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ECE321/ECE595 Exam 1
Spring 2013

Notes: You must show work for credit,
This exam has 5 problems and 12 pages.

Note that problems 1, 4, and 5 have different specifications depending on if
you are in ECE321 or ECES95

Good luck!
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1) 20 pts. Consider a B-field given by

B =sin(10¢)a, +0.2a, [ECE321 Students Use This]
B =0.2yzsin(10¢)a, +Se” cos(10)a , +0.1a, [ECES595 Students Use This]

where a,,a,, and a, are unit vectors in the x-, y-, and z- directions, respectively.

Consider a surface whose normal direction is aligned with the x-axis. The surface is a
rectangle, whose corners are at (x=1,y=1,z=1) and (x=1, y=2, z=4). Four turns of wire are
wrapped around the periphery of the rectangular surface. There is no current in the wire.
Express the voltage that would be measured across the coil as a function of time (the
direction of the coil is the same as the surface described).

Jo
V= 5

A= N&
&= \pds
L4 >Ren

Y ‘ {] ¥
&= Sgg (gm(\oﬂag*o,aaqa;dnd\l g4
e

- SLSH gm(\cﬁ\ Az dy
‘ |

9
— 3;’;;\(\(\0’\'\
T~ wE = V2 sw(wt)
d A
= \96(:0':)(\6\-\

S 15

e

;. Sl SLI (o.azx; Sin \0"@: Gk A Selc'cb(‘lo-*) Ay .\o,\az\a% cpz(/w
F
= Sl SL\ 0.2 2ZY Swmler) ddz by
1 |
— S . § o Y.Z?-SM (\0“\) \L“ 03.53 2

— S_L .1 (\(o"‘\\ Liv 1OF (‘i%



A

EFas 5 \.%\/s\n(\aﬂc%

\

_ o5 .\IL Sin(\O"r\ \L\

— 0.5 (%) S\ (o)
—= .25 S {\o¥)
A= OX
= A swm (‘Icﬂ-)

v= Q0 cos (ls¥)

This page is blank for extra paper



2.5 20 pts. Consider the UI core below. Consider the following parameters: w=1
cm; w, =5 cm; d, =2¢m; d =5cm; N=100. Suppose the material used is such
that for a flux density less than 1.5 T (the saturation point), the magnetic material
is linear and has a permeability 2000 times that of free space (i.e. a relative
permeability of 2000). The air gap g is set such that a current of 50 A produces a
flux density of 1.5 T. For this air gap, compute the inductance of the core. Do not
neglect the MMF drop across the magnetic material when working this problem.
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3) 20 pts. Suppose

W,=Q2+x)(4+24, )

Now consider a trajectory where

x=2t

A=t

h=r
where t is time. What is the field energy at 1 s? How much of this energy was contributed
by the mechanical system? How much of this energy was contributed by the electrical

system? For conservative fields such as W and W, the energy stored is a function of state
and not how you arrived at that state. Is this true from W, and W,,?
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20 pts. Consider an electromechanical device with the flux linkage equations given below.

4)
Compute an expression for torque 7, in terms of i , i, and &,

A, =4, +(5+4cos(40,,), +2i,)’ [Use ifin ECE321i
A, =i, +2(5+4cos(46,,)(, +2i,)’ :
i, +2i,
1+ (i, +2i, )’
i +2i,
1+(i, +2i,)’

A =4i +(5+4cos(46,,))
[Use if in ECES95]

A, =i, +2(5+4cos(44,,))

23\

Sy | )

Skep | (brws we s
== 6 o °
5;\\‘&_“\ ) )43\),
P ]
1, =0

S L x(S%ucOD('—tO«m\\\ A\

‘\F'

(4]

2 9\ X (b%”sco‘s(%m) \,_: \

\

..1 .
= o\ ¥ -\—‘f(S-wL{a%("\&mﬂ

Shey 2 [Booas top Ny

W, = Vd‘ N 'apl\z\‘n\dil

— S” L,y 2053 Y Cos b0, )) (Ve s 2L S
o X=

\
o4t =, ’ / y Y-
= 5 ‘3 \ _L_t-:-; (‘S'J] L\ Cos (q(v‘w\))(“p ¥ a \2.\ \ )

= L 4 (% wewliaa) s Abe) - L



Addwmg Ane tens

2 ; Y
- a\\:— _»_ "5’ \a‘r_ + ‘\_.)1”(5-“\ L"CC)}CL}’@(V\')\ (\\Q A a\af\ é

OC
w),. = &\1 k é‘ \al : ‘\' (Sﬁl-\Co:»(q'Om\)(\ '\9\?_\

e \ - T& e = =M s (4d¢ \f\m\’),__

g 5 1= 51 Y cos Ulvm
Yee\ \ \\
é__.e_g—‘ , 7 @ " d

- g&\an v SXN = So UL+ T Fwas
ks \/t»@ B\, (\m

= Bl fTW(H'\L\ \
note
. %
e % ’\'K.(\Mf;\ll ~ \3 Suov' (v vy
X,

'
=  (\suMy©

o \
S A
. = 2l

\J

. S \2f' 4 T 9\ \“:. 4 9\1. R A\L-
= ) \a ¥ &ﬁ;ﬁtﬁb> 3 A\* (‘\Q—" }T}'_\\, .
2 i . —=%
= --\5 Ve -ﬂ"\‘ (\ v (1 1aY) \"”’ \—’%&6‘ k) (Vs O, )
o =

ey 1 '
- % \9(' + TE\ + (\\F 4 Q\L‘,\z)“lz" - (\_* \‘7{: -\Ll

Addwe Yerwms - "
& = & A Y_(H (hed2v\ V- = \—1

\ = Ve ¥
W ; ¥ This page is blank for extra paper
oOv
a AN %
d = A\, ¥ 3 Yy & CS*‘*C%L‘&W\BHC\QI "U
T;_'.‘. ra.—w-—-b o —'-leslmqefm )

OBrn



5) 20 pts. Consider a 4-phase variable reluctance stepper motor with 2 rotor teeth. The 4 is
not a typo. Express inductances for the 4-phases (as, bs, cs, and ds) in terms of Ly, L,
and @,,. These equations should be written such that an a,b,c,d excitation sequence
produces counterclockwise rotation. [ECE595 Only: generalize your expressions to an

arbitrary number or rotor teeth]
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