N

N
N

HAL

open science

Hybrid Control of Resonant Converters

Nicola Zaupa, Carlos Olalla, Isabelle Queinnec, Luis Martinez-Salamero, Luca

Zaccarian

» To cite this version:

Nicola Zaupa, Carlos Olalla, Isabelle Queinnec, Luis Martinez-Salamero, Luca Zaccarian. Hybrid
Control of Resonant Converters. Workshop "Methods and Algorithms for the Control of Complex

Systems”, Aug 2024, Banyuls sur-mer, France, France. 2024. hal-04700237

HAL Id: hal-04700237
https://laas.hal.science/hal-04700237v1

Submitted on 17 Sep 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://laas.hal.science/hal-04700237v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Hybrid Control ot Resonant Converters

. * . * . ) .
Nicola Zaupa , Carlos Olalla™, Isabelle Queinnec, Luis Martinez-Salamero!. Luca Zaccarian *

" LAAS-CNRS (Toulouse, France), T URV (Tarragona, Spain), ¥ UniTN (Trento, ltaly)

Motivation

Control of power resonant converters is a field where Hybrid Dynamical Systems theory can be naturally applied due to the dual nature of the systems: the
continuous one related to the dynamics of the passive components, and the discrete one related to the switches. In this work we develop a control strategy
that ensures a self-oscillating behavior in which the frequency and the amplitude of the signals in the resonant tank can be modulated.

Resonant Converters

Proposed control law: mixed modulation

In simple words, the resonant converter transforms a DC Hybrid dynamical model with continuous states (1, x2) and discrete states (o, d):
voltage into a sinusoidal one taking advantage of the .
natural oscillation phenomenon — present when there is a (1, %2,0,d) = (Wox2, —wox1 — Bw2 +woo, 0, 0), (x1,22,0,d) € C(yp,9),
network of capacitors and inductors called resonant tank. (2,2, 0%,d") = (21, z2, —d+ 0, —d+ 20), (z1,29,0,d) € D(p,9).
Yin 4 Vout 4. The discrete dynamics ensures the correct se-
> vin | Resonant | Vout > quence for o, while the jump set enforces a par-
t Inverter \J ticular modulation behavior. From an intuitive

perspective, four different zones (flow sets) are
defined in the (x1,xz2) plane corresponding to
the o values in a period: ¢ = —1,0,1,0,...
From a practical point of view:

The core is the resonant tank that comprises an L-C
network characterized by high-frequency AC waveforms
of current and voltage. In the following we consider the
series second-order resonant tank.

e increasing the aperture ¢ of the sets with
o = 0 the amplitude decreases (amplitude
modulation);

Dynamical model

e rotating the sets counterclockwise () the
frequency increases (frequency modulation).

Consider a second-order series resonant converter

Resonant Tank

there is the magnetizing inductance L,,, of
the transformer in parallel with the output.
Differences:
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described by the following dynamical equations e boost operation is enabled;

e galvanic isolation.

and the Results: a comparison

damping factor 8 := —, we introduce the set of dimen-
sionless coordinates (xl, T):
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By defining the resonant frequency wq :=
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Typical modulation control laws can be framed in our proposed control law by fixing some
parameters. Frequency modulation: ¢ = m# — 6 and ¢ = 0. Phase-shift modulation:
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frequency modulation phase-shift modulation mixed modulation
Therefore, equations (1) in statespace reads as 72 ) T2 ) 72 )
_Zijl_ _ 0 Wo | _561_ _ 0 _
| = — 0. (3)

L2 —wo  —f] |22 W0 |

E/_/ \/-/ /9//_-

A B /

In simple words, the system corresponds to a second-order /

harmonic oscillator with parameters (wq, ).

Zero-Voltage Switching (ZVS) d SM/W\ \
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In few words, ZVS occurs when the input current 74 is _10 T W(;'O T T T T S
positive when o is decreasing, and vice versa. Having time (11s) time (ps) time (us)
/VS ensures a higher switching efficiency.

v ZVS X No ZVS v ZVS

X Large frequency range v Constant frequency v Limited frequency
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