What Experts Say about

AU = OLAVA/ C

~ll

h
e

ASSESS Stanllity

Preliinery - Feorizry L9 2007



Summary

=According to a relatively widespread belief in the utility
iIndustry, it would be possible to assess voltage stability
by running load-flows (until they diverge) or continuation
load-flows (bifurcation analysis)

-since the internal reactances of the machines are not included in
the load-flow model, this seunds like attempting to perform
stability: analysis without representing the generators

= However, well-known stability’ experts have shewn that:

-Computational moedels that die not represent the generaters are, at
PESt, eptimistic

-thie stability of the steady-state equilibrium poeint shoulal be
determined by evaluating the dynamic state Jacoekian, rather thian
the lead-flew: Jacehian

=fhe fellewing slides summarze a \White Paper that aims
at clarifying this issue
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It all started in 1975 when

=\/. A. Venikov et al. proposed that under “certain

conditiens” the singularity of the standard load-flow
Jacobian indicates steady-state instability

*Venikov, V. A., Stroyev, V. A., ldelchick, V. |. and Tarasov, V. I., 1975, "Estimation of electrical

power system steady-state stability”, IEEE Transactions on Power Apparatus and Systems,
PAS-94, 3, May/June 1975, pp. 1034-1040

~these “special conditions™ Imply neglecting the generator
feactances and assuming constant terminal veltages

*VVenikov, V. A., 1977, Transient Processes in Electrical Power Systems, Edited by V. A.
Stroyev, English Translation, MIR Publishers, Moscow

Chapter 10

In principal, the forced-action AER can provide almost constant voltage
across the generator terminals (or, if necessary, at the sending end of the line)
under all operating conditions including thlt of maximum power transfer.
Based on this factor, a synchronous machine with a forced-action AER is usual-
ly represented in thL equivalent circuit by z, = 0, V

== const. Synchronous
mac lutle with proportional-action AER’s are gener 11h represented by z,

= x4, E, = const. Such equivalent circuits of ¢ sontrolled synchronous m: achines
are unul when assessing the steady-state stability neg lt‘{:lmg the self-oscillation,
when plotting the power-angle characteristics, ¢ l|l'lI| iting the power transfer
capacity of transmission lines al the design stage or dnlln? their operation
provided that no self-oscillation may occur in the system.
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. andl demonstrated that there are two) Cases, =

But later on, in 1990 ... 2006 ...

=P, Sauer and M. A. Pai clarified that the “special conditions"

mentioned by Venikov lead to results that should be
considered optimistic ...

eSauer, P. W. and Pai, M.A., 1990, "Power system steady-state stability and the load-flow
Jacobian", IEEE Transactions on Power Systems, 5, 4, November 1990, pp. 1374-1383

paper which proposed that under certain conditions,
there is a direct relationship between the singularity
of the standard load-flow Jacobian and the singularity
of the system dynamic state Jacobian [11]. This paper

has been cited as the primary justification for studying
the load-flow Jacobian matrix to determine critical
load levels. In this paper, we clarify this result in
the context of a fairly general dynamic model and show
that the result should be considered optimistic for any
type of steady-state stability analysis,

EINIECESSEHIN,

fealistic, where the standard! load-=flow: Jacoenian can be

related to the system dynamic state Jacehian:



J
But later on, in 1990 ... 2006 ... (cont'd)

There are two very special cases when
the determinant of the standard load-flow Jacobian
implies something about the steady-state stabllity of a
dynamic model. Both of these cases involve very drastic
assumptions about the synchronous machines and their
control systems. The load level which produces a sin-

gular load-flow Jacobian should be considered an opti-
mistic upper bound on maximum loadability. The actual
upper bound would be either the same or lower since 1t
requires both the existence of a solution and stable
dynamics.

Case A assumptions:

-stater resistance is negligible

-ransient reactances oif every: machine are negligiole
~flelld andl damper wWinding time censtants mifinitely large
-constant mechanical torgueto the shaft el eachi generator

~-SWING| bus machine has: infinite inertia, Whlch makes Vsying = CONSt
and! 6sying = CONSt (INfinite bus)

-all leads are censtant pewer




J
But later on, in 1990 ... 2006 ... (cont'd)

Case B assumptions:
~-Stator resistance Is negligible
~-N0 damper windings or speed damping

-high gain and fast excitation; systems so that alllgenerator terminal
voltages are constant

-constant mechanical torgue to the shaft of each generatorn
-all leads are censtant pewer

= [ThIs IS how: Sauer andl Pal conclude thelr paper:

For voltage collapse and roltage instability ana-
lysis, any conclusions based on the singularity of the
standard load-flow Jacobian would apply only to the
phenomena of voltage behavior near maximum power trans-

fer. Such analysis would not detect any voltage insta-
bilities associated with synchronous machine character-
istics or their controls.




Further Reasons to Represent the
Generators

=Here's what Barbier
and Barret had to say
N thelr seminal paper
that practically
started the research
N the field of veltage
Stability >

sBarbier, C. and Barret, J.P.,
1980, “An analysis of
phenomena ol vVeltage cellapse
0N a transmission systemr,
Revue Generale de I'Electricite,
89, 7, pp. 3-21

2.2. Non constant vollage source.

When the source substation can no longer hold its
voltage conslant, because it has reached its _limijt
(rolor or stalor current ol a generaling unit for example)
there are two possibilities ;

* either a lurther constant voltage point is found (such
as e.m.l. behind the synchronous reactance of an alter-
nator for operation of the lalter al constant excitation,
another source f{urther along the system). We are
then brought back to the case of para. 2.1, but with
a higher value for impedance Z; of the two-lerminal

system, or a lengthening of the route over which musl
be elflected the summation X P/U

* or lhere is no point of constant voltage and the
risks of voltage collapse are considerable. This would
be the case, for example, of a system in which all
the generaling units are at the limit of armature current
and in which the laller is maintained constant (at its
maximum value) during laking over of load. This
would lead to a collapse of voitage and instability of
the transformer tap-changers.

We may consider, as an example, the case of the
iwo-lerminal system ol Figure 1. Increased load de-
mand corresponds to reduction nf imnedanca 7 and




4 Further Reasons to Represent the

Generators (cont'd)

=The first bullet in the caption on the previous page Is
actually an indirect injunction te represent the machines

=The second bullet tells us that, In additien to iIncluding
the generators In the model, we must also detect whether
they are simultaneously: at Q.. and P, Because this
condition may trigger instability:

=On the other hand, If:

= |gzicl-flow celletlzitjons Weare tseac to aveltzite siagllity, fore of
ifegse gravisiors cotllcd g alarmenieel

= rlavearifalass, Wwea Waolllel zsitta ot io lnelijcle carareior fgelcizlf]ces
INEN GEE S GIVYATGEEIERRIE:
ssojanlareitor tarnlnzels Woaotllle ge raolzsicacl Wita trielr [riarrel rlocles
s=ojanlareiior gus voliziejas walllel cieticlf s o2carme e jrtarmel 2T

= Nawion-Raorsaon lozic=ilow calcilzitions watlld divere e gecatise eonlf, e
tvoleally e mierer tazr 40 oL




In a Nutshell ...

sSteady-state instability I1s identified by the singularity
of the dynamic state Jacobian

~the singularity of any ofi its submatrices results in steady-
state instability, in other words:

=>»steady-state instability can be detected by identifying the state
where any ofi the dP/ddl, dP/dV er dQ/dV sulbmartrices hecomes
Singular
-0 this basis, three “practical™ stability, criteria are defined:
* Voltage stability criteron dP/dV.
o steady-state stability criterion d@/dV <-- Used n QuickStalh
o angle stanility: criterion dP/do

sSteady-State: Stability: Cimit (SSSLL)

~-total MW (Internal generation: £ Impoiits) such that the
system Is staplein the presence of small lead changes




In a Nutshell ... (cont'd)

= Stability Reserve = "distance” from the current system
state to the SSSL
= Safe Operating Margin
-system MW loading where there Is no risk ofi transient
Instability
simplies no risk off aperiodic steady-state instability
~always much smaller than SSSIL
~Changes In the same direction with SSSL
~conceptually similar tor TTC as defined by NERC

eSany network that meets; the steady-state stanility.
conaditrens; canwithstand dyaamic permurihations and end

Nl a stablie eperating state”

(Magnien, M., “Rapport Special du Greupe 32 Conception et Fonctionnement
des Reseaux™, Conference Internationale des Grands Reseaux Elecirigues a
Haute Tension, CIGRE Session 1964)




