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ABSTRACT

This research article presents a power system study on a real time power network. The classical test system selected here is Ghazaouet 220/63/30 KV network.
ETAP is used as a tool for modelling and simulating load flow as well as short circuit analysis on the above-said test system [1].
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INTRODUCTION

Power systems in general are subjected to various studies particularly
in understanding their load flow patterns and contingencies that will
arise during a short circuit fault [2]. This knowledge is primarily
important for power system engineers, to prepare themselves for the
emergency [3]. Understanding the contingency situation is important
for power system engineers, in order to find different solution sets,
like regulating the OLTC'S, changing the cable length to mitigate
voltage drop, increasing the transformer capacitors and adding a
capacitor bank etc.[4]. Even though many tools are available to build
and to simulate a system, still more analysis is required under
different test systems is needed to understand the effect of faults in
detail[5].

METHODOLOGY FOLLOWED THIS WORK

In this research study, the test system selected is the Ghazaouet
220/63/30KV power system network. This is the test system taken as
a classical system for this research case and ETAP tool is used to
build the system and to create load flow under normal conditions and
a short circuit is made as a contingency and results are obtained.
ETAP is the primary tool to achieve the desired results.

SYSTEM DESCRIPTION

The test system is shown in the figure below:
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Fig.1 Single Line Diagram of Base System

The following system represented in Fig.1 [6] is a real time classical
test system of an Algerian power network with three different voltage
rated bus systems of 220/63/30KV. Moreover, it has clearly defined
two input feeders shown in the power network as TLEMCEN and
BENI SAF POSTE these are the two primarily feeder inputs of the
power system shown in Fig:1.

Moreover, it has three power transformers with the rating as follows
220/63KV, transformer1 with power capacity of 120MVA,
transformer:2 with a rating of 220/63KV, and a power capacity of
12MVA and the third power transformer with the power rating of
30MVA and 63/30KV as voltage ratings.

For this research article henceforth, the TLEMCEN feeder is named
as U1 and BENI feeder is named as U2.



METHODOLOGY AND TEST CASES

ETAP is used as analysis tool and the above system described in Fig: 1 is modeled in ETAP as follows
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Fig. 2 Single Line Diagram of Load Flow Analysis

The above ETAP model clearly explains the U1 and U2 feeders which forms the power system network. Metering devices are connected
suitably as shown in the Fig. 2.

LOAD FLOW ANALYSIS REPORT

Load flow analysis was conducted for the Fig.2 using ETAP under normal conditions and the results are as follows:
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Fig. 3 Load Flow Analysis in ETAP

Load flow results for the power system network under normal conditions are obtained.
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INTERPRETATIONS

From the load flow conducted under normal conditions it is imperative that

There are two test cases are formed one is the normal case with terminology N and the other is the abnormal condition with feeder U1
disconnected from the power system network with the terminology N-1.

N is the normal condition and N-1 is the abnormal condition. In the N-1 case the U1 feeder described in Fig. 3 is disconnected and a power
system emergency condition is tabulated as below.

Critical Report of N and N-1 Cases

Table 1. Critical report for CASE - N

Critical Report

Deviee I Type Condition Hating/Limit Unit Operating “a (hperating Phase Tvpe
sl T Under Voltnge {1400 kv 03T a3 T-Phase
Busl2 Hus Under V:I]l:ls: (400 kY 037 418 Vo Phise
Bus3Z Bz Under Yoltage 63.000 kv 35095 §7.5 3-Phase
Hus3s Hus Under Viltage 000 kY AR G4 1-Phise

Table2. Critical report for CASE - N-1
Critical Report
Device 1D} Ivpe Condition Hating/Limit Uit Operating “a Operating Fhase Tvpe
s b0 Bl Under ¥oltage 0400 KV 0.355 HEY 3 Phase
Husl 1 Bus Under Valtage 63,000 kv 55.412 RE.0 3-Phase
Busl2 Hus Under Voltage 0,400 kv 0.355 HE.F 3-Phase
Busl3 Bus Under Viltage 11000 kv 10,380 P4 3-Phase
Busl4 Bus Under Voltage 220.000 kW 208,123 4.6 Z-Phosc
HuslS Hus Under Valage 220,800 kv 208,123 w6 3-Phase
Busl6 Bus Under Voltage 220.000 kv 207.838 45 3-Phase
Bus1T Ha= Under Voltage 220,000 kW 20K.013 w6 3-Phase
sl b Bu= Under Yaltage 2200000 KW H0K.123 Gdh A-Phase
Busl? Bus Under Voltage 63000 KV 55.412 88.0 3-Phase
i1 Bl Under Valtage 63000 KV 55412 REA) 1 Phose
w22 Bl Under Voltage 63000 kv 55412 O 3-Phase
Bus25 Bus Under Voltoge 63000 KV 55.412 HRO 3-Phasec
i Bus Under Valtage 63,000 v §5.412 HELD 3-Phase
Bus2T Bus Under Voltage 63000 kv 55412 RR.0 3-Phase
Table 3. Critical report for Candidate Buses
Critical Report

Dhevice 1Ty Tyvpe Condition Rating/Limit Uit Operating % Operating FPhase Type
Bus2g Hues Under Valtge ERRLH kM 35412 HR.0 I-Phase
Burs3 Bus Under Voltage 220.000 kW E123 w6 3-Phase
Bus3d Hus Under Valtage A3.000 kW 49512 Te - Phase
Pies3d Fhis Under Voltage 63000 KW 55412 BH.00 3-Phase
Bus34 Bus Under Voltage 30000 kW 24928 LER | 3-Phase
Rusis Bues Under Valtage 00000 kW 24 928 LEN | 3-Phase
Haussd B Under Vialeage 220000 kW MIRA23 LS N 3-Phase
Bus3 Bus Under Voltoge 220,000 kW 208,123 w6 3-Phasc
BusT B Under Vialtage 220,000 kW MR 123 LR N 3-Phase
Bus Bus Under Voltage L1000 kW ED.A05 46 2-Phase

7 Transformer Owverload EUREUH] MVA 54,790 137.0 3-Phasc

Under- voltage condition is observed, that Bus no: 32has been affected much which is clear from the above two tables.

Branch losses is summarized for N and N-1 cases and it is shown below
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Table 4. Critical report of branch loss summary report for CASE - N

Branch Losses Summary Report
W

From-To Bus Flow To-From Bus Flow Losses o Bus Voliage % Drop

Bramch 1D MW Mbvar MW Mvar kW kwvar Fromm To m Vmag
Linel =TH0ThH -53.935 THALT 43184 340.7 107507 9B R o0 116
Line? -102.302 -ELELG 103,752 T9.TTE 1435004 ~3037.6 g7 oo 305
Lined S350 74,531 93,743 ~TH.6H2 57.0 -151.0 970 9hE 0.3
Lincd -R_F00 -5.268 8502 3RS ] -1982.R Q.0 970 .05
Line5 15604 K AT -12.687 ~TH62 “@17.0 607.2 957 B1.S B.25
Ti 41248 9629 =4, 474 2600 L LY N4z L8 957 EN B
LERvI) 0000 0184 -0.118 9B.8 98.7 0.1z
T2 L1E4 s -IL1K3 113 LR 4.2 SE.T 927 5857
T3 NNt IR K] m184 [INREY 08 4.2 YK 987 5497
T4 34828 24.305 -34.582 -22.300 629 IBEE.0 988 963 258
LLRRHI] LERULH] <01 184 118 98B §R.7 LALY
T6 27371 18338 =17319 -l6.231 315 1407.2 957 958 0.05
7 21418 14.141 -21 385 -13.253 325 BEE.L 06.3 044 L.

3005.9 -B41R9
Table 5. Critical report of branch loss summary report for CASE - N-1
Branch Losses Summary Report
Vd

From-To Bus Flow To-From Bus Flow Losses o Bus Volage S—

Branch 1D MW Mvar MW Mvar kW kvar Fromm la n Vmiag

Line? -171.ROG -140.9264 176,216 147 682 A3 GTRG.4 946 LRI 5.40
Linc3 Bo.304 75,718 -E9.249 -T75.862 543 -143.7 4.6 4.5 013
Lined -3.500 -5.26% 5502 3381 2.1 SIBRT.0 CERS 946 .05
Linas 13375 8515 —12315 7632 106,01 8835 880 79.0 289

] LIBL.T) oo L)) LIRE ) . L] L EEaLl LI
i 0.000 -0 16% -0 108 LEY 4.6 L]

T2 0169 0108 0. 168 -0 104 LIk ER ] 4.6 830 572

g ] -h167 b e LT 01T LI} e BELT 044 571

T4 TiRA2 a7y -73.300 =50.967 3548 LR LS BE A H6s
0.000 0.000 -0.168 -0 107 046 044 0.24

T 46770 34,294 4h 572 “2R.B62 198.9 4312 HEA ®3.1 4,86

ad1.0 2IT02.0

From the above table it is very clear that the lines from 1-7 are heavily disturbed during contingency in the power system due to the failure of
the feeder U1.Similarly for the transformers T1-T 7 huge drop in power is observed [7].

Table 6. Short Circuit Analysis Report

Short-Circuit S Report
3-Phase Fault Currents
Device Capacity (kA)
Bus Device Making Short-Cireuit Current (kA)
m kv fie) Type Peak Thsym  Thasym e i i T sym Th asym Tede: %

Bus3 2200000 Bus3 SwichGear 5.501 13252 5124
Fusa 220,000 Bust SwichGear 5901 13252 sa12a
Huss 220,000 Bus5 Hus s.501 13.252 5.124
Bus6 220,000 Bust Bus 10.728 26495 10.000
Bus7 220000 BusT Bus s.901 13252 s.i24
Husg 1LO00  Busy Hus 35083 K911 33566
Buslo 0400 Buslo Bus 19.076 42299 19.060
Busll 63000 Busll Bus 9148 22 888 6.447
Fas12 G.A00 a2 Bus 19.081 a7 08 19060
Bus13 11000 Bus13 Bus 35531 90398 33566
Busid 220000 Busla Bus S0t 13252 5124
Huxls 22000 Busls Hus s.01 13.252 5124
Basls 220000 Busis Bus 5755 12,886 EXES
Fus17 2200000 BuslT Aus 190 11504 4.544
Busis 220000 Busis Bus s.01 13252 524
Bus19 53000 Busls Bus 9.148 22888 6447
Hus21 63000 Bus21 s 9148 22 588 6.447
Bus22 63000 Bus22 Bus 9148 22.888 6.447
Bus2s 63000 Hus2s Bus 9148 22888 5.447
Bus26 63000 Buss Bus 9148 22 888 &iaar
Bus27 63000 Bus27T Bus 9148 22.EER 6,347
Bus28 63000 Busl® Bus 9148 22 ERS 6.447
Rus32 GIO000  Busid Bus 1807 3160 1.537
Bus33 1000 Bus33 Hus RN 22888 6.447
Bus3d 30000 Bus3d Bus 14.208 35004 TATR
Bus3s 000 BusIs Bus 14.208 35004 7.478
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SHORT CIRCUIT SUMMARY REPORT

The following table clearly explains the shift over in bus voltages and
the corresponding short-circuit current in KA, due to the short circuit
in the feeder U1. In Bus 9, it can be observed the symmetrical
component of the short-circuit currents are 36.944KA, 95.756KA
and 35.539 KA. Similarly in Bus 13 also a severe emergency
condition is felt by the rise of short circuit current to the similar levels
of Bus-9. Typical Interpretations can be observed from the above fault
analysis [8-13], once on understanding the severity due to the fault
current effective remedial measures by having neural controller
damping of fault currents can be planned.

Understanding the severity of the fault current is of at most
importance to understand the nature of the problem data occurred
due to the short-circuit fault in a particular feeder, systematic
understanding is a mandatory requirement to plan for the effective
solutions[14].

CONCLUSION

This research article has extensively elaborated sudden short circuit
in a feeder and the shift over in load flow patterns and the shift over in
short circuit currents due to the fault. This is a contingency analysis
research over a real time power system. Further, this research can be
extended by exploring suitable solutions to damp the short circuit
current due to the fault and to balance the load flow by effective
strategies in monitoring and control of power [15-18]. This research
will definitely provide a lead for researches working in power system
contingencies and short circuit problems.
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