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INTRODUCTION:

Stability is one of three routinely performed power-system computations and its importance is increasing with additional interconnections between areas.  The main objective of the stability problems is to calculate the system dynamic response as rapidly as possible with sufficient accuracy (as measured by the maximum error in the machine rotor angles over the study period), numerical stability (not showing an unstable case due to increasing propagation error), flexibility, ease of maintenance, and ability to handle increasing power-system stiffness (the ratio of the largest to smallest time constant).  With increased ties between areas and new fast response equipment, the stability problem continues to become increasingly complex.  This continues to drive the need for faster, better, stability algorithms and has contributed to the recent rise in popularity of implicit methods.

The power-system stability calculation is a differential-algebraic initial value problem.  The differential portion of the problem relates to the machine rotor reactances, time constants, and feedback loops represented by the swing equation.   The algebraic portion of the problem relates to the power-system network state variables and to the machine stator.  This creates a natural interface between the machine differential and the network algebraic equations that can be solved independently (a partitioned solution) or simultaneously (a simultaneous solution).

GENERATOR SOLUTIONS:

Focusing on the generator solution of the differential solution, integration methods can be categorized as partitioned or simultaneous.  A partitioned solution is one where the differential and algebraic portions of the equations are not solved at the same time.  A simultaneous solution is where the generator differential equations are transformed into algebraic equations and combined with the network algebraic equations and all variables are solved simultaneously.  

The partitioned approach has the advantage that integration method and network solution may be chosen independently.  In addition, the network solution is not required for each integration step decreasing simulation times.  All practical simultaneous solutions use implicit integration methods.  

Partitioned methods can be further subdivided into explicit or implicit and single step or multistep methods.   An explicit method is one where the differential problems are solved directly for y (shown in equation 1) versus an implicit method where the differential equations are transformed into algebraic equations and solved simultaneously with the network algebraic equations.  



ydot = f (y, u) = Ay + Bu

(1)

Explicit solutions are inherently unstable and are confined to small step sizes to keep error propagation from increasing to the point of numerical instability.  Explicit solutions frequently use extrapolation in the algebraic matrix equations.  Implicit solutions are inherently stable and therefore have an advantage to the modern power-system stiffness problem.  Implicit methods may also incorporate variable step length (integer values of the minimum step length) for relatively stable areas of the solution significantly improving solutions times.  The main disadvantage of the implicit methods is that they may produce a filtering effect on fast non-quiescent variables falsely producing a stable response.

Single step methods do not use information about the solution prior to the beginning of each integration step.  Multistep methods do use prior solution information and require the storage of previous variables or their derivatives. They typically use a predictor and corrector steps where the predictor-corrector pair consists of one open and one closed formula.  The predictor is applied once per step to provide good initial conditions for the corrector step.  The corrector integration is more stable and accurate than the predictor.

Solution Errors.  It is important to recognize sources of numerical errors in the solution of the integration method including, truncation error (inexactness of the integration formula), Arithmatic roundoff, any extrapolation errors, and interface error.  Interface error is a special hazard in modern power-systems due to the typically large stiffness of modern power-systems.

NETWORK SOLUTIONS

The network model contains the algebraic equations for the loaded transmission system and the machine stators.  The objective is to solve for the generator terminal voltages (V) based on nodal current injections at the loads and machine nodes, both of which are voltage dependent.

While there are four potential solutions, only two are practical for large complicated systems.  The factorized Y (or ordered triangular matrix) may be solved directly, or a Newton solution may be applied with some modification to convert the network equations from complex to polar form.
MODELING

Modeling plays an important part in determining which solution methods to choose for the network equations, and how to interface them with the differential equations. Critical factors to consider when modeling the system include machine dynamic saliency, non-impedance bus loads, machine saturation, machine and control time constants, and variable limits. 

CONCLUSIONS

Modern power-system are usually stiff and implicit methods have an advantage of being inherently stable and generally several times faster due to the ability to use large variable steps during relatively stable areas of the solution.  The paper recommends an implicit trapezoidal rule solution, interfaced in the partitioned manner, coupled with a Newton network solution.

