Question 1

A shunt generator with 220 V output voltage, shunt circuit resistance Rfd =220 Q and total
inductor circuit resistance is ) Ra= 0.2 Q. This generator is loaded with a 10 Q load. And, its
efficiency is 0.89.

a) Output current, armature current and excitation current,
b) Induced voltage,

¢) Induced power and output power (electrical power),

a)
I _ vV _ 220 — 224
laod — Rload - 10 -
L = %4 _ 220 14
f&7 Reg 220
Ia = Ilaod+1fd = 22+1 == 2314
b)
B =Vy+ ) R lg
E, =220+ (23x0.2) = 224,6 V
c)
Popg =E, 1, =224,6x23 =51658W
Pelk = VIload =220x22=4840W
Question 2

When loaded at the nominal power of a 2HP DC shunt motor with a pole voltage of 210 V, its
efficiency is 82%. The shunt excitation winding resistance is 310 Q, the total armature
resistance is 0.25 Q. When motor is operated at full load,

a) The current drawn from the DC supply,
b) Armature current

Output Power P, ec
n= =

Input Power P,y

Proc =736 x2 = 1472 W

P 1472
Mmee = =1795W
n 0.82

Poyy =



1795
sup = 5o = 8544
c)
Isup = Ia + Ifd

I4 = = 210 =0,67A

T4 Rpg 310

I,=854—-0,67=787A
Question 3

The number of parallel of the rotor winding is 2a=2p. a 4-pole shunt generator with a nominal
speed of 1200 rpm is excited and an excitation flux of generator is 0.04Whb. The number of
conductors in the rotor is 300 and the total resistance of the windings on the g-axis of the
generator is 0.1 Q. Current flowing through armatiire is 160 A. Calculate the output voltage of
the generator.

2a =12p
pn
Ea:ZaE@

E —30021200004—240V
a= 2 60

Pra

B =Vy+ ) Ry lg

V, =240 — (0.1 x 160) = 224V



Question 4.

A magnetic circuit with a single air gap is shown in Fig. 1.24. The core
dimensions are:

Cross-sectional area A. = 1.8 x 107° m?

Mean core lengthi. = 0.6 m

Gap length g =23 x 103 m

N = 83 tumns

, Core:
o mean length [,

area A,

| permeability u
N turns

» Air gap

Lo

i

Figure 1.24 Magnstic circuit for
Problem 1.1.

Assume that the core is of infinite permeability (& — 00) and neglect the
effects of fringing fields at the air gap and leakage flux. (a) Calculate the
reluctance of the core R and that of the gap R,. Fora currentof i = 1.5 A,
calculate (b) the total flux ¢, (c) the flux linkages A of the coil, and (d) the coil
inductance L.

Part (a):
R.= Le = Le =0 A/Wh
#-"L: #r#{l-"ir '
Re=—2_ =1.017x10° A/Wh
#[]-’4%: '
part (b):
NI .
b=_—_"=1224x 107" Wt
R. iR % )
part (c):
A=N&=1016x10"° Wh
part (d):
L= % =(.775 mH



Question 5

Repeat Question 4 for a finite core permeability of u = 2500 g,

part (a):
R.= b __l  _501%10° A/Wh
#-"1-: #r#[]-"it: '
Re=—2_ =1.017x10° A/Wh
#[]"4(! '
part (b):
NI .
= — =] 71! —4 /
&b R, —Rg 1.059 = 10 Wh
part (c):
A=N&=8787Tx 107 Wh
part (d):
L= i = 5.858 mH
I
Question 6

The magnetic circuit of Fig. 1.26 consists of rings of magnetic material in a
stack of height /. The rings have inner radius R; and outer radius R,. Assume
that the iron is of infinite permeability (4 — o0) and neglect the effects of
magnetic leakage and fringing. For:

Ri = 3.4 cm

R, =4.0cm

h=2cm

g=02cm
calculate:
a. the mean core length /. and the core cross-sectional area A..
b. the reluctance of the core R, and that of the gap R,.
For N = 65 turns, calculate:
c. the inductance L.

d. current i required to operate at an air-gap flux density of B, = 1.35T.
e. the corresponding flux linkages A of the coil.



Figure 1.26 Magnetic circuit for
Problem 1.9.

part (a):

l. = Eri'l"j?ﬂ - Ri;: — g =3.57

CImn;

0310

A, = (R, — Bj)h =12 cm”

A/Wh: R.=0 A/Wh;

R, mH

A=NEB,A, =105 mWhb

part (b):
. ) . T
R, = = 1.33 = 10¢

£ upgA.

part (c¢):
CRe+

part (d):
I— Bg(R.

part (e):

Question 7

When the secondary side of a 50 kVA, 33000/1000 V one-phase transformer is short-circuited
and subjected to a short-circuit test at rated current, (V1)sc = 180V, Psc =600W and When the
lio = 1.5A , Po=180W. Find the efficiency of the
transformer with iron and copper losses in case of inductive operation (cos ¢ =0.9) at rated

transformer is no-load, V20 = 1000V ,

current.

VoxI,x cos @

Ppe:P0:180W
P, =F.,=600W

L 50000
27 1000
1000x50x0,9

504

=9%98.3

n

= Vyxl,xcos @ + Pry + Py, 1000x50x0,9 + 600 + 180



Question 8

There is a single-phase transformer which has label values that 300 kVA, 50 Hz, 11000/2300
voltage. This transformer’s resistances and reactances are R1 = 1.28 Q R»=0.0467 Q X1 =4.24
Q X =0.162 Q. When no-load current is neglected and resistance and reactance of secondary
are referred to primary,

a) Find voltage at short-circuit current

b) Find short-circuit current.

Ry, Xk

Zik = Ry +J Xa
Rie = Ry + R, = Ry + (a2 x Ry) = 1,28 + [(4,78)% x 0,0467] = 2,34 Q
Xip = Xy + X5 = Xy + (a2 x X,p) = 4,24 + [(4,78)2 x 0,0467] = 7,94 0
Zio =234+ 7,39

L 300 x103
1™ 11000

Vie = Zyy L = 8,28 x 27,27 = 226 V

=27,27A

b)

v, 11000

L = 13284
Zie 828

(I)sc =

Question 9

When the secondary side of a 10 kVA, 4800/240 V one-phase transformer is short-circuited
and subjected to a short-circuit test at rated current, (V1)k=180V, Pkd=180W. If the
magnetizing current is neglected; Find the short-circuit resistance and reactance of the
transformer for the secondary reduction to primary.

L 10000
174800

Py = lexIIZ

= 2,038 4



180

le:m:41,47ﬂ
7. =V _ 180 = 86,41 Q
= 72038

Xk = V86,412 — 41,472 = 75,80



