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1432 Two coils are connccted in series with sanic polaritics and the combined induc-
fance i found to be 0.567 H. When the coils are connected in series with reverse polari-
ties then the combined inductance is 0.267 H. The self-inductance of one coil is 0.3 H.

Determine the mutual inductance and the coupling coefficient.

Solution

Let L, and L, be the self-inductances of the two coils and M the mutual inductance. Then
. .567

and L+ Ly~ M =0267

Hence

But

L,=0417-03=0.117TH

and M =0417-0267 = 0.1S H

We know, M= K\JL,L; , where K i the coupling co-efficient

H 015

lence K=

v03x0.117 -
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3 Write three mesh equations for the circuit shown in Fig. 14.20.

20 1F

M=3H
Fig. 14.20

Solution

‘The mutual inductance and the self inductances are replaced by their impedances and the

corresponding circuit is shown in Fig. 14.21.

Fig. 14.21

Applying KVL in the first mesh (leftmost mesh),
20y + oSy ~ iy) + Yol - i) =V,
or @ + 5j)i, - 8jwiy + 3joiy =V,

@
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Applying KVL in the second mesh (middle mesh),

1
S0l - i) + Yol =iy + S5k + Yol - i) + Yol i) =0

or -8ji, + [14/1:»]7,) iy- 6jwiy =0 (i)

Applying KVL in the third mesh (rightmost mesh),
3wy - iy) + @iy - iy) + 2iy =0
or 3joiy - 6joiy + (2 + o)y = 0.
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1434 When a coil of 1200 turns is linked with a flux of 4m Wb, a certain value of
current flows through the circuit. When the circuit gets opened, the flux falls to its
residual value of 1.5 m wb in 40 m secs. Find the average value of the induced emf.

Solution

Average emf in volts = Rate of change of flux linkages.
Change of flux = (4 - 1.5) x 10~ = 2.5 x 107 wb. (= d¢)
Time for the change (di) = 0.04 secs (given)

25x10°
= Rate of change of flux linkage [N%ﬂ] =1200x = =75V,
it

4x10
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5, A one-turn coil of axial length 0.4 m and a diameter of 0.2 m rotates at a speed of
‘rpm in a uniform flux density of 1.2 T. Calculate the induced emf.

Solution

Diameter of the armature = 0.2 m.

Circumference (= 27r) = ad = 1% 107 x 2= 0.628 m
In one second the armature turns (SO0/60) revolutions.

- In one second a coil side travels %"g 0,628 m.

v=5233 mfs.
induced emf (E) = Blv= 12 x (2 0.4) x 5.233 V
=5.024 V, in the entire coil having 2 turns.
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1436 A straight horizontal conductor carries a current of 150 A at right angles 0 a
uniform magnetic field of 0.6 Tesla. Find the force developed per meter length and the
direction in which it acts.
Solution

= (BI)N = 0.6 x 150 x 1 = 90 N/m.
{Assuming the current flowing away from the observer, the force acts from right o left to
move the conductor horizontally]. .
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1437 An armature conductor has an effective length of 400 m and carries a current of
35°A The flux/pole is 0.5 Tesla. Determine the force in Newtons exerted on the armature

conductor.
Solution

F=BIIN=05x25x400x 107 =5N.
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1442 An iron core has a cross-section of 500 mm? and having a length of 100 cm. A
magnetizing force of 500 AT in it produces a magnetic flux of 400 i wb. Determine
(i) the relative permeability of the material and (ii) the reluctance of the magnetic circuit.

M, =4mx 107 H/m.
Solution

400%10°%
@ B= 2 Her = J00X107
A 5001
Also, as H is given by the ratio of total mmf and length hence,

H= %=¥ =500 AT/m.

Also, since B(= iH) = i, - 4, - H, we have

gt 08 iy
HoH  4xxx1077 X500
Length

(i) Reluctance = —_—
oty XA

L 125x10°AT/WD.
4xmx1077 x1275 X 500x10°°

1x Are
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An air-gap of 3 mm thickness and area of 650 mm” is made by a cut in the iron of
Enetic circuit. If a flux of 0.05 Wb is required in the air-gap, find the ampere-turs
required for the air-gap to produce the necessary flux. Assume 1, = 47 x 107 H/m.
Solution

5x10?
Flux density in the air-gap is 8= —005___3X10
65010 65
Also we know B = 1, x H
5x162
M(=i] =X 612X 10" AT/
Hy 6.5x4xxx10

Air-gap (= 3 mm) = 3x 107 m.
. Required-ampere tumns = 612 107 x 3 x 107 = 183600 AT.
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1000

Th = 1000 _ g9 AT/

u 125 "
Also, p= 2000075 _oop

A7 1500x100

. B _05x125 0625
Again, B= op= B22XID 0625

gan e T T

0625 625

Also Ry =

M 1000xaxx107 | 4x
Thus relative permeability of the iron sample = 497.5.

(i) Reluctance of iron s(= L]= _lasx10

HA ) 0.625x1500x10

Since (HI) is the m.m.f is we have the mmf in the given problem as (800 x 1.25)

= 1000 AT.

1.33 X 10° AT/Wb

(iii)
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14170 A single-phase transformer of 500 kVA capacity has an iron loss of 4.5 kW and
a'full-Toad copper loss of 7.8 kW.

Calculate (i) The efficiency of the transformer at half-load for a power factor of unity.
(i§)Also calculate the load for maximum efficiency and the value of maximun efficiency
‘when the power factor is (a) unity (b) 0.7 (lagging).

Solution
Since copper loss @ (current)?
Copper loss a (kVA)*
(i) Half-load copper loss at unity power factor = 7.8 x0.5% = 1.95 kW

Iron loss = 4.5 kW (given).

The total losses = 1.95 + 4.5 = 6.45 kW

Transformer output (at unity p.f.) = 0.5 x 500 = 250 kW.

Output power 250
Input power 250+ 645

‘We know the condition of maximum efficiency occurs when copper loss equals the
iron loss. Let the maximum efficiency occurs at 1/x of the full-load kVA, thus

X 100 = 97.5%

Efficiency n

Full-load copper los:
Tron loss = - ood COPPE 0%
2
Full-load copper
Thus Full-load copperloss _ [78 _, 31
Tron loss a5
. KVA for maximum efficiency = 500 X —-— = 380 KVA.

1317
and total losses at maximum efficiency = 2 X Iron loss

.0 kW.
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(i) (2) When p.. is unity
Output power = kVA x 1 = 380 kW
Total losses = 9 kW

5 Efficiency = 30
38049

% 100 = 97.7%.

(b) When pif. is 0.7 lagging
Output power = 380 X 0.7 = 266 kW
Total losses = 9 kW.
266
(266+9)

efficiency = x 100 = 96.7%.
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2

Se th= 2= =0.1A.

condary current 70
Primary current /, is to be found out.
Now for an ‘ideal’ transformer, Output power = Input power.
- Vy h=Vyx1,

Vi, 22x01

Vi

I =001 A.
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14173 A transformer with 100% efficiency has 200 tums in the primary and 40000
turns in the secondary. It is connected 10 a 220 V, 50 Hz main supply and the secondary
feeds 10 a 100 k€2 resistance. Calculate the secondary potential difference per turn and the

power delivered to the load.
Solution

Primary turns N = 220

Secondary turns N, = 40000
Primary voltage V; = 220 V

Load resistance = 100 kQ = 10° Q.

)4 N
i M
M 40000
Vo=V, =2 =220x 2000~ 44000 V.
M 200
V2 _ 44000
= The tential diffe tum is: —= —— =11 V.
e secondary pot ference per turn is: N,
‘The power delivered by the ‘ideal’ (100% efficiency) transformer to the load is
A vi (44000)
Vyxbh=Vyx = = 19.36 kW

load resistance  load resistance | 10° .
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14,074 A residential area requigy800 kW of electric power at 220 V and is 3 km
away from the generating source. 1 he source is generating power at 440 V, the resistance
of the line carrying power is 0.5 ohmv/km. The area gets power from the line through a
(4000/220) V step-down transformer at a sub-station in the load area.
Determine:

(i) the linc ohmic power loss

(i) how much power must the plant supply
(iii) find the ratio of the step-up transformer at the plant.

Solution

The resistance of the two-wire line is:
R=05x3=15Q.

‘The 800 kW power is transmitted at 4000 V through the line. Thus, the rms current in the
line is:

(i) The line power loss is
() - R = (200 X 1.5 = 60 kW
(ii) Tne power to be supplied by the plant is power required + power loss = (800) kW +
(60) kW = 860 kW.
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(iii) The voliage drop across the line is
Iy X R=200 X 1.5= 300 V

The plant generates power at 440 V. It has to be stepped up so that after
suffering a line drop of 300 V it reaches the substation in the town at 4000 V.
Hence the step-up transformer at the plant should be (440/4300) V voltage ratio.
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A single-phase step down transformer of (1200/400) V, 50 Hz, have the follow-
arameters:

R =02Q,X,
Ry=002Q, X, = 0
Ry = 12000 9, and X, = 2000 Q.

Calculate:
(i) The primary current and power factor of a transformer when a load impedance of
(8 + j6) Q is connected across its secondary terminals and its primary is connected
102 1200 V supply mains.
(i) The short-circuit current and short circuit power factor of the transformer.
Solution
Vi Mo 120 11200
= =L -220,1
Iy=1,+1, o T X000 = ©1-106) A.
Ry =R, + K- Ry + KRy,

\2 \2
2024002 [ﬂ) + [@] x8=72380
400 200
Similarly,

Xoy = X, + KX, + KX,

=054+ 3x006+3?x6=5504 Q. [-;x='::)’=3

% 1200

Iyy= ———— = ——=——— =(10.5-j199) A
0= Rt Xy - 7234 jssod - U029

lo + 1oy = (0.1 - j0.6) + (105 - j7.99) = (10.6 - j8.59) A
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‘The magnitude of the primary current is Z; = 13.6 A while the power factor is (”

or 0.78 (ag)
Again, R =X/ =0  (given)
and 2, (Z referred to primary) = (R, + K- Ry) + jiX, + KX)
= Ryg + X = (038 +j1.04) Q.
2+ Iy (on short circuit) = % = % = 10858 A.
This is the primary short circuit current as Iy is extremely negligible in comparison to

R
this. Power factor (on short circuit) is (zl] i

o
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14,176, A 2300/575/230 V three-winding (P/S/T) transformer has a total of 300 turns on
its high voltage primary side. Each of the two secondary windings (say A and B) is rated
for 200 kVA. Calculate the primary current, (i) when the 230 V secondary winding carries
its rated current at unity power factor. (ii) when the 575 V winding carries its rated
current at 0.5 lagging. Ignore the magnetizing current, internal drops and losses.





image26.png
Solution
Let 2300/575/230 V be the voltages of windings P, S, T respectively.

The rated current for S is Iy, = 2 =3478A
- The rated current for Tis Iy = 222000 _ 8606 A
Since ., is at p.f. 0.5 (agging),
Iy = (1739 - j301.2) A.
Ly is at unity p.f.
Lp = (869.6 - j0) A.
1, =(1139-3012) x %"5" = (695.6 - j1204.8) A [referred to P side]
and 1y = (869.6 - j0.0) x % = 8696 A [(referred to P side))

I = Iy 1y = 695.6 - /1204.8 + 8696 = 9391.6 - j1204.8
11 = 9468.46 A {total primary load current]
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14,177, A wransformer has maximum efficiency 7 at 95% at a load of 100 kW. Determine
he constant loss of the transformer.
Solution

We know at maximum efficiency.
Constant loss #; = copper loss W,

. outout power
efficiency)py; = —————r——
i Ve output power +2W;
100x10*
or 095= ———
100x10° +2.W,
or 2 W; % 0.95 = 100 x 10° - 0.95 x 100 x 10°

100 10* (1 - 0.95)
2x095

=2631.58 W = 2.63 kW.
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14.178 A single-phase transfoprmer on open circuit gave the following test results:

216V 45Hz 582W

264V 55 Hz B2W
Calculate the eddy current and hysteresis losses separately at 240 V, 50 Hz.
Solution

v_2e
For the firs e, =52 =48
For the second test, %:254‘; =48
v_240
V. rm._,

Av240 To%0 e
Since V=E=444fNo,

then % = K9,, where K is a constant (K = 4.44 N).

As V is constant, the flux and flux density are constant.
We know, hysteresis loss (Py) = for, P, = af
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oy |

, Determine the total energy stored in the M .
‘e network shown in Fig. 14.16 at 1 = 0. FFASD) o
Assume K = 0.5 and terminals x and y (i) open 5 cos 15t
circuited (ii) short circuited. o3y Ban
.
Solution
M= KJLL =0503x3 H = 0474 H. Fig. 14.16

Let us consider the two mesh currents i, and i, are flowing the clockwise direction in the
two meshes.

From Fig. 14.16, we have
iy =520° A
(i) When x and y are open circuited iy = 0

Hence total energy stored is %L,i} = % X03x52=3751.

(i) When x and y are short circuited,
ii() = 5 cos 15¢ and voltage v,, across xy is 0.

diy diy
Hence, L L oanl oo
ence & &
o -°L374% (5cos 150 = 24 5 15 sin 150 = 11.85 sin 151,

i
Hence i(1) = I 11.85 sin 15¢ dt = ~0.75 cos 15¢ (assuming zero initial point)

Energy stored is
[% x03x5? +% X3%(0.75)? +0.474x 5(-0.75)] 28171,
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In the circuit shown in Fig. 14.17 L, =2 H, L, = 5 H and M = 1.8 H. Find the
sion for the energy stored after the circuit is connected t0 a de voltage of 30 V.
Assume M to be positive.

Solution
If i; and i be the currents in the two coils, we can write
+

@ Fig. 14.17

(i)

)-8

. -M? 2x5-08)?
The equivalent inductance = =M _2X5-UBT Loy

L s
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Solution

Current i

s

. Voltage (instantaneous) across the resistor is (05 x15sin %.) v.

ie. vg= [7.5 sin g,) V.
Also, voltage across the indunw i- given by
8
= L = =5= Ztil=175-=
welg =5 (lSsxn 3:) 7550
Power across the resistor is
(zzs sin? & ,] 05

‘The energy stored by the inductor is maximum when the current through it is maxi-
mum.

uz,s:inz(ir) w.
3

Current is maximum when [sin’ %,) =

2 2x
ie 1 -cos|—1t| =2or cos—1
3 3
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Hence energy stored in the inductor is maximum at r = 3/2s. In another 3/2s energy
will be recovered from the inductor.

s
Hence in [% + % = 3;) energy dissipated in the resistor is I(l 12.55in? %l)dr
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1431 Two coils having self-inductances of 0.3 H and 0.5 H are connected in series
aéross a 230 V, 50 Hz supply. What current will flow if the coupling co-efficient of the

coils is 0.45?
Solution

Mutual inductance M = JL L, =045,/03x05 =0.1743
When connected in series the equivalent impedance is given by

L=Ly+Ly22M =03 +05£2x0.1743 = 1.1486 H or 0.4514.
Hence 007 x 1.1486 60.84 Q

or
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Current is, .6374 A

360.84

or 20 5 e A.
TaL8




