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Q1. (25 pts) For the magnetic circuit shown in Fig.1, assume that the permeability of the core material
approaches infinity. The magnetic circuit has a cross-sectional area of A =200 mm” in each leg.
Neglect the leakage and fringing fluxes.

Note that N; =100, N, =200, g; = Imm, g, = Imm, g; = 2mm
i1 =1A, i, =2A and 1 = 4n 107 H/m.
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Fig.1. The magnetic circuit

a. Draw an equivalent circuit model of the magnetic circuit above indicating the corresponding
values of magneto-motive forces, core and air gap reluctances.

b. Calculate the self and mutual inductances of the windings.

c. Calculate the total magnetic energy stored in the system.

d. The mutual inductance between N; and N,, if the air gap g5 is closed.
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SOLUTION:

a)

where R = = — —~ =398 M At/Wb
HA  Arx107"x200x10
. heigls g
*’1:*%¢1+2“R(¢1_¢2) s 5R 2 =N,
- = 5 3 where 7 - N.i
.15_52¢2+25R(¢2—¢1) ¢, =—F+ g % =Nyl
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b)
3N/ 3N}

3NZ. 2N,N,.

_ A=—ri+—=i L=L =—L, L=L,="o2
,11_N1¢1 1 5R 1 5‘7222 N 1 11 5R 2 22 5R
A, =N,¢, 2N,N,. 3N;. 2NN,

A = i+ i M=L,=L, =
2 ng 1 5“72 2 12 21 sz
A =L+ L, . A, =L, + Mi,
A, =L, +L,i, A, =Mi, +L,i,
2 2
3x100 3x200 —603mH, M = 2x100x200

' =—6=1.51mH, L, =
5x3.98x10 5x398x10

¢)

1 1
(or W =5¢1 f¥1+5¢2 % =16.85 mJj.

d) If g; =0then R; =0, and hence M = 0.

5%398x10°

=2.01mH

m/=-lLJf+wng4~1Lg§==1151x104x12+201x104x1x24~%603xuy3x22=1685nﬂ
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Q2. (25 pts) Consider the magnetic circuit given in Fig.2. Assume that the leakage flux component and
coil resistance are negligibly small.
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Fig.2. The toroidal magnetic circuit with ac excitation

(s % . Compute the time maximum values of flux, and flux density in the core; and the flux linked by the 50-

turn coil.

b. Exciting current in the coil is measured to be : i(t) = 1.414 cos 100xnt + 0.707 sin 100nt, Amps, by
neglecting the higher order harmonics. Calculate the core loss resistance R, and the magnetizing
reactance X,,. Draw the corresponding equivalent circuit model.

c. If the area of the hysteresis loop which has been obtained at 50 Hz, and plotted on B-H plane were
400 Joules/m’, what would be the approximate value of core loss for the magnetic circuit in Fig.1.

d. Compute the self-mductance of the coil by assuming that the relative permeability of the core material
is = 4000.

e. Comment on the shape and phase-shift with respect to Vi(t) of excitation current i(t) for each of the
B-H characteristics given in Fig.3.
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Fig.3. Various B-H characteristics of the core material
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Q3. (25 pts) A 100 kVA, 400/2000V single-phase transformer has the following parameters:

= (.01 ohm; = 0.25 ohm; x; = 0.03 ohm; x; =0.75 ohm;
g.=2.2 10" mho; by =6.7 10° mho

Note that g, and by, are given as referred to the primary side. Other parameter values are given as
actual values (not referred quantities).

The transformer supplies a load of 90 kVA at 2000V, and 0.8 pf lagging.

/{;‘; ), a. Explain the physmal meaning of the transformer parameters given above.
S5k Y2 b Calculate the primary terminal voltage and current, by using the approximate equivalent circuit model
I referred to the primary side (with exciting branch moved to the primary terminals).
/(> ot ¢. Find the transformer core and copper losses. ‘
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Q4. (25 pts) A 3300/400 V, S0kVA transformer has been tested and the following results are obtained, by
measurements taken from the primary side of the transformer.

Open-circuit test Short-circuit test
Voe = 3300 V V=124V
I. =13A I, =153 A
P,.=430 W P.=525W

a. Calculate the efficiency of the transformer at full load, for a load of 0.7 power factor lagging at the
secondary side.

b. Calculate the transformer’s voltage regulation and secondary terminal voltage at rated primary terminal
voltage, and rated primary input power of 50 kVA, with an input power factor of (i) 0.7 lagging, and (ii)
0.7 leading respectively. Comment on the results.

(Hint: Use the approximate equivalent circuit model).

SOLUTION:
P 430 I 1.3
a =9 — =39.49 _1’ = € :—:393.94 Q_l,
) 9 Ve 33007 H e V, 3300 i
by = |Ve| = 02 = /(393.94p)" - (39.48u) =391.96 uQ™!
6, =—tan" I — 1 47°
9
Y, =393.94uQ7" £ -1.47°=39.49 Q7" - j391.96 uQ ™' Q
P Vv
r=re =2 o040 o =Ye =12 5110,
1L 153 T, 153
Xeq = |2 =12 =BT =224 =7.79Q
Xe
6,, =tan~ —=73.94°
Feq
2, =8.11Q/7394°=2240+j7.79Q
S —_—
1= 2t 5000015150 9 - cos0.7=-4557°, T =I5.15A £—45.57°

- VZ' (rated) 3 3 00

Vi=V'y+2z,, 1" =3300+(8.11Q £ 7394°15.15 A £ —45.57°) = 3300 +122.87 £ 28.36°

V. =3408.6 V £ 0.98°

P.=50kx0.7=35kW, P, =1r, =1515x224=514W,

2 “eq
P.. =V g, =3408.6’ x39.49x10™° =459 W
P
n% = out x100 = 35000 x100=97.30%
Pout + P+ Poore 35000 + 514 + 459
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b) For a power factor of 0.7 lagging

V,=3300V, 15.15A £/ —45.57°

1=
Te=y,V,=(393.94pQ" £-147°)x3300=13A £ ~1.47°

=11 =(15.15A £-4557°)-(13A £—1.47°)=—9.31 A— j10.79 A = 1425 A £-49.21°

V' =Vi-z,12=3300—(8.11Q £ 7394°|14.25 A £-49.21°)=3300-115.57 V £ 24.73°
V'y =3194V £0.81°

v, = Nayr 2 400 5104 38715V
N, ° 3300

V. votont) = Vs -
VR% = 22202 %100 _ 3003194, 1002321%  Inductive load
V2 (rated) 3 3 00

For a power factor of 0.7 leading

Vi=3300V, 1;=15.15A £45.57°
le=y.Vi=(393.94pQ" £ —~1.47°)x3300=1.3A £ ~1.47°
1= 1 —1e =(15.15A £45.57°)-(1.3A £ -1.47°)=9.31 A+ j10.85 A =14.30 A £49.39°
V' =Vi-z,1"2=3300—

eq

(8.11Q2 £7394°)14.30 A £49.39°) =3300-115.97 V £123.33°
V's =3365V £ —165°

N
v, = Nayy = 490 3365 40788V
N, > 3300

V, otonn) — Vs -
VR% = 222025100 = 330023365 140 1.97%  Capacitive load
2 (rated) 3300
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