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Cos 0=0.965S06 = 15°12’

As peak or maximum values were used for the individual phasors, the maximum
value of the resultant current is 28.32A lagging 105°12’ behind the 10A current.

9.5. The phasor diagram is shown (figure 17), but not to scale with the resultant
is obtained mathematically. The second current is the reference along the

horizontal.
9.6. For a sine wave voltage applied to a resistor, a sinusoidal current results, and the

Sum of horizontal components
maximum value of this current is at the instant of maximum voltage.

l,=17.32 cos 0 + 20 cos 60 + 10 cos 90
. maximum voltage 340

Maximum current = - =
resistance 24

=(17.32x 1)+ (20 x 0.5) + (10 x 0)

=1732+10+0=27.32A
= 14.14A

Sum of vertical components
Rm.s. value of current = 0.707 x 14.14 = 9.996A

l,=17.32sin 0 - 20sin 60 + 10 sin 90

=(17+0) - (20 X 0.866) + (10 x 1) - oA

9.7. The phasor diagram is drawn as shown in figure 18. For the construction a scale
of 10mm = 25V is used. The phase relation between the various phasors are
determined thus:

=0-1732+10=-7.32A

Resultant | = +/27.32> +7.32°

— ./7004 __ 20314
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E,, =50V E, =75V E,, =125V
For the resultant £ = 100.5mm = 252V

e, =100 sin wt

e, = 50 cos wt = 50 sin [wt +-72Z] The angle 6 = 12° (approx.)

But 12° = 180 or % radians (leading)

50 sin (wt + 90°) 15

e, = 75sin {wt +§] = 75sin(wt + 60°) The required expression can be written:

e +e+e + e ore= 252sin [mH—%]

. (a) Alternators in step /=100 + 200 = 300.0V
(b) When the phase displacement is 60°

125 sin [wt—-z-q—r—i-z]
3 2

- V = 4/100” +2007 +2x100x 200c0s60
= 125sin [wt——ﬁ—]

= /10 000 -+ 40 000 + (40 000 x 0.5)

=125 sin (wt - 30°).

The diagram is drawn using the maximum value E,  of the first voltage as the
reference. For the diagram E, _ = 100V.

=264.8V
(c) When the phase displacement is 90°
V = 100* +200°
=223.7V

(d) When the phase displacement is 120°

V = /50 000 + 40 000c0s120

= /50 000 + 40 000(—cos60)

=173.2V

(€) When the phase displacement is 180°
Cos 0 =-1

V = 4/50 000—40 000 = 100V

The above is obvious, i.e. since the voltages oppose the resultantis the arithmetical

SUEF

A Figure 18 §
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10. The problem calls for a solution by phasor construction and is worked by
drawing; the scale chosen being 10mm = 2V and the first e.m.f. 0A is used as the
reference.

9.9. The waveform, when plotted, is a stepped shape but each half wave is regular 3
similar to its other half, except that it is reversed. The r.m.s. value is obtaineq b
considering a half wave only, as the reversal mentioned, will not affect ths valye
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A Figure 19 a

The resultant OD or E_is measured to be 15.6V and
If the time interval 0-8 is considered as the base of the half wave, 8 mid-ordinates

can be used, giving: 0 =15°or %radians

ii=4and i =16

i,=6and i; =36  Thesumofi?=112 Thus e= 156sin {wH%]

. 2 , 112
iy=6and i; = 36 The mean of i* = . V14 The above diagrams show alternative solutions, thus (a) uses the parallelogram
method, (b) uses the polygon method.

i,=4and i; =16  Therms.value =14
ii=2and ii = 4 =3.75A

ij=0and i} =0

-?bapter 10

i,=0and i; =0 1
0.1. Inductive circuit reactance X =2nfl

=2Xxmx50x%0.01=3.14Q
(a) Circuitimpedance = /32 +3.14* = 4.34()

jj=-2and il = 4

Thea reanired valiie of DC will he 3.75A




n 408 - Basic Electrotechnology

10.2.

10.3.

R 3
b) Power factor = — = —— = 0.69 (laggin
(b) == (lagging)

2 2 2
(c) Power absorbed = I’R = [K] R=‘—/—><B-=—V—— cos ¢
z zZ Z Z
2
= 60 x 0.69 = 572.3W
434
Lamp current = F = W = 1A
vV 100
Lamp resistance = ]—012 = 100Q)
. . . ; 220
(a) Total resistance to give 1A with 220V applied = - = 2200

.. Series resistance = 220 - 100 = 120Q
Power absorbed by circuit = PR = 12 x 220 = 220W

(b) When a coil is used for voltage dropping

Impedance of circuit Z = %9 = 2200

Reactance of circuit = /220> — 100> = 196()
196
X =27fl . L = ———— = 0.624H
Also A 2 xa X 50

Power absorbed by circuit, P= PR = 1?2 X 100 = 100W

Power absorbed, P = VI cos ®

2
.Cosd = £, 200

= = 0.694 (laggin
Vi 240x15 ( 99 g)

* Current in the circuit / = 15A (this data is given). Since P= PR

_ P _ 2500
P15
V240

Z = — =160
I 15

X = ,/162 - 11.7% = 116Q
Infigure 21V, =IR=15x11.1=166.5V
V,=IX=15x11.6=174V

I—_1CA W/~ AN/

= 1110

VX[ """"""""""" lv
:
i
i
1
j
I
¢ |
: > |
Ve
5 Figure 21
104. B,=120Q R,=100Q
X, =2nfL Xy = 2nfL
=2XmX50%250x 1072 =2xmx50x400x 107
=78.5Q =125.6Q
Z, = \120°+785% Z, = 4[100% +125.6
=143Q =160.5Q

Total circuit R= 120+ 100 = 220Q
X=785+125.6=204.1Q2

7 = /220% +204.7 = 3000

@@l = 230 = 0.766A
300

220
(b) cos ¢:§% = 0.733 (lagging) and ¢ = 42°46'

(c) Voltage across A = 0.766 x 143 = 109.6V

Voltage across B =0.766 x 160.5 = 122.9V

(d) cose, = % = 0.838 (lagging) or ¢, = 33°7’

100
cosgy, = —t = 0.623 (lagging) or ¢, = 51°27’

Thus phase difference @ = 51°27' - 33°7’ = 18°20’

0.5, D.C. condition R, = ? = 100 Ry :%9 = 150

140 _

A.C. condition Z, = = 50Q)

700 Z, = @

Solutions to Practice Examples « 409
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X, 70 — 10° = 69.3Q

X, = /50 — 152 = 47.7Q

Since X is proportional to frequency

I

Thereforeat 50Hz X, = 69.3 x = = 86.6()

Ml

X, = 477 x% = 5970

For the total series circuit R= 10+ 15 = 25Q
X=86.6+59.7=146.3Q2

So Z =+/25% +146.3* =148.1Q)

Current/ = _2§_0_ = 155A
148.1

P 750 x 1000

= = 284A
V; cosdy 3300 x 0.8

10.6. Currentintheline | =

Resistance voltage drop in the line, V, = [R =284 x 1 =0.284kV
Reactance voltage drop in the line, V, = IX = 284 x 2.5 = 0.710kV

v,
R=1Q X=250
I 1 YY)
A — A
T
| 1
il
4 Vi : : Factory
i
1

A Figure 22

From the phasor diagram (figure 22)

v — Jn2avna in2942 1L323vnALNTN
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= J(2.64 +0.284)* +(1.98 +-0.71)°

= \2.924% 1 269? = 3.98kvV

So the voltage at the generator = 3.98kV

Generator power factor cos ¢ = %%zsi = 0.73 (lagging)

3980284 x0.73
1000

Generator output = kilowatts = 825kW

10.7. Currentin 8() resistor = % = 8A =current in circuit

(b) Power absorbed in resistor = PR =82 x 8 = 64 x 8 =512W

>

=

!

m]-——————

A Figure 23

From the deduced diagrams (figure 23)
OA2= 0C2+ CA? - 2 x OC x CA x cos (180 — ) (Cosine formulae)
or 1002 =642 + 482+ 2 x 64 x 48 X cos 0

Non i — 10 000 — 4096 —2304 0586

128 x 48

(d) Power factor of load = 0.586 (lagging)

Voltage drop in resistance of inductive load =V,

=V, cos 0 =48 x 0.586 = 28.128V = IR
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X, 50 5
28.128 Hence —L=""and X, = = X, orX, = 125X

‘R = = 3520 =% y = o Ay O 2

Substituting
(a) Power absorbed by load = R = 82 x 3.52 = 225.3W
(c) Total Power = 512 + 225.3 = 737.3W 293.09 = (1.25X, - X))(1.25X, + X))
(d)P factor of circuit or cos ¢ A LT 0.92 (laggin = 025K, 228, = 03613X;

arle = — = = (.
owe Vi~ 100x8 9ging)
293.09
Whence X; = and X, = /520 = 22.8W

10.8. Let X, ohms = the reactance at 40Hz 0.5625

then Z,= JR? + X}

and Z,= % — 3030

X, = %x 22.8 = 2850

Thus R, =252~ 22.82= 105

Let X, ohms = the reactance at 50Hz

then Z, = R* + X2

R = 105 = 10.25Q

6 6
Mso X, = O or 228 = 10
200 27 fC 2xa x50 xC
and Z,= — = 25Q)
8 hus C = Ly = 139mF
i 228 x 7 x 100

Hence 30.3* = R} + X}
For the diagram figure 24, as an example:
and 25% = R2 + X2 Resistance voltage drop = IR = 6.66 x 10.25 = 68.27V

but, since R, =R, then: Reactance voltage drop = IX, = 6.66 X 28.5 = 190V etc.

Subtracting 30.3° — 25 = X? — X

68.27V . g2v 5
or (30.3 == 25)(30.3 + 25) = (X‘I = )(2)()(1 + XZ) 70° appi 66° appi
Hence 5.3 x 55.3 = (X, - X,)(X; + X)) E Al 40 E At 50Hz
! cos ¢ = 68.27 i coso=_ 82
v : 200 200
or 293.09 = (X, - X,)(X, + X)) : ~034 5 = 0.41
| |
1 k 1 i j
Alsosince X = —— .. X = — or Xx — '
2mfC f f | |
Yoo Y
190V 200V 182.4V 200V

Thus X, = ? and X, =

1
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10.9. For figure 25, if actual values were required then as an example:
Wy === . 4 V,=1R=0.446 X 60 = 26.76V
; X =X_=100V.
i
|
i 10.10. At 60Hz R = 400Q Z = 438Q
|
| X, = 4382 —400° = 178Q
I
[
” < At 50HZX, = 178 x 22 = 14830
R 60
Circuit impedance
Z = \400* +(X_—X.)
VX A\ 106 2
° = ,[400% +|148.3 — ———u——
2xmx50x40
A Figure 25
= /400* +68.7" = 405}
200
1 | = — = 0495A
2rfl = —— :
At resonance e 405
1 V. = 0495 x L 39.5V
and f2 = or f — c = K — 3

Impedance of coil Z, = 4/400? +148.3* = 426.5Q
Here I can be obtained from | = %/—

c v, =1z,
v =0.495x426.5Q =211V

orl = —— = V2mfC

2mfC 3
Thus /=100 X 2X7 X FX 10X 100 = 27X fx 107 apter 11

=27 x 107 x .

2 x m/LC 1.1, For the D.C. circuit, P= W or300=60 x /
== ————-——-———10_3 = 0.446A _3399 _

so D.C. current = 5A

J05%x10%10°°

Solutions to Practice Examples « 415
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and D.C. resistance = %

_%9 _ 150
5

For the A.C. circuit, P= PR

»1200=Px 12

orP=100and/=10A

Since the current taken by the A.C. circuit = 10A

v_130

thenimpedance, Z = —= = 13Q
I 10

Also X = VZ?—R? or X = /132 122

Thus X = 5Q Coil reactance = 5 ohms

11.2. Impedanceofbranch A. Z, = 12> +3* = 1240

Current |, = E‘/—:g—% = 8.08A.Also cos ¢, = % = 0.968 (lagging)

A

and sin ¢, = -1?32 = 0.242

Impedance of branch B. Z, = /8% +20 = 216Q

100 8

Current |, = —— = 4.64A Also cos ¢, = = 0.372 (laggin
® = 216 %= 716 (lagging)

and sin ¢, = 21106_ = 0.928

Active components of current:

l,=1,cos¢,+1,cos ¢,

=(8.08 X 0.968) + (4.64 x 0.372) = 9.53A

Reactive component of current:

I.=—l,sin¢, -1 sing,

=—(8.08 X 0.242) - (4.64 X 0.928) = —6.26A

1.3 Let the inductive circuit be circuit A, then:
1.3

X,=2nfl=2xmx50x0.02=6.28Q R, =50Q

Z, = +/50% 4 6.28% = 50.5W

L BT
Z, 505
R 50 ;
cos ¢, = —Z—A_:ﬁ = 0.99 (lagging)
N !
sing, = )Z(_A:%)?% = 0124
N k

Let the capacitive circuit be circuit B, then:

10°
X, = = 1270
2x g x50 x 25

L= %(72: 1575 cos ¢y =0 singy =1

Then/ =(3.96 X 0.99) + (1.575 X 0) = 3.92A

I =—(3.96 x 0.124) + (1.575 x 1) = 1.084A

or | =+/3.92? +1.084° = 4.1A

3.92 .
Total current = 4.075A cos ¢ = P = 0.962 (leadmg)

Phase angle ® = 15°50’
114, Let the branches be A, B and C respectively. Then:

X, = 2nfL=2x x50 x0.02 =6.28Q

Z, = /8% +6.287

=10.2Q

3 Solutions to Practice Examples

o 417
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8 6.28
d cos = —— = 0.785 (lagging) sin = = — = 0616
an 2 10.2 (lagging) 2 10.2
5, =19 _ gga
10.2
XB=2><71><50XO.05=15.7Q
Z, = \10?+15.7* = 186Q
10 15.7
cos = —— = 0,537 (lagging) sin = —— = 0.845
%% 18.6 (lagging) sin ¢, 18.6
f = 22 . 5Tk
18.6
6
K, = 10 = 39.80
2mfC 2 x w x 50 x 80
Then Z. = /20> +39.8° = 44.540)
20 39.8
cos = —— = 0449 (leading) sin = —
P 44,54 ( g sinde 44.54
o 2 o o
44.54

Adding the active and reactive current components.

l,=1,cos ¢, +1, cos,+1 cos ¢,
= (9.8 X 0.785) + (5.37 x 0.537) + (2.24 x 0.449) = 11.59A
I =l sing, 1 sing, +I_sin ¢,

=(9.8 X 0.616) - (5.37 x 0.845) + (2.24 x 0.894) = —-8.54A

Then | = P+ = y[11.59* +-8.54* = 14.38A

11.59
= ——= = 0.805 (laggi = 36° rox.
o5 = (lagging) ¢ (approx.)

Solutions to Practice Examples « 419

11.5- Apparent power = V| = 240 x 50.6 x 107 kilovolt amperes
=12.1kVA

truepower 10

Power factor = =
apparent power 12.144

= 0.823 (lagging)

Eiciancy = output (power)  9kW
input (power)  10kW

orn=90%

11.6. Output from motor = 1.5kW  Efficiency = 80%

Input to motor = 1—2%9 x 100 = 1875W

Also power input to motor, VI cos ¢ = 1875W

» 1875=230%x 11.6 cos ¢

1875
., cos ¢ =—————— = 0.7(lagging) sin ¢ = 0.714
¢ 230x11.6 ( 99 g) ¢

Power component of input current, /cos ¢ = 11.6 X 0.7 =8.12A
Reactive component of input current, /sin¢p = 11.6 X 0.714 = 8.28A
At the new power factor, the power component of current

=8.12A =1 cos ¢,. Also since/, cos ¢, =/ cos ¢

-1, x095=8.12and I, = 812 = 8.55A
0.95

Note. cos ¢, = 0.95 sin ¢, = 0.327

The reactive component of input current, at the new power factor =/, sin ¢, =
8.55%0.327 =2.8A

|
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So reduction of reactive current = 8.28 - 2.8 = 5.48A

and capacitor current = 5.48A

6
Capacitor reactance = —2—39— ohms = 1
5.48 27 fC

10° x 5.48 _
2 X a x 50 x 230

Rating of capacitor =230 x 5.48 x 103 = 1.26VAr

or C = 76 uF

11.7. Load (a) Apparent power, S, = Brflepower B 10kVA
power factor 1

Reactive power, Q, =S, X sin @ = 10 x 0 = OkVAr

Load (b) Apparent power, S, = 80kVA at a power factor of 0.8 (lagging)
Active power, P, = 80 X 0.8 = 64kW

Reactive power, Q, = 80 x 0.6 = 48kVAr (lagging)

Load (c) Apparent power, S_= 40kVA at a power factor of 0.7 (leading)
Active power, P_= 28kW

Reactive power, Q_=40 x 0.7143 = 28.57kVAr

Total power taken from the supply, P= 10 + 64 + 28 = 102kW

Total reactive power, Q=0 - 48 + 28.57 = —19.43kVAr

Total apparent power from supply, S = /1022 +19.43* = 104kVA

Power factor of combined load, gz % = 0.98 (lagging)

104 000

Mains current = = 416A

11.8 (a) Phase voltage = 100V Impedance per phase of load = 10Q
.. Load current per phase = % 10A
Line current = Phase current = 10A
Total power, P = /3 Vi cos ¢
But V =+3V,, = 1732 x 100 = 1732V and /= 10A

. P \/3x173.2x10% cos 30 PR——
1000

Solutions to Practice Examples « 421

(b) Line voltage = V3 x 100
-, Voltage per phase of load = V3 x 100volts

B3

"4
current per phase of load = —2- = —i%quﬁx 10 amperes
ph

Line current = phase current = B3x3x10 = 30A

Total Power, P = 3 Vi cos b

_ 3x4/3x100x30x0.866
1000

= 7.794W

(c) Line voltage = 100V
Voltage per phase of load = 100V

Current per phase of load = % = 10A

Line current = /3], = 1732 x 10 = 17.32A
Total Power, P = /3 VI cos ¢

_ /31000 /3 10x0.866
b 1000

(d) Line voltage = 100V

= 2.598W

Voltage per phase of load = EQ

3

.. Current per phase of load =

1o amperes
J§><10

Line current = Phase current = = 577A

_‘lﬂ
3
Total power P = +/3 VI cos ¢

= /3x100x10x0.866 kilowatts = 0.866kW

1000 x+/3
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Apparent power of system, S, =M = 27.7kVA

1000
Reactive power of system, Q =S _sin @ =27.7 X 0.6 = 16.62kVAr

11.9. Motor output = 45kW = 45 000W

Efficiency of motor = 88%

Motor input = 45 000 X %: 51 140W

To improve the power factor to unity, the motor’s reactive power must equal the

Since P = +/3 VI cos ¢ reactive power of the system, so the motor’s reactive power Q= 16.62kVAr.

: 51140 _ e
(a) Line current, | =—————+— | = 65.6A Apparent power to motor, Sm = Pm +Qm
V3x500x0.9
(b) Alternator output = input to motor = 51.14kW = 4/13.182 416,62 =2121kVA
_51140x100 . P 13.18
(c) Input to alternator = _—86—— watts or motor power of prime-mover = power factor of motor, cos ¢ = m 1318 _ 6 (Iea ding)
64kW S, 2121
Total power taken from the mains = power supplied to the system + power
11.10. supplied to the motor =P _+P_=22.2+13.18 = 35.38kW
16.62kVAr kVA of motor
4 =211 The phasor diagram shows the method of solution. Even though the problem is
I
! a 3-phase one, the diagram, as drawn, can be applied, as balanced conditions are
E assumed.
|
I
E
h Total kW e
13.18kW ! ~35.38W hapter 1 2
i e :
i
|
i 12.1. E.m.f. generated = Lt = %volts
|
|
| Here Zis 144 x 6 = 864 N = 600 rev/min
I
N A | P =4 and A =4 since this is a lap winding
, 16.62kVAr 27.7kVA T 864 x ® x 600 o i
A Figure 26 N 60 4
ord = 8611 61 z webers
X
Input power to the system, P, = 3 Vi cos ¢
If the armature is wave wound A = 2
_ V/3x400x40x08 _ 22.2kW Substituting the value of ®
1wl 216 600 4
then £ = 864 x X——x— = 432V
Power output from the motor at 91% efficiency = 12kW 864x10 60 8 2

12x100

o Dmwaiarinmittnthamnatar D — 77 "7 . 12 192lA\N




424 - Basic Electrotechnology

12.2.

12.3.

Voltage applied to shunt field = 220V
Current through shunt field = % = 125A

Armature current = 250 + 1.25 = 251.25A
Voltage drop in armature and series field = 251.25(0.05 + 0.015)
~ =251.25x0.04=10.05V
Total voltage drop = 10.05 + 2V (brush voltage drop)
Induced em.f. £=220+ 10.05 + 2 = 232.05V

It is noted that a change of speed is involved here and the solution cannot pe
affected before the 0.C.C. at 900 rev/min is reached. Since E =< N, the new valye

S
can be obtained by multiplying the original by a factor: 0 =

_ 1200 4
The table shows the adjustment for the 900 rev/min condition

Excitation current | (amperes) | 0 04| 08| 12| 16 | 20
E.m.f. at 1200 rev/min E (volts) | 15 88 | 146 |196 | 226 |244
E.m.f. at 900 rev/min E (volts) | 11.25|66 | 109.5 | 147 | 1695 183

The field voltage-drop line is drawn by taking any current value and multiplying
it by 90Q. For example: 2A x 90Q = 180V. Join this point R to the origin, The
required answer 185V is obtained from the intersection point as shown.

200
85V| /
E /' H
)
g 150 115
] 7
> /
I
/
100 /
/'
// )
I
50 V.i A
///
4 f/
/
rawie
0 0.5 1.0 15 2.0

—> |; Amperes

A Figure 27

124

12.5.

12.6.

Solutions to Practice Examples » 425

D 3000
f 50 220

| =17272+44=177.12A
Also E=V+IR,

=220+ (177.12x 0.1) = 237.72V

Again E = ZON P
° 60 A
33772 = TOOXDxE00x4
60x2
237.71
or ® :__><;3_
56x10
=0.0128Wb or 12.8mWb
0.C. em.f= 440V = kON
4
Sk = D
0.055x620

250000 _ 520A

Full-load current =

Total voltage drop on full load = 520 (0.01 + 0.005 + 0.005)
=520x%0.02=10.4V
So em.f. generated on full load = 480 + 10.4 = 490.4V

4904 = kDN, = —20__ @ x600
0.055 %620
or @, — A904x0055x620 _ , ye33uyh or 633mWh
440 %600

On no load, the e.m.f. generated is caused by the shunt-field ampere-turns =
7900. These give a no-load voltage of 500V. But since the load voltage rises to
550V, the shunt-field current will rise and the shunt-field ampere-turns, on no
load, increase to

7900 x 330 = 8690At
500

It ic farinAd An a fullllaad tact that 11 2NNAE ara nasdad and the extra (ahove
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12.7.

12.8.
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Series field must supply 11 200 - 8690 = 2510At

500 000 — 910A

Now the full-load current =

2510

-~ The series turns required = 5 = 2.76 i.e.3 turns

Here Z=90x 6 =540

CE— 540X0'03X1500><i: 405V
60 4

If I, = 25A. The armature voltage drop = 25 X 1.0 = 25 volts. Since the same
field flux and speed are assumed, then the same e.mf. is being generated of
V=E-IR,
~. V=405 -25=380V.

380
So shunt-field current = —— = 19A

200

Machine output current =25 - 1.9=23.1A
Let/ = the load current
Then | x 40 = V (the terminal voltage)
AlsoV=E~IR,
=380-/ x1.0alsol =+
s V=380-1.0(+1)
or40x/ =380-/-1
and41x/ =380~/
vV _40xh |

Iso f = — ==
A0 T 500 200 5

, So the above becomes:

41 % I, = 380
5
205 x /= 1900 -/,

1900

206 x /= 1900and | = —~ = 922

(a) The 1000 rev/min O.C.C. s plotted and cut by the 100 field voltage-drop line
which is plotted by drawing a straight line through any deduced point and the
origin. Thus consider a /, value of 1A, then a field voltage-drop line point would
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The point of intersection at 108V is the answer required.

(b) The tangent is drawn to the 1000 rev/min O.C.C. The critical resistance R_ is
determined by taking any voltage value on this tangent and dividing by the
current.

145V o : . ,
Thus R. = —r 161.1Q). The critical resistance for this speed is 161Q
(approx.)

150 = ~
9. aY
Q' :{*\0/’ Cs
E ol ’/ CU
= 4 PAR
b 7127
S/ A
Ya i /, l//
9/ // L1108V
| T 7
100 Sl A /,j
FAALN
S
> /i1
W) 1
T /A
/
o8 "
)
50 L3
1
I
’I
1l /
AN
W
4
]l
%l
0 0.5 1.0 1.5 2.0
— | Amperes

A Figure 28

(c) The 1100 rev/min O.C.C. is obtained by multiplying the original 1000 rev/min

11
values by a factor: 0 1.1 to give the new table:

Excitation current / (amperes) |0.2 |04 |06 |08 |11 1.2 |14 |1.6
E.m.f. at 1000 rev/min E (volts) {32 |58 |78 (93 104 113 [120}125
E.m.f. at 1100 rev/min E (volts) |35.2|63.858.8 |102.3 |114.4{124.3 |132 {1374

This 1100 rev/min characteristic when plotted is cut by the 100Q field voltage-
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. Since the answers required are at a different speed condition, the new 0.C.C, at

50x1000
Output current = >0 = 217.39A
Shunt-field current = 33—59 = 4.18A

Armature current = 217.39 + 4.18 = 221.57A

Armature voltage drop = 221.57 X 0.034 = 7.53A

Induced em.f. =230+ 7.53 + 2 =239.53V

Electrical power required to be generated

=239.53 x 221.57 watts = 53.18kW

Total input power = electrical power input + mechanical loss
=53.18 + 1.6 = 54.78kW

Thus input power = 54.78kW

400 rev/min is obtained by multiplying the original values by % = 2.Thus:

Excitation current/, (amperes) |0 (1 |2 (3 |4 |5 |6 |7 |8 |9
E.m.f. at 200 rev/min E (volts) |10 |38 |61 |78 (93 |106 {115 |123 {130 135
E.m.f. at 400 rev/min E (volts) |20 |76 {122 |156 (186 {212 |230 246 |260 |270

(a) E.m.f. to which machine self-excites = 243V

This is the point of intersection between the 400 rev/min O.C.C. and the 36Q
field voltage-drop line. The latter is drawn by taking any current, say 5A and
finding the voltage drop 5 x 36 = 180V, and joining this point to the origin.

(b) Draw the tangent to 400 rev/min O.C.C. This may be difficult. Disregard the
bottom part of the characteristic (due to residual magnetism) and assume that
the characteristic would pass from the second point given (76V at 1A), through

~ the origin. A straight line drawn as shown, through this point and the origin, will

be sufficiently tangential to give a suitable answer.

Consider a point such as X. Then critical resistance R, = L. 80Q)

(c) For the em.f to reduce to 220V, the field voltage-drop line should cut the

0.C.C. at this point. The field current would then be 5.3A. So field-current
220

resistance would be 22~ — 415() . Thus additional resistance required =41.5= |

36 =5.5Q.

(d) This answer is obtained by assuming the machine slows down and is best
obtained by trial and error. Multiply the 0.C.C. values by various fractions of
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T
. L
s
/
250 /
243 /’
E A
o/
200 ,
/ 1/
i S
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,/ // B,
/ /
i8y/74
50|k //
1 4
/4
/
1
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—> J; Amperes

A Figure 29

13.1,

the speed to obtain a magnetisation curve which makes the 362 voltage-drop
line a tangent. The 200 rev/min O.C.C. is a suitable starting point and is plotted.
It is seen to be cut at the bottom by the 35Q line, which therefore is not quite
tangential. The required O.C.C. must be at a lower speed and 400 x 0.45 may be
tried to give values of 9, 34.2, 54.9, 70.2, etc. If plotted this will be approximately
correct and the answer 180 rev/min (approx.).

z;;g'hapter 13

The output is 7.5kW = 7500W.

= 8824W

Input is 7500100
85
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==

_ Onfullload £, =220 -(25x0.2) =220-5=215V

Also, since torque is unchanged, and T, =T,

Motor current = %z 80.2A

and since To< @/ or T = k®/,, we can write:
kq)1la1 = k(I)ZIaZ

But @, = 0.99,
sO q)1/a1 = 0'9(1)11212

E,=V-1(R+R)
=110~ (802X 0.12) = 100.4V

13.2. Power input = 90 000W

|
‘ Current input to motor = LU0 = 180A or by = Lo = E = 27.77A
09 09
500 Thus E,_, =220~ (27.77 x 0.2) = 214.446V
Shunt-field current [ = —— = 5A b2 (
100 E k®N
' b2 2°"2
Also since =22 =—22
Armature current = 180 - 5= 175A E, k®N,

Backemf.=E =V- IR,

B, x® xN, 214446 x P x725
=500~ (175 x 0.1) = 482.5V -

z E, x®, 215x0.9%,

13.3. Noload.Backe.mf. E =V-1_R = 804 rev/min

= 460 — (10 x 0.025) = 459.75V 13.6. Asagenerator. 50kW at 250V gives a load current of
50000
250

I, = 200A

Full load. Back e.m.f. E,=V-IR,

= 460 - (300 x 0.025) = 452.5V 250

Field current I, = 5A

13.4. (a) Currentin 1 parallel path = 470 = 10A

-~ Armature current/ =/ +1/.=200+ 5= 205A
General voltage E= V + /R, + brush voltage drop
or £E= 250+ (205 x 0.02) + 2 = 256.1V

As a motor. Input current |, = §%{(})O = 200A

Currentin 1 conductor = current per parallel path
So force on 1 conductor is given by BI¢
=1.2x10x 04 =4.8N

48x0.3 250

= 0.72Nm Field current /. (as before) = o= 5A

Torque of 1 conductor

(b) Total torque due to all conductors

=240x0.72=172.8Nm
2xmx800x172.8

. Armature current/ =/ -1 =200-5=195A
Back em.f. E =V~ R - brush voltage drop

(c) Power output = = joules/sec =250-(195 % 0.02) - 2
6.28x80x172.8 orE =244.1V
6 Again since E and E, are proportional to flux and speed then,

=14 460W = 14 5SW E=k®N and F. = kdN
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Back em.f. (at reduced speed) = 77.26V
Thus 77.26 = 105 - 33.7 (R + 0.25)
=105-33.7R-8.43

Thus £ o220 grood, 200
E,  5xN 7 2441 N

or I = 00X oo vewssimiin or33.7R = 105 - 85.69
256.1 1634
Note. Flux is assumed to be proportional to the field ampere-turns, ang hence R = ——33;.7 = 0.570)

the exciting current, with the current value substituted for the flux values ¢ . . 2 ;
f Note. As for Q13.6, flux being proportional to field current, /. is substituted for ®.

105
13.7.On no load. If = E)— = 117A I10 =3.5A 13,8. Cold condition
,=35-1.17=233A L= 22 1sA
200

E,=105-(2.33 x0.25) = 104.42V

On full load. Output = 3 x 1000 watts o= 80— LIS = AREsH

E,=230-(48.85x0.2) =220.23V

input= SR00XI00 _ sesom
82 .
Hot condition
) 3660
Input line current 4, =~ =34.86A Temp rise = 60 - 15 = 45°C
0.4
and we can write |, = 34.86 - 1.17 =33.7A SRy = 0.2!1 +[ﬁx45] = 0.236()
E,,=105-(33.7 x 0.25) = 96.57V
0.4

Now E e @ N or E = kON Similarly R,,=200 1+[ﬁx45”

E, kdN
and we can write =22=—2-2 =200 + (200 x 45 x 0.004) = 236Q2

Eb1 k¢1N1

Sol,=50-0.975=49.025A
E,, =230-(49.025x 0.236) = 218.43V
Again since E, o< @, and N and since ® o< /,

_ Eox® xN, 104.42x1.17x1000

or N
° E,x®, 96.57x1.17

= 1080 rev/min

Again, since T'is constant and T o< ®/_, we can write

we write £, =kl N,
T,= ktI>ZIa2 and T = ch]IaI

and E. =k.N,
7-2 k(DZIaZ
rfz_kq%h ButT,=T, oriv—’-zE—b‘—xﬁ’- or N1:Eb1><lmeo
dd. =0 a N, Ep Iy Eyo X1y
ah =
L and N 21843x115x1000_
o=y =33 7R " T 22023%0.975

If R is the added resistance to reduce speed then
E,=105-33.7 (R+0.25)

139, (a)v= E +IR orE =V-IR
Also since E, o< @ and N, since flux is constant

=230- (200 x 0.35)
E, _ 800 800 and £, = 160V
b

= 0or Ebz = 96.57 x oy

n
fhee E.. 1000
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ZON P E. 60A
Al i E = X— N = Bl - B huchtile
so since Ly 0 <A then 70 p
_ _160x60x2 _ ¢s3rev/min
294 % 0.025 x 4

(b) Again torque is given by:

T = 0.159 x Z®I, %Nm

= 0.159 x 294 x 0.025 x 200 X g— = 467.5Nm

= 20 ooal,=5-22=28A

"o = T0as

Also since [, =2.2A then I, =50 - 2.2 = 47.8A
Again E,, =230 - (47.8 X 0.4) - 2 = 208.88V
And E =230-(28%04)-2= 226.88V

E k®,N.
& Epr _ 850N
(a) Since £ kBN,
E,N.
Then N, = =2~ assuming constant flux.
b1
or NOZM = 648 rev/min

208.88
(b) At 600 rev/min £, = 208.88V

Assuming a constant flux, then for 500 rev/min

5
EbZ = 208.88 Xg

o E,=17407V

. The voltage across the armature has to be reduced by:

230 - 174.07 =55.93V

orsince V=E +I (R,+R) +2
thenV-E =1 (R,+R)+2
or55.93=/R +IR+2
SolR=55.93-2-(47.8 X 0.4) = 34.81
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34.81
B = =07
47.8 30

(c) Under the new condition, @ must be altered, hence I,

B KON,
: E, k®N, or b3=230—-(30X0.4)—2=216V

216 I, x750
208.88  2.2x600

So [ — 216x22x600

® = Josssx7s0 . oA
Thus current - and hence the flux, is reduced to:
]—'gg = 0.827 82.79
5z = O = 82.7%




. Athin rectangular plate 3.5cm X 2.5cm is totally covered on both sides with Nickel
0.12mm thick in 8.25h. The current required if supplied to a voltameter causes
0.0805kg of silver to be deposited in 1h. If the Nickel E.C.E. is 304 x 10°kg/C,
calculate the Nickel density in kg/m?, if the E.CE. of silver is 1118 X 10-°kg/C.

. A 110V D.C. lighting system comprises six 150W and forty 60W lamps. Calculate
the inductance of a coil of negligible resistance which, if placed in series would
operate on 230V, 50Hz mains.

. The resistance of the armature, field coils and starter of a 220V shunt motor aré-

0.2, 165 and 9.8Q) respectively, the field being connected across the first stud of
the starter and an armature terminal. Calculate (a) the field current at the instant
of starting, (b) the field current when running and (c) the total current taken by the
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4, Ifthe instantaneous value of a current is represented by i = 70.7 sin 520¢, calculate
the current’s (a) maximum value, (b) .m.s. value, (c) frequency and (d) instantaneous
value 0.0015s after passing through zero.

5, The maximum value of a 50Hz sinusoidal current wave is 170A. Find graphically
the instantaneous currents after 0.001s, 0.003s, 0.006s and 0.008s after zero and
increasing positively.

6. The O.C. voltage of a cell, measured by a voltmeter of 100() resistance, was 1.5V,
and the PD. when supplying current to a 10} resistance was 1.25V, measured by
the same voltmeter. Determine the cell’s em.f. and internal resistance.

7. An alternating current series circuit consists of a coil A that has an inductance of
0.3H and negligible resistance and a resistor B of 100(). The supply voltage is 200V
with a frequency of 50Hz. Determine (a) the circuit’s impedance, (b) the current
flowing and (c) the power factor.

8. What is meant by the term ‘back em.f as applied to an electric motor? A 40kW,
220V shunt motor has a full-load efficiency of 90%, an armature resistance of
0.0750) and a shunt-field resistance of 550. When ‘at starting; the starter handle is
moved onto the first stud. It is desired to limit the current through the armature to
1.5 times the value which it has when the motor is on full load. What must be the
total value of the starting resistance? If, on overload, the speed falls to 90% of its
normal full-load value, what would be the armature current? Neglect the effect of
armature reaction.

9. State Lenz’s law. An iron ring is wound with a coil of 84 turns and carries 0.01 5mWb
of residual magnetism. When the coil is excited, the magnetic flux increases to
0.3mWhb in 0.12s. Calculate the average value of the e m.f. which will be self-induced
in the exciting coil while the flux s increasing, and state the direction in which it will
act relative to the supply voltage, giving reasons.

10. Find the impedance and power factor of an A.C. circuit consisting of 2 electronic
components, A and B. A has a resistance of 2() and inductive reactance of 14Q), and
B has a resistance of 10 and a capacitive reactance of 6€).

11. Define the temperature coefficient of resistance of a conductor. State a conductor
which has a negative temperature coefficient. When first switched on, the field
winding of a 200V shunt motor takes 2A. After running for 2 hours the field current
decreases to 1.7A, the supply voltage having remained constant and the shunt
regulator setting not having changed. If the ambient air temperature is 15°C,
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

calculate the average temperature rise in the windings. Temperature coeffici
resistance of copper is 0.004 28 at 0°C. clent of
A 440V single-phase motor is rated at 7.5kW and operates at a power fac

. . . tor
(lagging) with an efficiency of 88%. Find the current taken from the supp ofog

ly.

A coil consumes 300W when the voltage is 60V D.C. On an AC circuit th
consumption is 1200W when the voltage is 130V. What is the coil’s reactance? 3

A motor has 4 poles, its armature is 0.36m in diameter and has 720 conduct

whose effective lengths are 0.3m. The field flux density under the poles js 0<;Trs
Each conductor carries 30A. If the armature turns at 680 rev/min, find the tOfC.{u .
in Newton metres and the power developed if two-thirds of the conductors a,—e
effective. 5

Define the average value and r.m.s. value of an alternating quantity. Calculate the
average r.m.s. value for the stepped half wave given.

Time (ms) 0-10 | 10-20 | 20-30 |30-40 |40-50 |50-60 |60-70
Steady current (a) |2 4 6 8 6 4 2

Two 200V lamps are connected in series across a 400V supply. One lamp is 75W.
the other is 40W. What resistance must be connected so that each lamp gives its
correct illumination? What will be the power loss in the resistance?

Explain the meaning of the following: (a) self-inductance and (b) back e.m.f.

Explain the term ‘power factor’ An alternator supplies 560kW at a power factor of
0.7 (lagging). What extra power would be available if the power factor is increased
to 0.8 (lagging) for the same kVA output?

The armature winding of a 6-pole, lap-wound generator is made up from wire
250m long and 7mm? cross-sectional area. If the specific resistance of copperis 1.7
x 10%0m, find the armature’s resistance.

100V A.C. is applied to a circuit of 3 resistance and 4Q) reactance. Find (a) the
circuit current, (b) the circuit’s active e.m.f. (resistance voltage drop) and (c) the
self-induced e.m.f. (reactive voltage drop).

A coil of 125() impedance has a resistance of 1000 when connected across a 50HZ

supply. Find its inductance. If the impedance falls to 120.6Q) when the frequency is
varied. find the new framiiancyv vahiin
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. 4.5 litres of fresh water at 17°Cis heated to boiling point in 15min. If the heater is

80% efficient and the supply voltage is 220V. Find the current taken from the mains
and the heater’s resistance. Take the density of water as Tkg/litre and the specific
heat capacity as 4.2kJ/kg°C.

_ An alternating voltage of rm.s. value 100V is applied to a circuit with negligible

resistance and an inductive reactance of 25(). Determine the rm.s. variation of
current flowing. Show graphically the variation of current and voltage during one
cycle of applied voltage. What is the value of the current when the voltage is at its
maximum value?

. A generator has 8 brush arms, each with 6 brushes, 30mm long and each with

a bearing surface of 30mm by 20mm. The current density is 0.054A/mm? in the
brushes. Find the sectional area of the cables, if the leads to the switchboard are
each 9.2m and the current density must not exceed 1.0A/mm?. Find the power lost
in the brushes and cables. The resistivity for carbon and copper is 2550 x 107 and
1.7 x 1080 m respectively.

. An iron conductor and an aluminium conductor are connected in parallel to

a supply. The iron conductor is 10% longer than, and half the diameter of, the
aluminium conductor. Given that the ratio of the resistivities of iron to aluminium
is 40 to 13, find the ratio of the currents in the 2 conductors.

. Two currents /, = 14.14A and /, = 8.5A with a phase difference of 30° are fed into

a common conductor. Find the resultant current and the heating effect in joules
when it passes through a resistor of value 4(} for a period of 2min.

. A 6-pole D.C. generator has 498 conductors, the em.f. per conductor being 1.5V

and the current in each 100A. Find the em.f. and current output of the armature, if
it is (a) lap wound and (b) wave wound.

. A circuit takes a current of 10A from 220V, 50Hz mains at a power factor of 0.866

(lagging). Find the value of the current when the voltage is (a) passing through its
maximum value and (b) 0.005s later.

. An inductance coil has a resistance of 19.5Q and when connected to a 220V, 50Hz

supply, the current passing is 10A. Find the coil’s inductance.

. State Faraday’s and Lenz’s laws of electromagnetic induction. A 4-pole, 250V motor

has its armature removed in order to test the continuity of the field windings which
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31.

32.

33.

34.

35.

36.

37.

38.

are connected in series and consist of 2000 turns each. What is the average e m £
induced when the current is switched off; if the flux falls from 0.026Wb to 0,001‘ Wb
in 0.2s?

A coil when connected across 206V A.C. mains passed a current of 1ga ang
dissipates 500W. If it is connected in series with an impedance of 5() and 3
capacitive reactance of 4(), find the impedance and power factor of the complete
circuit.

A piece of copper wire is bent to form a circle and another piece of the same Wire
is placed across to form a diameter, all the junctions being electrically connecteq,
If the resistance of the straight wire is 2Q, find the total current flowing when 3 PD,
of 220V is applied across the junctions.

A 15kW motor of efficiency 90% is supplied at 240V by a 2-wire system. The supply
cables are 500m long and are of diameter 5mm. Find the current taken by the
motor, the voltage at the supply point and the efficiency of the distribution system,
Take the specific resistance of copper as 1.7 X 10Qm.

If the impedance of a circuit is 20Q), the resistance is 1692 and the inductance
0.047 75H, find the frequency of the supply.

Differentiate clearly between the kilowatt and the kilowatt-hour. A heater with an
efficiency of 85% develops 10MJ in 30min at 200V. Find the energy consumption
in kilowatt-hours and the current taken. Find also the length of wire in the element
if its resistance is 0.26 ohm per metre.

An electric heater of resistance 6.5€) is connected in series with a coil of inductance
value 0.1H. If the mains frequency is 50Hz, find the voltage to be applied to the
arrangement in order to maintain 110V across the heater. If the frequency was
increased by 5%, keeping the applied voltage constant, find the voltage across the
heater.

A resistor of ohmic value 3Q is connected in series with a coil of inductance 0.1H
and resistance 1€0. If 100V at a frequency of 50Hz is applied to the circuit, find the
current flowing.

A 500V, D.C. shunt motor has a full-load armature current of 20A. A 3% of the input
power is dissipated as heat in the armature. What would be the currenton starting
if 500V is applied across the armature? Find the value of starting resistance needed
to limit the starting current to twice the full-load current.
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39. Find the total effective reactance of a 50Hz circuit made up from a coil of inductance

40.

100mH, in series with a capacitor of 20pF. If the coil has a resistance of 108, find the
circuit’s impedance.

The armature resistance of a 200V, shunt motor is 0.49) and the no-load armature
current is 2A. When fully loaded and with an armature current of 50A, the speed
is 1200 rev/min. Find the no-load speed and state the assumption made in the
calculation.



1. When used in the voltameter: m = zit

orl = 0(_)98 05 —=20A
1118 %107 x3.6%x10

When used for plating:

Area of coating = 350 X 250 x 2 = 175 000mm?

Volume of coating =175 x 10°* X 12 x 1072

=21000mm3=21x 10°m?
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Also mass of nickel deposited

=304 x 107 x 20 x 8.25 X 3600

=0.181kg
0.181
density = ———— kg/m?
B Qe = g "Bl
= 8600kg/m?

2. Total wattage = (6 x 150) + (40 x 60)
=3300W

3300

System current = = 30A

Impedance required on 230V A.C. = %%9 = 7.66()

Resistance of lamps = 13%0-= 3.66()

Reactance of coil = +/7.66* —3.66° = 6.73Q)

6.73

Inductance = ———
2x7 x50

=0.0214H

(a) Field current at instant of starting = ?—22 = 133A

(b) When running, the starter resistance is inserted into the field circuit by virtue of
the position of the contact arm. Field-circuit resistance = 165 + 9.8 = 174.8Q)

Field current when running = -1—2—20— = 126A

74.8

(c) Armature-circuit resistance, at instant of starting = 0.2 + 9.8 = 10Q

Armature current = 21—200 = 22A

Total current taken by motor = 22 + 1.33 = 23.33A
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E=15+(0.015) xR ... (i
4, (a) Maximum value of current = 70.7A jinen ( 138 1l

(b) The cutrent is sinusoidal with the voltmeter and resistor across the cell terminals,

~. rm.s. value = 0.707 x maximum value . 1.25
current taken by resistor = - = 0.125A

=0.707 x 70.7 = 49.94A

1.25

(c) i=70.7 sin (520 x 0.0015) is in the form i=1/_sin ot
m Current taken by voltmeter = T 0.0125A

where @ = 520 radians/second. Also o equals 2nf

Current supplied by cell =0.125 + 0.0125 =0.1375A

or 2mf =520
Thus E=1.25 +0.1375R .. (i
520
Thus f = =20 — 828H o
T ‘ Solving (i) and (i) then £ =125 + 0.1375R

(d) Again i = 70.7 sin 2xft, and if degrees are used for the angle, then and E=1.5+0.015R

i=70.7 sin (2 x 180 x 82.8 X 0.0015) = 49.65A Subtracting 0 =-0.25 + 0.1225R,

5. Plot a sine wave on graph paper with a maximum value of 170A and a base of 0.01s,

A frequency of 50Hz gives the time of a half wave as 0.01s. a2

" 01225

=2.040

The wave can be plotted from a phasor of length equal to 170A or by use of tables
to obtain ordinates. Thus for 30° the instantaneous value or ordinate would be 170 x
sin 30°= 170 % 0.5 = 85A. So for 45°i= 170 x 0.707 = 120.2A.

and E=1.5+(0.015x 2.04) = 1.5+ 0.031

Thus cell em.f. = 1.531V

For 60° i = 147.02A. For 90° j = 170A, etc.

Answers from the deduced waveform: = DL X, = Il <2xp x50 x 03

When time t = 0.001s, i = 57.5A. =94.2()

When time t = 0.003s, i = 132A.

Ry=100Q  Z = 100> +94.2

=137.4()

When time t = 0.006s, i = 162A.

When time t = 0.008s, i = 102A.

200

6. Let E=the e.m f. of the cell and R = the internal resistance. Current/ = A = 145A

With the voltmeter across the cell terminals only,

Power factor, cos ¢ = g:% = 0.73 (lagging)

Current taken by voltmeter = %% = 0.015A
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8. Output=40x1000 watts 10. Total circuit resistance =2 + 10 = 120}

100 Total circuit reactance = 14 - 6 = 8Q) (inductive)
Input = 40 x 10° x —ngatts = 44 444W

From impedance relationship:

4
Input current = a4 202.02A 7 = 122+ 8 = 1440
The circuit impedance is 14.40)
Shunt-field current :25—259— = 4A
cos ¢ = _6_:_12 = 0.832
Armature current = 202.02 - 4 = 198.2A Z 144

Armature starting current = 198.2 x 1.5 = 297.3A Thus power factor = 0.832 (lagging)

220 11. Carbon has a negative temperature coefficient.
Resistance of armature circuit = 5973 = 0.74Q

. 200
Resistance to be added = 0.74 - 0.075 = 0.665() Resistaneaiotfield laald] = & = — = B0

On normal load E, = 220 - (198.2 x 0.075) volts

200
=205.13V Resistance of field (hot) = R, = 77 = 117.640

0 - —
On 90% speed E,, = 0.9 x 205.13 = 184.62V Then 100 = R, (1 +0.004 28 X 15)

-~ Armat It = -184.62 = 35.
mature voltage drop = 220 - 184.62 = 35.38V and 117.64=R, (1 +0.004 28 T

Armature current = 25°0 = 4717A 117.64 1+40.0024 28T
0.07 Dividing =
100 14 0.0642
0. = N&-%) . or 1.1764 x 1.0642 = 1 +0.004 28T

av

and 1.2519-1=0.004 28T

_ 84(3x107* —1.5%107°)
0.12

T = 0-2519 = 58.85°C
0.00428

=0.1995V or 199.5mV
Temperature rise of winding = 58.85 - 15°C

The induced voltage will oppose the applied supply voltage, thus reducing the rate
of current arowth

— A QE°(
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12.

13.

14.

Motor output = 7.5 x 1000 = 7500W

0
Motor input = 75000 ><1—80§- = 8523W

P 8523
B Vcos¢ 440x0.8

ButV/cos¢ = P

orl = §—5§ = 24.21A
352

Thus motor current = 24.2A

% V> 60x60

WhenonD.C. P = F S R= —= = 120

P 300

When on A.C. P=1200W also P= PR

= 100 or/= 10A

o 2 = 1200
12

4 130
The impedance Z of the circuit = T = = 130

So reactance X = V132 =12 = 50

Thus reactance of coil = 5(}
Force on 1 conductor is given by F = BI£ newtons

or F=0.7x30x03=6.3N

2
No of conductors in the field at any instant = 3 x 720 = 480

Total force = 480 x 6.3 = 3024N

Torque = force X radius = 3024 X 0.18 Nm

— BEAA 29NIm

amperes
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So torque exerted = 544Nm

Power developed = il

60

2 X X680 %544
60

=38.7kW

15. If plotted, this waveform will be found to be made up of 7 rectangular blocks, the
mid-ordinates of which are 2, 4, 6, etc,, as given.

.. Average value =2+4+6+8+6+4+2 :2

7
=4.57A
2 2 2 2 > 3 5
Also r.m.s. value = \[2 +4°+6 +87 +6%+4%+2
_ \/4+16+36+64+36+16+4
7
= 1'7—6-2 25.14 = 5A
7
75
200
40Wlamp. ! = A _ 0.2A
100

With lamps in series 40W lamp will only pass 0.2A

~ (0.375 - 0.2) amperes must be passed through a shunt resistor connected across
the 40W lamp. This resistor is also to be suitable for 200V and its resistance value:

= A 1D
0.175

Powar lncc in thic racictnr = 20N v N 178 = RRW
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v _100

17. Standard explanations, written in the student’s own words, should be drawn from (a) Current | =
V4

the relevant chapter to provide a satisfactory explanation of the meaning of both
(a) self-inductance and (b) back emf.

= 20A

(b) Resistive voltage drop V, = /R =20 x 3 = 60V

(c) Reactive voltage drop Vy=1X=20x4=80V

18. Since P=VI ,then VI =
ince cos b, then m——

21. Reactance X at50Hz = vZ? —R* =1004/1.25° -7 = 750

B X = Tl ol ey —2
2Xxr x50

or kilovolt amperes (S) = ldlwatts ()

- power factor (cos ¢) = 0.24H

At new frequency X = 120.6° —-100° =
Thus S = %6-79 — 800KVA ey § = ST WE S8

o new frequency 67.4
50 75

If this KVA or S value is to be maintained

or new frequency =674 x —?9-
5

New P =800 x 0.7 = 640kW

Thus extra power available = 640 - 560 = 80kW
=44.93Hz. The new frequency value will be 45Hz

19. Here p = 17 x 107°Qm. £ = 250m. A = 7 X 107°m?. 22. Mass of water = volume X density = 4.5 x 1 =4.5kg

Heat received by water = 4.5 x 4.2 (100 - 17)

€ 1.7x1078x250 = 18.9 x 83 kilojoules = 1569kJ

A 7x10”
Electrical energy supplied to heater = 1569 x 100
80

This would be the resistance of the length of wire, but this is a lap-wound

generator, with 6 parallel paths in the armature. Thus resistance of 1 parallel path =1961kJ

= 9—660—7 = 0.101 1642.
Power rating of heater = Ll

But there are 6 paths in parallel so the equivalent resistance is one-sixth of the: time  15x60
above = 2.18kW
0.10116 Current taken from mains = 280 9.9A

= 0.016 86()

Mains current = 10A (approx.)

20. Impedance of circuit= ~/3* +4
=50

; 220
Thus Z=5Q Resistance of heater = = 22.20
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23. Here R =0Q and Z= X = 25()

24.

v_100

. r.m.s. value of current | = 7 = 25A

The graphical solution consists of a sinusoidal voltage wave with a sinusoida|
current wave lagging it by 90°, since the circuit is wholly inductive. When Voltage js
maximum current is zero, When voltage has fallen to zero, the current has risen to
its maximum value and as voltage rises to its negative maximum the current falls
to zero.

When Vis a maximum the current value is zero.
Bearing surface of 1 brush = 30 x 20 mm?2 = 600mm?

With a current density of 0.054A/mm?, the current carried by one brush = 609 x
0.054 = 32.4A

With 8 brush arms, there are 4 positive and 4 negative brush arms. Also since there
are 6 brushes per arm, the number of brushes in parallel carrying current into or
out of the armature = 4 X 6 = 24 brushes, or total current carried by brushes =32 4
X 24 =777.6A.

Current display density in the cable is limited to 1.6A/mm?.

.. The cable is able to carry 777.6A = —7—17—76—6 = 486mm’

pl 1.7x107°x9.2x2

Resistance of cable =— = = 0.643 x 107° ohms
A 486x10

Voltage drop in cable = 777.6 X 0.643 x 102 = 0.5V

Power loss in cable = 777.6 X 0.5 = 388.8W

Resistance of the brushesis givenby R = p_A€ where £ is the length of a +ve plusa

—ve brush and A is the area of half the total number of brushes.

2550>< 2%x30x107°

. — = 0.106 x 107° ohms
10°  600x107° x 24

Thus R =
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power loss in the brushes is given by IR
=777.6x0.106 X 10 = 64.1 watts

Thus power loss in brushes = 64.1W

25. The equations for the iron and aluminium conductors can be writtenas R = Ef‘-
f i
and Ra — pa a
A

a

_&_&LL/paea — pteiAa

: Ra A’l Aa pafaAi
But€f,=1.1¢,
1 Aa . .
and d, = 1d, A =Zsmce area o« diameter
S R _ 40x1.1x¢{, xA x4
R, 13x €, XA,

13.54

s —
Since the resistance ratio of iron to aluminium is 13.54 to 1, and as the wires are in

parallel, the currents in the wires are in the ratio iron:

aluminium=1: 13.54.

26. Resultant current | = \/If +2 +(2xI, x1,xcos 30)

= \14.14% + 852 +(2x14.14 X 8.5 % 0.866)

=21.92A
Resultant current = 21.92A

Power dissipated = PR = 21.92 X 4 watts
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27. () Lapwound. A=P=6

28. The power factor of this circuit is 0.866 (lagging) or cos ¢ = 0.866 (lagging) and

Energy at heat = °Rt joules
=21.922x4x 2x 60

=230 602J = 230.602kJ

498
Conductors in series = M:i = 83

parallel paths 6
E.m.f. of 1 parallel path = e.m.f. of the machine
=15%83=124.5V
Current per parallel path = current in 1 conductor = 100A
Current of 6 paths in parallel = 6 x 100 = 600A

(b) Wave wound. A =2

. . total conductors 498
Conductors in sefies = ———8 —————=—— = 249

parallel paths 2

E.m.f. of 1 parallel path = e.m.f. of machine
=1.5%249=373.5V
Current per parallel path = current in 1 conductor = 100A

Current of 2 paths in parallel = 2 x 100 = 200A

¢ = 30°, where ¢ is the angle of lag between the voltage and the current - the
latter lagging the former.

The values of 10A and 220V as given can be assumed to be r.m.s. values. So the
maximum value of current is given by /= 0.707 | _(here | is the maximum value).
Sine-wave working is assumed.

ol = —9_ _ 14.14A

" 0.707

Alen V/=0707 V/ (mavimiim valia)
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220
or V. = ——— = 31108V
" 0.707

The voltage and current are written as:
v=V_sinwt

andi=1_sin (ot-¢) ¢ is in radians

At a frequency of 50Hz, time for 1 cycle = SLO seconds

(@) When the voltage is at a maximum, the ftime is for %cycleor

! = 0.005s

t =
4x50

Current at this instant is given by substituting in

i=14.14 sin (2750 % 0.005 - ¢)

ori=14.14sin (2 x 180 x 50 x 0.005 - 30). 7 and ¢ in degrees
= 14.14 sin (90 - 30)
=14.14 sin 60° = 12.25A

(b) At an instant 0.005s later t would be 0.01s

< i=14.14 sin (2 X 180 X 50 x 0.01 - 30)

ori=14.14sin (180 - 30) = 14.14 sin 150°

i=14.14sin 30° = 7.07A

"4
. From the information given, the impedance Z of the circuit is = Tor

7=220_ 0
10

The resistance R is 19.5{). Therefore the reactance X is obtained from X =

VZ? —R* =4[22 —19.5? =10.15Q
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Thus power factor = 0.44 (lagging), since circuit is net inductive

10.15 . T ;
Also X = 2mfl - L= = — 0.032H . Since the cn'.cwt is built upfrom wire of the szf\me. material and cross-sectional area,
then the resistances of various parts of the circuit are proportional to length,
30. From Faraday's law. The resistance of the diameter = 2 ohms
£ = N(&, t— D) ot . The resistance of the circumference = md = 2 ohms.
The resistance of 1/2 circumference = w ohms
_200x4(26x107° —0.1x107*)
B 0.2 N 1
The circuit is made up of a diameter and two — circumferences in parallel. .. if Ris
Induced e.m.f.= 1000V or 1kV 2
the circuit resistance —1- :-1——|-l+—1-= T+2+2 — 714
206 R 2 @ = 2 2xZ
31. Zofcoil = — = 20.6Q)
e 22428
o IR .
Also since P = IR, then R of coil = el 50 R 4 44 22
7

Thus reactance X of coil= VZ*> —R?

or X = /206 —5°

=19.98()

orR = -2—2 = 0.88()
25

With 220V applied across R, the current would be = %9— = 250A
0.88

7 of additional circuit = 50 Output of motor = 15kW

X of additional circuit = 4} (capacitive) 15
Input to motor = 7% kilowatts = 16 666W

. R of additional circuit= +/5* —4> = 30
i 16 666

Input current or current in cables= = 69.44A

Total resistance of circuit = 5 + 3 = 80

; 1
Resistance of is gi 3
Total reactance of circuit= 19.98 — 4 = 15.98() ce of cable is given by A

Note. The inductive and capacitive reactances have been subtracted. .
1.7%x107° x500
or R = %2 _ 08660

T (5x107%)?
4

Total circuitimpedance = +/8” +15.98° = 17.88()
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Voltage drop in cable = 69.44 x 0.866 = 60.14V

Input voltage at supply cables = 240 + 60.14 = 300.14V

Power output from cables
Power input to cables

Efficiency of distribution

240x69.44
300.14x69.44

=0.799 =79.9%

34. Here Z = 20Q and R=16Q . X =~/20> —16°= 120

Also X=2mflL=2xmxfx0.047 75 =12

12
2x 7w x0.047 75

Thus f =
=40Hz
The frequency of the supply is 40Hz.
35. Output of heater = 10MJ
also TkWh = 3600 x 1000 = 36 x 10° joules

10x10°

Now energy output of heater = ————
Ry DA 36x10°

= 2.78kWh

Energy input = M_:_ZLS = 3.27kWh
efficiency 0.85

energy  3.27
time 0.5

Power input = = 6.54kW
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Also,since P = PR = | xR x| = V x Z:.‘{i
R R
2
R=V
P
2
Thus R = 200 = 6.12Q)
6540
resistance _ 6.12

Length of element at 0.26 (}/m=

ohms per metre 026

=23.54

Current taken = 5:— = 32.7A

36. If 110V is maintained across the heater, the current will be s = 16.92A
6.5

At 50Hz reactance of coil = 2rfL

=2X7wx50x0.1=31.40
Impedance Z of complete circuit = m = 32.07Q)
Applied voltage for 16.92A = 16.92 x 32.07 = 542.6V
If frequency rises 5%, reactance rises 5%.

New reactance = 3,14 x 1.05 = 32.97Q)

New impedance — /6,52 +32.97° = 33.6Q

Circuit current = §i2——6— = 16.15A
33.6

ViAlfmama mcvanas hhambau _1£AC L £ F __ANANT _ ANCN [aimimune. \
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37. Total resistance of circuit=3 + 1 =40 Series resistance will be 125 — 0.75 = 11750

Reactance of circuit is given by X = 2mfL 39. Inductive reactance X, = 2#fL

orX=2xmx50%0.1=314Q0 ~
=2 x w50 x 100 x 107°

Circuitimpedance 7 — /4% +31.4% = 31650 orX, =314Q0

100

Current flowing = ——— = 3.16A 10° 10°
31.65

Capacitive reactance X, = =
2wfC 2x @ x50%20

=159.23Q)

38. Neglecting the field current, as it will be small Total effective reactance X = 159.23 + 31.4

Input power = VI or X =127.83() (capacitive)

=500 x 20 = 10 000W

Impedance of circuit 7 = /R? 4+ X2

= /10> +127.832 = 12830

40. Onnoload: £, =V~/R =200~ (2% 04)

3% of the input power = % x 10 000 = 300W

This is dissipated as heat in the armature, i.e. it is a copper or R loss.

.. IR, = 300 or 20°R, = 300 =200-0.8=199.2V

300 On full load: £, = 200 ~ (50 x 0.4) = 200 - 20 = 180V

and R . = 0.750

a

Asthisis a shunt motor, constant field current and therefore the same constant flux

The starting current with only armature resistance to limit the armature current: is assumed for the no-load and full-load conditions.

Since £ = kCIJONO andE, = k® N, and O =,

= 59% = 666.66A
Eo  k®,N, N.E
; 3 _ - —bo _ N. = —atho
Twice full-load current = 20 x 2 = 40A then £, kN, O £
. Total resistance required in the armature circuit to limit starting current to
500 This gives N, = 1200 x @03 = 1328 rev/min

40A = — = 1250
40
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2. A500Vinstallation consists of a synchronous motor taking 50kw working in parallel
with a load of 90kW having a power factor of 0.6 (lagging). If the power factor of the
combined load is 0.8 (lagging), find the motor’s power factor and reactive kVA.

3. A 175kVA, 6600/440V, single-phase transformer has an iron loss of 2.75kW. The
primary and secondary windings have resistances of 0.4 and 0.00150 respectively.
Calculate the efficiency on full load when the power factor is 0.9.

4. A shunt-wound generator has the following O.C. characteristic. If the actual
field-resistance value is half that of the critical field resistance, above which the
machine fails to excite, find the O.C. voltage. The em.f. when the generator is
operating at aload of 200A falls to 135V. Find the terminal voltage and the armature
resistance.

Field current (A) 0.5 1.0 2.0 3.0 40 5.0

0.C. voltage (V) 55 90 133 160 179 193

5. What are the units of length, mass and force in the Sl system of units?

A current of 12A produces a magnetic flux of 0.4mWhb in a coil of 60 turns. What
e.m.f. is induced in the coil if the current of 12A was reversed in 25ms? What is the
inductance of the coil in Henrys?

6. A 2-wire ring main, 2km long, is supplied at a point ‘X’ with 220V. At a point 'Y’
situated 400m from ‘X'there is a load of 110A. The resistance of 1km of single, main
conductor is 0.032(). Calculate the current in each section of the main and the
voltage at the load.

1. The rudder motor of a steering gear (Ward-Leonard type) is a compound-wound
machine, details of which are given below. From this information find: (a) armature
current, (b) the torque developed by the motor and (c) output power of motor.
Armature - volts 90, resistance 0.0288), rev/min 370. IR drop over armature is taken
as 8.5V. Shunt field - separately excited from 110V supply, resistance 65(), turns per
pole 1000. Series field - separately excited by a line current of 325A, 11 turns per
pole. Torque Nm = (armature current (A) X flux (kWb) per pole x 107 x 6.8) - 15.

7. In a supply, the voltage and current vary sinusoidally at a frequency of 50Hz,
the r.m.s. values being 311.2V and 70.7A respectively, at a power factor of 0.866
(lagging). Plot the graphs, for a single cycle, of the voltage and current in their
correct relative positions. From them, derive the instantaneous values of voltage
and current at 3, 6, 11 and 18 milliseconds from the time that the voltage passed
through zero, in the course of it increasing positively.

8. The moving coil of a permanent-magnet voltmeter is made of copper and has
a resistance of 5() when at 20°C. The instrument is connected in series with a
resistance of 995() at 20°C. Calculate the percentage error, high or low, of the
reading at 50°C, if the series resistance is made of (a) copper and (b) manganin. Take
the temperature coefficient of copper as 0.004 28/°C at 0°C and that of manganin

A 7zarn

M.m.f. per pole (At) 3000 {3500 {4000 |4500 |5000 {5500 | 6000
Flux per pole (kWb) 2500 | 2700 {2860 |2990 3100 |3190 |3275
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9.

10.

11.

12.

13.

14.

15.

The field windings of a motor consists of 8 coils connected in series, each cj|
having 1200 turns. The flux linked with each coil is 0.05Wb when the current j 5A
Calculate the circuit’s inductance and the value of the average em.f, induced, if th e.
current was cut off in 50ms.

A 550kVA, 50Hz, single-phase transformer has 1875 and 75 turns in the Primary
and secondary windings respectively. If the secondary voltage is 220V, calculate ()
primary voltage, (b) primary and secondary currents and (c) maximum flux valye

The armature and field resistances of a 220V shunt motor are 0.25 and 110 ohmg
respectively and, when running on no load, the motor takes 6A. Calculate the
losses attributable to iron, friction and windage and, assuming this value to remain
constant on all loads, determine the efficiency when the current supplied is 624,

Explain the principles underlying the necessity for the introduction of the term
‘power factor’ when considering A.C. machinery. An alternator is supplying a load
of 560kW at a power factor of 0.7 (lagging). If apparatus is installed that raises the
power factor to 0.8 (lagging), calculate the increase in power available for the same
kVA loading.

A heater unit of negligible inductance has a resistance of 6.5€) and is intended for
use with 100V mains. For what 50Hz voltage would it be suitable when placed in
series with an external device, of negligible resistance, having an inductance of
0.01H? If the frequency rises by 5% and the voltage remains constant, what would
be the resulting change of voltage at the heater terminals?

The magnetic field in the air gap of a 2-pole motor has a flux density of 0.8T.
The armature is wound with 246 conductors, each of 400mm effective length,
mounted at 150mm effective radius, and at full load each conductor carries a
current of 20A. Assuming that the actual torque produced is equivalent to that
due to two-thirds of the number of conductors cutting the lines of force at right
angles, find (a) the torque in newton metres and (b) the shaft power developed
at 500 rev/min.

State briefly, the meaning of the expressions ‘star-connected’and ‘delta-connected’
as applied to 3-phase A.C. practice. What is the ratio of the maximum line voltage
to the maximum phase voltage in each case.

Determine the line current taken by a 440V, 3-phase, star-connected motor having
an output of 45kW at 0.88 (laaaina) power factor and an efficiency of 93%.
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. A battery is to consist of a number of cells connected in series. Each cell has an

e.m.f. of 1.5V and an internal resistance of 0.5€). The external load has a resistance
of 100Q) and requires approximately 2W for satisfactory operation. Determine how
many cells will be required.

. A battery comprises 6 cells each of emf. 2.2V and internal resistance 0.1(Q).

Determine the value of the load resistance connected when the battery delivers
maximum power and evaluate this maximum power.

. Ifan alternator supplies the following loads: (a) 200kW lighting load at unity power

factor, (b) 400kW induction-motor load at 0.8 (lagging) power factor, (c) 200kW
synchronous-motor load, find the power factor of the synchronous-motor load, to
give an overall power factor of 0.97 (lagging).

. A D.C. shunt-wound machine is run as a motor, being supplied with 55kW at 220V

when its speed is 500 rev/min. Find the speed at which this machine must be driven
to generate an output of 55kW with a terminal P.D. of 220V. The resistance of the
armature is 0.02€) and that of the field, which is the same for each case, is 110}

. A single-phase, 50Hz transformer, has a core with a square cross-section, each

side being 270mm. The transformation ratio is 3500/440V and the maximum flux
density in the core is not to exceed 1.4T. Find the number of turns of the windings
required if the frequency is 50Hz.

. A 500V, 3-phase alternator supplies a balanced delta-connected load in parallel

with a balanced star-connected load. The delta load is 30kW at a power factor of
0.92 (leading) and the star load is 40kW at a power factor of 0.85 (lagging). Calculate
the line current and the power factor of the supply.

. A 440V shunt motor takes an armature current of 30A at 700 rev/min. The armature

resistance is 0.7Q. If the flux is suddenly reduced 20%, to what value will the
armature current rise momentarily? Assuming unchanged resisting torque to
motion, what will be the new steady values of speed and armature current? Sketch
graphs showing armature current and speed as functions of time during the
transition from the initial to the final steady state condition.

. A load takes 250A at 240V and a power factor of 0.8 (lagging) from a 50Hz supply.

The supply cable is then operating at its full rating. Find graphically, the additional
power which might be supplied, without the cable exceeding its rating, when a

R0NiIF Fanaritnr ic rnnnactad arrncs tha load.
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24.

25.

26.

27.

28.

29.

30.

Two shunt generators work in parallel. Each has an armature resistance of 0.0150,
and a shunt-field resistance of 85(). Machine A is excited so that its em.f. is 600V,
while the other machine B is excited so that its em.f. is 620V. What is the outpuyt of
each machine when they jointly supply a load of 2500A and what is the bys bar
voltage?

A 230V motor, which develops 10kW at 1000 rev/min with an efficiency of 850,
is to be used as a generator. The armature resistance is 0.15(} and the shunt-fig|q
resistance is 220Q. If it is driven at 1080 rev/min and the field current adjusted to
1.1A, with a shunt regulator, what output in kW may be expected as a generator, i
the armature copper loss was kept down to that when running as a motor?

Two coils are connected in parallel across a 220V, 60Hz supply. At the supply
frequency, their impedances are 16Q) and 25() respectively, and their resistances
are 30 and 7Q) respectively. Find the current in each coil, the total current and the
total power. Draw a complete phasor diagram for the system.

A shunt-wound generator has a magnetisation curve given in the table below. The
total resistance in the field circuit is 20€) and the armature resistance is 0.02(). With
the machine on load, estimate the e.m.f. generated and the armature current when
the terminal voltage of the machine is 140V.

Field current (/) — amperes 1.2 |28 |50 70 |77 20 |11.0

Generated e.m.f. (E) - volts 46 88 126 149 | 154 162 | 168

A 12-pole, 3-phase, delta-connected alternator runs at 600 rev/min and supplies
a balanced star-connected load. Each phase of the load is a coil of resistance 35Q
and inductive reactance 25(Q). The line terminal voltage of the alternator is 440V.
Determine (a) frequency of supply, (b) current in each coil, (c) currentin each phase
of the alternator and (d) total power supplied to the load.

A coil of 100€) resistance and 0.1H inductance is connected in series with a 0.14F
capacitor to a 230V variable frequency A.C. supply. Calculate the resonant frequency
and the P.D. across the capacitor at resonance.

Three D.C. generators connected in parallel, each supply a load of 640A to 2 set
of 220V bus bars. The em.f. of one generator is raised from 230V to 235V. If the
load and the resistances are constant, determine the current supplied from each
generator and the voltage at the bus bars.

31.

32.

33.

34.

35.

36.

37.

38.

First Class Examination Questions » 467

Abalanced delta-connected load and a balanced star-connected load are connected
in parallel to a 220V, 3-phase supply. The delta-connected load takes a total power
of 50kW at a power factor of 0.75 (lagging), and the star-connected load, 40kW at a
power factor of 0.62 (leading). Calculate the power, volt amperes and power factor
of the supply.

A section of supply cable AB 1km long has a fault to earth such that, when end B is
disconnected, the resistance measurement from end A to earth is 5{0. When end
A is disconnected, the resistance reading from end B to earth is 3€). The length
of the cable AB has a resistance of 4() when intact. Find the distance of the fault
from end A.

A series-connected D.C. motor has a field and armature resistance of 0.1() and
runs at 600 rev/min when taking a full-load current of 100A from a 210V supply.
Calculate the speed of the motor when the torque is reduced 75%.

Each phase of a star-connected load consists of a resistor of 14} in parallel with
a 400pF capacitor. Calculate the line current, power and power factor when the
above load is connected to a 440V, 60Hz, 3-phase supply. What power would be
dissipated in the load, if it is reconnected in delta?

A ring main, 900m long, is supplied at a point A at a P.D. of 220V. At a point R,
240m from A, a load of 45A is drawn from the main, and at a point C, 580m from
A, measured in the same direction, a load of 78A is taken from the main. If the
resistance of the main (lead and return) is 0.25Q) per kilometre, calculate the current
which will flows in each direction round the main from the supply point A and the
PD. across the main, at the load where it is lowest.

A non-inductive coil of 6€) resistance is connected in parallel with an inductive
coil of 3Q) resistance and 9€) impedance at 50Hz. If a P.D. of 110V is applied to the
terminals, find the current in each coil and in the mains. If a capacitor of 600uF is
connected in parallel with these coils, calculate the total current.

A 3-phase transformer has 560 turns on the primary and 42 turns on the secondary.
The primary windings are connected to a line voltage of 6.6kV. Calculate the
secondary line voltage when the transformer is connected (a) star-delta or (b)
delta-star.

Two batteries, of e.m.f.s 220V and 225V and internal resistances of 0.2Q) and 0.3()
respectively, are connected in parallel to supply a load resistor of 10(). Find the
current supplied by each battery and the terminal voltage. ’
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39. A kettle, when connected to a 220V D.C. supply, boils 1 litre of water initial}
11°Cin 3.5min. Calculate the percentage time difference when the water js boile
by connecting the kettle to a 220V, 50Hz A.C. supply. The inductance of the g o d,
of 0.05H. One litre of water has a mass of 1kg and its specific heat capacity nt
4.2kJ/kg°C. 3

Y at

40. In a shunt motor the 4 field coils are connected in series. Each coil is woyng 8
give 750 ampere-turns, the length of each turn being 450mm. At the safe Working
temperature, there are 45W dissipated at each coil. If the supply voltage is 2y
find (a) the field current, (b) the diameter of the wire and (c) the length of wire in'
each coil. Take the resistivity of copper as 2.0 x 19-Qm.

1. This problem requires some understanding of the electrical connections of a
Ward-Leonard (1861-1915) motor control system which enables a D.C. generator
to drive at constant speed, ideal for lift systems and one which is still in use today.

Armature-resistance voltage drop 8.5V R, =0.0288Q

e 8.5
o 0.0288

= 295.15A

Shunt-filed current f; = ]61?02 1.692A

Shunt ampere-turns/pole = 1.692 x 1000 = 1692
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Series ampere-turns/pole = 325 x 11 = 3575

Total ampere-turns/pole = 1692 + 3575 = 5267

Plot the graph. From this @ = 3150 kilo webers per pole.
From the given expression:

T=295.15%3150%x 10*%x 6.8~ 15=617.2Nm

= 24kW

2uNT  2xmwx370%x617.2
Output power = = =

60

. Total active power of combined load, P= 50 + 90 = 140kW

140 140
Total apparent power of combined load, 5= Foovy v 175kVA

os¢
Total reactive power of combined load, Q= 175 x 0.6 = 105kVAr

Active power of original load, P, = 90kW

90 920
Apparent power of original load, S, = et 150kVA

os¢
Reactive power of original load, Q, = 150 x 0.8 = 120kVAr

Thus the reactive power is reduced by 120 - 105 = 15 kVAr and this kVAr figure is
that of the motor, Q, operating at a leading power factor. Thus reactive power Q
of motor = 15kVAr

2

Also apparent power of motor, S, = /50> +15% = 52.2kVA

h_ 30 _ 096 (leading)

Power factor of motor =%
S, 522

. Although the transformer has not been dealt with in any detail in this book, this
problem can be worked from first principles.

i e o P o output output

Solutions to First Class Questions « 471

In a transformer there are no rotational losses and the expression can be written:

_ output (kW)
= output (kW) + copper loss (kW) +iron loss (kW)
Thus = kVA cos ¢
kVA cos ¢+ P +F.

HereP_ = 2.75kW

Now primary current — i OOO: 26.51A
6600

26517 x0.4
i loss = —————~=0.2812kW
Primary copper 1000

175 000

Similarly, secondary current = = 397.7A
397.7* x0.0015
Secondary copper loss= ——————= 0.237kW
1000
175x0.9

Thus M = o 09 1 (028121 0237) + 2.75

= 0.98

Efficiency on full load = 98%.

. The OC. characteristic is plotted as shown and a tangent drawn. The resistance value

obtained from this tangent is the critical resistance. Consider a field current of 1A.The
voltage value for this current, reading off the critical resistance lineis 120V. The critical

resistanceis = L2 120Q).
1
. 120 .
According to the given data, the field resistance is T: 600 and the required

0.C. voltage is obtained, by taking any field-current value, say 2A, and finding the
voltage value for this current. Thus 2 X 60 = 120V. Plot this value and join the point
to the origin to obtain the field voltage-drop line. The intersection with the O.C.C.

R T PR 1 ALNd
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A Figure 1
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Again, from the 0.C.C,, an em.f. of 135V requires a field current of 2.1A. It must be
remembered that the field resistance has not been altered and is 60Q). The voltage
necessary to maintain 2.1A through this field resistance is the terminal voltage.

Terminal voltage = 2.1 X 60 = 126V
Armature voltage drop =135 - 126 = 9V
Also9=IR,

9

R, = ————=0.0450
200+2.1

Note. I, = line current + shunt-field current.

N(D, — D))

. Using the expression E,, = :

_ 60[(04x107*)—(-04x107")]

We have E._. volts

Solutions to First Class Questions » 473

orE =1.92v.
Also E_ =L x average rate of change of current

12

or192 =L x LThus 192= LX ————=
t 12.5x%10

Note. The time taken for the current to fall to zero has been taken.

=3
so, L = 1.92><1;'25><10 — 0.002H

The inductance of the coil is 2mH
L can also be found from first principles, as the inductance value is determined

from the flux-linkages per ampere

N® _ 60x0.4x107
I 12

Thus L = = 0.002H

. Let/bethe currentin the short section of the ring, i.e. in the 400m length. Therefore

(110 - ) is the current in the (2000 - 400) = 1600m length.

Resistance of 400m of cable (double conductor)

_ 0032x800
1000

= 0.0256()

Resistance of 1600m of cable
=0.0256 X 4= 0.1024()

Since points X and Y are connected by both sections of the ring, it follows that the
voltage drop in the shorter section = the voltage drop in the longer section

or/x0.0256 = (110-1/) x 0.1024.
and 0.0256/=0.1024 x 110 - 0.1024/
or0.128/=0.1024 x 110

< 1=88A

Criveant in chnartar cartinn — QQA
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Current in longer section = 110 - 88 = 22A
Voltage at load = 220 - (88 x 0.0256) = 217.75V

7. Cos ¢ =0.866. .. ¢ =30°C. Thus current lags voltage by 30°.

311.2

Maximum value of voltage = =440V
0.707

Maximum value of current = ZP-Z =100A
0.77
Time for 1 cycle = % second = 0.02s

Time for % cycle=0.01s

Since voltage is sinusoidal, then v = 440 sin (2 x 180 x 50 X t)
When t=0.001s, v = 440 sin (2 x 180 x 50 x 0.001)

=440sin 18°= 136V

When t = 0.002s, v = 440 sin 36° = 259V

Since voltage is sinusoidal, then t = 0.003s, v = 440 sin 54° = 356V
When t = 0.004s, v = 440 sin 72° = 418V

When t = 0.005s, v = 440 sin 90° = 440V

When t = 0.006s, v =418V, etc.

The voltage wave is plotted to a time base t, as shown.
Similarly for the current wave.

Sincei=100sin (2 X 180 x 50 x 1)

When t=0.001s, i = 100 sin 18° = 30.9A

When t =0.002s, i = 100 sin 36° = 58.8A

When t = 0.003s, i = 100 sin 54° = 80.9A

Whan +=N0N4c i — 1NN ein 77° — QK 1A

Solutions to First Class Questions « 475

I
Itage
100+ 400 s /L:’ 9
418
80T /1 \ | \Clirient
1 1) Nyl
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200 \
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A Figure 2

When t = 0.005s, i = 100 sin 90° = 100A

When t = 0.006s, i = 95.1A, etc.

Draw the current wave to a new scale with its zero displaced from that of the
voltage-time scale by 0.001 66s. Use the ordinates derived above for this new time

scale.

Note. If a time of 90° = 0.005s, 30° = 0.001 66s.

Read off the required answers from the original voltage-time scale on both the
voltage and current waveforms.

Thus when

t=3x 10°=0.003s, v=355Vandj=38A
t=0.006s, v=415V and i = 96A
t=0.011s,v=- 140V andj=25A
t=0.018s, v=-260V and j=93A

8. (a) Assume the meter indicates correctly at 20°C when the resistance is 1000€). Let
I, be the meter current at this temperature. Also let R, and T, be the resistance and
temperature at 50°C and let R, and T, be the resistance and temperature at 20°C.
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Then from the resistance to temperature relation,

4
New current I, = or as before |, =——A

1000.58 1000
R, _R(i+al) 100001+ a50)
R, R(+aT) "~ 7 (1+a20)
1 ' 1 " Ii: 1909 So new current /, = 0.9994/,
I, 1000.58

or R — 1000(1+0.004 28 x50)

2 1+ 0.004 28 % 20 - Percentage error, as deduced before,
andR,=1118.2Q - -

2 _h 0.19994I1 <100 — 1—0.9994 100

1

0 4 4
Nieter cUTant 2 0% = 118. whetel,= 1000 or percentage error = 0.0006 x 100 = 0.06% (low)

The voltage across the meter can be assumed constant. 8 Using the-exprassion;

Inductance (in henries) = flux-linkages per ampere
l, 1000

coA=——=orl, =0,
L Tigz o 2= 0894/, amperes

N® _ 8x1200x50x107°
B 5

Then L = = 96H

Now meter deflection is proportional to current
Also E_ = L x rate of change of current
difference in readings

.'. Percentage error =
true reading

%100
= 96><——5 — = 9600V

50x10
L—1 1, —0.894/
=S | =R = ~x100 Thus the value of induced e.m f. is 9.6kV.
1 1
10. (a) Although no work has been done in this book on the transformer, it can be
0.106/ stated that the voltages induced in the primary and secondary windings are in

Thus percentage error = ,__1 X100 =10.6% (low) direct proportion to their turns.

1

(b) If the series resistor is made from manganin, its value at 50°C does not vary and Thus Y = i3 orV,=V, x N

the resistance of the 5() copper coil is given byR, : N 1 TN,
R, _ R,(140.004 28x50) 1875 _ 220x25

= = X

2
"R, R,(1+0.004 28 % 20) Hence V, =220 % —

orR,=5.58Q and primary voltage = 5500V or 5.5kV

The resistance of the meter at ¢, is now 995 + 5.58 ohms = 1000.580) (b) The kVA rating applies equally to the primary and secondary sides.
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11.

kVA rating x 1000

Thus primary current = v
1

_ 5501000
5500

=100A

kVA rating <1000

Secondary current =
v,

_550%1000
220

=2500A

(c) This part of the question is answered by a knowledge of the em.f. formula for
the transformer. This is developed in Volume 7 but can be memorised.

Thus V, = 4.44®_fN, volts.

or5500=4.44 x (I)m X 50x 1875

5500

Thus ¢, = —————
2.22x100x1875

=13.2 X 102 webers

Maximum value of flux = 13.2mWb

: 220
Since I, = e 2A, then !, =1 -, =6-2=4A

Input power =220 X 6 = 1320W

Copper loss (armature ), IZR, =4° x0.25=16x

Copper loss (field), I}R, = 2> x 110 = 440W

Total copper loss = 444W

Rotational loss = 1320 — 444 = 876W. These are the losses attributable to iron,

e

12.

13.

Solutions to First Class Questions = 479

When the current is 62A, the input is 220 X 62 = 13 640W
The output = input - losses (all values in watts)
= 13 640 - copper losses ~ rotational losses
=13 640~ (60*x 0.25 + 22 x 110) - 876
=13 640 - (900 + 440) - 876
=13640-2216=11424W

11424
13 640

So efficiency = = 0.837 or 83.7%

A basic definition of power factor is that it is the ratio of the ‘active power’ to the
‘apparent power’ being expended in a circuit.

active power P
apparent power S

Thus power factor, cos ¢ =
or active power = apparent power x power factor
For the problem:

P=Scos ¢ or kW = kVA x cos ¢

Hence 560 = kVA x 0.7
’ 560
Thus apparent power supplied = o7 = 800kVA

With the power factor increased to 0.8 and the apparent power kept constant, the
new ‘active power’' = 800 x 0.8 = 640kW.

The increase in active power would be:

640 - 560 = 80kW

Resistance of heater = 6.5} Working voltage 100V

100

.. Rated current = = =15.38A

Reactance of coil, X = 2nfl

AvV v mvENVYNN1T =140
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14.

Impedance of circuit, Z = /6.5* +3.142

orZ=17.220)
Circuit voltage would be = 15.38 x 7.22 = 111.04V

Applied voltage should be 111.04V to give 100V on heater.

If frequency rose to 50 + [%6 X 50] = 52.5Hz, X would rise in proportion,

.. New reactance X, = 3.14 x -5%=3297Q

New impedance Z, = /6.5? +3.297

orZ =7.288()

New heater current = —‘—/—: 171,04 = 15.23A

Z,  7.288

New voltage across heater terminals = 15.23 x 6.5 = 98.995V
Change of voltage = 100 x 98.995 = 1.005V

Force on 1 conductor:

F = BI€ newtons

=0.8 x 20 X400 x 107 newtons = 6.4N

Force due to all active conductors
2
= §><246 X 64 = 164 x 6.4 = 1050N

(a) Torque produced = 1050 X 150 x 103 = 157.5Nm

2uNT

(b) Shaft power developed = Watts

2xmwx500%x157.5

N

= 8.24kw

Solutions to First Class Questions « 481

15. Output from motor = 45kW

45x1000x100

Input to motor =
93

watts = 48.4kW

But 3-phase power (watts) = /3VI cos ¢
. 484 x 10° = \/3x440 x | x 0.88

484x10°

= = 72A
1.732x440x0.88

16. Let n=the no. of cells in series.
Battery e.m.f.=n x 1.5 volts
Battery internal resistance = n X 0.5 ohms

Also since P = R, then for the load: 2 = x 100

2

orl = —= 0.1414A
10

Also for the circuit, current / is given by:

1.5n 1.5n
o

I = = r =0.1414
100+0.5n  100+40.5n
~ 1.5n=14.14 +0.0707n
or 1.4293n=14.14
giving n = 10 (approx.)
As acheck: | = L 0.143A
100+(0.5x10)

So power dissipated = 0.143% x 100
= 2.045W

or the given rating, 2W (approx.)
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17. Total internal resistance = 6 x 0.1€) = 0.6(). For maximum power; external |oaq 140~ Batk==0

resistance and internal battery resistance are equal. . R=0.60

Thus load resistance = 0.6Q
The second differential determines whether R is maximum or minimum value.
E 6x%x2.2

Load current | = =
R+R 06+06

d*(R+1.2+0.36R™) _da+o- 0.36R7?)
dRr? dR

=TA =072R>

. Maximum power P = I’R
. Since the second differential is positive, R is a minimum value.

=11?2%0.6
Thus when R = 0.6Q) P is a maximum value.

=72.6W
Calculate power as shown previously.

An alternative solution is possible using calculus.
P d " 18. (a) Apparent power S, = 200kVA  Reactive power Q, = S, sin ¢, = OkVAr

| = and P = I°R (b) Active power P, =400kW cos ¢, = 0.8 sin ¢, = 0.6
2 S, = R/cosd, = 0 500kVA
.P_[ E ]R_ ER 08
' R+R R+ 2RR + R’ .
Q, =S, sin ¢, = 500 x 0.6 = 300kVAr
_ E* (c) P_= 200kW
~ R+2R +R*R™
TR AT Total active power of loads, P = 200 + 400 + 200 = 800kW
13.2% _ P
= : Total apparent power of all loads, $=——
R+1.2+06°R™ cos ¢
_ 174.24 = 68%%- = 824.74kVA
R+1.2+036R™"

: ; Also cos ¢ = 0.97. .. ¢ = 14°4’and sin ¢ =0.234
Pis maximum when the denominator is minimum. Differentiate denominator with

respectto R. So reactive power of all loads, Q = S sin ¢ = 824.74 X 0.243

= 200.4 kVAr
. d(R+1.2+0.36R™")

dR

Thu

— _ -2
=1+ 0-036R Thus lagging kVAr value is reduced by 300 - 200.4 = 99.6. This must therefore, be

the leading reactive power Q_ of the synchronous motor. Apparent power rating
of motor '

=0 for min value
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S, = /2002 - 99.62

=223.3kVA

Power factor of motor, cos ¢. = 522930—3= 0.89 (leading)

19. Motor condition

Input power = 55kW Line current = A3l =250A
Field current = @ = 2A
110
Armature current = 250 - 2 = 248A
Back e.m.f.= 220~ (248 X 0.02) =220 -4.96
=215.04V
Generator condition
Output power = 55kW Line current = Lok 250A
Field current = 220 = 2A
110
Armature current = 250 + 2
=252A
Generated em.f. = 220 + (252 x 0.02)
= 225.04V
As e.m.f. is proportional to speed, then S804 N
215.04 500

22504

or N, = %500
218 N4

Solutions to First Class Questions » 485

Thus generator speed = 1.0464 x 500

=523.3 rev/min

. IfB_=14T and area of core =0.27 X 0.27 = 0.0729m?

Then® =14x0.0729= 0.102Wb

Substituting in the formula:

3500
V, = 4449 N, or N, = ———————
4.44x%0.102x50
= _ 3500 154.7 turns
2.22x10.2

or primary turns = 155 (approx.)

440 N,
Secondary turns = ——=—=
3500 155

or N, = 155 x %:19.Sturns

Thus secondary turns = 20 (approx.)

. Delta-connected load

Active power, P, = 30kW at a power factor or 0.92 (leading)

.. Apparent power, S, = 639% = 32.61kVA

cos ¢ =092 ... ¢ =22°56"sin ¢ = 0.3896
So the reactive power, Q, = 32.61 x 0.3896 = 12.7kVAr
Star-connected load

Active power, P, = 40kW at a power factor of 0.85 (lagging)

4
Apparent power, S, = O—SOE: 47.1kVA
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22,

cos ¢ =0.85 ... ¢ =31°37'sin ¢ = 0.5242
Thus reactive power, Q, = 47.1 x 0.5242 = —24.7kVAr

Note. -ve sign given to the lagging reactive power value to distinguish it from the
leading reactive power value of the other load.

Total active power on alternator, P = Pith
=30 + 40 = 70kW
Total reactive power loading, Q=Q, +Q,
=12.7-24.7
=—-12kVAr

So apparent power, loading on alternator is:

S = J70? +122

= 71.06kVA

NEYY]

Again 3-phase kilovolt amperes is given b
g P p g y 1000

1.732x500x/

Hence ———————=71.06
1000
orf = 1106X2 o5 in
1.732

Line current = 82.1A

P 70
Supply power factor = —=——=10.98 (lagging)
pply p T (lagging

The lagging condition is determined from the resultant -ve sign of the total
reactive power value.

Original conditions:

E =440~ (30x0.7) =419V

23.

Solutions to First Class Questions « 487

Original flux condition @,
Final flux condition: ®, = 0.8®,,
Assume no speed change then since generated e.m.f. is proportional to flux:

new £_value =0.8 X 419 = 335.2V

E,

and momentary current is given by amperes

a

orl = M: 149.7A

: 0.7

If the final torque condition T, = original torque T, and since torque is proportional
to flux and armature current, then

T =k,

Thuswe canwrite T, =T, or k®@.| = k®,/ ,

and [ = (I)1Ia1 - (I’1Ia1 :;"3_;0_
: ®, 08P 08

=37.5A

New armature current will be 37.5A
New back em.f.=440-37.5x 0.7
=413.75V

Also since E, o< ®N

s 8O N
We can wirte E = N, or 41375 _R8DN,

E, k&N, 419  ®700
SoN, = M:BMA rev/min
419x0.8

Original power transmitted by supply cable is given by:

240x250x0.8
1000

P =Vicosd = = 48kW
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Current taken by a 800pF capacitor is given by:

1T 10°
2wfC 2xwx50% 800

174
I. = Z where x_ =

2

Thus X, = —21?01—5 =3.98 =40 (approx.)

and capacitor current = 2—:9 =60A

There are now 2 currents, | = 250A, lagging the voltage by 36°44” (Note cos 36°44’
= 0.8) and /. = 60A, leading the voltage by 90°. The problem calls for a graphical
solution. Draw a voltage ordinate horizontally. Choose a suitable current scale
and, from the origin, i.e. left-hand point of the voltage ordinate, draw I, to scale,
vertically up. Next from the origin draw I, to scale below the voltage ordinate by
36°44’. Complete the parallelogram for the current vectors, draw and measure the

resultant current for magnitude and phase. This part of the problem is worked out
here mathematically.

Thus | = /12— =2/, cosb

= 250% + 607 — (2% 250X 60 % c0s53°16)
=2194A

Assuming the same power of 48kW was being supplied, the new power factor of
the supply would be obtained from:

480 000

P, =Vlcos¢,orcos ¢, = Py

=0.91 (lagging)

The question is not clear as to the final loading conditions but it is assumed that

this power-factor condition of 0.91 (lagging) is maintained. The maximum current

would be limited to 250A and the power transmitted would be P
240x250x0.91

Thus , = ————""_ kilowatts
1000

= 54.6kW

24.

Solutions to First Class Questions = 489

Additional power, P, - P, = 54.6 - 48 = 6.6kW

Although the parallel working of generators has not been considered in this book,
this more testing problem can be solved by a direct application of Kirchhoff's laws.
Thus, let /, be the current output from machine A and I, the current output from
machine B. Let V = the common bus bar or terminal voltage.

Then I, + I, = 2500A and 2 voltage equations can be built up as follows, since

v v
la =t goandla=h +—

Thus V=600~ 0.015/,,

and V=620-0.015/,

orV

600—0.015 |/ +—V—]
’ A 85

orV

620 oo15{/ +!—]
’ ® 85

0.015V <
giving V = 600—0.015/, — v v )

015V
v =620—0.015/B—9—Oi ()

Subtracting (i) from (ii),

0=20-0.015/, +0.015/, or 0 = 20 - 0.015(, - ,)
and 0= 20-0.015 [/, - (2500 - /,)]
=20-0.015[/, - 2500 + /]

=20-0.03/,+37.5

Thus I, = ——3702 =1916.66A

I =728NN - 191A AR = 583 R4A
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25,

From (i) V — 600 — (583.34 x 0.015) — 0'(:55 Y
= 600 — (5.8334 x15) — 0015V
85
orV = 600 — 875 — V1SV
Whence V + O'(: 5‘/:—-591.25
.. 85/ +0.015V
giving e =59125
85
or 85.015V =591.25 x 85
s ¥ = 591.25x 85
85.015
Thus V= 590.75V
Output of machine A = Fa e = 344.6kW
1000
Output of machine B = —191—661—%;;5& =11.32kW

Note. Although the kW rating of B is correct for the values given in the question, it is high
for the accepted sizes of D.C. machine. The bus bar is a common term used in electrical
power distribution. It is a strip or bar of metal (usually aluminium, brass or copper) that
conducts electricity in switchboards, substations, distribution boards, battery banks or
other such electrical system. Its main purpose is to conduct high current electricity,
in some cases tens of thousands of amperes. Their flat or hollow tube shape allows
heat to dissipate more efficiently due to their high surface area. Their one purpose is to
conduct electricity, and they do not function as structural members.

Motor output = 10kW

Motor input = 10 x %;9-:11.76kw = 11760W

26.

Solutions to First Class Questions « 491

11760
Current taken from supply = 555 =5131A

Shunt-field current, [, = L 1.045A
220

Armature current,/ =51.13-1.045 = 50.085A
Back em.f, E, = 230 - (50.1 x 0.15) = 222.5V
As a generator, speed is increased and flux is increased in proportion to the

shunt-field current.

L FE = 2225 %1980 11 _ 95508y

1000 1.045

Also since armature copper loss is the same as for the motor, armature current
must be the same = 50.1A.

. Terminal voltage, V= 252.98 - (50.1 X 0.15) = 245.47V

Output current=50.1 - 1.1 =49A

24547 %49

So output = =12.03kW

220
Let /, = the current in the first coil, then /, = N 13.75A

cosg, = %:0.187 o, =79°13'sin¢, =0.9824

220
I, = the current in the second coil, then /; = EYE 8.8A

cos, = 57—5: =0.28¢, =73°44"sin ¢, =0.96

Total active components, |, = (13.75 x 0.187) + (8.8 X 0.28) amperes

=2.57 + 2.464 = 5.034A
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Plot the O.C.C. and the field voltage-drop line by obtaining a typical value. Thus, for
a field current of 4A, the voltage drop would be 4 x 20 = 80V. Plot this point. Draw
a line from the origin through this point and produce the line to cut the O.C.C. The

induced e.m.f. is then 155V.

Total reactive components, I =(=13.75 % 0.9824)
= - (8.8 X 0.96) amperes

=-13.51-8448=-21.96A

Resultant current, | = +/5.034* +21.96> amperes

The voltage drop across the field is also the terminal voltage of the generator and
from a graph a terminal voltage of 140V is obtained when the field current is 7A,
i.e. read horizontally for 140V on the voltage scale to determine the corresponding

=22.53A field-current value on the field voltage line. This value is 7A. For this value of field
current however, the e.m.f. generated is 149V.
5.034 .
WP = ooy 28 {lagging) Also V=E~[R, . 140 = 149 - (I, x 0.02) or 0.02/, = 149 - 140
9
220x22.53x0.2 ivin armature current, I, = ——=450A
Power, P = 1000>< 33 kilowatts = 1.105kW Giving an u a 0.02

: . 28. A fundamental formula for the alternator and an A.C. supply is:
The phasor diagram for this problem can be considered as one of the basics for a i
parallel circuit and has already been illustrated several times.

f= PN where P = the number of poles.

27. The magnitude of the e.m.f. generated on O.C. is determined from the point where
the field voltage-drop line intersects the 0.C.C.

(a) Therefore f = 12126OO=60HZ
t
; , 440
200 (b) Since the load is balanced, the voltage across each phase, V, = f volts
= igh oy 4= Impedance of 1 phase of load, Z,, = /35 +25” ohms = 43.01W
8 Pedilis
z )4
w ~ ) For a star-connected load, current in 1 phase of load,
g Y
g 100 71 | =Line current, |
S y4Rpd ph : ’
O: J/ ,//
o J4AmY, 440
/ or |, = ——===0591A
50 VARy T 3x43.01
A/
/
Thus current in a coil = 5.91A
/
(c) Current in each phase of alternator,
0 1 2 3 4 5 6 7 8 9 10 11
Field current / (Amperes)
orl, = I —§'—91~341A
w = R

A Fioure R
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Let V= the bus bar voltage under the new condition.

(d) Power factor of load = cos ¢ = B B
Z 43,01
; 235V
. Then current supplied by generator No 1 = A
= 0.81 (lagging). —
64
and total power of load = /3V/cosd =64 (235-V)
_ R T Current supplied by generator No. 2 = (230 -V) 64 A

kilowatts = 3.65kW

1000 Current supplied by generator No 3 =(230-V) 64 A

1 Power supplied by the 3 machines =V (235-V) 64 +V (230 -V) 64 +V (230 -V) 64 W

29. Atresonance 27fL = ——
2wfC

=64 (235V - V?) + 2 X 64(230V - V?)

1 Now the original power supplied by 3 machines

f =
2'11'\/|I

=3 X 640 x 220 watts = 422 400W or 422.4kW

_ 1 . 3 X640 % 220 =64 (235V - V?) + 2 X 64 (230V - V?)

2m0.1x0.1x10°°

and 6600 = 235V - V2 + 460V - 2V

Resonant frequency = 1592Hz. At resonance there is no resultant reactance, i.e.R=Z or —3V? + 695V = 6600

V230 Thus V2 -231.66V +2200=0
R 100
Solving for V using the quadratic formula:
=23A

231,66 ++/231.667 — 4 %2200
B 2

\

1 1

T IafC 2mx1592x04x10 0000

(-4

_ 231.66+211.9 _ 44?;.56 — 22178V

P.D. across capacitor = IX.= 2.3 x 1000 = 2300V..
2

30. Before adjusting the em.f. of one of the machines, the e.m.f. of each machine is
considered to be 230V. The bus bar voltage is 220V. Voltage drop due to resistance
R of one machine and cables up to bus bars = 230 - 220 = 10V,

Thus bus bar voltage will be 221.8V

231-221.78
L
64

Current = 640A. Current of machineNo. 1 =

.. Resistance R of machine and cables = lO_ = —1— ohms
&aAN gA

=13.22 x 64 = 846A
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Reactive power, Q, = 66.66 x 0.6615

230—-221.78
1

64

Current of machineNo. 2 = =—44.1kVAr (lagging)

Star load

=8.22X 64 =526A
Active power, P, = 40kW

230-221.78
J
64
=8.22x 64 = 526A

Current of machineNo. 3 = cos ¢ =0.62 ¢ =51°41"and sin ¢ = 0.7846

Apparent power, S, = 0—42—2 = 64.5kVA

Check. Power supplied = (846 + 526 + 526) 221.78 Reactive power, Q, = 64.5 x 0.7846 = 50.6kVAr (leading)

=1898 x 221.78 W

Total power, P =P, + P, = 50 + 40 = 90kW
=421kW (approx.).

Total reacti ,Q=0Q, +Q,=-44.1 +50.6 = 6.5kVAr (leading)
Using the other root of the quadratic equation we have: Oftalreactive power, Q=Q, +Q, ( .

231.66-211.9 19.76
2

Apparent power, S = /90% 4 6.5? = 90.23kVA

V = =9.88V

90
=———=0.988 (leadi
90.23 e g)

Current of machine No. 1 = (235 - 9.88) x 64
Power factor =

wnlo

=225.12 X 64 = 14 408A

Current of machine No. 2 = (230 - 9.88) x 64 32. Let the resistance of the fault be R ohms

=220.12x 64 = 14 088A Since the cable resistance itself is 4 ohms, then (Resistance of end A to earth - R) +

(Resistance of end B to earth - R) = 4

Current of machine No. 3 as for No. 2.

The above conditions though theoretical, would relate to a bus bar voltage of Or5-R+3-R=40r8-2R=4

9.88V and could be imagined as the result of a‘short-circuit’ at the bus bars, where
the power of 422kW could be assumed to be dissipated.

giving 2R=4orR=20Q)

i i jonal to length.
31. Delta load It can be assumed that for a cable, the resistance is proportional to leng

Active power, P, = 50kW cos ¢ = 0.75 Then from end A to fault = 5Q and the fault resistance is 20

Hence ¢ = 41°25’ and sin ¢ = 0.6615 . cable length must have a resistance of 30.
50

4 Thus fault must be %xwoo = 750m from end A. Practically this is a useful
0.75

Apparent power, S, =
technique to know!

Fr rAlvan
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33. The torque of a motor T =< @/, and since, for a series motor, @ o< [,and /= / = I then

34,

T « 2orT= ki
On full load

E,=V-1R=210-(100% 0.1) = 200V
When load torque is reduced to 25% of full-load value, then 7, = T, x + where, T

is the new torque and T, the original torque.

y Kl 1 ]

—_——= 0 == —
e T e " s

12 / 10
ILZz— L41 ori, = ;z 20_50A

On new load condition

E,, =210~ (50 x 0.1) = 205V

E, k®N, 205 50 N.
As E, « ®N then = —=-—7—" Thus — = ———2—,
° En KON, 200 100600

Note that field current l.=1,=1 is now substituted for flux, since ® o L.
Thus N, = —;—g—g X600 x 2 = 1230 rev/min.

Speed of motor on 75% load torque = 1230 rev/min

106

— = 6.63()
2nfC  2xmwx60x400

Reactance X_of capacitor =

Since the load is balanced:

440
The voltage across a phase, V,, = 75— =254.5V

Solutions to First Class Questions « 499

Current in the resistor [, = _25£

14
= 18.18A, in-phase with Vin

. 254,
Current in the capacitor /. = 2553

6.63
= 38.38A, leading Vph by 90°

Let/, = the resultant of 18.18A and 38.38A which are in quadrature

1, = 18.18? +38.38

= 42.45A. This is also the line current since the load is star connected .. = 42.45A

/ 18.18

factor of load= cos ¢ = L =——
Power factor of lo () Iph o
=0.43 (leading)

Power of load, P = +/3V/ cos ¢

—+/3x440 x4245 x 043 watts = 13.9kW

If the load is in delta, the current per phase would rise in the proportion of

440

or = /3 x original Lo
2545

= /3 x 4245 amperes
The line current would be \3 times this new phase current.

. New! = +J3x+/3x4245 = 3 X 4245 = 127.35A
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35.

The power factor of the load will remain the same

S0 NeW power, P = 3Vl cos ¢ = /3 x440 x 127.35 x 0.43 watts = 417y
Total load = 45 + 78 = 123A. Length BC i (580 - 240) = 340m, Let the current i the
remaining 320m section AC be lamperes:

Then current in section AC =/ amperes

Then current in section AB=(123-)) amperes

Then current in section BC = (123 -/-45) amperes

=(78 - 1) amperes

Resistance of section AC — ——=x320 = 0.080)

Resistance of section AB = 2:2>. X240 = 0.060)

0.25x340
1000

Resistance of section BC — =0.085()

By Kirchhoff’s laws, the voltage drops in either section of the main feeding the load
at Care equal.

~ 1% 0.08=(123 -1 0.06 + (78 - /) 0.085
or8/=6(123-/)+8.5(78- |
giving 8/= 738 - 6/ + 663 - 8.5/

0r 22.5/=738 + 663 = 1401

Thus current /in section AC = 124151 =62.27A

Current in section AB = 123 - 62.27 = 60.73A
Current in section BC = 78 — 62.27 = 15,73A
PD. at point C = 220 - (62.27 x 0.08)

=215V

Solutions to First Class Questions = 501

PD. at point B = 220 - (60.73 x 0.06)

=216.36V

PD. atload Cis lowest = 215V

36. Let non-inductive coil of 6€) be designated branch A.

Then

= 11g9=18.33A cosd, = 1sind, =0

Iy =

Let inductive coil of impedance 9€) be designated branch B

110
Then f, = —==1222A

cosd, = §= 0.33 (lagging) sin ¢, =0.943

Resolving in active and reactive components
l,=1,cos¢,+1,cosd,

=18.33X1+12.22x0.33=18.33 +4.033 =22.363A

and/ =-1,sin ¢, -/, sin ¢,

=-1833%x0-1222%x0943=~-0~11.52=-11.52A

ool = 2236% +11.52% =25.2A

Thus current taken from mains is 25.2A

With capacitor of 600uF connected in parallel:

X T _ 10° —530
7 2mfC 2xwx50%x600

110
Current/. = 75-5—=20.75A
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Resolving asbefore, active component/ remainsthe same butthereactive component
1 =20.75-11.52=9.23A and is now vertically upwards, i.e. leading V by 9¢°.

Resultant current | = +/22.36% +-9.232 = 24.0A

37. The turns ratio per phase of the transformer are 560 to 42 or E@:@ . The
2
voltages per phase will be in the same proportion.
(a) With the transformer connected, primary in star and secondary in delta, then:

6600

Primary voltage per phase = volts
V3

Secondary voltage per phase = ——(1619— = 286V
V3x13.33

But for a delta connection, line voltage = phase voltage
orV= Vph =286V
(b) With the transformer connected, primary in delta and secondary in star, then:

Primary voltage per phase = 6600V

Secondary voltage perphase = %039 = 4954V

But fqr a star connection, line voltage = /3 phase voltage or
V =BV, = V3x4954 = 858V

38. Let V= the terminal voltage, I, the current given by the 220V battery and /, the
current given by the 225V battery. The following equations can then be set down.

220-02/,=V... ()
225-03L,=V... (i)

and 100/, + L)=V... (i)

Solutions to First Class Questions « 503

Subtracting (i) from (i) we have:

225-220-0.31,+02/,=0

5402
Thus 5 = 0.3/, —0.2};, orl, = o3

Using (ii) and (iii) we can write:

225 - 0.3/, = 101, + 10/, and substituting forl,

5+0.2/ 5+0.2l,
225—0.3[ o 1]=10/1+1°[ 03

50 +2/,
0.3

Thus 225—5-0.2/, =10/, +

and (220 0.3) - 0.06/, = 31, + 50 + 2/,

or 66— 50 = 31, + 2/, + 0.06/,

16

Hence 16 = 5.06/, [ = S06=3.16A

_ 5402 5+0632 5590
Also I, = 03 03

and V=10(/, +/)=10(3.16 + 18.77) = 219.3V

i i cit
30, Heat received by the water = mass X temperature rise X specific heat capacity

=1x(100-11) x 4.2 kilojoules = 373.8kJ

i |
. Energy put into water = 373.8k) and assuming an efficiency of 100% for the kettle!

Then the energy taken from mains = 373 800J

ldb 373 800
With a D.C. supply, the current taken would be 370 %3.5%60

arl=8.09A
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.. Length of wire = 450 x 916.86 = 412 587mm

and the resistance of the kettle element = 81229 =27.19Q =412.6m
On A.C, the reactance X of the kettle becomes effective. pl 220 N
(b) Since R = " and R= Txg
S X=27fLl=2%x7x50x%0.05=15.7Q
=67.22Q
Hence 7 — /27,19 +15.7* =314Q
-8
Then A = 86_2X10 x4128 _ 453 4 107 m2
; 220 R 67.22
Thus with an A.C. supply, current taken will be h
wd’ ; ;
or123x 10°% = where d = diameter of wire
4

orl = —?2—:7.06A
3.14

The input power will be given by P = PR e g e 12.3x107° x4
orP=7.062x27.19 = 1355W "
The time taken to produce 373 800J is given by: iving & = 1582 o g JF?_Z -
10 10 10
= 3:2:;)0 =275.7s or diameter of wire = 3.95 X 10 x 10°mm

=0.395mm
The percentage time difference between heating with A.C. instead of D.C. would be:

276—-210
210

=0314 = 314%
40. (a) Total power dissipation of coils = 4 x 45 = 180W

If applied voltage = 220V, then field current t = 60

220

or/.=0.818A

(c) No. of turns per field coil = L9 916.86
0.818

Length of turn = 450mm




INDEX

absolute permeability 127

absolute permittivity 205

acceleration due to gravity 27-8

accumulator 95-7,101

active power 267-8, 280

alkaline cell (nickel-iron and nickel-
cadmium) 98-104

alternating current (A.C.) 213-20, 220-32

alternating current (A.C.) circuit 234-73

alternating em.f. 181,182,183

alternator 162, 168

ammeters 18-22

ampere 7,27,29-30, 83,122

ampere hour 30, 100

ampere-turn 125,313

amplitude 216

angular velocity 215,216

anions 77

anode 72,77,106

apparent power 247,267,279,280

armature 299-303

armature core 299

armature reaction 312,318

armature windings 300, 302-5

artificial magnets 111-12

atomic number 2

atomic theory, of conduction 65

atomic weight 83-4

atom structure 2-4

average values 229-31

back em.f. 86-9,330
balanced load 289
batteries 93-104
bearings 302

B-H curve 137-41

British Association for the Advancement of
Science (BAAS) 26
brushes 302

cable insulation resistance 55
capacitance 199-211,248-54
capacitive impedances 256-7,271-2
capacitive reactance 236, 249-54
capacitor 197,199

capacitor current 202-3
capacitor systems 200-1
capacity, of cell 100-2

cathode 72

cathode ray oscilloscope 72
cathode ray tube 5

cathodic protection methods 106
cations 77

cellemf. 91-2

cells, grouping of 38-44
charging current 102-4
chemical equivalent weight (C.EWt) 84-6
choke 235

circuit (A.C.) L 237

circuit (A.C)R 236

circuit (A.C)Rand C 252

circuit (A.C)Rand L 244,245
circuit laws 7-18, 86

coercive force 151

coils in series 171-3
cold-cathode discharge lamp 73
commutation action 183-5
commutator 302

composite magnetic ring 141-50
compound 2
compound-connected generator 321-5
compound motor 335, 342
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electrical characteristics 342-4
mechanical characteristics 343, 344-5
condenser 199
conductance 10
conduction 65,71-2
conductivity 69-70
conductor 191
conductor resistance
variation, with dimensions and
materials 46-50
variation, with temperature 50-4
constant current method 102
constant voltage method 102
copper loss 336, 352
copper voltameter (copper sulphate
solution) 81-2
corrosion 105-8
Cosine Rule 222,295
coulomb 30-1,197
coupling factor 170-1
covalent bonding 67
critical resistance 317-18
crystal lattice 67-9
cumulative connection 322, 335,342
current
as electron movement 4-5
equation 331
law 9-10
unit 29-30
current carrier 70,76,117-19,121-3, 134
cycle 215,226

D.C. circuits
capacitor in 208-11
transient effects in 208
D.C. generator 182,298-310
characteristics 308
machine construction 298-303
types 311-22
D.C. machine efficiency estimation 351-4
D.C. motor 328
characteristics 338-46

direction of force 328-9
direction of magnitude 330-3
equations 335-8
motor starters 347
speed control 347-54
types 334-5
delta connection 291-2
depolarisers 93,94
derived unit 27
dielectric 194; see also relative permittivity
differential connection 344-5
discharge lamp 73
drum winding 186-8
dry cell 93
dynamic electricity 191
dynamic induction 174-80

eddy current coefficient 154
eddy-current loss 153-4, 352
effective value 225-9
efficiency 35-8
of cell 100
D.C. machine 351-4
electrical connection, types of 321-2
electrical energy
and heat energy, relation between 61-5
and mechanical energy 34-8
electrical units 29-34
electric charge 191,193
electric circuit 5-7,25-44
electric field 2, 190-1, 196-7
electric flux density 197
electric potential 198
electrochemical corrosion 105-8
electrochemical equivalent (E.C.E.) 82-3
electrochemical series 92
electrochemistry 75-108, 161
electrode 70, 77-9, 81
electrolysis 76-9
laws 82
electrolytic cells 79-89
electrolytic dissociation 76

electromagnetic circuits 132-59
electromagnetic compatibility (EMC) 56
electromagnetic induction 161
laws 163
types 163-88
electromagnetic pulse (EMP) 72
electromagnetism 116-19
electromotive force (em.f) 4,5,7,12,13,17,
31, 38,78, 161, 237
back 86-9,330
cell 91-2
D.C. generator 306-7
D.C. motor 330
due to dynamic induction 176-8
induced 178-80
due to static induction 166-8
electron emission 72
electrons
significance of 2
valence 3,66
electron theory 1-7
electron volt 66
electroscope 192
electrostatics 190, 191-7, 199-211
flux 197
element 2
energy 28,31-3,59
energy, stored in magnetic field 151,152
energy bands 66-7
energy levels 66
energy stored in electrical field 203-4
equivalent resistance 14,16
European metric system 25-6
exponential curve 209

farad 199

Faraday’s law 82, 163, 237, 306, 330
ferromagnetism 136-7

field arrangement, types of 322
field coils 299

field control 347-8

field system 298-9
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Fleming’s right-hand rule 178,179
flux density 114,123,127,133
flux density unit 123
flux lines 113-14,121,122,134,183,
196, 197
flux-linkages 162,163
flux unit 123-4
force 27-8,121
electric 196-8
lineof 113,122
magnetising 124-5, 134-6
form factor 231
frequency 215-16
friction loss 35, 150,352
full-scale deflection (F.S.D.) 20, 21,22

galvanic action 105
gaseous conduction 70-2
gel cell 94

grouping, of cell 38-44

half wave 406

hard steel 120

heat energy 58, 59-65
heating effect 58
Henry 127

hertz 215

hole 70

hysteresis loop 151-3
hysteresis loss 153

impedance 234-7

in parallel 269-72

in series 255-7
Imperial system 25
impressed current 106-8
induced emf. 178-80
inductance 237-48
induction charging 194
inductive impedance 255-7,269-72
inductive reactance 235,237-48
inductor 235,239

H
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instantaneous value 216

Institution of Electrical Engineers (IEE)
Regulations 56

insulator 191

insulator resistance 54-8

internal resistance, of supply source 12

International Electrotechnical Commission 26

interpoles 298

ionisation 5,71,72, 104

iron core 119-24

iron losses 150-4

joule 27,28

kilogramme 27
Kirchhoff’s laws 9-11, 38, 40

lap winding 303, 304

lead-acid cell 96-8

leakage coefficient 148

leakage currents 54-5

leclanche cell 94-5

left-hand rule 328-9

Lenz'slaw 163,179, 237

lines of flux see flux lines

liquid conduction 71

load characteristic 311,312,318, 319, 322

magnet 112-16
electromagnetism 116-19
iron core 119-24
types 110-12
magnetic circuit 124-30, 308-10
parallel 142
series 142
magnetic field 112-15,121-2, 124-5
magnetic field strength 123, 124, 133
magnetic flux 114,125,132, 133, 161-2,
213,328
magnetic flux density 114, 123-4
magnetic fringing 147-8
magnetic hysteresis 310

magnetic induction 173-4

magnetic leakage 148

magnetic material 115,116, 120

magnetic saturation 137,138

magnetisation curve 137-41,310,314-19

magnetising force 124-5, 134-6

magneto-dynamo 180-8

magnetomotive force (m.m.f) 125-6,132, 134

maghnitude of force 122-3

mass 26,27

maximum power transfer coefficient 43-4

maximum value 151,171,214, 216, 231

Maxwell’s rule 117, 121

measuring electrode 105

mechanical and electrical energy, examples
relating 34

efficiency 35-8

mechanical and heat energy, relation
between 59-61

mechanical loss 150, 336

mechanical units 27-9

mercury-arc rectifier 229

mesh connection 291-2

metallic conduction 70-1

metre 27

metre, kilogramme and the second (MKS) 26

mid-ordinate rule 226,227, 231

molecular theory 115-16

molecule 2

mutual induction/inductance 167,
168-70,171

natural magnets 110~11
neutral 288

neutron 2

newton 27-8,176
nucleus 2

ohm 7,33-4

Ohm's law 7-8, 38,78, 86

open-circuit characteristic (0.C.C);
see magnetisation curve

orbital electrons 2.3

parallel circuit 8-10, 269
parallel connection 40-1
parallel-plate capacitor 206-7
parallel resonance 273
passive loads 86
peak factor 231-2
peak value 216
percentage compounding 322-3
periodic time 215
permanent-magnet type, of generator 311
permeability 133,205
absolute 127
of free space 127-30, 133
relative 136-7
permittivity
absolute 205
of free space 205-6
relative 204-5
pH, meaning of 104-5
phase difference 218
phasor 214,216,221
phasor diagrams 219, 220, 225, 238, 239,
241-2,244, 259, 260, 261, 275, 280, 286
photoelectric effect 72
polarisation 78, 93,94
poles 110-14,298-9
polyphase working 285-8,291-3
balanced load 289
unbalanced load 289-90
potential difference (PD)) 4,5,6,12,31,
38,193
power
in A.C. circuit 266-7
single-phase 268
three-phase 292-3
unit 28
power equation 335-6
power expended, during electrolysis 89
power factor 235, 240, 247-8, 256, 257, 259,
293-4
power-factor improvement 273-6
advantaaes 276-9
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kVA method 283-4
primary cells 89-95
primary coil 166, 169
protons 2
pull, of electromagnet 154-9

quantity, unit of; see coulomb
quantum shells 65

range resistor 21-2
reactance 235
reactive power 267-8, 280
reactor 235
rectifier 229
reference electrode 105
regulation 277
relative permeability 136-7
relative permittivity 204-5
reluctance 138-41
remanence 151
residual magnetism 310
resistance
of electrolytes 88-9
of insulator 54-8
of semiconductor 58-9
temperature coefficient 51-4
unit see ohm
resistivity 48
resonance 260-3,273
resonant frequency 260, 261
right-hand rule 117,119
root mean square 225-9

S.l.system 26-34

sacrificial anode 106
saturation effect 138,308
secondary cells 89-93,96-104
secondary coil 137,169
self-excitation 314-19
self-inductance 163, 164-6
self-induction 167
semiconductor resistance 58-9
sensitivity, instrument 22-3
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separately excited type, of generator 312-13
series circuit 10,255-63
seties-connected generator 319-20
series connection 38-9
series motor 334-5
electrical characteristics 340
mechanical characteristics 340-1
series—parallel circuit 8-9,14
series—parallel connection 41-3
series resonance 260-3
shaft 302
shell 3
shunt 19-20
shunt-connected generator 313-19
shunt motor 334
electrical characteristics 338-9
mechanical characteristics 339
Siemens 11
Sine Rule 222
sine wave 182,214,216, 221
sinusoidal quantities 217-20
Sl system 26-34
softiron 121
solenoid 118-19
specific heat capacity 59-60
specific resistance see resistivity
speed control 332-3, 347-50
speed equation 331-1
star connection 286-8
starters (motor) 347
static electricity 75,191,192
static inductance 163-73
strength of field 198
subatomic particles 2
superconductivity 70
surface density 195
susceptibility 121
Swinburne test 351

temperature coefficient 51-4
terminals 6-7

tesla 114
thermionic emission 72
thermistor 58,59
three-phase Kva, kW, and

kVAr 293
three-phase systems 285-6
time constant 208
toroid 135-6
torque controlling factors 337-8
torque equation 337
transducers 19
transformer action principle 137
true power 247

unbalanced foad 289-90
units 29-34

valence electrons 3,66
valency 84

velocity 27

volt 31-3

voltage 7,12-18
voltage control 347,348
voltage equation 330-1
voltage law 9

voltaic cell 79,90-3
voltameter 79-82
voltmeters 18-23

water voltameter (sulphuric acid
solution) 79-80

watt 27,28

waveform, A.C. 212-17

wave winding 30

weber 178

weight 28

wet cell 94

windage loss 15(

work and energy,
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