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Solve only four questions & draw as much as you can (guestions in two pages)

Question (1) [15] Points

1.a) Define: magnetic field- flux Density- core losses?

1.b) A ferromagnetic ring has a mean circumference length of 1.5 m and a cross
sectional area of 5 cm? is wound with 500 turns of wire. When the excitation current is
5A the flux is found to be 2mWhb. Determine the flux density and the relative

permeability of the ring?

Question (2) [15] Points

2.a) ) Explain the construction and theory of operation of a transformer?

2.b) A 50KVA, 2400V:240V, 60Hz, distribution transformer has a leakage impedance
of (0.1+0.20) Q in the high voltage winding and (0.01+j0.01)Q2 in the low voltage
winding. Neglect the exciting branch impedance when a resistive load current is 50A
and voltage is 240V in the low side?

i-Draw the equivalent circuit referred to the high side?

li-Find the input voltage applied on the high side?

ii-Find the resistive load and p.f. ?




Question (3) [15] Points

3.a) Sketch and explain the torque-speed characteristics of a 3-phase induction motor?

3.b) A three phase 220V, 60Hz, 6 poles,10HP, wye-connected induction motor has a
stator impedance of (0.3+J0.5) Q/phase and (0.1+j0.2)Q/phase of the rotor winding
referred to the stator side. The exciting branch impedance viewed from the stator side is
(715 Q). The no load loss=200 watt and may be assumed constant and a slip of 0.02.

I-Draw the equivalent circuit?
ii- Determine shaft speed; mechanical power developed; developed torque; and

efficiency?

Question (4) [15] Points

4.a)A 220 V shunt motor has the following parameters R,=0.5 Q ,R=100 Q and
rotational losses are 250 watt on full load the line current is 20A and the motor runs at
1000rpm

Determine i-Draw the equivalent circuit?

Ii- Determine: the armature current, the field current, shaft speed, mechanical power

developed, developed torque, and efficiency?

4.b) A separately excited DC generator has an open circuit terminal voltage of 220V.
When loaded by resistive load the voltage across the load is 200V. The armature

resistance is 0.5 Q and the field supply voltage is 220V and field resistance is 100 Q.

Determine (i) armature current and field current (ii) the efficiency?

Question (5) [15] Points

5.a) Explain the construction and theory of operation of a DC Motor?



5.b) - A three phase 460V, 60Hz, 6 poles, wye-connected cylindrical rotor synchronous
motor has a synchronous reactance of 3 Q/phase. R is negligible and I;=25A/phase and
unity p.f.

I-Draw the equivalent circuit? ii-Find the rotor speed and torque angle?

Ii-Find the Py, and the maximum torque?

With my Best Wishes

Answer

Question (1) [15] Points

1.a) Define: magnetic field- flux Density- core losses?

A magnetic field is a condition resulting from electric charges in motion. The magnetic field of a
permanent magnet is attributed to the uncompensated spinning of electrons about their own axis

within the atomic structure of the material and to the parallel alignment of these electrons with similar

uncompensated

/

FIGURE 1-1 Direction of magnetic flux: (a) around a current-carrying conductor; (b) in a coil: (c) about a magnet.
Flux Density

The flux density is a measure of the concentration of lines of flux in a particular;
section of a magnetic circuit. Expressed mathematically.

e
B=%

o = flux, webers (Wb) , A = cross-sectional area (m?)
B = flux density (Wb/m?), or tesla (T)

Core losses=eddy current +hysteresis losses



Magnetic Hysteresis Loss
Pn=Kh.f.B!.,
where:
Ph = hysteresis loss (W/unit mass of core)
f = frequency of flux wave (Hz)

B . = maximum value of flux density wave (T)

max

ki, = constant



EDDY CURRENTS AND EDDY-CURRENT LOSSES

Eddy currents are circulating currents produced by transformer action in the iron cores
of electrical apparatus. Figure 1.15(a) shows a block of iron that may be viewed as an
infinite number of concentric shells or loops. The eddy voltages generated in these
shells by a changing magnetic field are proportional to the rate of change of flux
through the window of the respective shells. Thus,

dd

€, —

dt
Expressed in terms of frequency and flux density, as obtained from Eq. (1-25),

E.xfB.. (1-28)

Shcing the core into many laminations and insulating one from the other will re-
duce the magnitude of the eddy currents by providing smaller paths, and hence lower
eddy voltages. This is shown in Figure 1.15(b). Laminated cores are made by stacking
insulated steel stampings to the desired thickness or depth. Each lamination is insu-
lated by a coating of insulating varnish or oxide on one or both sides. Laminating the
core results in much smaller shells, significantly reducing the heat losses in the iron.

The eddy-current loss, expended as heat power in the resistance of each shell, is
proportional to the square of the eddy voltage.

P E: (1-29)
Substituting Eq. (1-28) into Eq. (1-29) and applying a proportionality factor
results in
P. =k f*Bra (1-30)
where: P, = eddy-current loss (W/unit mass)

f = frequency of flux wave (Hz)
B = maximum value of flux density wave (T)
k. = constant

The constant £, is dependent on the lamination thickness, electrical resistivity, density
and mass of the core material, and the units used.

1.b) A ferromagnetic ring has a mean circumference length of 1.5 m and a cross
sectional area of 5 cm? is wound with 500 turns of wire. When the excitation current is
5A the flux is found to be 2mWhb. Determine the flux density and the relative

permeability of the ring?
mmf=N*I=H*L=500*5=2500=1.5*H At, H=1666.7At/m

B=0/A=(2*10°)/(5*10")=4Wb/m®, B=po*w*H=4pi*10"-7*1666.7* p, =4T



then 1,=1909.82

Question (2) [15] Points

2.a) ) Explain the construction and theory of operation of a transformer?

Essentially, a transformer consists of two or more windings coupled by mutual mag-
netic flux. If one of these windings, the primary, is connected to an alternating-voltage
source, an alternating flux will be produced whose amplitude will depend on the pri-
mary voltage, the frequency of the applied voltage, and the number of turns. The
mutual flux will link the other winding, the secondary, and will induce a voltage in it

whose value will depend on the number of secondary turns as well as the magnitude of
the mutual flux and the frequency. By properly proportioning the number of primary
and secondary turns, almost any desired velrage ratio, or ratio of transformation, can
be obtained.

p———————
1, o | o 5,
rdt P - 5
T, I
V) ﬂ : s N, P U Load
T c—lr‘)

— | | —o—

! [

\.;

iy



(a)
Rﬁq Xuq
T MWN—,
+ Ii=h +
Vi 1A
(c)

RM=RI+R2 Jfe:q="{fl'l""f.l‘z
W T
+ 'Il @ .I;z
ﬁl RE Xm‘:;.
l 5
(b}
J{‘eq
T = T
-
Vi Va
(d)

Figure 2.12 Approximate transformer equivalent circuits.

2.b) A 50KVA, 2400V:240V, 60Hz, distribution transformer has a leakage impedance

of (0.1+0.20) Q in the high voltage winding and (0.01+j0.01)Q in the low voltage

winding. Neglect the exciting branch impedance when a resistive load current is 50A

and voltage is 240V in the low side?

i-Draw the equivalent circuit referred to the high side?

li-Find the input voltage applied on the high side?

iii-Find the resistive load and p.f. ?
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FIGURE 3.10

Exact equivalent circuit referred to the primary side.

a=V1/V/2=2400/240=10, Z', =a’ (Z,)= (10)? (0.01+j0.01)= 1+jl=----L ---Q,

Zeq=Req+iXeq=1+0.1+j0.2+j1=1.1+j1.2=1.63L_47.5Q,
V1=V ' *Zg=240%10+(50/10)*1.63L_47.5 =(2400+5.50+j6)=2405.511_0.14V,
RL=V/1=240/50=4.8 Q , Zioa=Req+jXeq*+ R'L =1.1+j1.2+4.8%100=481.1+j1.2=481.1L_0.14Q

and p.f =cos 0.14=0.999997=1, check I=V1/Z;y,=2405.511_0.14/481.131_0.14=5L_0.A

Question (3) [15] Points

3.a) Sketch and explain the torque-speed characteristics of a 3-phase induction motor?
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Figure 6.4 Typical induction-motor torque-speed
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3.b) A three phase 220V, 60Hz, 6 poles,10HP, wye-connected induction motor has a
stator impedance of (0.3+j0.5) Q/phase and (0.1+)0.2)CQ/phase of the rotor winding
referred to the stator side. The exciting branch impedance viewed from the stator side is
(15 Q). The no load loss=200 watt and may be assumed constant and a slip of 0.02.

I-Draw the equivalent circuit?

Ii- Determine shaft speed; mechanical power developed; developed torque; and
efficiency?

Vpr=220/N3=127VL 0V, Zn=Xn=15L_90Q, Iu=127/j 15=-j8.5=8.5L_-90A
Zeq=Req+jXeq=0.3+j0.5 +0.1/0.02+j0.2=5.3+j0.7=5.35L_7.5Q,
Ir=V1/Z¢q=1271_0/5.351_7.5=23.7L_-7.5=23.54-j3.1A

Is=Iy+1,= 2354-j3.1-j8.5=23.54-j11.6= 26.2_-26.2 A, pf=c0s26=0.9
Ns=120*60/6=1200rpm, ®s=1200*pi/30=40pi=125.7rad/s
n,=(1-S)ns=(1-0.02)1200=1176rpm, v,=1176*pi/30=123.15rad/s
Core losses + rotational losses =200W

Copper losses=3 | | 2(R1+R2)=3*23.7/2*(0.3+0.1)=674W

Prech=3*22.52"2*0.1(1-0.02)/0.02=8256.843W, T,ecn=8256.8/123.145=67Nm
Output power= Pech —rotational losses=8256.8-200=8056.8W

T0u=8056.8/123.145=65.5Nm



Figure 6.9 Single-phase equivalent circuit for a polyphase induction motor.

Question (4) [15] Points

4.a)A 220 V shunt has the following parameters R,=0.5 Q ,R=100 Q and rotational
losses are 250 watt on full load the line current is 20A and the motor runs at 1000rpm

Determine i-Draw the equivalent circuit?

Ii- Determine: the armature current, the field current, shaft speed, mechanical power

developed, developed torque, and efficiency?

Field 0
rheostat

Shunt

field
e = KH(IJ om 0

Iﬂl&fh — I“a(I)d f:{
1i=220/100=2.2A, 1,=20-2.2=17.8A, E,= Va-laRa=220-17.8*0.5=211V
Pinp=220*20=4400W8.tt, Pgev=211*%17.5=3694.3W,

Pout= Paev- 1055€5=3694.3-250=3944.3watt 1=3944.3/4400=90%



4.b) A separately excited DC generator has an open circuit terminal voltage of 220V.
When loaded by resistive load the voltage across the load is 200V. The armature

resistance is 0.5 Q and the field supply voltage is 220V and field resistance is 100 Q.

Determine (i) armature current and field current (ii) the efficiency?
E. =220V, 1;=220/100=2.2A, E.=V,+laRa, 1,=(220-200)/0.5=40A,

Pinp=220%2.2+40*220= 9284W, P,,;=200*40=8000W, n=8000/9284=86.2%

Question (5) [15] Points

5.a) Explain the construction and theory of operation of a DC Motor?

4.a) Explain the construction and theory of operation of a DC Motor?

Dc machines are characterized by their versatility.
@ By means of various combinations of shunt-, series-, and separately-excited field windings they
can be designed to display a wide variety of volt-ampere or speed-torque characteristics for both
dynamic and steady-state operation.

. Direct
e axis —BO000 —
Brushes == Field

Armature

__— Armature
coils

(a) (b)
Figure 7.1 Schematic representations of a dc machine.
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K, : a constant determined by the design of the winding, the winding constant

i = current in external armature circuit

a

C, = total number of conductors in armature winding,

a
m = number of parallel paths through winding
The rectified voltage e, between brushes, known also as the speed voltage, 1s

e, =K 0,0,

Note that the electric power equals the mechanical power.
Eafa = Tmechﬂ}m
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Figure 7.3 Typical form of magnetization curves of a dc machine.

Various methods of excitation of the field windings are shown in Fig. 7.4.
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Figure 7.4 Field-circuit connections of de machines:
(a) separate excitation, (b) series, (c) shunt, (d) compound.

5.b) - A three phase 460V, 60Hz, 4 poles, wye-connected cylindrical rotor synchronous
motor has a synchronous reactance of 3 Q/phase. R is negligible and I;=25A/phase and
unity p.f.

i-Draw the equivalent circuit? ii-Find the rotor speed and torque angle?

ii-Find the Py and the maximum torque?

13




Ny =Ne=120*60/4=1800rpm, o =os=1800*pi/30=188.5 rad/s, 460/y3=265.6L_0
V. =V, — jI,X, =265.6L_0-j25*3=265.6-j75=276 _-15.8V

Torque angle=5=-15.8°,

3 * Vo, * Vg x sind 3%265.6 * 276 *sinl15.8
Piev = X = 3 = 19921W
S

3*Vph* Vf

Thax = ————<—— = 388.1N
max (1)5 XS m



