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Midterm Exam 1, Spring 2018

1. (25 pts) Two balanced 3-phase Y-connected loads are connected in parallel. Load 1 is draws 75 kW (3-
phase) @ 0.8 power factor lagging. Load 2 draws 60 kVA (3-phase) at 0.9 power factor leading. The
supply is 480 V (line-line), 60 Hz. Assume that the transmission line is ideal. Use the “a phase” voltage

as the Z 0 reference. s
a. (2 pts) Compute the per phase voltage. & LOJ(” Loldz
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b. (6 pts) Compute the per phase real and reactive power S = oS 8 &= COS’)ﬂ
associated with each load? = 36A4° - 25%°
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c. (4 pts) Compute the current through each load. a2,
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d. (4 pts) Compute power source current phasor. Draw and label the power source phasor diagram. -
T2 3,40, = D826 + 2.2 [+25F ——> 277107
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e. (4 pts) Draw and label the power !g;/r‘{:ge's 3-phase power triangle. v ,
‘q)f E:—‘-V_:L*: Zq*?[qo(/ﬁt/z'+ ,3"93 = 4?,0'&@ */0,0’5\/
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f. (5 pts) What must be done to correct the overall system power factor to 1.0? 129 ;o=
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2. (25 pts)

Radiant Power ( W/(m2nanometer) )
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The solar spectrum and a hypothet
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ical 2-semiconduct

or layer photovoltaic cell are shown (left and right

respectively). The semiconductors are GaAs and Ge with band gap energies 1.4 eV and .67 eV respectively.

a.

(6 pts) Label your proposed GaAs and Ge layering for the most effective PV cell. Explain your reasoning.
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(10 pts) On the solar spectrum graph, sketch and label (w/ numbers) (1) the 2 regions in which light

energy is converted to electrical energy and (2) the 3 regions in which light energy is dissipated as heat.
Using the number references, briefly explain the energy conversion or dissipation process occurring.
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c. (6 pts) Label the diagrams to show the load power convention for a source and a load. P, &dd
d. (3 pts) Sketch and label a closed loop system that manifests both power conservation and a Kirchhoff Law.
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1. The diagram is the I-V characteristic curves of

6
a PV cell at 1 sun insolation and 25 °C. ss-\
5

e Lower curve is the equivalent circuit |-V
characteristic with R, = 1 Q and R = .05 Q.

Current (A)
S

<
g 3 l/; sur
a. (5 pts) Draw and label the equivalent circuit 2
model using accepted variable names. I
“— —->T
% RS i 0 T T T T T
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s _ 2 vV Voltage (V)
| ,

b. (3 pts) What is the benefit of using the more complex circuit model?
ALlops THe mopeL To STILL Be wsefoL WWEN A CELL FAILS
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c. (3 pts) Sketch and label the ideal % sun /-V characteristic circuit on the figure.

d. (5 pts) For solar insolation of 1 sun, compute the change in V. for the ideal I-)V/characteristic.
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e. (4 pts) For the 1 sun ideal |-V characteristic, sketch and label the effect of the ambient temperature
dropping enough for a noticeable change.
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f. (5 pts) Outline the concept of balancing energy supply and demand. Describe normal load
fluctuations and the affect that energy imbalances have on system frequency.
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i=? R =100 Q
e Vout =

Vi, = 120N2 cos mt L=01H

4. (25 pts) Reference figure above. The system frequency is 60 Hz.

—

a. (4 pts) What is the complex circuit impedance, Z¢? &= jus + 2“" L

2 Joo 4 3NH A

ANS,

b. (4 pts) Write the phasors Vin and I . \/“5 = )2 L o”

e
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c. (4 pts) Compute i(2). A'{_’,)_-_ Ii, I 12 CoS (’Zﬂ‘ft '2.0.6@)
- )68 tos (39AL -20.67) ko

d. (5 pts) Draw a phasor diagram expressing KVL graphically for this circuit

VL: :iJ‘X\_ = iJ 317 - (L'LL’ZO,Q)-;)%?\? = L/‘L.Z 2 6?,4@

’ T=/12(-206 W’
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e.

e. (4 pts) What power does the voltage source deliver?

P; VI Cos® = (/zo)(/,;g) Lo 106 = .4—3_—9———&).41\15,

f. (4 pts) What are 2 DoE SunShot Initiative aims? g
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