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Fixed frequency sliding mode control for boost converter

This paper describes a sliding mode controller for a boost converter in fixed-frequency operating mode. The control law is built in using Lyapunov function in order to minimize the energy storage for transient operation. The switching function uses a load observer and is implanted according to a constant frequency scheme. The article notes several tests in numerical simulation.

I. INTRODUCTION

Advanced control techniques for the control of power converters are becoming more and more popular and many applications show that they are able to produce better performances than classical control structures. For example, it is recognized that the sliding mode control approach result in robust and simple control implementation for both linear and non linear plants.

Generally these controls laws evolve in free frequency, which can pose problems of several natures (variable losses, thermal cycles, acoustic noise production, Electro Magnetic Interference...)

The two basic methods to obtain constant switching frequency operation are: using an adaptive hysteresis-band controller or generating an additional signal in order to constraint the commutation of the switch. The proposed solution here consists in adapting a diagram of the type mode current control to the switching law. To increase the zone of stability it is right to define an additional signal to get a repetitive and steady operating mode.

The control law developed here consists on the minimization of the energy stocked during the transient of the reference. This approach makes the knowledge of the reference current, and therefore of the load, appears as an inherent difficulty. This difficulty is solved by means of a load observer based in the measured current.

Several simulation results attest the robustness and the efficiency in (?) performance of this structure. 

II. MODEL CONVERTER
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Where the binary variable u represents the state of switch T1 (u=1 when T1 is closed and u=0 when T1 is open). iL represents the current in the inductor L and R is the equivalent load (R1 or R1//R2).

The standard representation is done by:
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III. PRINCIPLE OF CONTROL LAW

A change of variable in equation ( 2) permits to describe the dynamic behavior in term of error variables:
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Vector Xref is composed respectively by the reference current of the inductor and the output voltage reference. Equivalent input voltage Ueq represents the mean voltage which maintains the system in steady state. Therefore, the input u takes the numerical quantities exclusively -Ueq and (1-Ueq) according to the state of the switch. From that, it is possible to define a function of Lyapunov as
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The used method consists in imposing the derivative of the Lyapunov function to be negative, by acting on the input, so:
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And the solution is done by:
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The S function represents the trajectory wished for the converter, and a commutation is provoked when the state trajectory crosses the commutation line. For a classical approach and in the aims to limit the frequency of commutation, it is necessary to define a width of hysteresis (H) in accordance with relation (9).
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The application of this method let us to define the commutation line as:
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This control law is simple and efficient, but it presents the inconvenience to require the knowledge of the current of reference iLref. This current is linked to the reference voltage and the load by the relation (11). For this configuration the frequency evolves under working and in steady state the frequency depends on the reference voltage according to the law (12):
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In order to operate at constant frequency, it is possible to modify the commutation law. It can be done imposing the closing of the switch in the beginning of switching period and opening the switch when function S(x) changes of sign.
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The study of the stability of the minimal values S -is describe by this following recurrence equation:
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The condition of stability expresses itself thus:
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It corresponds to a duty cycle equivalent lower to ½

In the goal to extend the zone of stability of this device, it is necessary to add a signal of stabilization at switching frequency like figure (5). The slope of this signal (p3) is designed in function of the duty cycle in steady state.

S -(k)

S -(k+1) S=0

Td

Slope p1 Slope p2 Slope p3

Fig. 5 The equation ( 13) is transformed and becomes:
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The parameter p3 is chosen to assure the stability according to the reference voltage while minimizing the introduced static error.

The figure (6) shows this solution called Fixed-Frequency modulation. The reconstruction of the load current ( ˆch i ) is achieved with an observer (figure 7), which needs the measures of the current in the inductance (iL), the output voltage (VS) and the state of the switch (u). The closed-loop dynamics is fixed to the tenth of the switching frequency. The estimation of the load current permits to know the value of the load and therefore to estimate the necessary reference of current (iLref) by the relation:
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To assure a zero error in steady state for a constant reference entry, it is necessary to add to this diagram an integrator for the voltage error with a slower time constant.

IV. SIMULATION RESULTS

To test this control law we propose to achieve a starting from zero initial conditions with a R1 load. At t=0.04 s a load change will be provoked by closing T2. The load will be doubled then (R1=R2).

The figure 8 shows the evolution of the output voltage for a reference equal to Vcref = 2E. 
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 1 Fig.1 Converter structure The structure of conversion is represented on figure 1. The objective of the control law consists in imposing an
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 8910 Fig. 8 Output voltageThe starting with zero initial conditions is a very stern transient for this converter type and we note an overtaking mastered of the current in figure9.