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Abstract— Electrical power systems are different in their sizes because of their amount of
generation power stations, substations, transmission lines and loads. Therefore, these
factors may impact on short circuit levels values. Capacity of power stations and dummy
transmission lines in Extra high voltage grid (400kV) of the Iraqi Electrical power grids
cause high short circuit levels values such that exceed both rating of the peak and breaking
capacity of switchgear equipment's. Reduction of short-circuit levels by using Fast-acting
Flexible Alternating Current Transmission Systems (FACTS) types devices in power grids
maintain the operation of power grids with acceptable value of short circuit levels for their
electrical equipment's and preventing cascading event outages which may lead to
blackouts. This paper mainly studies strategies on how to add Short Circuit Current Limiter
(SCCL) device by determining its number, value and location of connection in power grids
by programing with (PSS™E version 30.3 Package Program). IEEE 25-bus system is used
for testing the adding series SCCL at power transmission lines method procedure. The
results of adding series SCCL with power transmission lines give significant reducing short
circuit levels for the stations have highest short circuit levels in order to prevent the
blackouts of overall power grid.

Index Terms— Flexible Alternating Current Transmission Systems (FACTS) devices, Station
Busbar of Highest Short Circuit Level (SBHSCL), Thyristor Protected Series
Compensation (TPSC) and Super Conducting Current Limiter (SCCL).

I. INTRODUCTION

There are three types of power systems

a) Meshed systems: possess load flow problems.

b) Weak systems: possess stability problems.

¢) Strong systems: possess high fault currents problems.

Short Circuit Current Limiter or Super Conducting Current Limiter (SCCL) is the solution for the strong
electrical power systems problems. Grid Power Flow Controller (GPFC) is the solution for the meshed
and weak electrical power systems problems. This paper concentrates on the solutions for strong systems
problems of high fault currents [1-3].

The main properties of Fault Current Limiters (FCL) are having variable-impedance device
connected in series with a circuit such that have a large value at fault to limit fault current and a very
low impedance during normal condition. The impedance of FACTS device must have low value because
of the risks of voltage collapse. Access the system voltage to voltage collapse may lead to blackouts
because of synchronizing gradient of post-fault condition voltage with higher short circuit levels [4-5].
During normal operation, any increase in reactance leads to increase the voltage drop of the reactor in
the network. The important issue is choosing a location of FACTS device [6-7].
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Il. [FACTS] DEVICES THEORETICAL PRINCIPLES

Dynamic controlling of operating voltage, line impedance and operating phase angle of high voltage
AC lines are important problems for solving by using FACTS devices. Fig. 1 shows a power transfer
between two points or busbars (1 and 2), which depends on factors or variables voltage (U; and U,),
reactance (X) between two points or busbars and stability angles (6:&46,). These factors are used in
"(1)",which has three parts (parallel, series and load flow continuous). Types of FACTS devices are
determined according to these parts. This paper concentrates on the series part and its effect on reducing
short circuit levels of electrical power system [8-9].
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FIGURE 1. THE POWER FLOW BLOCK DIAGRAM

A. Thyristor Protected Series Compensation TPSC:

Figure 2 shows the fast cool-down time, which is an outstanding feature for this thyristor protected series
compensation (TPSC). It can be seen that the TPSC will be ready for additional contingencies, such as
multiple fault conditions, before the end of the Auto-Reclosure dead time [10].
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FIGURE 2. BENEFITS OF TPSC — FULL AVAILABILITY AFTER FAULT CLEARING TIME [10].

B. Super Conducting Current Limiter (SCCL)

The cool-down time with very fast time and peak current of 110 kA capability are the main features
of high power light-triggered thyristors. The SCCL device is an external reactor combines with TPSC
as seen in Fig.3. The series reactor may reduce the short-circuit current level. At steady-state conditions,
SCCL operates with zero impedance, and high impedance at the short-circuit case, as seen in Fig. 4. A
few milliseconds spend of switching for limiting reactor impedance [10-13]. Limiting short-circuit in a
large power grid by using SCCL device impact on the transient stability of the overall grid [14-17].
Reducing transmission angle by using series compensation for long AC lines may provide stability
enhancement. Fixed Series Compensation (FSC) is the simplest form of series compensation [1,7,18].
Preventing faults cannot be done by FACTS devices, but can mitigate the impacts of faults. By reducing
number of transmission line trips may make electricity supply more secure [7,12,19]. The dynamic
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behavior of splitting strategies and adding series current limiting reactor methods for reducing short
circuit levels are limited compared with adding FACTS device for the power grid but less expensive
[6,15]. By using SCCL, reactive power remains balanced, with no impact on grid load flow, no impact
on first swing stability and no risk of voltage collapse [18,20].
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FIGURE 3. SCCL CIRCUIT DIAGRAM. FIGURE 4. STATIC CHARACTERISTICS(C/C) oF SCCL.

1. Approperate location of FACTS device connection

Some stations busbars have restricted short circuit levels is the main problem of the Iragi power grid.
Extra High or high voltage circuit breakers mean life impact by higher short circuit levels values
specially at interrupting process. These values of short circuit levels may lead to damage that circuit
breakers and cascading accidents occurs then may lead to blackouts. The appropriate location of FACTS
device installation is in series with the power lines which have high short circuit current feeding faults
at the Station Busbar of Highest Short Circuit Level (SBHSCL).

2. The algorithm of adding FACTS device

The procedure of the proposed method can be seen in Fig. 5, and details as follows: -
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FIGURE 5. FLOWCHART OF ADDING FACTS DEVICE STRATEGIES

a) Checking load flow analysis for the power system.

b) Checking the details of short circuit levels of the system busbars.

c) ldentifying Station Busbar of Highest Short Circuit Level (SBHSCL),which have the highest short
circuit levels that exceed or near maximum values of the equipment.

d) Obtaining a table for currents feeding fault in each busbar during the fault, showing the flow
diagram with load flow of the (SBHSCL) and determining the FACTS device connection in series
with power lines, which have the highest short circuit level at the (SBHSCL) side to get the
optimum choice.
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e) Checking load flow and short circuit analysis for each choice and determining the successful

choices.
f) Making a table for all choices implemented in item d.

g) Drawing curves for all choices.
h) Identifying the best choice, which has minimum number of SCCL devices and the highest reducing

short circuit levels for(SBHSCL) and other substations in the power grid.

I11. CASE STUDY

o Case (1): Test System: Fig.6 shows simulation IEEE 25-bus system for implementation of the
proposed method.
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FIGURE 6. SLD oF IEEE 25-BUsS

e Case (2): Practical System: Iragi power grid is the practical system. Implementation the proposed
method by using Iraqi power grid information at (8-1-2018) with PSS™E version30.3 Package Program.

IV. SIMULATION AND RESULTS

Case 1: - For Test System: The proposed method procedure was in section (4) mention above: -
a) Checking load flow analysis for the grid using Newton Raphson load flow technique.
b) Obtaining fault feeding currents table for branches of faulted busbar at fault as shown in Table 1.

TABLE 1. CURRENTS FEEDING 211 BUSBAR AT FAULT.

Bus 211 MIDTIE-2 Three Phase Fault
Bus No. Station Name Voltage kV L] e°
213 BIGOIL 230.00 1.3549 -14.2559
110 EASTIE-1 138.00 1.6613 -12.697
109 MIDTIE-1 138.00 1.7229 -12.9896
214 CONDENS 230.00 1.132 -13.1707
Total Fault Current (P.U) 5.8712 -53.1132

Checking load flow analysis for the (SBHSCL) and determining the position of SCCL device choices
in Fig. 7, at series with transmission lines having the highest short circuit current feeding at fault.
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FIGURE 7. BUS #211 MIDTIE-2 LOAD FLOW ANALYSIS.

a) Obtaining a table for the choices, as illustrated in Table2.

TABLE 2. THREE PHASE SHORT CIRCUIT LEVELS FOR |IEEE 25-BUS sYSTEM WITH ADDING SERIES SCCL DEVICE WITH
TRANSMISSION LINE.

SUBSTATION NAME 211 MIDTIE-2 212 EASTIE-2 213 BIGOIL
n 5.8712 5.7595 3.517
ORIGIN o -53.1132 -50.2766 -87.7821
. . ] n 5.0467 5.6936 2.8796
FACTS in 211-213 line with XL0.0594PU
o -47.0462 -49.1607 -84.5438
. . ) n 4.8901 5.7042 2.6953
FACTS in 211-213 line with XL0.1594PU
o -44.2334 -48.564 -82.8335

b) Drawing curves for successful choices, as shown in Fig. 8.
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FIGURE 8. THREE PHASE SHORT CIRCUIT LEVELS FOR IEEE 25-BuUS GRID BY ADDING SCCL DEVICE BETWEEN 211-213 LINE.

C) The best choice is by adding SCCL device in 211-213 line with a series reactive impedance X=0.1594
P.U. reduced the short circuit levels at minimum values for (SBHSCL) and other stations of the grid.

Case 2: The practical system: By using the same procedure in item (4) with (PSS™E version 30.3

Package Program, the following points are considered:-

a) Using Newton Raphson load flow technique for checking load flow analysis of Iraqi power grid with
flat condition.

b) Performing short circuit levels analysis for the grid busbars, and identifying the (SBHSCLS). The
SBHSCLs are (400 kV power stations ((BSMG-1) (Basmayah)), ((KUTP) (Kut)) and (MUSP)
(Musaiab Hydro-power station)) and 400kV substations ((4BGE) (Baghdad East)), ((BAB) (Babil)).
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Furthermore the highest are the 400 kV substations ((4AMN) AL-Ameen) and ((4BGS) (Baghdad
South)).

c) Obtaining a table for three short circuit current feeding faults for SBHSCL busbar feeders during
fault.

d) Obtaining the flow diagram with load flow of the_(SBHSCL), as in Fig. 9 and determining the
appropriate location of adding SCCL device in series with a power transmission line having the
highest value.

e) Checking load flow and short circuit analysis for each choice.

f) Making a table for the successful choices for adding SCCL device in series with the 400KV BSMG-
AMN power transmission line with variable SCCL capacitive reactance values, as illustrated in Table
5.
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FIGURE 9. 400KV AL-AMEEN SUBSTATION WITH LOAD FLOW ANALYSIS.

TABLE 5. THREE PHASE SHORT CIRCUIT LEVELS FOR ADDING ONE SCCL DEVICE IN BSM-AMN DEVICE LINES

Substation 4BGS [4AAMN] BSMG

N Il 31862 325765 31052

Origin

<) -86.11 -86.07 -86.48
Line self reactor with Capacitor of I 27366.8 15296.2 12423.2
(-0.0074PU) in BSM-AMN LINE o -73.14 -43.32 -41.78
Line self reactor with Capacitor of I 27161.5 15219.8 12401.9
(-0.0075PU) in BSM-AMN LINE o -73.9 -45.84 -44.46
Line self reactor with Capacitor of I 26742.9 15427.2 12755.5
(-0.008PU) in BSM-AMN LINE o -77.37 -56.34 -55.58
Line self reactor with Capacitor of I 27181.8 16939.7 14311.7
(-0.009PU) in BSM-AMN LINE o -81.59 -68.6 -68.53
Line self-reactor with Capacitor of I 27824.4 18480.5 15846.1

(-0.01PVU) in BSM-AMN LINE o -835 -7453 -74.8

e For adding SCCL device in series with the 400KV BSMG-BGS power transmission line with
variable SCCL capacitive reactance values, as illustrated in Table 6.

TABLE 6. THREE PHASE SHORT CIRCUIT LEVELS FOR ADDING ONESCCL DEVICE IN BSMG-BGS DEVICE LINES.
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Substation 4BGS 4AMN BSMG1
1 31862 32576.5 31052
Origin
15 -86.11 -86.07 -86.48
1 6848.6 28920.5 3290.5
Line self reactor with Xc=-0.012989PU in BSM-BGS LINE
o -45.64 -83.59 -47.77
1 8953.1 29129.6 4561.7
Line self reactor with Xc=-0.013989PU in BSM-BGS LINE
15 -63.94 -85.11 -66.54
1 10836.9 29372.2 5768.5
Line self reactor with Xc=-0.014989PU in BSM-BGS LINE
15 -71.63 -85.62 -74.49

e For adding SCCL device in series with the 400kV BSMG-AMN and BSMG-BGS power
transmission lines with variable SCCL capacitive reactance values, as illustrated in Table 7.

TABLE 7. THREE-PHASE SHORT CIRCUIT LEVELS COMPARISON BETWEEN ADDING SCCL DEVICE IN BSM-AMN AND BSMG-BGS
AND TWO SCCL DEVICES IN THE TWO TRANSMISSION LINES.

Substation 4BGS 4AMN BSMG1
. I 31862 32576.5 31052
Origin
o -86.11 -86.07 -86.48
Line self reactor with Xc of (-0.015989PU) in BGSBSM line and I 110490 39762 9256.9
line self reactor with Xc of (-0.066351PU) in AMN BSM LINE o =721 -82.47 77.85
Line self reactor with Xc of (-0.025989PU) in BGS BSM line and I 4652.6 9723.3 714.5
line self reactor with Xc of (-0.066351PU) in AMN BSM LINE o 27.56 16.69 27.17
Line self reactor with Xc of (-0.025989PU) in BGSBSM line and I 3601.2 7253.2 620.1
line self reactor with Xc of (-0.076351PU) in AMN BSM LINE o -12.07 -21.27 -13.34
Line self reactor with Xc of (-0.035989PU) in BGSBSM line and I 12669.8  17486.2 3246.5
line self reactor with Xc of (-0.086351PU) in AMN BSM LINE o -80.55 -82.65 -83.67

g) Drawing the curves for all choices in item 6 as follows: -

e Foradding SCCL device in series with the 400kV BSMG-AMN power transmission line with variable
SCCL capacitive reactance values illustrated in Fig. 10. From the curves, the best choice is for SCCL of

capacitive and reactor impedance of (-0.008PU).

o For adding SCCL device in series with the 400KV BSMG-BGS power transmission line with variable
SCCL capacitive reactance values, as illustrated in Fig. 11. From the curves, the best choice is for SCCL

of capacitive and reactor impedance of Xc=-0.012989PU.

e For adding SCCL device in series with 400KV BSMG-AMN and BSMG-BGS power transmission
lines with variable SCCL capacitive reactance values, as illustrated in Fig. 12. From the curves, the best
choice is for SCCL of capacitive and reactive impedance of (-0.076351PU) for the 400KV BSM-AMN
power transmission line and the best choice is for SCCL of capacitive and reactive impedance (-

0.025989PU) of the 400KV BSM-BGS power transmission line.

Received 26 Sep 2018; Accepted 4 Dec 2018

© 2017 University of Technology, Iraq ISSN (Print) 1811-9212

ISSN (Online) 2617-3352



Iraqi Journal of Computers, Communications, Control & Systems Engineering (IJCCCE), Vol. 19, No. 2, April 2019 g7

40000
3] — —e— —
+—
<
2| 20000 /
35
£ =
35
e
5 0
§ BSMG [4AMN] 4BGS
— =®==Origin | Busbar name
e=@m»| ine self reactor with Capacitor=-0. in BSM-AMN LINE
Line self reactor with Capacitor=-0.0075PU in BSM-AMN LINE
Line self reactor with Capacitor=-0.008PU in BSM-AMN LINE
=@=_Line self reactor with Capacitor=-0.009PU in BSM-AMN LINE

FIGURE 10.THREE PHASE SHORT CIRCUIT LEVELS FOR ADDING SERIES SCCL DEVICE WITH BSM-AMN LINES.
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FIGURE 11. THREE PHASE SHORT CIRCUIT LEVELS FOR ADDING SCCL DEVICE IN BSMG-BGS DEVICE LINES.
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h) Making a comparison for the best choices of adding SCCL device on 400KV BSMG-AMN power
transmission line, 400KV BSMG-BGS power transmission line and for the two power transmission
lines, as given in Table9 and the curves of Fig.13.

TABLE 9. ADDING SCCL DEVICE ON 400KV BSM-AMN POWER TRANSMISSION LINE, 400KV BSM-BGS POWER TRANSMISSION
LINE AND FOR THE TWO POWER TRANSMISSION LINES

Substation 4BGS 4AMN BSMG
n n 31862 32576.5 31052
Origin
o -86.11 -86.07 -86.48
. . . . n 26742.9 15427.2 12755.5
Line self reactor with capacitor X=-0.008PU in BSM-AMN LINE
o -77.37 -56.34 -55.58
. . . n 6848.6 28920.5 3290.5
Line self reactor with Xc=-0.012989PU in BSM-BGS LINE
) -45.64 -83.59 -47.77
Line self reactor with Xc=(-0.025989PU) in BGSBSM line and line n 3601.2 7253.2 620.1
self reactor with Xc=(-0.076351PU) in AMN BSM LINE o -12.07 -21.27 -13.34
T 40000
s ® e -9
g
o 20000
&
o
= 0
E BSMG1 4AMN 4BGS
i
==@=0rigin
Line self reactor with Xc=-0.008PU in BSM-AMN LINE
Line self reactor with Xc=-0.012989PU in BSM-BGS LINE

FIGURE 13. THREE PHASE SHORT CIRCUIT LEVELS COMPARISON CURVE FOR ADDING SCCL DEVICE.

From Fig. 13, it can be concluded that the optimum choice is by adding two SCCL devices, such that
the first one with 400kV BSMG-AMN power transmission line which has reactive and capacitive
impedance of (-0.076351PU) and the second with 400kV BSMG-AMN power transmission line which
has reactive and capacitive impedance of (-0.025989PU). But if the cost is important compared with the
values of short circuit levels, then the best choice will be adding one SCCL device with reactive and
capacitive impedance of (-0.012989PU).

V. CONCLUSION

The conclusion from previous details through the study of the schedules and curves gives the following
items:-
a) adding SCCL device depends on some items:
e The SBHSCLs locations and their switchyards connections.
e The fault power of branches.
o The load flow tests of the overall grid after adding series SCCL device.
b) The number of adding SCCL devices with the system depends on the amount of short circuit levels
reduced, overall grid load flow test and cost.
c) The cost of adding SCCL devices compared with the cost of rehabilitation of the stations possesses
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high short circuit levels, making it an acceptable cost.

d) Comparing the result of adding series SCCL device strategies with splitting busbar or isolating
islands strategies or adding series CLR strategies indicates that adding series SCCL device with
transmission lines is the optimum choice for reducing short circuit levels.
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