Mixed Adams – BDF Variable Step Algorithm

THESIS:

This paper addresses attempts to construct a fast, efficient, numerically stable, method to solve large, stiff power systems for both transient and long term stability while accurately identifying unstable conditions.  The variable step size allows the program to be fast for relatively stable portions of the solution and responsive for large deviations and sudden discontinuities.

GENERAL SOLUTION

The solution uses an implicit 2nd Order Adams method (trapezoidal rule) for the differential portion of the problem and the Backwards Differentiation Formula (basically the Adams method) for the algebraic state variables.  Both methods are implicit which means that the numerical techniques are stable.  A simultaneous method was chosen to eliminate interface errors.  Variable step sizes are incorporated for speed.

SPECIAL FEATURES

The algorithm incorporates Gear’s formulas into the variable step using a NORDSIECK vector.  This vector is the state variables vector and its (q) successive derivatives from 1 to q where q = the order of the integration.  From this, a new vector is obtained by multiplying the state variable vector by a (q+1,q+1) diagonal matrix where the jth diagonal element is (j and ( = the ratio of two consecutive step sizes.  

PREDICTOR PHASE

The algorithm uses the NORDSICK vector to predict the state variable and its derivatives allowing a good initial predicted value for the corrector stage despite a variable step length step.

CORRECTOR PHASE

The algorithm uses Newton’s method to solve the algebraic portion of equations.  According to Gear’s work there is a computation penalty incurred when changing step size and order due to Jacobian calculations.  To speed up the solution, the Jacobian is kept constant on the NEWTON iterations.  It is also kept constant as long as possible over many time constants which avoids recalculating the Jacobian matrix (called a Very DisHonest Newton Method). 

VARIABLE TIME STEP SELECTION

The variable time step is determined by a use tolerance for error margin.  The estimated global truncation error is calculated and compared to the user tolerance.  If the tolerance is acceptable the step size continues, otherwise it is recalculated until the error is within tolerance.

SPECIAL CONSIDERATIONS

In order to maintain good numerical stability integration orders greater than 2 are avoided and in the case of large disturbances the algorithm is re-initialized with an order of 1.

HYPERSTABILITY

The BDF or Adams method will produce stable results for an unstable solution for BDF orders greater than 2, thus orders greater than 2 are avoided.  This method requires that the user be familiar with numerical stability or the speed advantages of the algorithm are diminished by the need enforce a more severe global accuracy resulting in a small time step. The trapezoidal Adams method was specifically chosen due to it’s ‘A-symmetrical stability’.  This symmetry insures that the unstable mode will never lie inside the stability domain.

