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Abstract— This paper deals with the filtering of harmless
contingencies in voltage stability and security analysedn many
systems, a post-contingency load flow allows to identify the
contingencies with severe impact on voltage stability, asacsing
either divergence or large voltage drops. However, for filteng
purposes, accurate voltage drops need not be computed; liae
estimates obtained from sensitivity formulas are approprate. For
a given contingency, the method used in this paper solves aage

linear system to update the phase angles, assuming constant

voltage magnitudes. Then, assuming constant active poweoflis
in the branches, a second sparse system is solved to updateth
voltage magnitudes. This yields better accuracy than one fuload
flow iteration while retaining the sparse structure of a decapled
formulation. For contingency analysis, the incidents are ftered
by comparing the voltage drops to a threshold. For secure poer
margin computations, the same procedure is used after streig
the system in the specified direction. The method has been ted
on a real system where it has been found to combine simplicitgf
implementation, quality of filtering and computational efficiency.

Index Terms— Voltage stability, voltage security assessment,
contingency filtering, sensitivity analysis, electrical écoupling,
CRIC method.

|. INTRODUCTION

Thierry Van CutseFRellow, IEEE

[3]. In [4], the Q-V iteration was replaced with a fast Q-V
iteration, solved only for a subset of voltage sensitiveelsys
determined with a method inspired of the concentric relarat

[5]. A direct ranking method for voltage contingency select
was proposed in [6], using a second-order performance index
which can be computed without determining post-contingenc
bus voltages.

Experience has shown that contingency ranking is heavily
dependent on the performance index used. In particulagyt m
be prone to masking problems, such as ranking a contingency
causing many small limit violations equally with one leaglin

to few large limit violations. To reduce masking problents, i
may be required to choose appropriate weighting factors in
the index [4].

In the meantime, the computational power has increased
dramatically, and dynamic security assessment can now be
envisaged in real-time [7], [8]. In this context, the objeet
of contingency filtering has somewhat shifted to reducirgy th
computational effort of repeated time domain simulations.

This paper focuses on Voltage Security Assessment (VSA).
VSA methods fall in basically two categories [9], [10]:

« contingency analysisonsists of assessing the impact of

Contingency filtering is an essential step of power system
security analysis, needed to discard the numerous contin-
gencies with little impact on the system, which would slow .
down the analysis. This step is even more needed in real-
time applications, when numerous (e.g. N-2) contingencies
are involved, or when time simulations are used to assess the
system response.

credible disturbances on the system, the focus being on
voltage drops experienced by transmission buses;
security margin computationonsists of evaluating how
far the system can be stressed (for instance, how much
power can be consumed or transferred) before its re-
sponse to a specified set of contingencies becomes un-
acceptable.

A great part of publications on contingency filtering date he rationale behind the method presented in this paper is
back to the 80's. At that time the emphasis was on contingengy tojiows:

analysis within the context of static security, the objeti
being to cut down the computational effort of repeated load
flow computations without losing accuracy.

In [1], [2], the DC load flow was used to compute per-
formance indices in order to rank contingencies with respec
to their impact on the system. While the DC approximation
is often appropriate for identifying branch overloads, enor
refined methods are needed to deal with voltage magnitudes.

To this purpose, linear approximations of the AC load flow
equations were considered in a simple contingency filtering
technique which consists of performing a singlé Fsllowed
by a single Q-V iteration of the fast decoupled load flow
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in (not all but) many practical cases, a post-contingency
load flow allow to identify contingencies with significant
impact on long-term voltage stability. Indeed, load flow
equations with constant power loads and enforcement
of generator reactive power limits correspond to the
long-term equilibrium that prevails after load voltages
have been restored by Load Tap Changers (LTCs) and
machine rotor (or stator) currents have been limited.
Insofar as voltage instability results from the loss of such
an equilibrium, the corresponding load flow equations no
longer have a solution and the Newton-Raphson iterations
diverge;

on the other hand, divergence may result from purely
numerical results. Furthermore, some dynamic controls
helping stability cannot be taken into account in the
static load flow calculation. Conversely, instability may



result from a dynamic behaviour that cannot either be 1. LINEARIZED ANALYSIS OF CONTINGENCIES
accounted. To compensate for these limitations, when giiaf review of linear methods
using a load flow computation, it is appropriate to label . , ) )
potentially harmful those contingencies causing some L€t the traditional power flow equations be written in
voltages to drop by more than some value, in additidfPMPact form as:
to those causing divergence; p° — f°(v°,6°) = 0

« to this purpose, accurate post-contingency voltages need o o no
not be computed; estimates obtained from the already qQ-g°(v*,07) = 0
mentioned linearized load flow equations may be appr@merep® andq® are the active and reactive power injections,
priate to filter out the harmless Contingencies. To ﬂ‘ﬁ’ andg‘) are well-known functions, and upperscﬁp@fers to

authors’ knowledge, however, few publications report ofhe base case situation. Let the corresponding post-artiry
the performance of these simple linear methods in tRguations be written as:

context of voltage stability studies where voltages may
experience large drops. p—f(v,0) = 0 (1)

In the VSA context, attention has been paid more recently q-g(v.0) = 0 @)

to con'Fing_enc_y filtgring for security m_argin c_omput_atiorerbl, wherep and q account for generator trippings afdand g
the objective is to identify those contingencies which &#e o, pranch trippings. We seek to obtain a good estimate

system with small security margins in terms of power traHSf?resp.Av) of the exact change in phase angtes 6° (resp.
rather than evaluating their impact in the base case Suatgjtage magnitures — v°).

(i.e. without power transfer). A simple approach consists of relying on a Taylor series
The power margins considered in most publications refer &pansion off andg around(v®,0°):
Post-Contingency Loadability Limi®CLLs) [9], and indicate
how much power can be transferraffer the contingency has p—f(v?,0°) —f A0 —f, Av = 0 3)
occurred. q—g(v°,0°)—gp A8 —g, Av = 0 4)
In this context, two types of approaches may be dis-

tinguished : those in which the contingency is simulate\gherefg denotes the Jacobian matrix Biwith respect tod,

- . ; L and similarly for the other matrices.
explicitly and post-contingency system information is dise . . _ .
plcrty P gency sy Equations (3, 4) are nothing but the first iteration of the

[11], [12], [13] and those relying on first or second orde . o2 o o .
sensitivity information [14], [15], [16]. Reference [14ior Iilewtor;.— Ra[t)_hson_flgontzm initialized f(rjo?v ’0,[.27'];; ga|(rj1
instance, proposed to estimate the PCLL through a we Qemfu Ingthlmfe, tlt ash ﬁe.? prtt_)posef tf? e]:mt d an led
known formula giving the sensitivity of load power margin t from 1ne nrst two haft-iterations ot the fast decouple
version of this algorithm. Namely, in the first half-iteiati

parameters. The latter involves the left eigenvector ofzétre . . .
the sensitivity of active power to voltage is neglected &lisu

eigenvalue at the saddle-node bifurcation point. Nevéatise DC imati Simplifvi q ina (3) visid
the approximate character of this linearized formula fogéa approximation). Simplifying and reorganizing (3) yie

changes in parameters may not justify the involved eigenvec fy AO =p — £(v°,0°) (5)
computation. o _ _
In this paper,Secure Operation Limit¢SOLs) are consid- This linear system is solved_ with respectA® and the phase
ered rather than PCLLs to estimate security margins. TR89les are updated accordingly:
former indicate how much power can be transferred in the 0! — 0° + A@ (6)
pre-contingencyconfiguration until one of the specified con-
tingencies becomes harmful [9]. The information providgd bn the second half-iteration, the sensitivity of reactivever
SOLs is closer to the need of system operators. In additidn, phase angle is neglected, while the updated phase angles
contingency filtering can be easily embedded in the bina(§) are used. Thus, Eq. (4) is modified into:
search used to compute SOLs [8]. 1
. ; : = szq—g(vo,e ) (7)
This paper proposes to use linear voltage drop estimates
for filtering purposes in both contingency analysis and secwhich is solved to obtair\v.
rity margin determination. Furthermore, the so-called CRI  While experience has shown that it is acceptable to neglect
technique initially proposed by Carpentier in [17] has beef) Av in (3), neglectinggg A8 in (4) may be questionable,
considered to obtain the linearized changes with high cempaspecially in the stressed system conditions considered in
tational efficiency. voltage stability studies, or in lower voltage networks wehe
The paper is organized as follows. The linear approximatitie decoupling assumption does not apply very well (JFo\WR
is presented in Section Il and its application to VSA in Satti ratios).
[ll. Results on a real-life system are reported in Section [Remark It has been further proposed to use consfardnd
while concluding remarks are offered in Section V. g, Matrices, computed fov = 1 pu and@ = 0 [3]. This
approximation is valid as long as phase angle differences
ICRIC stands for "Calcul des Réseaux Implicitement Casip{€omputa- remain small and voltages close to 1 pu, which is even more
tion of Implicitly Coupled Networks) guestionable in voltage stability studies.



B. The CRIC method P;; being a fixed parameter, (14) involves voltage magnitudes

The CRIC method [17] is able to provide estimates of th@ly. and can be rewritten formally as:
voltage variations that are more accurate than those based o Qi; = §(Vi, V;, Py) (15)
the linearization (3,4) of the full load flow equations, vehil
retaining the computational efficiency of the fast decodplelhe corresponding computations are detailed in the Appendi
method. The reactive power injection at buds given by:

As indicated above, reliable estimates of the phase angles .
are obtained from (5) and the CRIC method also relies on this Qi =Qsi + Z Qij = Qsi + Z 9(Vi, Vi, Fij) (16)

simplification to obtain the updated phase angles (6). where Q,; accounts for shunt compensation and the sums

While the fast decoupled approach keeps the phase an@iggnd over all branches incident to bugience, the Jacobian
constant when evaluatingwv, on the contrary, the CRIC matrix defined by:

method keeps the active power injections constant at the

value obtained after updating the phase angles f(v°, 6"). [qu} = 0Q; ii=1,....n (17)
This way of doing matches more closely the original set of i OV
equations (1,2). has the same sparse strcuture asgthenatrix in (7).
Thus, the equations to be solved are: To summarize, the method consists of solving (5) with
F(v*,00) —f(v,0) = 0 ) respect toA, updating® according to (6), and solving
q-— g(V, 0) =0 (9) Jq’v Av = q— g(vo7 01) (18)
Replacing the second term in (8) by its Taylor series exgansiwith respect toAv.
around(v?, 8") yields: The generator reactive power limits are checked and if some

of them are exceeded, the status of the buses are changed as

o pl o pl _
f(v®,607) —£(v°,07) —fp A0 —f, Av =0 usual and Egs. (5,18) are solved again.

or:
fo AO+1f, Av=0 (10)  1ll. APPLICATION TO VOLTAGE SECURITY ASSESSMENT
Similarly, Eq. (9) can be expanded into: A. Contingency analysis
q-g(v°,0') —gs A —g, Av =0 For VSA purposes, th.e emphas?s is on \_/oltage drpps at
transmission buses. A simple filtering technique consi$ts o
or computing the (linear approximation of) voltage changes
g0 A +g, Av=q—g(v°,8") (11) for each contingency, and checking either the post-coating
voltages:

in which the updated phase angi#sare used to compute the
Jacobian matrices and the right-hand side of (11). ° T min

Solving (10) forA@ and replacing in (11) one obtains: Vet A<V i=1.. N
or the changes themselves:

(g0 —gof, ' £,] Av=q—g(v°,0") (12)
— ? ?
qu AV, < =0y & |AV;|>5V ii].,...,N

The matrixJ,, is well-known in voltage stability analysis [18]. where V;° is the base case voltage at tixh bus, AV is

This matrix, however, is not sparse. To preserve sparsity, ahe corresponding component &v and éy is a positive

possibility is to solve the unreduced system (10, 11), wisch threshold.

larger but sparse. Clearly, the first test is more related to the “quality” of pos
Instead, the second idea underlying the CRIC method carontingency voltages. When dealing with voltage stabilitg

sists incomputing a good sparse approximationlgf,. To this found the second test more appropriate. Indeed, some egsltag

purpose, it is assumed thattive power flows in branches aremay be already low in the base case without a risk of voltage

constant rather than active power injections at buses instability, in which case the first test leads to false alrm
The active power flow in thé — j branch can be written Expectedly, §yy has to be chosen carefully to reach a
symbolically as: compromize between false alarms and non identification of
B harmful contingencies. Practical experience is reported i
Pij = f(Vi, Vj,0: = 0;) (13)  section IV.
where V; 20, (resp.V;/6;) is the voltage at busg (resp. 7).
The phase difference can be obtained from (13): B. Security margin computation
0, —0; = p(Vi, V;, Pij) As mentioned in the Introduction, for a given direction of

and replaced into the corresponding reactive power flowequsérgss’ the SOL corresponds to th? most stressed c_)peratmg
tion. which takes on the form: point such that the system can withstand any contingency
' ' of a specified list. In the SOL computation, the stressed

Qi; = 9(Vi,V;,60; —0;) = g(Vi, V;,0(V3, V}, Pij))  (14) system states are obtained from a (pre-contingency) load flo



computation, while the contingency impact is assessedyusimhile the latter is an equivalent. Both are controlled by kTC
tools ranging from load flow to detailed dynamic simulationThis brings 1024 additional buses in the model.
The SOLs can be determined binary search8], [13], [9].
This simple qnd robust method consists of building smaII%r_ Simulation tools and criteria
and smaller intervalgS; S,] of stress values such thaj
corresponds to an acceptable post-contingency evolutidn a RTE uses QSS simulation for voltage security analysis. In
S, to an unacceptable one. At each step, the interval is divid@dr tests, a post-contingency evolution has been refustbe if
in two equal parts; if the midpoint is found acceptable (resﬁoltages of some EHV transmission buses reach the low value
unacceptable) it is taken as the new lower (resp. upper)doufif 0-85 pu. For instance, Fig. 2 shows a marginally accepted
The procedure is repeated unfil, — S, is smaller than a situation where the lowest transmission voltage appraache
specified tolerance\. this lower limit. The system subsequently recovers under th
To deal with multiple contingencies,imultaneous Binary €ffect of secondary voltage control [19]. The latter is take
Search(SBS) is preferable. At a given step of this procedur&)to account in the QSS time simulation but not in the linear
only the unacceptable contingencies remaining from theiprevoltage drop estimates, in order to preserve computational
ous step are simulated. If at least one of them is unacceptasfficiency.
the acceptable ones are discarded (since their limits gteehi
than the current stress) and the search proceeds. The proces 1.1

T T T
Voltage bus 862

converges towards the lowest limit. A simple example with |
4 contingencies is shown in Fig. 1. The sequence of tested ; ;5
stresses i$,, 51,52, 53, 54. The SOL corresponds t6, and
relates to contingency no. 1. Contingency no. 4 is discardedZ .
at stressS,, contingency no. 3 a$; and contingency no. 2 at g NN
Ss. >
0.95
A
<>
0 S254 53 S So 0.9
| | | | |
rlzont. nolA,IA h Il? Il? 0.85
ggm- 28 % A A ﬁ """"""""""""" S 0 100 200 300 400 500 600
cont. no 4 A t(s)

post-contingency evolutiorR= refused, A= accepted , ) )
Fig. 2. Post-contingency voltage evolution

Fig. 1. Simultaneous binary search [8]

A form of filtering takes place at the first step of the SB&. Accuracy with respect to full load flow
(at stressS,, in Fig. 1), when discarding the contingencies with

an accgptable system response. However,_in spite of the Qg yaq with respect to a full AC load flow, by comparing the
simulation speed, it may take (0o long to simulate the SyStEUBI'[age magnitudes computed by both methods on a set of 180

response to each contmger_my of a '099 list. Hence.the id ﬁgle and double contingencies. The full load flow converge
of filtering them on the basis of the (linearly approximate r all of them

Vollt'i?; ?:)trr)uss&; lication, contingencies are filtered based For instance, Fig. 3 compares the voltage drops provided
their im’pact at s?rF:asé* (in,stead ogf base case, as in Sectioby bOth appro_ac_hes, fqr a mild and a severe conf[ingency,
LAY The thre holdéo has to be adiusted ' dinal Pespectwgly. Similarly, Fig. 4compares the increaseseineg-

S ). . N v has 1o be adjusted accordingly, agiqr reactive power productions. Expectedly, the disareies
discussed in the next section. between both approaches increase with the severity of the
contingency. However, the accuracy of the proposed method i
quite satisfactory. In any case, it is good enough for fitigri
A. Test system purposes in VSA. It can even be a substitute to full load flow

The method has been extensively tested on a model of thestatic security analysis [17].

EHV (400 and 225 kV) system operated by RTE, the FrenchFor the most severe contingency, Fig. 5 shows the voltage
transmission system operator. The tests have concentrated drops sorted by increasing order of magnitude. The error
region of the RTE system where security is on some occasiongoduced by the linear approximation decreases with the
constrained by voltage stability. magnitude of the voltage drop itself. In fact, the relativeoe

The model includes 1203 buses at the EHV level. The Hdh the voltage drop is rather constant from one bus to another
subtransmission and MV distribution systems are represent Figure 6 is similar to the right barchart in Fig. 3 but
in a simplified way by attaching an EHV-HV transformer irshows additionally the voltage drops obtained with a fudldo
cascade with an HV-MV transformer, at each EHV bus dfow incorporating secondary voltage control. Expectettig,
concern. The former corresponds to an existing equipmesitage drops are smaller. In fact, the pilot node voltages

he accuracy of the proposed linearized method has been

IV. RESULTS
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Fig. 4. Largest increases in reactive power productionsafaorild (left part) and a severe (right part) contingency

are not affected by contingencies (provided the contrgllirhave all unacceptable contingencies correctly identiieded
generators do not meet limits). This figure is given for conen the above set of results, a valéie = 0.09 pu was found
parison purposes but, as indicated in the previous sectiém,be a good compromise.

secondary voltage control is not taken into account in the pq recalled in the Introduction. severe (e.g. N-2) continge
filtlering procedure, to keep it simple and fast. The voltag§es may lead to divergence of the Newton-Raphson iterstion
drops are thus larger than in reality, but the threshildis  1his goes not occur with the proposed method, which is non

accordingly set to a higher value. iterative. Instead, large voltage droppd/; are expected. As an
illustration, Fig. 7 shows the voltage drops obtained fathsa
D. Filtering for contingency analysis severe contingency. Several buses exhibit a voltage drahmu

larger than the 0.09 pu threshold, thereby clearly ideimtify

The filtering capabilities of the linear voltage drop estiesa ' _
Jis contingency as dangerous.

have been checked, on the same set of contingencies as
as on large set of 16,000 double contingencies. In the latterThe filtering results obtained on the set of 16,000 contin-
two single contingencies are applied at the same time. gencies are summarized in Table I. As can be seen, many
The thresholdy, has been chosen as follows. QSS simuldrarmless contingencies are eliminated. The proposed mhetho
tions have been run to identify the unacceptable continigenc leads to 34-11 = 23 false alarms, i.e. slightly less than the
Then the linear voltage drop estimates have been computedudit load flow (39-11=28) because the same threshld
all buses for all contingenciesy, should be as large possiblehas been taken for both methods and the linearly estimated
to minimize the number of false alarms, but small enough twmltage drops are a little smaller, as shown by Fig. 3. All
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TABLE |
0.08 | FILTERING PERFORMANCES
S Total Nb. of contingencies 16,000
< 0.06 k! Analysis by QSS simulationl 11 dangerous| 15,989 harmlesq
>" Filtering by full load flow | 39 potentially | 15,961 harmless
< dangerous
0.04 1 Filtering by proposed 34 potentially | 15,966 harmless
method dangerous
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0 ‘ ‘ ‘ ‘ ‘ E. Filtering for security margin determination
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Bus rank Security margins are assessed in terms of maximum pre-
contingency load power increase, the loads being increatsed
Fig. 5. Sorted voltage drops provided by full load flow and tmear the national level.
approximation For this VSA aspect, the thresholid: can be chosen as
AV (p.u) indi;ated hereafter. N . .
0.12 Figure 8 shows, for three constraining N-1 contingencies,
how the maximunpost-contingencyoltage drop provided by
the proposed method evolves with the-contingencytress.
On each curve, the secure operation limit of the correspandi
contingency is marked with a dot.
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n n Fig. 8. Evolution of maximum voltage drop with pre-contingg stress
0.25 n 1
— Thus, if the initial stressS, of the SBS (see Fig. 1) is set
=) .
s 9z | to - say - 4000 MW, only contingency # 1 has an SOL lower
> 015 i than S, and §y can be set as high as 0.13 pu to identify
S this constraining contingency. The other contingencieshm
0.1+ 1 discarded since their SOL is larger tha&h, the maximum
stress of interest. Similarly, i, is set to 9000 MWy has
0.0% 1 to be decreased around 0.11 pu in order to have contingencies
ol 11 01 H # 2 and # 3 flagged as potentially dangerous and included
RYSI ORI aBbho 08X d in the SBS. If a single threshold, is sought, whatever the
O O O© © O OWWOWOWOWOWOomwOooo .
_ o pre-contingency stress,, the smaller 0.11 pu value has to be
Bus number i taken (at the expense of possibly more false alarms).

Fig. 7. Linear voltage drop estimates for a severe N-2 cgatigy . .
F. Computational efficiency

Table Il compares the computing times taken by the full
load flow and the proposed method, for various contingencies



A 2.2-GHz PC running Windows 2000 has been used. Bo®n that system, the computing time of the proposed filtering
methods start from the solved pre-contingency base case.i®\&0 % smaller than the one relying on full load flows, and
can be seen, the linear method take 0.01 s on the average. iégligible compared to the time required by an exhaustive
severe N-2 contingency, however, takes more time becawgsmulation of all contingencies.

the linear systems (5,18) have to be solved a second timéVhen the objective is to identify the contingencies with
after some generators are switched under reactive powir lirsmallest power margins, the proposed procedure is much
For the same contingency, the full load flow diverges and tisempler than those based on eigenvector or singular vectors
maximum number of iterations is reached. The results confirm that, although simple, the proposed
method meets the practical requirements of contingeney-filt
ing in a reliable and efficient way. It is thus a good candidate
for real-time applications and for the analysis of numerous

TABLE Il
COMPUTING TIMES (IN SECONDS PER CONTINGENCY

N1 ] N1 T N2 | N2 (e.g. N-2) contingencies.

mild | severe| mild | severe
fullload | 500 | 003 | 004 | 026 APPENDIX
prgg‘g’sed oor | oor Tooi| 002 Let a_II th_e network branches be represented _by the circuit
method | : : : shown in Fig. 9, which encompasses the usual line, cable and

transformer equivalents.

The computational efficiency in the context of security mar-

. P ) . Yij £1ij
gin determlpathn is |IIu.strated. in Table n, \{vhlgh compar Py +jQi; =G+ By 1 niléi
the computing times without filtering, with filtering by Ioadv_ L — V. /0.
flow and with filtering by the proposed method. The test has™ | — L
7 J

been performed on the previously mentioned set of 16,000
contingencies. When filtering is performed, the SBS is run JBsij JBsji
over the set of contingencies declared potentially harmful

and each combination of stress and contingency is simulated

with the QSS time-domain method. The contingencies unduly

flagged dangerous at the filtering step (false alarms) arg S Network branch model

immediately discarded. With the notation shown in Fig. 9, the active and reactive

TABLE Il power flows in branch — j are given by:
COMPUTING TIME FOR SECURITY MARGIN DETERMINATION PL‘J‘ _ GUV;Q . }/LJV;LCOS Oéij (19)
filtering Tij v
sp | | omdfow | method Qi = —(Baij + By)Vi® = YisVi—Lsinai;(20)
filtering - 4mn43s| 2minds K
SBS |4h19mn7s| 31s 25 s whereai; = 0 — 0 —nij + i
total 4h19min7s| 5minl4s| 2min29s From (19) one easily obtains:
Gi; V2 — Py
As can be seen, such a large problem could not be dealt cos qij = —2 L1 _
with in real-time without contingency filtering. Furtherneo Yi; Vi (Vj/nij)
the proposed method significantly reduces the filtering tinand hence:
and leads to saving almost 50 % of the total computing time, sinon.  — /71 052
thereby contributing to the feasibility of real-time VSA. A R

\/Y;?‘/?(VJ/W)Q —(GyV? = Py)?
V. CONCLUSION = =+ (22)

. " Yi; Vi (Vi/nis)
\oltage drops obtained from sensitivity formulae can ble most cases;; ~ — /2, |6:—0; < /2 andé:; — 0, hence
used for filtering purposes in voltage security assessment. 8ij = —m/2 |0i—0; T Pij =0,

The method used in paper involves the same computatio%éi > 0 and the + sign ”.‘“S‘ be ch_osen n (21). Howeve_r,
. . In some cases the opposite holds, in particular for negative
effort as one iteration of a fast decoupled load flow but is

. . . series reactances(e.g. series capacitors, equivaleamscbf
more accurate that a single iteration of a full load flow. Thg_Winding transformers). In the sequel only the + sign varria
contingencies with little impact on voltages as well as &os . '
with large power margins are filtered out by comparing the conS|der_ed. . . . .
voltage drops to a thresholdy. The potentially harmfull Introducing (21) into (20) gives the equivalent expression

contingencies are subsequently processed with more aeNan%f the reactive power flow:

tools based on time simulation. Qij = —(Bsij + Biy)Vy
The method has been successfully tested on a real system. B 2201, S N2 (V.2 D2
The choice ofdy in order to minimize false alarms while \/Y;jvi (Va/nig)* = (G Ve = Py)* (22)

identifying all dangerous contingencies has been illtstta which takes on the form (15).
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