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Motivation (2/2)

Hardening suspension
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|. Modeling and Port-Hamiltonian formalism

Model : Thiele & Small + nonlinear refinements
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|. Modeling and Port-Hamiltonian formalism

Formalism : Port-Hamiltonian Systems

e Energy of a system : ’H(X) 2 0 withX(t) state

e Dissipated power: ) — ( ) S skew-symmetric : S = -ST
R.i L}_’ Power balance :
; “E_ _pyp
e External power : Pbu\ 7 - llT v dt 2
S & BTA=0
Vool ©B'SB=0 ¢/
— Power exchanges encoded in PHS structure
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|. Modeling and Port-Hamiltonian formalism

Port-Hamiltonian formalism : application to the loudspeaker
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ll. Numerical method for passive simulation

Aim : ensure stable simulations of passive systems

Method : preserve the power balance in the discrete-time domain
5LEA: — _Dh _I_ 7)57)(.11

Derivative of the chainrule | = H o X : B _ ddi{ VH(X)

dt
Xpp1 — X
1) Forward Euler numerical scheme : §; X, = k+1T k
€
2) Discrete version of the gradient operator :
s (X +0Xels) = B (UXels) 57 5, 2 0

[VH; (Xk, 6X5) = { [0.Xk];
hi([Xk];) if [0Xk]; =0

mmm) Chain rule preserved in discrete time :  0; F). = Vd%(Xk, 6th)T.5th 8



ll. Numerical method for passive simulation

e Solver based on Newton-Raphson iterative method
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l1l. Flatness-based correction

e Feed-forward control Input voltage

=
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e Corrector designed using
differential flatness :
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|\VV. Experimentations on a test-bench

Sensors:

e Displacement
e Current

e \oltage
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CONCLUSION

I
NUMERICAL RESULTS : EXPERIMENTAL RESULTS
WITHOUT CORRECTION  WITH CORRECTION : WITHOUT CORRECTION WITH CORRECTION
. s | 6 6
4 ], - n N N
mi m Twll Y TRl )
2L | \ {1 S 3 L O A O B R
gH | 3] \// \\/ \\ : §2/ / \// \\ ] \\/ \\ // \\ // \\ //
el \/ \ : D \/ V . VAR VAR BV
800 o1 oo 0.03T er:io;;s [So.]os 006 007 00 §o6 001 002 0.03T er;:;s [Sojos 006 0.07 0.0 : 610 %) O%Ae ps [(;.is .18 : i o1 O%Ae ps [236 018 5.20
20 I 10 10
I I [ -
! |
all A ar. ' |2 !
3 \/ / \ 3 LBy Bl
IRY g VUV R Y
: VooVolg = 2 IRV
X .03T en:l;s [Sa]os 006 0.07 28 006 007 008 816 %) o%; ps [(;.35 .18 ; 3. o1 o._?_ae mps [236 018 5.20

12



