Solution of Home Work #1

2.14. Three parallel three-phase loads are supplied from a 207.85-¥ rms, 60-Hz
three-phase supply. The loads are as follows:

Load 1: A 15 HP motor operating at full-load, 93.25 percent efficiency, and 0.6

lagging power factor.
Load 2: A balanced resistive load that draws a total of 6 K'W.
Load 3: A Y-connected capacitor bank with a total rating of 16 kvar.

(a) What is the total system kW, kvar, power factor, and the supply current per
phase?

(b) What is the system power factor and the supply current per phase when the
resistive load and induction motor are operating but the capacitor bank is switched

off?

The real power input to the motor is

_(15)(7486)

b= 0.0325
12

5 = ﬁgsa.m*‘ kVA =12 kW + j16 kvar

Sz =6 kW + j0 kvar

S3 =0 kW — j16 kvar

=12 kW

(a) The total complex power is
S =180 kVA = 18 kW + 70 kvar
The supply current is

I = % =50/0" A, at unity power factor

(b) With the capacitor switched off, the total power is
S5 =184 j16 = 24.08/41.63° kVA

_ 24083.-41.63

The power factor is cos 41.63° = 0.747 lagging.



312 A 40-MVA, 20-kV/400-kV, single-phase transformer has the following series
impedances:

Z1=09+i180 and Zp =128+ 72880
Using the transformer mting asbase, determine the per unit impedance of the trans-
former from the ohmie value referred to the low-voltage side. Coampute the per unit
impedance using the ohmic value referred to the high-voltage side.

The transformer equivalent impedance referred to the low-voltage side is

an % 2
£ =00+ 718+ (%) (128 + j288) = 1.22 + j2.52 0}
The low-voltage base impedance is
(20)*
Zm = =100
ST

122 + 252

— 1 5af i J ok
i = 0122 + j0.252 pu

-Zp.u-| =

The transformer equivalent impedance referred to the high-voltage side is

; 2
Zen = (#[IZ[I]) (0.9 4+ 51.8) + (128 + §288) = 488 + 1008 £

The high-voltage base impedance is

C(doo)? 0
R 40000 62
458 + 1005

4000
We note that the transfonmer per unit impedance has the same value regardless of
whether it is referred to the primary or the secondary side.

-Zpu:g = = 0122 + J'[]E-EIE pu

313, Draw an impedance diagram for the electric power systerm shown in Figure
26 showing all impedances in per unit on a 100-MYA base. Choose 20 kV as the
voltage base for genemator The three-phase power and line-line ratings are given

below,
o o0 MVA 20 kY X =0%

T BOMVA  20200kYV X = 16%
Ty BOMVA  200/20kYV X = 20%
o S0MWVA 18 KV X =9%
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FIGURE 26
Ome-line diagram for Problem 3.13
The base voltage Vgmon the LV side of T7 is 20 kV. Hence the base on its HV
side is
200
Vel =20 (—) =200 kV
a1 30



This fixes the base on the HV side of T% at Ve = 200 kV, and on its LY =ide at

20
Vi, = 200 (ﬁ) =20 kV

The generator and transformer reactances in per unit on a 100 MVYA base,
from (3.69and (3.70) are

G X =009 (izg]) — 0.10 pu
100
: = — | =02
T: X = u.m( = ) 0.20 pu
100
o X =020 — ] =10.25
Ty X =0 ”(sn) 0.25 pu
100y, 71842 .
Ga: X =000 (W) (E) — 0081 pu

The base impedance for the transmission line is

(2002
Zur = a0 0
BE = 0o

The per unit line reactance is

Line; X = e = (.30 pu
Lo ‘(4[1{1)‘ el

The load impedance in ohms is

C(veen)? (200
=T T RLit!

Li3g)

1, = 300 + j400 1

The load impedance in per unit is

300 + 5400

00 = (.76 + 1.0 pu

z]'. (pa] —
The per unit equivalent circuit is shown in Figure 27,
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FIGURE 27
Per unit impedance diagram for Problem 3,11,




315, The three-phase power and line-line ratings of the electric power syste
shown in Figure 30 are given below.

V, T1 | " T:'Z Vv
il i 1 & TH il

(6 )26 | Line DL TR
NAEDLe ST
FIGURE 50
One-line diagram for Problem 3.15

Gy G0 MVA 20kV X =9%

T SO MVA 20200 KV X = 10%

Th . SO MVA 20020 KV X = 10%

M 432MVA 1BV X = 8%

Line: 200 kW £ =120+ 7200 £2

ia) Draw an impedance diagram showing all impedances in per unit ona 100-MV
base. Choose 20 k' as the voltage base for generator,

ib) The motor is drawing 45 MVA, 0.80 power factor lagging at a line-to-line te
minal voltage of 18 kV. Detenmine the terminal woltage and the internal emfof t
generator in per unit and in kV.

The base voltage Vigqon the LV side of T is 20 KV, Hence the base on its H
side is
200

r :2 - =1 r
Vi 0 ( E[]) 200 kv

This fixes the base on the HV side of T3 at Vg = 200 kV, and on its LV side at

V, —vmtfﬂ)—GUkv
B = =5\ 200 ) — 7

The generator and transformer reactances in per unit on a 100 MVA base,
from (3.6%and (3.70) are

0o .
& X =009 (ﬁ) = .15 pu
Lon
Ty A =010 ( ) = 0.20 pu
50
Lon
T A =010 ( ) = 0.20 pu
50
IAWSEA .



The base impedance for the transmission line is

{200)?

= Y.
100 400

ZpL =

The per unit line impedance is

120 + 200
400

The per unit equivalent circuit is shown in Figure 31.

Line: Zline = | 1 =030+ 40.5 pu

40.2 0.3+ §0.5 J0.20

FIGURE 31
Per unit impedance diagram for Problem 3.15.

ib) The motor complex power in per unit is

45 /36.87°
2o _0.45/36.87° pu

1o
and the motor terminal voltage is
- 18407 -
Vin = 50 = 0.9040 pu

_ 0.45.-36.87

[] g[]’[]u} = []EI..-_‘l EGET" IJ|_|

Vo = 0.0040° + (0.3 + 50.9)(0.5. 3687 = 1.31795.11.52° pu
Thus, the generator line-to-line terminal voltage is

V, = (1.31705){20) = 26.350 kV

E, =000£0% + (0.3 + jL.05)(0.5/-36.87" = 1.375/13.88" pu
Thus, the generator line-to-line internal emf is

E, = (1.375){20) = 275 kV



3.16. The one-line diagram of a three-phase power system is as shown in Figure 32.
Impedances are marked in per unit on a [00-MWVA, 400-kV base. The load at bus 2
is 52 = 15.93 MW —j33.4 Mvar, and at bus 3 is S5 = 77 MW +j14 Mvar. It is
required to hold the voltage at bus 3 at 400/0% kV. Working in per unit, determine

the voltage at buses 2 and 1.

& Va Va
| 0.5 pu | 40.4 pu |

' T

FIGURE 32
Ome-line diagram for Problem 3. 16

S, = 15.93 MW — j33.4 Mvar = 0.1593 — j0.334 pu
Sy = 77.00 MW + j14.0 Mvar = 0.7700 + j0.140 pu

400,07
.{." = = lﬂ:ﬂq
! 400 pu
S 0.77 — j0.14 .
IS:E:W:D‘I‘_'TG‘lé pu

Va = 1.0£0° + (j0.4)(0.77 — j0.14) = 1.1£16.26° pu

Therefore, the line-to-line voltage at bus 2 is

Vo = (400)(1.1) = 440 kV
I, - S3 _ 0.1503 4 j0.334
Vy  1.1/-16.26°
L2 = (0.77 — j0.14) + (0.054 + j0.332) = 0.824 + j0.192 pu
Vi = 1.1£16.26° + (j0.5)(0.824 + j0.102) = 1.2/36.87° pu

= 0.054 + j0.332 pu

Therefore, the line-to-line voltage at bus 1 is

Vi = (400)(1.2) = 480 kV



