14.8 A three-phase 138 kVA/13.8 kV Y distribution substation transformer rated 40 MVA
OA/50 MVA FA/65MVA FOA has an 8% impedance. (a) Determine the_rated .cur-
rent on the primary distribution side of the transformer at its OA, FA, and FOA rat-
ings. (b) Determine the per unit transformer impedance using a system base of
100 MVA and 13.8 kV on the primary distribution side of the transformer. (c) Calcu-
late the short-circuit current on the primary distribution side of the transformer for a
three-phase bolted fault on the primary distribution side. Assume that the prefault
voltage is 13.8 kV.



14.12 Re-work Example 14.3 with Rpgaq = 40 (/phase, Xioa = 60 Q/phase, and X¢ =
60 Q/phase.



EXAMPLE 14.3

Shunt Capacitor Bank at End of Primary Feeder

Figure 14.21 shows a single-line diagram of a 13.8-kV primary feeder supplying
power to a load at the end of the feeder. A shunt capacitor bank is located at
the load bus. Assume that the voltage at the sending end of the feeder is 5%
above rated and that the load is Y-connected with Ry g = 20 Q/phase in par-
allel with load jX1 04 = j40 {)/phase. (a) With the shunt capacitor bank out of
service, calculate the following: (1) line current; (2) voltage drop across the line;
(3) load voltage; (4) real and reactive power delivered to the load; (5) load
power factor; (6) real and reactive line losses; and (7) real power, reactive
power, and apparent power delivered by the distribution substation. (b) The ca-
pacitor bank is Y connected with a reactance X¢ = 40 Q/phase. With the shunt
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FIGURE 14.21

Single-line diagram of a
primary feeder for
Example 14.3

(3. D. Glover, “Electric
Power Distribution,”
Encyclopedia of Energy
Technology and The
Environment, John
Wiley & Sons, New
York, NY, 1995.
Reprinted with
permission of John

"~ Wiley & Sons, Inc.)
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capacitor bank in service, redo the calculations. Also calculate the reactive
power supplied by the capacitor bank. (c) Compare the results of (a) and (b).

SOLUTION

a. Without the capacitor bank, the total impedance seen by the source is:

. |
ZtotaL = Rume +/XLiNe + T
Rioap ' jXLoaD

) 1
ZrotaL =346 +1—
20 j46

ZtotaL =3 +j6 +

1
0.0559/~26.57°
=346+ 17.89/26.56°

ZrotaL =346+ 164+ ,8 =19+ 14
— 23.60/36.38° ©/phase

1. The line current is:
1.05(13.8/V/3)/0°
23.60/36.38°

=0.3545/—36.38° kA /phase

ILine = Vsin/ZroTaL =

2. The voltage drop across the line is:

Vorop = ZLing ILine = (3 46)(0.3545/-36.38°)
= (6.708/63.43°)(0.3545/—36.38°)

= 2.378/27.05° kV
|Vorop| = 2.378 kV
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3. The load voltage is:

Vioap = Vein — Zumeluine = 1.05(13.8/v/3)/0° — 2.378/27.05°
=8.366 — (2.117 +1.081) = 6.249 — j1.081
=6.342/-9.814° kV

|VLoap| = 6.342v/3 = 10.98 kV

4. The real and reactjve power delivered to the three-phase load is:
PLoab3e = 3(Vioapin)?/Rioap = 3(6.342)/20 = 6.033 MW
Quoapsy = 3(Vioapin)’/Xroap = 3(6.342)2/40 = 3.017 Mvar

5. The load power factor is:
p.f.= cos[tan™! (Q/P)]
= cos[tan™!(3.017/6.033)]
= 0.89 lagging -
6. The real and reactive line losses are:
PLinELosssy = 3 Imve’Rume = 3(0.3545)%(3) = 1.131 MW
QuineLossie = 3 ILive”XLwe = 3(0.3545)%(6) = 2.262 Mvar

7. The real power, reactive power, and apparent power delivered by the
distribution substation are:

Psourceip = PLoap3y + PumveLossip = 6.033 + 1131 = 7.164 MW

Qsourcesy = QLoaniy + QLineLossy, = 3.017 +2.262 = 5.279 Mvar

Ssourcesy = |/ (7.164 + 5.2792) = 8.899 MVA

b. With the capacitor bank in service, the total impedance seen by the source is:

. 1
ZroraL = Rime +/Xime +— 1 1

+ - <5
Rioap * jXroap JiXc

) 1
ZTOTAL = 3+j6+u1—1
207 ;40 ~ j40

ZroTaL = 3 + 6 + 0—25 =23+ j6 = 23.77/14.62° Q/phase

1. The line current is:

e Vo2 1.05(13.8/v3)/0°
LINE = PSLN/STOTAL = ™53 77/14.62°

= 0.3520/—14.62° kA /phase
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2. The voltage drop across the line is:

Vbrop = Zume Iuine = (6.708/63.43%)(0.3520/ —14.62°)

= 2.361/48.81° kV
|Vorop| = 2.361 kV

3. The load voltage is:

Vioap = Vsin — ZuiNe ILive

= 1.05(13.8/V/3)/0° — 2.361/48.81°
= 8.366 — (1.555 + j1.778)

=6.81 —j1.778
= 7.038/-14.62° kV
| Vioap| = 7.038V3 = 12.19 kV

4. The real and reactive power delivered to the three-phase load is:
PLoaDss = 3(Vioapin)?/Rioan = 3(7.038)%/20 = 7.430 MW
QrLoab3s = 3(Vioapin)?/Xroap = 3(7.038)% /40 = 3.715 Mvar

5. The load power factor is:

p.f.= cos[tan~!(Q/P))
= cos[tan™!(3.715/7.430)]
= 0.89 lagging
6. The real and reactive line losses are:
PLineLosss, = 3 Iime? Rune = 3(0.3520)%(3) = 1.115 MW
QumveLossiy = 3 Lnve? Xumwe = 3(0.3520)*(6) = 2.230 Mvar

7. The reactive power delivered by the shunt capacitor bank is:
Qc = 3(VioapLn) /X = 3(7.038)2/40 = 3.715 Mvars
8. The real power, reactive power, and apparent power- delivered by the
distribution substation are:
Psourcesy = PLoapiy + PLinELOssse = 7.430 + 1115 = 8.545 MW
Qsourcesy = Quoaniy + QuineLosssy — Qc
=3.7154 2230 - 3.71S
= 2.230 Mvar

Ssources, = |/ (8.545% +2.2302) = 8.675 MVA
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c. Comparing the results of (a) and (b), with the shunt capacitor bank in ser-
vice, the real power delivered to the load increases by 23% (from 6.033 to
7.430 MW) while at the same time:

The line current decreases

The real and reactive line losses decrease

The voltage drop across the line decreases

The reactive power delivered by the source decreases
The load voltage increases

The above benefits are achieved by having the shunt capacitor bank (instead
of the distribution substation) deliver reactive power to the load. |



