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Abstract— In recent years, electric power systems have
been often operated close to their working limits due to
increased power consumptions and installation of
renewable power sources. This situation poses a serious
threat to stable network operation and control. Therefore,
voltage stability iscurrently one of key topicsworldwide for
preventing related black-out scenarios. In this paper,
modelling and simulations of steady-state stability problems
in MATLAB environment are performed using author-
developed computational tool implementing  both
conventional and more advanced numerical approaches.
Their performance is compared with the Simulink-based
library Power System Analysis Toolbox (PSAT) in terms of
solution accuracy, CPU time and possible limitations.

Keywords — Steady-state voltage stability, contiumakbad
flow analysis, predictor-corrector method, voltageatslity
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|. INTRODUCTION

Steady-state voltage stability is defined as thpabdity
of the system to withstand a small disturbance. (eugjt
occurrence, small change in parameters,
modification, etc.) without abandoning a stablerafing
point [1]-[5]. Voltage stability problems are geaky
bound with long "electrical" distances between tigac

topologh

synchronous condensers, etc. To increase bus esltag
opposite corrective actions are to be taken. Tiredede
reconfigurations (connecting parallel lines / tfansers /
cables), power transfer limitations and activatiohsiew
generating units at most critical network areas.

Furthermore, the voltage load shedding of lowHjitsio
loads (usually by 5, 10 or 20 % in total) is usyadialized
at subtransmission substations using undervoltaggs.
These relays work similarly as on-load tap-changing
(OLTC) transformers. They are activated by longrter
voltage dips (in region between 0.8 and 0.9 pu)amnthe
result, they trip the load feeders - typically teps of 1 to
2 % of the load at any given time (with time delay4.-2
minutes after the voltage dip). The larger voltdge the
faster and larger response of the relay [2].

Low voltage profiles are usually averted by actiofs
OLTC transformers. However, each tap position
corresponds to an increase of the load which eaéptu
leads to higher branch losses and further voltagesd
[1]-[2],[4]. Therefore, OLTC transformers should be
blocked during low voltage stability scenarios. e
effects of OLTC actions during low voltage conditsoare
resented in many studies with voltage stabilityrgima
Calculation from synchrophasor measurements [6]-[7]

This paper is organized as follows. Chapters Il Bhd
describe conventional Cycled Newton-Raphson (N+R) a

power sources and loads, low source voltages, sevemore robust Continuation Load Flow (CLF) methods fo
changes in the system topology and low level of vathe voltage stability analysis, respectively. Inelegent

compensation. However, this does not strictly mteat
voltage instability is directly connected only witbw
voltage scenarios. Voltage collapse can arise ewueing

tool - Power System Analysis Toolbox (PSAT) - igefly
introduced in Chapter IV. In Chapter V, key projesrtof
both of the author-developed codes are discusdephters

normal operating conditions (e.g. for voltages abov VI and VIl show the results of individual approashehen

nominal values). Moreover, variety of practicaliations
can eventually lead to voltage collapse, e.g. inpmwf a
parallel connected line during the fault, reachihg var
limit of a generator or a synchronous condensstorig
low supply voltage in induction motors after thelfaAll

these cause the reduction of delivered reactiveepdar
supporting bus voltages followed by increases ahbh
currents and further voltage drops to even lowactiee
power flow or line tripping until the voltage catise
occurs. This entire process may occur in a rathegel
time frame from seconds to tens of minutes.

To prevent voltage collapse scenarios, severaktgpe

solving voltage stability of a broad variety of tigeower
systems. Chapter VIII closes the paper with some
concluding remarks and the evaluation of each igoen
applied.

II. CONVENTIONAL NUMERICAL CALCULATION OF THE
VOLTAGE STABILITY PROBLEM

When increasing the loading (or loadability factpof
the system, its bus voltages slowly decrease dutheto
lack of reactive power. At the critical point (el
singular or bifurcation), characterized by maximum
loadability factori,,.x and critical bus voltages, the system

compensation devices are massively used worldwide starts to be unstable and voltage collapse apgegstem

both shunt capacitors/inductors, series capaci®vs;s,

black-out). From this point on, only lower loadimgth

synchronous condensers, STATCOMSs, etc. To reduggy yvoltage values leads to the solution. The delpane

voltage profiles (in case of low demand),

Varpetween bus voltage magnitudes ahds graphically

consumptions must be increased by switching in Shufepresented by the V-P curve (also referred thasiose

reactors, disconnecting cable lines (if possihiegiucing

curve). Unfortunately, the current (so-called besse)

voltage-independent MVAr output from generators anchosition of the system operating point on the VeRve is
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not known along with its distance from the voltagefor the selected CP in each network Huat the current

collapse (so-called voltage stability margin).
location of the singular point must be found durthg
voltage stability analysis.

Thus point on the V-P curve. Remaining elements in (&)the
newly computed Jacobiahand step size of the CP.

The tangent predictor is relatively slow, anywapwh

Note: Values ofln.x and critical voltages are rather good behaviour especially in steep parts of the atsfve.

theoretical since they do not reflect voltage/flimits of
network buses/branches. When incorporating
practical restrictions, the real maximum loadapilit,ax

Unlike the tangent predictor, secant predictorimspser,
theseomputationally faster and behaves well in flatpaf the
V-P curve. In steep parts (i.e. close to the sigpbint

can be found (i.e. the maximum value for keeping aland at sharp corners when a generator exceedsits v

network buses and branch loadings within limits).

limit) it computes new predictions too far from taract

Traditional approach for finding the maximum systemsolution. This may eventually lead to serious cogeace

loadability is to apply the standard N-R methodff8]the
base-case load flow calculation (i.e. for= 1.0). When
obtaining current position on the V-P curve, nekwor
loading (i.e. loads/generations in selected netviurges)
is increased in defined manner by a certain stepthe

problems in the next corrector step. Therefore tahgent
predictor is more recommended to be applied.

The corrector is a standard N-R algorithm for ooting

state variables from the predictor step to satisdyl flow
equations. Due to one extra parameter additional

load flow is computed repetitively along with a newcondition (2) must be included for keeping the eabf

position on the V-P curve. This process continuean
infinite loop until the singular point is reachddowever,
total number of iterations in each V-P step is gedly
increasing so that when close to the singular ptiat N-
R method fails to converge, i.e. no solution isvjied.
This relates to the fact, that Jacobiabecomes singular
(i.e. detd = 0) and its inverse matrix cannot be computed
for successful numerical convergence.

For speeding up the calculation, a variable stemgé
is applied. Usually, a single default step valueused.
When obtaining the divergence of the N-R method, th
step size is simply divided by two and the calcatafor
the current V-P point is repeated until the conearz is
achieved. When the current step size value reatitees
pre-set minimum value, the calculation is stopjebpite
of the relatively simple procedure, the Cycled MaBthod
enables the completion of the stable V-P part ofile
unstable part including the singular point cann& b
examined. Also, high CPU requirements prevent this
method from being employed for larger power systems

In this paper, the Cycled N-R algorithm was devetbp
and further tested on wide range of test poweegyst

I1l. CONTINUATION LOAD FLOW ANALYSIS

The CLF analysis [1],[9] suitably modifies convemial
load flow equations to become stable also in the
bifurcation point and therefore being capable @iwing
both upper/lower parts of the V-P curve. It usés@step
predictor/corrector algorithm along with the nevkonown
state variable called continuation parameter (CP).

The predictor (1) is a tangent extrapolation oé th

current operation point estimating approximate fasiof
the new point on the V-P curve.

- . -4-1
redicte: O
0 predicted 00 i K
V =1V, |to 0 Q)
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° 1
L &

Vector K contains base-case power generations an
loads. Variable®,, Vo, /o define the system state from the
previous corrector step. The vectris filled with zeros
and certain modifications (see [1],[9]) are implenes

the CP constant in the current corrector step. This
condition makes the final set of equations nonidagy
even at the bifurcation point.

A if CPis A
L X = . . )
V if CPisV

Difference between both types of predictors and the

redicted _
X, —Xg =10

entire process of the predictor/corrector algoritlisn
graphically demonstrated in Fig. 1. Horizontal/igit
corrections are performed with respect to the ana3e

type.
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Fig. 1. Predictor/Corrector Mechanism for the CLkadysis [10]
As the CP, state variable with the highest ratehainge

must be chosen (i.¢.andV in flat and steep parts of the
V-P curve,
diverging, parametes must be halved or parameter CP
must be switched frorhto V.

respectively). When the process starts

The step size should be carefully increased todsppe
e calculation when far from the singular point or

decreased to avoid convergence problems when tbose
the peak. The step size modification based on tineiat
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position on the V-P curve (i.e. as a function of thme 1] Predictor: Despite of computationally more coexpl
slope for previous two corrected points on the ¥dPve) algorithm, the tangent predictor was used for figdi
is recommended in [11]. This approach belongs to saeliable estimations of new V-P points especialiguad
called rule-based or adaptive step size contrarahgns. the singular point. It is applied in CLF algorittonly.

In [10], several voltage stability margin indices 2] Corrector: First, a corrector step is used atstfart of
(VSMI;, VSMI,) are presented along with relative varthe CLF program to find the base-case point fothir
reserve coefficient and voltage-load sensitivitgtdas calculations. Due to possible weak numerical stgibet
(VSF) for comprehensive voltage stability analysis andhis point (for badly-scaled power systems), the-Shot
location of weak or sensitive system buses/brariatesss. Fast-Decoupled (OSFD) procedure is implementedhe¢o t
In these regions, preventive or remedial actiomsishbe  standard N-R method for providing more stable sohst
taken. Procedures for allocating individual compéioss  and thus preventing numerical divergence. Moreover,
devices and possible effects are also discussed. voltage truncation (SUT algorithm) is also includetb

The CLF analysis still remains very popular forthig the state update process at every N-R's iteraioth of
speed solving of voltage stability studies. Dueito these stability approaches were introduced in [dAd
reliable numerical behaviour, it is often includetb the  further tuned and tested in [15]. Both were alsplied to
N-R method providing stable solutions even for ill-the Cycled N-R algorithm to increase the loadingges
conditioned load flow cases. Moreover, it is applia  for which the stable load flow solutions can beagied
foreign control centres for N-1 on-/off-line corgincy (i.e. closer proximity to the singular point canrbached).
studies with frequencies of 5 and 60 minutes [2], 3] Step size: Largest-load PQ network bus is chésen

respectively. computing the angle between the horizontal and the line
interconnecting two adjacent V-P points. Based s, t

IV. POWERSYSTEM ANALYSIS TOOLBOX (PSAT) the step size evaluation function (3) is applisde Fig. 2.
PSAT [12] is a Simulink-based open-source libramy f

electric power system analyses and simulationsis It o, for |OC| >7/8

distributed via the General Public License (GPLUy, i _

download and use is free of charge. However, ther® o= Iy for |0‘| <7/ 32 @)

warranty that the Toolbox will provide correct and Alsin?a+B otherwise

accurate results. All corrections and possible irepar

improvements are to be done on the customer side. The upper and lower step limit constamts and o,

It contains the tools for Power Flow (busbars, dine define the step size for the flat part of the Vifve and
two-/three-winding transformers, slack bus(es), nshu for close vicinity to the singular point, respeetiy
admittances, etc.), CLF and OPF data (power
supply/demand bids and limits, generator powerrvese 025
and ramping data), Small Signal Stability Analyaisd
Time Domain Simulations. Moreover, line faults and
breakers, various load types, machines, controlsfGD
transformers, FACTS and other can be also modelled.
User defined device models can be added as well.

All studies must be formulated for one-line network
diagram only - either in input data *.m file in réced
format or in graphical *.mdl file, where the schersa
manually drawn. For the former option, input data
conversions from and to various common formats (BSS 0.05
DIgSILENT, IEEE cdf, NEPLAN, PowerWorld and more
others) are available. 0 ; ; . . . : ;

When compared to another MATLAB-based open- e S,ﬁ';e An;,eaféd] oo
source tool MATPOWER [13], PSAT is more efficient
and highly advanced by providing more analyseshlpro Fig. 2. Step size evaluation function [10]
variations, possible outputs and other useful featin its For the Cvcled N-R algorithm. this is a rather too
user-friendly graphical interface. MATPOWER does no o,y jex congept of the steg size control. Therefonty a
support most of advanced network devices, entwealjts single step size is chosen at the start and a sisteb-

CLF analysis and has no graphical user interface g ; e : A
graphical network construction ability. Also, it & not Cg?\}grge;ighn|que (dividing by 2) is applied in easf

consider var limits in PV buses. Incorrect intetatien of 4] Ending criterion: Only stable part of the V-Proe

reactive power branch losses can be also observed. : . . . .
(incl. exact singular point calculation) is complitey the
V. PROPERTIES OFAUTHOR-DEVELOPEDCODES IN CLF code. Thus, if the computed value jobegins to
MATLAB ENVIRONMENT decrease, the process is stopped. For the CycRa:dde,
the calculation is terminated when the step silte lielow
Both Cycled N-R and CLF procedures were developed certain small value (e.g. 1x30 For each load flow
in MATLAB environment for providing fundamental case, maximum number of iterations and permitted
examination of medium-sized and larger power systiem tolerance for convergence is set to 20 and Fx10
terms of steady-state voltage stability. Severgldspects respectively.
of these codes are discussed below.

c=25x10"

=]
o
o

o=Alkinla+B

Step Size o[
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5] Calculation speed and accuracy: For excessivell. TESTING OFCYCLED N-R AND CLF ALGORITHMS FOR

accurate voltage stability solutions, valuessgfand o, SOLVING VOLTAGE STABILITY LOAD FLOW PROBLEMS
2.5x10° and 6.25x10 are used in the CLF algorithm.

Rather compromise values of 5x1@nd 1x1G are also 734 buses were analyzed using developed CyclecaNeR

used to obtain fast and fairly accurate solutiamsahy of ! : ; ;
tested power systems. For the Cycled N-R aIgoritthLF algorithms in the MATLAB environment. Identical

initial step size of 2.5x1dis chosen as sufficient. Increase rate was applied to all network buseso(bef

Total number of 50 test power systems between 3 and

. filtering those with non-zero active power loads or
6] Code versatility: Both Cycled N-R and CLF generations). For both L and L+G scenarios, oraplst
procedures are programmed so that the user d'reCtgért of the V-P curve was calculated with includesd
specifies an arbitrary group of network buses far a|imits. Settings of both codes are as introduce@liapter
load/generation increase. From this set of busef o paragraphs 4] and 5]. In Tab. I., voltage stgbil
those non-slack buses with non-zero active powego|ytions of several test cases are shown. Presesgaits

loads/generations are activated for the analysisall  contain the maximum loadability, numbers of stagie
studies performed, a load/generation increaseeretttire points and CPU times in seconds needed.

network (i.e. al! network buses _selected) s coareid, For each case, the first two rows show the outpiits
Two scenarios can be activated by the user. a) {ne CLF code for excessive accuracy and compromise
scenario increases both P/Q loads in selected PQUB&s accuracy, respectively. For comparison purposesthtind

with a constant power factor (i.e. with identicatiease oy provides the results of the Cycled N-R code.
rate). b) L+G scenario increases both P/Q loadsliected

PQ/PV buses and P generations in selected PV kuihs

identical increase rate). VOLTAGE STABILITY SOLJ‘ﬁEI\IISE bSINGCYCLED N-R AND CLF
7] Var limits: In both approaches, bus-type swibchi ALGORITHMS - L AND L+G SCENARIOS
logics are applied to iteratively computed reacposvers Sconariol S aoLiC
Qai in PV buses when exceeding the var limit (4) or tp ©8® [——=T T cpls] | Zuml] | ptc | CPLTS]
relevant bus voltages when returning the vars liresike 130263. | 331 | 0561¢ | 1.16205:] 215 | 0.390C
the permitted var region (5). SymBBIdenoteS the current | IEEEON [1.30263:| 27 | 0.140¢ | 1.16205.| 24 | 0.124¢
iteration number. 1.30263:| 23 | 0.405¢ [1.16205:] 20 | 0.421Z
) 176033, | 656 | 1201z | 1.77799t| 50€ | 0.936(
; p IEEE14 [176033:| 87 | 0234C |1.77799:] 53 | 0.2C28
Q((;'i)) = Qsimx !f Qsi” > Qaimax ) 176033.| 43 | 05460 | 1.77799t| 45 | 0.639¢
Qg if Q((;ri)) < Quimin 153690t | 854 | 1.950C | 154675 | 72€ | 1.653€
IEEE30 [153690¢| 88 | 0.280¢ | 1.54675:] 124 | 0.421:
153690! | 37 | 0.639€ |154675 | 37 | 0.655:
(p) — sp 1.40677¢| 891 | 2.901€ |1.61684f| 39¢ | 1.388¢
Qai’ = Qaimax AND V, >V, IEEE57 [1.40677¢| 22¢ | 0.686¢ | 1.61684:| 57 | 0.265:
V. =V if OR (5) 140677¢| 27 | 0.811: | 1.61684f| 37 | 0.811c
: : 1.07995¢ | 164C | 12.916¢ | 1.13899¢| 1185 | 9.391%
Qéi) = Qgimn AND V, <V IEEE162 [ 1.07996(| 464 | 3.104< |1.13899¢| 65 | 0.811Z
107996(]| 13 | 1.762¢ |1.13899¢] 16 | 1.840¢
The termsQgimax andQgimin are the upper and lower var 1.02457: | 8457 | 10.865¢ | 1.05882(| 311 | 4.009:
limits, the termV;*" determines the specified value of the [EEE300| 1.02457¢| 52¢ | 7.004¢ [105881¢] 94 | 1.450¢
voltage magnitude for each PV bus. 102457.1 16 | 2.418C ]105882(] 17 | 2.558
o o . 3.10416: | 13¢ | 4586/ | 3.10416.| 13< | 4.836(
8] Code limitations: a) With increased loading| gps7aai310408:] 46 | 1.872¢ | 3.10408:| 46 | 1840
lower/upper var limits in PV buses should not bedi but 310416. 1 96 | 8236¢ 310416 96 | 8174

variable proportionally to the generated active @own
both codes, constant var limits are used for more
pessimistic V/Q control. b) Only identical increasge is

applied. However, implementing user-defined inceeas

rates for each load/generation would not pose aripuss much focused on producing exact results. Therefore,

problem. _ ) ) _numbers of V-P points and CPU times were pushezhoft
9] Sparse programming: Sparsity techniques aloly Wi aghove 200 and 1 second, respectively. When usiing fa
smart vector/matrix programming are used in botbl€@y  compromise setting, the maximum error fgg, from all
N-R and CLF codes to significantly decrease the CP( test power systems was only 0.0185 percent,ewhil
time needed for each load flow case. numbers of points and CPU times were decreased on
10] Outputs: Theoretical value df..x and V-1 data average by 75.27 percent and 64.11 percent, réaplgct

outputs for V-P curves are computed and stored or The Cycled N-R code obtains highly accurate resalt
graphically projected. Respective valued &dr switching  terms of solution accuracy. In majority of cases, i
some of PV buses permanently to PQ are also redordeprovides even better solutions than CLF algorithith w
Voltage and power flow limits were not consideredthe  compromise accuracy. Surprisingly, it always coraput
evaluation of the real maximum loadabilify . slightly higher maximum loadability values than the
high-accurate CLF code. This seems to be one eisibl
drawback of the Cycled N-R method. Only low numbers
of V-P points are needed for reaching close praxina
the singular point. These numbers are well compeaurtab
those needed for the compromise CLF code.

As can be seen, exact solutions of maximum loaithabil
were obtained for both of tested methods and e&dheo
three accuracy settings. The first setting wasitefy too
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Unfortunately, each divergence case (between 228nd VII. TESTING OFPSATFORSOLVING VOLTAGE STABILITY

significantly delays the entire computation procetshe LOAD FLOW PROBLEMS

ng?é?g ,\:‘;Emmelggci)r?é Tgi{g%reel’y th;aimCé)_/é:leepdenl\é-;t cogr? Before solving voltage stability in PSAT, the lofaolv

computing of each V-P point. When compared witte th &1alysis of a system must be performed. Therefarge

compromise CLF code the CPU time needed by thgumber of load flow studies is solved using PSAT to

Cycled N-R method is on average about 167 % higher. cgﬁﬁg;rggy V\(/?Ih It?h(apozsul?rlmir-\évg\ile(lgise%esN-Eesgcl;{ge Wi?]re
Therefore, the compromise CLF code seems to be thgaT| AB.

best method for providing fast and highly accu ge Despite of unconstrained network size to be solved

stability solutions. several limitations of PSAT were found during theting
Stable V-P curves of the IEEE 30-bus power syste tage. 1] Inefficient PV-PQ bus type switching bgs
(L+G scenario) are computed by both Cycled N-R andysjied. Probably, reverse switching logic (5) @ osed
CLF methods and shown in Figs. 3 and 4, respegtivel ng the need for convergence is requested to ttiva
For the CLF method, the V-P curves are extended tpyyard switching logic (4). As a result, unneceiga
demonstrate numerical stability of the CLF algarith e py buses are being switched permanently to PQ.
around the singular point. Extension of V-P curiethe  pyrthermore, the switching logic completely fails t
unstable region is provided for 0.9%%< 4 < Amax switch PV buses to PQ for larger systems with high
numbers of PV buses. 2] Nominal voltages must be
— } defined in the input data file or the error message
. : \ 'Divergence - Singular Jacobian' is obtained duting
S simulation. This seems to be entirely illogical cg&n
&\ nominal voltages should not be necessary for th@ér
""" units defined' problem. 3] It seems that no advdnce
stability techniques are applied for the N-R methind
PSAT because of severe numerical oscillations apgea
in several studies. 4] PSAT intentionally neglects
transformer susceptances and thus causes errdirzain
load flow results. A column for shunt susceptanises
available for power lines only. For transformerhijst
column is filled with zeros by default.

Under these limitations, load flow results showyver
good congruity between the author-developed N-R
04 vl - 5 ” v method and PSAT. Higher total numbers of iteratiares

' Loadability Factor A [_]' ' needed by PSAT due to missing stability technique(s
Also, CPU times are higher in PSAT due to combirihrey
Fig. 3. V-P curves for the IEEE 30-bus system (Egdi-R method) codes with other analyses and related tool features

As an example, the load flow and voltage stability
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— ‘ analysis of the IEEE 14-bus system is done by PSAT
= a (Figs. 5-9).
1 \
= § =loix|
209 S . - Fie Edt Run Tools Interfaces Yiew Options Help o
3 W, s[u]a| nlEjel 8| olElo| =k ]
3 0.8 N = Data File
c [TestEPsantau = Freq. Base (Hz)
g Perturbation File fioa ™ Power Base ey
S o7 | b StetingTme (s
% | Command Line: En Encling Time ()
% 0.6 i y l_ frenos | PF Tolerance
> ‘ » ED Mz PF tter
0.5 fre-n0s Dyn. Tolerance
5| o MaxDyn.ter
0.4 1
1 11 12 . 1.3 14 15 i Power Flow | Time Domain Settings
Loadability Factor A [-] ool
05 f----- S ey CPF Load System Plat
Fig. 4. Extended V-P curves for the IEEE 30-busesyg CLF method) o F— .
oot
As Tab. |. indicates, applied version of the CLRmoel [ oumsPow st b 00e
is still not applicable for real-time voltage stiipi
monitoring, but it can be useful for off-line rediéty, Fig. 5. GUI in PSAT for the load flow analysis &HE 14-bus system.

evaluation or planning studies of even larger nétao
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Fig. 8. Settings for the CLF analysis when solimg IEEE 14-bus
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The CLF algorithm in PSAT is defined so, that power

increases are realized by adding a power increment

(loadability factor multiplied by the increase fate the

base-case loading, i.e. initial is zero. In the author-

developed Cycled N-R and CLF codes, power increases

EIE are performed by multiplying the base-case loadiity

F'_: E._f"t;“"\ —————— T *| . Therefore, the maximum loadability in PSAT must b
CEG|R|RATDEL-|E] | increased by unity when comparing both codes.

Fig. 6. Final voltage magnitudes of IEEE 14-bus eosystem in PSAT.
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Fig. 7. Final voltage angles of IEEE 14-bus povystem in PSAT. N IQ| =5 e —

For VOItage Stab'“ty studies, PSAT contains the Fig. 9. Nose curves for all network buses of theBEL4-bus test system

advanced CLF algorithm, which is combined with in PSAT.
contingency and OPF analyses. Load flow data are . .
extended by two matrices Specifying the sets ofaﬁQ In Tab ”, Voltage Stab|l|ty I’esults fOI‘ med|umﬂj

PV buses, where the loads and generations are to BeEE test systems are provided by the author-deeelo
increased (different increase rates are possiflaps, Cycled N-R and compromise CLF codes. These outputs

various loading scenarios of the system can be heade ~ @ré compared to those obtained by PSAT - see Tlal |

. . - . PSAT, both of the CLF modes were tested (i.e. Rh wi
The CLF code is then started via a specialized aind step 0.025 and LP with default step 0.5).

(Fig. 8). Calculation can be adjusted by the usebétter
computational performance - e.g. by setting a more

suitable step size, maximum number of V-P point&yor TABLE II.

. . . VOLTAGE STABILITY ANALYSIS OF MEDIUM-SIZED IEEE TEST SYSTEMS
checking the option for controlling voltage, flow war (CYCLED N-R VS. COMPROMISECLF)
limits. PSAT offers two CLF methods - perpendicular
intersection (PI, as in Fig. 1) and local paramation L+G Cycled N-R code Compromise CLF code
(LP). Three stopping criteria are available: Thenptete Case Jmax[-] | pts | CPU[s]| Amax[] | pts| CPU [s]
Nose Curve (computing both stable/unstable parthef IEEE9 | 2.485393| 74 | 05460 | 2.485382| 84 | 0.2964

V-P curve), Stop at Bifurcation (when singular poin

exceeded) and Stop at Limit (when voltage/flow/poin IEEELS | 4.400579 14B0.6708] 4.40057]112] 0.3120
limit hit). IEEE14 | 4.060253|137| 0.8268 | 4.060252| 92 | 0.3276

IEEE24 | 2.279398 61 0.639p 2.2793988 | 0.2496
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IEEE30
IEEE35
IEEE39
IEEES7
IEEE118

0.2964
0.3432
0.2184
0.4836
0.5772

2.958815| 88
2.888962 91
1.999203| 57
1.892091f 47
3.187128| 100

0.8112
0.686¢
0.7644
0.889p
1.6536

2.958814| 57
2.8889p007
1.999202( 30
1.8920892
3.187128| 66

TABLE Il
VOLTAGE STABILITY ANALYSIS OF MEDIUM-SIZED IEEE TEST SYSTEMS
(PSAT- PlvsLP MODE)

PSAT - LP mode
Amax[-] | pts| CPU [s]
2.482000] 13| 0.3241

4.3995[0 |20.4832
4.059420| 19| 0.4939

2.2786[/0 [1©.4313
2.958250| 20 | 1.5023

2.8784p0 [10.2940
1.997840] 12| 0.3692

1.8920P0 [26.9090
3.187120| 82 | 19.7464

L+G
Case
IEEE9
IEEE13
|IEEE14
IEEE24
IEEE30
IEEE35
IEEE39
IEEES7
IEEE118

PSAT - Pl mode
CPU [s]
0.2093
0.329%
0.4098
0.260
0.8761
1.124%
0.2932
0.9089
19.1693

/max[-] | pts
2.481220( 7
4.39042Q 13
4.060100| 18
2.27755(0 1d
2.958550| 16
2.872944 14
1.999110] 11
1.89192(0 17
3.187100] 613
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