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Overview

Summary of the method :

@ Find the periodic solution of an ODE system
Y =f(Y, ) Y(t) €R"
by using a high order Fourrier serie expansion (HBM)

H H
Y(t) = Yo+ ) Yexcos(kwt) + > Vs sin(kwt)
k=1 k=1

@ The resulting (nonlinear) algebraic system on the Fourrier coefficients reads :
R(U)=0 with U=1[Yo, Yok, Yok, w, A]

@ Path following of the branches using high order Taylor series expansions with
respest to a path parameter a.

U@ =Uy+aU +a& +---+a" Uy
@ The resulting linear algebraic system on the U; reads :

oR ,
EUDZFS(Uhm,UpA)
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Overview

The conerstone

@ InHBM :insert 6(t) = 6 + 31, 0.4 cos(kwt) + Sk, 05 « sin(kwt)
into, for example,

R(O(t), \) := 0 + X0 + 6% +sin(9) =0
and "balance" the harmonic!

@ inANM :insertu(a) = up+au; +a +---+a"¥ uy
into ;
R(u, ) ::u+u2+L(u)—)\:0
1+u

and collect term with the same powers !

How to :
@ use Automatic Differentiation to do the job : nice for the user but poor efficiency.
@ do a quadratic recast of the equation : then the job become easy and efficient
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Continuation of periodic solutions with Manlab-4.0

Back to Fourier series : quadratic recast for HBM

Framework for ODE :

@ To find the periodic solution of the ODE system
Y =1£(Y,\) Y €R"
@ first, recast quadratic Z = [Y; Yaux] — quadratic DAE system

m(Z) = c(\) + I(Z,\) + q(Z, 2)
@ then apply Fourrier serie expansion (HBM)
H H
Z(t) =2y + > Zekcos(kwt) + > Zs k sin(kwt)
k=1 k=1

@ The resulting algebraic system on the Fourrier coefficients is of the form

R(Z.w,\) = C) + LZ N + Q2,2) —wM(2)  with 2 = (2, Ze s Ze]
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Back to Fourier series : quadratic recast for HBM

@ C(lambda) is quadratic in X

@ L[(Z,))islinearin X
Then

R(Z,w,\) = C(\) + L(Z,\) + Q(Z,Z) —wM(Z) s quadratic!

Advantage of this (ODE)framework : clear, stability available.

Drawback : double size system for mechanical systems with second time derivative
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Back to Fourier series : quadratic recast for HBM

Framework for Nonlinear Mode of mechanical conservative system :

@ equation of a mechanical conservative system
MU + f,(U) =0
@ add artificial damping to fall down into the continuation framework
MU + AU + f(U) =0

Manlab-4.0 can take into account of these two terms MU and AU

However, stability analysis no more available
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TP Matlab for periodic solutions

Good Luck!'!!
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