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ABSTRACT

This paper presents a method of finding a contlnuum of
power fow solutions starting at some bace load and leading to
the steady state voltage stability lmit {critical palnt) of the
system. A sallent feature of the so-called conilnuailon power
Bow iz that [t remeine well-conditioned al and mround the
critical pednt. As a consequence, divergence due to §ll-
conditioning is not encountered at the critical polnt, even
when single precision computation I8 used. Intermediate
results of the process are used to develop & voliege stability
Index and identify arens of the system most prone to voltage
collapss, Examples are glven whereln the voltage stability of
& system iz analyzed using ceveral diferent scenarios of load
Increass,

INTRODUCTION

In recent years, the Increase in peak load demand and
power transfers between ntilities hag elevated concerns about
sysiem voltage security. Voltage collapse has been desmed
responsible for several major disturbances [1] and significant
research eforts are under in an efort to ferther
understand woltage phenomena [2]. A large portlon of this
research s concentrated on the sieady stale aspects of voltage
stability. Indeed, numerous authors have proposed voltage
sinbility [ndexes besed upon some type of power Jow anelyais
[3-10]. A particular diffculty being encountered In such
rescarch ls that the Jacoblan of 2 Newton-Raphson power How
becomes sipgular at the steady state voltage stability limit. In
fect, this stabllity Limlit, also called the critical patnt, Is often
defined s the polnt where the power fow Jacobian is singular,
Az 8 consequence, atlempls al power flow solulons near the
critical point are prooe io divergence and error. For this
reason, double precislon compuistion and sati-divergence
algorithms such es the one found a [12] have been used in
allempls 1o overcome the numerical instability,

This paper demonstrates how singularity In the Jacoblan
can be avolded by slipghily reformulating the power How
equations and applying & leczlly parameterized conUnuation
technigue. During the resulting “cootinuation power flow™,
the reformulated set of equatlons remalns well-conditioned so
that divergence and error due 1o a singular Jacoblan are not
cooountered. As a resull, single precision compuiations can be
xl‘m oblaln power flow solutions al and near the critical

The continustion algorithm wsed in this work I8 from a
well documented class of techniques used 1o find a path of
equilibrivm solutions of a set of nonlinear equations [13-16].
One particular applicatlon of these algorithms has been in civil
englnpering where the equilibrium solutions of the equations
describing & strocture have been been studied under & change
in a lood [ntensity pasameter [16). The method used in this
paper s, however, different from the homotopy type of
eontinuation used for the optimal power Aow In [17] since
singularity of the Jacoblan remalns a problem in the
homotopy approach.

From [ conception, the purpose of the continuation
power flow was to find a continuum of power flow solutions
for a glven load change scenarlp. An early success was the
ability to And a set of solutlons from 8 hase case up to the
critical point [n but a single program run [18). Since then,
bhowever, certaln [ntermediate results of the continuation
process have been recognized to provide valuable insight into
the voliege stability of the system and the arcas prone to
voltage collapse. Along thess lines, & voltape stability index
based npon results of the alporithm will be presented later In
the paper.

The geoeral principle behind the continuation power Aow
l= rether simple. Tt employs a predictor-corrector scheme to
find a solullon path of a set of power flow equations that have
been reformulsted to include a load parameter. As ehown in
Flg. 1, It starts [rom a known solutloo and uses a lanpent
predictor 1o estimate a subsequent solution corcesponding to a
different value of the load parameter, This esilmate s then
corrected  using  the same Newlon-Raphson technique
employed by & convestional power flow. The local
parameterization menUoned earlier provides a means of
identil'ylng each point along the sclutlon path and plays an
Integral part In avolding singulacity 1o the Jacoblan.
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Fig. 1. An {llustration of the predictor-corrector scheme
used in the continuation power Eow
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In the sections that follow, each facet of the continuatlon
power fow will be described and numerical results will be
presented 1o demonstrats the usefulness of this technigue in
voltage stability analysis.

W

In order to apply 8 locally parameterized contlnustlon
technique 1o the power fow problem, a losd parameter must
be [nserted Into the equations. While there are many ways
this could be done, only & simple example using a constant
power load model will be considered bere,

Elrst let A represent the load parameter such that
0E N % A pea

where A=0 corresponds to the bass load and A=y
corresponds to the critical load, We desire to Incorporate b8
into

[]=P,;,—PH-PH1 PHEJEKVJ Yu mﬁ:{&t-ﬁ_, —b'u:}

O0=0g—0u—Qn. On =IZIV:V; vy uin (8, — & —wy)

for each bus | of 2o o bus system, where the subscripts L. G,
and T denote bus load, generation, and Injection rﬂpecﬂvalg.
The voltages at buses { and gre V15 and V,i5
respeciively and yy [vy 15 the (i jF" element of Yans,

To simulate a Ioad change, the Py and p, terms must
be modified. This can be done by bresking each term Into two
components. One component will correspond to the original
load at bus { and the other component will represent a load
change brought about by a change in the load parameter A.
Thus,

Ppy = Py + Ny Sy cosity)

Q= Qg + hlEps S npage S0l ]
where the following definltlons are made;
Py, Qpp - original load at bus §, aclve and reactive

respectively

kg - multiplier {0 designate the mte of load change at
bus i as A changes

i - power factor angle of load change a1 bus ¢

- a glven guantity of apparent power which is
chosen to provide eppropriate scaling of &

In addition, the actlve power generation term can be
modified to

Poy = Pgg (1 + kg )

where Pg, ls the aclive generation 8t bus i o the base case
and kg Is a constant used 1o specify the rate of change In
generation as A varies.

If thess new oxpressions are substituted into the power
flow equations, the result is

0= Ppy (14 M) = Pry — Ay, S g 05 8] — Pry

0= Qg = Qpe — My Sppen sto ) —Q0n
Notice that values of kg, kg, and ¥ cas be unigualy

specified for every bus in the system. This allows for & very
specific variation of load and generation as h changes.

Sﬂn
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THE AFPLICATION OF A CONTINUATION ALGORITHM

In the preceding discussion, the power flow equations for
a partcular bus § were reformulafed to contaln a load
parameter A, The nexi step Is to apply a conlinuation
algorithm to the system of reformulated power fow
equations. If F i5 used to denote the whole set of equations,
the problem can be expressed as

EGBY.A=0, 0€i€h

where § represents the wvector of bus voltage angles and V¥
represents the wvector of bus wvoltsge magnitudes. As
mentioned, the bass case solutlon (6, V., A, ) 15 known via &
conventional power fow and the solution path is being sought
over & range of A. In generzl, the dimension of F will be
2, +ny, where ny and ny are the pumber of P and P-V
buses respectively.

To solve the problem, the continustion algorithm staris
from a known solutlon and uses & predicter-corrector scheme
to find subseguent soluifons at different load levels. While
the corrector is pothing more than a slightly medified
Mewtion-Raphson power fow, the predictor Is guite unlgue
from anytihing found in a conventional power flow and
deserves detalled attentlon.

EREDICTING THE NEXT SQLUTION

Once a base solutlon has been found (A=0), a prediction
of the next solutlon can be made by taking an approprintely
slzed step [n a direction langeat to the solution path, Thus,
the first tesk fn the predictor process Is to caloulsie the
tangent veclor. This langent caleulation ls derived by frst
taking the derivative of both sldes of the power fHow
equations.

d[FE YV, A= Fpdi+ Ep dV + Fydh=0
Factorizing:

[Eify_ E;I E%]"—‘ﬂ

On the left side of this eguation i a matrix of partial
derdvatives multiplied by & wvector of differentials. The
former {s the conventional load fow Jacobinn augmented by
ane column (F,), while the latter = the iengent vector being
sought. There 15, however, an lmportant barrier to overcome
before 2 unigue solution can be found [or the tangent vector.
The problem arises from the fact that cne sdditlonal unknown
wasg added when k wes inserted Into the power Sow equatlons,
but the number of equations remalned unchanged. Thus, one
more equation is needed.,

This problem can be solved by cheoslng B non-zero
magnitude (say one) for one of the components of the tangent
wveclor. In other words, If ¢ |5 used to denote the tangent
vector;

d i)
= |d¥|,
dh

Thiz resulis In
Es Ev Ea [}

L|= (1)
Lx =1

= %1
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where g, s an appropriately dimensioned row vector with all
elements equal to zero except the £*%, which squals oac. If the
Index k Is chesen correctly, leting 1, == 1 imposes a non-zero
norm on the fangenl vector and guarantees thatl the

enled Jacoblan will be nonsingular at the critical point
[15]. Whether +1 or -1 is used depends on how the £ state
varieble iz changing as the solutlon path Is being traced. If it
iz increasing a +1 should be used and If It Is decreasing a -1
should be used. A method for choosing & and the sign of 1,
will be presented later {n the paper.

Cmnce the tangent vecior has been found by solving (1),
the predicilon can be made as follgws:

& k3 a8
1* = |K]| + o |d¥ (2}
At A dh

where """ denotes the predicted soletion for a subsequent
value of A (loading) and ¢ is & scalar that deslgnates the step
size, The step size should be chosen so that the predicted
solution s within the radius of convergence of the correclorn.
While n constant magnitude of @ can be used throughout the
confinuailon process, more elaborale methods of choosing the
step size are described in [14] and [15].

EARAMETERIZATION AND THE CORRECTOR

Now thet a prediction has been mads, a method of
correcting the approximate solution s needed. Actually, the
best way 1o t this corrector I8 to expand oo
parameterization, which [s vital to the process.

Every «¢oatinuation technique has a  particular
parameterlimtion scheme. The parameterization provides a
method of Identifylng each solutlon along the path belng
traced. The scheme used (o this paper f5 referred 10 a5 local
parameterization,

In locel parameterization the eriglnal set of equations is
zugmented by one equation that specifes the valoe of one of
the state variables. In the case of the reformulated power
fow equations, this means specifying elther a bus voltape
magnituds, a bus voltage angle, or the load parameter A. In
equation form this can be expressed as follows:

let
i3

= |¥|, Fo T

A
and let
="
where 7 is an appropriate value for the 8™ element of 1.
Then the new set of equations would be

= [o] )

£lx)

Xp—T)

MNow, cnce a suliable index & and walue of 7 are chosen, a
slightly modified Newton-Rophson power flow method
{altered oaly lo that one additions] equation and one
sddittonal state variable are involved) can be uesd to solve the
set of equations, This provides the corrector needed o modify
the predicted solution found In the previous section.

Actually, the Index k£ used in the corsector is the same as
that used In the predictor and 7 will be egual 1o x, %, the
predicted value of x,. Thus, the state variable @, 15 called the
coniineation parameter. In the predictor it Is mede to have a
non-zern  differentlal chanpe (dx,=t,=%1) and in 1the
corrector {18 value is specificd so that the values of other state
variables can be found. How then does one know which state
variable should be used as the conlinuation parameter?

CHOOSING THE CONTINUATION PARAMETER

There are several ways of explaining the proper cholee of
contlnuation  parameter.  Meibematically, 1 should
correspond 1o the siate varinble that has the largest tangent
veclor component. More simply put, this would correspond
1o the state variable that has the greatest rate of change near
the given solution, In the case of & power system, the load
parameter & s probably the best cholce when starting from
the base solutlon, This s especinlly true I the base case [s
cheractertzed by normal or Qlight loading. Under such
conditlons, the voliage magnitudes and angles remain falrly
caonstant under load change, On the other hand, once the load
has been Increased by & number of contlnuation steps and the
solution path approaches the critical polnt, voltage megniludes
and angles will lkely experlence signlficent change, At this
polnt & would be a poor cholcs of continuetlon parameter since
it may change enly a small ameunt In comparison 1o the other
state variables. For this reason, the cholee of continuation
paramefer should be re-evaluated at esch step. Once the
choice has been made for the first step, 2 good way to handie
successlve sleps Is to use

s ] = ] o] - o @

where ¢ iz the tangent veclor with a corresponding dimension
m = 2ny+n;+ 1 and Index k corresponds to the component
of the tangent wector that [s maximel [13] When the
continuatlion parameter s chosen, the sign of It corresponding
tangent component should be noted so that the proper value
of +1 or -1 can be assigned to 7, in the subsequent tangent
vector calculation.

“EMSING THE CRITICAL POTNT

The only thing left 10 do amid the predictor-cormecior
process i 1o check to see If the critical polnt has been passed.
This iz easily done U one kegps in mind that the eritical paint
is where the loading {and therefore A) reaches a maxdmum and
starts o decrease. Because of this, the tangent component
corresponding to A {Le., M) s zero &t the eritical point and s
negative beyond the critical pednt. Thus, coce the tangent
vector hes been calculsted in the predicior step, 8 test of the
slgn of the dh component will reveal whether or not the
critice]l point has besn passed. IF It was desired to find the
exact locatien of the critical point, & direct method such as the
ong presented in [19] and [20] could be wsaed,

SLWMMARY OF THE PROCESS

Mow that the continuation power Sow has been deseribed
In some detall, a summary of the process may be helpful,
Fig. 2 provides a brief summary In the form of o fiow chart,
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Flg. 2. & Aow chart of the continvetion power flow

SENSIIIVITY INFORMATION FROM THE TANGENT
VECTOR

Up uatl! now, the discussion has been focused on finding
a continuum of pawer fiow solutions up lo and fust past the
critical polnt. Although the accomplishment of this primary
tnsk is welcome, even more Information ls avallable from
intermediate resulis. In fact, both & voltage stability lndex
and an indleator of “weak" busss are available at almost oo
gxtra caloulation eost by analyzing the tangeni vecior at cach
siep,

In the contlnuation process, the tangent vector proves
useful because it describes the direction of the solution path at
a corrected salution point. A step (o the tangent direction ls
ussd to estimats the next solution. However, I one locks et
the glements of lhe tangent vector as diferentinl changes In
the state variables { &V, or d5;) ln response to a differeatial
change in system load (CdA, where C 1= some consiant), the
potential for a meaningful sensitvity analysis becomes
apparent. Mot so apparent, though, are the detatls of exactly
how this analysis should be performed so thal a stability
index and idsntification of weak buses are obtained.

First of all, in discussing weak buses, the term “wesk™
must be defined. In the context of this paper, the weakest bus
is the one that ls nearest to experiencing voltage collapse. 17
gne were 1o think of this in terms of & received power versus
tras voltags (P-V) curve, the weak bus would be the one that
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I= clpsest 1o the turping point or “koee” of the curve
Equivalently, o weak bus is one that has a large ratio of
ergntinl change In vollage to diferential change ln losd
%,; . But here it Is important to think about which load is
changing and which load change will affect the stabtlity of the
bus. If bus i wes afected only by iz own load change, then
the ratle dV,/dPy, would be a good lndicator of relative
weakness, However, one must concede that load changes at
other buses (n the system will also play a key role For this
reason, the best method of declding which bus s nearest 1o Its
voltage stability lUmit is to Bnd the bus with the largest
aV {dProrap, Where dProry; U5 the differential change In
active load for the whaole system.

The differential change In voltage at each bus for a glven
differential change In system load ls avallsble from tlhe
tangent vectar, Using the reformulated power Sow equations,
the differential change [ active system load s

dPporay = LdPy = z[xusmm.ln
. =
= [Swzknmsdr,: |d1= Cdh
L]

Thus, In light of the previous discussion, the weakest bus
would ba

hux §: dVJ
4 EIJ‘ETJL!.
_l#v o avy | |avy|  |av,
il e Rl | e e A e o

Since the value of Cd A s the same for cach 4V element in a
glven tangent vector, choosing the wealkest bus is as casy as
choosing the bus with the largest dV component. Note,
though, thet the location of the weakest bus may change as
the load shifts In intensity, characteristic, and locatlon.

When the weakest bus, §, reaches I sleady stete voltage
stability limit, the ratio of vd'r'J 18 Proray, will become Infinits,
or oquivalently, the rato of -dPmrae fdV, would be zero.
This latter ratio, belng easler to hendle numertcally, makes a
good vaoltage stabillity index for the entire system. This index
will be high when the weakest bus is far from instability but
will be zero when 1the weakest bus ces voltage
collapse. (The negative sign is used so that the Index will be
positive before the eritical polnt is encountered and negatlve
af terwards )

Alternatively, a ratlo of -dV [dQmryy could elso be
used to compare weak buses and -dQppe,; 4V, would
accompany this as a vollage stsbility lodex. In this case,
@ arar Would be expressed as n constant multiplied by dX as
was done for dPppeay. The use of dprae 15 of course,
required if a scenarlo lnvolves a change in reactive load only,
#s do some of those used In the following examples.

A& DEMONSTEATION OF RESULTS

The continuation power fow fust described was coded (n
FORTRAN (=ingle precision) and tested using ibe 30 bos New
England System. Since this system Is popular for voltage
stabllity research, various load increass scenarios have already
been deseribed (n [3], [BL and {11]. In this paper, two of these
scenarios will be used as test cases and two extrn tesi cases
will be presented because they help io further demonsirate
the capabilities of the contlnoation power flow. Each case
beging with the snme base load shown (n [3] and [£1], and
entalls (ncressing various Joads untll voltage collapse ocours.
A graph of the woltape stability Index obtained via the
continuation power fow will be shown for each case.
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Cnso ]

Case 1, which has been used in [3], [B), and [11], 15 well
sulted for testing the basic performance of 2 voltage stability
{nelex, It Involves starting with a given system load, and
subjecting bus 11 to an Incressing reactive load until veoltage
collapse occurs. Flve cumulative conlingencles accompany
{his basle scenario so that the trajectory of the —dQmrae /dV,
index can be demonstrated For each of the following:

A. Mo contingencies
Remove Generator &
Remowve Generatar 11

lum;mﬂunﬂ'ﬂuaes?.ﬁ,andﬂhymw
each

Remove Uine (9,30)
Install & 500 MVAR capacitor bank at Bus 11

The results, shown in Fig. 3, are very interesling when
compared to those submitted in [3] ead (8], The bestc result
[curve A Is very similar to the response of the VIPI shown in
[3l. This includes a profound impact on ike index when
generator reactive power outpul lmits are met. The lower
partlon of the graph, where the Index is below ap) ately
184, corresponds to the operating range shown In 8] where 2o
energy based method 1s demonstrated.

oM

b T

400 =

350

330

250 -

E 200 -
z

130 4
164
=0 -

n T L] T T L. L

a 2 4 B 8 L - H

PLACTIVE LOAD OH TS 1 ()
Fig. 3. Trace of the —dQropa, /dV, index aa reactive
power load Is added to bus 1]

Cosed

Ia contrast to Case 1, Case 2 Involves (ncreasing Ioad on
severnl buses os opposed to just one. In this case, any active
snd reactive load that existed ln the base case 1s simply
multplied. Similarly, active power generalion 1 ncreassd by
the same multiple &% load, but & relaxed constraint is [mposed
on the reactive power outpul of each generator, Instead of
using & constant Umit as is usually done [n power flow
studies, the reactive power output is allowed to go &s high a8
B of the constantly Incressing scUve pawer output, While
this case may not be realistic, the reloxed consiraint was used
in [3] because (t mitigates the instability encoyntered In using
o conventional Mewton-Raphson power Sow for calenlation
near the critical polnt. A more realistle eonstralnt will be
used in the next case,

The =dQrpray /dV; Index for Case 2 is shown In Flg. 4.
Agaln, the result s very similar o, although a little less
curved than that of the VIFLin [3L

? VE0 -

g o

300 =

1304

200

o - '
] l.l.'- z 1‘:- i !:5 [ 45 H
MLLTILE OF ESniiRAL LOWD

Fig- 4, —dQppras (dV; index for Case 2

Case 3

The robustness of the contlnwatlon power fiow can be
demonstrated by slightly medifying Case 2. Here the relaxed
reactive power outpiut constrainis will be removed so that the
nsual constant constraints are Lmposed.

Az Fig. 5 shows, this more realistlc constralol had no
visible impact on the numerical stability of the conlinuation

r fow, Tha Implications of thess constraints are
manifested in the Index ms it takes noticeable dives when the
reactive power output limits of wvarlous genemators are
reached. In addition, the stabllity limit for this case ocourred
ot less than half of the load of Case 2.

}M-I

100

100

T T T T T T T T T T
1 = 5] LL 15 A ir 8 it 4 !
WLTPLE OF ORMEMAL LOAD

Fig. 5. ~#Qrorar {4V, index for Case 3

Since 1his cass iz falrly realistlc, a meaningfial
demonstration of the weakest buses identified wia the tangent
vecior can be made. Flg. & shows the five weakest buses
tdentified at five different lpad levels. In each cese, diamond
shapes are used to denote weak buses and the circle
representing & generator 15 Alled In when the generator reaches
its reactive power oulput limits.

When the loads are 1.31 times their original valee, only
generntor 2 hes reached 118 Umit and the weakest buses are
concentrated in the top center of the diagram. MNext, the
weakest buses begin to move toward the lower left-hand
corner of the system when generator O reaches its limit. This
move is completed with the change In gensrator 10 when the
load multiple (= 1,83, When the load is 2.01 tmes i3 origlnel
wvalue and yet another two gonerators reach thelr Umits, the
location of the five weakest buses remalns unchanged. But
this situstlon'is altered drestically as generators 20 and 23 can
no longer supply unlimited resctive power, The stabllity
Umit & repched at 2.05 Umes the original load with the
weakesl buses found on the right-hand slde of the diagram.



d} 2,01 times orginal load.
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) 1.83 fimes original load.

Kay
o = Genarator
@ = Generator at Maximum
Reaclive Powear Output
¢ = Weak Bus

a} 205 times original lsad,

Fig. 6 Weakest buses identified wia the tangent vector as the load s increased in Cose 3

Fig. 7. The —dQppar/dV, index for Case 4 when
penerator reactive power outpui Umlits are not

imposed (¥ in degrees)

BLD

6 2 4 & & W 9 W W B W ;m M

Fig. 8. The —dQmpryp/dV; Index for Case 4 when
generator reaciive power ootput Umits are
Imposad [ [n degrees)
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Cose d

Case 4 f5 a slightly diferent scenario than Case 3.
Although the same base load (s used, the load multiplicatlon
comstants (kp,"s) are now sel propartional to the eriginal
active power Ioad at each bus. In addition, the load added to
each bus during continuation s made to hove the same power
factor. In terms of the reformulated power flow equations,
{his latter item is accomplished by using the same yalue of ¥,
at each bus. Although this type of load change would not be
seen In an actual power system, the scemario L useful for
obeerving the response of the Index when varlous power
factors are used.

Since the geoemator reactive power output LUmits
|ntroduce exira nonlinearitiss [nto an already noalinear
gystem, this example Is gtarted by showing the response of the
—d0sray [V, Index for varlous power factors when the
limits are not imposed. As can be seen from Flg. 7, the index
i3 not lnesr (n s response, but 1ts baslc shape is almost the
same for the higher values of power lector angles. When the
reactive power output limits are again tmpesed (Fig. 8), the
trace of ihe index malntains a falrly simllar shape over the
range of power faclor angles.

So far, cach case has been viewed o terms of reactive
power by using the —dQrorap /dV index. As can be seen
from Fig. 9 and Fig. 10, an ective power perspective can alss
be wused. These graphs show the response of the
—dPrprap dV) Index 1o Case 4, The same baslc ohbservations
can be made of these two graphs as were made of the previous
two oxept thet the —dPryra (dV) index has & more unlferm
response at the lower power fector angles lostead of a1 the
higher ones seen with the —dQmrae [V Index. Howewver,
now It is important to conslder perspeclive. As seen from
thesa resulis, o chse that seems reletively severe in terms of
active power (W = BO%, for cample} would appear to be
moderate in tarms of reactive power. This is, of course, due to
the fact that a large power feclor sogle signlfies much larger
changes [n reactive load then in active load. Since this mey
precipitate confusion, one or the other index should be used
when comparing cases, the cholce depending wpon which
perspective 18 desired.

E 1500 -

fl=le

T T T T T T
B Lt I 1] g 10
ALCTIVE POWER LOAT IMCREASE (W)

T )
By 200 32

Flg. 9. The —dPryrae(dV; Index for Case 4 when
generator reacilve power euiput limits are nol
impesed (W in degrees)

0 © I s 4 =1 s M =m0

Fig- 10.The —dPrgpap/dV, Index for Case 4 when
generator reactive power ouiput Umits are
impased (¥ In degrees]

CONCLUSIOMS

The examples presented in this paper have demonstrated
both the capabllity and usefulness of the contlouation power
flow. Solution paths that went up to and beyond the critical
paint were found for varlous load change scemarios. In each
eage divergence wes not a problem as it would have been {na
conventione]l Mewton-Raphson power flow. As an additional
benefit, intermediate results from the tangent predictor of the
continuation process proved useful [n analyzing the woltage
stability of the system. Doth a stabllity Index and a methed
of ldentifying the wenkest buses (n the system were readily
obizined. Althoegh the Indexes used were cffectve and
meaningful, there ls great potential for developlng more
sophisticated  lndexes from  the same tangent weclor
Information.

As o next step in developing this method, nonlinear load
medels are belng incorporated Into the process so thal a more
accurzle assessment of voltage stability performance can be
made, In addition, It & recognized that ihe same algorithm
employed by the continuation power fow can also be used (n
an oplmal power fow (OFF). In fact, the locally
parameierized continwation approach might overcome the {l1-
conditioning encountered in the OFF propesed 1o [17).
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