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Balanced Three-Phase Circuits

Assessment Problems

P z
AP 11.1 Make a sketch:
t Vay
E % z & I
+
Ve
C - z

We know Vn and wish to find Vge. To do this, write a KVL equation to find V 53,
and use the known phase angle relationship between V5 and V¢ to find V.

Vag = Van + Vi = Van — Ve

Since Van, Vi, and Ve form a balanced set, and Van = 240/ — 30°V, and the
phase sequence is positive,

Vin = |Van|//Nan — 120° = 240/ — 30° — 120° = 240/ — 150° V
Then,
Vap = Van — Vpn = (240/—30°) — (240/— 150°) = 415.46/0° V

Since VB, Ve, and Ve form a balanced set with a positive phase sequence, we
can find V¢ from V5!

Vie = [Vas|/(/Vag — 120°) = 415.69/0° — 120° = 415.69/— 120° V

Thus,

Vie = 415.69/— 120° V

11-1
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AP 11.2 Make a sketch:

We know V¢ and wish to find V. To do this, write a KVL equation to find Vg,
and use the known phase angle relationship between V5 and Ve to find V5.

Vic = Ven + Ve = Ven — Von

Since Van, Vgn, and Ve form a balanced set, and Voy = 450/ — 25° 'V, and the
phase sequence is negative,

Vin = [Von|/Nex — 120° = 450/ — 23° — 120° = 450/ — 145° V
Then,
Vie = Vpy — Ven = (450/ — 145°) — (450/ — 25°) = 779.42/ — 175°V

Since VB, Ve, and Voa form a balanced set with a negative phase sequence, we
can find Vp from Vpc:

Vas = [Vee|/NVe — 120° = 779.42/ — 295° V

But we normally want phase angle values between +180° and —180°. We add 360°
to the phase angle computed above. Thus,

Vap = 779.42/65° V

AP 11.3 Sketch the a-phase circuit:

a' a A
—8—{0.02+{0 162 —e— 01+{080 —w
+
—> 1, . |
V,, O 2400/0V| 16+{12.Q

#
n N



Problems 11-3

[a] We can find the line current using Ohm’s law, since the a-phase line current is
the current in the a-phase load. Then we can use the fact that I, Iz, and I.¢
form a balanced set to find the remaining line currents. Note that since we
were not given any phase angles in the problem statement, we can assume that
the phase voltage given, Vay, has a phase angle of 0°.

2400/0° = LA (16 + j12)

SO
2400 /0°
Ly = = — 96— j72 = 120/ — 36.87° A
AT 161 12 J

With an acb phase sequence,

@ = @—i— 120° and @ = @— 120°

SO

Lo =120/—36.87° A
ILg = 120/83.13° A

I.c =120/—156.87° A

[b] The line voltages at the source are V,;, Vy, and V... They form a balanced set.
To find V,, use the a-phase circuit to find V 5y, and use the relationship
between phase voltages and line voltages for a y-connection (see Fig. 11.9[b]).
From the a-phase circuit, use KVL:

Van = Vaa + Van = (0.1 + 50.8)L,5 + 2400/0°
— (0.1 4 50.8)(96 — j72) + 2400/0° = 2467.2 + j69.6
2468.18/1.62° V

From Fig. 11.9(b),

Vab = Van(V3/ = 30°) = 4275.02/ — 28.38° V

With an acb phase sequence,

{!bC:{yab—FlQOO and &:(&ab—1200

SO

Vap = 4275.02/ — 28.38°V
Vi = 4275.02/91.62° V

V., = 4275.02/— 148.38° V
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[c] Using KVL on the a-phase circuit
Van = Vaa + Van = (0.2 + 50.16) L4 + Vap
= (0.02 + j0.16)(96 — 572) + (2467.2 4 j69.9)
= 2480.64 + j83.52 = 2482.05/1.93° V

With an acb phase sequence,

{yb/nz {&a’n+1200 and {&c’n = {&a’n_ 120°
SO

Van = 2482.05/1.93°V
Vi = 2482.05/121.93° V
Ve = 2482.05/— 118.07° V
AP 114 Lo = (V3/=30°)ca = (V3/—30°) - 8/—15° = 13.86/— 45° A

AP 115 T4 = 12/(65° — 120°) = 12/— 55°

o () - ()

= 6.93/—85°A

AP 11.6 [a] Iy = K\}ﬁ) @] 69.28/ — 10°] = 40,/20° A

41 °
Therefore 7, = 4062L0ﬂ0 =104/—20°92

[b] Inp = K\}g) /— 30°] [69.28/ — 10°] = 40/ — 40° A

Therefore Z, = 104/40° €2

110 110
AP117 Iy = o + —— — 30 — j40 = 50/ — 53.13° A
° = 3667 j2.75 J

Therefore |La| = V3L, = V/3(50) = 86.60 A



Problems

AP 11.8 [a] |S| = v/3(208)(73.8) = 26,587.67 VA

Q = \/(26,587.67)2 — (22,659)2 = 13,909.50 VAR

92,659
b] pf = —27_ _ 08522 laggi
bl Pt = 658767 e
2450\ . . .
ALY [a] Vax = (Z 2 ) 00V; VTl = 8y = 144+ j192KVA
Therefore
(144 + §192)1000 .
I, = — (101.8 + j135.7) A
A 2450/v/3 ( J135.7)
L = 101.8 — j135.7 = 169.67/— 53.13° A
La| = 169.67 A
(2450)2 (2450)?
b] P — . therefore R — — 41.689)
[b] R eretore 144,000
(2450)2 (2450)2
_ . therefore X — — 31.260
Q=% eretore 192,000
Van 2450/+/3

[e] Zy =

= _ 8.34/53.13° — (5 4+ i6.67) Q
L.  169.67/— 53.13° [53.13° = (5 + j6.67)

R=5Q0, X =6670Q
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Problems

P 11.1 [a] First, convert the cosine waveforms to phasors:
V. = 208/27°; Vy, = 208/147°; V. =208/—93°
Subtract the phase angle of the a-phase from all phase angles:
&:270—27°:00
/L{3 = 147° — 27° = 120°
Ve = —93° —27° = —120°
Compare the result to Eqs. 11.1 and 11.2:
Therefore acb
[b] First, convert the cosine waveforms to phasors:
V, =4160/—18%  V,, =4160/—138°; V. =4160/4102°
Subtract the phase angle of the a-phase from all phase angles:
/l;: —18°418° =0°
/L{3 = —138° 4+ 18° = —120°
/Ve = 102° +18° = 120°

Compare the result to Eqs. 11.1 and 11.2:

Therefore abc
P11.2 [a] V,=1800°V
V, = 180/ —120°V
V. =180/ — 240° = 180/120° V
Balanced, positive phase sequence
[b] V,=180/—90°V
Vy, = 180/30°V
V. =180/—210°V = 180/150° V
Balanced, negative phase sequence
[c] V. =400/—270°V = 400/90°V
Vi, = 400/120°V
V. =400/—30°V

Unbalanced, phase angle in b-phase




P11.3

P11.4

P11.5

Problems 11-7

[d] V., =200/30°V
Vy, = 201/150°V
V. = 200/270°V = 200/ —90° V
Unbalanced, unequal amplitude in the b-phase
[e] V,=208/42°V
V, =208/—78°V
V. = 208/—201°V = 208/159° V

Unbalanced, phase angle in the c-phase
[f] Unbalanced; the frequencies of the waveforms are not the same for the positive

sequence of Eq. 11.1
Vo=V, 0° =V, + 350

Vi =V, /= 120° = —V,,,(0.5 + j0.866)

V. = V,,/120° = V,,,(—0.5 + 50.866)

Vo + Vi + Ve = (Vi)(1+ 50 — 0.5 — j0.866 — 0.5 + 50.866)

For the negative sequences of Eq. 11.2, V}, and V.. are interchanged, but the sum is
still zero.

V. +Vy,+ V.
1= TYe g
3(Rw + j Xw)

200
Ly= 2 =8/0°A
[a] LA o5 8/0°
200/ —120°
Lp=—"——"_-—=4
30 — j40

~200/120° )
804560

/—66.87° A

/83.13° A

cC

The magnitudes are unequal and the phase angles are not 120° apart.
bl I, =La + I+ Lc=996/—9.79° A



11-8

P11.6

P11.7

P11.8

CHAPTER 11. Balanced Three-Phase Circuits

277 J0°
[a] Ly = 2T 2.77/— 36.87° A

80 + j60
277/ — 120°
= 2= 077/~ 156.87° A
"B 780 + 560
277 /120°
o= = 2778313 A
“ 780 + j60

Io:IaA+IbB+ICC:O

[b] Van = (78 —I—j54)IaA =262.79/—2.17°V
[e] Va = Van — Vex

Vin = (77 4 j56)T,p = 263.73/— 120.84° V
Vap = 262.79/— 2.17° — 263.73/ — 120.84° = 452.89/28.55° V

[d] Unbalanced — see conditions for a balanced circuit on p. 504 of the text!
Zga + Zig + Z1q = 60 + 380 Q2

Zgp + Ziy + Zrp = 40 + 7300

Zge + Zie + Zre = 20 + 51552

Vy —240 Vy —240/120° n Vy —240/—120° n Vv 0
60 + 580 40 + 730 20+ 515 10

Solving for V y yields

Vy =42.94/—156.32° V

\%
I, = Tg = 4.29/— 156.32° A

Make a sketch of the load in the frequency domain. Note that we convert the time
domain line-to-neutral voltages to phasors:

+ 16971/28%v -
A w 7

+ 16971)-94"v -
E e 7 N

+ 16971146V
C » 7z




Problems 11-9

Note that these three voltages form a balanced set with an abc phase sequence. First,
use KVL to find Vag:

Vap = Van + Vag = Van — Vax
= (169.71/26°) — (169.71/— 94°) = 293.95/56° V
With an abc phase sequence,

{YBC = {YAB —120° and {YCA = {YAB 4+ 120°

SO
Vap = 293.95/56° V
Vie = 293.95/—64°V
Vea = 293.95/176° V

To get back to the time domain, perform an inverse phasor transform of the three
line voltages, using a frequency of w:

vap(t) = 293.95 cos(wt + 56°) V
vpc(t) = 293.95 cos(wt — 64°) V
vea(t) = 293.95 cos(wt + 176°) V

P 11.9 Make a sketch of the three-phase line and load:

a A
. 7 . Z,

+

660/0V

o] E -
. 7 . 7, N
c C
. Z, » yA

Zy =025+ j2Q/¢

71, = 30.48 + j22.86 /¢
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[a] The line currents are I 5, I, and I.c. To find I 4, first find V 4 and use Ohm’s
law for the a-phase load impedance. Since we are only concerned with finding
voltage and current magnitudes, the phase sequence doesn’t matter and we
arbitrarily assume a positive phase sequence. Since we are not given any phase
angles in the problem statement, we can assume the angle of V,p is 0°. Use
Fig. 11.9(a) to find Vx from Vap.

Vaxn (0 — 30°) = 381.05/— 30°V

_ 660
N —
Now find I,» using Ohm’s law:

Vax  381.05/— 30° .
Ly — 2N _ : — 3.993 — j9.20 = 10/ — 66.87° V
AT T T 3048+ j22.86 J

Thus, the magnitude of the line current is

L] =10A

[b] The line voltage at the source is V,;,. From KVL on the top loop of the
three-phase circuit,

Vab = Vaar + Vap + Vpy,
= Zlaa + Vap + Zilpy
= Zlaa + Vap — Zdop
= (0.25 + j2)(10/ = 66.87°) + 660/0° — (0.25 + 52)(10/— 173.13°)
= 684.71/2.10°V
Thus, the magnitude of the line voltage at the source is

V| = 684.71V

P 11.10 Make a sketch of the a-phase:

a A
L 0.1+j0.8 02 L 4
+

HI&A

125/0°v ) V| 19941420

L

*
n IV

[a] Find the a-phase line current from the a-phase circuit:

B 125 /0° 12500
"~ 0.14+350.8+19.9+ 4142 20+ 515

—4—j3=14/—36.87°A

IaA



Problems 11-11

Find the other line currents using the acb phase sequence:

I = 5/—36.87° + 120° = 5/83.13° A

I.c =5/—36.87° —120° = 5/— 156.87° A

[b] The phase voltage at the source is V,, = 125/0° V. Use Fig. 11.9(b) to find the
line voltage, V., from the phase voltage:

Van = Van(V3/=30°) = 216.51/— 30° V

Find the other line voltages using the acb phase sequence:
Vbe = 216.51/—30° + 120° = 216.51/90° V

Vea = 216.51/—30° — 120° = 216.51/— 150° V

[c] The phase voltage at the load in the a-phase is V. Calculate its value using
I.» and the load impedance:

Van = LaZy = (4 — j3)(19.9 + j14.2) = 122.2 — j2.9 = 122.23/— 1.36° V

Find the phase voltage at the load for the b- and c-phases using the acb
sequence:

Vpn = 122.23/—1.36° + 120° = 122.23/118.64° V

Veon = 122.23/—1.36° — 120° = 122.23/— 121.36° V

[d] The line voltage at the load in the a-phase is Vop. Find this line voltage from
the phase voltage at the load in the a-phase, V ax, using Fig, 11.9(b):

Vs = Van(V3/=30°) = 211.71/— 31.36° V
Find the line voltage at the load for the b- and c-phases using the acb sequence:

Vpe = 211.71/—31.36° + 120° = 211.71/88.69° V

Vea = 211.71/—31.36° — 120° = 211.71/— 151.36° V

480

P11.11 [a] Iy = ——— — 6.4/— 36.87° A
[al Tas = 507 5

Inc = 6.4/ — 156.87° A
Ica = 6.4/83.13° A
[b] La = v/3/—30°T,p = 11.09/— 66.87° A
I = 11.09/173.13° A
Ic = 11.09/53.13° A
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[e¢] Transform the A-connected load to a Y-connected load:
_Za 60+ 745
i Tl
The single-phase equivalent circuit is:

Zy =20+ 5150

a 0.80 10.60 A 200

. W e PR
+ —> 1, +
v, 277.1315300 EJ15Q
- s

n N

Van = 277.13/ = 30° + (0.8 + 50.6)(11.09/ — 66.87°)
— 288.21/—30°V

Vab = V3/30° V. = 499.20/0° V

Vie = 499.20/— 120° V

Vea = 499.20/120° V

P11.12 [a]
j1e 2
— g
+ +
£720
Van 765Dé W §E|DQ
j21c2
* .N
7650 7650
A = : = 252.54/— 6.49° A
AT 21 TR0 (=649
ILa| = 252.54 A
7650v/3 /30°
[b] Lyp = K{OL — 88.33/30° A

Isp| = 88.33 A



Problems 11-13

7650 /0°
Lin = 2 102/ 16.26° A
el L =7y = 10 0.26
Lax| = 102A

[d] V.. = (252.54/—6.49°)(j1) 4+ 7650/0° = 7682.66/1.87° V
|Vab| = \/5(7682.66) = 13,306.76 V
P 11.13 [a] Since the phase sequence is acb (negative) we have:
Van = 2399.47/30°V
Vin = 2399.47/150° V
Ven = 2399.47/—90°V

1
Iy = 328 =09 +j450/¢

4.5  0.90
a, e

| 2399.4Téu°v
-

2399.474500\; j4.50 0.90
T @b

(j2399.47£9'ﬁ v

14.50Q  0.90
A, .

[b] V., = 2399.47/30° — 2399.47/150° = 2399.47v/30° = 4156 /0° V
Since the phase sequence is negative, it follows that

Vi = 4156/120° V
V.. = 4156/ — 120°V
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[c]
alb
L 2N
zz.m
I 3
Iac
113.50
£2.70Q
() 41560y
§13.50 b tE
2.70
(4156 L1z0”v
§13.50
(Ha156,/420° v
. ocC
i
4156
a = ————— = 301.87/— 78.69° A
P2 07+ 4135 (=869

L. = 301.87/—198.69° A
L =1, — L. =522.86/— 48.69° A

Since we have a balanced three-phase circuit and a negative phase sequence we
have:

I = 522.86/71.31° A
Lc = 522.86/— 168.69° A



Problems 11-15

[d]
0.902
A — N
; IaJL
j4.50
(H2399.47/30°V
,/ 4.50 0.9Q e
n T A4 N
2399.47/150°V b B
Dz3ss -47/-90"v
j4.50
0.9a
A .
2399.47/30°
Lo =——"—""=>522.86/—48.69° A
AT 0.9+ 45 [=48.69°
Since we have a balanced three-phase circuit and a negative phase sequence we
have:

ILg = 522.86/71.31° A
I.c = 522.86/— 168.69° A

P11.14 [a]
0.9  9.10  471.5Q . 19100
% IaJL +
74.50
v, — -jA3a0
(H2399.47/30"v
- *
n N
2399.47/30°
bl Iy = 22 1 946.26° A
[b] La 1920 — 5560 16.26%

Vaxn = (1910 — j636)(1.2/46.26°) = 2415.19/27.84° V
IVap| = V/3(2415.19) = 4183.23V
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1.2
[e] Ly = 5~ 0:09A

[d] V., = (1919.1 — j564.5)(1.2/46.26°) = 2400/29.87° V
V.| = v/3(2400) = 4156.92 V

0.003C_ 0.020 10.180_ 2.3520
P11.15 [a] Y- S, e
; Iajﬂ. +
30.030
Va 31.1390
12,800, o
: 0 v
QR )
: :
n I
13,800
b] L = . =2917/—29.6° A
[b] Laa V3(2.375 + 71.349)
Ll = 2917 A

[c] Van = (2.352 + j1.139)(2917/— 29.6°) = 7622.94/ — 3.76° V
IVag| = V3|Van| = 13,203.31V

[d] V., = (2.372 + 51.319)(2917/— 29.6°) = 7616.93/— 0.52° V
Vab| = V3| Van| = 13,712.52V

|IaA|
el Ll = =2 — 1684.13A
[e] T 3
[f] |Ly| = |Iap| = 1684.13 A
4160 0°
P11.16 [a] Iap — — = —20.8/—36.87°A
lal Tas = T60+ 190 [= 3687

I = 20.8/83.13° A
Ica = 20.8/— 156.87° A
[b] La = vV3/30°Ia5 = 36.03/— 6.87° A
I = 36.03/113.13° A
I.c = 36.03/— 126.87° A
[c] Ip = Ipp = 20.8/— 36.87° A;
L, = Ipc = 20.8/83.13° A;
L. = Ica = 20.8/— 156.87° A;



Problems

480/0°
P11.17 [a] Iyp = — = = 192/16.26° A
lal L = 5007

480 /120°
Ipo = — == — 48/83.13° A
BCT T8 16

480/ — 120°
Ica = 802% =24/—120° A

[b] Lo =Iag —Ica
= 210/20.79° A

Iip = Ipc — IaB
= 178.68/— 178.04° A
Ic = Ica — Inc
=70.7/—104.53° A

P 11.18 From the solution to Problem 11.17 we have:
Sap = (480/0°)(192/— 16.26°) = 88,473.6 — j25,804.8 VA

Spe = (480/120°)(48/ — 83.13°) = 18,432.0 + j13,824.0 VA

Sca = (480/— 120°)(24/120°) = 11,520 + jOVA

20 1160 I,
P11.19 [a] e&——w
Iajﬂ. +
24000 £ BOOQ
\E \E 57.6
o 1 z +7734.4
330002 T -j6000
*
24,000/3 J0°
I = "= —665—j49.9A
177400 + 4300 J
24,000/3 J0° ,
L=""——Y"=—-333+,249A
277800 — 7600 +
57,600 + j734,400
= 2OOEIOER
24,000v/3

I =14—j17.7A

11-17
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La=L +L +1; = 101.2 — j42.7A = 109.8/ — 22.8° A
Van = (24 j16)(101.2 — j42.7) + 24,0007/3 = 42,456.2 + j1533.2V
Sy = VaI'y = (42,456.2 + j1533.8)(101.2 4 542.7)
= 4,229.2 4 j1964.0 kVA
Sp = 38, = 12,687.7 + j9892.1 kVA
[b] Sy = 24,000v/3(66.5 + j49.9) = 2765.0 + j2073.8kVA
Sa/s = 24,000v/3(33.3 — j24.9) = 1382.5 — j1036.9kVA
Sa/s = 57.6 + j734.4kVA

S,(load) = 4205.1 + j1771.3kVA

i 4205.1
% delivered = (42292> (100) = 99.4%
P11.20 [a] 720 a 1.500 A 2B.50
AR ® s &,
; Ia.ﬁ.
1365£vc j3el
1365 /0°

La,=—"—"—=273/—5313°A

A 730 + 540 [=53.18"

|
Ios = 7/;(1500 = 15.76/96.87° A
[b] 5,5 = —1365I7, = —22,358.7 — j29,811.6 VA
Pdeveloped/phase = 22.359kW

Prbsorbed /phase = |Laa|?28.5 = 21.241kW

21.241

% delivered = 53,350

(100) = 95%



Problems 11-19

P 11.21 Let pa., py, and p. represent the instantaneous power of phases a, b, and c,
respectively. Then assuming a positive phase sequence, we have

Pa = Vanlar = [Vin cos wt] |1, cos(wt — 6,)]

Pb = Upnibp = |[Vin cos(wt — 120°)][L,, cos(wt — 645 — 120°)]

Pe = Venlec = [Vim cos(wt + 120°)][L,, cos(wt — 05 + 120°)]

The total instantaneous power is pr = p, + Pp + Pe, SO

pr = Viplm[coswt cos(wt — 0) + cos(wt — 120°) cos(wt — 6, — 120°)
+ cos(wt + 120°) cos(wt — B4 + 120°)]

Now simplify using trigonometric identities. In simplifying, collect the coefficients
of cos(wt — 6,) and sin(wt — 6,4). We get

pr = Vi [coswt(1 + 2 cos® 120°) cos(wt — 6,)
+2 sin wt sin® 120° sin(wt — 64)]
= 1.5V, I [cos wt cos(wt — 04) + sinwt sin(wt — 64)]
= 1.5V, 1, cos bty

P11.22 [a] Sy, = 40,000(0.96) — ;j40,000(0.28) = 38,400 — j11,200 VA
Sy/6 = 60,000(0.8) + j60,000(0.6) = 48,000 + j36,000 VA
Ss/6 = 33,600 + j5200 VA

St/ = 51+ Se + S3 = 120,000 + 730,000 VA

19 j80Q A
a e Ay *
; IaJL
o | 120+330
v_ 2400/0 v | 77
n *
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120,000 + 530,000 .
I, — — 50+ j12.5
ad 2400 +J

L =50 — j12.5A
Van = 2400 + (50 — j12.5)(1 + j8) = 2550 + j387.5 = 2579.27/8.64° V
V.| = V/3(2579.27) = 4467.43V
[b] S,/ = (2550 4 j387.5)(50 + j12.5) = 122,656.25 + j51,250 VA

120,000
% efficiency = M(NO) = 97.83%

P 1123 [a] S; = (4.864 + j3.775)kVA
Sy = 17.636(0.96) + j17.636(0.28) = (16.931 + j4.938) kVA

13,853

V3V sin 65 = 13,853; Sin @ = ’ = 0.521

LT ST V/3(208)(73.8)
Therefore cosf; = 0.854
Therefore

13,853
_ % 854 = 22.693.
3= 5oy X 085 ,693.58 W

S3 = 22.694 + j13.853kVA
Spr =51+ Sy + 53 =44.49 4+ j22.57TkVA

1
Stjo = 55T = 14.83 + jT52kVA

208
oI, = (1483 + j7.52)10%, I, = 123.49 + j62.64 A
V3

L = 123.49 — j62.64 = 138.46/— 26.90° A (rms)

[b] pf = cos(—26.90°) = 0.892lagging

P1124 010 080 2 15 36 ()
+ ; Ia.ﬁ. ; Iz
+
v, 210 kW A T -4 480)
a0 kvar/40000 W
Il -
L
n I

4000I; = (210 + j280)10?



P11.25

P11.26

Problems

210 280
L=~ +j= =525+ j70A

I =525 — j70A

4000 /0°

L=— =
> 15.36 — j4.48

=240 4 j70A

La=1I +1, =2925+ j0A
Van = 4000 + jO + 292.5(0.1 + 50.8) = 4036.04/3.32° V
Vab| = V3| Van| = 6990.62 V

[a] Pour = 746 x 100 = 74,600 W
Pix = 74,600/(0.97) = 76,907.22 W

V3V I cosf = 76,907.22
76,907.22
v/3(208)(0.88)
[b] Q = V3V, I, sin¢ = v/3(208)(242.58)(0.475) = 41,510.12 VAR

(160 + j46.67)10°
1200

L, = 133.3 — j38.9A

= 24258 A

L:

[a] L, =

— 133.3+ j38.9

V. = 1200 + (133.3 — j38.9)(0.18 + j1.44) = 1280 + j185V

Ina; 0.18Q §1.440

ae A
% Iaj‘. +
J/:: —9600 1ZDD£DV 45165”};}?1?61:
] ;
n
1280 + j185
o= 20T gL 913A

— 60
L = (L +Ic) = —130.3 — j17.6 = 131.4/7.7° A

11-21
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[b] S, = (1280 + 5185)(—130.3 — j17.6) = —163,472 — j46,567.4 VA
Syr = 38,6 = —490.4 — j139.7KVA

Therefore, the source is delivering 490.4 kW and 139.7 kvars.
[c] Py = 490.4kW

Paps = 3(160,000) + 3[L,|?(0.18)
= 490.4kW = Py
[d] Qua = 3|Ic|?(60) + 139.7 x 10® = 223.3kVAR

Qabs = 3(46,666) + 3|L,|?(1.44)
= 223.3kVAR = Qqa

P11.27 [a] —> I,

L#

+

1 fu}
EEBDQ v o8, 5,

I

1
Ssjs = 5(60)(0.96 — j0.28) x 10° = 19.2 — j5.6kVA
Si/s = 15kVA

Sasp = Ssj6 — Si/p = 4.2 — j5.6kKVA

1 _ 4200 — 55600
2 630//3

I, = 11.547 + j15.396 A

~630/0° /V/3

=

Zn =37, = 34.02 — j45.36 Q2

= 11.547 — j15.396 A

Z, —11.34 — j15.12Q

34020
B\ Ay

. -145.360
630,/0 v T

Be




Problems

(630//3)?
[b] R 1200 31.5Q;  Ra=3R=945
630//3)?
X, = (630/V3)? _ —23.625€; XA =3X,=-70.875Q
—5600
L
+

-970.8750

630/0°v  £94.5Q =

Be

P 11.28 Assume a A-connect load (series):
1
Sp = §(96 X 103)(0.8 + 70.6) = 25,600 + 719,200 VA

14802
25,600 + 519,200

Zh, = = 5.76 — j4.32Q

Zng = 5.76+4.329)

N :
5.760
480V
14.320
B

Now assume a Y-connected load (series):

1
Zyvo= g Znp =192+ j1.44Q

. A
1.920
480V
3
71.440

11-23
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Now assume a A-connected load (parallel):

14802
P, =
¢ R
14802
Ray = —90
27 95 600
~|480)2
Qy = XA
1480/
Xt = —12Q
a¢ 19,200
TF\.
+

0= 480V jl20

8

Now assume a Y-connected load (parallel):

1
Rys = 3 Rap =30

1
Xyo = 5Xa0 =40

—»
'

1=y
o 4
[}

302 740

Ifﬂ‘

—
[ma]



Problems

1
P 1129 5y = 5(41.6)(0.707 + j0.707) x 10° = 9803.73 + j9806.69 VA

[ _ 9803.73 1 jO803.73
AT 240//3

= 70.75 + j70.77 A

Lo =70.75 — 570.77 A

a 0047 J0.0300

+ — I, +

o 3
C *
n M
240 ‘ .
Van = Vi (0.04 + j0.03)(70.75 — §70.77)

= 133.61 4+ 50.71 = 133.61/0.30° V

IVag| = v/3(133.61) = 231.42V
[b]l Si/s = (133.61 + j0.71)(70.76 + j70.76) = 9403.1 + j9506.3 VA
St = 3814 = 28,209 + 528,519 VA
Check:
S, = 41,600(0.707 + 50.707) = 29,411 + j29,420 VA
P, = 3|1,4]%(0.04) = 1202 W
P, = Py + P, = 28,209 + 1202 = 29,411W  (checks)
Q¢ = 3LA|*(0.03) = 901 VAR

Qg = Qr + Q= 28,519+ 901 = 29,420 VAR  (checks)

11-25
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P11.30 [a]
0.8 46.40Q A
a Ay *
% IaJL
v, 2400/0°V | 8./ 0
n * ‘
N
1 720 5 .
Stje =5 |720 +j08(0.6)} 10° = 240,000 + 180,000 VA
240,000 4 §180,000 .
s 510 00 + 4§75
L = 100 — j75A
Van = 2400 + (0.8 + j6.4)(100 — j75)
= 2960 + j580 = 3016.29/11.09° V
V.| = v/3(3016.29) = 5224.37V
[b]

0.8 j6.40 A
a e—awn *

; Iajﬂ. + \l/Il \1/12
o
v__ 2400/0 V | 8, 5,
n e *
i)

I, =100 — j75 A (from part [a])
1
S2 = 0~ j5(576) x 10° = —j192,000 VAR

O j192,000
A il T Y
2 2400 J

L = j8OA
I = 100 — j75 + 580 = 100 + j5 A
Van = 2400 + (100 + j5)(0.8 + j6.4)

= 2448 + j644 = 2531.20/14.74° V

IVao| = v/3(2531.29) = 4384.33V



Problems

[e] LAl =125A
Pross/o = (125)%(0.8) = 12,500 W
P,/ = 240,000 + 12,500 = 252.5 kW

240
= — 1 p— .
%o = 5o52(100) = 95.05%

[d] [L.a| = 100.125A
Pys = (100.125)%(0.8) = 8020 W

240,000

0 = 518,200

(100) = 96.77%

24002
Dapy = —f
L] Zeary = =7 7145 500

anp/A = 3anp/Y = _]909

1 1
oo (90)(1207) a

= —j30Q

P 11.31 [a] From Assessment Problem 11.9, I,» = (101.8 — j135.7) A

Therefore I.., = 7135.7A

2450/v/3
Therefore Zoy = jl?)é\;_ = —3510.42Q
Therefi C ! 254.5 uF
erefore = = 254.
Y 7 (10.42)(27)(60) H

Zea = (—j10.42)(3) = —j31.26 Q2

254.5
Therefore Ch = — = 84.84 uF

[b] Cy = 254.5 uF
[e] |L.a| = 101.8A

11-27
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P1132 Z,=|Z|}) =

P11.33

CHAPTER 11. Balanced Three-Phase Circuits

Van

IaA
0= /Van — [laa
0y = /Vap — Taa

For a positive phase sequence,
/Nag = /VNan +30°
Thus,

0y = /Van +30° — Iaa = 0+ 30°

Similarly,
Ven
Zo= 1718 = 3
cC
0= /Nex — Aec
02 = /Neg — e

For a positive phase sequence,
/NcB = [Vpa —120° = VN ap + 60°
e = Maa +120°

Thus,

0y = Nap + 60° — [Iox — 120° = 6; — 60°
=0+ 30° — 60° = 6 — 30°

Use values from the negative sequence part of Example 11.1 — part (g):

Vap = 199.58/—31.19° V

Lo =25/—36.87° A

Wit = |Vas||Taa] cos(/Vag — Maa) = (199.58)(2.4) cos(5.68°) = 476.63 W
Wine = |Vesl|Lec| cos(/Vep — Aec) = (199.58)(2.4) cos(65.68°) = 197.29 W

CHECK: W, + W, = 673.9 = (2.4)2(39)(3) = 673.9W



Problems 1129

P11.34 [a] Wy — Wy = Vil [cos(d — 30°) — cos(f + 30°)]
= Vi Ip[cos 8 cos 30° 4 sin € sin 30°
— cos 6 cos 30° + sin 6 sin 30°]
=2V I, sin0sin 30° = VI sin 6,
therefore \/§(WQ - W) = V3V I sinf = Qr
[b] Z; = (8 +j6)Q
Qr = V/3[2476.25 — 979.75] = 2592 VAR,
Qr = 3(12)%(6) = 2592 VAR;
Zy=(8—j6)Q
Qr = V/3[979.75 — 2476.25] = —2592 VAR,
Q7 = 3(12)*(—6) = —2592 VAR;
Zy=5(1+37V3)Q
Qr = V/3[2160 — 0] = 3741.23 VAR,
Qr = 3(12)*(5V/3) = 3741.23 VAR;
Zy=10/—T75°Q
Qr = V/3|—645.53 — 1763.63] = —4172.80 VAR,
Q7 = 3(12)*[—10sin 75°] = —4172.80 VAR

P11.35 L = (Van/Zy) = [IL]/=0, A,
Zs=\Z|y, Ve =|VL|/[=90°V,

Wy = |Vi| [IL] cos[—90° — (—0,)]
= ’VLl ’IL| COS((9¢ — 900)
= ’VL| ’IL| Sin9¢,

therefore V/3W,, = \/§|VL| 1| sin 0y = Qqotal
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P11.36 [a] Z =16 —j12 = 20/— 36.87°
Van = 6800°V; . To = 34/36.87° A
Vie = Vexn — Von = 680v/3/—90°V
W = (680v/3)(34) cos(—90 — 36.87°) = —24,027.0 W
V3W,, = —41,616.0 VAR,
[b] Qs = (34*)(—12) = —13,872 VAR
Qr = 3Qs = —41,616 VAR = v/3W,,
P11.37 [a] Zs = 160 + j120 = 200/36.87° Q2

41607
? 7160 — 7120

St = 35, = 207,667.2 + 7155,750.4 VA

= 069,222.4 + j51,916.8 VA

[b] W, = (4160)(36.03) cos(0 + 6.87°) = 148,808.64 W
Winz = (4160)(36.03) cos(—60° + 126.87°) = 58,877.55 W

Check: Pr =2077TkW = W,,; + Wha.

144(0.96 — j0.28)10°
P11.38 [a] I, — 4 720‘?) N0 90/— 16.26° A

Vix = 7200/ — 120° V; Ven = 7200/120°V
Vie = Viny — Von = 7200vV/3/— 90° V

L = 20/—103.74° A
Wi = (7200v/3)(20) cos(—90° + 103.74°) = 242,278.14 W

[b] Current coil in line aA, measure I, 4.
Voltage coil across AC, measure Vac.

[c] T.a = 20/16.76° A

Vac = Vax — Ven = 7200V3/—30° V

Wie = (7200v/3)(20) cos(—30° — 16.26°) = 172,441.86 W
[d] Wi + Wiy = 414.72kW

Pr =432,000(0.96) = 414.72kW = W1 + Wi



Problems 11-31

P 11.39 [a] W) = |Vpal||Lys|cos by
Negative phase sequence:

Vpa = 240v/3/150° V

240 /0°
La=-— = =18/30°A
A7 13.33/— 30°

L = 18/150° A
W1 = (18)(240)v/3 cos 0° = 7482.46 W
Wy = |Vea||[Lec| cos 6y
Vea = 240V/3/—150° V
Lc=18/—-90°A
Wy = (18)(240)v/3 cos(—60°) = 3741.23 W
[b] P, = (18)%(40/3) cos(—30°) = 3741.23 W
Pr =3P; =11,223.69 W
Wi + Wy = 7482.46 + 3741.23 = 11,223.69 W
W, +W, = Pr (checks)
P 11.40 [a] Negative phase sequence:
Vag = 240v/3/—30°V
Vie = 240v/3/90° V
Vea = 2403/ —150° V

240+/3/— 30°
Iy = — === —20.78/— 60° A
AB 20/30°

240v/3/90°
Inc = — == = 6.93/90° A
BC 60,0°
oy = ZAOVBI50° 39/—120° A
AT 40/=300 T T

La = Inp 4+ Iac = 18/ 30° A

Ic = Icg 4 Ica = Ioa — Inc = 16.75/— 108.06° A
Wi = 240v/3(18) cos(—30 + 30°) = 7482.46 W

Wina = 240v/3(16.75) cos(—90 + 108.07°) = 6621.23 W
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[b] Wi + Wi = 14,103.69 W
Py = (12v/3)%(20 cos 30°) = 7482.46 W
P = (4v/3)%(60) = 2880 W
Po = (6v/3)%[40 cos(—30°)] = 3741.23 W

Py + Pg + Pc = 14,103.69 = W1 + W

V3(Wy — W)
P11.41 t =22 1 —(.7498
an ¢ Wy + W,
¢ = 36.86°

2400I.| cos 66.87° = 40,823.09

| = 43.3A
2400/v/3
|Z¢|:43/3?/_:32§2 . Zy=32/36.87°0)

1
P11.42 [a] Z = §ZA = 4.48 4 j15.36 = 16/73.74° Q2

600,/0°
La=-—— b =375/—T73.74°A
AT 16/13.74°

Is = 37.5/— 193.74° A

Vac = 600v3/=30°V

Vie = 600v3/—90°V

Wy = (600v/3)(37.5) cos(—30 + 73.74°) = 28,156.15 W

Wy = (600v/3)(37.5) cos(—90 4 193.74°) = —9256.15 W
[b] Wy + W, = 18,900 W

Pr = 3(37.5)%(13.44/3) = 18,900 W
[c] V3(W; — W) = 64,800 VAR

Qr = 3(37.5)%(46.08/3) = 64,800 VAR
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P 11.43 From the solution to Prob. 11.17 we have

Lo = 210/20.79° A and I,g = 178.68/— 178.04° A

[a] Wl = |Vac’ ’IaA‘ COS(QaC - eaA)
— 480(210) cos(60° — 20.79°) = 78,103.2W

[b] W5 = |Vbc| |IbB| COS(ch - QbB)
= 480(178.68)008(120°—+-178.O4°):: 40,317.7TW
[c] Wi+ Wy =118421W

Pap = (192)%(2.4) = 88,473.6 W
Psc = (48)%(8) = 18,432 W
Pca = (24)%(20) = 11,520 W
Pag + Psc + Poa = 118,425.7

therefore Wy + Wa = Py (round-off differences)

P 11.44 [a] For one phase,

1.2Mvar
1.70MVA
[u]
45
1.2MW
[b]
1.2MW
[c]
[u]
4_120 VarfE!E!EIB 4.12 v

T (j4.8)=1022.4/45 &
ab
[u]
w) i

[m]
I_0.6)=127.80/-45 &

o
. V,=7967/0 v
I_-213.00/-45 &
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P 1145

P 11.46

o
[d] V_=15,248.11/34.12 V

o
¥, =13,800/30 v

_ VP
[a] Q= Xe
(13,800)2
X¢| = ———= =158.7012
Xl =150 = 19870
! = 158.70; C= ! = 16.71 uF
wC O ~ on(60)(158.70) o H
(13,800//3)? 1

bl [Xel == 53 qos = 315870)

C = 3(16.71) = 50.14 uF
If the capacitors remain connected when the substation drops its load, the expression

for the line current becomes

13,800,
\/g alA

or A = —J150.61 A

—j1.2 x 10°

Hence Lo = 7150.61 A

Now,

13,800
Van - ’
V3

The magnitude of the line-to-line voltage at the generating plant is

J0° + (0.6 + j4.8)(j150.61) = 7244.49 + 590.37 = 7245.05/0.71° V

V.| = V/3(7245.05) = 12,548.80 V.

This is a problem because the voltage is below the acceptable minimum of 13 kV.
Thus when the load at the substation drops off, the capacitors must be switched off.



Problems 11-35

P 11.47 Before the capacitors are added the total line loss is
P = 3|150.61 + j150.61|*(0.6) = 81.66 kW
After the capacitors are added the total line loss is
Py, = 3|150.61|%(0.6) = 40.83kW

Note that adding the capacitors to control the voltage level also reduces the amount
of power loss in the lines, which in this example is cut in half.

13, 800
P 11.48 [a] 7 =80 x 10% + 5200 x 10® — 1200 x 10®
i1
I, = 80V3 = JL000VS _ o — j125.51 A
13.8
L = 10.04 + j125.51 A
13,800
Von = J0° + (0.6 + j4.8)(10.04 4 j125.51)

V3
= 7371.01 + 5123.50 = 7372.04/0.96° V

Van| = V/3(7372.04) = 12,768.75 V

[b] Yes, the magnitude of the line-to-line voltage at the power plant is less than the
allowable minimum of 13 kV.

13,800
P11.49 [a] — =TI, = (80 + j200) x 10°
80v/3 + j200/3
o= V3420073 _ 10.04 + j25.1 A
13.8
L = 10.04 — j25.1A
13,800
Voo = 7 J0° + (0.6 + j4.8)(10.04 — j25.1)
— 8093.95 4 j33.13 = 8094.02/0.23° V
Vo] = V/3(8094.02) = 14,019.25 V
[b] Yes: 13kV < 14,019.25 < 14.6kV

[c] Poss = 3|10.04 + j125.51*(0.6) = 28.54kW
[d] Poss = 3|10.04 4 525.1*(0.6) = 1.32kW

[e] Yes, the voltage at the generating plant is at an acceptable level and the line loss
is greatly reduced.



