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

ƒƒsince the internal reactances of the machines are since the internal reactances of the machines are notnot included in included in 
the loadthe load--flow model,  this sounds like attempting to perform flow model,  this sounds like attempting to perform 
stability analysis stability analysis withoutwithout representing the generatorsrepresenting the generators

However, well known stability experts have shown that:However, well known stability experts have shown that:
ƒƒcomputational models that do not represent the generators are, acomputational models that do not represent the generators are, at t 
best, optimisticbest, optimistic

ƒƒthe stability of the steadythe stability of the steady--state equilibrium point should be state equilibrium point should be 
determined by evaluating the determined by evaluating the dynamic state Jacobiandynamic state Jacobian, rather than , rather than 
the  loadthe  load--flow Jacobianflow Jacobian

The following slides summarize a White Paper that aims The following slides summarize a White Paper that aims 
at clarifying this issueat clarifying this issue



It all started in 1975 when ...It all started in 1975 when ...
V. A. Venikov et al. proposed that V. A. Venikov et al. proposed that under "certain under "certain 
conditions"conditions" the singularity of the standard loadthe singularity of the standard load--flow flow 
Jacobian indicates steadyJacobian indicates steady--state instabilitystate instability

Venikov, V. A., Stroyev, V. A., Idelchick, V. I. 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

ƒƒthese "special conditions" imply neglecting the generator these "special conditions" imply neglecting the generator 
reactances and assuming constant terminal voltagesreactances and assuming constant terminal voltages

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



But later on, in 1990 ... 2006 ...But later on, in 1990 ... 2006 ...
P. Sauer and M. A. Pai clarified that the "special conditions" P. Sauer and M. A. Pai clarified that the "special conditions" 
mentioned by Venikov lead to results that should be mentioned by Venikov lead to results that should be 
considered optimistic ...considered optimistic ...

Sauer, 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

... and demonstrated that there are two cases, ... and demonstrated that there are two cases, "not necessarily "not necessarily 
realistic"realistic", where the standard load, where the standard load--flow Jacobian can be flow Jacobian can be 
related to the system dynamic state Jacobian:related to the system dynamic state Jacobian:



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

Case ACase A assumptions:assumptions:
ƒƒstator resistance is negligiblestator resistance is negligible
ƒƒtransient reactances of every machine are negligibletransient reactances of every machine are negligible
ƒƒfield and damper winding time constants infinitely largefield and damper winding time constants infinitely large
ƒƒconstant mechanical torque to the shaft of each generatorconstant mechanical torque to the shaft of each generator
ƒƒswing bus machine has infinite inertia, which makes Vswing bus machine has infinite inertia, which makes Vswingswing = const = const 
and and δδswingswing = const (infinite bus)= const (infinite bus)

ƒƒall loads are constant powerall loads are constant power



But later on, in 1990 ... 2006 ... (cont'd)But later on, in 1990 ... 2006 ... (cont'd)
Case BCase B assumptions:assumptions:
ƒƒstator resistance is negligiblestator resistance is negligible
ƒƒno damper windings or speed dampingno damper windings or speed damping
ƒƒhigh gain and fast excitation systems so that all generator termhigh gain and fast excitation systems so that all generator terminal inal 
voltages are constantvoltages are constant

ƒƒconstant mechanical torque to the shaft of each generatorconstant mechanical torque to the shaft of each generator
ƒƒall loads are constant powerall loads are constant power

This is how Sauer and Pai conclude their paper:This is how Sauer and Pai conclude their paper:



Further Reasons to Represent the Further Reasons to Represent the 
GeneratorsGenerators

Here's what Barbier Here's what Barbier 
and Barret had to say and Barret had to say 
in their seminal paper in their seminal paper 
that practically that practically 
started the research started the research 
in the field of voltage in the field of voltage 
stability stability ---->>

Barbier, C. and Barret, J.P., Barbier, C. and Barret, J.P., 
1980, "An analysis of 1980, "An analysis of 
phenomena of voltage collapse phenomena of voltage collapse 
on a transmission system", on a transmission system", 
Revue GRevue Géénnéérale de l'Electricitrale de l'Electricitéé, , 
89, 7, pp. 389, 7, pp. 3--2121



Further Reasons to Represent the Further Reasons to Represent the 
Generators (cont'd)Generators (cont'd)

The first bullet in the caption on the previous page is The first bullet in the caption on the previous page is 
actually an indirect injunction to represent the machinesactually an indirect injunction to represent the machines
The second bullet tells us that, in addition to including The second bullet tells us that, in addition to including 
the generators in the model, we must also detect whether the generators in the model, we must also detect whether 
they are simultaneously at Qthey are simultaneously at Qmaxmax and Pand Pmaxmax because this because this 
condition may trigger instabilitycondition may trigger instability
On the other hand, if:On the other hand, if:

loadload--flow calculations were used to evaluate stability, none of flow calculations were used to evaluate stability, none of 
these provisions could be implementedthese provisions could be implemented
nevertheless, we would attempt to include generator reactances nevertheless, we would attempt to include generator reactances 
in the loadin the load--flow model, then the:flow model, then the:

generator terminals would be replaced with their internal nodesgenerator terminals would be replaced with their internal nodes
generator bus voltages would actually become the internal e.m.f.generator bus voltages would actually become the internal e.m.f.
NewtonNewton--Raphson loadRaphson load--flow calculations would diverge because e.m.f. are flow calculations would diverge because e.m.f. are 
typically much higher than 1.0 p.u.typically much higher than 1.0 p.u.



In a Nutshell ...In a Nutshell ...
SteadySteady--state instability is identified by the singularity state instability is identified by the singularity 
of the of the dynamic statedynamic state JacobianJacobian
ƒƒthe singularity of any of its submatrices results in steadythe singularity of any of its submatrices results in steady--
state instability, in other words:state instability, in other words:

steadysteady--state instability can be detected by identifying the state state instability can be detected by identifying the state 
where any of the dP/dd, dP/dV or dQ/dV submatrices becomes where any of the dP/dd, dP/dV or dQ/dV submatrices becomes 
singularsingular

ƒƒon this basis, three "practical" stability criteria are defined:on this basis, three "practical" stability criteria are defined:
voltage stability criterion dP/dVvoltage stability criterion dP/dV
steadysteady--state stability criterion dQ/dV state stability criterion dQ/dV <<---- used in QuickStabused in QuickStab
angle stability criterion dP/dangle stability criterion dP/dδδ

SteadySteady--State Stability Limit (SSSL)State Stability Limit (SSSL)
ƒƒtotal MW (internal generation + imports) such that the total MW (internal generation + imports) such that the 
system is stable in the presence of small load changessystem is stable in the presence of small load changes



In a Nutshell ... (cont'd)In a Nutshell ... (cont'd)
Stability Reserve = "distance" from the current system Stability Reserve = "distance" from the current system 
state to the SSSLstate to the SSSL
Safe Operating MarginSafe Operating Margin
ƒƒsystem MW loading where there is no risk of transient system MW loading where there is no risk of transient 
instabilityinstability

implies no risk of implies no risk of aperiodicaperiodic steadysteady--state instabilitystate instability
ƒƒalways always much smallermuch smaller than SSSLthan SSSL
ƒƒchanges in the same direction with SSSLchanges in the same direction with SSSL
ƒƒconceptually similar to TTC as defined by NERCconceptually similar to TTC as defined by NERC

"any network that meets the steady"any network that meets the steady--state stability state stability 
conditions can withstand dynamic perturbations and end conditions can withstand dynamic perturbations and end 
in a stable operating state"in a stable operating state"

°° (Magnien, M., "Rapport Sp(Magnien, M., "Rapport Spéécial du Groupe 32 Conception et Fonctionnement cial du Groupe 32 Conception et Fonctionnement 
des Rdes Rééseaux", Confseaux", Conféérence Internationale des Grands Rrence Internationale des Grands Rééseaux Electriques seaux Electriques àà
Haute Tension, CIGRE Session 1964)Haute Tension, CIGRE Session 1964)


