A-2,  Figure PA-1 shows a three-phase power system with two loads. The A-connected generator is producing
a line voltage of 480 V, and the line impedance is 0.09 + j0.16 Q. Load 1 is Y-connected, with a phase
impedance of 2.5.236.87° (3 and load 2 is A-connected, with a phase impedance of 5.2-20° Q3.
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(a) What 1s the line voltage of the two loads?
(b) What is the voltage drop on the transmission lines?
(¢) Find the real and reactive powers supplied to each load.
(d) Find the real and reactive power losses in the transmission line.
(e) Find the real power, reactive power, and power factor supplied by the generator.

Sorution To solve this problem, first convert the delta-connected load 2 to an equivalent wye (by
dividing the impedance by 3), and get the per-phase equivalent circuit.

77200V () z, Zo | Visw

Z,=25/3687°0Q
Z,=167/-20°0



(a) The phase voltage of the equivalent Y-loads can be found by nodal analysis.
V, ... —277£0°V ! V

@.load + T.P:lmd + . load —

009+;016Q  25/3687°Q 1.67/-20°Q
(54432 -60.6°) (V. —27720° V) +(0.42 -36.87°)V, ., +(0.6220°)V
(5.9552-53.34°) V,_, =15082—60.6°

Vi =253.24-73°V

Therefore, the line voltage at the loads 1s P’Lﬁ V,=439V.

(b)  The voltage drop in the transmission lines 1s

AV Ve =277£0°V — 253.2/.-7.3% = 41.3.52°V

e = V #,zen

(¢) The real and reactive power of each load 1s

p2 2532 V)
B =3 cosf= SQG-}& 36.87° =61.6 kW
Z 250
v 2532 V) .
0 = 3?51&3 = SQEM 36.87° =46.2 kvar
v, (2532 VY :
P =3—cosf@=3———cos {—2[)”} =108.4 kW
Pz 1.67Q ~
I~ 2532 V) ‘
0, =3isin&=3{—}ain (—20°) =-39.5 kvar
T Z 1.67Q

(d) The line current 1s
L — AV, 41.3/52°V
= Z 0.09+ j0.16 O

line

=225.-8.6°A

Therefore, the loses in the transmission line are

R, =3I, R, =3 (225A)(0.09 Q)=13.7 kW

-

0,. =3I, X, =3 (225 A (0.16 Q) =243 kvar

(e) The real and reactive power supplied by the generator 1s
P, =R, +R+PF =137 kW+61.6 kW + 1084 kW =183.7 kW
0, = 0. +0, +0; =243 kvar +46.2 kvar — 39.5 kvar = 31 kvar

The power factor of the generator 1s

31kv .
PF = cas[tan'l ﬁ} = cas[tan_] —M] =(0.986 lagging
P, 183.7kW

gload

0



A3,

Figure PA-2 shows a one-line diagram of a simple power system contaming a single 480 V generator and
three loads. Assume that the transmission lines in this power system are lossless, and answer the
following questions.

{a) Assume that Load 1 is Y-connected. What are the phase voltage and currents in that load?
(b) Assume that Load 2 i1s A-connected. What are the phase voltage and currents in that load?
(¢) What real, reactive, and apparent power does the generator supply when the switch 1s open?
(d) What is the total line current J, when the switch is open?

(e) What real, reactive, and apparent power does the generator supply when the switch 1s closed?
(f) What 1s the total line current I, when the switch 1s closed?

(g) How does the total line current I, compare to the sum of the three ndividual currents I, + I, + I,? If
they are not equal, why not?

Bus |

l
Load | 100 KW
0.9 PF lagging
I
G —
I
480V Load 2 BOKVA
Y connecied 0.8 PF lagging
—’;,/ —] load3 | BOKW
I .85 PF leading

K}

SOLUTION Since the transmission lines are lossless in this power system, the full voltage generated by G,

will be present at each of the loads.
(a) Since this load is Y-connected, the phase voltage is

F. =M=2TTV

#l \l,fg

The phase current can be derived from the equation p = 3V,1,cos6 as follows:

P 100 kW

I, = = =1337 A
" 3¥,cosf  3(277 V)(0.9)

(b) Since this load is A-connected, the phase voltage is

V,, =480 V

The phase current can be derived from the equation § = 37,1, as follows:

A 80 kVA

p=—= =55.56 A
S 3, 3(480V)




(¢) The real and reactive power supplied by the generator when the switch 1s open 1s just the sum of the
real and reactive powers of Loads 1 and 2.

B, =100 kW

0, = Ptan 6= Ptan|(cos™ PF) = (100 kW)(tan25.84°) = 48.4 kvar
P, =Scosf=(80kVA)(0.8) = 64 kW

0, = Ssinf=(80 kVA)(0.6) = 48 kvar

P. =B +P =100 kW+64 kW =164 kW

0, =0,+0, =48.4 kvar + 48 kvar = 96.4 kvar

(d) The line current when the switch is open is given by I, = __r . where 8= tan™ Qe .
J3 V,cos@ F,
6= tan 26 — tag 204 Kkvar _ o1 4so
P, 164 kW
-2 - 164 kW =2288 A
J3 V, cosé  [3(480 V)cos(30.457)

(e) The real and reactive power supplied by the generator when the switch is closed is just the sum of
the real and reactive powers of Loads 1, 2, and 3. The powers of Loads 1 and 2 have already been
calculated. The real and reactive power of Load 3 are:

P, =80 kW

0O, = Ptan&= Ptan(cos™ PF) = (80 kW[ tan(-31.79°) | = —49.6 kvar

P, = B +P,+P, =100 kW + 64 kW + 80 kW = 244 kKW

O.=0,+0,+0; =48 4 kvar + 48 kvar —49.6 kvar = 468 kvar

(f)  The line current when the switch 1s closed i1s given by I, = _r , where #=tan™ Qs :
\E V. cos& F,
0= tan= 2o _ g A08KVAr _ oo
P, 244 kW
F 244 kW

I = =2988 A

J3 7, cos8  J3(480 V)cos(10.86°)

(g) The total line current from the generator 1s 298.8 A. The line currents to each mdividual load are:

I=—A ___10kW 356,
P37 cos6,  f3(480 V)(0.9) '
I,= S S0KVA o650
3y, J3(480V)
P, 80 kW 139 A

I_\: 2 = =
# J37, cos6, f3(480V)(0.85)

The sum of the three mdividual line currents 1s 343 A, while the current supplied by the generator 1s 298.8
A. These values are not the same, because the three loads have different impedance angles. Essentially,
Load 3 is supplying some of the reactive power being consumed by Loads 1 and 2, so that it does not
have to come from the generator.



A-6. Figure PA-4 shows a small 480-V distribution system. Assume that the lines in the system have zero

impedance.
Load Delta connected
| 7, =10£30° 0
V=480V |
= i
| Load | Wve connected
| 2 -
2 Ilp =do36.87° 0
I

1_ Capacitor Wye connected

_I_ bank Z,=5£-90"0)

(a) If the switch shown 1s open, find the real, reactive, and apparent powers in the system. Find the total
current supplied to the distribution system by the utility.

(b) Repeat part {a) with the switch closed. What happened to the total current supplied? Why?

SOLUTION
(a) With the switch open, the power supplied to each load 1s
(480 V)

F.
R =3%c056‘=3 cos 30° = 59 86 kW

v 480V)®
0 = 3%51113: 3Qsm 30° = 34.56 kvar

.

v, 277VY
P, =3%e055=3—( )

cos 36.87° =46 04 kW
0, = 37 no=32""Y) Gn 36.87° = 3453 kvar
Z 40
Pror = B+ P, = 59.86 kW + 46.04 kW =105 9 kW
Ocor = 0, + 0, = 34.56 kvar + 34.53 kvar = 69.09 kvar
The apparent power supplied by the utility 15

Sror = JPTME + 0o =126 4KkVA

The power factor supplied by the utility is

69.09 kv :
PF = cos| tan™ 20T | = ms[tan'l —M} =0.838 lagging
105.9 kW

The current supplied by the utility is

B 1059 kW

I =—F——"—= . =152 A
V3 ¥, PF 43 (480V) (0.838)




(b) 'With the switch closed, P, is added to the circuit. The real and reactive power of P, 1s

. :
P. =3%0053=3M

cos (-90°) = 0 kW

3

-
£

v, 277 VY
f:;=3§.-;jm::s+=3u

50
P, =BE+PB+P=5986kW + 46.04kW + 0kW = 105.9kW
Oror =0, + 0, +0; = 34.56 kvar + 34.53 kvar— 46.06 kvar = 23.03 kvar
The apparent power supplied by the utility is

Sror =\ Pror + Oror> =108.4 kKVA

The power factor supplied by the utility i<

PF = cos| tan” 10T | cos{tan" w} =0.977 lagging
> 105.9 kW

sin (-90°) = —46.06 kvar

The current supplied by the utility 1s

Pror 105.9 kW

37, PF 43 (480V) (0.977)

(¢) The total current supplied by the power system drops when the switch is closed because the
capacitor bank is supplying some of the reactive power being consumed by loads 1 and 2.



