ELEC 342: Electromechanical Energy Conversion and
Transmission

Homework 3 (Chapters 2 and 3 from the Textbook)

v Solutions only to Assignment Problems

Summary:

e Chapter 2: Problems P2.3, P2.9, P2.26, P2.32 from the textbook.
e Chapter 3: Problems P3.5, P3.7 from the textbook.
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Chapter 2: Problems
P 2.3):

A single-phase transformer has 800 turns on the primary winding and 400 turns on the secondary
winding. The cross-sectional core area is 50 cm?. If the primary winding is connected to a 1,
1000 V, 60 Hz supply, calculate

(a) The maximum value of the flux density in the core, B,..

(b) The induced voltage in the secondary winding.

Solution:
(@) Vi=E; =444 N fOna
Prna = 4.44 i(:s(())(())xeo = 4.67x107° Wb
Brax = o107 = 0,934 T
(b) E, =V, =:—:v1 =222 x1000 = 500 V
P 2.9):

A 1¢, two-winding transformer has 1000 turns on the primary and 500 turns on the secondary.

The primary winding is connected to a 220 V supply and the secondary winding is connected to a
5 kVA load. The transformer can be considered ideal.

(a) Determine the load voltage.
(b) Determine the load impedance.

(c) Determine the load impedance referred to the primary.

Solution:
(A) v, = N -
. —r::%"vl"Ti:—g—%’XZ’z_o: e v .
L ;S
(% T - _Sooo - 4T 4T A
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P 2.26):

2.26 A l¢, 10kVA, 460/120V, 60 Hz transformer has an efficiency of 96% when it delivers 9 kW at 0.9
power factor. This transformer is connected as an autotransformer to supply load to a 460V
circuit from a 580 V source.

(a) Show the autotransformer connection.
(b) Determine the maximum kVA the autotransformer can supply to the 460V circuit.

(c¢) Determine the efficiency of the autotransformer for full load at 0.9 power factor.
Solution:

A6 (@)

(b) 2 = 19"_1_?1 = 80333 A
[0

KVAL&‘ : 5go ¥ 8%y = 46 33 kVA

(<) -RM\/J-fV/Mp; lessce  wlaw wfad  cwvund M
Pows = 923 (1-0-96) = 3o w

E(.E = 48330 X 0-9 — _ .
O - 7'2 o
483%0%0-9 + 26w e 7727,

P 2.32):

2.32 A 1¢, 200kVA, 2100/210V, 60 Hz transformer has the following characteristics. The impedance
of the high-voltage winding is 0.25 +1.5 with the low-voltage winding short-circuited. The
admittance (i.e., inverse of impedance) of the low-voltage winding is 0.025 —;0.075 mhos with
the high-voltage winding open-circuited.

(a) Taking the transformer rating as base, determine the base values of power, voltage, current,
and impedance for both the high-voltage and low-voltage sides of the transformer.

(b) Determine the per-unit value of the equivalent resistance and leakage reactance of the
transformer.

(c¢) Determine the per-unit value of the excitation current at rated voltage.

(d) Determine the per-unit value of the total power loss in the transformer at full-load output

condition.
Solution:
23
@ .y b vetboye  Low Velhage
e Voldage A 200 v 26V
Dease V&(}—a\m—fo\l Sb 200 kva 200 KVA

Rane curoend
= T A"

B%c \v\./f....&—we_.( 8 <
3 . v £%.C

9524 A Y 50 4R
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b)) =2, . : .
) By * (0-25 *.J 1-5‘)/7—1'05‘ = 001134 +y) 0068
(<) I .
- (0-015_)'0,O7S) 2 o } = 0-01743 Pu:
9S8 24
@ .
) ? e = 0025 x 210 = [[02'S W
. [(025 . .
T 200,000 = 0-0058) Px.

Pc‘« = o024 Pu.

fl_oss = 6)CAV4 x &CM = 8- ) (8 L P’K '

Chapter 3: Problems

3.5  An electromagnet lift system is shown in Fig. P3.5. The coil has 2500 turns. The flux density in the
air gap is 1.25T. Assume that the core material is ideal.

(a) For an air gap, g= 10mm:
(i) Determine the coil current.
(ii) Determine the energy stored in the magnetic system.
(iii) Determine the force on the load (sheet of steel).

(iv) Determine the mass of the load (acceleration due Lo gravily =9.81 m/sec?).

(b) If the air gap is 2 mm, determine the coil current required to lift the load.

S i
P
q Depth
q D 40 mm
q N
[«
D
20| ©
mm —{ 40 mm = ~ |
8
Load t

FIGURE P3.5
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Solution:
‘3'5_’@)9 = (o wwm = [0 Yo 3 m
() ~c = Hg. 23 = Ba x>
/"'a
L - |25 x2% Io x 10”3 = 7+ 95771 A
2500 X Lc'x to™ 7 ;
(i) W{ = W 2 3 115 5 ,.;g.-_-;xtmx:o xwm:-?
1{2 ’J/“u 3 2!47\':{10
=lq-8 T
Gii) ?f'm = B_ﬂ_l— L Avea = ___’_?;3:1—__.. x Pox4ox 1o = [F&0N
9—/"9 14T x5 !
(V) Mass = 198 > 20/ b4 *F .
-8
(b) 3:SMM:Y><t;]m.

;3

’?Pm = *ij/’u‘.*kvu o By ( ) 06(5)

Fovea hovarius [P Oura .}Pn\, 3, = S vmn ad G =lom-.
la. = o 7t J¥ Y oa . 3

&) &)@

L, = 397 &9 A .
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3.7

The electromagnet shown in Fig. P3.7 can be used to lift a sheet of steel. The coil has 400 turns
and a resistance of 5 ohms. The reluctance of the magnetic material is negligible. The magnetic
core has a square cross section of 5cm by 5cm. When the sheet of steel is fitted to the electro-
magnet, air gaps, each of length g= 1 mm, separate them. An average force of 550 newtons is
required to lift the sheet of steel.

(a) For dc supply,
(i) Determine the dc source voltage.

(ii) Determine the energy stored in the magnetic field.

(b) For ac supply at 60 Hz, determine the ac source voltage.

- v +
%R

i

T FIGURE P3.7

4
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Solution:

@t . o = 2%
a "

-— :
2 x )
R F X 22 @ o - 0-SLS8T
2x SYS$K o~ %

N = Ha = D 2
73 }
7~

-3

L = 0-525¢ ;z)cluo = 2094
47 16" x 4ov
V=g5x2:07 = (o-45v (de¢)
(i’) kff = R.L ¥ Vd’(.-u..,‘ 4 QA}\?-\,/.
2
/"o "
= M « 2 5 ExE X lo—"x (o~}
2x 4% 157
= 0-§8 T .

wwf "‘é_‘““ (lu..». ,..rm..)
= L ~MAGQYC =J-4o-.xnruo x:u-txzor
.

w 055 F

=3

sk L X = N
R? 2'&;/“020 1}
% -7 ~4
= Qoo w 410 xTXxS X e = 0-2513 H-
lxtoif

J—;lf (2= b x o'irljjl— » Q48T
1+
'f,“ < 8, , B ol LIy,

5 was

Nuvee  Neawa AMWQ}\.&WJ%

brodoce. B pomc awanmge e
IYM = zo?ﬂ‘
V = 209 x 9487 = [78-2 v

Fvaa




