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1. Consider the 440 V. / 60 Hz three-phase system shown below. Load 1 is A-connected and consists of a
series connection of R = 116.3 Q and L = 0.154 H in each phase. Load 2 is Y-connected and consumes P
=4 kW and Q = -2 kVAr. A) Draw the per-phase equivalent circuit showing the values of the source
voltage and load impedances; B) Compute the reactive power supplied by the source; C) Calculate the

current circulating in one element of load 2. (15 marks)

Generator ' Load 1 Load 2

2. The impedances of a single-phase transformer are as follows: Req = 0.02 pu, X¢q = 0.05 pu, X, =40 pu
and R, = 25 pu. Using the pu system and considering the case of “full load” with PF = 0.8 leading: A)

Calculate the percentage voltage regulation; B) Compute the efficiency of the transformer. (10 marks)

3. A three-phase, 120 kVA, 60 Hz, six-pole, Y-connected synchronous generator is connected to a 440 Vi
grid. It has a synchronous impedance of 1.5 Q per phase. Neglect all losses. Compute: A) The shaft

speed in rpm. B) The power factor when it operates injecting 90 kW with an internal induced voltage




(Ea) equal to the grid voltage. C) Draw the phasor diagram, relating voltages (Ea, V4 and Vxs) and
current (Is). Indicate the values of all magnitudes and angles; D) What value of internal induced voltage

would be required for operation with rated power and unit power factor? (20 marks).

. A four-pole, 208 V, 60 Hz, Y-connected, three-phase squirrel cage induction motor has the following

parameters, in /phase referred to the stator: Ry =0.220, X1 = 0.430, X;;; = 15.0, R =0.127 and X» =

0.430. Its rated slip is equal to 0.04. Mechanical and core losses can be neglected. Compute: A) The
torque at rated speed; B) The power factor at rated speed; C) The shaft speed when the load torque is
reduced to half rated torque; D) Now consider that the motor is supplied with a frequency converter.
What should be the frequency supplied by the frequency converter to the motor so that it operates with

half rated speed and rated slip (s = 0.04)? (20 marks)

. A separately excited dc machine has the following characteristics: Armature resistance is 0.2 €, induced
voltage at 1500 rpm and rated field current is 220 V. Mechanical losses: 750 W at 1800 rpm and
proportional to the square od the speed. Core losses at 1500 rpm: 500 W proportional to the speed. The
machine is not saturated. For a 120 V armature voltage, the recorded armature current is - 50 A, that is,
the machine is operating as a generator. Find: A) The shaft speed, B) the electromagnetic (converted)
power, C) the shaft (input) power and torque, D) The shaft speed and power at which there is no power

flow from the machine to the dc bus voltage. (20 marks).

. Consider the emergency power supply shown below. The inverter is controlled with “linear sinusoidal
pulse-width modulation (SPWM)” to allow the regulation of the voltage across the load, as the battery
discharges and its voltage (Vd) decreases. When the battery voltage is equal to the rated value, the
modulation index (m,) is equal to 0.75, what, for a transformer with a turns ratio (Np:Ns) of 1 : 6.285,
results in a load voltage of 240 Vrums. A) What is the rated voltage value of the battery bank? B) What is
the minimum battery voltage for which the linear SPWM method can still provide a load voltage of 240
V? C) For this battery voltage level, what would be the magnitude of the fundamental component and
harmonics of order (h) 3 and 5 of the load voltage if the modulation scheme of the inverter is changed to

“square-wave?” (15 marks).
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Formula sheet

Ac circuits:
‘Q = Vrms Irmx Sin ¢ (VAr)

§=V I =P+jQ=|V|l|(cos g+ jsing)
s=P*+0* PF=P/S=cos¢
Py, :\EVLIL cos@=31; Zcos@

05, =3V, 1, sin@=31; Zsin@ >
Sy, =3V, 1, =31}Z Z,=2,13 P=V,1I,cos¢ (W)

System with multiple elements

S;=8,+8, (complex power!),0, =0, +Q,,, P, =P, + P,
Y v
XC

QCup ==

Magnetic Circuits:

§H0dl:1m,Hll, =Ni, Hz%(Ampere—turn/m) B=uH, u=u u,, U, =47 x107 H/m

¢

NiA d
¢=IB-dA, ¢=BA,¢='u7l(Weber—Wb) S=Ni, S=9%R, R L eind=N£
" [, o UA dt
Transformers: Lpgeseeseeeens _alp_ R, ey, o
. . —+ ; A— o
(ideal) v _Np , l,P O _ Ny _ —, #(t)=— Vi cos(ar) : :
ve(t) Ny i) N, a oN, : ® X
Ve | ¢ jom \'A
Pin = Pout’ Qin = Qout’ Sin = Sout’ Zin = azzL : ’ »
1 1 1 P : :
YEzi_jiz‘YE‘é_eoc» YE‘Z o > COSH()CZL ' deal w7
Re — Xy Voc Loc Voc aisfarnet
Vv P, Approximate equivalent
ZSE = Req + leq = ‘ZSE‘ZGSC’ ZSE‘ =_5C R cosgsc = s¢ Transformer Model
Iy Ige Ve
Ve, =V P P vV la)
VR=—""L3100% n=-"-x100%=——x100%, P, =I'R,, P, = u
VS,ﬂ Pin Pnul + Pwre + PCu RC
V N Vv N 1 N +N S N +N
autotransformers: —<=—< N.I.=Ngl, —‘Lt=—-¢<— L= —C 0 —_SE__C
VSE NSE VH NSE + NC IH NC SWind NSE

AC Machinery:
e,; =(vxB)el,e, =@, wsinax,F=i(lxB),t=F(rsin),z,, =2rilBsinb, f, = g f,. 0, =§wm P poles

Synchronous machines (generator oriented formulas):
n, (r/min)P(#)

fo(He) === , E,=K¢®, V,=V,/\3 (Y Connection), V,=E,-jXI, (R,=0)
2
[)in = Ts/mfr wm = PRot_/oss + f,wnv ’ [)wnv = Tind a)m = 3E‘AIA Cos 7/’ 7: ZE‘A - LIA ’ a)m = nm 6_?).
3V,E, sind ) V=V,
P =P = §=LE ~ 2LV, Q,, =3V, sin0, =2V, -2, VR=-""T1100%
X vV,

Iy
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R

Vi

Ly




Induction machines (Y-connected motor oriented formulas):

L1201,

sync

n,.—n
(rev/min), n,, =n,, —n,, s= 2" (x100% ), n, = (1- s)ns_w
sync

2

2 2 2 2
P, _\/EVTIL cos®, Py, =31,"R,., F,,,, =3E"G¢, Py =31, R, /5, Ppey =31, Ry =31,°R,
—_ —_ 2 I—S —_ _ T conv __ PAG _ T out
Pcr)nv —tac ™ PRCL - 312 RZ( j’ P{)ut - P('()I’LV - PF&W - Pmisc ’ Tind - - ’ Tshaft -
S a)m wS}'VlC a)m
V2R, /s X x, Y
— TH _ M _ M ~
Tina = > 71 Vu = Vs Ry = R, s X =X,
wxync[(RTH"'Rz/S) +(Xpy +X,) ] X+ Xy X+ Xy
3V R,
Tmax = > 5 ’ Smax = 2 2
zwn-ncl:RTH +\/RTH +(XTH +X2) } \/RTH +(Xm +Xz)
. . . Troad_1 _ TlLoad _2
Relation for the linear region of the 7 versus @ (or s) curve: =
Sy Sy
No-load Test: p. = P, =~ P, P P 7 |= Vo ~X. + X LR X Lo
* Lin T Llosses T~ 1 SCL + core + F&W » eq| — T S| + M +o
nl
DC test: Vi
esti R, = , I pc =rated value
DC \
Blocked-rotor test:
P X, and X, as functions of X, o
P, =cosf =—"— . -
\/§VT IL Rotor Design X, X, FIGURE 7_12
V V Wound rotor 0.5 XLR 0.5 XLR The per-phase equivalent circuit of an induction motor.
|Z 1| = =2 =~ Design A 0.5 X, 0.5 X,
TG L Design B 0.4 X,z 0.6 X,
R, = |ZLR | cosf = R, +R, Design C 0.3 X 0.7 X
Design D 0.5 X, 5 0.5 X

Xip =|Zk|sin€ = X{+X]
Xig = o Xip=X+X,

test

DC Machines (motor oriented formulas):

n, Vr R,
Eu :K¢w’ E1172 :Eal(]’ Tind :K¢Iu’ w= - 2 Timi
n K¢ (k¢)
Ry L L
_ _ _ 72 %ﬁ
I)ian _VAIA’ I)ian _VFIF’ I)infTot _VAIA +VF1F’ I)lossz _IA RA’ . *
) Sometimes
_ _ _ lumped
Ploss_F - IF RF - Pin_F s Pconv - EAIA together and
called Ry
lor2 Vi @ E, vy
- _ _ n,
PShafr - Pcanv - (PF&W + Pcore ) - Pconv - (PLuss )’ PLoss_2 - PLass‘_l(n_]
1
L -

P P, P
n= out xloo%’ Ty = cony , Ts;mﬂ _ haft

in m m




Power Electronics:
DC-AC converters (Inverters):
Square wave modulation scheme:

. 4 . 1%

(V,), =—V, (fundamental) V), = ( ;l)‘ , h odd integer (harmonics)
T

SPWM

A

A L
— __ _ control
Vv,)=m\V,, m,=—7<1

V
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