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1) The system was built at PWS as the specific data, the system show in the Figure 1 bellow:

The Value of Z1 was Choosed as a BZU 1D number which is equal =» X=0.1+0.2, so Z1=
0.08+J0.3. And Zz0=0.6 +j1.5
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Figure 1: The system Block

The Per Unit Impedances were found, and it is show in the Figure 2:

From Humber [ From Name To Number To Name Cireuit Status |Branch Xfrmr Lim MVAA | Lim MVAB Lim MVA C
Device Type| |
1 3]three 2 Two 1 Line NO
2 7 seven & Six 1 Line NO
3 5 Five 4 Foure 1 Line NO
4 6 5ix 5 Five 1 Line NO
5 3 three 4 Foure 1 Line NO
6 2 Two 4 Foure 1 Line NO
7 6 Six 4 Foure 1 Line NO
8 8 Eight 7 Seven 1 Transformel YES 300 300
9 1 one [Swing) 2 Two 1 Transforme YES 150 150

Figure 2: The Per Unit Impedances
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Figure 3: The run of the system show all the parameter

The voltage and the angle of each bus and loss of the transformer and transition Line is show
in the Figure 4:
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Figure 4: The angle and the Per Unit Voltage of each Bus

The loss and the MVVA, MW generation is shown in the Figure 5:




Case Summary for Present n

MNumber of Devices in Case Case Totals (for in-service devices only)
MW Mvar
Load 280.0 150.0
Generators Series Capacitors Ijl .
Generation 282.2 172.2
Loads |:| LTCs (Control Volt) Ijl
shunts | 0.0 | | 0.0 |
Switched Shunts Ijl Phase Shifters Ijl
losses | 22| | 2.2 |
2 Term. DC Lines Ijl Mwvar Contraling Ijl )
DistGen | 0.0 | | 0.0 |
MutiTerm.oc [ 0]
Generator Spinning Reserves
| 1717.8 | | 282.2 |
Disconnects Ijl Load Break Disc, Ijl
) Megative MW Loads and Generators
ZBRs Ijl Ground Disconnects Ijl MW Mvar
Load 0.0 0.0
Generation 0.0 0.0
) o Slack Buses:
Substations Ijl Injection Groups Ijl

| nne (Swing 11 in Area 1 (b1

Figure 5: The Case Summary

The program gave the YBus Matrix; it is show in the Figure 6:

MHumber Name Bus 1 | Bus 2 | Bus 3 | Bus 4 ‘ Bus 5 | Bus 6 Bus 7 Bus &
1 1]one (Swing) 0,00 - j10.00 ]-0.00 = j10.00
2 2{Two -0.00 + j10.00 2712 -j111.62 -21.85 = jB2.32 -5.16 = j19.39
3 3|[three -2195 + jg2.32 29.27 -j109.74 -7.32 = j27.44
4 4|Foure -5.16 = j19.33 -7.32 +j27.44 33.70-j126.24 -17.56 + j65.86 -3.66 = j13.75
5 5|Five -17.56 + j65.86 25.54 - j95.74 -7.98 + j29.95
& 6|Six -3.66 + j13.75 -7.98 + j29.95 33.59 -j125.85 -21.95 + j82.32
7 7|Seven -21.95 - j82.32 21,85 -j92.31 -0.00 + j10.00
8 8[Eight -0.00 = j10.00 0.00 - j10.00

Figure 6: The Ysus Matrix

The Table of the Bus voltages Per Unit and angle and load values were found and it is show
in the Figure 7:

Number MName Area Name Nom kV PU Volt Volt (kV) Angle [Deg) Load MW Load Mvar Gen MW Gen Mvar Switched Act G Shunt | Act B Shunt | Area Num
Shunts hvar MW Mvar

i 1 13.80 82.25 78.74 0.00 0.00

2 1 50,00 13.00 0.00 0.00

3 1 50.00 25.00 0.00 0.00
4 1 4.54 40,00 20.00 0.00 0.00

5 1 4,59 60,00 40,00 0.00 0.00

6 1 2.97 50.00 20.00 0.00 0.00
7 Sewven 1 30.00 30.00 0.00 0.00
8 8 Eight 1 200.00 93.44 0.00 0.00

Figure 7: the Bus Voltage, angle, and load
The state table of the branches were found and it is show in the Figure 8:
From Mumber [ From Name To Number To Name Circuit Status  |Branch Xfrmr | MW From | Mvar From MVA From Lim MVA % of MVA MW Loss Mvar Loss
Device Type| Limit (Max)

1 1Jone (Swing) 2 Two 1 Transforme: YES 822 78.7 113.8 75.9 0.00 12.96
2 3 three 2 Two 1 Line NO 348 -40.0 53.0 26.5 0.10 -2.61
3 2 Two 4 Foure 1 Line NO -26 134 13.7 128 0.06 -12.34
4 3 three 4 Foure 1 Line NO -15.2 15.0 21.3 10.7 0.05 0.18
5 5 Five 4 Foure 1 Line NO 18.2 -29.7 34.8 17.4 0.05 -3.45
[ & Six 4 Foure 1 Line NO 402 -10.7 416 20.8 0.35 -16.38
7 G Six 5 Five 1 Line NO 4.6 78.9 39.5 0.62 573
8 7 Seven 6 Six 1 Line NO 14.7 170.6 85.3 1.02 0.85
9 & Eight 7 Seven 1 Transformel VES 200.0 3.4 2207 73.6 0.00 4373

Figure 8: The state Table of all Branches




From the figure 8: note that the Mvar loss is high at the voltage-controlled bus which is
number (8), and at the swing bus which is numberl the loss is Maximum .

The Value of the real Power (MW) was increased in the Bus 3 and the transformer 1
become full loaded, the Value of new MW is 95 MW. The new Power Flow direction show

in the Figure 9:
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Figure 9: The New Power flow direction, Per Unit Voltage, and Angle and power losses

The loss and the MVA, MW generation is shown in the Figure 10:

Case Summary for Present
Mumber of Devices in Case
Buses
Generators
Loads
Switched Shunts
2Term. DC Lines
Multi-Term, DC

Breakers
Disconnects

ZBRs

Areas
Zones

Substations

L LLULLLLE
S L

Trans. Lines (AC)

Series Capacitors

LTCs (Control Volt)

Phase Shifters

Mvar Controlling

Fuses

Load Break Disc.

Ground Disconnects

Islands
Interfaces

Injection Groups

Case Totals (for in-service devices only)

MW Mvar
Load 325.0 150.0
Generation 326.9 170.4
shunts | 0.0 | 0.0 |
Losses | 1.5 ‘ | 2IZI.4|
DistGen | 0.0 | | 0.0 |

Generator Spinning Reserves

Positive [MW]  Negative [MW]

| 1673.1 | | 326.9 |
Megative MW Loads and Generators
M Mvar
Load 0.0 0.0
Generation 0.0 0.0
Slack Buses:

|Dne (Swing) (1); in Area 1 (1)

Figure 10: The Case Summary




The Shun Capacitor was added to the Bus 5 in the system to get the Per Unit VVoltage at the

Bus to Unity, the Capacitor insert is 110 MVAR, and the new system is show in the Figure
Mvar 110%10°

11: the value of the Capacitor given by ¢ = P Vrms)? — 23.14-50:230K8 — 6.6F
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Figure 11: system with Shunt Capacitor

The power Flow direction, the PU voltage and Angle of each bus and power loss pf
transformer and transmission line is show in the Figure 12:
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Figure 12: The PU voltage, angle and Power flow direction of the system with shun compensator

The Case summary of the system with capacitor is show in the Figure 13:




Case Summary for Present

Mumber of Devices in Case Case Totals (for in-service devices only)
MW Myar
Load 280.0 150.0
Generators Series Capacitors |:| .
Generation 2816 23.7
Loads |:| LTCs (Control Valt) Ijl
shunts | 0.0| | 1119 |
Switched Shunts Phase Shifters Ijl
losses | 16 | | -14.4 |
2 Term. DC Lines Ijl Mvar Controlling |:| )
DistGen | 0.0 | 0.0 |
Multi-Term. DC |:|
Generator Spinning Reserves
| 1718.4 | | 2816 |
Disconnects Ijl Load Break Disc, Ijl
) Megative MW Loads and Generators
ZBRs= Ijl Ground Dlscunnectsljl MW Myar
Load 0.0 0.0
Generation 0.0 0.0
) o Slack Buses:
Substations Ijl Injection Groups Ijl
O (i (1 o rea 1 010

Figure 13: The Case summary of the system with capacitor

When the Value of the Capacitor is greater than 110 Mvar the same steps were done:

The Value of the Capacitor Choosed 130 Mvar: the system is show in the Figure 14:
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Figure 14: The new run when the capacitor is greater than 110

The Case summary of the new system is show in the Figure 15:




Case Summary for Present n

Mumber of Devices in Case Case Totals (for in-service devices only)
M Mvar
Load 280.0 150.0
Generators Series Capacitors Ijl .
Generation 281.8 11.6
Loads |:| LTCs (Control Volt) Ijl
shunts | 0.0 | | -135.2 |
Switched Shunts Phase Shifters Ijl
Losses | 1.8 | | —3.2|
2 Term. DC Lines Ijl Mvar Controlling Ijl )
DistGen | 0.0 | | 0.0 |
Multi-Term. DC |:|
Generator Spinning Reserves
| 1718.2 | | 814 |
Disconnects Ijl Load Break Disc. Ijl
] Megative MW Loads and Generators
ZBRs Ijl Ground Disconnects Ijl MW Myar
Load 0.0 0.0
Generation 0.0 0.0
] o Slack Buses:
Substations Ijl Injection Groups Ijl

|Dne (Swing) (1); in Area 1 (1)

Figure 15: The New Case Summary of the System
Here, the value of the Capacitor is Choosed less than 110 Mvar:

The Value Choosed 90 Mvar, the new simulation of the system is show in the Figure 16:
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Figure 16: The Run when the Capacitor is less than 110 Mvar




Case Summary for Present “I

Mumber of Devices in Case Case Totals (for in-service devices only)
MW Mvar
Load 280.0 150.0
Generators Series Capacitors Ijl .
Generation 281.5 9.7
Loads |:| LTCs (Control Volt) Ijl
shunts | 0.0/ | 88.5 |
Switched Shunts Phase Shifters Ijl
losses | 15| | -11.9 |
2 Term. DC Lines Ijl Myar Controlling Ijl )
DistGen | 0.0/ | 0.0 |
Multi-Term. DC |:|
Generator Spinning Reserves
| 1718.5 | | 2815 |
Dizconnects Ijl Load Break Disc. Ijl
) Megative MW Loads and Generators
ZBRs Ijl Ground Dlscunnectsljl MW Mvar
Load 0.0 0.0
Generation 0.0 0.0
) o Slack Buses:
Substations Ijl Injection Groups Ijl

| nne [wing (Y- in Area 1010

Figure 17: Case Summary when the capacitor is less than 110

From the Previse Cases when the Capacitor is chose 110 Mvar, the value of losses in (Mvar)
is high and the power at the bus is unity, but when changed the value of the capacitor greater
than 110 Mvar, the losses in Mvar is small, but when the capacitor is changed to less than
110, the value of the loss high but the power at the bus is not unity.

The faults information was inserted into the Program, and the 3-phase symmetrical faults
were found, the results are show in the Figure 17:
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Figure 18: 3-Phase Symmetrical faults




BusRecords LiNes  Generators Loads Switched ShuntBuses Y-Bus Matrices
Bl &k %8 5% @4 9 | Records~ Geo~ Set- Columns- [By-  'GE- M- ¥ B o fg~ BB | options -
From From NamgTo Mumber| To Mame | Circuit Xfrmr Phase Cur A Phase Cur B Phase Cur C [ Phase CurATo (Phase CurBTo |Phase CurCTo
Number From From From
1 1 One (Swing 22 1 YES 3.11758 311758 3.11758 311758 3.11758 311758
2 22 3 Three 1 NO 1.58659% 1.59659 1.59659 1.58539 1.58539 1.58539
3 22 4 foure 1 NO 1.58251 1.58251 1.58251 153088 1.53088 1.53088
4 3 Three 4 foure 1 NO 1.69698 169698 1.69698 165977 1.65977 165977
5 5 five 4 foure 1 NO 1.68425 168425 1.68425 170158 1.70158 170158
6 7 Seven 4 foure 1 NO 1.52671 1.52671 1.52671 161646 1.61646 161646
7 6 Six 5 five 1 NO 1.89667 1.89667 1.89667 193764 193764103764
8 7 Seven 6 Six 1 NO 2.07754 207754 2.07754 209325 2.09325 209325
9 88 7 Seven 1 YES 3.81950 3.81950 3.81950 3.81950 3.81950 3.81950
Figure 19: The Value of current in transition line during fault
BusRecords Lines Generators Loads —Switched Shunt Buses  Y-Bus Matrices
m B HEEE “H" *_0-8 ;0,8 M ?én Records = Geo~ Set= Columns = ' .E' “g’ﬁi’;v Y ¢\3' i%%: flx) ~ ﬁ Options =
Number Mame | Phase Volt A Phase Volt B | Phase Volt C | Phase Ang A | Phase Ang B | Phase Ang C
1 1 0.00000 0.00000 0.00000 -1.63 -121.63 118.37
2 2 0.31176 031176 0.31176 561 -114.39 125.61
3 3 0.32990 0.32990 0.32990 482 -115.18 124,82
4 4 0.38867 0.38867 0.38867 379 11621 123.79
5 5 0.41333 0:41333 0.41333 3.36 -116.64 123.36
& & 0.47522 0.47522 0.47522 3.54 -116.46 123,54
7 7 0.45945 0.49948 0.49948 3.92 -116.08 123.92
8 & 0.86658 0.86658 0.86658 1312 -106.88 13312

Figure 20: The Bus Voltage during the fault

10




