g ¢

M GESELLSCHAFT fiir
ANGEWANDTE MATHEMATIK und MECHANIK e.V.

INTERNATIONAL ASSOCIATION of APPLIED MATHEMATICS and MECHANICS

Funnel control for electrical circuits

Thomas Berger and Timo Reis (Universitat Hamburg)

System class

We consider passive linear time-invariant RLC circuits which
are modelled by modified nodal analysis as a differential-
algebraic system of the form

SEx(t) = Ax(t) + Bu(t), y(t)=Cx(t), (1)

where
SACCA + AgGA; AL Ay —Az 0
sE—A= —A] st 0|, B=C'=| 0 0 [,
—AJ, 0 0 00—y,

X = (77T Iz_'l‘l—l/_)—r' U = (’; V‘;/F)T7 Yy = (_VI1—iq/)T1

and
C € R G e R%" [ € R™"
AC E Rne;nC’ AK E Rne,ng' AL 6 Rne,nL, Ar[/ E Rne,nq/, AI E Rne,nz,

n=n.—+n,—+ Ny, mM=nNg-—+ Nyg.

Ac, Az, Az, Ay, A7 — element-related incidence matrices
C, G, L — consecutive relations of capacitances,
resistances and inductances
n(t) — vector of node potentials

ir(t), iy(t), iz(t) — vectors of currents through inductances,

voltage and current sources
vy(t), vz(t) — voltages of voltage and current sources

Passivity of the system implies

C=C'>0=">0G6+¢G" >0.

Control objective

o € C®(R5qR) s.t. gp,%gp are bounded, ©(0) = 0,
o(t) > 0 for t > 0 and liminf; o (t) > 0 (the set
of these functions is denoted by ®);

oy.s € BP(R>0;S), ie, Yef € C°(R>0;S) and yr(e/fc) is
bounded for all Kk > 0; & C R™ is a subspace.

We seek that the tracking error e =y — vy

evolves within the performance funnel F, =

{ (t,e) e Rog x R™ | ¢(t)|le|]l <1 }.  To ensure error

evolution within the funnel, we introduce the funnel con-
troller:

1
u(t) = —k(t)e(t), k(t)= (2
L —(t)*]e(2)]|?

We call A € C an invariant zero of (1) if
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Main result

Theorem. Assume that all invariant zeros of (1) are in C_.
Let Zo¢,7 be a matrix with full column rank such that

im Zoger = ker [Ac Ag A Az]
and let y,.r be a reference trajectory satisfying

Yeef € B (Rso;im A7 X ker Z o 7A0) .

Let ¢ € ® and x” € R" be a consistent initial value. Then (2)
applied to (1) has a global solution x € L™, k € L* such that

de>0VeE>0:
le(t)]] < p(t) ™ —e.
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