =W+ Wep=46781 W
12. Ans: (a)
10 Ans: (a) Sol: At 50 Hz;

Sol: V=440V ; f=50Hz; W;=2500 W

Given, P, = 1.6% , P, = 0.9%, P. = 0.6%
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We know that, Py oc f 06

B (L 06:(@)%:1 115
P, \f 50 '

.p, =299 _ 2069
* LIS

Eddy current loss = constant, (since P,

2 . .
«V?) and given total losses remains some.

Ph] + Pcul + Pel = th + PCuz + Pez
3.1% =0.806% + PcuZ +0.6%

P, =1.694%

cu

is directly proportional to I*

cu,

. Pcul _ I_l ’

h Pcu2 IZ

=1, =1.028],

Output kVA = VI, = 1.028 VI,

13. Ans: (d)
Sol: 20 kVA 330 0/220V 50Hz
No load at rated voltage 1,6 W= 160Watt
cos 0p=0.15
% R=1%

input power

%X =3%

= output Power + Total loss of power

%R = %FL cu loss =129 160

VArating
FL cu loss = %R x VA rating
=0.01 x20,000 =200 Watt
VArating 20,000

Iy = = 90.9A
2 E, 220
[ g = 149K s

220%0.8

At 90.9A = culoss =200 W

14.

Sol:

85At = culoss =?
85
cu loss at 85A=| —— | x200 =174.8Watt
90.9

Total loss when 14.96 kW o/p
= Iron loss + cu loss at 85A
=160+174.8 =334.8 W
Input power = 14.96 kW+334.8W
=15294.8W

z-10_0333 7 X
30

R =7Z cosd

R=0.533x0.2

R;=0.106 Q

Xy =Z sind = 0.533 x0.979=0.522 Q

Reactance at f=25Hz

X, 25
X, 50
X,=0.2611Q
Z=+R* +X* =4/(0.106)> +(0.2611)’
Z=0.281Q
1=Y - 10 _ 56784 ~56.65A
Z 0.281
R _ 0.106
f=cos¢, = =0.376 la
b b= = 02817 s
15. Ans: (a)
Sol: 4 = HV voltage _ 400 _ 2.
LV voltage 200
400°
= = 1600 Q
Re 100
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X =2nf (aM) = 2xnx50x 4 = 4007tQ2 17. Ans: (b)
kVA x
. _ 400 ‘400 - Sol: 1= cos ¢
1600  j4007 kVAxcosd+ W, + W,
1Y (1) 40020 %E% X Wi=60W
w0
4 T '
T 4000
= = ——=10A
041 A = 100
10’
16. Ans: (d) W, = o x21.6 =60W
Sol: Given that, no load loss components are
equally divided Wit Wea =120 W
Wi = W, = 10W o =— XL 100
" . . 4K x1+120
Initially test is conducted on LV side
100 =97.08%
Now -~ ratio is —— =2
f 50 18 A
In HV side, applied voltage is 160V; this - Ans: (©)
. — o
voltage on LV side is equal to 80V. Sol: m =98%
v Lets take kVA = 1p.u
Now ? ratio is constant, W, oc f and pf=1
W, oc £ N at full load : 0.98 = il
¢ 40 Ix1+W, +W,,
Wiy = Wy x 2=10x 0 =8W Wi + Wey = 0.0204 ... (1)
1
5 For 1/2 full load
f 40’
W, =W, x| = :10{—] =64 W 0.98 = 1x1x0.5
f 50 :
! 0.5xIx1+W, +0.25W,
Therefore, Wi +0.25 Wea =0.0102 ......... )
Wi=Wi+ Weo = 8+6.4=14.4 W By solving equation (1) & (2)
In SC test,

I(HV side) = 5A and loss = 25W

= Current in LV side is % 1.e 10A

For 10A — 25 watt
5A— ?

2 2
W, (I_ZJ W, = (ioj <25 _625W
1

1

Wi + Wey = 0.0204

Wi+ 0.25We, = 0.0102

Wi=6.8x10"; We, =0.0136
0.75x1x1

N34 =

=98.1%
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19.

Sol:

20.

Sol:

21.

Sol:

22.

Sol:
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Ans: (a)

Nmax =
% load at which maximum efficiency

possible

-3

_[w, _ [6.8x10 0707
W, 0.0136
0.707 x1x1

X
0.707 x1x1+(2x6.8x107%)
=98.1%

nmax = 1 00

Ans: (d)
10 kVA,2500/250 V
OC 250V 0.8A, 50W
SC 60V 3A,45W
Ironlosses = 50 W = W;
_ 10000
42500
cu loss at 3A =45W
culoss at4A =?

2
:(;) x 45 :%x45 = 80W

/I |
kVAat n,, = TOn 1088 xkVA g
culoss
=10kVA x ,/% =79kVA

_ 79x08x10° 100=0844%

e 9% 08x10° +(2x50)

=4A (rated current)

Ans: (¢)

Ans: (¢)
Ri=025Q;R,=0.014 Q
Iron Loss =240 W

R, =R| +R, =K°R; + R,

200
1000

I — Ironloss :\/ 240 _100A
R, 0.024

23. Ans: (¢)

2
j 02540014 =0.024

15k x 0.1
T 15k x1+42W,
W;=153.06W

outputinkWh

output kwh + losses
kW =kVA xcosd
kW =20 x1=20kW
kWh output = 20x12 = 240 kW
W;=153.06 x 24 =3.673 kW
Wey o S?

20
w.. =22 x153.06
Cu2 (15)

Wew =272.106

Sol: 0.98

Naitday =

Transformer is ON load for 0 to 12 hrs so

Weuw=272.106 x 12 =3265.28 W
240x10°

Maasy = 5 40510° +3.673%10° +3.265x 10°
oMt day = 97.19% =~ 97.2%

24. Ans: (%)
Sol: Given Iron loss = 1.25 kW, cos¢ = 0.85

Find equivalent resistance Ry; on H.V side

231

k=-—"—=0.021
11000
Ro = 8.51 + 0'?{238 =17.126 Q
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3 =(1.27 x 0.283) + (4.317 x 0.959
Full load current on H.V side = 100x10° ( ) )+ ( ) )
11000 % VR =4.49% =0 .0449 Pu
=9.09 A Total voltage drop on secondary side
Full load cu loss = (9.09)* x 17.126 =PU VR xE,
=1.415kW =0.0449 x 400 = 18V
Efficiency = 100x0.85 y V,=E, Voltage drop
100x0.85+1.415+1.25 =400 —-18 =382V
=96.95%
27. Ans: (a)
25. Ans: (¢) Sol: R = R} +R,
Sol: 1100/400v, 500 kVA, Nmax = 98% X0 = X! +X»
0
80% of full load UPF . R!=K’R; — (Resistance referred to
R
% Z =4.5% PF = max VR = O//OZ secondary side)
(V]
2
For min. secondary 10% R/ = (Lj %34
_ 0.8x500x10’ 10
0.8x500x10° + 2Iron Loss =0.034
r_ 1,2
Tron loss = 4081.63 W X =kX,
= cu loss at 80 % of FL = 4081.63 =(0.01x7.2)
(.8)% cu loss of FL = 4081.63 =0.072
FL cu loss = 6377. 54 W Rp2 =0.034 + 0.028 = 0.062Q
X02=0.072 + 0.060 = 0.132Q
%R =% FL cu loss = M . )
VA Rating % Reg — LRy, cosd, =1 X, sin¢,
V.
= 9775 1005 127% :
500%10 L=2272A
0
PF — max. VR= %R _ 1.27 —0.283lag Reg = 22.72x0.062 x 0.8 +22.72x0.132x 0.6
% 4.5 220
Reg=0.0133
26. Ans: (b) % Reg = 1.33% is same on both sides
Sol: Terminal voltage =? V

%X =V%Z> —%R>
= J(4.5)° —(1.27)* =4.317%
%VR = %R cosds +%Xsing,

Vuoraze =V _ 133
\Y%

Viull Load = 2229.26V

The voltage applied across terminals.
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28. Ans: (b) =0.0509£41.83pu
Sol: 6600/440V p.u. R =0.02 pu Convert this in volts
p.u.X=0.05pu =0.0509£41.83x230
Vi =6600V =11.707£41.83 V
pu VR = %R cos0, +% Xsinb, E,=V+1z
=2x08+5x%x0.6=4.6% =230£0+11.707£41.83
=0.046 pu =238.85/1.87
Voltage drop when with respect to E 600
Turns ratio = —- = =2.5
secondary E, 23885
=p.u. VR x secondary Voltage
=0.046 x 440 =20.2V 31. Ans: (¢)
Terminal voltage Sol: P = VIcosd
= ¢ =38.624
29. Ans: (b)
0.25 5
Sol: If voltages are not nominal values % Reg h :
will be zero
400 Vv,

Rpy cosd — X, sing = 0
o = tan” (R/X) = 21.801 *
p.f=cosd =cos (21.80) = 0.928 lead

From given data,
—400 + (0.25 +j5)16£-38.624 + V,=0

30. Ans: (¢) = V,=352.08/-9.81
Sol:
I 0ol 0.05 Refer LV side V, = 35208 _ 704V
V, 230/-36.86
32. Ans: (%)
Sol: 40 1500 0.12Q j0.50Q 1,
B ° ° +
R, =0.01 v + P =90kW
Xpu = 0.05 { 2300V |1 gpf
Vi =600V —
V, =230V, 0.8 lag 142.4kV

Take rated current as 1pu
Drop (Iz) = 1£-36.86 x(0.01 +0.05)

The equivalent circuit refer to L.V side is
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LISQ 44080 0.2 (05 1, Equivalent circuit refer to H.V side is
T + 800 3000 1,
+
v, v, H 2300V ) T
l l 7967V %@ Vi U zlL = 38714 + jl814.7
90x10° -4 -
, = =4891A
2300%0.8
Where V; = voltage applied across the zlL - 4275.6.£25.11
transformer. Transformer impedance = Ro; + jXo;
V1=V, +;(0.12 x cos ¢ + 0.5 x sing) =1310.48.75.06
=2300+48.91[0.12x0.8+0.5%0.6) 1 7967
I =
=2300+19.36 > 310.48275.06+4275.6.25.11
Vi=2319.36V =1.78£-28.15A
% Regulation= 23 19'23;0;2300 x 100 Vi=LLxZ;
=(1.784-28.15)%x(4275.6£25.11)
=0.807%
=7600.6£ -3.04
33. Ans: 96.7% Now V, :M
Sol: copper losses = I>(1.18+0.12) 8000
. - 2 . .
=218.52/-3.04
=(48.91)*x1.3
=3109.8 W 35. Ans: 4.9%
90x10° E,-V,
% mn= x100 . s Dy vy
oM 90x10° +3109.8 Sol: Voltage regulation E, x100
=96.67%
_230-218.52 <100
230
34. Ans: 218.8 =4.9%,
Sol:
80 J3000 36. Ans: ()
+t Roi X, o Sol: Given data, f= 60 Hz, 30 KVA,
7967V %kﬂ %701( 7= 4000 V/120 V, Z,,, = 0.0324 pu,
‘ 324150 Io = 0.0046 pu, Wo = 100 W, W, = 180 W

15kVA and 8000/230V

Py =20 kW & cosd = 0.8lag
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3 Necessary primary voltage
Load current I, = w =208.33 A P v 8 )
120%0.8 Vs=V, +I,[R, cosdp+X, sin¢]
3
Rated load current = S0 550 A = 4000 +6.24[3.2 x 0.8 + 16.98 x0.6]
=4079.5V
The copper losses for 208.33 A is
2
(208'33j X180 = 124.99 watt 37 Ans: (b)
250 Sol:
A
3
Efficiency = 2019 x100 =
20x10” +124.99+100 A
= 98.88% a
The equivalent circuit wrt primary is C
B
7 C
IM!‘ 30 kVA b
+* Ro Xo T e o 2
Vs 4000V (2)081“?’ .. The Possible Connection 1s Yd1
8p
n |
41/120V 38. Ans: (a)
. 0.4°
Primary rated current Sol: R=0.012 x 01 =0.0192Q
3
l):30><10 _75A 0
4000 X = 0.05 x( : ] — 0.08Q
Given cu losses = 180 W 0.1
= @ = ﬂ =320 250/36.86
L (157 W
I 0.019 i0.08
Given, Zy, = 0.0324 i
. 2 E, 0.4x10°V
NVARS 0.0324><( L 0.0324 x l -
MVA 0.03 J
=17.28Q

Xi =72 -R? =+/17.28°-3.2°

=16.98 Q
Load current wrt primary is
=1, xﬁ
4000
120

= 208.33x—— =624 A
4000

3
1, =2 100x10 550, 436,86
V. 04x10

E,=392/£275V

E, = [%j x392 = 6468V =6.46 kV

39. Ans: (d)
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41. Ans:
ns: (b) S Iph=%x64:2.46A
Sol: Turns ratio = prlmarylr? uced voltage X
secondaryinduced voltage
secondaryinduced phase voltage 43. Ans: (¢)
_ terminal phase voltage Sol:
(1-%Reg)

% Reg =% R cosd + % X sind
[ Lagging Load]

=1x0.84+5x%x0.6
=3.8%
V,ph
E— PR 4 606
1-0.038  /3x0.962
\Y4
. Turns ratio = —2~ = 6000 =24
Vyn  249.06
42. Ans: (a)

Sol: P, =50 hp
=50 x 735.5=36.775 kW
Py, of induction motor = 36.77 kW

P, to induction motor (or) power output of

P

Zow 3077 _ 46 gskw
n 0.85

L= P _ 40.85x10°

- \/ngL X oS ¢ 3 x440%0.85

=63.06 £31.78°

~ 64 A

transformer =

64A
Lon

L

R +

+
EZ0° N2 o - %7N N/2
Y7 + 0 — + o —

+ E4—120O 54_12()0
2 2
EZ-120°
Bo
E

EZ0°= V,, —54—1200

= V,, :E40°+§4—120°

B3

= —E/-30°
2
44. Ans: (d)
Sol: The flux linkages in phase ‘b” and ‘¢’
¢

windings is 5 Therefore induce voltage is
also becomes half

+ E —T

+ _
V.£0° V/240°§
— +

+§ V2£0°

V/0° + %400 =E

= E==V/0°
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45. Ans: (b) 7., =2%0.0075 + 10.029)
Sol: 200
SE L. = 0.01875 +j0.0725 = 0.075.£75.52
V0|
vsi200 4| balanced 7., =2%0.012+ j0.0381)
IY; N load 500
% Ve =0.04£72.54°
: S = % — 700 kVA
. Q= -1 _ o
Iy, is —120° lagging w.r.t /-0 (from 3¢ - 8 =700£-cos 0.8 =700,-36.9
system) FromEq. S, =S— 22
Z.,t+2Z
= Iya = 14-6-120° o e
And T=1/-0+120°~180° = (700£-36.9) 2 AET239
0.114£74.74°
=1/-0-60°
=460/-36.1° kVA
46. Ans: (2) S, i (34762013£;05t36£12 gtg;:)fgclos%.l" lag
Sol: Tred = Ibase = 1.00 - atprotiiete lag
(Check. Total power = 190 + 372 = 562 kW,
Vaed = Vowe = 1.00 Imost equal to 560 kW
Under short circuit, Is.ze1 = Vi Aimost equat to )
Since ISC = Irated ; 1Zel = (0.03)(1) 47 A d
Or Ze1 = 0.03 - Ans: (d)
Short circuit pf = cosf. = 0.25, Sol: Current shared by transformer 1 = %
..s1nB. = 0.968 = 1.225 pu
In complex notation, Transformer 1 is, therefore, overloaded by
Zel = 003(025 +J0968) 225%’ 1e 45 kVA
=(0.0075 +j0.029) pu
o B ( ) ) )P Current shared by transformer 2 = 460
Similarly z,, =0.04(0.3 +j0.953) 500
=0.012 +j0.0381 pu =0.92 pu
(a) When using pu system, the values of Transformer 2 is, therefore, under loaded by
Ze1 and ze should be referred to the 8%, 1.e. 40 kVA.
common base kVA. Here the common Voltage regulation, from Eq. (1.40), is given
base kVA may be 200 kVA. 500 kVA by £,080; + &,sin6,
or any other suitable base kVA. For transformer 1, the voltage regulation at
Choosing 500 kVA base arbitrarily, we 1.225 pu current is
get = 1.225 (& cosO; + &4c0s0,)
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=1.225 (0.0075 x 0.76 + 0.0290 x E,-V,=1Lr,cos0, +1,x,,sin0,
0.631) = (60.6) (0.825) (1) +0=50V
=1.225(0.024119) = 0.029546 - Secondary terminal voltage
or £2=Y2 — 029546 V2= 6600 =50 = 6550 V
2
Or V, =(0.970454)(400) = 388.182 V 50. Ans: (a)
Sol: Voltage rating of two winding transformer =

48.

Sol:

49.

Sol:

And: (¢)

Here (I, ) =360V.(I, ) =400V

fr2

and (I, ) =480V

Transformer 1 is loaded first to its rated

capacity, because (Ize )m has lowest

magnitude. Thus the greatest load that can
be put on these transformers without

overloading any one of them is,

(IZC) = (kVA)l + (kVA)2 + kVA)3 +.....
Z, Jtro

03
ze 13

= 400+ﬂx 400+@x400
400 480

=1060kVA
The total load operates at unity p.f. and it
is nearly true to say that transformer 1 is

also operating at unity p.f.

Ans: (¢)
Secondary rated current
= 400 = 60.6 Amp
6.6

Since transformer 1 is fully loaded, its
secondary carries the rated current of
60.6 A.

3025 _ 08250

(60.67

Full-load voltage drop for transformer 1,

For transformer 1, r, =

51.

600 / 120V, 15 KVA voltage rating of auto
transformer = 600 V / 720 V from the auto
transformer ratings, can say windings
connected in “series additive polarity”.
From two winding transformer
Iirated = 15000 _ 25 A

600

I, rated = M: 125 A
120

In AT, due to series additive polarity
Ly=125+25=150 A
. Rating of AT =Ey % Ly

=600 x 150 =90 kVA

Ans: (b)
500
410 A
+
2000 3500V 3500 V
3000V
180 kVA
p.! « «—Y
410 A 300 A
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The current through the load of 1050 kVA .. Auto —transformer kVA rating
at 3500 V is M_Z%OOA = M:zlok\/A
1000
The current through the load of 180 kVA
54. Ans: (a)
_ 180000
at 1500 V'is =120 Sol: The rated current of h.v winding is 4 A.
The kVA supplied = 1050 + 180 Therefore, the current drawn from the supply
= 1230 kVA Is B4A.
The total current taken from the supply kVA transformed = (1-K) kVAxr and kVA
o 1230,000 conducted =210-10
main 1s = W—MOA — 200 kKVA.
52. Ans: (b) 55. Ans: (d)
Sol: From above solution, current taken by 180 Sol:
kVA load is 120A
53. Ans: (¢)

Sol: The two parts of the l.v. winding are first

connected in parallel and then in series
with the hv. winding, so that the output
voltage is 2500 + 125 =2625 V.

A
40Aé’40A 125V
84A |+

2625V
2500 V 4A¢
Vv 84A ]_ 80A

< A 4

The rated current of L.v. winding is
10,000

250
.. Total output current is 40 + 40 = 80A

40A =

8400V
8000 V

Current through 480 V winding is
3
r, = 380107 1600a
480

kVA rating of auto transformer
= 8400 x 1000 = 8.4 MVA
For two winding transformer
480x10° x 1
480x10° + W
W =10.79 kW

= 0.978 =

84x10°x1
8.4x10°x1+10.79%103
=99.87%

Efficiency = %100

| ACE Engineering Publications >Hyderabad|De]hi|Bhopal|lee|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




(1T

PN,  ACE = i i
Xy ‘:Engmeermg Publications Electrical Machines
56. Ans: (a) VA rating for 60 Q load is 320x 1,
Sol: =320x5.33 =1705.6 VA
. Totalload VA
Primary current I, =
400
_2880+1705.6 _ 11.464 A
400
For resistive load power factor is at unity.
58. Ans: (¢)
Sol: —
610x0.745x10° ! g“s B G
L = : =743.69A S+ 1000.£-45°
27 J3%500%0.8%0.882 100020 100 400 400020
By equation 6 kW § 600020
= 4120
500 440 o
—x743.6 =—=xI, = [;=845.11 A 200020
\/g \/g 1 1 200§ 2
I-L=~100 A C 2
57. Ans: (a) Load current=4./-45+1.0
Sol: LA =4.75 £/-36.55
I I . L mmf =400 x 4.75 £ -36..55 + 200£0
D _
400v 100 T | L. = 1900 £-36.55 + 200
S0z c? 80 320V = =1726.3—j 1131.5
60 240y 209
l l l l Total secondary mmf = 2064.07£/-33.24
B Primary current = 2064 _ 20.64 A
100
The voltage per turn :% =4V
59. Ans: (b)
For 80 turns = 80 x4=1320 V Sol:
For 60 turns = 60 x4 =240 V " ézOﬁHS ozo0 | F
200 . 8 100020
-2 _533 A R0 Z T S00E
60 § 1200120
240 - L 50,0 204790
[——=12 A o
20 100§
VA rating fo 20Q2 load is -

240xI, =240x12 =2880VA

A 4
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Sec. mmf = 2000 £0 + 20~/2 (500)/—45
=2000.20 + 100002 £—45

= 1000 [2£0 + 102 £-45]
— 1000[2+10j 10]
= 1000[12 —j 10]

mmf = 15620.4 /-39.8

15620.4 £ -39.8
400
=39 A at0.76 lag

Primary current =

60.
Sol:

Ans: (b)

From power balance

Vilicosdh; = Valpcosdr + Vilscosds
10:2:1

d>=36.86
cosds =0.71
d3=44.76

Vi1, cos ¢, =%VII2 cos ¢, +%V113 cos ¢

Iicosd; =9-/-36.86 +52-44.76
=13.969 /-39.6°
I, =14A
p.f=c0s(39.6) =0.77 lag

61.
Sol:

Ans: (a)

Given R; = 1.6QQ, L1 = 21mH, R,
1.44mQ, f = 60Hz, L, = 19uH, R,
160kQ,

L, =450 H, P = 20 kW,V, = 120V and
cos¢ = 0.85lag.

X =27fL; = 2xx60x21x107 = 7.91 Q

Liine
a2

+ +
ol le 9.55mQ
120.£0°
Vi %kﬁé 450H 20kW,
0.85pf
¥ _

?

X, =21fl, = 2xtx60x19x10° = 9.55 mQ

The equivalent circuit is,

1.6Q i7.91Q  1.44mQ I,

HV LV
4000/120

Equivalent circuit referred to H.V side.

L6 j7.91 1.6Q j7.95Q [
+
4 +
4000,
Er %
0.85pf
v _
3
L L I
4000x0.95

V, =V, +I' [2x1.6xcoshp+(7.91+7.95)sing]
= 4000+5.88[2x1.6x0.85+15.86x0.526]
=4000+65.12
=4065.12
Vs = 4066V
Input power can be calculated by adding
losses to the output power.

Cu losses:
= (I'L)2 x2x1.6
= 5.88x2x1.6=110.63W

Core losses:

2 2
= A 7= (4066)3 =103.32W
160x10°  160x10
% efficiency = Lx 100
P, +losses
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3
_ 20%10 <100 N, = 120f _ 120><50: 1000 rpm
20x10° +110.6+103.32 P
- 98.94% % Slip =~ 100
62. Ans: (b) _ 10002960 50— 404

Sol: Given N =500, A = 100 cm® = 100x10™* m? 1000

| = 40m c.m = 40 ©x10m

03. Ans:(d
and 1 = 1000 ns:(d)

NZA Sol: For 50 Hz, supply the possible synchronous
Inductance L=

speeds with different poles
2 poles — 3000 rpm

N’A
= % 4 poles — 1500 rpm
_4mx107 x1000% 500% x 100x 10~ 6 poles — 1000 rpm
40mx107 8 poles — 750 rpm
=500% x100x107’ 10 poles — 600 rpm
=2.5H 12 poles — 500 rpm

20 poles — 300 rpm

We know that, the rotor of an induction

2. Induction Machines ]

motor always tries to rotate with speed

closer to synchronous speed, there fore the
01. Ans: (d)
. synchronous speed closer to 285 rpm for 50
Sol: For motoring, the stator poles and )
Hz supply is 300 rpm and poles are 20 poles.
rotor poles must be equal. In the above ) ) )
o So its 20 poles induction motor
case, the stator windings are wound for 4

poles, where as the rotor windings are

4. Ans:
wound for 6 poles. As the stator poles 0 ns: (d) _
Sol: Synchronous speed of field is,
and rotor poles are unequal the torque
developed is zero and speed is zero. N, = 120¢
P
02. Ans: 4% =N, = 120:50 1500 rpm
Sol: The frequency of generated emf by the
Case (i):

alternator is given as

PN,  4x1500 o
fo_om X = 50Hz direction,
120 120

The synchronous speed of Induction motor

When the rotor is rotating in the field
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Slip = N,-N, _1500-750 _ The induction machine is in generating mode.
N, 1500
s 1500 — 12050

Rotor frequency sf = 0.5x 50 =25 Hz. 150 = P, %50

. 120% 50
Case(ii): P
When the rotor is rotating in opposite "
direction of field. 3= 1500x B, —6000
Slip = N, +N, 1500+750 _ L5 6000

= Pin=16
Rotor frequency sf=1.5x 50 =75 Hz.
06. Ans: (a)

Ans:(d)
Synchronous Machine:
Prime mover speed,

120f _120x50

Npm = = 1500 rpm

p P 4 p
The rotor speed of induction motor is fixed
at 1500 rpm.

Induction Machine:
For obtaining a frequency of 150 Hz at
the

rotating field and rotor must run in

induction motor rotor terminals

opposite directions.

120><50Jr1500

P,
150 = 120x50

P,
3 _ 6000+1500xP,
6000
= 12000 = 1500xP;,

x50

For obtaining a frequency of 150 Hz at
the

rotating field and rotor must run in same

induction motor rotor terminals

directions.

Sol: P=4,f=50Hz, R; =04 Q, 1L =20 A and P,

07.

=550 W
Stator copper losses = 3I°R;/phase
= 3x [QT x0.4
3
=160 W
Airgap power P, = 4000 — 160
=3840 W

60
2nN

Internal torque developed = P,

S

_ 60
21x1500
=24.45 Nm

x 3840

Ans: (¢)

Sol: Slip frequency sf =3 Hz

3
=>s=—
50

Gross mechanical power outut
Pg=(1-5s)P;

= [l—ijx3840
50

=3609.6 W
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Net mechanical power output, Therefore, per unit slip at maximum torque,
Ppet =3609.6 =550 =3059.6 W ~ N,—=N, .. 1000-940
STmax = N = 1000 =0.06
% efficiency = Lo x100 = 3059.6 x100 ’
input 0 We have, slip at maximum torque is given by
=76.49% STy = R,
X0
08. Ans: (¢) From this,
Sol: Given induced emf between the slip ring of R, 0.1
. . . . X20 = =—— =1.66 Q
an induction motor at stand still (Line Stmax  0.06
For star connected rotor windings, the | 10, Ans: (a)
induced emf per phase when the rotor is at | gol: Given rotor resistance per phase R, =0.21 Q
stantnd still is given by Stand still rotor reactance per phase X0 =
V.. .
Bap = o 100 _ o5 5 7Q
V3 V3 We have slip at maximum torque given by
In general, rotor current, neglecting stator _ R, 021 _ 0.03
impedaance is STmax = 20_ o
I,= Ey The synchronous speed of the motor is
R 2
(2) X2 N = 120f _120x50 _ 1500 rpm
S P 4
. I | celin s o R, . Rotor speed at maximum torque is given by
or smaller values of slip, s 5 X20 N = No(1 —5)
Then the equation for rotor current =1500(1 —-0.03) = 1455 rpm
I = Ey _sEy _0.04x57.7 _ 577 A
R, R, 0.4 11. Ans: 90 Nm
s Sol: Tpax = 150 N-m
Rotor speed at maximum torque,
09. Ans: 1.66

Sol: The synchronous speed of the motor is
N, = 121§)f _ 1206><50 ~ 1000 rpm

Given, the rotor speed of induction motor,

at maximum torque

Nitmax = 940 rpm

NrTmax = 660 rpm
The synchronous speed of the motor is
120f  120x50

N, = =750 rpm
P 8 P
Slip at maximum torque,
St = N = Nirma _ 750-660 _ 0.12
N 660

S
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Operating slip s = 0.04 Given, Tmax € STmax
We have T _ 2 >2< S X iTmaX Therefore, Timax = KSTmax
s*+s
max Tmax k= Tmax _ 520 =2600
_ 2x0.12x004 _ St 02
2 2 *
0.047+0.12 and also, Tq oc sp, Ta =ksg
T _ 0.6 Full load net mechanical power
o Puec = 10 KW
T=0.6x150=90 N-m Mechanical losses Py = 600 W = 0.6 kW
Pomd = Pret + Pr =10+ 0.6 = 10.6 kW
Ans: 0.029 ’
. _ Rotor input, Py = —&% = 10.6x10
Given rotor resistance per R, = 0.025 Q (I-s5)  (I-sy)
Stand still rotor reactance per phase, T P, 60 10.6x10°
fl = =
X20 =0.12Q Oy 2TCN5 (I_Sﬂ)
We have slip at maximum torque given B 60 10.6x10°
by 2x3.14x1000 (1-s;)
R, +R
Lot Sty = —2 xt _ 101.27 _ 101.27 26005,
X (I-sy)  (I-sy)
for Ty = é T, Solving for sp , we have sy = 0.0405
4 Nit = Ny(1 —sgy) = 1000(1 —0.00405)
Tst 2><STmax — i =959.5 rpm
Tmax "zl"max +1 4
STmax _§STmaX +1 = O 14. ATIS: (C)
3 Sol: GivendataP =4, Izgrg =100 A,
Solving for Stax Wwe have styax = 0.45 Wpr = 3I;,R,, =30 kW
0.45 = 0.025+R_, Ty =2
0.12 At starting, Rotor input = Rotor copper losses.
R =0.029 Q
o Ty = i(31];112)
2nN,
Ans: (b) Here R, us rotor resistance refer to primary
Sol: The synchronous speed of the motor is side of machine
120f 120x50
N, = = = 1000 rpm Given Ri=R; = Ry
P 6 9
Given Tpax = 520 N-m, slip at maximum
torque Stmax = 0.2
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o 60 y [ 3I2,.R,, ] When star delta starter is used,
2mx1500 2 T, = % times starting torque with
3
=00 300 g5 49 Nm |
2t x1500 2 DOL starter = 5225 =75N-m
l.. . )
15. Ans: (¢) I, = gtlme starting current with
Sol: I, =400A;k=0.7 1
DOL starter = —x300 =100A
L spmy =KL =0.72 400 = 196A ST
16. Ans: (a) 18. Ans: (b)

Sol: Starting line current with stator winding in star _ 1

Starting line current with stator winding in delta 3
Starting line current with stator winding in
delta (DOL) = 3xStarting line current with

stator winding in star

=3 x50 =150*
17. Ans: (d)
Sol: Starting current with rated voltage,
I, =300 A

Full load current, Iy = 60 A
The synchronous speed of the motor is
N = 120f _120x50
P 6

Given, the rotor speed of induction motor
at full load N; 4 = 940 rpm

Therefore, per unit slip at full load,

_ N,—N, 1000-940 _

=1000 rpm

St e = 0.06
N, 1000
Full load torque, Ty =150 N —m
For DOL starter, we have

2 2
&{&j s, :(@j x0.06=1.5
Tfé/ Ifé 60

Te=1.5x150=225 N —m

Sol: The synchronous speed of the motor is

01.

Sol:

N - 120f _ 120x 50

=1500 rpm
s P 4 p
Given, the rotor speed of induction motor
N; = 1440 rpm

Therefore, per unit slip,
~ N,—N, 15001440
N, 1500

S 0.04

The frequency of induced emf in the rotor
winding due to negative sequence component
is

fons = (2 — s)f=(2 — 0.04)x50 = 98 Hz

[[ 3. Synchronous Machines ]]

Ans: (a)

The direction of rotation of conductor is
opposite to direction of rotation of rotor. So
by applying Flemings right hand rule at
conductor ‘1’ we can get the direction of

current as &®.
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02. Ans: (¢) | o NP _ 300x% 20 _ 50HZ
Sol: As the two alternators are mechanically 120 120
coupled, both rotors should run with same 1080

speed. = Ns; =Ns;

120f, 120f,
= =—2=
b P
- L_p
f, p,
., P _50_5_10
p, 60 6 12
= pr:p2=10: 12

Every individual magnet should contains
two poles, such that number of poles of

any magnet always even number.

Gi:p=10, f=50Hz

= N =600 rpm (or)
Gy p=12, f=60Hz

= N =600 rpm

03. Ans: (¢)
Sol: m = 3 slots/pole/phase

Px180 500

Slot angle y =

sinnﬂ
Kd = 2

msinﬂ
2

. 3x3%x20°
Sln#

=——— =« =(0.67
Kas 3% 20°

04. Ans: (b)
Sol: Total Number of conductor = 6 x 180
= 1080

0s.

Sol:

Number of turns = — =540
Nph (Number of turns (series) (Phase))
=240 _1e0

180x P 180x20 _

Slot angle, vy = 20
gy 180
1
and slots/pole/phase, m = 80 =3
3x20
sinm ¥
Then, breadth factor Ky,=
msin ¥
2
sin 3x20
_ 2 sin30 —0.95

3sinl0  3sin10°
Hence Epy, = 4.44 ky,fN10
= 4.44x0.95x50x180 x 25 x 107
=949.05V ~ 960 V

Ans: (d)
For a uniformly distributed 1-phase alternator

the distribution factor

sin("Y)
(Kgo) =———2—
(W T
27 180
Where phase spread my=180° for 1-¢
alternator
) _ sin9%0 2
S T
7X7
2 180
The total induced emf E

= No of turns X Emf in each turnxk,x Ky,
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=T x2 xk, x Kqu Sin(myj Sin(&))
For fullpitched winding K, =1. K. = 2 ) _ 2)_3
> fmy m 60 7 on
S E=2T x 1 x —=1.273T volts 2 180 2 180
T
Total induced Emf ‘E’
06. Ans: (b) = No.of turns x Emf in each turn per phase
NT
Sol: =% _ 13, ~ Ko
p 4
8 N0
m = slots / pole / phase = =4 3 T
X
4
o E =—xNT
Slot angle y= 180 =@ =15 T
(s/p) 12
phase spread my = 15 x 4 = 60° 08. Ans: (a)
Winding factor = Ky = K .Ka— (1) Sol: 4 pole, 50 Hz, synchronous generator, 48
o =1 slot pitch =1 x 15° = 15° slots.
: (my j . [60"} For double layer winding No. of coils
sin| —- sin
K = _ 2 ) _ 1 = No. of slots = 48
¢ . 15°  8som7.5°
m.sin ;] 4.sm7 : Total number of turns =48 x 10 =480
For 3-phase winding
o 15° o
K, = cos— = cos = cos (7.5°) Turns/phase = @: 160
2 2 3
.. Fromeq (1),
1 1 K= cos (%} = cos (%) =0.951
Kw=cos (7.5%) x —x——0un—
8 sin(7.5°) [y
1 Sin 7
= —cot(7.5°) Kg= ———<
8 . (y)
msin| —-
2
07. Ans: (b) _ 4x180 ~15°
Sol: emf/conductor =2V T
emf/ turn =4V . [ 60
Total turns = NT )
ota =
Total turns / phase = 3 451“[2j
For 3 — ¢ system my = 60° Epn = 4.44K K¢ ¢prh
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Epn=4.44x0.951x0.9576x0.025x50x160 =12 x 1143.55
E;n=808.68 V =1617.22V
EL_L:1400.67 \Y%
10. Ans: (a)
09. Ans: () Sol: To eliminate n® harmonic the winding could
Sol:  Epp oc kgTph. be short pitched by (180°/n). As the winding
E i) _ K00 Tons-0) is short pitched by 36°fifth harmonic is
Enee  Kaao Tomes eliminated.
. (my) . (90)
S| —— smm| —
Koy =t = fs —0.903 11. Ans: (1616)
msm@) 6Sin(zj Sol: EMF inductor 1 - ¢ connection
E, Kd, ,xTp,
L o 205
2x4 E_, Kd, ,xTp,
480 E
Tonagy == =240 =t S BOBO8 61036
0.5 0.5
E oo _ 0.9576>< 160 _ 0.707
Enag 0903 240 12. Ans: (404 V,700 V)
808.68 Sol: If turns are connected in two parallel paths
h(zp) = o =1143.85
0.707 then
E. Lo =V2E 0 Turns/ph = 160
= 1617.65V. Turns/Ph /Path =20 = 80
(Or) 2
Method - 2
For 2 — phase connection %0 20
T, = 480 _ 240
0 80 80
K,=095;y=15
48 Y
M = (slot / pole / phase) = —— =6
4x2
~Sin(90/2) 0.9027 Epn = 4.44%0.951x0.957x0.025x50x80
¢ 7 6Sin(15/2) =404V
Ep = 4.4 x 0.9027 x 0.951 x 0.025 x 50x 240 EL =V3xEp =700V
=1143.55V
Eir(2-¢)= V2 x Epy
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14.
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15.
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Ans: (571 V, 808 V)
If the turns are connected among two
parallel paths for two phase connection

Turns/Phase/Path = ? =120

Ephase = 4.44%0.957%0.951x0.025x50%x120
=571.77TV

EL-L= V2 x Ephase
=2 x 571.77

EL_L =808.611V

Ans: (b)

Main field is produced by stator so it’s
stationary w.r.t stator.

For production of torque two fields (Main
field & armature field) must be stationary
w.r.t. each other. So rotor (armature) is
rotating at N. But as per torque production
principle two fields must be stationary
w.r.t each other. So the armature field will
rotate in opposite direction to rotor to

make. It speed zero w.r.t stator flux.

Ans: (d)

Field winding is an rotor, so main field so
produced will rotate at ‘“Ng’ w.r.t stator.
Field winding is rotating, field so produced
due to this also rotates in the direction of
rotor.

Field produced is stationary w.r.t. rotor.

17. Ans: (b)
Sol: When state or disconnected from the supply
L,=0,0,=0
Without armature flux, the air gap flux
Or = Om £ G =25mwb
With armature flux, the air gap flux
Or = Om £ ¢pa=20mwb
So the armature flux is causing demagnetizing
effect in motor. Hence the motor is operating
with Leading power factor.
18. Ans: (b)
Sol: BD is the field current required to compensate
drop due to leakage reactance.
20. Ans: (a)
Sol: load angle 6
Vsing+1,X,
tany =———
Veosd+1I R,
_ (0.6)+1(0.5) 1.1
T (08)+0 08
= y=5397°
d=y—¢$=5397-36.86"=17.11°
21. Ans: (b)
Sol: I, = I.cosy =1co0s(53.97) = 0.588
I4 = Lssiny = 1.5in(53.97) = 0.808
E=Vcosd + IR, +1aXy
=1 cos(17.1) + 0.588(0) + 0.808(0.8)
=1.603pu
22. Ans: (b)
Sol: P.F = UPF =0

X¢=12PU, X,=1.0PU,R,=0
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V=1PU ,kVA=1PU, I,=1PU Z=(0.4+j5)=5.0154£85.42
Vsing+1 X
anyo L Xy 1x0+1x v, =25 _ 239,60
Veosdp+I, R, 1x1+1x0 3
W =45 cos(0+) = —13.912x5.015
0+¢=98.39=¢=12.970
23. Ans: (a) P.£=0.974 lead
Sol: Given, P=2.5 MW, cos¢ =0.8,
VL =6.6kV and R, = 0. 25. Ans: (b)
Sol: Regulation will be maximum when
Xg= Vi 96 _ 9.6Q0 8
Imin 10 (1): 9
‘ =85.62
Xq:me:%:“! \
.. 15 P.f=cos ¢ =cos(85.42) =0.08 Lag
V., 6.6x10°
Vin = ﬁ = NG = 3810V 26. Ans: (29%)
. Sol: Maximum possible regulation at rated
I P 2.5x10 dition i
= = condition is
"3V, cosd  A3x6.6x10°x0.8 ; ;
El =(Vcosdp+I,R, ) +(Vsing£I X, )
It =273.36A =1,
Vsing+1,X, l=13912
tany = Veosh+1R . \/(239.06><0.08+13.912><0.4)2
a a 0 = 5
_3810><0.6+273.36><6 +(239.06 x0.996 +13.912 x5)
3810x0.8+273.36x0 Ep=30938V
E —
tany = 1.288 % Regulation = —° v x100
v =52.175°
5=y — ¢ =52.175°-36.86° =15.32° _ 3093822900, 109
~ V0= 521757 ~36.86% =15.32° 239.06
=29.41%
24. Ans: (¢)
Sol: Condition for zero voltage regulation is 27 Ans: — 6.97%
— Sol: Regulation at 0.9 p.f lead at half rated
cos(B0+¢) = L2, o I,
2V condition is when I, = 2‘ =6.95
3
LA L P
V3xV, 3x415
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28.

Sol:

29.

Sol:
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(1
- (239.06 % 0.8+ 6.9562 x 0.4)> 30. Ans: (a)
B Sol: Excitation of ‘M;’ is increased, its nothing but

+(239.06x 0.6 —6.956 x 5)*

E=22238V
E,-V

% Regulation = x100

_222.38 - 239.06 "
239.06

100 =—-6.97%

Ans: 75
Given data, Vi = 200+/3, S = 3 kVA,
X,=30Qand R,=0 Q.

V. 200x+/3

B

S = 3V,ulpn = 3000

Von =200V

XS
Internal angle, © = Tan™' (R_j= 90°

a

At maximum voltage regulation, 0 = ¢.
Therefore, ¢ = 90° and cosd = 0.

Excitation voltage is

E: =(Vcoso+I,R, ) +(Vsing+I,X_ )

E, =+/(200 x 0+5x0)* +(200 x 1+ 5x 30)°
Eo=350V

: E,-V
% Regulation = —>——x100
= 3302200 100 — 7504
200
Ans: (a)
That synchrozing current will produce
synchronizing  power.  Which  will

demagnetize the M/C M, and Magnetize
the M/C M;

31.

Sol:

32.

Sol:

magnetizing the M.

So synchronizing power will come into
picture, it will magnetize the M/C M, means
alternator operating under lead p.f and
demagnetize the M/C M; means alternator

operating under lagging p.f.

Ans: (b)

Effect of change in steam input (Excitation

is kept const):

e Effect of change in steam input causes
only change in its active power sharing
but no change in its reactive power
sharing. Because the synchronizing power
is only the active power.

e If the steam input of machine 1 increases

Machine 1 Machine2
kVAR, = kVAR,
kw, T kW, 4
kVA,T kVALL

I, T Io 4

pfi T p.H

Active power sharing is depends on the Steam
input and also depends on the turbine

characteristics.

Ans: (b)

Excitation of machine 1 is increased (Steam

input is kept constant):

e Effect of change in excitation causes only
change in it’s reactive power sharing but

no charge in it’s active power sharing,
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because the synchronizing power is 39. Ans: (b)
only the reactive power. Sol: \ Fio)
e If the excitation of  machine 1
increases 4% 5%
Machine 1 Machine 2
kW, = kW, 30 40 kW:
kVAR; T kVAR,{ : : .
Without over loading any one machine. So
kva, T kva, b here 300 kW is maximum capacity of
I, T Lo ¥ machine 1.
Pfid P61 — For M/C 2 maximum load. It can bear is
P _4
33. Ans: (d) 400 5
Sol: At perfect synchronization means both Py =320 kW
systems has all the characteristics similar Total load =P, + P,
at that point. No unstability factor so there =300+ 320 <620 kW
is no — mneed for production of
synchronizing power. 40. Ans: (a)
Sol: M/C’s are working at UPF now. For increased
34. Ans: (c) ‘If from V, inverted V curves. We can find
Sol: For any change in field current there will that there will be change in p.f of alternator
be a change in reactive power of the ‘A’ from lead to lag.
machine so there will be change in p.f of Alternator and lagging p.f is over-excited. So
the machine. it will deliver lagging VAR to the system.

38. Ans: (d) 42. Ans: ()

Sol: Rate of flickering = beat frequency Sol: For synchronizing an alternator, the speed of
=f_{! alternator need not be same as already
=502 —50=0.2Hz existing alternator.

= 0.2 Flickers/sec = 0.2 x 60
= 12 filckers/min 43. Ans: (2)
Sol: Synchronizing current per phase
= w given Z, =272,
Z,+7Z,
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EandE, must be of phase quantities. =-23+51.8=495Hz
3300 3200 C,
SIy=143 B
2x1.7
I, =16.98A.
44, |
Sol: y — axis fig (ii)
slope = 1 HZ/MW (c) as in part(b)
slope = 1 HZMW 1
total load = x;+ x,=3.8 ...... (D)
""""""""""" at =50 Hz
load shared by machine(1)
- > X — axis f=-1xx;+51.8=50
fig (i)
— X1 +51.8=50:>X1 =1.8 MW
S x2=3.8-x,=3.8-1.8=2.0MW
y = —mxte for machine (2)
(a)f=-1xx;+51.8=—1xx,+ 51 = %2+ ¢y = 50
X1 —X=08......... (1) C20+¢,=50
X1 + X2 = 2.8 i, (2) Cr = 70
From equation (1) & (2)
2x;=3.6 45,
x = 1.8 MW Sol: (i) Given data: Gy: 200 MW, 4%
= IMW G, : 400 MW, 5%
set frequency (f) =—x; +51.8
=—-1.8+51.8
= 50Hz
(b) If load is increased to 1| MW
X1 +X2=3.8 MW ...... (3)
X1 —X =08 MW ...... 4)
From equation (3) & (4) 400 MW
2X1 =4.6
— P X
x;= 2.3 MW :%:Z:ﬂ)lzsox
X2 =1.5 MW
f=—x;+51.8
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= % = ? = P, =80x

But, total load = P; + P, = 600
MW— (1)

From (1) = 50x + 80x = 600

=999 _ 4615
130

Given, no-load frequency = 50 Hz
present system frequency
= f=50—(50 x X %)
=50-50 x 4615 _ 47.69~47.7THz
100
(ii) Load shared by M/C I'is  and M/C
2is .
From above solution we got
x=4.615
P;=50x=50x4.615=230.75 MW
P, =80x=80x4.615=369.2 MW
Here ‘P’ violates the unit.
(iii)Maximum load the set can supply

without overloading any Machine is

From above solution ‘P;’ violated the

limit so take ‘P;’ value as reference

P, =200 MW
From % Regugraph find P,

P, 4
400 5

P, =320 MW
Total load = P; + P, =320 + 200
=520 MW set can supply.
46. Ans: (¢)

Sol: Let power factor is unity, M/C-A =40 MW
and M/C-B = 60 MW

5 5
5-x
m/c-A l“
Al
4oMw 100 60MW

P, 5-x

— = =P =12(5-x
o= =R =12(5-%)
B_27X o pog(5-x)
40

P1+P2=80

= 8(5-x)+12(5-x)=80
=>x=1
o P =8(5-1)=32MW

P,=12(5-1)=48MW

47. Ans: 0.74
Sol: Two parallel connected 3-¢, 50 Hz, 11kV,
star-connected synchronous machines A & B

are operating as synchronous condensers.

— 50 kKVAR
Ial IaZ I
j1Q 1302 v —11kv]
50 Hz
Machine A E, E,
Machine B l

The total reactive power supplied to the grid
=50 MVAR
3VIa1Sin¢1 + 3VIaQSin¢2 =50 MVAR
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3VI,; sin90 + 3VI;psin90 = 50 (- only . E'V. ., EV .
) o P =P= sind =——sind
reactive power pf = cos¢ = 0= ¢ =90°) . X,
6VL=50x10° ("vLy=In=1,
6 (la=le =l 801306'3 sing! = & g O sin(s.94) = 7.14°
I,= SOX—IO3 =1312.16 A
11x10
6%
J3 49. Ans: (a)
oo Bl =V.Z£0-1,;.£90 x X1.£90 Sol: 1! E'/8' -V£0
ol: [, =————
3 7. /0
_ 07 6 1312.16.290 x1.290 :
\/3 _ 8036.3/7.14-635020
=6350.820-1312.16.£180 10290
=7662.96V =190.6/-58.4°
Es = V.20 1,790 xX./90 I,'=190.4 A
=6350.820 -1312.16.290 x3 /90
— 6350.8./0 —3936.48./180 50.  Ans: (0.523 lag)
=10287.28 V Sol: p.f=cos(58.4) =0.523 lag
The ratio of excitation current of
machine A to machine B is same as the S51. Ans: (d)
ratio of the excitation emfs Sol: X’ is in % P.U=25%; V,, g@ <3810
E, 7662.96 ﬁ
., —=——-—=00.7448 (KV)?
E, 10,287.28 X in Qis = 0.25 x Zy = 0.25x )
b
. 2
48. Ans: (b) _ 025x% (6.6) _ 907
Sol: V.=11kV 1.2
Vi _ 1KV 6350.8 = 6351 V E =V +j I, X; — In alternator
V3 By substituting the values

at 100A, UPF,E=VZ0+ [,£ + ¢.Z,£0
=6350£0 +100£0 x10£90°
=6429.1 £8.94°
5. 8=28.94°
Excitation increased by 25%
=E'=1.25E
=6429.1x1.25=8036.3 V

"." Turbine input kept constant

P 1200x10°
BV 36600
E =3810+104.97 £-36.86 x 9.07.£90
E =4447/9.867

The current (I,) at which the p.f is unity
("R, =0)

I =104.97

E = /(Vcos¢+1,R, ) +(Vsin$+1,X, )
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52.
Sol:

53.
Sol:

54.

Sol:

55.
Sol:

56.
Sol:

57.

Sol:
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4447 = |/(63810x1+0)* +(3810x0+9.07)>
.= 252.716 A

Ans: (5360.9V)

E=V+jL X
Vph—381(k66><103 I = P 100010’
NE] BxV Bx66x10°
=87.47 A

Epy, = 3810 + 82.47./+36.86 x 20290
Epy, = 3095.17.226.88
E; = V3 Eph = 5360.99 V

Ans: (26.88°)
Power angle (or) & = 26.88"

Ans: (b)
P= EV sin & :>O.5:1'3><1 sin &
< 0.8
=§=17.92°
E=V+jL X,
E/£6-VZ0 1.3£17.92-120
¢ X, Z£90 0.8290

=0.581/-30.639°

Ans: (a)

From above solution Answer is 0.581

Ans: (0.860 lag)
From above solution power factor is
p.f=cosd = cos(30.639) = 0.860 lag

Ans: (0.296 PU)

Reactive power (Q) = Xl [E COsO— V]

S

58.

Sol:

59.

Sol:

60.

Sol:

= &[1.3 x c0s(17.92)—1]

=0.296 P.U

Ans: (2.05 PU)
The current at which maximum power output
is
Under maximum output conditions & =0
Here =90 (- R,=0)
EZ5 - VZ0
Z)
1.3290-1

[ =———"" ~-205,37.56"

) =2.05PU
0.8.290

Ans: (0.792 lead)
Power factor at maximum power output is
p.f=c0s(37.56) = 0.792 lead

Ans: (-1.25 PU)
reactive power at maximum

Q=X1[ECOS8—V]

S

Substitute 6 =0 =90

Q= [1 3cos(90)—1] = -1.25P.U

61. Ans: 32.4 to 34.0

Sol:

A non — salient pole synchronous generator
Xs=0.8 pu, P=1.0 pu, UPF
V=1.1pu, R,=0
P=VILcos¢p=>1=111x[x1
=[L=09pu

The voltage behind the synchronous
reactance i.e E=V +1, Z,

=1.11 £0 +0.9£0 x 0.8£90°
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—1.11+0.72
=1.323 £32.969°

62. Ans: 0.1088
Sol: E¢f=1.3pu, Xs= 1.1pu, P =0.6pu, V=1.0pu

1.3x1 .

P:ﬂsin5:0.6= sind

S

= 0 =30.53°

Q :)\(/—S[Ecosé—V]
:1—11[(1.3)00530.53—1]: 0.1088 pu

63. Ans: (a)
Sol: Motor input =\/§ Vi1 cosd
= /3 x 480 x50 x1=41569.2 W

given motor is loss less

Electrical power converted to mechanical

power = Motor input —output

=41569.2 -0=41569.2 W

_120f _ 120x 60

N =1800rpm
P rp
P 41569.2
T=—=—"""_=220.53N-
® 1800 o
2MX ——
60
64. Ans: (a)

Sol: From phasor diagram, ‘E’ leads the ‘V’,
hence called “Generator”.
Here, E cos & > V called over excited
generator.
An under

excited generator always

operators at “laging power factor”.

E
7
T o
5’ !
240 ; .
E.cos & v
65. Ans: (a)
Sol: We know that, synchronous motor always
rotates only at synchronous speed but

induction motors can rotate at more or less

than the synchronous speed.

..Consider of Induction motor,

N; =750 rpm.

N, -N, _ 1000-750 _ 1
N 1000 4

fr=sf:% x50=12.5Hz

speed

slip =

50 Hz

S.M LM
P=38 P=6
Ns=750 1pm Ng=1000rpm

66. Ans: (b)

Sol:
17.32 KVAR

60°

10kW 60KW

53.13°

80KVAR
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Total kW of load = kV x cosd 68. Ans: (b)
P, =100 x 0.6 = 60 kW Sol: V=400V E =400V
kVAR Requirement of load Vo= 400 ~2309V,
— P x tan = 60 x tan 53.13 = 80 kVAR V3
KW requirement of synchronous motor Epp = 400 _ 530.0v
(P2) = 10 kW V3
Operating p.f of load = 0.5 leads p, - Hsin 5
Phase angled = cos '(0.5) = 60 X,
Q =P tang = 10 x 10’ x tan 60 = 17.32 5x10°  230.9x230.9 . 5
= sin
kVAR 3 10
(KVAR supplied by synchronous motor) =5=18.21°
Total load Py + P, =70 kW
Total KVAR requirement = 80 — 17.32 69. Ans: (¢)
=62.68 kVAR Sol: From the armature current 7.3./-9.1°
Overall power factor 9.1° is the angle difference between V and 1.
tand):g _ 62.68 — 0.895 . cos ¢ = cos(-9.1°)
P70 PF = 0.987 Lag
d=41.842
p.f=cos ¢ =0.74 lag 70. Ans: (d)
Sol: 1, = VZ0-EZ-3
Ans: 24 A VAVA"
! TE _ 230.940-2309£18.21 _ 73,91°
i g T 10£90
200.£0° Lh=73"
71. Ans: (a)
1= 20040 Sol: E= 2500 _ 1 44337v
4+3 V3
=40/-36.87 Vo= 2000 _ 11547V
— 40c0s(36.87) —j40sin36.87 3
=32-24 A Z;=02+j22=22,/84.8°= 0=284.8°
Assume that the motor draws a current S EV
) Pin=——c0s0 ———cos(0 +9)
j24 A, then overall pf = 1, therefore answer Z, Z,
is24 A
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3 2 75. Ans: (b
800x10° _ (1154.7) cos(84.8) (b)
3 2.2/84.8° Sol: Vi =230V
230
_(1154.7x1443.37) cos(84.8+ ) v =20 138y
22/84.8° NE]
[=Y£0-EZ8 Z,=0.6+i3 =3.06.78.69°
7,28 0 =78.69°
_1154.720-1443.37/21.43 at I, = 10A, UPF,
2.2/84.8° E=V/0-1, £+ Z; £6
=254.59£24.9° =132.8 £0-10 £0 3.06 £78.69
=130.29 ~/ - 13.31°
72. Ans: (b
ns: (b) "." Excitation is kept constant E =130.29,
Sol: PF = cos (24.9) = 0.907 lead
V = constant
73. Ans: (760.9 kW) load on tEe motir is T, 8T, 1,T to 40A (given)
Sol: Mechanical power developed LZ|=V()-E£-3
P=El, = JV2+E’ -2VEcosd
2
P= EV cos(0—38) — E_C()Se 40x3.06
Zs Zs = V132.82 +130.292 - 2x 132.8x130.29
. . - . .29cosd
2500 2000 2500’ 0
X — 0=554
P= Mcos(% 80-21 51)—@%5(84 80)
2.209 ’ ' 2.209 ' [ = V£0-EZ-3
Pphase = 253.364 kW ’ 7,26
Pag= 76094 kW (On) | _132.820-130.292 -55.4
Pmech =P-3 Ia Ra 3.06£78.69°
=800 x 10° — (3 x 254% x 0.2) ,=40/-17.3
P = 761 kW PF = Cos (17.3) =0.954 lag
74. Ans: (4.84 Nm) 76. Ans: (¢)
Sol: (In question poles and frequency not given Sol: Pyiech = Pin — Copper loss
let take P = 4, F = 50) = /3 VeI cosd — 3I.°R,
s= 1500
N = (V3 x230%40x0.953)-(3x40%x0.6)
T=Plo = 209400 _ ) ¢4 Nm 12,035 kW
271tx1500 . T .
T = P :% ~78.34N-m
© 2MX ——
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77. Ans: (b) Total cu losses = 3 x 144.33% x 0.13 = 8125
Sol: V=28 —3810.5v W
otal losses = Stray losses + Cu losses
V3 Total | Stray | Cul
Pi=~/3 VLI cosd = Ip = 4000 + 8125
_1000x10° ool | -2 wW
Bx66x10°x08 " % q = PULZIOSSES 40
input
E=VZ0-I,£t ¢z £O) P
75000-12125
=3810.5 Z0-109.3 £36.86 x12/90° =————""x100
4715.5/-12.85° 72000
ST , = 83.83%
Excitation is constant, V is constant
3
P= ﬂsmg _ 1500x10° 80. Ans: (a)
X, 3 Sol: Equivalent circuit/ph:
4715.5%3810.5 .,
- 12 sind 10 100
Wy S0.36.87° A
=8=19.5° '
OF=ez-5 v =e3stzov()
78. Ans: ()
Sol: Ia:LEZ_8 Fig. 1
Z./0
_ 3810.5£0-4715.5£-19.5 Since problem specifies that excitation emf
12290 E lags the terminal voltage V, motor
=141.4221.95 operation is implied.
PF = cos (21.95°) So, the current received by the motor is
=0.92 lead specified as 50236.87° A. (That is why the
reference direction of T is shown as entering
o (% —
79 Ans: (') E at its ‘+’ terminal. Of course we could
Sol: Data given have reversed the current direction in the
Von = 400 _ 230.94 V, 100 kVA, figure, and writen the value as —50.£36.87°
NG
A).
R, =0.13Qand X,=13Q (i) Calculation of excitation emf:
100x10°

Liine =lphase = ———— = 144.33 A
e P R 400

Stray losses = 4000 W and power input
=75 kW

6351£0° = E£-6+[50£36.87°](1+j10)
Solving, E = 6625.
(6=3.73°, E = 6625./-3.73°)
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(i1) The machine, acting as a motor, is
drawing a leading current. Hence it is
By the

excitation, it can be made to draw

overexcited. reducing

current at upf. In that case I and E
will change, but T will be in phase
with V.
(iii) Calculation of armature current and
load angle:
At upf operation, let the current per
phase drawn by the motor be I amp.
Assuming that the power input per
phase remains unchanged while the
excitation is reduced, 6351() =
6351500.8.
[=40A.
Replacing the current in the circuit of
fig. 1 with this value and applying
KVL,
635120° =40£0°(1+j10) + E£-9.
E and & can be calculated from this
equation by separately equating the
real and imaginary parts.

Ecos+40 = 6351 ............... (1)
and —Esind +400=0 .............. (2)
0=3.63°

4. DC Machines

01. Ans: (¢)
Sol: Induced emf in a DC Generator
o $ZN P
60 A
_ OD6xG2x6ka250x§
60 2
E =384V

02. Ans: 0.05 Wb, 0.33 V/turn
Sol: Given, P=2, E=200V, Z =600,
N =400 rpm, dt = 0.15 sec,

¢/pole =? and emf/turns = ?

i) £ 92NP
60A
500 — 6004002
602

1
= ¢/pole =—
o/p 20

=0.05 Web
(i) A = flux linkages = 1000 % 0.05
=50 Wb —turns
e=%=ﬂ=333.33V
dt 0.15

emf / turns = 33333

1000
=0.33 V/turn
03. Ans: (d)

Sol: P =6, lap winding, Z = 480, Ra = 0.06Q2

Next changed to ware

R, o ALz(parallel paths)
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R (A] 00 (2
R, A R, 6
R =0.54Q

05.
Sol: (a) lap winding:
P=4,A=4,7Z=500

.. Armature AT/ pole = E I—"‘
2P L A

(e

=1562.5 AT/pole

20 Z 1
AT e =1 ==l == | =
demagnetizing (180j(2Pj(Aj
[2x8 2 100
180 N\ 2x4 4

= 138.8AT/pole

AT cross-magnetizing

_ (180—26) z1,
180 A\ 2P A

_(180-16) 500 XIOO
180 2x4 4
=1423.7 AT/pole

(b) Wave winding
P=4,A=2

Armature AT/pole = El—a AT /pole
2P A

596
2x4 N\ 2
=3125 AT/pole

AT demagnetizing = 20 EI_H
180 \ 2P A

_(2x8) 500 ) 100
180 \2x4 \ 2
=277.77 AT/pole

- I
AT cross-magnetizing = 180-20% 7 1,
180 2P A

_(180—-16 SOOXIOO
180 2x4 2

=2847.2 AT/pole

06. Ans: 17

_ 100x1000

Sol: V,I, =100kW =1, =250A

MMF required on each interpole is

1
MMEFp= El—a +| =B
2P A [T

500 250 1x107°
= X =+ = XO.?)
2x6 6 4tx10
=4123.43 AT/pole

As we know that interpole winding connected

in series winding of armature.

LN o 2460 _ 2460
I, 250
= 16.49 turns

= N =17 turns/pole

07. Ans: (b)

GNA axis also called brush axis (or) axis of
commutation which is always perpendicular
to the main field flux axis (¢n,).Commutating
poles are placed in GNA axis to eliminate
cross magnetization effect under g-axis.

Number of commutating poles = Number of
main field poles — for large rating motors

and less for small rating motors.
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08. Ans: (a) 10. Ans: (¢)

Sol: Compensating winding & Inter pole | Sol:

winding connected in series with the

armature winding. Compensating flux is - I

200 Q R=04Q 200V 1.8kW

4111 %

used to nullify the cross magnetization

EEER

effect under polar axis i.e d-axis only but l

commutating  poles flux used to

compensate cross magnetization effect
Generated EMF

= E,=V+l, Ry = (1)
Electrical load, P = V.I, = 1.8 KW

under inter polar region i.e. g-axis and also

limits reactance voltage.

09. Ans: 12.5 mWb , 125 c.m’ o, 21800 g V200,
. 200 R, 200
Sol: Given, P =10, N = 1000 rpm, Z =
2000 For generator = I, =1L + ¢
A=10,V=400Vand B=1T =9A+1A=10A
Armature copper loss =400 W From eq(1),
3 E; =200+ (10) (0.4) =204 V
- 10x10 _95 A
400
R =400 11. Ans :(49.61 A, 161.24V)
a a Sk
= R,=16/25Q Sol: P=VI, =1, = =50A
E=V+LR, E, =V+I, R, =100+50(0.5)
=400 + 25 (16/25)
=100+25=125V
=416V
3 q)ZNP P= V2Ia2 =8000 ------------ (1)
60A E, =V,+[ R,
ate= 60x10 By, =7 FL, (0.5) ---memmv )

= ¢/pole = 12.5 mWb 2
g2 EIJZIIZ Iaz ISOO
== £ = - Xx—

o,N, 50 100

Egl
-3 E 151
— Area of pole shoe = wmz £

We know that, B =

>|e

=—2=E =375 - 3
125 50 £ o2 ®)

Area = 125 cm?

Substitute equation (3) in (2)
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=200V
3.751, = 8?&+ I, (0.5) 20014
. =207 5504
(3.75-0.5)1,> = 8000
I, =550A
[, =49.61A ’
V, = % =161.25V 14. Ans: (¢)
’ Sol: Given external load characteristic curve is
A d linear, therefore from curve value of V’
- Ans: (d) corresponding to 50A is 95 V
Sol: V=300V, I.=200A
= V=95V, 1L =50A
R,=0.05 Q, Rsc = 0.04Q
vV 95
Ry, =200Q,BD=1V,E,=? 157 5 P Y
L
vV 300
f=—==—"=15A .
f R, 200 Alternate method:
E= ILR,.
L=I +1;=201.5 A VrLR,
For long shunt compound generator 100 =950 +100 R,
Eg:V+IaRa+ILR5e+B-D :>100Ra=100—90:>Ra=0.1 Q
=300 + (201.5 x 0.05) + (200x0.04) + 1 At 50 Amps, V=E - LR,
E,=319.075V~320V =100 - (50 x0.1)
=95V
13. Ans: 550 Ri= V=2 _190
Sol: V,= 145 V (Grid) I, 50
[, =150 A; N; =800 rpm
R,=0.1Q 15. Ans: (¢)
N, =1000 pm ; V, =145V (Grid) Sol: Rey =302, Ni = 1000 rpm
RC2=8OQ;N2=?
I, =?
" Ny _Rey
= E, =V,+L1, N, R,
=145+ (150) (0.1) =160 V N2=ﬂx1000 — 625 rpm
R Y N
— = v E~ Kido, =
E, N, ¢
16. Ans: 8
t
cons] Sol: Separately excited DC motor
E, = 1009 (160) Flux remain constant
£ 800
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Case (i): At No load 17. Ans: (a)
N; =1000 rpm V=200V Sol: N, :ixﬂ
R,=1Q Li=0=Tu=0 N, E,, o,
Epr =V N, 09E, ¢,
eey = X
Case(ii): Full load 1140 E, 0.95¢,
To = Trated
1,» = Full load armature current N, =1080rpm
V2 =9
N, =500 rpm 18. Ans: 1.2712
Eb, N, 500 Sol: Motor operation:
Eb, N, 1000 A Y —— T
+
Evy = + x 200 = 100V e 28V Z 000 20
2 Supply
N
V =Ep + 1R, 212V
V =100 +I,(1) B _
V=100+1Tp ..cooennn... (1) E=2212V
Fig.1.
Case(iii): ¢
Ts = 50% of Trateq Generator operation:
T3=0.5 Trated > o
2A 52 A 50 A + 4
ok 1259 31-2;’ 0.6 240 V
L =05= Iﬁ * Supply
T L 2812V
Ia3 O.51a2 .............. (2) B 4
But V3 _ b3 E=2812V
2 b2 Fig.2.
520 — Eps 520 — Eps Since the field current is the same in both
00 E, 500 100 cases, neglecting armature reaction, flux is
Ep3 =104 constant in both cases and (speed as a
Epz3 =V -1l R, generator)/(speed as a motor) = (281.2/221.2)
From (1) & (2) =1.2712.
Ep3 =100 + 1, — (0.5 Io)R,
104 =100 + I, — (0.51)1 19. Ans: (b)
4=051n = 12=8A Sol: Practically in motor, the torque direction is
similar direction to that of rotor rotation.
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In generator the torque direction is [ I, direction changed]
opposite direction to that of rotor rotation. Act as differential motor
Before Belt Snaps (p.m fails) Tem o (+¢) (—1,)
L, > >
— Electrical Tom ® Tem
load
(grid)
We know, after prime mover fails,
Tem oc (+ d)) (_Ia) = Tem o — (¢ Ia)'
.. Torque direction is reversed, i.e, direction
of rotor rotation in differential compound
motor is similar direction to that of over
compound generator.
I I, delivering = called generator
Let Iy, I, are positive 20. Ans: (a)
Soh = bon + dse Sol: Full load Armature current (I,;) -40A
Hence act as compound generator When 1Q is inserted in series with armature
Tem oc (+ ) (+1a) Raeq = 1.5Q
> > Stalling Torque is the Torque at which speed
> falls to zero
pm () T E
N b
After Belt Snaps (p.m fails) Speed (N) o o
B WhenN=0 =E =V-I R, =0
240-1, (1.5)=0
— Electrical
240
supply I, = 15 =160A
(grid) 3
Torque a¢l,
. T, 1
/ —2="32 [+ ¢ =const
\/\ Tl Ial [ ¢ ]
VAN 160
= =4
Tem T, 40
I, I, — obsorbed = called motor
Here I, positive, I, is Negative 21. Ans: (d)
0= Poh— e Sol: V =250V, R, = 0.5Q, Ry, = 2500,
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N; =600 rpm, T = constant
I, = 21A, R, = 2500, N, = ? L=1 -1;=22-22=19.8A
[ =1 -1 E=V-ILR,=220-49.8 x0.1 =218.02
K e E o« $N (for shunt motor ‘9’ constant)
Vv
[, =—=1A E, N,
Rsh = T
EZ N2
=21-1=20A
— N2
* Ry +R, 250+250 !
T o ¢l —218.02¢| 220 | = 174 416V
1000
Toc I, I, =constant
Case (i):
a Lo =11 :>1><2O=%><Iaz Tpoc N
Teoc ¢, and under steady state condition
I, =40A
? TL = Te.
N Eo L _N,
q) Ia2 N2
N, _Eo L Lo =Ly x 0.8 = 15.84A
Neo By Es = Vi — Lo(R, + Rey)
N, 250-(40x0.5) 1 174.416 =220 — 15.84(0.1 + Rey)
600 250-(20x0.5) 0.5 Rex = 2.877 — 0.1 = 2.7770Q
N, =1150 rpm Case (ii):
TLOCNZ aIld TeOC (I)Ia
22. Ans: (i) 2.778 Q (ii) 3.498 Q L, N_l2
Sol: Given data: I, N
V=220V Lo = 19.8 x(0.8)* = 12.672A
N1 = 1000 Ipm, IL =22A Eb2 = Vt _ Iaz(Ra + Rext)
R¢= 100, R,=0.1Q =174.416
N> =800 rpm =220-12.672(0.1 + Rex) = 3.497Q2
Ir= 220 2.2A
100 23. Ans: (¢)
. Sol: N;=1180rpm N;= 1250 rpm
V=125V V=125V
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A% A% N
cl, =—o o e Lo
(I)l " sh (I)z " Rsh + Re —‘85255 ‘—4_2 I
\Y4 — Lo
E, =V =
° Rsh + 5 N I,
22
Ny _ B 0
Nl F“b1 ¢2 N I N I
Ampere (AT,) = —= >+ =2
N pere (ATp) = 555+ 575
1250 _V Ry N I
1180 V A% - 5
Rg +5 Constant torque condition
:>125:Rsh+5:1+ 5 T,=T,
118 R, R, O1la1 = ¢ola
Rsh =84.2Q ATseIal = ATpIa2
NseIal = %Iaz
24. Ans: (%)
N E d) I = \/EIal
b2 . . . .
Sol: N_2 = . X (I)_l (" Ny is the speed, when series field windings
1 i : are connected in parallel)
As torque is constant = ﬁ = const. & _ AT,
2 N, ATp
Ebz :V_Ia(Rse ||Rd)_IaRa N2 . NseIal
=500—100(0.3]| 0.6)—100x 0.4 N, Nl
2
=500-100(0.2+0.4) N
N2
N, 500-100(0.2+0.4) N, 2
600 500-100(0.4 +0.3) By substituting I,, =+/2I,, = 5002 rpm
N, =613.95rpm
26. Ans: (b)
25. Ans: () Sol: P oc TN = constant
Sol: o0 e ] TN, =T,N,
Nse Nse 2 2
2 2 I, xN, =1)N,
I, x1=1,2%025
Ampere turns ATy, = stela a a2
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I E, 5
=05 A==
I Eg
V, =1Ipu, N, =0.25pu =E, =1.25E,
N, = Ipu E, -125E, =
T o Iz EA + Eb =
Valo =V L, —2.25E, =250
1x0.51, =V, 1,
B, =22 1111y
V,, =0.5pu 2.25
Es =138.8V
27, ~Ea=138.8V,Eg=111.11V
Sol: According to motor ratings and neglecting Ea =138.8 = KI.50shart =138.8=
losses = Ep = V=250V (0.04)(5)La®shatt
N = 1000 rpm 694 = I,0shaft
o 2n(l OOO) 10475/ sec As losses are neglected
Pinput: Poutput
= 29XT746 g 68 A VI=To = (250)1, = (810)(@ghatt)
250 I, = 3.24 (shart)
= E, =K, ¢w; ¢ « I, (series motor) Lgan = 694
E, —KlLo= K = 250 324 o), =694 = o, =14.63rad/sec
! 59.68x104.7 600
K=0.04 N, 2—2 =139.75rpm
T

If the two motors are connected in series
and rotating a common shatft.

®A = SOgnat and ©p = 4Oshatt

EA + EB = 250V
Ea =Kl,0a
Ex =Kl, (Smshaft); Eg =KI, (4(Dshaft)

. I, = (3.24)(14.63) = 47.40A

28.

Sol:

Ans: (b)
Since data is not given, for simplicity neglect
all losses including armature copper losses.
This means we assume R, = 0.
Problem specifies that at any speed, armature
current has the same value, which is equal to
the rated value.

Let Viaeq and Liaeq be the rated values. Then
rated input = rated output = Viged Liatea = 50
kW.
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(1). To obtain half the speed by armature
voltage control (field current is assumed to

remain unchanged), armature voltage must

By field control method we can control
speeds above rated Value. But above rated

speed, the machine behaves as a constant

power variable torque drive

Vv . .
be made —2¢ . This result is proved as
2 Pout = Prated =50 kW

follows. For the shunt motor, E = K¢o, =

V-I,R, = V since R, is neglected. 29. Ans:7
Let field excitation be kept constant. Sol: Given, V, =400V,I, =37A,1, =255A, 1,
Then neglecting armature reaction, K¢ is 080

constant, say K; and V = K o,. At rated r

We know that, o" =2

operation Viyeq = chorrmed.To get o = R,
1
—o, 5 Vmustbe Vied/2. — Where o — L _ 255
2 L, 37
_ Vrated
Power= < . =25kW V., 400
37

a

25.5)" (0.8x37
37 400

Take logarithm on both sides,

(i1). With V kept at Vigeq; ©r is to be

changed to %0) _, by field control. But the

Trat

current is still Iiyeq from the given data.
Hence power = Viated lrated = 50 kKW. n log)™® =log)™
Method-II:

By armature voltage control we can control

n=698=7

The number of resistance elements, n =7
speeds below rated value. But below rated

speed, the machine acts as a constant 31. Ans: () d (i) (a)

torque variable power drive, where Py o Sol: (i) E, =V-LR,

N

P N, P 05N, =240-1,(0.5)
P, N, 50k N, [ =1 +1,=>I =1 -1,
P,=25kW p,T —15-3=12A
4 T P
_________ Ish :LZEZ3A
g Rsh 80

E, =240-12(0.5) =234V

~

Net voltage
=V+E, =240+234

N< Nrated N> Nrated
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=474V =6651.12W
(i) 1, = V+E, _ 1251, Output power = shaft power
a TRy Py, = Pgm — rotational losses
~240+231 Ps=6651.12 — 600
© 05+R, =6051.12W
=1.25%x12 Psh=Twx ®
474=150.5+R,) 6051.12 = T, x 27x1000
474-17.5 60
R, = T =31.1Q Output torque = Ty, = 57.78N-m
33. Ans:57.78 34. Ans: (a)
Sol: Given data Sol: At no load developed power
Po = 10Hp (P)=Ep L,
In=37.5A Ep=25-1.5%0.8=23.8V
V =230V P=238x15=357W
6 =0.01Wb Under no load condition the developed power
P=4 is useful to overcome friction & windage
7 = 666 Losses.
A=2 - friction & windage Losses = 35.7W
R, = 0.267Q Under loaded condition Armature Cu loss

Rotational losses = 600W
At, Ny =1000 rpm
Output torque , Tgp = ?

_¢ZN P
" 60 A
_ 0.01x666x1000 xi
60 2
E, =222V
I— V-E, 230-222
R, 0.207
=29.96A
Gross mechanical power developed = Py
Pom = Epla
=222 %x29.96

= (3.5 x 0.8 =9.8W
.. Total losses = 35.7+9.8
=455W
Input to motor = Vx I,
=25%x3.5
=87.5W
Efficiency n = —mpu‘F —Losses X
input
87.5-45.5
— X
87.5

=48 %

100
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35. .. No-load rotational loss for each machine
Sol: Given data: W
= —2 =35786 W
10A | 2
i g ’_L ’_L , For generator, output = Vi,
I, [(=2.5A
A APA L 1 =220 x 67.5 = 14850
Wg 2
l \—‘—1 T 7, Total losses, W, = ES + Vi, +Lx,
W, =357.86 + 220 x2.5 +227.815
=1135.675W
V=220V, I, =2.5A
loss
I, = 2A, Lim=73A SMg = [1 - —} x100
losses + output
Rae = Ram = 0.05Q
I =10A =|1- 1135.67 x100
1135.67 +14850

Iag = Iam+ Ifg + Ifa_ IL
=73+2+25-10=67.5

.. Armature circuit loss in generator

=92.89%
For motor, input = V(I,m + Ifn)
=220(73+2) = 16500W

=(67.5)* x 0.05 W
=227.81W Total losses, Wy, = 70 +1o,r, + VI,
Armature circuit loss in motor
5 =357.86 +266.45 + 220 x2
= (737 % 0.05)
=1064.31
=266.45W
. losses
Power drawn from the supply (Excluding Mm=|1-
Input

the field loss in two machines) = VI
I=T— I —Im=10-2.5-2 =5.5A :(1_ 1064-31] —93371%
Ploss =220 x 5.5 = 1210W 16500

. No- load rotational loss in both the

machines

Wo=ViI-r((3, +1,)

am

=220 x 5.5 —0.05 [(67.5)* + (73)*]
=715.735W
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