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EES595S - Fall 2005
Exam 2

Open Book (Clean Copy)

Open Chapter 3, “Analysis and Design of Permanent Magnet Synchronous Machines”
(Clean Copy — Available from Course Web Site)

No Calculator
No PDA
No Computer
Exam Duration: 50 minutes
Notes
(1) On some problems, there is considerably more paper than you may need

(2) Handy trig formulas are on the back of the exam
(3) There are 4 problems in this exam

Don’t Forget that November 12 is National Induction Motor Appreciation Day
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25 pts. Consider the drive shown ¥ 2-T. Consider the following changes.

First, remove the stabilizing filter. Second, remove the ac source, rectifier, and
inductor L, . Replace the rectifier source with a battery source, which is

governed by the overly simplistic model that the current out of the battery is given
by
i = Voar ~Vic

,
Toast

where v,,, and r,, are Thevenin equivalent battery source voltage and resistance,

respectively. Derive a nonlinear model similar to (15.4-21) of the text Analysis of
Electric Machinery.
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25 pts. Consider a PMSM machine in which 4, =0 and in which L, >L, (i.e. a

reluctance machine). The torque may be expressed

T, =%§(Ld _Lt] )it;siz;s

e

Derive an expression for the g- and d-axis current command such as to achieve a

desired torque T, —wA minimum rms cprrent. Show work (i.e. don’t make an
educated guess).| Psspne T 20.
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3.) 25 pts. Arga‘iﬁonsider a reluctance machine. Suppose that the d-axis current
command is given by i} =k}, , and that the desired toque is 7,. Derive an

expression for the maximum electrical rotor speed at which obtainable in this
mode, given that the rms I-n voltage is limited tov,;. Your answer should be in

termsof L,, Ly, r,, P,and T, .
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4.)

25 pts. Consider an induction machine operating in the steady state. Suppose that
phase current is i, , the b-phase current is —i,, /2, and the c-phase current is
/ Using the g-d model in the stationary reference fr

amey derive an
’
expression for torque in terms of P, L,,, ?, r'y ig.and w,. C
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TRIGONOMETRIC RELATIONS
CONSTANTS AND CONVERSION
FACTORS, AND ABBREVIATIONS

TRIGONOMETRIC RELATIONS |
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Mathematical Tables

Table A-1  Trigonometric Identities

sin (4 + B)=sin 4 cos B+ cos A sin B

cos (A £ B)=cos A cos B Tsin 4 sin B

cos A cos B=1[cos (}1 +B) +cos (4 — By]

sin A sin B =4[cos (4 — B) ~cos (4 +B)]

sin 4 cos B =4{sin (4 +B) +sin (4 — B)]

sin A +sin B=2 sin (4 +B) cos 1(4 — B)

sin A —sin B=72 sin 34 —B)cos (4 +B)

cos A +cos B=2 cos (A +B) cos {4~ B)

cos A —cos B= —2sin {4 +B) sin S(A—B)

§In 24-=2 sin A cos A

€08 24 =2 cos* A —1=1-2sin> 4 =cos® 4 —sin® 4
sindd = N Y1 —cos A). cos A :\,%(—'I—T}:{Wcm
sin®> 4 =%4(1~cos24)  cos? 4 =31 +cos 24)

o __;—jx ‘ X g Ix .
sin x = e CO§ X = A ¢ =cos x +jsin x
2 2
A cos (wi +¢;} +B cos (i +¢,) =C cos (wr +¢pa)
where

C=JA* +B* ~24B cos (¢, — ¢,)
, A sin ¢, +Bsin ¢,
py=tan~t| = :
A cos ¢y +Bcos ¢,

T
sin (@f +¢)=cos (wt + - 2)
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