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ECE321/ECES595 Exam 5
Spring 2013

Notes: You must show work for credit.
This exam has 4 problems and 8 pages.

Note that problem 2 has different specifications depending on if you are in
ECE321 or ECE595

Good luck!




1.) 23 pts. Consider a single phase reluctance machine. The a-phase conductor density
may be expressed

P ,
Ry = Ns COS(_2_¢sm) C‘ 2 -3

The airgap may-be-expressed s <Gven L‘D\{

1
87 CA + cB COS(P¢rm)

The inner stator radius is denoted 7, and the length of the machine /, and the a-phase
current is denoted iz The mechanical rotor position is 6,,. Derive an expression for
torque in terms of Ny, P, G, 7, I, c4, cp, and L.
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2.) 23 pts. Consider the buck converter we studied in class. Assuming operation is in continuous
mode, derive expressions to answer the questions below in terms of vy, Vaw, Vi Lar Laa, Lrr,
Fa ¥ d, and fo,.

EE321: If the converter is connected to a series connected dc machine. Derive an
approximate expression for the peak-to-peak current ripple

EES59S: If the converter is connected to a shunt connected de machine. Derive an approximate
expression for the peak-to-peak torque ripple. Note, for this problem variation, it is
acceptable to have the average armature current z: and average field current l—f in your

answer, in addition to those quantities listed above.
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3.) 22 pts. A three-phase wye-connected brushless dc machine is open-circuited, and is
spun using a dynamometer. The b- to c- phase voltage measured from an
oscilloscope if found to be sinusoidal. The waveform has a peak-to-peak voltage of
240 V, and a frequency of 82 Hz. Next, with the machine open-circuited and
stationary the impedance between two connections is measured. At 100 Hz the
impedance measured between two line connections is 0.1+j1 Ohms (with the thlrd
line connection open-circuited). DetermlneK,lm, s, and Lg.
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4.) The following are worth 2 points each.

a) What is the main purpose of the machine variable induction motor model?
3’\5&#\‘\«\5 P ab fon owen Mmodels
b) Would the co-energy approach to finding torque be applicable to a machine which
is highly saturated? \/ e q

c) Why is the fact that the flux linkage equations are a function of mechanical ‘
osition important to society? - ; A e ~ {
p po y 1 Allgws "s&-a&;é Pé‘@:i@dtcx i Qi@ﬁdw“f“t e
dfiv’xc_.f _)C“;j)ﬁ’};_ ’;&h
d) Consider a generator where the mechanical source is slow. Would you expect the S
machine to have a large number gfpoles of adow number of poles?

orse 4F
e) Nadvantage of induction machines over permanent magnet ac machines.
= . Ccn a@u’eﬁﬁ b of o 5 e Pk
f) Name an advantage of permanent magnet ac machines over induction machines.
Moe Agrave dAese _ o
g) Name an advantage of permanent magn?ac machines over dc machines. (yn » rE=&L e

No  bramwes

h) Name an advantage of dc machines over permanent magnet ac machines.
IC,&;» Powcer eletuenie S , @Erer @bl
i) Name an advantage of separately excited dc machines over permanent magnet dc

machines. ‘:\ eld Loecening = Efé@ﬁ g‘;z%ﬁ@(n‘ &N carve.

j) Name an advantage of permanent magnet dc machines over separately excited v
re
machines. ;\m@\éf, ea s {\@%‘g ~ @eﬁ,f? Ay o e «geﬁﬁ

k) What simplification do we always obtain by going to qd variables regardless of
choice of reference frame (rotor versus stationary)? ettt e gcker Poxden
er € pendend \udoctruces,
I) Name one reason why having a T-equivalent circuit of an induction motor is
advantageous with respect to identify parameters. s < Con Cind Hfhe
¥ g@»e—»we J{ Pﬁ‘fCMé"\?u; - V\Cfi\ The an 5\»{,@,@
m) Why is the start up of an induction machine often a relatively violent transient?
\w 3 &7,;"7\’\&‘5 g “‘BQJQW
n) What is significant about having a lossless field in terms of energy storage which
was important to our methods of computing force. N 1
Eexar SToe A CaCrsq \S caly a fonFrm of Sdode
0) Would it make sense to have a 4-phase variable reluctance stepper motor?
Ves
p) Why are transformers of key importance in modern society? ,
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