ECE 330 (Spring 2018) Instructors: S. Bose and H. Sowidan
Midterm 1

Duration: 90 minutes Total points: 100
Name:
Section (Tick one): C (9:30am) F (2:00pm) .
Scores (For official use only):
Problem 1:___ 45— /25, Problem 2: £— 1725,
Problem 3: o /25, Problem4:_ (- /25, Total score: /100,
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Problem 1 [25 points]

A single-phase voltage source serves three loads connected in parallel at 60 Hz and 120 V (rms). The three
loads are described as follows:

e Load | draws 3kVA at 0.5 power factor, lagging.

o Load 2 has an impedance of (3 + 73)Q2.
e Load 3 is capacitive, and draws a current of magnitude 10 A (rms) and 1 kW of real power.

(a) Find the total complex power drawn by all three loads together. [12 points]
Hint: Capacitive load draws power at a leading power factor.
(b) Assuming a zero phase angle for the voltage source, compute the current supplied by the source as a

function of time. [5 points]
(c) How much reactive VAR should be supplied by a capacitor in parallel to the three loads to make the overall
power factor drawn from the source to be unity? What is the capacitance of such a capacitor? [3 + 5 points]
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Problem 2 [25 points]

Suppose a positive sequence three-phase generator (source) supplies two loads connected in parallel through a
lossless transmission line. The line-to-line voltage across the load is 4.16 kV.

e Load 1 is wye-connected with a per phase impedance of 60.£25° (.
e Load 2 is delta-connected with a per phase impedance of 90£10° Q.

(a) Draw the per phase equivalent of the circuit for phase a. [6 points]
Hint: Transform the delta-connected load to an equivalent wye-connected load.

(b) Compute th_e line current phasors I, I, I, and the phase voltage phasors V., Vi, Ven, at the generator end.
Assume £V, = 0. [4 + 4 points]

(c) Complete the phasor diagram provided by sketching and labeling the line current and phase voltage phasors
computed in part (b). [5 points]

(d) Describe how the phasor diagram in part (c) would change if the three-phase generator was negative se-
quence. [2 points]

(e) Calculate the total complex power drawn by the two loads together. [4 points]
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Problem 3 {25 points]

The magnetic circuit shown below is immersed in a gas with a relative permeability, . = 2, which completely
fills the gaps in the core. Assume the iron core has infinite permeability, i.e., u. = co. Neglect fringing effects
in the gaps. Each gap in the core has length ¢ = 5 mm. The cross-sectional area for all parts of the core is
A = 20 cm?. Assume that the windings have no resistance, and neglect any core losses. The permeability of
free space is given by uy = 47 x 10~7 H/m. The number of turns on each coil is N} = 20 and N» = 40.
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(a) Calculate the reluctance of each gas-filled gap. {2 points]
(b} Draw the magnetic circuit for the iron core and the two windings. [5 points]

(c) Utilize the magnetic circuit to solve for the flux linkages \(¢) and Ao(#) in the two coils in terms of the
currents #1(¢) and i2(t). [8 points]

{d) Find numerical values for the self inductances L; and Ls, and the mutual inductance Af of the two coils.
[3 points]

(e) Using the previously determined values of L, La, and M, calculate the coupling coefficient k = 71%
Comment whether the coupling is tight or loose. [2 points]

{f) Draw the polarity markings on the coils to indicate the nature of the coupling among the two coils on the
above figure. [3 points]

(g) Express an equation for the voltage, v;(t), in terms of the currents i (£) and i2(¢) (and/or their derivatives).
[2 points])
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Problem 4 [25 points]

The equivalent circuit model of a non-ideal transformer is given in Figure 1. It is supplying a load of R = 5 Q.
Suppose the turns ratio is a = N, /Ny = 2,
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Figure 1. Equivalent circuit representation of a non-ideal transformer,

) Write down the “loop equations” (Kirchhoff’s voltage law) for the circuit in Figure 1 in time-domain, i.e.,
express all voltages and currents as functions of time. [7 points]

fo If vy(t) := 120+/2 cos(wt) V is supplied across the first coil, compute the voltage phasor V5 across the
load. Assume an operating frequency of w = 10 rad/s, and zero phase angle for the source. [10 points].
Hint: Express the loop equations in part (a) in phasor notation and solve.

A€) What is the efficiency of the transformer in Figure 1?7 Does the figure describe a realistic transformer
model? [2 points]

£dy Does the equivalent circuit of the transformer in Figure 1 model copper losses, i.e., resistances in the wires
of the coils? How would you modify the circuit to include such losses? [2 points]

)(ej’ Does the equivalent circuit of the transformer in Figure 1 model core losses, i.e., losses due to hysteresis
and eddy currents? How would you modify the circuit to include such losses? [2 points]

If you were to perform open and short circuit tests on this transformer, what will the watt-meter read in
each case? {2 points]

Hint: A watt-meter measures real power consumed. . ~ {
4 b { a A
i L=ty L, = 0-6H- TN ]
- UL UYE Y
< 3
(] VI L‘t) Ll itl(") L A( ‘_‘ L'LU') 2D, Vl L)_ \'ZJ (
At - ~

vl - LAty av,H) = o.




U[Mﬁmg & %‘oc\m.wr Aowain

Mf"*““j

e (G-5k)
en R (e b v -
“)Wl-z/o_

oA, 2R ) G ) : Gfu,)’
Vel

vﬂ'L—%L -\-j| = \%Zbo

1,8

j\oL' +J‘u)1.2_

J'uoL.

= ¥
A
J(D +j9’

jlo

.....j4_

—

20 LV
1o L0

—

[0

G-

| Lo L0

+/°4

\\

—
—

U’ne) o -.()' ) (..}'4)

| 260

e (7 1)

/m j!&

g- / [C }IO)(?ALD
(jle).co-—(}"ro)(—ja) g{ef ({'w
5 .3@ X IZDKD vells
)’IQO-an

2603 [~12-6° GVolls-

)

&




%‘/P’M Ws/,fmw% ﬁ\&g ho Nes(Sire ond lumer ,
T e wfl 4 yo_JAg.l-.c MW:{z—mw

wodel s YW a[wwa/z Uspret h have  Zowe  [rgay.

A' No .

- 11
Mﬂﬂ & Y Wichy ’Auu.j

w—

’ P - [}
/

[ -

Se

f,‘ to=ow, Fo=ou
WoHhusthern Yond & ‘WZ—“'1 'r@wcw awmwaé by / Je
‘ bl bas wo mcrcﬁr.t
FNWffvmw Oy wluw- oLt Mo

s 2o e be]



