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SEcCOND QU OoN (10 MAR

2-1) A Y-Y three phase system has positive sequence and supply voltage of 220 V. if the
phase voltage of the load is Vax = 1802-2.7°, line impedance of 1+j2 £2, calculate
power loss in the line and impedance of the foad. [5 Marks]

2-2) A 50-kVA, 4400/220 V transformer has 1, —~ 145 ), R; = 0,009 2, X, = 5.2 £ and
Xy = 0,015 Q. Caleulate for the transformer tatal Cu loss using equivalent

resistances as referred to each side. [5 Marks]

I U o

3-1) Explain the armature reaction effect, Discuss its causes and the way how it can be

counteracted. [5 Marks]

3-2) The magnetic circuit of Fig. 1 provides flux in the two air gaps. The coils (N, =700,

N; =200) are connected in series and carry a current of 0.5 ampere, Neglect leakage

flux, reluctance of the iron (i.e., infinite permeability), and fringing at the air gaps.
Determine the flux and flux density in the air gaps.

[7 Marks]
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Fig. 1
FOURTH QUESTION (13 MARKS)

4-1) With the help of neat sketches, explain the different DC machine connections,
working principle and discuss the merits and demerits of each type.
[6 Marks]
4-2) A 220V, 7 hp series motor is mechanically coupled to a fan and draws 25 amps and
runs at 300 rpm when connected to a 220 V supply with no external resistance
connected to the armature circuit (i.e.. K. - 0). The torque required by the fan is
proportional to the square of the specd. K, = 0.6 € and Ry = 0.4 . Neglect
armature reaction and rotational loss.

(a) Determine the power delivered to the fan and the torque developed by the
machine.

(b) The speed is to be reduced to 220 rpm by inserling a resistance R, in the
armature circuit. Determine the value of this resistance and the power delivered
to the fan,

[7 Marks]
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Dr. Abdelfattah Eladle
Dr. Sayed Abulanwar
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ECO E N MARK

2-) A Y-¥ three phase system has positive sequence and supply voliage of 200 V, if the

power loss in the line and impedance of the Joad. [5 Marks]
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2-2) A 50-kVA, 4400/220 V transformer has Ry =345 Q, R;=0.009 2, X, =5.2 Q and X

=0.015 Q. Calculate for the transformer total Cu loss using equivalent resistances
as referred to each side. [5 Marks)
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Solution, Full-load I :

"

50.000 4.400=11.36 A (assuming 1009 ¢ elliclency)

Full-load [, = 50.0002220=22" A: K'=2204.400=1 20
0 Ry = R + R— =345+ ﬂ.m}ﬂ‘ =345+ 36="T0500
(1201
(if) Ry, = Ry=K"R,=0009-(1 201"« 3 45=0.009-0.0086=0.11"6 0
Also. Rey = K'Rgy=(120) x~.05=0.0176 £ (check)

Culoss = I7R,+ 1, R,= 1136 x 345 =227 x 0.009 =910 W
AlsoCuloss = [ "Ry = 11.36"x 05 =910\

= I::Rm = 2:': » D076 =910\

Dr. Abdelfattoh Eladle
Dr Mohammed Saced
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Third Question

il

The hysteresis loops in Fig. | are oblained by slowly varying the current i of the coil (Fig. 1.12a) over a cycle. When
i is varied through a eycle, during some interval of lime, energy flows from the source 1o the coil-core assembly, and
during some other interval of time, energy returns 1o the source. However, the energy flowing in is greater than the
energy returned Therefore, during a eycle of variation of i (henee H), there is a net energy Mow from the source

to the coil-core assembly, This energy loss poes to heat the core. The loss of power in the core
due to the hysteresis effect is called hysteresis loss.

Fig.1
The voltage e across the coll, according to Faraday's law, is

i
N---
dt

The energy transfer during an Interval of time tl 1o 12 is

f
W= | pdr
Iy

b |
= ei dt
n

-
W= Nﬁ—fdr
d dr

W= N--—-Ad.B
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X

Where, Vcore = Al represents the volume of the core. The energy transler over one cycle of variation is

= Vore X area of the B—H loop
—_ Vgum K Wh

Area of B—H loop=KB_ .

P, =KnB" . f
32
(a}
Eil = Vi = fntR: + Rrr =+ R_ﬂﬂ)
=220 - 25(0.6 + 0.4 + 0)
=195V
P=FE,,
= 195 % 25

=4B80 W

4880
= a6 hp = 6.54 hp

_ Eal,
Wm

_ 4880
300 X 27/60

=1552N-m

T

(b)

T=K,I?
155.2 = K, 252
K., =0.248

20042
nmnm“(m) X 155.2

=6B98N-m
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200, 200 0.6+ 0.4+ Ry
60 +/0.248/68.98 0.248

Re=7101

P=Tw,=68.98 X % X 2mr = 1444W — 1,94 hp

Or

68.98 = 0.248/2
Ia = 16.68 amps

En — Ksrlaum
=0.248 X 16.68 X 200 X 2
60
=86.57V

E,=Vi —I.(Ra+ Ry + Ryc)
86.57 =220 — 16.68(0.6 + 0.4 + R,.)
Rue =7 02
P=E,I,=86.57 < 16.68
=1444 W — 194 hp =

Fourth Question

4.1 Consider the tum aa’b'b shown in Fig. 2, whose two conductors aa” and bb' are placed under two adjacent poles
The force on a conductor (placed on the periphery of the armature) is

Fig.2

fe = B(O)lic = B(6) 12
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The tolal torque developed is

42
i. Armature voliage control

In this method of speed control

the armalure

T, oy
CHE

Te=fcr
—
Tc=B()1—r

= %ply
Te= 2ma

T =2NT.

=M%, _k.ar,

circuit resistance (Ra) remains unchanged, the

field current If is kept constant (normally at its rated value), and the armature terminal voltage (Vi) is varied lo
change the speed. If atTmature reaction is neglected,

m — K] 1"} - KET
Ky =1/K,®

2
K] = R;j[Kn@)
- -
§ r"‘
—_,
> .ff —
p o f — Vi
" ! — Vi
" -T
[} .11
T ...f". r
v, K, "
r.n.]: - I i
Ll Ly

FIGURE a.nz Armature voltage conrrmd of & de motor. (a) Variable spe

ed.

(M) Adjuaiahle spred. () Operstion under conmant tongue. (d) Operaidon with &, = 0,
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iL Field Control

Kb = Kyl

In this method the armature circuit resistance Ra and the terminal vnllag_t Vi remain fixed ang
the speed is controlled by varying the current (If) of the field circuit. This is normally achieved by using n field circui

rheostat (Rit)

T

MUK (K

Lo
FIGURE 4.53 Fleld comml.

iii. Armature Resistance Control

If V; and ¢ remain unchanged,

=

HIPL-‘-
Ry =0
.—J'.
(L]
."'I [ .'. |
waerirmd I il I
T F
]
] T
I
1
I 1
1 1 -
i TH ]

In this method, the armature terminal voltage Vt and the field current If (hence @) are kept constant at their rated
values. The speed is controlled by changing resistance in the armature circuit. An armature circuit rheostat Rae, is

used for this purpose.

Vi _Ra+R,,
Ka® {K.@]l

W = Kg — KT

V
where K;= :p represents no-load speed
&

- R, + Hnr
(K. 2)
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(b)

(a) En.,

DPraw Feld resistance fine For
Re = Riy = 1504

Lo (max) = 222V

- l.li
+

-

Raalmas

Qi

{a) L

[ed {d)
FIGURE 4.54 Armature resistance continl.

may Will 0ccun ol Ky . zo

Ea = Ve + IZaRy = 200+ loox0-] = 2alpy

Pie =
L, =

T =

Eaols = 210 (00 = 2loco wW - |-='l-
g
rra::- x2Ay = (88.5 rad./[sec,. L_ 200V

ExaTo _— 2Li o000

- I"ff'#- Mﬂ- S
Ry [t8.5 S .
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