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The paper deals with the exact computation of the jacobian for a time model of power electronics structures. The model uses the derivation of the numerical integration of the state equations. The modelling of the static converter is with variable topology, i.e. with perfect switches (on/off). Criteria (like rms values, average values and maximum values) are calculated during the time simulation, as the derivatives of the state variables according the sizing parameters of the components. However, finite differences stay the only solution for some criteria. The approach is illustrated on an simple electric drive application.

INTRODUCTION

The use of finite differences on power electronics simulation (e.g. PSPice, Simplorer, Psim, Saber, Portunus, etc.) is a simple way to obtain the derivatives of some rms values, average values and maximum values according the components values of the circuit. However, this approach may be instable on the derivative computation and can be time consuming. A solution is to use a numerical integration of the state equations and to use the properties of state equations and their derivation to obtain the derivatives of any state variable or output variable according the sizing parameters of the studied application. From these results, other performances can be obtained. In the context of power electronics applications, the use of such an approach establishes some questions. Which model to use for the switches? Is the model entirely derivable? How to deduce performances from the state variables and their derivative? How to derivate according control variables that may not be continuous in the model? All these aspects will be illustrate on a simple electrical drive.

NUMERICAL SOLVING OF STATE EQUATION AND DERIVATIVES ACCORDING PARAMETERS

State equation

The state equation of any system can be extended to obtain the derivatives of any state variable 𝑋 according the parameters (𝑃 = {𝑃 𝑖=1..𝑚 }) of the system (appearing in matrixes 𝐴 and vector 𝐵):
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Where: 𝑡 represents the time, and 𝑢(𝑃, 𝑡) is the expression of the state inputs (e.g.: the sources of the electronic circuit). 𝐴(𝑃), 𝐵(𝑃), and 𝑢(𝑃, 𝑡) depend directly on 𝑃, the parameters of the circuit.

The derivative of this equation according to any input 𝑃 𝑖=1..𝑚 of the sizing model gives:
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A new system can be created by these two equations, named [START_REF] Fischer | From the electronic circuit to the simulation component : an automatic component building process[END_REF]: September 6 -8, 2021, Szczecin, POLAND 
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Note that for each parameter 𝑃 𝑖 , a new line of blocks is added in the matrix equation 3, increasing the state variable vector. However, the dynamic of the system stay the one given by 𝐴. So, the simulation time step can be the one given to simulate 𝑋.

In the paper, a Runge Kutta 44 solving method is chosen. Fixed or adaptive simulation step are discussed. This offers a good compromise between semi-analytical integration [START_REF] Fischer | From the electronic circuit to the simulation component : an automatic component building process[END_REF] and numerical approach. These aspects will be detailed in the full paper.

Derivatives of other criteria

From this simulation, output variables   Yt that are not state variable can be deduced, using
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In a power electronics structure, it is useful to get rms values, average values and maximum values of some variables. To compute them, a steady state must be reached and their computation needs to be carried out on the reference period of the circuit. In the paper, this is carried out during the simulation, mixing trapeze integration for the integral expression and symbolic derivation for the derivatives. Their computations are activated one period before the end of the simulation and carried during the last period, allowing to not store data. However, for the derivatives according control variables, finite differences may be chosen according the derivability of the model. These aspects will be detailed in the full paper.

Application

The approach is illustrated on simple power electronics structure [3][4]. There are soft commutations, so their management is important. One state equation is defined for each conduction state of the switches, so the change of model according time is managed using the principle of paper [START_REF] Lechevalier | Automatic design of discrete time-models of static converter[END_REF], but carried out by hand and implemented.

The derivatives of the state equations are symbolically obtained (using Maple). The implementation is in Java language, using object oriented programming to structure the code. The sizing by optimisation (numerous criteria on the electrical machine) is carried out using SQP optimisation.

CONCLUSIONS

The paper presents a way to include time criteria in the optimisation of power electronics structures with time simulation. This work proposes a real solution for dynamic model, even if the modelling stay made by hand.