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MODELLING: Input-State-Output representations

Port-Hamiltonian Systems
with

a component-based approach

(finite-dimensional case = ODEs)
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— Differential-Algebraic Formulation  (with no constraint: PH-DAE [Maschke,Schaft ])



Example: damped mechanical oscillator excited by Fext (mz+ rz 4 kz = Fext)
(no gravity)
e 4 separate components
(i1)
(i2) spring of elongation &

mass of momentum 7 = mv (energy: ;mv® = 7

(if) damper of velocity Vg, K .
(i) actuator applying a force Fexr (—your finger experiences — Fext)
state energy H, || flow f effort e
x1 =7 | ©2/(2m) X =7 H{(x1)= x1/m
xp =€ | k€22 X =¢ Hy(x2)= k x2

blue : force wo=Vap | z(w) =rw |

ext red : velocity y = Vext| U = —Fext




Example: damped mechanical oscillator excited by Fext (mz+ rz 4 kz = Fext)
(no gravity)

e 4 separate components i

state energy H, [ flow f effort e I K/[@l
x1 =7 | ©2/(2m) x| =7 H{(x1)= x1/m m
xo =€ | k€22 So =¢ Hj(x2)= k x2
blue : force w o= Vap | 2(w) =rw k r
ext red : velocity y = Vext| u 1= — Foxt

e assembled with rigid connections

@ internal |forces are balanced| Fin + Fsp+ Fap+(—Fext) =0

@ all | velocities are equal | Vi, = Vsp = Vigp = Vext

T=Fn ||x 0 Hi(x) | Vm= =/m
§=Vep | 5o [_| 1 0]0]oO Hia) | Foo= K¢
Vap w 1 0 0|0 2(w) “Fap = rVap
Vext y 1 0 0 0 u _Fext
f S=—_sT .
— Formulation (1) with H(x) = Hi(x1) + Ha(x2) (ODE: with z =€)

— § = —S8T is canonical (no mechanical coefficients)
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