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Abstract: - In the present paper an H., control design is presented for DC-DC Cuk converter using its average
model. Lyapunov equation is used to derivate the controller and to estimate the L, gain too. Theoretical result

is supported by numerical simulations.
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1 Introduction

The Cuk converter is usually controlled by means of
finite sampling frequency pulse-width-modulation
(PWM) control schemes. In the present paper we
develop a PWM control scheme using an H,, control
law to regulate the Cuk converter affected by an ac
disturbance (ripple) in its DC source. This ripple
disturbance is considered in the average mode of
the Cuk converter, where this model was used to
obtain the H., control law. Our propose differs from
the proposein [3] from the point of view that we use
a Lyapunov equation to derivate our controller and
to estimate the L, gain too. Different controllers are
obtained for different Lyapunov equations given us
more flexibility in the design procedure. A computer
program for simulating the Cuk converter was
devel oped to support our theoretica result.

2 Problem Formulation

The PWM Cuk convert system is shown in Fig. 1
wherer; and r;, are internal resistances of inductors
L, and L, respectively, E is the DC source voltage
and w(t) is the disturbance on the system. This
disturbance can be some ac variation (ripple)
presented in the DC source E.

The switching operation is described in Fig. 2 where
Ts is the switching period divided in two time
intervas, oneis uTs where the transistor (TR) is ON
and the Diode (D) is OFF, the second oneis (1-u)Ts
where the operations is reversed, that is, Tr is OFF
and D isON. It is assumed that O<u<1.
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Fig.1 PWM Cuk converter system.
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Fig. 2 Timeratio of switching operation.

The state space average model of the Cuk converter
system is described by the following equations [1]

x=a(x)+b,(X)u+bw ()

with a, (x) = A)X+ g, b,(x) = Ax, where Ay, Ay, by
and g are the circuit parameters given by
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and thestatevectoris x' =[x, X, X, X, X]
:[il Vl i2 iL VL]'

Assume tha x=x;, u=us, and w=0 denotes the
operating point of the Cuk converter. Then, via
change of variables z=x-xs and v=u-us, the system
(1) inthe new variables zand v is given by

2=2a,(2) +b,(2)v+bw )
with a,(z) = (A, + Au,)z and b, (2) = A(z+X,) -

The system
7= (A +AU,)Z (6)

is asymptotically stable for any constant u=us [1],
this means that next L yapunov equation

PA, + ATP = -Q (7)

where A, = A+ Au, presents a unique positive
definite symmetric solution P for any given positive
definite symmetric matrix Q (see theorem 3.6 in
[2]), and the next

V=zPz (8)
is a Lyapunov function for the system (6). In
resume, the next equdity is obtained

V:a—vaz(z):—zTQz . 9)
0z

To postulate the H.., control problemit isrequired to
define the virtual output to be controlled, we
propose this as follows:

K(t) = [(JQ)% Z] (10)

\'%

where d is a positive constant less than one.

TheH,, control problemis as follows. Given ascalar
>0, design a smooth state feedback control law
v=vy(X) for (5) and (10) with v;(0)=0, and such that:
1) With w=0 the origin is asymptotic sable
equilibrium of the closed loop system,

2) TheL, gain from w to k of the closed-loop system
is not longer than ) i.e, there exist a function
LR ~R, with Z0)=0 and such tha for any initial
condition z, of (5), theinequality

[k dt < 2 ] Jw()] “dlt + B(z,) 1)

is satisfied for al t>0 and al piecewise continuous
functions w(t).

3 Problem Solution
Next is our main result.

Theorem 1.- Given a positive definite symmetric
matrix Q , the control law

v=-b] (2)Pz (12)
where P is the unique positive definite symmetric

solution to the Lyapunov equation (7), is a solution
tothe H,, control problem with

> [Aua (PBDTP) (13)
(1_ a-)Amin (Q)
where Anax(*) and Agin(*) denote the maximum and

minimum e genva ues respectively of the matrix *.

proof.- Using equation (8), its time derivative along
of thetrg ectory of the system (5) yidds,

V= %’[az(z) +b,(z)v+bw] (14)
Define

 2w) =V K -y
=V + H(d’Q)l/2 sz + HVH2 - yszH2 (15)

Then, using (14), we have
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Solving — =0 and =0 for w and v,
ow

respectively, we obtain
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Using (9) the above equation yid ds
. oV
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utilizing (8), we get
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Since wy is the maximizing w for H(z,w,v), then
H(z,w,v)sH* (z,w,,v,) for any w. Hence, we have

V < 40- 30 (Q 2 A, (P P
(@74 - + 7w
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=K+ 2w (22)

Now, we show that the origin of the closed-loop
system is globally asymptotic stable When w=0, it
follows from (22) that

V < {0-0),,,@Q —ylzﬂmax(PblbI P4’

where the condition in (13) secures that Vs
negative definite This proves asymptotic stability.
Next, taking integration on both sides of the
equation (22), from 0 to t>0, it results that

V() =V (2,) < = [k dt + 7 [|w]*ct

where z, is the initial condition of the system (5).
Since V(2)>0 for any z=0, the above implies that

[IKfat< 2 [l "at + 5(z,)

for any wOL, , where B(z,) =V(z,). This
conclude proof theorem 1. ¢

4 Simulation results

Our theoreica result is supported by the next
simulation example. A computer program for
simulating the Cuk converter system of Fig. 1 was
developed with parameters (taken from [1])
Li=L,=1mH, C;=100uF, C,=10uF, R=15%0,
ri=10Q, r,=050Q, L =10mH, E=30V, and with
operating point

x{ =[11.0204 75.9184 3.6735 3.6735 55.1020]

and

ug, =0.75.
The modulation frequency is chosen as 50kHZ. The
control law in theorem 1 was deve oped solving the
Lyapunov equation (7) with Q=1s,s. Fig.3 shows the
simulation results with w(t)=0 and Fig.4 for the
case when w(t)=1sin(27#t) with f=60Hz

5 Conclusion

In the present paper we developed an H., controller
for the DC-DC Cuk converter using a Lyapunov
equation. The estimation of the L, gain is given in
function to the solution to this L yapunov equation.
Simulation results are presented to support our
theoretica result. The procedure presented here can
be easily extended for the Buck-Boost and Boost
converter systems.
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Fig. 3 Simulation results for the unperturbed case:
Upper pictureis V, vstime (in seconds) and bottom
pictureisi; vstime (in seconds).

Fig. 4 Simulation results for the perturbed case:
Upper pictureis V. vstime (in seconds) and bottom
pictureisi; vstime (in seconds).
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Fig.5 Plot of the control law u vs time (in seconds)
for the perturbed case.



