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Abstract— The DC-DC power converters have extreme importance in
contemporary applications. Moreover, the DC-DC power converters are the
ideal candidates in numerous applications such as electric and hybrid vehicles,
fuel cells and others. They have been extensively researched upon over three
decades. The control of these converters has been often implemented using
PWM techniques and based on discrete components and integrated circuits. In
this paper we propose a systematic approach for the control of step down DC-
DC converters with variable input voltage based on discontinuous control
action. We demonstrate that the proposed algorithm achieves robustness to
variations of the converter load and the input voltage without additional
Sensors.

Index Terms— step down converter, discontinuous control, Lyapunov stability.

I. INTRODUCTION

Step down DC-DC converters are used in applications where the required output voltage is lower than the
source voltage [1]. The difficulty in the control of DC-DC converters is due to their non-minimum phase
structure since the control input appears both in voltage and current equations [2, 3].

As DC-DC converters are nonlinear and time variant systems, the application of linear control techniques
for the control of these converters are not suitable [4, 5]. In order to design a linear control system using
classical linear control techniques, the small signal model is derived by linearization around a precise operating
point from the state space average model [6, 7, and 8]. The controllers based on these techniques are simple to
implement, however, it is difficult to account for the variation of systemparameters, because of the dependence
of small signal model parameters on the converter operating point [9, 10]. Variations of system parameters and
large signal transients such as those produced in the startup or against changes in the load cannot be dealt with
in these techniques [11]. Multiloop control techniques, such as current mode control, have greatly improved the
dynamic behavior, but the control design remains difficult especially for higher order converter topologies [12].
Control techniques suitable for DC-DC converters must cope with their intrinsic nonlinearity and wide input
voltage and load variations, ensuring stability in any operating condition while providing fast transient response
[9]. Since switching converters constitute a case of variable structure systems, the sliding mode control
technique can be a possible option to control this kind of circuits [13]. The use of sliding mode control enables
to improve and even overcome the deficiency of the control method based on small signal models [14, 15]. In
particular, sliding mode control improves the dynamic behavior of the system, endowing it with characteristics
such as robustness against changes in the load, uncertain system parameters and simple implementation [16,17].

In this paper, the application of discontinuous control for step down DC-DC voltage converters has been
analyzed. The operation and mathematical model for the converter have been described in section Il. In section
I11, the analysis for the control is made. Simulations are performed in section 1V and some conclusions are made
in section V.
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Il. MODELLING OF STEP DOWN DC-DC CONVERTER

The topology of step down converter is shown in Fig. 1. When the switch is on position 1 the circuit is
connected to the DC input source resulting in an output voltage across the load resistor. If the switch changes
its position to position 2, the inductor current will discharge through the load. Controlling switch position the
outpt voltage can be maintained at a desired level lower than the input source voltage.

C-

FIG. 1. SCHEMATIC OF CONVENTIONAL STEP-DOWN DC-DC VOLTAGE CONVERTER [1].

For a negligiblel resistance offered by DC-DC converter inductor, the depicted DC-DC step down
converter (Fig.1) can be described by the following equation:

1
Lg=ﬂg—i§a (1)

where | is the converter current (Amp), L and R are the inductance (Henry) and load resistance (Ohm),
respectively, E and Vs are input source and output voltages (Volts), respectively, and u is the control input, or a
switching function, which can acquire two discrete values — either 0 or 1.

For control purposes, the model of (1) can be written in terms of input voltage E and output voltage Ve only

as following:
Applying Ohm’s law we get

vﬂ
=%
Derive the above equation once
dl 7y
dt R
r )
Substitute for % in (1)
L
E'ﬂ‘a =ukE — Vg
Rearranging the above equation one can get
_ R R
'i?‘a ——IVG +Eﬂg (2)

For simplicity in notation, the above equation will be referred to the state space model described by (3)
below

& = —ax -+ auk (3)

R
where ¥ =% and * =7

I11. DICONTINUOUS CONTROL ANALYSIS
The first step in designing the controller is to define an error function e

e=X;—% 4)
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where %z =¥z, also, as the switching control may have values only 1 or 0, then the control
action u can be written as

%= %[:1 + sign(e)) ©)
Substitute for u and ¥ =%z — € from (4) and (5) into (3)

1
*=—ax+aEs (1 -+ sign(e))
1 1 .
=—alxy—a) + E&E +§aEs:§n{e}

1 1 .
& =—axg+zaE+ &e+§&£¥s:§n{é~)

Derive (4) once and substitute for &

d'=92“¢—92“=xd—&xd—%aﬂ+&e—%ﬁﬂsfgﬂ@} ©6)

To investigate the stability of the converter under the proposed control action u, the
Lyapunov stability criterion is applied.
First, define a positive definite Lyapunov function

V=3 )

Then, the system is considered stable if the Lyapunov function time derivative is
negative definite, to do so, derive (7) once with respect to time

F=gb=d (8)

Substitute for € from (6) into (7)

1 1 .
F=g¢=g|t; +ax; —54E —ae—ﬁaEs:gn{e}-l <

1 1
¥ =g, +aexg —zaEe— ae® —§&5|@‘| < Q

Applying the triangle inequality [18], the above equation can be rewritten as

1 1
V= lelliz| + alellxz| -5 alE llel — alelle] —alEllel = 0
Noticing that

le] =0 ¥e=0
Then
1 1
bigl + albig| - 3alE| —alel —5alE| <0

bzl + alxz|—alel —alE] <0
Finally, we get

1
1B ] = = gl + 1%l — lel 9)

The above inequality can have an upper bound when € =@, which results in
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1
1B | = =gl + logl (10)

If the desired output voltage is assumed to be constant, then %z = €, which makes the final
conclusion

IE| = |2l (11)

The inequality (11) simply shows that, in case that the desired output voltage is constant, then the
converter is able to give an output voltage equals to the desired as long as the supply voltage is greater
than the desired.

IV. SIMULATION AND RESULTS

The proposed control is applied to a conventional step-down converter in simulation using
MATLAB. The converter inductance is assumed to have a value of 200mH and applied to a resistive
load of 10 Ohms and the desired output voltage is 5 volts and the sampling time of the simulations is
set to Ims.

In the first simulation, it is assumed that the supply voltage E has a constant value of 12 Volts.
Figs 2, 3, 4 and 5 show the output voltage, load current and control signal, respectively.

Since the control signal in Fig. 4. is hard to recognize, another plot is added to show the
equivalent control signal, and this is done by filtering the control signal shown in Fig. 4, using a low
pass filter and the resulting signal is plotted in Fig. 5.
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In the second simulation, it is assumed that the supply voltage is variable or subjected to
disturbance and described as £ = 12 + 3sin(180t} | Figs. 6-11 show the results.
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A third simulation is performed to show the effect of load variation on the performance of the
converter. In this simulation, the supply voltage E is assumed to be constant at 12 volts but the load
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value changes suddenly from 10 to 5 ohms. Fig’s 12-15 show the results. Fig. 15 shows the load value
changes.
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V. CONCLUSIONS

In this paper an analysis for step down DC-DC voltage converters under discontinuous control has been
made where the Lyapunov stability criterion has been applied to determine the ability of the converter to give
the desired output voltage. The results show that the converter is able to give the desired output voltage
whenever the condition developed by (11) is satisfied which proves the validity of the theoretical part of the
analysis. It’s important to mention that, due to the switching nature of the circuit which is imposed by the on/off
switch, then some ripple will appear in the output signal which has a value about £0.001 volts in this work.
However, the output ripple can be reduced using a larger value for the inductor L which is primarily used to
filter out the high frequency component in the output signal. Another important factor is the switching frequency
which is directly affected by the circuit sampling time. In this work, the sampling time was chosen to have a
value of 1ms which results in some ripple in the output signal. On the other hand, choosing a smaller sampling
time value will result in less ripple in the output signal but also a higher switching frequency which might be
beyond the switch limitations in practical applications.
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