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newmark_ss

Produces a discrete-!me state-space model of the 2nd order ordinary differen!al equa!on
(ODE) given by:

This ODE is discre!zed based on the Newmark-  integra!on scheme.

The output state-space model has the form:

where 

Note that as the state-space representa!on only requires the input force  to be evaluated
at !me-step , thus the pass-through matrix  is not zero.

This func!on retuns a tuple with the discrete state-space matrices .

Theory

The following steps describe how to apply the Newmark-  scheme to the ODE in order to
generate the discrete !me-state space-model. It folows the development of [1].

 Nota!on

Bold upper case le#ers represent matrices, bold lower case le#ers represent vectors.
Non-bold symbols are scalars. Curly brackets indicate (block) vectors and square
brackets indicate (block) matrices.

Evalua!ng the ODE to the !me steps  and  and isola!ng the accelera!on term:

sharpy.linear.src.lingebm.newmark_ss(M, C, K, dt, num_damp=0.0001, M_is_SPD=False)
[source]
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The update equa!ons of the Newmark-beta scheme are [1]:

where .

The stencil is uncondi!onally stable if the tuning parameters  and  are chosen as:

where  accounts for small posi!ve algorithmic damping (  is num_damp  in the code).

Subs!tu!ng the former rela!ons onto the later ones, rearranging terms, and wri!ng it in
state-space form:

where

This is not in standard space-state form because the state update equa!on depends of the
input at . This term can be eliminated by defining the state
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See also sharpy.linear.src.libss.SSconv()  for more details on the elimina!on of the term
mul!plying  in the state equa!on.

This system is iden!fied with a standard discrete-!me state-space model

where

 Nota!on is used in the code

param M: Mass matrix 
type M: np.array
param C: Damping matrix 
type C: np.array
param K: S!ffness matrix 
type K: np.array
param dt: Timestep increment
type dt: float
param num_damp: Numerical damping. Default 1e-4
type num_damp: float
param M_is_SPD: whether to factorized M using Cholesky (only works for SPD

matrices) or LU decomposi!on. Default: False
type M_is_SPD: bool
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returns: with the  matrices of the discrete-!me state-
space representa!on

rtype: tuple
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