Prollem 125 pis.)

The Tallowing three-phase balanced loads are connected in parallel across a three-phase
wye-conneoted, 30 Hz source of 480 W {ling to line)

Lond #1194 kM A {F-phage] &t 0.8 PF lag {Wye conngated)
Lowmt #2367 kKW (3-phase) at 0.7 PF lag {Wye connected)
Load #3 75 Amps phase current, with 0.9 power factor lag (Delta connected)

Fuodd the followsing things:

al Lhetotal complex power (-phase) consumed by the three loads

b The tofal souree line carrent {magnide),

el The capacitive reactive power necded per phase (for adelta conneciion so that the
overall power factor 15 L93 lag.

i The new source line current with the power lactor correcticn of o) mstalled,
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Problem 2 (25 pts.)

i large I e This structure i
10 mm fong, inno
—— the papar.
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a) For the strvetore above; find &(iy,i2,0) and Aali)i2.8). The winding resistances are
small. (Hint consider the reluctance of the structere, You may use sinusoidal

approximations for position effects as approprials.)

bl Letyy =6 A, IFd84dt = 1208 radfs, what &5 the mepsured voltage vaolt) when i, = 07
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Problent 3 (25 pis)

An electromechanical system is described by the following flux-linkage vs current
charpctenstic:

A :
w0

[t is operaled an the closed evele a - b o - d - o as ielicated below, with x consianl
during a - band also ¢ - The cisrent 15 constant during b - cand alsod - e
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b b o = I-"-.r"_ﬂ.g b e——
A -.‘1'r’l|' b furns) i 8 : 0 0 wWoeelf
[k (meters) | .03 0F | o | .02 03
. e - U.I? L
Find the following things; [ =0t}

ay by and e

b} Energy transterred from the electrical system into the coupling ficld dunng a - b

¢ Energy tramsferred from the mechanical system into the coupling febd ducng b - ¢
ily Tnerey transferred from the electrical system into the coupling field during ¢ - d

¢) Energy transferred from the mechanical system into the coupling field daning d - &
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Probleme 4 (25 pts.)

W large This stmctues 1
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The physacal arrangement shown 35 proposed as a way to levitate an object. The

Latlovwing analysis tries o determine whether this will work, Use the aceeleration due o
i i T

aravity Cpoanted down) ps 10 mfs”

—_—

Find L1200 for this structune,

[ Findd either the stored energy Wolk 2 or co-energy W () for this slrcturs,

o) Itis |:m]lwsi:ul that it the position of the ten gram object 15 sensed, and a corren (1) =
20000 . ¢ with x in meters and 7 in amps) is imposed, then the object can be levitated

{held stable and stalionary in open space). What is {%(x3 Tor this choice of current?

dy Write equations for dadd dxfde =V {velocity) and dV/di for this system, in state-
space fonmn, given that = i) = 20000 ¢ Use ks voand Voas state variahles,

o Lineanze pour resull about the point 5 = 5 . 1o yvou think it will work”
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Extra work space {please show which problem is involved),
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Problem 5 (25 pls,)

A thres-phase, 50 Hz, 4 pole, wye connected synchronous generator is delivering 30 KW

{3-phase) into a system at the rated voltage of 277 W {line to neatral}. The ficld current 1,
= ADRC produces an internal excitation voltage magnitude B, of 410V (ling to newcral b
The synechronous reactance Xy = 57 Ohms. Compute the follewing things (neglect stator
Favmature ) resistance and saturation of the fon):

al The tonque angle & and the torgue in M

b The generator ling cusrent magniucde

¢l The power Tactor of the power being delivered by the gencrator

di 1sthe gengrator over-ercited or onder-exciled? fexplain your answer)
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Problem 6 (25 pis.)

An industeia] plantis supplicd by the glectric utility with 3 4, 4160 ¥ {line-line), 60 Mz,
The total plant load is 5000 kW (3-phase). Each major process in the plant now runs with
an mduction motar that has a power factor of .83 lagging, 1t has been suggested that
one of these iajor processes can be converted aver 1o 3 synchronous motor, which wiuld
also improve the overall power factor. The proposed machine lias 4 series reactance per
phase X, = 6 L0 It will serve a process that requiras 2000 KW (3-phase) after installation.

a) Find the cumment delivered to the plant by the uiility before the replacement of the
induction motor by the synchsonous motor,

Y

The motor is installed, and set up o deaw 2000 X% (out of the same 3000 5W ol
and 5 = 2730 BV A, wath lewding power factor. What is the current delivered o the
plant row What is the plant’s averall power facior?

¢l With the moter in place, drawing P = 2000 kW and § = 2750 kVA, find the torque
angle and the internal voltage magnimde £ in the machine.
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Problem 7 (25 pts)

A J-phase, G-pole, 60 e, 4400 (Iine-line) wye-connected squirrel cage induction motor
i orunning ot L1200 BRFPM, The shunt magnetizing reactance (on the stator side) is 20
Ohms per phase, Lhe stator & rotor series leakiage réactances are each' 1.5 Ohms per phase
o the stator side), and the rotar resistance refesrad tothe stator i O.5 Ohms per phase.
Meplect stator resistance, mon core losses and rotational losses,  Find the following
fhirgs;

g1 The frequency of the rotor currents in He ac this level of load

by The magnitucde of the stator line current al ths level of load

¢l The torgue to the shalt of the machine i N-am at this [evel of oad

d) What is the starting current tf this machine was started with full voltage suddenly

dpplwed whale it 15 at standscill?
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Problem 8 (25 s,

Aninduction machine bas nameplate ratings of 34, 60 He, 230 ¥V {line to ling), 24 &,
L7480 RFM, LD FIP Chorsepower), This motor has been tested, and is koown 1o have K,
(L1 83 amd Xy = 006 88, The mitor operates at raled vollage, When it is unbosded, it
draws 10 A and total power of 32 W while rupning al # speed just slightly under 1800
BPM. When ivis manning al reted load and speed. it drases 24 Acand TROD W, Racall b
| HP =746 W, You may ignore magnetic losses and rotationa) losses,

=

a)  Find X, (hint: consider the unloaded information.
by Find R and X" What is the-efficiency of this motor at rated load and speed?
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