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# / SHARPy Source Code / Linear SHARPy / Linearised System Source Code
Linear beam model class / newmark_ss

newmark _ss

sharpy.linear.src.lingebm.newmark_ss(M, C, K, dt, num_damp=0.0001, M_is_SPD=False)

[source]

Produces a discrete-time state-space model of the 2nd order ordinary differential equation
(ODE) given by:

Mq + Cq + Kq = f(t)
This ODE is discretized based on the Newmark-/ integration scheme.
The output state-space model has the form:

Xnt+1 = AgsXy + Byl
Y. = Cssx, + Dt

wherey = {q}
q

Note that as the state-space representation only requires the input force f to be evaluated
at time-step n, thus the pass-through matrix Dg is not zero.

This function retuns a tuple with the discrete state-space matrices (Ags, Bgsy, Css Dss ).

Theory

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

O Notation

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

Evaluating the ODE to the time steps 7, and 7,1 and isolating the acceleration term:
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q,=-M'Cq, - M 'Kq, + M'f,
. 1 -1 -1
dp+1 = -M an+l -M an+l +M fVl+1
The update equations of the Newmark-beta scheme are [1]:

Q1 = 4, + QA1+ (12 = G, A% + B,y Ar° + O(AL)
Aoy = 4, + (1 = A, AL + G, Af + OAP)
where At = 1,41 — 1,.

The stencil is unconditionally stable if the tuning parameters y and f# are chosen as:

r=35 a
A+ A24p* 1 1 5
P= " T T At

where a > 0 accounts for small positive algorithmic damping (@ is num_damp in the code).

Substituting the former relations onto the later ones, rearranging terms, and writing it in
state-space form:

q, qd,
Assl { . ! } = AssO { . } + BssOfn + Bsslfn+1

qn+1 qn
where
A [1+ pAPMT'K pAPPM™IC ]
! JAM K T4+ 7AM-'C
A (1- A2(12 - pM'K Al — (172 — p)APM™IC
0 —(1 — pAM'K I—(1—pAM'C
[(A2(172 — pYM !
Bsso = _1
(1 — y)AM
[(PAHM !
Bssl = -1
| (yYAnM

This is not in standard space-state form because the state update equation depends of the
input at 7., 1. This term can be eliminated by defining the state

Xp = { .n } - Assl_lBsslfn
q,

Then
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Xp+1

{ q,
q,
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= Assl_1 [ASSOXn + (ASSOASSI_IBSSI + Bss())fn]

= X, + Bgal,

See also sharpy.linear.src.libss.SSconv() for more details on the elimination of the term

multiplying f,,, | in the state equation.

This system is identified with a standard discrete-time state-space model

where

Xn+1 = Asan + Bssfn
Yn = Cssxp, + Dgsf,

Ass = Assl_lAsso

Bgs = Assl_l(Bsso + Ass0Ass1_1Bss1)
Ci =1

Dss = Bssl

O Notation is used in the code

param M:
type M:
param C:
type C:
param K:
type K:
param dt:
type dt:

param num_damp:

type num_damp:
param M_is_SPD:

type M_is_SPD:

thl =y

th2 = f
a0 = (1/2 — pAs?
b0 = (1 — y)At
al = fAr?
bl = yAt

Mass matrix M

np.array

Damping matrix C

np.array

Stiffness matrix K

np.array

Timestep increment

float

Numerical damping. Default 1e-4

float

whether to factorized M using Cholesky (only works for SPD
matrices) or LU decomposition. Default: False
bool
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returns: with the (Ags, Bgs, Css, Dss) matrices of the discrete-time state-
space representation
rtype: tuple
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