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Solvhion

ECE321/ECES595 Exam 4
Spring 2013

Notes: You must show work for credit.
This exam has 4 problems and 10 pages.
The last page has handy trig facts. You may remove this from the exam.

Note that problem 1 and problem 4 have different specifications depending on if
you are in ECE321 or ECE595 ’

Good luck!
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1.) 25 pts. Consider a maeitne single phase transformer. The primary side resistance
and leakage inductance are 1 Q and 2 mH, respectively. The (referred) secondary
resistance and leakage inductance are 2 Q and 0.5 mH. The primary to secondary
turns ratio is 10. The primary voltage is

v, () = 2100 cos(400r)

Compute a time domain expression for the primary and secondary current if the
secondary is short circuited. [ECE321: You may neglect the effects of the
magnetizing inductance. ECES95: You may not neglect the effects of the magnetizing
inductance. Assume a value of 20 mH]
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2.) 25 pts. Consider an induction machine. All angles are defined to be positive in the
counterclockwise direction. The winding function of the rotor of a machine are given by

w, =10sin(24,,,)
w,, =10cos(24,,)

The rotor currents are given by

i, =5sin(10r)
i,, =5cos(10r)

[f the rotor is moving at a mechanical speed of 100 rad/s in the clockwise direction, what is the
mechanical speed and direction of the stator MMF relative to an observer on the stator? What is
the absolute value of the frequency of the stator currents in rad/s?
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3.) 25 pts. Starting with the 94'{ rotor voltage equation

and that

show that
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4. 25 pts. Consider a 3-phase machine with the following parameters: 7, =0, L, :L',r =0mH,

L, =20.1mH, r,'. =41.3mQ, and P=4. A balanced 3-phase voltage source with of 460/+/3 V rms

amplitude and 60 Hz frequency is applied to the machine. Suppose the speed is 1750 RPM. Taking
the a-phase vpltage to be of zero phase reference, find the a-phase stato%nt (magnitude and angle),
electromagﬁé’fic torque, the input*power, the ou!!ﬁlft power, and the effigiéncy. [ECES95:: What is the
best efficiency you could obtain if you could change the electrical frequency and stator voltage

magnitude as desired]. )
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Handy Facts

o = 47107 H/m

BASIC TRIGONOMETRIC RELATIONSHIPS

e” =cosx+ jsinx

acosx +bsinx =va’ +b* cos(x+¢) ¢ =angle(a— jb)
cos’x+sin*x=1
sin2x = 2sinxcos x
cos2x =cos’ x —sin® x =2cos’ x—1=1-2sin’ x

2cosxcos y =cos(x+ y)+cos(x —y)

2sinxsin y =cos(x—y)—cos(x+y)
2sinxcosy =sin(x+ y)+sin(x—y)

cos(x =+ y)=cosxcos yFsinxsiny

sin(x % y) =sinxcos y £ cosxsin y

THREE PHASE TRIGONOMETRIC RELATIONSHIPS

cosx+cos(x—— +cos(x+____) =0
sinx+sin(x—

2 2 2 2 2z 3
cos”“ x+cos”| x—— |+COS x+—§— =—
sin2x+sin2(x—2”)+sin2(x+2;—z)=

. . ( 27:') ( 27rj . ( 27r) ( 27:)
sinxcosx+sin| x —— [cos{ x —— |+sin| x +— [cos| x+— |=0
3 3 3 3
. . 2 27 . 2z 2z 3.
sinxcos y +sin| x——— |cos| y—=—— |+sin| x+— |cos| y+— |=—sin(x—y)
3 3 3 3 2
. . . 27 . 2T \ 27 . 2r 3
sinxsin y +sin x—T sin y—T +sin x+7 sin y+? =§cos(x—y)

2z 27 27 27 3
COS X COS Y+ COS x—? cos y—T + oS x+? cos y+—3— =Ecos(x—y)
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