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Abstract: Problem statement: Estimating the margin in the loadability of thewms system is
essential in the real time voltage stability asses®. Voltage stability is currently one of the mos
important research areas in the field of electripawer system. In power system operation
unpredictable events is termed as contingency aray be caused by line outage in the system which
could lead to entire system instability. Voltagabdlity analysis and contingency analysis are wdagd
performed in a power system by evaluating the édrivoltage stability indexApproach: Voltage
Stability Index L., can be useful for estimating the distance fronmciimeent operating point to voltage
collapse point. The index can either reveal thécalibus of a power system or the stability ofteac
line connected between two buses in an intercordenetwork or evaluate the voltage stability
margins of a systenResults. Flexible Alternating Current Transmission SystefRACTS) devices
have been proposed as an effective solution fotralting power flow and regulating bus voltage in
electrical power systems, resulting in an increassasfer capability, low system losses and impdove
stability. However to what extent the performandeFACTS devices can be brought out highly
depends upon the location and the parameters sé tihevices. Unified Power Flow Controller (UPFC)
is the most promising FACTS device for power floantrol. Conclusion/Recommendations. The
performance of this index is presented and thectfeness of the analyzed methods is demonstrated
through simulation studies in IEEE 14 bus reliapilest systems.

Key words: Loading margin, voltage stability assessment, ogeticy analysis, voltage collapse,
voltage stability index, UPFC device, stability anbement

INTRODUCTION the power system to supply the reactive power or an
excessive absorption of the reactive power by the
Due to ever increasing load demand, power uslitie system itself. The continuous sequences of voltage
are now forced to increase the utilization of empt instability leads to voltage collapse and endedotal
transmission facilities. It is quite difficult tooostruct  blackout of the power station. During the last diesa
new lines due to environmental and economicthe voltage stability problem has been given more
considerations. As power systems become morattention primarily due to number of stability abents
complex and heavily loaded, along with economicalthat occurred in some countries. Some well known
and environmental constraints, voltage instabilityexamples of voltage instability incidents were in
become an increasingly serious problem, loadindg-rance, Belgium, Sweden, Germany and Japan and in
systems to operate close to their limits. The mobl USA. Voltage collapse occurs when a system is lheavi
related to voltage instability has become a majoloaded and unable to maintain its generation and
concern for secure operation of many power systemgransmission schedule, observed by sudden dectine o
This has necessitated the implantation of techsidoe  sag in system wide voltage. This change in voltag®
analysing and defecting voltage collapse in busdsar rapid that voltage control devices may not take
lines prior to its occurrence. Voltage stability is corrective actions rapidly enough to prevent caiscad
concerned with the ability of a power system toblackouts. It is important for the operators anahpkers
maintain acceptable voltages at all nodes in tis¢esy to find out the Ilimit point of voltage instability.
under normal condition and after being subject to arherefore finding a voltage stability index has drae
disturbance (Kunduet al., 2004; Wiszniewski, 2007; an important task for voltage stability studies.line
Sode-Yomeet al., 2007; Zhangt al., 2007). The main stability index is proposed to aiming to detect the
cause of voltage collapse may be due to the implofi  system loadability (Feurte-Esquivel and Acha, 1997)

Corresponding Author: Subramani, C., Department of EEE, SRM Universitg@nai, Tamilnadu, India
585



J. Computer <ci., 8 (4): 585-590, 2012

These indices provide reliable information aboutinvestigation of the system constraints and thifeces
proximity of voltage instability in a power system. on the static compensator control; in addition
Usually their values change from O(no load) tosimulation of static compensator to control a
1(voltage collapse). Line stability indices detamenthe  transmitted active power flow on the transmissioe.|
weakest line in the system and to evaluate theagelt The voltage could be kept constant independenhef t
stability condition. loads with static compensator. The results showarlyle

Unified Power Flow Controller (UPFC) is a the applicability of the proposed control scheméciwh
versatile FACTS'’s device which can independently oiis acceptable for the static compensator (Al-Husban
simultaneously control the active power, the reacti 2009).
power and the bus voltage to which it is connectec The application of hybrid particle swarm
This controller offers substantial advantages foe t optimization technique to find optimal location of
static and dynamic operation of power systerunified power flow controller to achieve optimalvper
(Hingorani, 1998; Ongskul and Jirapong, 2005).flow. Simulations are performed IEEE bus system for
However, to achieve such functionality, it is imfot ~ optimal location of UPFC and the results obtainesl a
to determine the optimal location of this deviceb® encouraging and will be useful in electrical
installed in power system with appropriate paramsete restructuring (Taher and Tabei, 2008). Static
setting. Since UPFC can be installed in differemSynchronous Compensator (STATCOM) and Static
locations, its effective will be different. Theredowe will ~ Synchronous Series Compensator (SSSC) have been
face the problem of where we should install the OFFor  individually applied to improve stability of power
this reason, some performance indices must bdieditis system. The system with a STATCOM or a SSSC can
The following factors can be considered in thectiele of  increase damping of power system whereas the system
the optimal installation and the optimal parameseting  with coordination of a STATCOM and a SSSC
of multiple UPFCs: The topology of the system, theprovides the best results of stability improvement
stability margin improvement, the power transmissio (Kumkratug, 2011)
capacity increasing and the power blackout preventi

This study introduces the application of line Problem statement and stability index: The purpose
stability index for the optimal allocation multipthunt  of L, is to determine the point of voltage instability,
FACTS devices: Unified Power Flow Controller the weakest bus in the system and the critical line
(UPFC), in order to improve voltage profile, referred to a bus. There are several indices basdulis
minimizing power system total loss and maximizingand the line.The performance all these indices have
system loadability. been found to show high degree of accuracy and

Also a lot of work has been done in the reliability. The line stability index Lmn is usedrf
contingency analysis area. Different contingencystability analysis in this study. Voltage stabilégalysis
selection methods can be found in (Sudersiaml.,  can be conducted on a system by evaluating the line
2004). Operation scheme of FACTS devices to enhancgability index referred to a line. The value of ihdex
the power system steady-state security level ceriagl  which is closed to unity indicates that the respect
a line contingency analysis is suggested in (Sadess  |ine js closed to its stability limit (Shaheenal., 2008).
al., 2004). A method for contingency selection andy pohavemmietal. derived a line stability index eds

security enhancement of power systems by optimg, 5 nower transmission concept in a single linghis
placement of FACTS devices usingyLis presented g4y the line stability index referred to a limes

here. :
L . formulated and given as:
Attention is required to ensure that the voltage 9

stability margin of the power system is above drdds
level. It computes using simple Fast De-coupledd_oa —_—
Flow (FDLF), the state of a power system. If thevpp [IVs|sin@-3]
system collapses, then additional capacitor thatis¢o
be switched on is computed by an iterative procedurWhere:
(Arunagiri and Venkatesh, 2004). Increase the poweK = Line reactance
transfer capability of transmission systems, migemi Q, = Reactive power at the receiving end
the transmission losses, support a good voltagileoro Vs = Sending end voltage
and retain system stability under large disturbance ® Line impedance angle
The study includes a detailed mathematical analysis & The angle difference between the supply voltage
the impact of the shunt compensator on the power; fl and the receiving voltage
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Algorithm for Weak Bus Identification for FACTS contingency ranking table, the effect of breakdatma
Location line on voltage stability condition of a system kkbbe
The following steps are implemented. determined. The contingencies tested were based on
transmission line outage. Several cases are siaduiat
» Run the load flow program using Newton-Raphsonorder to determine the contingency ranking.
method for the base case

» Evaluate the |, value for every line in the system RESULTS

e Gradually increase the reactive power at chosen
load bus Calculate J. Values for every load The voltage stability analyses were performed on
variation for all the lines IEEE14 busbar test system. This system has 5

« The value of L, close to 1.00 indicates that the generator buses, 9 Load buses and 20 interconnected
particular line is close to its instability poinhigh ~ branches, as shown in Fig. 1. To validate the
may lead to voltage collapse in the entire system performance of the indicator, an IEEE 14 bus

« Extract the line index that has the highest valuefeliability test system is used. The reactive powaer
this line is called as the most critical line with these buses increased gradually one at a time. For
respect to a load bus. Note the reactive powefinding the maximum load and weak bus nine load
loading and voltage at the bus buses namely bus 4, 5, 7, 9, 10, 11, 12, 13 and bus

» Choose another load bus repeat steps 1-5 l4are investigate one by one. The results are

« Extract the maximum reactive power loading fortabulated below. From Table 1 we can find the
the maximum computable,}, for every test bus. It maximum load, critical voltage and critical lineorF
can be obtained from step5.The maximum Reactiv@xample consider Bus no.14, it has the rank 1. From
Power loading is referred to as the maximumthe base case increase the reactive power till the
loadability of a Particular bus index value closes to 1.

«  Sort the maximum loadability obtained from step 7 The maximum computable value oflobtained is
in ascending order. The Smallest maximum0.9999 for the line connected between buses 1314nd
loadability is ranked the highest implying the i.e. Lig. The Ly, (Lig) value (0.9999) at this point is
Weakest bus in the system. This is the location fotlose to unity indicating that the system has reddts
Stability enhancement stability limit. At this point Lo is the most critical line

with respect to bus 14. The critical voltage oftigatar

Contingency analysis and screening: In power system  pus is 0.6626 p.u.

operation unpredictable events is termed as caericy At the same time maximum reactive power

It may be caused by line outage in the system whichpading for the maximum computable value of,L

could lead to entire system instability. Voltagabdity (Bus No.14) is 73 MVar (Q.), beyond this limit

analysis could be performed in a power system byjiolation will be experienced. From this result aen
evaluating the derived voltage stability index. Thealso found that Bus No. 5 has the highest maximum
values of the voltage stability index would indedhe  reactive power (375.38 MVar) and Bus No. 14 has the
distance to voltage collapse for a given loadinglowest maximum reactive power (73 MVar). This
condition. These indices are taken as an instruthet means that Bus No.5 is the healthy bus and Bus No.
will measure the stability condition and used tokréhe 14 is the weakest bus in the system. As the load on
contingencies in a power system. A high contingencyparticular load bus increases, voltage on thead |
ranking implies the severe effect of a particularpys will decrease.

contingency to the system. A load flow analysis is

carried out prior to the computation of the voltageTable 1: Maximum Laudability of load buses

stability index and ranking of contingencies. The Bus  Quax Voltage  Critical  Line

results obtained from the load flow analysis wig b Rk _Num (MVA) _ (P.U) __ line  fromto

o 0 14 73.000 0.6626 19 13-14  0.9999
ut|I|z_ed for compqted th_e voltage stability indemda 12 85795 0.7686 18 1213 09999
ranking of the contingencies. 3 10  94.470 0.7180 8 4-9 0.9999

Using the line stability index contingency anadysi 4 9  99.150 0.7852 8 4-9 0.9999
was carried out and a contingency table was deedlop 11 102185 07326 10 611 0.9999
: . i 7 111.950 0.7600 13 7-8 0.9999

from the results obtained from the simulation oftea 7 13 150.380 0.7413 12 6-13 0.9999
transmission line outage. The outage which resufted 8 4 330.850 0.7956 6 3-4 0.9999
severe stability condition will be ranked high. Frthe 9 5 375.380 0.7722 S 25 0.9999
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For example for bus 4 at 30 MVar loading voltage is

0.9826 p.u, when load increased to maximum loading

330.85MVar, the voltage is 0.7956 p.u., similafty, bus

228 12 at 30 MVar loading voltage is 0.9188 p.u., wioa to
maximum loading 85.795 MVar, the voltage will be

zzg ‘ 0.7686p.u. Figure 2 shows the maximum loadabilitsdio
250 the load buses. The computed index variations aligae
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Fig. 1: IEEE-14 bus system
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150 14 are represented in Fig. 3 and 4 respectively.

100
50
0

Max loadability (Mvar)

I I I l Branch contingency analysis with reactive power
changes in load buses: These indices are taken as an

11 12 13 14 instrument that will measure the stability conditiand
Bus number used to rank the contingencies in a power system. A
high contingency ranking implies the severe effdca
particular contingency to the system. Contingency
ranking for different cases randomly selected were
based on line stability values evaluated for eacldihg

Fig. 2: Maximum Mvar for load buses

—#— Line 12(5-12) condition. The computation was performed by taking
13} o line outage 1 through 20 consecutively for eacfediht
- case. The values of line stability indices highieghin
th T e the table demonstrate the highest indices aftengbei
2 T e __,/fé sorted in descending order.
o | / The Branch outage contingency analysis is
:g | conducted at 50% of the loading condition at Bus 14
i / From the table, it can be seen that line outadmetl 7
o | is at the top of the list. Since it has caused agat
collapse in the system, when the line 15 is outtye,
02 - proposed line stability index is evaluated for ekoh in
o the system and the result yields the line stabifijex
O e ti— value for line 9 is the highest which is 0.8367shbws
Reactive power (MVAr) that line 20 is approaching its voltage stabilityit.

However, it can be seen that outage in line 17gihe

. 3: Variation of voltage and index with loacaciyes index value at line 20 is 1.000, indicates voltage
(bus 12) collapse has occurred in this line.
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Table 2: Result of branch outage contingency aiglys

Bus No. Qax (MVAT) CBO Critical line Critical voltage (p.u) e

4 215.00 3 6(3-4) 0.8443 0.9595
5 164.81 1 2(1-5) 0.8419 0.9574
7 125.00 8 14(7-8) 0.8247 0.9669
9 71.94 15 9(4-9) 0.7855 0.9775
10 97.50 11 9(4-9) 0.6015 0.9860
11 52.00 11 18(10-11) 0.5970 0.9782
12 39.05 12 19(12-13) 0.8154 0.9852
13 57.00 13 19(12-13) 0.7033 0.9615
14 38.48 17 20(13-14) 0.7020 0.9766

CBO-Critical Branch Outage: Similar analysis was Table 3:;2%g|2<sl:jﬂagnitude and Voltage profile witmda without
conducted for all other cases in order to determine e\\/’\}ﬁﬁout FACTS dovice  With FACTS device
which line outage would cause voltage collapsecttuo

in the system. From the table we can also analysds Branch Critical | Voltage Lon Voltage
the line which has the index value close to 1.0&cwis  outage line  (Line) (Bus14)  (Line) (Bus 14)
the most critical line in that case and the lingolvhhas i; So (l)_'ggg? 8:?212 8_'22?; 8:3122
the index value greater than 1 means due to thegeut g 17 0.7695 0.7353 0.7169 0.9680
of that line voltage collapse was occurred. Heremwh 8 9 0.5801 0.8228 0.4129 0.9645
outage of 17 occurs then Line 20 is the most aliicpe. 13 17 05312  0.8063 0.4689 0.9355
The top five severe branch outages with respebui

14 are tabulated and also the most critical line CONCLUSION

corresponding to the branch outages also mentioned.

The line outage which caused the system to viaate The Voltage Stability line Index determines the

resulted in system to be closest to its voltageil#ia ~ maximum load that is possible to be connectedlasa
limit is ranked the highest. For this case, it benseen in order to maintain stability before the systeractees
that line outage at line 17 is at the top of tisg kince it its bifurcation point.Contingency ranking based on
has caused voltage collapse in the system. Thealver Contingency screening and ranking is one of thetmos
result for the line outage contingency analysiglbthe  important issues for security assessment in thd &é
load buses in IEEE 14 bus sytem are reported ifeTab power system operation. The application of line
stability indices on IEEE14 bus testing system gave
DISCUSSION accurate results. The shown simulations result &abl
indicate that the busl14 of IEEE 14 bus test system
The weak bus identified from Voltage stability considered the weakest bus in the system. And as
analysis is the suitable location for the FACTSidev reactive load on load bus increases, voltage mavdin
for Stability enhancement. So the bus 14 is thtaklg decrease as show in above result which leads tagel
location for stability improvement. By the perfomea  instability, so it is required to enhance the vgdta
of branch Outage Contingency ana|ysisy the sevpee | Stablllty Line indices prOVide accurate informatio
Outage was identified which is responsib]e for agﬁ with regard to the Stablllty condition of the lines
collapse in the system. The branch 17 is the severe After placing the UPFC the voltages for all thado
branch outage, since it has caused voltage collapse buses were increased and the line stability indgx L
the system. The line 20 has highest value of indean ~ Was decreased, means that loading on that particula
the branch 17 was outage. load bus is increasable to certain limit over ththeut
So the line 20 is another suitable location forFACTS device under single contingency . So thedstea
stability enhancement in 14 bus system. So it ibdo State system is enhanced under single contingency.
noted that the bus number 14 and line 20 are the
suitable locations for placing the UPFC under sngl REFERENCES
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