G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 7

Chapter 7 Instructor Notes

Chapter 7 surveys all important aspects of electric power. Coverage of Chapter 7 can take place
immediately following Chapter 4, or as part of a later course on energy systems or electric machines. The
material in this chapter will be of particular importance to Aerospace, Civil, Industrial, and Mechanical
engineers, who are concerned with the utilization of electric power.

The chapter permits very flexible coverage, with sections 7.1 and 7.2 describing basic single-phase
AC power ideas. A survey course might only use this introductory material. The next two sections discuss
transformers and three-phase power. Two descriptive sections are also provided to introduce the ideas of
residential wiring, grounding and safety, and the generation and distribution of AC power. These sections
can be covered independent of the transformer and three-phase material.

The section Focus on Measurements: The wattmeter provides a practical look at the measurement
of power. The section Focus on Measurements: How Hall-effect current transducers work may be useful
in the context of a power systems course, while Focus on Measurements: Power factor correction proposes
a more applied look at the problem of improving the power factor of an industrial load.

The homework problems present a few simple applications in addition to the usual exercises
meant to reinforce the understanding of the fundamentals. Problems 7.19, 20, 22-25 present a variety of
power factor correction problems. Two advanced problems (7.35, 7.36) discuss transformer test methods;
these problems may be suitable in a second course in energy systems. Problem 7.48 illustrates the billing
penalties incurred when electric loads have insufficient power factors (this problem is based on actual data
supplied by Detroit Edison).

Those instructors who plan to integrate the three-phase material into a course on power systems
and electric machines, will find that problems 7.47 and 7.49-51 can be assigned in conjunction with the

material covered in Chapter 17, as part of a more in-depth look at three-phase machines.
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Problem 7.1

Solution:
Known quantities:
Resistance value, R =302, and the voltage across the soldering iron, } =117V .

Find:
The power dissipated in the soldering iron.

Analysis:
The power dissipated in the soldering iron is:
2 2
V 117
P=—=——=4563W
30
Problem 7.2

Solution:

Known quantities:
Rated power, P =1000 W , and the voltage across the heating element, J =240V .

Find:
The resistance of the heating element.

Analysis:
The power dissipated in the electric heater is:
72 2
V 240
=—=—=57.6Q
P 1000
Problem 7.3
Solution:

Known quantities:
Resistance value, R =50€ of the resistor.

glrédl;ower dissipated in the resistor if the current source connected to the resistor is:
a) i(t)=5cos(501) A

b) i(f)=5cos(50t—45°) A

c) i(t) = 5cos(50t) 2cos(50t -50° ) A

d) i(t) = SCOS(SOt)

Analysis:
The average power can be expressed as:

po=1p2p
2

av

2
=330 =625W
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c) By using phasor techniques:
I=500°-200-50°=5-1.2856+ j1.5321=3.7144 + j1.5321=4.01800122.41° A
Then, the instantaneous current can be expressed as:
i(r) = 4.0180cos(1007 +22.41°) A
Therefore, the average power is:
2
P, = w =403.6 W

d) The instantaneous voltage can be expressed as:
v(t) = Ri(t) = 250 cos(50¢) - 100 V
Then, the instantaneous power can be written as:
p(e)=v(t) @lr) =[250 cos(50¢) - 100] b cos(50¢) - 2]
=1250cos? (50¢) - 1000 cos(50¢) + 200
= 625+ 625¢0s(1001)=1000 cos(50¢ ) + 200 W

Therefore, the average power is:

P, =625+200 =825W

Problem 7.4

Solution:

Known quantities:
The current values.

Find:

The rms value of each of the following currents.
a) cos450t+2cos 450t

b) cos5t+sin5St

c) cos450t+2

d) cos5t+cos(5t+173)

e) cos 200t +cos 400t

Analysis:
The rms current can be expressed as:

L =1 = T if the current is periodic or if the current can be converted to a phasor quantity.

Otherwise, the rms current must be calculated using integration techniques.
a) Summing the common cosine terms leads to

I =3co0s450¢

T=3 =21213A

NG

b) Using phasor analysis:
I =cos 5t +cos(5:=90°) =100° +10-90° =1 - j =20 -45°A

I="Z=1A

SIS
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c) Since the second term is not periodic, integration techniques must be used:

- |omg ¢ , \/277 o
I = |— | (cos450¢ +2)"dt = ,|— |*°(cos” 450t +4cos450t +4)dt =
\/450 r( ) 450 r( )

27T 2
i :\/ﬂ [0 (cos® 4501 + 4cos 450 +4)dr = ﬂfﬁ 1t L 05900t + 4 cos450¢ +4 |dr =
450 22

7= 2019 1 co00r——4 sinasor| = o =2.1213A
450 2774 1800 450 2

d) Using phasor analysis:
1 =100°+1060° =1+0.5+ j0.866 =1.732[J30° A

71732 1.225A

V2
e) Can’t use phasor analysis because phasor analysis does not work for different frequencies. Must
integrate as in part c:

T=-2 =1414A

NG

Problem 7.5

Solution:

Known quantities:

The current rms value, 4 A, the voltage source rms value, 110 V, the lag between the current and the
voltage, 60°.

Find:

The power dissipated by the circuit and the power factor

Analysis:

The average power drawn by the circuit is:

4 (0):110\/52%/5

P =="cos cos(60°) =220 W

The power factor is:

pf = cos(60°) =0.5

Problem 7.6

Solution:

Known quantities:

The voltage source rms value, 120 V, the source frequency, 60 Hz, the power consumption, 1.2 kW, and
the power factor, 0.8.

Find:

a) The rms current.

b) The phase angle.

¢) The impedance.

d) The resistance.
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Analysis:
a) The power is expressed as:

P=VI cos(@)
Thus, the rms current is:

_ P _ 1200 —125A
Vecos(p) 12000.8
b) The power factor is:

pf =cos(6)
Thus, the phase angle @is:

6 = cos™'(0.8)=36.87°

c) The impedance Z is:

I =

=L=129 960
I 125

d) The resistance R is:

R= Zcos(@) =7.68Q

Problem 7.7

Solution:

Known quantities:

The rms values of the supply voltage and current, 110 V and 14 A, the power requirement, 1 kW, the

machine efficiency, 90%, and the power factor, 0.8.
Find:
The AC machine efficiency.

Analysis:
The efficiency is:

_ Mechanical Power _1kW /0.9 _1111W _
Mmotor — . -7 - =09
Electrical Power VI cos(9) 1232W

Problem 7.8

Solution:

Known quantities:

The waveform of a voltage source shown in Figure P7.8.

Find:

a) The steady DC voltage that would cause the same heating effect across a resistance.
b) The average current supplied to a 10-Q resistor connected across the voltage source.
c) The average power supplied to a 1-Q resistor connected across the voltage source.

Analysis:
~ +
a) Vpe=V= /—(l[l] ) (9[“) = /E =224V
2 2
+ - -
o 1, 2
200 20
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V: o2
P =—=—=5W
)t TR
Problem 7.9
Solution:

Known quantities:
The current and the voltage values.

Find:
The average power, the reactive power and the complex power.

Analysis:
ay P= VT cos 450 EIS—B? 0s 20 =21140W

Q =VT si n 50 GS—B“ 20 =7696 VAR

§=VI =11250020°VA
b) P =VI cos(9)=14013.85dos(-30°) = 709.3 W
0 =VI sin(0)=1403.85Rin(-30°) = -409.5 VAR
§=VI =8190-30°VA
o) P =VI cos(f) =50009.2 [dos(-45.8°) = 668.8 W
0 =VI sin(0) =5019.2 Bin(- 45.8°) = —688.7 VAR
S=VI =96001-45.8°VA
d) P =VI cos(p)=74000.8 [dos(-85.9° +45°) = 6040.8 W
0 =V T sin(8) = 740 10.8 @in(-85.9° + 45°) = =5232.7 VAR
S=VI" =79920-40.9°VA

Problem 7.10

Solution:

Known quantities:
The current and the voltage values or the impedance.

Find:
The power factor and state if it is leading or lagging.

Analysis:

a) pf =cos(0;-0,)=cos(21.2°)=0.932 Leading

b) pf = cos(@i —QV) = cos(— 40.6°) =0.759 Lagging

o) iy (¢)=48.7sin(wr +2.74) = 48.7 sin(wr +2.74 - 90°)
pf = cos(@i —QV) = cos(67°) =0.391 Leading

7.6



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 7

d 0= tan_I(%j =33.7° = pf =cos(0, —0,) = cos(-33.7°) = 0.832 Lagging

Problem 7.11

Solution:

Known quantities:

The power factor or the values of the current and the voltage.
Find:

The kind of the load (capacitive or inductive).

Analysis:

a) Capacitive.

b) Capacitive.

c) Since ij (t) = l.SCOS((Dt - 90°), Inductive.

d) Since the phase difference is zero, Resistive.

Problem 7.12

Solution:

Known quantities:

Circuit shown in Figure P7.12, the values of the resistance, R =4£), the capacitance, C = l/ 18 uF, the
inductance, L =2 H , and the voltage source.

Find:
The real and reactive power supplied by the following sources.

a) Vg (t) = 1OCOS(3Z)V
b) Vg (t) = 10005(9t)V

Analysis:
a) ©=3,Zp=j6-j6+4=4+0Q, 7=-1% —177a
203
P=T°R=125W,Q=1°X =0VAR
b) 0=9, Z; = j18— j2+4=4+ j16Q, T=—10 __oma

J216.5

P=T*R=0.7W,0=1°X=2.82VAR

Problem 7.13

Solution:

Known quantities:
Circuit shown in Figure P7.13, the values of the resistances, R; =8€2, R, =6, the reactances,

Xc=-12Q, X; =6Q, and the voltage sources, V; =360 —~TY3V, Vg, =2410.644V .

Find:
a) The active and reactive current for each source
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b) The total real power.

Analysis:
a) From Figure P7.13:

Vs =R, +jXL(Il _Iz) = (8+j6)11 —Jjol,

=V, ==X, (I, =1,)+ RyI, + Xl = =61, +(6 = j6)I,
Substituting the values for the voltages sources gives:

18- j31.2=(8+ j6)I, — j6l,

{—19.2 — jl4.4=-j6l, +(6- jo)I,
Solving for I, and I, yields:

I, =0.398 - j3.38A

{12 =1.091-0911A

Therefore, the active and reactive currents for each source are:

I, =0398A I, =3.38A
an
1,,=1.091A Iz, =0.91A

b) P=RI5+RI} =60.4217 +83.403* =105 W

Problem 7.14

Solution:

Known quantities:
Circuit shown in Figure P7.14, the values of the resistors, R, =25€Q, R =1, the capacitor,

C = 0.1 UF , the voltage source, ‘le =230V, and the frequency, f =60Hz.

Find:

a) The source power factor.

b) The current I,

c) The apparent power delivered to the load.
d) The apparent power supplied by the source.
e) The power factor of the load.

Analysis:
.
D) Dfsuree = R Rine + Rigus = 26 =0.00098 Leading
source 2 > g
Z \/(Rline + Rlnad) + XC \/676 + 7036e
b T=Vsi=_ 20 _gema

Z 265250 -90°
Therefore, I =8.67L1 —90°mA

) Spaa = VPlfad + Ot = TSZ VRload2 +X. =1.994VA

d S, =1V, =1994VA

source

&) pfiy =kl =22 =0.00094
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Problem 7.15

Solution:

Known quantities:
Circuit shown in Figure P7.14, the e values of the resistors, R, =25€Q, R =1Q, the inductor,

L =0.1H, the voltage source, \Nis =230V, and the frequency, / =60Hz.

Find:

a) The apparent power supplied by the source.

b) The apparent power delivered to the load.

c) The power factor of the load.

Analysis:
Ve Ve 230°

a)y S=—= =1.155kVA
Z \/ lme + Rload) + XZ \/262 + 37 72

~

2
b) Sload = TSZZload :% V Rliad 2 ( 230 J V 252 + 37 72 1 141kVA

25

- load - —O 55
9 Plia Z, 452
Problem 7.16

Solution:

Known quantities:
Circuit shown in Figure P7.14, the values of the resistors, R, =25€Q, R =1, the capacitor,

C =0.1mF, the inductor, L =70.35mH , the voltage source, ‘le =230V, and the frequency,
f=60Hz.

Find:

a) The apparent power delivered to the load.
b) The real power supplied by the source.

¢) The power factor of the load.

Analysis:
2 2 2
a) S —V— r 230 =2.03kVA
Z \/ lme + Rload) (X X \/262 26 5 26 5)
2 2
b X.=x, = P="—=23% _03kw
R 25
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Problem 7.17

Solution:

Known quantities:
Circuit shown in Figure P7.17, the values of the resistor, R =20£2, the capacitor, C =0.1mF , the

voltage source, \Nfs =50V.

Find:
The apparent power, the real power, and the reactive power; draw the power triangle.

Analysis:

~

= V2 _ 502 _ 2500
2 2 332
\/RzJ,(%)C)Z V207 +26.5

P=S[os(0)=5 275320 —4536w
Z 33.2

0=+S5?-P? =-60VAR

4 R
For the power triangle, 6 = cos I(Ej =53°

=75.3VA

Therefore, the power triangle can be drawn as shown below:

P=4536 W _
53°
S=753 VA 0=-60 VAR
Problem 7.18

Solution:

Known quantities:
Circuit shown in Figure P7.17, the values of the resistor, R =20£2, the capacitor, C =0.1mF , the

voltage source, \N7S =50V.

Find:
The apparent power, the real power, and the reactive power, in the cases of f= 50 and 0 Hz.

Analysis:
For the frequency of 0 Hz,

SOHz = 0’ IDOHZ = 0’ QOHZ = 0
For the frequency of 50 Hz,
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y? 2500
S, = = =67.15VA
50Hz 372

IZiI;i
R+a)C

Py, =S Zos(0 SG’i 67157—36W

O =NS* =P =56.7VA

Problem 7.19

Solution:

Known quantities:
A single-phased motor connected across a 220-V source at 50 Hz as shown in Figure P7.19, power factor pf’
=1.0,/=20 A, and [, =25 A.

Find:
The capacitance required to give a unity power factor when connected in parallel with the load.

Analysis:
The magnitude of the current Tz is:

I, =12 -T% =625-400 =15A
The voltage source can be expressed as:

V=11
Therefore, the required capacitor is:

_ L _ 15
Viek 2200314

=217uF

Problem 7.20

Solution:
Known quantities:
The currents and voltages required by an air-conditioner, a freezer, a refrigerator, and their power factors.

Find:
The power to be supplied by an emergency generator to run all the appliances.

Analysis:
In this problem we will use the following equations:

P=1Vcos(0). 0=TVsin(6). pf = cos(6)
The real and reactive power used by the air conditioner are:

P, =9.6020[0.9=1036.8 W, 0, =9.6[120 Gin(cos™(0.9))=502.15 VAR
The real and reactive power used by the freezer are:

P, =4.20020[0.87 =438.48 W, O, =4.2(1203in(cos ' (0.87))=248.5 VAR
The real and reactive power used by the refrigerator are:

P, =3.502000.8=336 W, 0, =3.5020Ginlcos ™ (0.8))= 252 VAR
The total real and reactive power P are:

P=P+P,+P, =1811.28W, 0=0, +0, +0, =1002.65 VAR

Therefore, the following power must be supplied:
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S=P+;O=1811.28+ ;j1002.65 VA =2070.31128.97° VA

Problem 7.21

Solution:

Known quantities:

The schematics of the power supply module consisting of two 25-kV single-phase power stations shown in

Figure P7.21, the power consumption by the train, the DC power supply at a low speed operation, the

average power factor in AC operation, the over-head line equivalent specific resistance, and negligible rail

resistance.

Find:

a) The equivalent circuit.

b) The locomotive current in the condition of a 10% voltage drop.

c) The reactive power.

d) The supplied real power, over-head line losses, and the maximum distance between two power station
supplied in the condition of a 10% voltage drop when the train is located at the half distance between
the stations.

e) Over-head line losses in the condition of a 10% voltage drop when the train is located at the half
distance between the stations, assuming pf'= 1 (The French TGV is designed with the state of art
power compensation system).

f) The maximum distance between the two power station supplied in the condition of a 10% percent
voltage drop when the train is located at the half distance between the stations, assuming the DC (1.5
kV) operation at a quarter power.

Analysis:
a) The equivalent circuit is:

I Line Line I,

¥ ! ¥
Vsi @ ' [ . @ \E
= i ' Train —

b) The locomotive current for the 10% voltage drop is:

TLOC:71+72:2I~1:272:(~ Pro¢ _  11IMW

= =611A
Vs —10%)cos(0) 22.5kV 0.8

¢) The reactive power is:

~ 2
Q=\/S%0c - Ploc =\/(VS ‘10%) IFoc = Ploc

= J(13.75MVA) - (11IMW)? =8.25MVAR
d) The supplied real power is:

P=ys?-0? =7 0 ) -0* =12.85MW

The over-head line power loss is:
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Prine ==Proct (VS ﬁ)z -0’

= ~11MW +4/(15.27MVA) - (825 MVAR)* =1.85 MW

The maximum distance between the two power stations is:

P ) 2R;;
Rpine || Rpjne = =22 =5Q = Distance,,,, :ﬁ =100km
Loc :

e) The over-head line power loss is:

Py oc =10% g O, o [2os(0) = 2500 VB89 A =1.22 MW
0.25P,pc _ 2.75MW

90% g pe 1350V

Prine =10% ¥ pe O 00 =305kW

=2037A

f) Iioc =

P .
RLine ||RLine = ]éme =0.0735Q

LOC
The maximum distance between the two power stations is:
. 2R;.
Distance,,, = ——=1¢_ =1 5km
0.2Q/km
Problem 7.22
Solution:

Known quantities:

One hundred 40-W lamps supplied by a 120-V and 60-Hz source, the power factor of 0.65, the penalty at
billing, and the average prices of the power supply and the capacitors.

Find:

Number of days of operation for which the penalty billing covers the price of the power factor correction
capacitor.

Analysis:
The capacitor value for pf=0.85 is:

Gas) (2 ras) 15
C- Ic _(IX,O_65—1X,0,85) 7 [0.65 % 7 [0.85 4

_ V51.32 =33.32 =4/39.22 -33.32 _ 19
337020 377020

Therefore, the number of days of operation for which the penalty billing covers the price of the power
factor correction capacitor is:

= 420 uF

A20uF B0

Number of Days = mF =88 Days
W o013 e I
4 kW

day
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Problem 7.23

Solution:

Known quantities:

Reference to the problem 7.22, and the network current decreasing with the power factor correction.

Find:

a) The capacitor value for the unity power factor.

b) The maximum number of lamps that can be installed supplementary without changing the cable
network if a local compensation capacitor is used.

Analysis:
0 [lc|=L|
i i) (7 _srar
1 ~ - 2 _ 2
C=‘~—L‘= V[(D.65N V _ 51.37 =333 — 862F
w Vo 377020
b) Initial cable network is:
T=_F = 00 _g 3,
Vcos(0) 12000.65
One lamp current for pf=1 is:
PLamp 40
Lanp === 1= 03334
The total number of lamps = = =154
Lamp

Therefore, the number of supplementary lamps =154 —100 =54

Problem 7.24

Solution:

Known quantities:
The voltage and the current supplied by a source, Vg =70150°V, Iy =130 -20°A.

Find:

a) The power supplied by the source which is dissipated as heat or work in the load
b) The power stored in reactive components in the load.

c) Determine if the circuit is an inductive or a capacitive load.

Analysis:
a) S=V,I, =(7050°V)(130-20°A) =91070°VA =31.12+ j85.51VA
P, =31.12W

b) O =85.51VAR
o) 8=(0,-0,)=-70° = pf =cos(0)=0.342 Lagging

The load is inductive.
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Problem 7.25

Solution:

Known quantities:
Circuit shown in Figure P7.25, the voltage supplied by a power plant,

Vg (Z‘) =450 cos(a)t)V, w =377 rad/s , and the impedances of the plant, Z =7 + jQ and of the
power plant, Z, =3+ j0.11Q.

Find:

Determine C so that the plant power factor is corrected to 1.

Analysis:
Note: Zg influences only the phase difference between Vg and V() and not the one between V and Z.
For this reason, the result does not depend from Zg.

_ ZZc _ (R+jX)-jXc) _ XXc-jRXc R-j(X-Xc)

W z+7Zc (R+xX)+(-jxe) R+ (X -X0) R= (X - x()
_()Q(CR_RXC(X_XC))_j(RzXC _XXC(X_XC))
B R*+(x - x,)

= Req - leq

I =—0
Z,,

If I and V) are in phase, they have the same phase angle. For this reason, it must be:

Zog =Ry = jXog =Ry =jO = Xy =0 = R°X( —XXo(X -X()=0

2, y2
Xczu:SOQ:L:C: 1 = 1 :513MF
wC wXc  (3771ad/s)(50Q)
Problem 7.26
Solution:

Known quantities:
Circuit shown in Figure P7.25, the voltage supplied by a power plant,

Vg (t) =450 cos(a)t)V, w=377 rad/s , and the impedances of the plant, Z =7010° Q.
Find:
Determine C so that the plant power factor is corrected to 1.

Analysis:
Note: Zg influences only the phase difference between Vg and V() and not the one between V and Z.
For this reason, the result does not depend from Zg.

7 =7010°Q=6.89+ j1.21Q

_ ZZ¢ _ (R+jX)-jXc) _ XXc-jRXc R=j(X-Xc)

“z+ze (R+X)*+(-jxe) R+j(X-xo)R-j(x-X()

(MCR_MC(X_XC))_j(RzXC_XXC(X_XC))
R*+(X-Xxc)

= = Req _leq
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I =—0
Zey

If Is and V) are in phase, they have the same phase angle. For this reason, it must be:

_ ) _ . _ 2 _
Zoy = Roy = jXog =Ry = jO = X,y =0 = R°X(¢ = XXc(X - X()=0

2 2
+
Xczu:4o.3mzi - C=—_= ! = 65.8pF
wC wXo  (377rad/s)(40.31Q)
Problem 7.27
Solution:

Known quantities:
Circuit shown in Figure P7.25, the voltage across a plant, V; =4500J0°V, f =60Hz, and the current

through it without the capacitance in parallel with the plant, TS =170 —-10° A, the value of the
capacitance in parallel with the plant, C =17.40 uF .

Find:
The reduction of current which resulted from connecting the capacitor into the circuit.

Assumptions:
The impedance of the power plant is very small, Z, =0.

Analysis:
Without capacitor:

I =1, =170-10°A, V, =45000°V .
With capacitor, being Z, = 0, the voltage across the plant does not change, as well as the current:
Vy =45000°V = T, =170-10°V

KCL: _IS+Ig+IC:0

L =T,+1.=1, + Yo 17— 1004 BT

=16.74 - j2.952 +j(377 7.4 [110‘6): 16.74 + jOA =16.7400° A

Problem 7.28

Solution:

Known quantities:
Circuit shown in Figure P7.25, the voltage across a plant, (l‘ ) =170 cos(a)t )V, f =60Hz, the

current through it without the capacitance in parallel with the plant, ig (t ) =130cos (a)t -1 1°)A , and
the value of the capacitance in parallel with the plant, C =387 uF.

Find:

The reduction of current which resulted from connecting the capacitor into the circuit.
Assumptions:

The impedance of the power plant is very small, Z, =0.
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Analysis:
Without capacitor:

T =T, =1300-11°A, V, =17000°V..
With capacitor, being Z ¢ = 0, the voltage across the plant does not change, as well as the current:
Vp =17000°V = T, =1300-11°V

KCL: _IS+Ig+IC:O

I =T, +1, =1 + Y0 = 1300 -1 10+ 1700
g £ Zc 1/ jwC

=127.61- j24.81+ 1(377 07.4 Dl0‘6): 127.61+ jOA =127.6100° A

Problem 7.29

Solution:

Known quantities:

Circuit shown in Figure P7.29, the values of the voltages and all the impedances.

Find:

The total average power, the real power dissipated and the reactive power stored in each of the impedances.

Analysis:

Vs (170/*5\/)2 =20.643030°kVA =17.88+ j10.32kVA = P, + jO,
z:  0.70-30°Q

S, = Vs - (170/*5\/)2 =9.63307°kVA =9.56+ j1.17kVA =P, , + jO,
22 1.50-7°Q

.- (Vg + Vs, _ (1700000 +1700090° V)2

’ A 0.3-0.4Q
(240.42045°V )

= =57.8053.13°kVA =34.68 — j46.24kVA =P, 5 + j

0.50-53.13°Q / a3 * /05

Problem 7.30

Solution:
Known quantities:
The voltage and the current supplied by a source, Vg =17000 -9°V | I¢ =13016°A.

Find:

a) The power supplied by the source which is dissipated as heat or work in the load
b) The power stored in reactive components in the load.

¢) Determine if the circuit is an inductive or a capacitive load.

Analysis:
a) S=V.I =(1700-9°V)(13016°A) =22100-25° VA = 2003 - j934.0 VA
P, =2003W
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b) O=-934VAR
o) 8=(0,-6,)=25° = pf =cos()=0.906 Leading

The load is capacitive.

Problem 7.31

Solution:

Known quantities:
Circuit shown in Figure P7.31, 3ach secondary connected to 5-kW resistive load, the primary connected to
120-V rms.

Find:

a) Primary power.
b) Primary current.
Analysis:

a) P

prim

+P

sec2

=P =10kW

secl

~

P
b T, =—2m=""TT =833A
g 120

T . =83300A

prim

Problem 7.32

Solution:

Known quantities:

~

sec -

\%
Circuit shown in Figure P7.31, the ratio between the secondary and the primary, =< =n and

prim

a) Viecand Ve if Vi =220 Vrms and n = 11.
b) nif V=110 Vrms and Veer =5V rms.

Analysis:

V .

2) Vm:ﬂzgzzov
’ n 11
VYECIZQZIOV
’ 2

V .
) _ﬂ_&:]]
2v,, 203
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Problem 7.33

Solution:

Known quantities:

The circuit shown in Figure P7.33 and vy = 120 V rms.
Find:

a) The total resistance seen by the voltage source.

b) The primary current.

c) The primary power.

Analysis:

From the circuit shown on the right hand side:

v, =LR +tv, i, =v,/R,
v, =nv, i, = ni, S 60
v, Ri + R i
a) Rtot_._g_lll.—‘)l_Rl _5229
L L
b) T:_g:%:a)A

tot

o P =10 =72kW

Problem 7.34

Solution:

Known quantities:

The circuit shown in Figure P7.33 and v = 120 V rms.
Find:

a) The secondary current.

b) The installation efficiency Py, /P, .. -

¢) The value of the load resistance which can absorb the
maximum power from the given source.

Analysis:

From the circuit shown on the right hand side:
I; _ 60

a) I,="L=""=15A
4 4

_ By _ I3[R, 22506 _3.6kW _
P v O, 120060 7.2kW

source
c) For the maximum power transfer:
— !
R prim — R sec
_ 1

nZ

b) 0.5

R, R,, = R,,=R & =1Q06=16Q
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Problem 7.35

Solution:

Known quantities:
Circuit shown in Figure P7.35, the voltage and the power that a transformer is rated to deliver to a

customer, V] =380V, P, =460kW .

Find:
a) The current that the transformer supply to the customer.
b) The maximum power that the customer can receive if the load is purely resistive.

¢) The maximum power that the customer can receive if the power factor is 0.8, lagging.
d) The maximum power that the customer can receive if the power factor is 0.7, lagging.
¢) The minimum power factor to operate if the customer requires 300 kW.

Analysis:
a) From S;, = 17171 = 17272 =S,u:
I, = Sin - 4001000 _, 51y 0
4 380

b) For an ideal transformer:

P,, =P, cos(6) =V, cos(6)
For cos(0) =1
P, =V,I, =460kW

¢) For cos|@)=0.8, the maximum power is:

P,,, =V cos(0) = 368 kW

P,,, =V, cos(8) =322kW
e) For P, =300 kW , the minimum power factor is:
cos(8) = Fou _ 300KW _; 65
P, 460kW
Problem 7.36
Solution:

Known quantities:
Circuit shown in Figure P7.36, the voltage, Vg (t) =294 cos(377t)V , the resistances in a circuit

.. . Vo (f ) 1
containing a transformer and the ratio 7 = =—.
Vg (f ) 2.5
Find:
a) Primary current.
b) v lt).

¢) Secondary power.
d) The installation efficiency Py, /P, ee -
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Analysis:
a) The primary circuit is described in the figure left-hand side. 100 Q
The primary current is:
-7 294 1 ¥s® 375w @
I = —="=0 =0.82A (5=
R +n’R, 2 100+6.25025 :

i(r)=1.144cos(377t) A

b) The output voltage is:
17;) :ﬂ — VS _Rlll - 208_100 |:(|)82 - 504V

n n 2.5
volt)=71cos(3771) v
c¢) For the secondary power, if pf =1:
Py =LVy=1 W, & =0.82030412.5=103.3W
d) The installation efficiency is:

_ P _ P _ 1033W

"B e Ve, 208VID.82A
Problem 7.37
Solution:

Known quantities:

Circuit shown in Figure P7.37, the resistances, Rg =1800Q, R; =8Q.

Find:

The turn’s ratio that will provide the maximum power transfer to the load.

Analysis:

From Equation (7.41) for the reflected source impedance circuit, we have: Rg = N 2Rs

Therefore, the power is maximized if:

RSeq:RL = Nzl/n: RL/RS:OO67

On=15
Problem 7.38
Solution:

Known quantities:
The voltage source and the resistances in the circuit shown in Figure P7.38.
Find:

a) Maximum power dissipated by the load.

b) Maximum power absorbing from the source.
¢) The installation efficiency.

Analysis:
All the impedances are resistances, and therefore it is possible to
consider the modules of voltages and currents.
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a) To maximize the power delivered to the 8-Q resistance, 7 must be selected to maximize the load
current 1, >0.

1
Note that V', =—V, and I, =nl,.
n

KVL Mesh 1:
_ 1 _ 1
Vg —3]1 +;V2 +4(Il _12)—37’112 +;V2 +4(7’l]2 _12)
KVL Mesh 2:

V2 :8]2 +4(12 _11)28]2 +4(12 _7’112)

Rearranging the two mesh equations:

1 _
Tn=a)a V2 =ve gy + M2ty =

g
(12-4n)1, =V, "
n

[h=—

2702 —gnt12 ¢

d . _ [ -sn+12)-n(14n-8) _  -74%+12
d—12— 5 Vg— 5 Vg
n (771 —871+12)z (7n —871+12)z

. dl,
For the maximum value of the load current /,, —= =0

n
-Tn* +12=0 = n:J% =1.31

The maximum load current is:
n

I, = —
Tn” —8n+12

The maximum power dissipated by the load is:

— 2 _
Pload - Rloadl2 =245kW

b) The maximum power absorbing from the source is:

P, :Pload+3QU12+4Q|:ﬂll_l2)2

source
— 2 2

Psource _Pload +3Q|—_lb]2 +4Q[Gn]2 _]2)

P =2540W +934 W +70W =3.54kW

source
¢) The installation efficiency is:

_ Py _245kW _
P, 3.54kW

source

Vg = 0. 122vg =1347A

0.7

Problem 7.39

Solution:

Known quantities:
The current and the voltage delivered by the transformer, and the circuit of the transformer shown in Figure
P7.39.

7.22



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 7

Find:
The efficiency of the installation.
Analysis:
Vi = = =220V rms
Iy :lZ :1Z =25Arms
n 2
7= 22200 _g0e =110 -90°A rms

bj20 0 20

Since the currents are exactly 90° out of phase, the current is the square root of the sum of the
phasor magnitudes squared:

Tg =17 +1} =273 Arms
=745W +5.5kW = 6.245kW

Therefore, the efficiency of the installation is:

Pload — Psec — 5.5kW

Py =1QO¢ +P

sec

n= =0.88
PSOM}"C@ PSOM}"C@ 6245 kW
Problem 7.40
Solution:

Known quantities:
The model for the circuit of a transformer shown in Figure P7.40 and the results of two tests performed at

w=377rad|s:

1. Open-circuit test: V =241V ,1,.=095A, P =32W.
2. Shortc1rcu1ttestf7 =5V, IN =5.25A, P, =26W.

Find:
The value of the impedances in the equivalent circuit.

Analysis:
The power factor during the open circuit test is:
Pfoe = cos(Hoc) = NPN =0.1398 Lagging
VOC oc
The excitation admittance is given by:
1 -
Y, ==2<Ocos ' (pf,.)= 095 5 21.96°S=0.0005511- 70.003903S
VOC 241
R =18kQ R.=1.8kQ
= X,
X, =256.2€Q . =—<=0.68H
w
The power factor during the short circuit test is:
Dfse = cos( ) = NRVS =0.9905 Leading
VSCISC

The series impedance is given by:
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ZW:I:— Ocos™ (pf,.)= iD7914°Q 0.9476 + j0.1311Q

I, 5.25
R, =0.9476Q R, =0.9476Q

=
X, =0.1311Q L, = Xw 20348 mH
(0]
Problem 7.41
Solution:

Known quantities:
The model for the circuit shown in Figure P7.40 of a 460kV A transformer and the results of two tests

performed at /' = 60Hz:
1. Open-circuit test: V. =4600V, T .=0.7A, P,. =200 W .
2. Short-circuit test: V;C =52V, P, =50W.

Find:
The value of the impedances in the equivalent circuit.

Analysis:
The power factor during the open circuit test is:
P
Pfoe = cos( ) ==—%—=0.062 Lagging
VOC oc

The excitation admittance is given by:

Loc -1 0.7 | )
= 29¢ O cos = ' [1-86.45°S=9.4007%-;0.1520073S
C VOC (pfoC) 4600 J
R, =106.38kQ R.=106.38kQ
= X,
X, =6.58kQ 1 =Xe 217461
w

The power factor during the short circuit test:

P
pf, =cos(6,.) =2 =1
SSC
since it is a high power transformer.
The series impedance has therefore imaginary part

=0: Ideal transformer
V2 4 Tw = =7
Z,=—%0cos (pf,.)=0.54Q o—AM—
"R, (o) 0.54Q |® o|
{RW:0.54Q Ry =0.54Q fcg Lc! “
= X 106.38 |
X =0Q L =—%=0 I_ 1
w w w kQ H |

Therefore, the equivalent circuit is shown besides.

L____l
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Problem 7.42

Solution:

Known quantities:

Circuit shown in Figure P7.42 of the single-phase transformer with the high voltage regulation from five
different slots in the primary winding, the secondary voltage regulation in the range of 10%, and the
number of turns in the secondary coil.

Find:

The number of turns for each slot.

Analysis:
The secondary voltages are:

Vy =Va3 —0.12V =1.08 V rms
Vyy =Vy3=0.06V =1.14V rms
Vy; =1.20Vrms

Vyy =Vy3 +0.06V =1.26 V rms
Vys =Vy3 +0.12V =1.32V rms

Therefore, the number of turns for each slot is:

ny; =203.7x2 0408 turns
n, =192.9x2 0386 turns

l

M pyim = I;’”"” Gh,,, = {ms=183.3%2 0367 turns
see ny, =174.6x2 0349 turns
s =166.6x2 0333 turns
Problem 7.43
Solution:

Known quantities:
The pipe’s resistance = 0.0002 Q, the secondary resistance = 0.00005 Q, the primary current = 28.8 A, and

pf=091.
Find:
a) The slot number. NOTE: Typo in problem statement.
b) The secondary reactance.
¢) The installation efficiency.
Analysis:
a) The secondary current is:

~

— % — T2
P prim — Psec = Vprim Uprim [dos ((9) - Rsec Dsec
v . O . [Bos(d
1 = |Vorin Do (0) =\/220 28.80.91 _ 40004
‘ R, 0.00025
Therefore, the slot number is:
= EFS = 4800 =166.6 = Slot Number 5
L. 288

b) The secondary reactance is:
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IQSEC
R +X?2

sec sec

| 1 1
Xee =Ry |—=—1=0.00025 -1=114pQ
sec sec pf2 0'912

¢) The installation efficiency is:

2
— Pload — Rload Usec — Rload — 200002 _

pf prim = pfsec =

n 5 =0.8
PP” im Rsec Usec RSQC 250“ Q
Problem 7.44
Solution:

Known quantities:

A single-phase transformer converting 6 kV to 230 V with 0.95 efficiency, the pf of 0.8, and the primary
apparent power of 30 KVA.

Find:

a) The secondary current.

b) The transformer’s ratio.

Analysis:
a) The secondary current is:

Pooe = Pyyipn G0 = S iy [005(0) 0 =30[0.8[0.95 = 22.8kW

sec

T =D __=124A
V.. os(6)

b) The primary current is:

~ Spﬁm 30000 _

Il . ==—=—=5A
PV i 6000
Therefore, the transformer’s ratio is:
L = NIS“ =248= N =0.04
N T .
prim
Problem 7.45
Solution:

Known quantities:
The magnitude of the phase voltage of a three-phase wye system, 220 V rms.

Find:
The expression of each phase in both polar and rectangular coordinates.

Analysis:
The phase voltages in polar form are:

V,, =22000°V, V,, =2200-120°V, V,, =2200120°V
The rectangular forms are:
V,, =220V, V, =-110-190.52V, V,, =-110+ j190.5V

The line voltages in polar form are:
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V., =+/3V,_[030° =380030°V
V,. =3800-90°V
V. =3800150°V

The line voltages in rectangular form are:

V., =329+ 190V, V, =—;380V, V. =329+ j190V

Problem 7.46

Solution:

Known quantities:

~

The phase currents, I, =1000, T, =120150°, T, =80165°.

Find:
The current in the neutral wire.

Analysis:
The neutral current is:

~

I =1 +1 +1 =500°+120150°+80165° = -13.11+ ;j8.07 =15.3901148.4° A

Problem 7.47

Solution:

Known quantities:
Circuit shown in Figure P7.47, the voltage sources, V, =1200J0°V, V,, =1200J120°V ,

~

V, =12000240°V.
Find:

~ ~

a) The voltages, V., V0,

<

BR
b) The voltages, VRW, \~7WB, Vyr, using \N/'xy = \fo \/§D -30°.

¢) Compare the results obtained in a and b.

l

Analysis:
a) V., =V, -V, =12000°-1200120° =120 + 60 — j103.92 =207.80 —30°V
V,s =V, -V, =1200120° - 12001240°

= —60 + j103.92 +60 — j103.92 =207.80190° V
o =V, =V, =1200240° - 12000°
= -60 - j103.92 —120=207.80 —150°V
bV, = V,~/30-30°=120/30-30°=207.80 -30°V
V,, =V, /30 -30° =1200120°v/30 - 30° = 207.80090° V
V. = V,~/30 —30° =1200240°/30 - 30° = 207.801210°V = 207.80 —150°V

¢) The two calculations are identical.

~

<
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Problem 7.48

Solution:

Known quantities:
Circuit shown in Figure P7.48, the voltage sources, V, =1100J0°V, V,, =1100J120°V ,

~

V, =1100240°V, and the three loads, Z, =50Q, Z,, =—j20Q, Z, = j45Q.

Find:
a) The current in the neutral wire.
b) The real power.

Analysis:
a) I, = Yo 1OUO" 5 hm00a
Z, 50
1, :—B:M:Z.MDISWA
Z, j45
1,= Vi - 110;120 =5.50210°A
Z,  —j20

T, =T,+1, +1,=2.2+5.50210°+2.440150°=4.920 - 161.9° A
b) P=RO2=5002.2>=242W

Problem 7.49

Solution:

Known quantities:
Circuit shown in Figure P7.49, the voltage sources, \N7R =220000°V, VvV, =22000120°V,
B

R, =10Q.

~

V, =2200240°V, and the impedances, R, =

Find:
a) The current in the neutral wire.
b) The real power.

Analysis:
a) I, :ﬁ:%:zzgow&
R, 10
TW _ \” _ 2200120 —290120° A
R, 10
1, :&:M:22D240°A
R, 10

Therefore, the current in the neutral wire is:
I, =T, +1,+1,=0A

b) The real power is:
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172 2
P=1,[R+1, [R+1I,[R=3R0, :3%:3220 =14.52kW
Problem 7.50
Solution:

Known quantities:

A three-phase electric oven with a phase resistance of 10 Q, connected at 3 x 380 V AC.
Find:

a) The current flowing through the resistors in Y and A connections.

b) The power of the oven in Y and A connections.

Analysis:

a) In Y-connection:

~

7 — Vphase _ 380/\/§ _ 220

R 10 10

In A-connection:

=22A

b) In Y-connection:
P = \/§ I:ﬂ7l/ine IjN;ine = \/5 [EZine IjNRY = \/g BSO Dz = 145kW
In A-connection:

P=\30, O, =30, O, =+/338002.7=836kW

Problem 7.51

Solution:

Known quantities:

Apparent power of 50 kVA and supplied voltage of 380 V for a synchronous generator.
Find:

The phase currents, the active powers, and the reactive powers if:

a) The power factor is 0.85.

b) The power factor is 1.

Analysis:
a) For the power factor of 0.85:
S=A3T = T=—2_ =000 _g0,

3 3380

P =S [2os(0) = 50000 [D.85 = 42.5kW

0 =482 — P2 =+/507 42,5 =26.3kVAR
b) For the power factor of 1.00:

S=P = 1=76A

P =8 [2os(0) = 50000 0.00 = 50.0kW

0=+vS§*-P* =0
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Problem 7.52

Solution:

Known quantities:

Circuit shown in Figure P7.52, the voltage sources, V, (l‘ ) =170 COS(a)t )V ,

v, (t)=170cos(wt +120°)V , v, (t) =170 cos(wt —120°)V , and the impedances,
Z,=0.5020°Q, Z, =0.3500°Q, Z, =1.70 —90°Q, the frequency, / =60Hz.
Find:

The current through Z,, using:

a) Loop/mesh analysis.

b) Node analysis.

¢) Superposition.

Analysis:
a) Applying KVL in the upper mesh:

V,-V, +1Z, +(1 -1 )Z =0 = L(z,+2,)+1L(-2,)=V, -V,
Applying KVL in the lower mesh:
V.-V, +(1 I)Z +1,2,=0 = L(-2,)+1,(z,+2,)=V, -V,
For each mesh equation:
vV, -V, =17000°-1700120° =170 — (-85 + j147) = 29400 = 30°V
V, -V, =1700120° -1700 —120° = (-85 + j147)— (-85 - j147) =2940090° V
Z,+7,=0.47+ j0.171+0.35=0.8380111.8°Q
Z,+Z,=035-71.7=1.740 -78.4°Q

Therefore, the current through Z, is:

v, Vé2 ~Z, 2940-30° —0.3500°
~ |V,=V, Z,+Z,| |294090° 1.740-78.4°
Yz vz, -Z, 10.838011.8°  —0.3500°

-7, Z,+Z, -0.3500° 1.740-78.4°

— °4+ o — o
_ 5120 -108.4° +1030190 _ 41590 -112.9 — 03] —41.8°A
1.46001 - 66.6°—0.1230J0°  1.41600 —-71.2°
b) Choose the ground at the center of the three voltage source, and let a be the center of the three loads.
The voltage between the node a and the ground is unknown.

Applymg KCL at the node a:
V V Va \Y% V, -V,

52 4 _a 53— 0
Z, Z, Z,
Rearranging the equation:
Voo Ve Voo 170000 | 17001200 | 1700 -120°
+ +

V%4 %4 Z _05020° 035010°  1.70-90°
«T1 011 1 1 1
R e + +
zZ, Z, Z, 0.5020°  0.35010° 1.70-90°

_ 34000 —20° +4860J120° +10000330° _ 3030J57.3 — 63.90058.5°V
200 -20°+2.86010° +0.590190° 4.740 -1.2°

Applying KVL, the current through Z, is:
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V., -V, _17000°-63.9058.5°
Z, 0.5020°

c) Superposition is not the method of choice for its great complexity.

V-V,-12,=0=>1= =2930-41.8°A

Problem 7.53

Solution:

Known quantities:

Circuit shown in Figure P7.13, the voltage sources, V, (t) =170 COS(a)t)V ,

v, (1) =170cos(wr +120°)V, v, () =170 cos(wr =120°)V , and the impedances, R =100,
C=0.47puF, L=100mH, the frequency, f =400Hz.

Find:
The current through R.

Analysis:
For each impedance:

Z,=100Q2=1000J0°Q
Z,=—]j ! ==j ! =-j846.6 2 =846.61 —90°Q
wC 2af [C

Z, = jow=—j2xf [L=;251.3Q=251.3090°Q
Applying KVL in the upper mesh:

‘le _‘~/.1 +T121 +(T1 _Tz)Zz =0 = T1(21 +Zz)+iz(_zz):\71 _\Nfz
Applying KVL in the lower mesh:

‘le _\Nfz +(T2 _TI)ZZ +T223 =0 = T1(_Zz)+T2(Zz +Zs):\72 _\73
For each mesh equation:

V, -V, =17000° - 1700120° =170 — (-85 + j147) = 2940 - 30°V

V, -V, =1700120° -1700 —120° = (-85 + j147) - (-85 — j147) = 294190° V

Z, +7Z,=100-846.6 =852.5[1 —83.3°Q

Z,+Z7Z,=-j846.6+ j251.3=595.3101-90°Q

Therefore, the current through R is:

V.-V, -z 29400 -30° 846,601 —90°

- V-V, z,+7| | 294000° 595.30-90°
'"Tlz+z, -7, | [352.50-83.3° -846.60-90°
-7, Z,+Z] |-846.60-90° 595.30-90"

175.000°0 -120°+248.900°00° _ 221.40-43.2°

©507.500°0-173.3°-716.700°0 -180°  220.801 —15.6°
=1.0030 -27.6°A
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Problem 7.54

Solution:

Known quantities:
Circuit shown in Figure P7.54, the voltage sources, Vg (t ) =170 cos(a)t )V ,

Vi) (Z‘) =170 COS(a)t + 120°)V, V3 (t) =170 cos(a)t - 120°)V , and the impedances,
Z,=300°Q, Z, =7090°Q, Z; =0- j11Q, the frequency, /' =60Hz.

Find:

The currents, TI’ T2, T3.

Analysis:
Applying KVL in the upper mesh:

Vo -Vy+12,=0
~ V4=V, 17000°-1700120° _ 2940 -30°

I =98.10-30°A
Z, 300° 300°
Applying KVL in the right-side mesh:
Vi -V +1,2, =0
Tz _ Vi — Vg _ 1700J0°=17000 =120 _ 2941130 — 42 100 -60° A

Z, 7090° 7090°
Applying KVL in the lower mesh:

Vi -V +152;=0
~ _V,-V5 _1700120°-1700-120° _ 2940190°

I; = = =26.800-180° A
Zy 110 -90° 110 -90°
Problem 7.55
Solution:

Known quantities:

Circuit shown in Figure P7.55, the voltage sources, \NZRW =41600-30°V, \NZWB =4160210°V,
\N/'BR =416090°V , and the impedances, R] =R, =Ry =40Q, L; =L, =L; =5mH. The
frequency of each of the sources, f =60Hz.

Find:

The currents, TW’ TB’ TR’ TN'

Analysis:
The line voltages are:

Ve =4160-30°V, V5 =4160210°V , Vg, =416090V
The phase voltages are:
Vp =24000°V , Vy, =2400120°V, Vp =2400-120°V

The currents are:

7.32



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 7

1= Ve V{g _ V{g _ 24000 =60-27°A
Zl Rl +]COCq Rl +]27TL1 40+]377|3|:[|0

T, == 24001120 — =60117.3°A
Z, 40+ ;3770300

~ Vg 2400-120°

I,=-2= - =60-122.7°A
Zy 40+ ,377300

Ty =Tz +T, +1;=0

Problem 7.56

Solution:

Known quantities:

Circuit shown in Figure P7.54, the voltage sources, ‘NZRW =41600-30°V, \NZWB =4160210°V,
\N/'BR =4160J90°V , and the impedances, R] =R, =Ry =40Q, L; =L, =L; =5mH. The
frequency of each of the sources, f =60Hz.

Find:

a) The power delivered to the motor.

b) The motor's power factor.

¢) The reason for which it is common in industrial practice not to connect the ground lead to motors of
this type.

Analysis:
a) The power delivered to the motor is:

P =3V,Iy cos(0) =340 6 [dos(-2.7°) = 4315 W
b) The motor's power factor is:
pf =cos(-2.7°)=0.9988 Lagging

¢) The circuit is balanced and no neutral current flows; thus the connection is unnecessary.

Problem 7.57

Solution:

Known quantities:
A three-phase induction motor designed not only for Y connection operation in general but also for A
connection at the nominal Y voltage for a short time operation.

Find:
The ratio between the powers.

Analysis:
The power for Y connection operation is:

PY =3 Dfphasemm,e |:[liney \/g line,

The power for A connection operation is:
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~ ~ ~ vV
— — B ine
PA =3 |37[1'}16 [IphaseMomR - D7[1'}16 7
phase, oo

- v - -
=3 |37[1'}16 E/g Gm =3 Dflt'ne E/g |:Iliney =3 @Y

phase,oror
Therefore, the ratio between the powers is:
. P
Ratio =-8 =
I Y
Problem 7.58
Solution:

Known quantities:
Circuit shown in Figure P7.58, the voltage sources, Vi =1200J0°V, Vy, =1200120°V ,

VB =12000240°V, and the impedances, R =Ry =R3 =5Q, X; =X; =X; =6Q ofthe

motor.

Find:

a) The total power supplied to the motor.

b) The power converted to mechanical energy if the motor is 80% efficient.

¢) The power factor.

d) The risk for the company to face a power factor penalty if all the motors in the factory are similar to
this one.

Analysis:
a) By virtue of the symmetry of the circuit, we can solve the problem by considering just one phase.

The current TR is:

i = Ve _12000°
ROR+jx, 5+j6

The total power supplied to the motor is:

P =31y cos(0) =302005.36 [20s(50.19°) =3541.3 W
b) The mechanical power is:

P, =08P=283223W
c) The power factor is:

pf = cos(@) =0.64
d) The company will face a 25% penalty.

=15.36001-50.19°A

Problem 7.59

Solution:

Known quantities:

The voltage source at 220 V rms of a residential four-wire system supplying power to the single-phase
appliances; ten 75-W bulbs on the 1* phase, one 750-W vacuum cleaner with pf= 0.87 on the 2™ phase, ten
40-W lamps with pf= 0.64 on the 3™ phase.

Find:

a) The current in the neutral wire.

b) The real, reactive, and apparent power for each phase.
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Analysis:
a) The current in the neutral wire is:

~ _ Py _\3p,_+300075

I, == = =3.400A
Vphase Vline 380

TB:NPB :N*EDDB = V3050 =3.920-150°A =-3.4- j1.95A
Voiase  Vine @os(0) 3800087

I = fe o B3R :ﬁmomo:2.85—290°A:0.95+j2.63A

Voiase  Vime @os(0)  380[0.64
Ty =L, +15+1-=095-j0.68A = I, =1.16A

b) The real, reactive, and apparent powers for the 1* phase are:
S,=P,=750W, 0, =0
The real, reactive, and apparent powers for the 2™ phase are:
P,
Py =750W, Sy =—E5 = 70 _g6ava, 0y =Sz Bin(05) =431 VAR
cos(@ B) 0.87

The real, reactive, and apparent powers for the 3™ phase are:

P-=400W, S; = fe 490 _6rsva, Oc =S¢ Bin(0.) =478 VAR
cos(@c) 4
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