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In this paper a dynamic analysis of the nonisolated and isolated dc-dc SEPIC (Single Ended Primary
Inductance Converter) based on the substitution of the switches (transistor and diode) by PWM averaged
switch model equivalent circuit is presented. 

The SEPIC converter is used when the wide range of input voltages is required. Besides the switches the
SEPIC converter circuit consists of two inductors and two capacitors. Due to this, its dynamic model is of
the fourth order differential equations system. The duty cycle and transformer turn ratio have great impact on
the converter dynamics. The system parameters design guidelines are given to assure that the dynamic system
has well separated resonance frequencies. The derived dynamic model was verified by simulation toolbox
SimPowerSystems.
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1 INTRODUCTION

Computers and telecom equipment are steadily
becoming more complex, providing ever higher le-
vels of performance. Integral part of all this equip-
ment is a dc-dc power conversion system which
converts the incoming unregulated power from
utility or other source, to the multiple regulated
voltages required by the equipment. Nowadays, the
power subsystem constitutes a significant part of
the equipment cost and volume. 

Such dc-dc power conversion subsystems can
be realized by different circuit topologies. Among
them the buck, boost, buck-boost and Cuk conver-
ters are the basic and the most used. Each of the
circuit topology has its advantages and disadvan-
tages and the choice depends on requirements for
power conversion system. In general, circuits with
the switch referenced to the ground node are pre-
ferred to simplify the switch driving circuits. Addi-
tionally, the non-pulsating input current is desir-
able to minimize EMI and reduce the need for ad-
ditional filter elements. Significant advantage of
the power conversion system is also the ability to
generate output voltage either above or below the
input voltage. 

The SEPIC converter topology is one that ful-
fils all above requirements without inverting volta-
ge polarity. The circuit was first developed at

AT&T Bell laboratories [1] in the mid 1970s and
has not been very widely used until recently. Now
it is becoming more and more popular, especially
in power conversion systems where the input volt-
age varies in wide range. 

In typical dc-dc power conversion system the
output voltage must be kept constant regardless of
changes in the input voltage or in effective load
resistance. Therefore, such system invariably re-
quires feedback control loop. Its design is based
on the dynamic model of dc-dc power conversion
system. The SEPIC converter belongs to the class
of the switching converters and therefore should
be regarded as a nonlinear structure. In literature
many different approaches for modelling such non-
linear structure are described. A current injected
approach, circuit averaging and state space aver-
aging method [2, 3, 4, 5] are the most popular. By
all, the averaging and the small-signal lineariza-
tion are the key steps in modelling switching con-
verter. The state space averaging method that is
described in [2] is appropriate for the modelling
of switching converters operating in continuous
conduction mode while is less suitable for switch-
ing converters operating in discontinuous conduc-
tion mode. The current injected method [3, 4] can
be applied for switching converters operating in
either continuous or discontinuous conduction mo-
de. It is well established for modelling the basic
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converters structures as are buck, boost or buck-
-boost. The circuit averaging method [5] was deve-
loped before the state-space averaging and due to
its generality has gained a lot of interest recently.

In this paper a full order dynamic model of the
SEPIC converter is derived by the method of cir-
cuit averaging and averaged switch modelling [6].
The derived dynamic model enables insight into
the physical properties of the converter and gives
relations between converter parameters and dynam-
ic properties of the system. Therefore it is a good
starting point in converter design-oriented analysis
and also enables the design of the feedback con-
trol loop.

2 CIRCUIT AVERAGING AND AVERAGED 
SWITCH MODELING FOR NONISOLATED 
SEPIC CONVERTER

With circuit averaging method we average the
converter waveforms directly rather than average
the state-space equations. In this way the method
gives a more physical interpretation to the model
and can be applied directly to a number of different
structures of converters and switch elements. The
key step consists in the replacement of the con-
verter switches with the voltage and current sour-
ces to obtain a time-invariant circuit topology. The
voltage and current generators waveforms are defi-
ned to be identical to the original converter switch
waveforms. For obtained time-invariant circuit the
converter waveforms are averaged over one swit-
ching period to eliminate the switching harmonics.

In Figure 1 the circuit topology of the noniso-
lated SEPIC converter is presented. It consists of
two inductances, two capacitors, one MOSFET
transistor, one diode, the input voltage source and
the load resistance at the output of the converter. 

The first step to obtain the averaged switch model
is to sketch the converter in the form of Figure 2,
where the switching elements (transistor and dio-
de) are separated from the rest of the circuit. In
Figure 3 the waveforms of the switch network of
the SEPIC converter operating in continuous con-
duction mode are shown.

By assumption that the natural time constants
of the converter are much longer than the switch-
ing time period TS we can average the waveforms
over the switching period TS. The obtained aver-
aged model predicts the behaviour of the system
at the low frequencies and neglects the high fre-
quency switching harmonics. The averaged values
of the SEPIC switch terminal waveforms are de-
scribed by:
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Fig. 1 The nonisolated SEPIC converter circuit topology

The basic idea of the averaged switch model-
ling is to find an averaged circuit model for the
switch network. Then the averaged switch model
is inserted into the converter circuit topology to
obtain the averaged circuit model of the converter.

Fig. 2 Rearranged nonisolated SEPIC converter circuit topo-
logy

Fig. 3 The switch network terminal waveforms
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where the averaged value is denoted by 〈�〉⏐Ts and
d(t) is a duty cycle as a control input. We have se-
lected 〈i1(t)〉⏐Ts and 〈u2(t)〉⏐Ts as the switch network
independent inputs, 〈i2(t)〉⏐Ts and 〈u1(t)〉⏐Ts are
switch network dependent outputs. By elimination
of the converter’s signals 〈uC1(t)〉⏐Ts, 〈uC2(t)〉⏐Ts,
〈iL1(t)〉⏐Ts and 〈iL2(t)〉⏐Ts equation (1) can be re-
arranged in a form where the switch dependent
outputs are expressed as a function of switch in-
dependent inputs and duty cycle d(t):

(2)

Equation (2) describes the averaged model of
the switch network that is valid for the frequen-
cies sufficiently less than the switching frequency.
By perturbation and linearization of (2) we can
construct a small-signal ac model:

(3)

With the substitution of (3) into (2) and by as-
sumption that the nonlinear terms d

~
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d
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(t)u~2(t) can be neglected, the following is obtai-
ned:
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pendent voltage or current source. Equation (4) de-
scribes the averaged switch network model that
contains both dc and small-signal ac terms. It also
shows that the switch network performs the func-
tion of the transformation of dc and small-signal
ac voltage and current levels according to the
(1− D)/D conversion ratio and also initiates ac vol-
tage and current variations into the converter cir-
cuit driven by the control input d

~

. In Figure 4 the
averaged model of switch network in the SEPIC
converter is shown.

When this averaged model is inserted into the
SEPIC circuit topology of Figure 2, the dc and
small-signal ac SEPIC model, shown in Figure 5,
is obtained.

By applying the first and second Kirchoff’s laws
on the averaged circuit topology the full order
state-space dynamic model of the SEPIC converter
can be obtain:
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Fig. 4 Averaged model of the switch network in the nonisola-
ted SEPIC converter

Fig. 5 Averaged circuit topology of the nonisolated SEPIC 
converter
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From (5) the control-to-output transfer function
can be written by setting the input voltage varia-
tion u~g to zero and line-to-output transfer function
by setting the duty cycle variation d

~

to zero:

(6)

where the corresponding parameters of the nomi-
nators and denominators are:
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3 CIRCUIT AVERAGING AND AVERAGED 
SWITCH MODELING FOR ISOLATED 
SEPIC CONVERTER

When the second inductor L2 in the SEPIC con-
verter topology is realized using two windings, as
shown in Figure 7, we get the isolated version of
the converter. The ideal transformer provides iso-
lation and a turn ratio while its magnetizing in-
ductance equals L2 and performs the energy-stor-
age function.
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Fig. 6 Bode plot of u∼C2(s)/d
∼

(s) for the nonisolated SEPIC
converter

The design of the converter voltage controller
is based on the control-to-input transfer function
u~C2(s) /d

~

(s). Its Bode plot is calculated by MAT-
LAB software package [7] and shown in Figure 6.
From the plot can be observed that the system is
of the 4-th order and it has two resonant frequen-
cies.

Fig. 7 The isolated SEPIC converter circuit topology

By introduction of the transformer into the cir-
cuit topology the circumstances on the switch net-
work are changed as shown in Figure 8. When the
transistor is switched on, the magnetizing current
flows through the primary winding and the sec-
ondary winding current is zero. When the transis-
tor is switched off and diode is conducting, the
magnetizing current flows through the secondary
winding to the load. Additionally, the input cur-
rent iL1 flows through the primary winding and in-
duces an additional component of the secondary
current iL1/n, which also flows to the load.

Fig. 8 The isolated SEPIC switch network terminal waveforms

Considering these new circumstances in (1), (2)
and (3) the model of the averaged isolated SEPIC
switch network can be obtained as:

(7)
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Comparison between (7) and (4) shows that only
conversion ratio of the transformation of dc and
small-signal ac voltage and current levels change
from (1−D)/D to (1−D)/nD. In Figure 9 the aver-
aged model of switch network in the SEPIC con-
verter is shown.

By inserting the averaged model of switch net-
work into the isolated SEPIC converter circuit
topology we obtain the dc and small-signal ac iso-
lated SEPIC model, shown in Figure 10.

As in the previous case the application of the
first and second Kirchoff’s laws leads to the full
order dynamic model of the isolated SEPIC con-
verter in state space:
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Fig. 9 Averaged model of the switch network in the isolated
SEPIC converter

Fig. 10 Averaged circuit topology of the isolated SEPIC con-
verter
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From (8) the control-to-output transfer function
can be found by setting the input voltage variation
u∼g to zero and applying the Laplace’s transform:

(9)

where the nominator No(s) and denominator DE(s)
coefficients are:
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The Bode plots of control to input transfer func-
tion u~C2(s) /d

~

(s) for different values of duty cycle
D and turn ratio n are shown in Figures 11a,b. In
Figure 11a it can be observed how the Bode plots
and resonant frequencies depend on different turn
ratios. For the higher turn ratio n the first resonant
frequency is lower. In the second case (Figure 11b)
we can observed how the different duty cycles at
the fixed turn ratio n = 2 influence on resonant
frequencies. For the higher duty cycles D the first
resonant frequency is lower and more separated
from the second one. This could be a very impor-
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tant issue in design-oriented analysis in which the
SEPIC converter parameter values such as turn ra-
tio and duty cycle for the nominal operating point
are chosen to meet the specifications and design
goals. 

4 ISOLATED SEPIC CONVERTER DYNAMIC 
MODEL VERIFICATION

Verification of the derived dynamic model of
the isolated SEPIC converter was done by MAT-
LAB software package using SimPowerSystems
toolbox that works together with SIMULINK to
model electrical, mechanical and control systems.
The switching elements were modelled with ade-
quate snubber circuit while the transformer, induc-
tances and capacitors were modelled as ideal ele-
ments with the following values L1 = 1.2 mH, L2 =
= 1 mH, C1 = 22 µF, C2 = 390 µF, R = 0.9 Ω and
turn ratio n = 0.16. The simulations were perfor-
med by variable-step and integration method
ode23tb(stiff/TR-BDF2).

In Figure 12 the transient responses of the full
order dynamic model of the SEPIC converter and

converter simulation in SimPowerSystems for the
step change of duty cycle D = 0.5 at t = 0 s and
for 2 % (D = 0.52) at t = 0.01 s can be observed.
From Figure 13 where the transient responses are
zoomed in for the small change of duty cycle is
evident that the both traces matched almost per-
fect.

The obtained results of the full order dynamic
model of the SEPIC converter were compared with
the results of the reduced (second) order dynamic
model derived by injected current method [3, 4]
and given by:

(10)

where the coefficients of the control to input trans-
fer function are given by:
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Fig. 11 Bode plot of u∼iC2(s)/d
∼

i(s) for the isolated SEPIC con-
verter at different turn ratios n and duty cycles D

Fig. 12 Transient responses obtained by simulation of the full
order dynamic model in SimPowerSystems at D = 0.5

Fig. 13 Transient responses of the full order dynamic model
(zoom in) at the step change of duty cycle for 2 % at t = 0.01 s
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The same test as for the full order dynamic
model was also performed for the reduced order
dynamic model (10). The results are shown in Fi-
gure 14 and Figure 15. They confirm that the re-
duced order dynamic model eliminates the second
resonant frequency (Figure 6 and Figure 11). The-
refore its transient response doesn’t match com-
pletely by the transient response of the converter
simulation in SimPowerSystems. For both cases
the average value of the converter output voltage
is the same in steady state.

5 DESIGN GUIDELINES FOR 
ISOLATED SEPIC CONVERTER

If the fourth order SEPIC converter is properly
designed, its denominator DE(s) consists of two qua-
dratic factors whose resonances should be well
separated and almost entirely damped by the load.
The resonant frequencies are not significantly af-
fected by parasitic resistances under normal load-
ing conditions. Therefore we can write:
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Fig. 14 Transient responses obtained by simulation of the se-
cond order dynamic model in SimPowerSystems at D = 0.5

Fig. 15 Transient responses of the second order dynamic mo-
del (zoom in) at the step change of duty cycle for 2 % at t =
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When we assume that the system is moderate
or low damped and the resonances are well sepa-
rated (ω02 � ω01) we get:

(12)

Finally we can determinate the resonance fre-
quencies and damping factors as:
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6 CONCLUSIONS

In this paper the full order dynamic models of
the nonisolated and isolated SEPIC converters we-
re derived applying the method of circuit averag-
ing and averaged switch modelling. The models
give insight into the physical properties of the con-
verter and relations between converter parameters
and dynamic properties of the system. The derived
dynamic model for the isolated SEPIC converter
was verified by simulation of the SEPIC converter
in SimPowerSystems and compared with the re-
duced order dynamic model. The obtained results
show the superiority of the full order dynamic mo-
del over the last one. Therefore it presents a good
starting point in converter design-oriented analysis
as well as in design of the feedback control loop.
Furthermore, the full order dynamic model can be
easily improved by taking into consideration the
series resistance of the inductances.
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Dinamička analiza SEPIC pretvarača. U radu je prikazana dinamička analiza SEPIC pretvarača (engl.
Single Ended Primary Inductance Converter) bez galvanskog odvajanja i s galvanskim odvajanjem. U analizi
se sklopke (tranzistori i diode) nadomještaju ekvivalentnim modelom s usrednjavanjem zasnovanim na širin-
sko-impulsnoj modulaciji. SEPIC pretvarači omogućuju veliki raspon ulaznog napona pretvarača. Sam pre-
tvarač može raditi kao silazni i uzlazni dc-dc pretvarač. Strukturu pretvarača osim poluvodičkih komponenata
čine i dvije zavojnice i dva kondenzatora, što omogućuje njegovo modeliranje diferencijalnom jednadžbom
četvrtoga reda. Na dinamiku pretvarača značajan utjecaj imaju i vrijeme vo�enja i transformatorski prijenosni.
U članku su dane preporuke za projektiranje SEPIC pretvarača kojima se postiže dovoljno veliko razdvajanje
rezonantnih frekvencija koje se pojavljuju u frekvencijskoj karakteristici pretvarača. Razvijeni je model pret-
varača provjeren simulacijama pomoću programskog alata SimPowerSystems programa MATLAB.

Klju~ne rije~i: SEPIC pretvarač, dinamička analiza, ekvivalentni model s PWM usrednjavanjem
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