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11.7 Sketch a phasor representation of an abc-sequence
balanced three-phase Y-connected source, including
Vons Vo, and V,, it 'V, = 120 /15° V rms.

SOLUTION:

\/an’*‘ \%AEV/M \{bh': 2o [~\o$’° \/f(\"\:'s
\]cvxa {20 [ 135f° Ve

Ve

n

Van

RN
¥5°
Jj

los®
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11.2 Sketch a phasor representation of a balanced three-phase
~system containing both phase voltages and line voltages
it V,, = 100 /45° V rms. Label all magmtudes and

assume an abc-phase sequence.

SOLUTION :
, Vaia = [bo [45° Vims \I(qf\: toe £775° Nems Ven = 100 £165° Vine

\Io\"o = tooﬁ Z__zii\[(msr l7? Lj_é_o Vrn,\& \ch‘: {’]3 {_‘[_50 \/(M
Veaz 173[=1L5° Vi ons
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11.3 Sketch a phasor representation of a balanced three-phase
system containing both phase voltages and line voltages
if V,, = 120 /90° V rms. Label all magnitudes and
assume an abc-phase sequence.

SOLUTION:
Van = 120 [90° Ny Viw= 120 /%% Vems  Vew = 120 27150 Vi
Vay = Van “Vbn = 2o [120° Nems V= rzoVz [0° Vrms
Nep = 12018 /122" Vens,

\I,L\a

L0
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11.4 A positive-sequence three-phase balanced wye voltage
source has a phase voltage of V,,, = 240 /90° V rms.
Determine the line voltages of the source. ¢s

SOLUTION:

Van = 240 [40° Viems ™ \}bm = 24 [~3" Vems Vcn:'z—‘k) L2150 Veasy

\Id.\o = {\I@h\ﬁ / e\/a.,v\ +30° :—: Z‘éoﬁ[ 126° Vems
Ve = 240'\375 [ 0% Vras
\)Cﬂ,, 5 Z%ﬁ [ =120% V mna
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11.5 Sketch a phasor representation of a balanced three-phase
system containing both phase voltages and line voltages
if V,, = 208 /60° V rms. Label all phasors and assume
an abc-phase sequence.

SOLUTION:
\}@\9: 20‘8 !bk)c Vrm& \}me 20% {"‘lg(l\a V(W\-S VC&«.“"ZD& L_I.g_@_? V(mS
\’ay,”“- ‘\/ﬂ‘a\ f 9\[&5-300 - | Ze £ 2o Vr‘m‘S
B

\)bn’: | 2.0 ["‘loa Vrmjb VC,n: 2o / ‘,S_bc \}rm«g,

Vaty

Ven

\ Ve

o= 4

bn

C.
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11.6 A pc)sitiva-sequsn{:@ balanced three-phase wye-connected
source with a phase voltage of 120 V rms supplies
power to a balanced wye-connected load. The per
phase load impedance is 40 + j10 (). Determine the
line currents in the circuit if /V, = 0°. psv

SOLUTION:

Pec phase Y ciccut

a Tan A
4o 1, Now= 120 [__‘_J_Q M s
YV (E
o ledL s
i R :ta.p('::. Van - 291 "‘“’"-_‘9 AY‘M
n N 4o ¥ fjlo

Toa= 2.9\ [ 47 Acmy
Toe = 2o [-134° Armg
Toc = z.91 Jioe® Pema

i}
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915

11.7 A positive-sequence balanced three-phase wye-connected
source supplies power to a balanced wye-connected
load. The magnitude of the line voltages 1s 208 V rms.
If the load impedance per phase is 36 + j12 (),
determine the line currents if /V,, = 0°.

SOLUTION: ~
a %A A
N - % 2L
an - %j\zﬂ;
w ~N

Por ohase Y cireoi

{ Vo.\a\ = ?/'38\](“\3

\\,a.\qk’l ‘\Ikb‘/’\r—é

= Q,OV yer-,

\/,:a\'\':. { P !Oo VrM

e

Ton =~ Van
36 1»3\”2.

Ton = 306 HE - #° Ams
Tog, = 3.0 —138° Prmy
Toc=306) 162° &pma

= 306 EEEC Ao
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.8 An abc-sequence balanced three-phase wye-connected
source supplies power to a balanced wye-connected
load. The line impedance per phase is 1 + j5 {2, and
the load impedance per phase is 25 + j25 ().

If the source line voltage V,;, is 208 /0° V rms, find the
line currents.

SOLUTION: Lo Tsa
a J A Vab = 208 Z__O: Vems
L.q Z2s02
V&h 25 me'«: (2o [_j}i‘fc Vema
n N  Toa= Nan . 3.02 [7790° Ay
2 s *33’@

Tan=30°2 [~291° Acms
j:bﬁ = S,DZZIL’/ ¢ Qfms

T, =302 /40'7,0/M\rm§

-
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11.9 An abc-sequence balanced three-phase wye-connected
source supplies power to a balanced wye-connected
load. The line impedance per phase is 1 + jO (2, and
the load impedance per phase is 20 + j20 (). If the
source line voltage V,, is 100 /0° V rms, find the line
currents. ©35 |

SOLUTION:
(Pe,»( ?\«m Y Circut Vab = tos L0 Vrog
12

o Tah A Vaw = 0o /-30°Vyms
é? 262 3

v .

A )Zo-.S'L I“A:‘_!f’:_b - Z.OO[“?&LQA'YM
h N Al +j 20

Tat= Zco [=73.6° bvinn '\
Tf’b(ﬁ zZoo [lbb ° Aoy
iECC = Z2.00 Ztéé ° Al/mﬁ




918 Irwin, Basic Engineering Circuit Analysis, 8/E

An abc-sequence set of voltages feeds a balanced three-
phase wye—wye system. The line and load impedances
are 1 + j1 £ and 10 + j10 (), respectively. If the load
voltage on the a phase is V= 110/30° V rms, deter-
mine the line voltages of the input. pPsv

SOLUTION:
P phare 1 cicenst Vi = 110 [30° Vems
N ey A Vak = Vow lo+jie
TAA to-f1 o470
\J ‘ e v
A ‘r‘ ) . \\50@ \/ah: &2\ '30" \/rms
N ‘ ~N
Vab —:(Vm\} C V= Z’SQ") =2lo /[ bo® Vrms
Vab=2l0 ] £0°% Vems

\/\oc. =2l /"500 mefs

Vaw= Zto | 136° Viws
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11.11 In a balanced three-phase wye—wye system, the source is
an abc-sequence set of voltages. The load voltage on the
a phase is Vi = 110 /80° V rms, Zy,. = 1 + jl1.4 (),
and Z,,,, = 10 + j13 Q). Determine the input sequence
of the line-to-neutral voltages.

SOLUTION:
Pw ’phm T threk
L L I A Vaws = (Lo [ 22° Vrms
(<™
T B o Vam . totilS  _ sa0s /20197
Vax j130 Vaw, Lt
h N Vag = 122 [Fo0.2° Vems

‘ \)ﬁ\’\: IZZZ Xo'zo me»?»

Vo= 122 /- 371.8° Vems
Ven = 122 z».-}(,o“ Vems

abc S Fkned.
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11.12 Find the equivalent impedances Z ;,, Z,,., and Z_, in
the network in Fig. P11.12. |

ey
i,
o N
o
-

Figure P11.12

SOLUTION:
"Zay\:: %\oh = ZCV\ =1 \—\*)\IL ‘:‘:ZZY

Zb“‘" 32‘1

ti

'34-5"5!1,

i

\%“b = %bc. H,%Cw = 3+31(LJ
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11.13 Find the equivalent Z of the network in Fig. P11.13.
20 a
O %@%ﬁ@y
10 W/\%s Q
10 »““J e
X 1o
Z— ¢ A b
00" \(@2 Q0
—i1 Q K\/?\ .
d
Figure P11.13
SOLUTION: |
Uhse. o A=Y Mns—?wm &z by - [ -\
o & ZTz=2 |0
Z E ' Za= 222
M\L - - ’E;t’f%ﬂ‘?:'s
L\-—ﬂ‘\ﬂ A ”‘J'UL'\ Ze | = Zo = fl*—:»‘)ji,fl,
c Vel b g 13
N g b
Zs Zy= Z2%a
2|2, vz
Pp= S-3\
13
Ze= 2,23
“Zl + 2223

b= .5'“!5 l g
13




B,

[’—2“]&_‘]

o)
e

™
o

Zy= Z +2-50 0= BLogW
V3

2= Fpt2 -l = 3-3\b o
{

3
23: ~2"22, - V-3 !-24:3"&
2.t Ty

=2+ Zat?y =3.S ~ (LS

{ 2= 3‘5—“—8\'31
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11.14 Find the equivalent Z of the network in Fig. P11.14.

o e | —— f t
o
) <
10 2
LS <
105 220
i
f et
&
Q "
%1
-1~ “‘j? Q
O ’

Figure P11.14

SOLUTION: S ot d wsing & 3 Y Srang fo coneb o
Zs )

¢ Z,- Ft  _om3l%a
'Zl'fZ‘z,‘k':L’"—S

2= 22 _p. 97/ q

'Zl + '22{'%3

'ZACT—- z!%j :O‘(QB(Q ~3"°ﬂ.=
2= L 2, = VL €3 = ZjZfL, Z‘r2bk%3




a
14

Let 'ZA= Z}_ tl—fl=1.37 {-?!,OQJ\‘

%7 2 ZC 't-Z,—«BZ,-.—_ 2.50 -—t{z.gc’ﬂ

22 = 2 //.57 = 0.985 F341°

Z-= V-5 w2 4 2o \Z—r 3.0¢ [-3F1° 1L
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11.15 In a balanced three-phase wye-wye system, the source is
an abc-sequence set of voltages. The load voltage on the
a phase is V,y = 120 /60° Vrms, Zy,, = 2 + jl.4 Q,
and Z,,,, = 10 + j10 €). Determine the input sequence
of voltages.

SOLUTION:
Pe»r ?\r\w,e, Y a’rw}i&

Varg = 12 [66° = Vo (\0+3\ﬂ
iz 43 i.4

2. Lt

-

Van= 4o [S8.8° V
Vi = \‘FOL:}LQ Vees
Vep=ldo [178.5° Vens
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6 A balance abc-sequence of voltages feeds a balanced
three-phase wye—wye system. The line and load
impedances are 0.6 + j0.9 () and 8 + j12 (),
respectively. The load voltage on the a phase 1s

Vv = 116.63/10° V rms.

7

Find the line voltage V,,. ¢s=

SOLUTION:

Pov phase T crrent
L joadt N Vo = 11663 [16] Veps
Wsru Vo B8 +jl2
Van (T =
h

wA N -

N

Van= 1254/ 10° Veme
Vb = Ven (V3 369
Vo= 217 [ 4° Vewms
Voc= 2171 [~30° Vena
Veu = 2\7 [__l_(,,gi Vemsg




Chapter Eleven: Polyphase Circuits 925

11.17 In a balanced three-phase wye—wye system, the source
is an abc-sequence set of voltages. Z;,,. = 1 + j1 (),
Z,., =14 + j12 €}, and the load voltage on the a
phase is V,y = 440 /30° V rms. Find the line
voltage V. |

SOLUTION:
,Pe/(* T:D\hw \(
- Vp = 440 [307V
- lsz J\ﬂ, A A o 1307 Vs
T = 1451 Van | d+yiz
Naw £ jlen Vo US4313
vy ]N

\!’ahw 4774 3‘3'_?..? vfm:%

Veb = Vg, (ﬁ /.?205 Ir\f&bz gzt [ £0-3% Vrms

s
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11.18 An abc-phase sequence balanced three-phase source
feeds a balanced load. The system is connected
wye-wye and /V,, = 0°. The line impedance is
0.5 + j0.2 €}, the load impedance is 16 + ;10 £, and
the total power absorbed by the load is 2000 W.
Determine the magnitude of the source voltage V,,,.

SOLUTION:
P@r'?‘f\m\( PL = Zoso ¥ lr@A\z (lé’)
0.55L \0-24
@ 3 A \L(\\ = 2 A'rms
v (3 Ton = (6T ’ ,

an T jlon 'Zﬁqz Ha+)lo+o‘§+Ja-Z

~ N = [6.<1 0.2 0

Tan = Nan o [Tan = [Ven - [ Zev =144 /3197 5L
Ten = 0% - 3L7° = =3|0° T = W2 L7317° Acen
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In a balanced three-phase wye—wye system, the total

power loss in the lines is 400 W. V=

105.28 /31.65° V rms and the power factor of the load
15 0.77 lagging. If the line impedance is 2 + j1 (),

determine the load impedance. PSV

SOLUTION:
Pex pm \f

\}AM = “)S Zg l 3IQ§° Vrms

z g jm_ A
v WWE:%E‘ Ple 4o = 1Tl (R)- 2l Tl
an -
C? ’ . Jh [Taa)l= 1414 Aans
” N

-
« Cos (mﬁ\-: GBV - B = 39.4°
\/P‘M = ZL I&—A hrs I&A
B_I:q'{%:‘m - 80
:ZL_Z Van @’ Idﬁ\»"’ V—L“—(—! ’“86 Acony
Tok
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In a balanced three-phase wye—wye system, the load
impedance is 8 + j4 (). The source has phase
sequence abc and V,, = 120 /0° V rms. If the load
voltage is V4 = 111.62 /—1.33° V rms, determine the
line impedance. ¢«

SOLUTION:

o Tz, A Vam = HLL2 [=133° Vo
Vm\é %ﬁ:; Van = 120 [ ©° Vems
Y N
AV £ St S (W ) L:L}__gf’ . 0.9%0 [:_Lg}_j
Vo Cr ot rZ, 120 | 0°
2. LSt s (2 osvjesi

0.9% [—1.33
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11.21 In a balanced three-phase wye—wye system, the load
impedance is 10 + j1€). The source has phase
sequence abe and the line voltage
V., = 220 /30° V rms. If the load voltage
Vv = 120 /0° V rms, determine the line impedance.

SOLUTION:
Per phag Y
' Vab, = 2206 /_EQQ \{rms
) T ‘ IS
7 =t A Ve ?—% Lo Vews
\/ lo £
Ahg Jret \/NJ: (20 £0° Vems
h N '
Vas _ 20 [0 _ lo+)V  _ p.44s
Van 220 Jo i (ol +2
T [o ) 73
%i: (oﬁ\ v—lO“j\, } %5?«: 585 rs’ 58,5 mgl
0.94% - .
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11.22 In a balanced three-phase wye—wye system, the load
impedance is 20 + j12 (). The source has an abc-
phase sequence and V,, = 120 /0° V rms. If the load
voltage is Vy = 111.49 /=0.2° V rms, determine the
magnitude of the line current if the load 1s suddenly

short-circuited.

SOLUTION:
Yer phase
Be  JX Taa g Vo= 120/ 2 Vims
. .
S 2oL \[M:-: [\\,\(Tﬂ - D.ZO\{(M
Vow ‘2L | | e
J Vo | Zo+)1Z _ 5,929 k0.2
h Van 7/0*‘3‘2"”%&
Zm 2002z %s L8 [338%a
0,921 0.2 |
Shoed log,
M@ T = Van /Z’
T ak £
Vorn &) o

EA"" (1.4 Z__v_—_..,g’;.S ) p‘rm/g
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11.2

3 In a balanced three-phase wye-wye system, the source is
an abc-sequence set of voltages and
V.. = 120 /40° V rms. If the a-phase line current and
line impedance are known to be 7.10 /—10.28° A rms and
0.8 + j1 (), respectively, find the load impedance. ¢«

SOLUTION:
Pex p\wd»a T Gewd Van =120 [ 49" Vems
¥ T \
A
Va,v\? o = Nan = I@.N [ o,%!«—\j\ + %Ll
m ~ .

J

2= let+nzsr L
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.24 In a three-phase balanced system, a delta-connected
source supplies power to a wye-connected load. If the
line impedance is 0.2 + j0.4 {1, the load impedance
3 + j2 (), and the source phase voltage
V,, = 208 /10° V rms, find the magnitude of the line
voltage at the load.

SOLUTION:

Per » e X

D2 JOkAL Von = Vab (__\;:; {40"3

o A
Ta 3 (L .
Van ‘ . o Van= 120 [ 72"V vas
‘Juz,
T ~

Vas = Van [ 3432 o V= to8 [223.2° Vews

§.z+52.+

o= o (L) | Vaes 197 L8
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11.25 An abc-phase-sequence three-phase balanced
wye-connected 60-Hz source supplies a balanced delta-
connected load. The phase impedance in the load
consists of a 20-£) resistor in series with a 20-mH
inductor, and the phase voltage at the source 1s

V,, = 120 /30° V rms. If the line impedance is zero,

find the line currents in the system.

SOLUTION:

Per phase Y

:ﬁa{* N N T200 Lb: 20mH

5 § Re= Ra/3 = 2050 Ly=ls. zo,.H
Var 33

2 (3 (682 2o L z.s1 0L
:s*"J(?’3 = 37

Tan= VYan Toa= /L.y L2327 A
%
T Tg = 168 [2106° As

H
o
¥

w.v /i 27.‘{;_.0 Pres
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In a balanced three-phase wye—wye system, the source
is an abc-sequence set of voltages and

V.. = 120/50° V rms. The load voltage on the a
phase is 110 /50° V rms, and the load impedance is
16 + j20 (. Find the line impedance.

SOLUTION:
P&/ ’P\’\a_;e \{
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11.27 In a balanced three-phase wye—wye system, the source
is an abc-sequence set of voltages and

V,, = 120 /40° V rms. If the a-phase line current and
line impedance are known to be 6 /15° A rms and

1 + j1 €}, respectively, find the load impedance.

SOLUTION:

Pev phagc Tag = b ST Ay 2= 1]l

Van= Tap [ 242 ]

Zo- Van _z, Z, - 187 /235
Tonn ,
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An abc-sequence set of voltages feeds a balanced
three-phase wye-wye system.

N 7 — 8] - "
If V,, = 440 /30° V rms,

Viy = 41328 /29.78° V rms, and Z;,. = 2 + j1.5 (1,
find the load impedance.

SOLUTION:
P
e phase T
- Vau o 2L _ 4is.28 [2978
Van gl.*’%tiu Yt 30 =
2y = 0939 [-0.22° = O~
2[__*“:[,2'/(/‘.%
2 ~(‘:.‘...3 T | B304 [333°0
~ch
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11.29 In a three-phase balanced system, a delta-connected
source supplies power to a wye-connected load. If the
line impedance is 0.2 + j0.4 {}, the load impedance
6 + j4 (), and the source phase voltage

V,, = 210 /40° V rms, find the magnitude of the line

voltage at the load. PSV

SOLUTION:
Pev phase Y
‘ Von = Vab (,L L:;P‘)? |21 L_/‘_D__o V/’M
0.2 jo.dR LE
¥ . A
\ " Tan ¢ \/AM =Vamn (G“:j“ﬁz s [.—._.—..g"g?o V(m,g
amé%’ It [,.Z,J«J t.4

Vag = Van (\E LL”QX

l [Vagl= 199V, ns
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0 In a balanced three-phase delta—wye system, the source
has an abc-phase sequence. The line and load imped-
ances are 0.6 + j0.3 ) and 12 + ;7 £}, respectively.

If the line current I, = 9.6 /—20° A rms, determine the
phase voltages of the source. ¢

SOLUTION:
Pec phase
| Ok joda A Vo = Lo [lz,u,y&”“},'sl
oA 12 5. -
Voond jln Van= 140 /10" Ve
ho N Vin = (e [=li6® Veaes

Ven =l [ 130° Vegu
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11.31 An abc-phase-sequence three-phase balanced wye-
connected source supplies a balanced delta-connected
load. The impedance per phase in the delta load
is 12 + j6 (). The line voltage at the source is
V,, = 1203 /40° V rms. If the line impedance is
zero, find the line currents in the balanced wye-delta
system.

SOLUTION:

Pec Phos X
o 7 l2rye Z, = Za = 4Fj2 T =Ey
3

o La o
y Vo = Ve (L ()= 120 L Voms
G .
;,\ N I:ap‘—.:. Va‘\n - EL? Z-*‘L«(ab A"(‘ﬁsS = i\
&

Ton= 2L.% [21366° Arms
Tec= 208 [0 hemg
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11.32 An abc-phase-sequence three-phase balanced wye-

connected source supplies power to a balanced
delta-connected load. The impedance per phase in the
load is 14 + ;7 ). If the source voltage for the a phase
is V,,, = 120 /80° V rms and the line impedance is
zero, find the phase currents in the

wye-connected source.

SOLUTION:
e phune T Zo= a0 L= 2 b, ra |z
' 3 3 3 7 L
LN

LA . | b

\[O.\'\ £\ , "T':@A:\_f_‘}_‘?_ Ton= 23 [ 53.%° Arms
:ZL..

N Tg =23 [4b. L Acons
T =23 [ 175.4° Ay

]




Chapter Eleveh: Polyphase Circuits 941

11.33 An abc-phase-sequence three-phase balanced wye-
connected source supplies a balanced delta-connected
load. The impedance per phase of the delta load
is 20 + j4 Q. If V,p = 115 /35° V rms, find the

line current.

SOLUTION:

TM\
Yo

A A

S—

L
Va’n “ZL- ‘
é 1

mmmss————

n N

Toa= Yan
aft %L

’Z,b:20+\34ﬁ‘ 2“(: %’*—’“—‘-ZL"%?PS e

(NS

Vae = 115 [35°V ns

Vo = Vs [ L =30\ = (b4 ) 5° V
“(\BLAM) L 57 Vems

Aons

Taa= 910 [=4.51° Acos
”‘I:b% = 49.M 1"32(9.36 Preens
TcC = q:‘)’) 1 ”3'70 A(M:S
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11.34 An abc-phase-sequence three-phase balanced wye-
connected source supplies a balanced delta-connected
load. The impedance per phase of the delta load
is 10 + j8 (). If the line impedance is zero and
the line current in the @ phase is known to be
I,4 = 2810 /-28.66" A rms, find the load
voltage Vap. €3

SOLUTION:
Perpheas ¥ Z-lorsa By=Za. 2 = Lo
, A BTSN P Sl

Van = Toup 2 = 2o [10° Nrms
Vag = Vax (3 L3_9°> Uw : 208‘[__‘""‘20\““3};
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11.35 In a balanced three-phase wye—delta system, the source
has an abc-phase sequence and V,, = 120 /0° V rms.
If the line impedance is zero and the line current
I,4 = 5/20° A rms, find the load impedance per
phase in the delta.

SOLUTION:
Cey phase Y
T,.A ’2‘7"‘\’4“ [ Top = 24 [-22°7 @
A
2= 3 2y
N Za= 72 [~20° \

Jo——
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11.36 In a balanced three-phase wye—delta system, the
source has an abc-phase sequence and |
V,, = 120 /40° V rms. The line and load impedance
are 0.5 + j0.4 () and 36 + ;18 (1, respectively. Find
the delta currents in the load.

SOLUTION:
Po—{' P,\'\”"“ \L
| —ZA = 3trjlg N
o O SLONM A Z‘l = Zn [z = 124 s
T A ?\r .
Vah . y ) Imﬁ = \/4\«\ = lZO Li";“
[ : Y - 2, - t 2y V2.5 LY

ToAn= ¢.s¢[r12.9° A—,’M

‘ IAS = FaA Z30°
"S .

Tag = 494 [929° A
Tec = 494 [T Ay
Top = 99/ 102.9° frmg

/
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11.37

In a three-phase balanced delta-delta system, the
source has an abc-phase sequence. The line and
load impedances are 0.3 + j0.2 ) and 9 + j6 (),
respectively. If the load current in the delta 1s

I, = 15/40° A rms, find the phase voltages of
the source. cs&

SOLUTION:

Par ths«c 1 Z = avje Sl ey= tn | 34[2IL
3

Tag (“\E L’i"j) = Taa

%i"Y Ton =26 [ 10° Avms

N Van= Ton 20,07 ]= Tal354 22

Von= 103 /439° Vran
Yiw=lo3 [~763° Vims
LV‘M = 1oz /163.7° Veny




946 Irwin, Basic Engineering Circuit Analysis, 8/E

In a balanced three-phase delta—delta system, the
source has an abc-phase sequence. The phase
angle for the source voltage is /V,, = 40° and
T, = 4/15° A rms. If the total power absorbed
by the load is 1400 W, find the load impedance.

SOLUTION:
= Nae| 1 Tpgl o (B\ms“@:ae} = Moo

~ . & R
IAB
v, Za Wabl=  14oe - 386V rms
‘ 8 4 tea(25%)
b

Vb = 346 [__{—_{9: Urows

Za = Vobo Pﬁ a,.5/25° \
Fug . ' |
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N

11.39 A three-phase load impedance consists of a balanced
~ wye in parallel with a balanced delta. What is the
equivalent wye load and what is the equivalent delta
load 1f the phase impedances of the wye and delta are
6 + j3Q and 15 + j10 Q, respectively?

‘SOLUTION: :
Pery- ?\r\&Se Y cirecoit 2'1’: lo i 3 ik U7ﬁ
JAY : . |~
T ‘ %21—- 15 #jlo in  dtlfe
= Zyy| 22y nit 2, b wge &, > Ezs
| ZTEQ Y L_‘__l L 7 z.\( Z
N . ey 2 53339
Z\(EL\}: Z‘\I ZL‘( \—ZYEZQ-: 3.\8 30.30&
217"%?:( '

Caee® STen (%Mﬂs” 4.5% /30301
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11.40 In a balanced three-phase system, the abc-phase-

sequence source 1s wye connected and

V,, = 120 /20° V rms. The load consists of two
balanced wyes with phase impedances of 8 + j2 )
and 12 + ;3 (). If the line impedance is zero, find the
line currents and the phase current in each load.

SOLUTION:  Por phase 7

T .
@ &A A 1AI~5\ = VaY\ = V2o 1 [

— T s e
Vo = e

‘_,._—-—-'r

YT =3 Tasr= 140 [3:96° Arms
" N
Tan, = Van . 970 [ 5-96° Ay
i

Tap-= IM;%IANL
Tan = 2¢.3 /[ 55° Ams

Thpr = 243 [-1+° Armg

Lec= 243 J120° fdomy
Tawi = 144 [5-96° bynu
Tane =1+ 6 [ 55 b
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11.47 In a balanced three-phase system, the source is a
balanced wye with an abc-phase sequence and
V,, = 208 /60° V rms. The load consists of a balanced
wye with a phase impedance of 8 + ;5 () in parallel
with a balanced delta with a phase impedance of
21 + j12 Q. If the line impedance is 1.2 + j1 €}, find
the phase currents in the balanced wye load. ©%

SOLUTION:
pa/r P\f\w%\( \fa“'a\la,\g(‘.l, —?n"\)
L, bz JjHL A B
AN\ el VY YA s
_ ] ’ \la\q'—' 20 LEP_ Vewrs
Vav‘ T [ gz‘)_'.
T l 2‘7 R AR N Zop=21 2L
w N '

Let & = %:Z.‘,Z 231
Zivy ey

VA~N »’«”\ii:n'z
Y Cunn

= \
IAM\ B Ao

e

£q

2oy = Zen l3 A N1

_ 433 [36.8° <0 - 3.7¢ +,-3 2.23

Vah (4’35 mi} - 985{ 277° \/(‘[\'\J

3.7+ 12 4] (22 +0)

VAR
?+3§

IAN | = @-38/“¢'210/Q‘7”“5

I%u[ = Q38 ,{"’Z\/'\fm P
TFewr = A38 [ 115.0° Avmy
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11.42 In a balanced three-phase system, the source is a
~ balanced wye with an abc-phase sequence and

V., = 215/50° V rms. The load is a balanced wye in
parallel with a balanced delta. The phase impedance of
the wye is 5 + 73 {1, and the phase impedance of the
delta is 18 + j12 ). If the line impedance is
1 + j0.8 €, find the line currents and the phase
currents in the loads.

SOLUTION:  Par- p hase Y

Vorn = Vob [[/ﬁ f__13°°:(= 124[ 20° Ve

T JO Bﬂ.

\&. 4\/\/‘\( E\T = 5’)’33&
AA
an [‘a‘ﬂ 221 Zan = RS SN 2&\{1 T 24 /=
J:Pnu rF\ 2
N\ 1
" N 2"2.\(= l i") 4 U
let Z= ZiqZev . 3,22 [323°
?)l‘?/ 1"2‘27

Toa= Van /(%+ l -\.30.8\ = 271 -4 Arms
_T,AN, = Taa 22y /(%:\1+%1\A’ l/ 12.8° Arms

j“/f\,qz. = TaA Ty /(2'11 ‘f’ZL\() = ]z 3 {-—lS‘.SO Avr

Taw=27206/-14° Ams Taw = 122 /=12:8 Py Thwe® 123 /7155 L,
Tre = 2720 [-13 frwr Ta= 15.217133° Ay 3%“2:12,3[“3(0%1@
T =216 /106 Avma Leni =152 [107° rma T,p- 123 /1057 oy
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11.43 In a balanced three-phase system, the source has an
abc-phase sequence and is connected in delta. There
are two parallel wye-connected loads. The phase
impedance of load 1 and load 2 is 4 + j4 € and
10 + j4 (), respectively. The line impedance connecting
the source to the loads is 0.3 + ;0.2 (. If the current
in the a phase of load 1 is Iy, = 10/20° A rms, find
the delta currents in the source.

SOLUTION:  Per phase ¥

Tiy= 44540 Bzy= lorita

Vass = Tag Zig = zoz__[w L35

Var (D 5&19 = 5. [LS Venn
Lruy *’fpgz_

Z= %l‘i Z2y /(%\7*'%2;13

Ve L 2 = 6413 [6-293° Z=73.78 [32.1°
Voo & FD. T4+

Va\r\ = _\f_.ff.’fw....,_a = (2.0 Z 4,44 ° Vrms
0.3 [ 6.243°
Iak = VAV\ = 15.0 Z.?.Z’.ﬁ_b AYM

Z4 6.3 rJ'a.’L

Tab = Tun H__., f“go") = 500 [579° Araw
3

Tab = 560 Lé_jiDAYM
Tipe= Yol (26217 A

Tep= b6 (179" Arns |
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11.44 In a balanced three-phase system, the source has an

abc-phase sequence and is connected in delta. There
are two loads connected in parallel. The line connecting
the source to the loads has an impedance of

0.2 + jO.1 Q. Load 1 is connected in wye, and the
phase impedance is 4 + j2 (). Load 2 is connected

in delta, and the phase impedance is 12 + ;9 ().

The current I 45 in the delta load is 16 /45° A rms.
Find the phase voltages of the source. cs

SOLUTION: Pa, phase

= ‘f‘i—_\'l.ﬂ.. %25': ‘2"*3’(?!“.’

Z

0.200 josu A 1y

: T 2= Zan/m = 43
e Ak z‘\( 24 z;:./ | 15 5L
Tad ¥ % Tanz Tay, = Taw, ( IE L-—-"“") |

N
IP\ML: 27.7 Z_.I.S;O AFM

VAA = IAN L;ZZT

Vi = 39 [S1.97 Vi Tan; = Vau /2737 = 3.0 [253° Arga

Ia_ﬁ’: I‘—ANI 'f'IAnL = 585 ZZ«O"’/O A’Yn‘L&

Vauw = Tan (028500 +Vas = 152 /5150 Uy

Vi = Vo (ﬁ L'_sﬁ_o.) = 23 /_ﬁ-_{o Vins

Hab = 203 [ 815° Vs \
Ve = 203 [-38.5° Ving

L Vea= 265 [158.5 *Vrms

o
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11.45 A balanced three-phase delta-connected source sup-
plies power to a load consisting of a balanced delta in
parallel with a balanced wye. The phase impedance of the
delta is 24 + 712 (1, and the phase impedance of the wye
is 12 + j8 (). The abc-phase-sequence source voltages
are V,;, = 440 /60° V rms, V,. = 440 /—60° V rms,
and V,, = 440 /—180° V rms, and the line impedance
per phase 1s 1 + j0.8 {1. Find the line currents and the
power absorbed by the wye-connected load. PSV

SOLUTION: Por phase Y

A 1T o8 Tan A Yon= V“\g[ ”301
Va.v\gm'%’ ‘ ‘ \ Vaw = 25 Lég__,\f(m&
Fase
W

Zia = 2%rel Ziys Bin /s = 8rjyn Py = 280
Let Z= 2y Z2y /( iy +2—2\,\= 5.5% J29:3°
Taa = Vaw /(21 Fo.¥) = 30 4 ELes O A,

Tpuy = Tan 2y /(zly+%z\,)~= 1.3 /=545 ° v

P = 1Tanl R R

— 2
Z\{ Z’\f = |zl ILZ:: Z#S)/&k)

Tan = 3704 [=1.05° Arms
Tn= 34 [=121° frms
Tee = 324 L_w’”’i Arms

o= 2¢5les
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11.46 An abc-sequence wye-connected source having a
phase-a voltage of 120 /0° V rms is attached to a
wye-connected load having a per-phase impedance of

100 /70° €. If the line impedance is 1 /20° ), deter-
mine the total complex power produced by the voltage
sources and the real and reactive power dissipated by
the load.

Zow= | 120°a Z = |eo Lz_g°:3<kz+jﬁ+,0®

Vaw = (26 [0° Ve

FTan = Vas L 1G [l Apps
%(A'M"“%L

S‘¢~=. Vanlta;fq = |¥3 ¢9.¢° VA Produed ﬁ:;-} S OV ¢ el
3'5¢ = 33@ = 42_,% éﬁ-éo\”\

P 3] Taal® B o= 3(109Y (342) - 145 W E dvss jpated

b
O = 31Taal" X = 30ADZ(9¢) = 399 vae QQ&,
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11.47 The magnitude of the complex power (apparent power)
supplied by a three-phase balanced wye—wye system is
3600 VA. The line voltage is 208 V rms. If the line
impedance is negligible and the power factor angle of
the load is 25°, determine the load impedance. ©©

SOLUTION:
Sgcb = 3(;,0@: \}A SU??“J

l\(d\o\‘— 208 Vyma Wanl = Ve | = 120 Vens

e% = 29

L

Sy = Jeoo [zt = 3N Ve lITan | [0y -Be = 2lbullmal | B

= Jo Arms
3 (izo)
'ZL o \Vﬂuh\ B&L— = L___ { Zfo [Z:Lwr ‘2'[_;2;;‘“&
| Taal o
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48 A three-phase abc-sequence wye-connected source
supplies 14 kVA with a power factor of 0.75 lagging to
a delta load. If the delta load consumes 12 kVA at a
power factor of 0.7 lagging and has a phase current of
10 /=30° A rms, determine the per-phase impedance of
the load and the line.

SOLUTION:
Sagq = 14kva  supplied PE ot Sew = 0,75 Lagning =ph
534’(‘: 12 ki oF \Da,&

Tog = lo LW’SOQArM

(8 &k lood = 01 lagying ~p |

At load lg‘qil !S'S¢L - 4le VA EBS~ Cem.‘ (O'ﬂ“ 4534 °

@VAB“ 6‘3::&5 = QS = 6\IA(S~T /s ° \\[AB\'—"‘ ]SW‘L,\ - dooN g
[ Fan)

\/;sc(s: “oo [ 5.6 Veps Z. = \w/__/}_'”ﬁ

A ;,,Z'bm 4“0 45.6° JL

Tac

The [ﬁ/,:il 1773 [=ee’

H
p]
pd

il

Slgbs = per PJ\W&A powr sopp lred = fIIa,A]—Z ('Z:wuwn,. ?A)
3
S“PS = 14, boo /!513'3—; (?_'053 = 447 i‘)l/.‘ﬁo AVA

3

}Z/LM: 237 0. T80
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11.49 A three-phase balanced wye—-wye system has a line
voltage of 208 V rms. The line current is 6 A rms and
the total real power absorbed by the load is 1800 W.
Determine the load impedance per-phase, if the line
impedance is negligible.

SOLUTION:
[\[Mo‘ = 7098 \i(f‘ﬂ% \I«V&\" [’ AV‘M Pg?’ = 3 l\/mr\\ lfc‘d\:\ "p*{\
Nm\\ = \\Jé\o\ IR = 12 Vras, DP 180 . 0.833

3(1z0) (4)

LJJ \(M f “'(mc) axocxu/muj ?F s 433”“3

guﬂZ/Q[S?.f ﬂ,{
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11.50 A balanced three-phase source serves two loads:
Load 1: 36 kVA at 0.8 pf lagging
Load 2: 18 kVA at 0.6 pf lageing
‘The line voltage at the load 1s 208 V rms at 60 Hz.

Find the line current and the combined power factor at
the load. €%

SOLUTION:

l\/ma\*— 208 Vemx HNA\ = "mv_zﬁ‘e,) = 120 Vrog
>

Lonan |- S' = AV IA:T Taw = [36000 / e (o.g)]*
3 (ze L:’)_*E
. J:AN\?‘!OO Z“Bé-qurm

Loap 20 SZ: 3Van j:Aj; Tanz= 50 /=33.0° Arpg

/}WDT/’("L, LOA’D: IaA, ?’kI'I’(Nf +I;aw 5 = {L‘f‘ 8 _(“42.30 A{M

@Z“L = GVMM QJ: = 42.3°

ok

’PPL = m(@g{) = 0.740 l%yg

ot = 148 [-423 Pyns
PWQLF 0-740 /WM}

e ssumed. QVM =0’

S




Chapter Eleven: Polyphase Circuits 959

11.57 A balanced three-phase source serves the following
loads:
Load 1: 60 kVA at 0.8 pf lagging
Load 2: 30 kVA at 0.75 pf lagging
The line voltage at the load is 208 V rms at 60 Hz.

Determine the line current and the combined power
factor at the load.

SOLUTION:
Vool = 208 Vems [Val= \WVabl[v3 = 120 \rmg
Pe, ?L\m Y ;
T--—..o_T...,_.i Lowo 11 Ssy= ko [coa (ph) kva
Van @R [ Z {E,ﬂ Tbo[36:97 Lva
_:EA»\‘#’ ‘k]:‘:/\N‘L 5[¢l~: 33¢/3 - %L&io EVA
“ N

Oname QV,M =0°

Loadz : Szg :35/,@1(?@0 e ¥
- Taor= (S Moy 167 /-369°Acmy

S34, =20 L HAET KVA

Sig, ‘g?’ébz /3= QD/,jL:iD LyA
*k [<]

IAML = [S“}SZ /Vd_,’b:: £33 Z“‘/’-L/ AYM

:me\A =3 Ikpy \’"”J_—;A‘Ml = QSO Z..:lg...if /Aﬁf% b @A
= . ? = 0O = 0.7 .
"Pfﬁ Con (3%\#5 078‘#7 p‘p 0 84’“/6%7?4% |
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11.52 A small shopping center contains three stores that rep-
resent three balanced three-phase loads. The power
lines to the shopping center represent a three-phase
source with a line voltage of 13.8 kV rms. The three
loads are
Load I: 400 kVA at 0.9 pf lagging
Load 2: 200 kV A at 0.85 pf lagging
Load 3: 100 kV A at 0.90 pf lagging

Find the power line current.

SOLUTION:
/\\j%\ = ‘38\{\1((""5 \VAM\’:’ \\lﬁﬁ\/ﬁ's‘"Tﬁ?k\/rms
Lonn |- Sx = 400, 000 Z_—-%_.mw‘ (O"D = 3 Van 1‘4&3:‘ ABSS Ve @”\IMA:Q)

Thaw 40%00&:3/25-3}*: L L. “Z:"-SQ/JWM
3 (7470 [0°)

& - = 'Zx'
Loeas2 . S5 = 2os, b0s ZM’(0‘35) = 2 Van Lanz
Thnz = 8-38 [31.7° Ao
. "2 e
Loap 3+ Sz = 3VanTann = Tanz = 418 /-25.8 /“L)’N

Ton = Law) Lans ¥ Lauz

Tan = 4.2 (215" frrns

CLdSu rvu.o[ @VA;J :;(3‘3
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11.53 The following loads are served by a balanced three-
phase source:

Load 1: 20 kVA at 0.8 pf lagging
Load 2: 4 kVA at 0.8 pf leading
Load 3: 10 kVA at 0.75 pf lagging

The load voltage is 208 V rms at 60 Hz. If the line
impedance is negligible, find the power factor at the

source.
SOLUTION:
vagl = 208 Vrms IVaul-= \VAu\Z\f% =120V = |Vanl
Woume  Byp, =0°  sina £, 20 0 Gy o als

Loav L S = 200os (o (0:8) = 3 \anTall = 3 ((120)0) Tan
Tpnd = 556/-369° Arms
Loap2: S, = 40@0[:&9&:4(0-5’) = 3 Vap Ikui
Tanz¥= 11 [+369° frog
Loxp 3% 55 = 10,000/ e (6.95) = 2V *-T{ami = Tamq = 27 §1-4F Ay
Lo = Thoi tTawe+Tagz = 50.3/-313° Arsa |
PA = ol By, -Br,,) = dist [ apying

Sinee Vi, = \/A,J (o i fmpe(/dna_)

P'P_S ::"J)/O = (.3S¥ /A(SS“:T ,
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11.54 A balanced three-phase source supplies power to three
loads. The loads are
Load 1: 30 kVA at 0.8 pf lagging
Load 2: 24 kW at 0.6 pf leading
Load 3: unknown

If the line voltage and total complex power at the load
are 208 V rms and 60 /0° kV A, respectively. find the

Fa

unknown load. <&

SOLUTION:
\\!R;B\:: 268V ronr Waul= VVael /45 = 120 Vems
S?up‘" Lo [0 KVA= S +S, + Sy
S 230,008 [ (08 = 30 [36.9° kvA
Poz 2000 = [ Sal (ph) = [S)= 40kNA B, = - o' (0l)
Sp= 4o ]-551" leva | TR
= Lol0'-30/36] —do/=S2" i kVa
[33: Us-+ /494" LvA J
53

= 1% 4@ 065 ptlhgain
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11.55 A balanced three-phase source serves the following
loads:

Load I: 20 kVA at 0.8 pf lagging

Load 2: 10 kVA at 0.7 pf leading

Load 3: 10 kW at unity pf

Load 4: 16 kVA at 0.6 pf lagging

The line voltage at the load is 208 V rms at 60 Hz, and

the line impedance is 0.02 + j0.04 (). Find the line
voltage and power factor at the source. PSSV

SOLUTION: oz 0. MJZ

W
IAMJ_ IAN'L ‘:AM 3 xAM 4
‘\JAY%i = 2{_)3 \lfﬁ\S \\fAN\.:* l\f&b\/’\}% = VZDV(M GVAN\: 00

Zo{Cmﬁr(O'g‘)}C'VA (:;w\: .67 / 36.9° kNA
Tann = (5t¢| \>*: 556 [736-9° Rvms

Vo

Sigs = [S3p2] / -cen™ (p) - tc*[_aea l07) - 3.33/-456° LVA
3

g (30 /s = 278 [ 450 Aens
.)(_
Tapa = (ng/w@*‘: i§4'49°/;m[g] s 278 /0 Ay

20/ ©°

«y
Thamy = ( » <Q;><lo [ tea ' (0. Q } = 44.41:5_3’,1:’ A
V afe

Tapn= 3w+ TAave + FTanz tTagy = 128 [-22.5° Ayng




\/an = TAK ( 0.0Z_'*:B 0.0"ﬁv‘) 'f’"\]A,Q,

-
=

128 /-22.5° (o.02z +')o-°@’f o [&°

\j&y\;—_ 12“"{\.720 \/(ms

Arne UBH‘(;@L = (\]cdo\ = [Van|V3 (l\la_\a\'—“ 21‘5\/rms\

L

—

PL st Sowea =

= Cea (Q\,M\ =B, 4 )= cn(112- (- 22.5))

}Fj\@ Sewra = 0.412 \a;j%-mjé\
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11.56 A balanced three-phase source supplies power to three
loads. The loads are
Load I: 24 kW at 0.8 pf lagging
Load 2: 10 kVA at 0.7 pf leading
Load 3: unknown
If the line voltage at the load is 208 V rms, the magni-
tude of the total complex power 1s 41.93 kVA, and the

combined power factor at the load is 0.86 lagging, find
the unknown load.

SOLUTION:
Nfr's\ = 208 Nems \V \*\VM\/’E = \Za\fm«fs OSSU onzeh G'YPM:QQ

= 418 | a7 (086) LVA = 41973 [30.£8° KkVA

Sc = P 0 P=2dkw bsil= P L 3ekVA @z 13kvat
Sz 2¥ v 8 kva a

S.= 1o [-ce (62) kv = |0 [45¢° kvVa

Sg= 3 -5 =5, = |17 [L43° kvA pt=cealbd3)s 0. 93¢

LS? = L7l @ PP‘~ 0.43 Y /4%4‘%
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11.57 A balanced three-phase source supplies power to three
loads. The loads are

Load 1: 24 kVA at 0.6 pf lagging

Load 2: 10 kW at 0.75 pf lagging

Load 3: unknown

If the line voltage at the load is 208 V rms, the magni-
tude of the total complex power is 35.52 kV A, and the
combined power factor at the load is 0.88 lagging, find
the unknown load.

SOLUTION:
Stota = 35.52 [tea” (0:28) kNA = 35.52 [28.9° VA

5TDTAL1 S, 5, *’gg
Siz 24 [cos' (0-0) kNKA = 24/53.)° LyA

So: 10 [ (D.75) VA = 3.3/ 41" kVA4
0.15

Spe S -51-S, D | S5 = 3.0/-S8Y° VA
A
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11.88 A standard practice for utility companies is to divide

its customers into single-phase users and three-phase
users. The utility must provide three-phase users,
typically industries, with all three phases. However.
single-phase users, residential, and light commercial

are connected to only one phase. To reduce cable costs.

all single-phase users in a neighborhood are connected
together. This means that even if the three-phase users

single-phase loads will never be in balance. resulting
in current flow in the neutral connection.

Consider the 60-Hz, abc-sequence network in

Fig. P11.58. With a line voltage of 416 /30° V rms,
phase a supplies the single-phase users on A Street,
phase b supplies B Street, and phase ¢ supplies C
Street. Furthermore, the three-phase industrial load,
which 1s connected in delta, is balanced. Find the

S

present perfectly balanced loads to the power grid, the neutral current. 8%

a A

b

240/0°
Vms

G) 240/-120°

- Vrms
® [
240/120°
vV rms
n T N
Figure P11.58

SOLUTION:

Sk = Complex pouer @MvM& o~ Ashack, = 48kwW = 240 [0 Tpm=48x10°

Tan =48 xe? Z__
240 L2

Ty = [%oxm?‘/__qa / Z¢o [-lzs’ ]2 12 5/-120° Arms
Ten = [Lboxs’[S /240 z_lz_a.ﬂtza‘oﬁ_'_zo_" Aros
T e 39 load, Ptk Sige Py e (pP)
S3g~ 92 ) to” LVA t
let T, be He A-phaac tuc Wﬁv 395
,$3¢= 3 V,\MI,\ Ta = loo/ =60"  Aves
Ty = luOL(_;?p_f_‘/BWM —'CUJOO/___/%*M
24 (1%L fremsy
Lo = Lo ¢ Tpy = 195 /196" Rens
Ti¢= Te +Tn= 312 [104° Ay

Zoo [0 Arms VAN = 240 /0" Vewms

Tan= Th+Tan = I;W = ~I44 -Tp ~Lec

Tonu= 104 Zf_(';",oA‘rn-{;
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11.59 A three-phase abc-sequence wye-connected source

with V,,, = 220 /0° V rms supplies power to a

connected load that consumes 50 kW of power in each
phase at a pf of 0.8 lagging. Three capacitors are found
that each have an impedance of —;2.0 (1, and they are
connected in parallel with the previous load in a wye
configuration. Determine the power factor of the com-

bined load as seen by the source.

SOLUTION:

P¢¢ = sokw 'pwﬂa 0. & la,?g/iwa,

Ry = Nadmulpt = %/@xw Se,000 _ 284 Arms
6.%(220)

BOvgn O = =7 (Y= 3.9° O, p=~—3¢A"

Ton= 28¢ [~361° Arms O, -6 36°

Oy = [Sylsi ey (S Py /- casbuk

@, = IVQMiZ/X(L = ZZGz/(mz>: =2t 2 kvAL

; Qnm":‘ Q‘?{ '*'Qc, T 13.3 kVae
% = ?;45 +3®W3 50 t513.3 le VA

S P,¢

) ?ﬁww 0-94b /4%/7"\43}

I e . R
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11.60 If the three capacitors in the network in Problem 11.59
are connected in a delta configuration, determine the
power factor of the combined load as seen by the source.

SOLUTION:
I\A C\ﬁ/\)\‘c\,‘ 'g’(“f = - jZﬂ.
:Ev’\ W\XC/: 'Z(ﬁ_,?'z‘—jZ/SIL-
Frem 1,597 Van= 220 [0% Vim Cg= sokw pf-0p lagging

Sp = Pug. [ oo’ (pH) . 22 [t los)eya= (1.5 [369° LuA
P '

&o((ﬂ_ = 37.5 k\/%

[ ——

d?(_we = -\\/m\l/kzc%,\ . Z20° =720 LVAL
ES
Qnews = Qua d}caf} = -35 0 \VAe

Sher = P\gﬂ ﬂ@w = 50 LR EVA

pfe con [tan! (T3 ] fpﬁ: 0.5 1C Lonting
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11.67 Find C in the network in Fig. P11.61 such that the total
load has a power factor of 0.9 lagging

Figure P11.61
SOLUTION:
ol war: By < Say (1hu) = exot (o5)= I omw
3 3
Bs = e (pt) = o (0®) 304°

Qupz %%—Q SA",\(@S—-): .2 MVAL

e fand ?,¢ = L LMW
@naw” BE_ S4h CM"(PFW)K“ Hoxw-% Loz (050]

P Frour '
Quer= 775 kvae
Cap eqteyc Oy = Cnpur = Qoik. = - 425 Llhe v*ch%]zéuc
Vab| = 4.6 kv LWw=377 /s

C.= 533,
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.62 Find C in the network in Fig. P11.61 so that the total
load has a power factor of 0.9 leading. €%

SOLUTION:
1\[@\0\ = ‘f"(a\(,\[rm& wW=37 e ‘
At domds Syl cmvA phe ot lagging

\S“ﬁ{ B \?:ﬁﬁ\: 2MNA Ec;(“ B\;{) (:‘P = LbMW 5 :~@%«,= oo (08)
3

=
=34
Sip= 2 (36T WA Q\}é: Lz VAL = ol
e _pf correchon: Ty teoW  6G=6,- - o’ lo-)
= - 25.8°
lS\;' l:: ?xq{ - __‘._:_“(9“._. -7y MNVA
P‘@W 04
Sieas s 1178 [225.8° MK RQuewr= =775 kvae

(‘:_%_M_L'Ef" C?c:‘ Orer ~ Opta = - 1-775 M VAL f*(Vablch

.
C = 1.975 x0” C =~ 248 [
377 ( #6o0)™ -
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17.63 Find C in the network in Fig. P11.63 such that the total
load has a power factor of 0.87 leading. PSV

& 2
_+.
34.5kV rms
— -~
_ | :
-~ (C
& L
Figure P11.63
SOLUTION:
INabl= 2 4SWW,ms Atloads [Ss )s ZzomvA oz 069 lagging
Os 4 = cen'( f’{l)“‘%a Sig= 153gl [/ Gsold = .47 [ 45 Mk
3
Sy = 4Ny 4.7\ MAA W = 370 ¢ls

QoL = 4N MVAL

M‘l’ﬁ" PP ¢ orrechiiva: \Sl¢,= Px?{ /P'me = 4‘7”“06/0-?7 = 5% mw

-1
@Snwe - Cago— (, 6-§7) = ~29.4° Sppey = 242 [-27.5° mvA

2. b1 MV

it

A heesr

C%g&{é’}mf: (S)¢ = @m - - a)o/zf,: ..”’7. _E MVM«"Z’\\[&LD‘\LLO C

o]
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11.64 Find the value of C in Problem 11.63 such that the
total load has a power factor of 0.87 lagging.

SOLUTION:

[ Vabl = 345 LV s M \oad : [ Ssg)l = 2omyA ?@:5,707 l“%%*“g
Sag. = 20/[Os Mk Oy = Ces'lo107) = 4<®  W=37DV s
Qzy = 2o sin (459 = 1414 MTAL Qolg= Osg _ 42 mVAL

3
A of orrechine

Ry = 5204l Lebatd) = %‘fz (0.757) = 471 MW
3

Sigpnew = Vig | ces’ (?ﬁw) = 4 T’ Zm”'@.&”% = 5.42 /2.5 mVA

P‘e\'\ew 6-57

A noy = Stbras 30 (Bpan)= 542 Sin (29.5) = 2.L7 MVAR

Cﬁ?_""”"z"v: @c,":" @W "(Da[d" = “2«O4MVM:" /Va-ﬁ/z‘ﬂ) C
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11.65

The U.S. Department of Energy estimates that in 2001
the electrical energy consumption in the United States
was roughly 3.6 TW. (Check the URL
http://www.eia.doe.gov/emeu/aer/txt/ptb08035.html
for a complete breakdown.) Of that total, 1 TW was |
consumed in the industrial sector where large electric
motor loads represent 60% of the usage. Suppose that

the average uncorrected power factor for these motor
loads is 0.7 lagging and that the power factor for the
remaining loads is 0.9 lagging. Determine the total
capacitance required nationwide to correct everything

to unity power factor. Assume that all capacitors are

connected to 480 V rms line voltages.

- SOLUTION:

] \\/&.L\—:‘ 4o\ ems

C%VA: L“L"?J ij":il

N — | ‘*
]:: c ?mmr = (0.(,) (IOOOXIO(’>= oo paW

fMerrwf"n/?' 67 [ﬁj&-’?

P BLxio - ObXid = 3TW |
rest {Smo*w\ = ’PMD{’D(‘ = B8ST MVA
Plrest =09 lasyirs. P Proter

| Seat= Prest/ofrat= 3.33TVA Ot = oo™ ( ponoterd = 45°6°

O reste o' (plrat] = 25780 Simeter = €57 J4se MVA

: 9
Sag = Steat + Spatpr > 33310 [258° + g5 510456

(Ssp 415/22:8° TVA Syy= Su/se 198/23.8° TVA
@iy = L83 MU Pe=-Bge - cBx108 = Wab 20 C

C = 7425 F C7z>mz,=_3C \CT&AL:ZS7ﬁj
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11.88 The power utilities typically transmit and distribute
power as shown in Fig. P11.66 with high-voltage
transmission for long distances and lower voltage
distribution within a city or town. Also, the largest
foads are. if possible, located “upstream” of lesser loads
List at least two advantages of this arrangement.

230 to
500 kV

SRR up to 300 miles

v*" \
& & Y )
zj < N
Generating plant
Step~up

/ Step-down
/- transformer

7 single-phase
di. Lo | three-wire

Light commerciai
and residential

Step—down
transformer bank

Three-phase
o w .. three-wire

Figure P11.66

SOLUTION:

© Trans MissSio~  at ké‘v\ vb\’tmﬁzsé lows  curcenks  means  franspissione
cobles  can be sSmatlor . This decreases welahk o® Ca&({r\é
wlhiidh  lower cable C»os”k‘s and.  Toeuse cosis.

@ %c@v afa - Ioaci,S ”UFS”‘("('@YV\\‘ decreases +ha ,rwﬂo\,,eif‘ G‘P

\m"gﬂ, ll)ég (;hamno),u, ( chahges ih currendt Suepl \ed +o e

la._k"?ef LDOLA-S\) Peene dom\m:s)rr*eam‘ lesseor loads.
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11FE-1 A wye-connected load consists of a series RL
impedance. Measurements indicate that the rms
voltage across each element is 84.85 V. If the rms line
current 1s 6 A, find the total complex power for the
three-phase load configuration. ©%

SOLUTION: B
A \\/K}: 8485 Nres
o < ;
; ;:)WL el 28535V s
" N \tl': 6 Acms
R = l\la\/l:ﬁ{u “{‘*\“FXZ_ L,J\,_r;\\/u\/n:\—... &vd o
Vi = Ver Vo Sig= Van T = T\ Ziono

Zipro 7 1EE H) Vs 20 ) 457
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11FE-2 A balanced three-phase delta-connected load consists
~ of an impedance of 12 + j12 Q. If the line voltage at
the load 1s measured to be 230 V rms, find the
magnitude of the line current and the total real power
absorbed by the three-phase configuration.

SOLUTION:
, \\JPzEl =230 Nems \VNA\ = \\IAQ\ /'\]'S = 133 Yrms
per E\mmse, h :
o~ A 'ZA’—‘I?A'J re sL %y:%.b: ‘%f"j“/ﬁ«
£
\(a_h Y WAQ\=\XM\\ \%\fk = \qu\\ = l_’i%_. = 235 Arry\.g
. 4z

N
Pig = ITanl Ry = (23.5)*( D5 221 kw

) (IAAL: ngAl’ﬂ/\%) P39§= 3?‘?‘ = 'P3¢‘:’ (ﬁ,(ggk\'\)
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11FE-3 Two balanced three-phase loads are connected in
parallel. One load with a phase impedance of
24+ j18 ) is connected in delta. and the other load
has a phase impedance of 6 + j4 () and is connected
in wye. If the line-to-line voltage is 208 V rms,
determine the line current. ©%

SOLUTION:
Zpy = 246\ B By =Fy o SL L
Yerphase E
. A Zz=6rbst Wagl= 208 Vems
LA | |
\an Zy 2 Vol = | Vi) - 120 Vrms
Tau § Tanz E
'w N
Thuz= VAL = 126/07 _ Jy.( [=33.7° Avmg 2ssume EVMm"!
Zyz Lt
Tast = Nan | (25)0° _ 12/=30.9° Aros
Zyvi Ftjl

Tats Tam +I4,, [:1‘;%: 28.6 [-250° A
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E-4 The total complex power at the load of a three-phase
balanced system is 24 /30° kVA. Find the real power
per phase.

SOLUTION:

Say = 24/30° kva Sig = Sy oo 8[3e° kva
= .

Pa?( - [Sigl cee (209 = §(08b)= (a3kw

(’M: (A3 kw




