ECE 430 Exam #1, Spring 2009 Name: Solution
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1. (25 points)



Three single-phase loads are connected in parallel. The load voltage is v, = 283sin (1207).

The load characteristics are:
Load #1: 100 Amps at 0.8 power factor lag
Load #2: 8 KW at 0.7 power factor lag

Load #3: (5+,2)Q

The impedance of each of the two wires that serves this combination of loads is (O.l + jO. I)Q.
a) Find the total real and reactive powers provided by the source (10 points)

b) Find the source voltage and current time domain quantities (10 points)

c) Find the overall system power factor (5 points)

Viead = 283sin(120mt) = V,,,, = 2004 - 90

Load 1 characteristics:
I, =100£(~90 -36.87)=100£ - 126.87

St =Vioaal, =20000£36.87

Load 2 characteristics:

SL2 =

P/ cos™ 0.7 = 11420245
cos b

(7

Load 3 characteristics:

*

=57.14-135

. — 2
Views  |Vioa

S, = Vg ead L 74202218
’ Z3 Z3

T I7luad
IL2 = Z, =37.142£ -111
Total current:

I, =1, +1 +1 =19221/-12625

total

Source voltage:
Ve =Vioad +2Zyned;,  =253.854-88

2
=S8y, +8,, + 81, +2x 2y x 11y,

) = 4879023825 Py = 38310 . O,y = 30200

total otai

v, (1) = 253.85v2 (cos (12077 - 88)) . i (¢) = 192.213/2 (cos(1207 — 126.85))

PF =cos(38.25)=0.78 lag

2. (25 points)



The following three-phase, balanced loads are connected across a three-phase, wye-connected

source (Vv,,, = 679cos (120s¢) — line to line):

Load #1: Wye-connected load with 60 kVA (3-phase) at 0.9 PF lag;
Load #2: Delta-connected load with 100 kW (3-phase) at 0.8 PF lag;

Calculate the following:

a) The total complex power (3-phase) consumed by both loads (5 points)

b) Total source line current RMS magnitude (5 points)

c) The phase current RMS magnitude for each load. (10 points)

d) A delta-connected capacitor bank is added in parallel to make the overall power factor equal
to unity. Determine the required VARS per phase. (5 points)

Vioad = 679 c08(120711) = Vs = 480L0

Load 1 characteristic:
S, =60Zcos™ 0.9 = 54000 + 26150,/

Load 2 characteristic:

100 - .
Sy, = 8 £ cos™ 0.8 = 100,000 + 75,000

A) Total complex power:

S =8, +5;, =184250433.29

total

B) Total line current:

Srural = \/§Vload]Line = I = 221 26

Line

C) Phase currents:

Sl = \/ngoad]Line = \/gI/loadehase = Iphase = 7216
S2 = \/SV;oadILine = \/§Vload \/glphase = Iphase = 868
D) Power factor correction reactive power:

0y, = -101150 = Q;, = % = -33720



3. (25 points)

An electric tooth brush has two parts - the base which has a coil and a handset which also has a
coil. This could be modeled as two "C" sections of steel (each with a coil) separated by an air
gap of distance "g" when the handset is on the base. Draw your own magnetic circuit of this and
compute an expression for the mutual inductance between the handset coil and the base coil.
Assume all of your own polarities and current directions. Express your answer in terms of the
two coil turns, the gap g, the permeability of free space, and the cross sectional area of the steel.
Neglect fringing and assume infinite permeability in the steel.
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4. (25 points)

Two coils (each with zero resistance) are located near each other. Coil #2 is open circuited.
When a 60Hz sinusoidal voltage of 120 Volts (RMS) is applied to coil #1, the coil #1 current is 5
Amps (RMS) and the voltage measured on the open-circuited coil #2 is 70 Volts (RMS).

a) What is the self inductance of coil #1?

b) What is the magnitude of the mutual inductance between coil #1 and coil #2?
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